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Study on Droplet Transfer Mechanical Behavior in Laser-MIG
Hybrid Welding Process
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Abstract Aiming at the droplet transfer behavior under actions of laser plasma and arc plasma together, the origin
and action principle produced the force on droplet are profoundly analyzed according to the theory of gas dynamics and
the static force balance. The experimental results indicate that the rejecting force caused by metal vapour prevents
the droplet from detaching when the material evaporates at the high power density of laser. On the other hand, the
laser plasma from laser-induced keyhole changes the original path of MIG arc plasma, which results in that the
current density distribution and flow of conventional MIG arc are varied, and produces a new hybrid electromagnetic
force in the CO, laser-MIG hybrid welding process. As a result, the droplet transfer frequency is decreased, and the
welding process becomes unstable. Furthermore, the influence of welding parameters on vaporization-induced recoil
force and the hybrid electromagnetic force caused by laser plasma and arc plasma together are also studied, and the
mathematical descriptions is deduced by adopting numerical analysis, which consequently analyzes the force
mechanism of droplet quantitatively, and discloses the internal relationship between the force state of droplet and
welding stability in CO, laser-MIG hybrid welding process.
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Fig. 1 Schematic of droplet transfer in hybrid welding process, droplet transfer of hybrid welding (a) and schematic

of droplet transfer of hybrid welding (b)
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Fig. 2 Physical model of metal vapor jet in laser welding
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Fig. 3 Arc shape of MIG welding (a), acr shape of hybrid
welding (b), arc discharge (c), laser-assisted

arc discharge (d)
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Fig. 4 Relationships between the average frequency

of droplet transfer and laser power
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Table 1 Calculation parameters of aluminum alloys

Calculation parameters Values
Solid density p,/ (kg/m®) 2. 7X10°
Melt density p./(kg/m’) 2.35%10°
Melting point Ty, /K 933
Surface tension factor ¥ /(N/m) 0. 857
Vaporization constant B, /[ kg/(m + %) ] 2. 05X 10
Latent heat of evaporation L,/ (J/kg) 1. 0785X10*
Laser beam radius R;/mm 0.10
Acceleration of gravity g /(m/s?) 9.8
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Fig. 5 Effect of laser power on hybrid electromagnetic force (a) and angle (b) in laser-MIG hybrid welding

o i
& 257 SN
. SRt s
A R
R R R s
154 SRS -
. SRR 25
10 SRS -«
T
3 R 2.0
80 Sl .
100 ) s 1.5
120 : ROat RPN
Ira 160 55 L0 ¥
A 200 0.5

B6 Zamillds () REAE O SRRMNR R Z4KXR

Fig. 6 Three-dimensional relationships between hybrid electromagnetic force (a) or angle (b) and laser power or current
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