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A three-dimensional (3D) transient heat transfer and fluid flow model for laser-MIG hybrid welding is
developed to investigate keyhole dynamics and temperature and fluid flow fields in weld pools. The effect of the

laser-arc tandem relative position on the heat transfer and fluid flow of the weld pool is elucidated. The model
considers the effect of the welding torch angle on droplet transfer and the effects of multiple reflections on laser

energy distribution. The results show that the downward flow along the keyhole wall forms backward flow and
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counterclockwise circulation after reflection on the bottom of the weld pool. The backward flow transports heat and
momentum to the rear portion and increases weld pool volume. The counterclockwise circulation impinges on the
keyhole back wall and reduces the keyhole stability. In laser leading configurations, the droplet and arc pressure
impact behind the keyhole and cause two flow patterns, namely the forward and outside flows. The forward flow
Key words
weld pool
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enhances the impingement of counterclockwise circulation on the keyhole back wall, and the collapse of the keyhole
becomes more severe. The outside flow transfers heat to both sides of the weld pool and leads to a wider weld.
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Fig. 1 Schematic of laser-MIG hybrid welding process
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Table 1 Parameters used in laser-MIG hybrid welding
Mean current Mean voltage Welding speed Laser power Leading
Test No.

I /A U/V v /(memin ") P /kW configuration
1 220 26.0 0.8 2.6 Arc leading
2 220 26.0 0.8 2.6 Laser leading

®2 RPN S

Table 2 Material property parameters used in calculation

Property Content

Density p /(kgem *) 7699

Thermal conductivity
A/(Wem '-K™H)
Specific heat C, /(J+kg™')
Viscosity g2 /(kgem™'+s™")

Temperature dependent

Temperature dependent

Temperature dependent™*)

Thermal expansion coefficient
Temperature dependent

a /K
Latent heat of fusion L /(J*kg™ ") 2.77X10°
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6.34X10°
L, /ekg D
Liquid temperature T} /K 1786
Solidus temperature T, /K 1740
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Fig. 4 Distributions of temperature (left) and flow field (right) on longitudinal cross section of weld pool at different time

(Test 1, white line in right picture is steamline). (a) t=1.007 s; (b) t=1.146 s; (c¢) t=1.248 s; (d) t=1.317 s; (e) t=1.429 s
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Fig. 6 Distributions of temperature on transverse cross section of weld pool at different positions (Test 1).
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Fig. 7 Distributions of temperature (left) and flow field (right) on horizontal cross section of weld pool at different time

(Test 1, 2=0.3 mm). (a) t=1.0367 s; (b) t=1.1468 s; (c) t=1.2407 s; (d) t=1.3175 s; (e) t=1.4299 s; () t=1.6471 s
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