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Analysis of Droplet Transfer and Porosity Characteristics in Laser-MAG
Hybrid Welding of Edge Joint
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State Key Laboratory of Advanced Welding and Joining, Harbin Institute of Technology,
Harbin, Heilongjiang 150001, China

Abstract The effects of welding mode, laser-wire distance, energy input on droplet transfer behavior and the weld
porosity defects are studied by laser-MAG hybrid welding process of edge joint. The research results show that
laser-MAG hybrid welding is more suitable for the edge joint because of the improvement of weld formation and
inhabitation of porosity. Laser leading mode is better than arc leading mode for the less weld porosity. A large
distance of laser-wire is beneficial for the stability of welding process. The arc energy input mainly affects the weld

formation, while the increase of laser power prevents droplet transfer and increases porosity defects at the bottom of

the weld.
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Table 1 Chemical composition of base metal and filler wire

Mass fraction /%

Material - -
C Mn Si S P Cr Cu Ni Mo
08F 0.08 0.40 0.03 0.035 0.035 0.10 0.20 0.30 —
ER304 0.05 1.79 0.48 0.013 0.022 19.72 0.06 9.40 0.005
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Fig. 1 Laser-MAG hybrid welding equipment and schematic of edge joint. (a) Equipment; (b) edge joint
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Table 2 Weld formation and porosity defects with different welding methods

Welding method

Weld formation

Porosity

A R S T

Laser welding

Laser-MAG hybrid welding
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Fig. 2 Laser-MAG hybrid welding process of edge joint. (a) Arcing; (b) short circuit; (c) arc striking
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Fig. 3 Schematics of different welding modes. (a) Laser leading; (b) arc leading
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Fig. 4 Metallographs of weld cross-section obtained at different welding modes. (a) Laser leading; (b) arc leading
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Fig. 5 Radiographs of weld obtained at different welding modes. (a) Laser leading; (b) arc leading
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Fig. 6 Droplet transfer process for arc leading. (a) T-+0 ms; (b) T+2.2 ms; (¢) T+4.8 ms; (d) T+8.4 ms
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Fig. 7 Droplet transfer process for laser leading. (a) T+0 ms; (b) T+0.8 ms; (¢) T+5.2 ms; (d) T+13.8 ms
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Fig. 8 Image brightness curves at different welding modes. (a) Laser leading; (b) arc leading
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Fig. 9 Effect of laser-wire distance on porosity. (a) —1 mm; (b) 0 mm; (¢) 1 mm; (d) 2 mm
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Fig. 11 Droplet transfer process when laser-wire distance is —1 mm.

(a) T+0 ms; (b) T+29.6 ms; (¢) T+87.2 ms; (d) T+104 ms
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Table 3 Metallographs of weld cross-section obtained at different energy inputs
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Fig. 13 Porosity in weld obtained at different laser powers. (a) 2000 W; (b) 2500 W; (c¢) 3000 W
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