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Abstract A CO, laser-metal active gas (MAG) hybrid welding is used to weld the high strength steel of 5.0 mm

thickness. Droplet transfer is observed with high speed camera and the forces on droplet are investigated in detail.

the keyhole makes a metal steam reaction, changing the force state of the droplet so that the droplet transfer mode is
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arc

The droplet transfer is strongly affected by laser power, arc power and the distance between laser and arc. The
changed. With the increase of the welding current, the arc becomes more stable and the power of arc is more

results indicate that laser could make arc plasma more stable and decrease the critical current of spray transfer for its

concentrated, making the plasma drag force decisive. The distance between laser and arc has an effect on the
OCIS codes

leading and constricting felnctions on the arc by the laser. There are changes in the current distribution within
frequency of the droplet transfer. When the distance is 4 mm, the frequency of the droplet transfer is the maximum.

droplet and the magnitude and direction of electromagnetic force. At the same time, a large number of metal gas from
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Table 1 Welding parameter

Welding parameter Value
Welding speed v /(m/min) 1.2
Defocusing amount Af /mm 0
Extension length L /mm 12
Wire diameter d /mm 1.2
Laser powder P /kW 1.5~4.0
MAG current I /A 140~220
MAG voltage U /V 24~28
Laser-arc distance D;,/mm 0~6 F 1 CO, BOL-HINE &5 50 28

Fig. 1 Setup of CO, laser-MAG hybrid welding
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Fig. 2 Force diagram of droplets. (a) MAG welding; (b) hybrid welding
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Fig. 4 Internal current distribution of droplets Fig. 5 Variation of electromagnetic force with the arc

changing angle ¢ for different welding currents
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Fig. 6 Droplet transfer of MAG. (a) Short-circuit transfer; (b) globular transfer; (c¢) spray transfer
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Fig. 7 Droplet transfer of hybrid welding with different laser powers when the arc current is 180 A
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Fig. 8 Arc discharge mechanism. (a) MAG arc discharge mechanism; (b) arc discharge mechanism of hybrid welding
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Fig. 9 Droplet transfer modes of various welding arc currents with the laser power of 2.5 kW
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Fig. 10 Arc characteristics and schemes of the current line distributions. (a), (b) Short-circuit transfer mode;

(c), (d) globular transfer mode
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Fig. 11 Droplet transfer of hybrid welding for various distances between laser and arc. (a) Dix=0; (b) D =2 mm;

(¢) Dip=4 mm; (d) Dix=6 mm
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