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Simulation of Shielding Zone Characteristic Size during
Laser Deep Penetration Welding
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Abstract Keyhole effect and its periodical fluctuation are important characteristics of deep penetration laser welding
processing. The plume fluctuation over laser keyhole arises from the pressure fluctuation of keyhole gas. It is
validated by plume behavior obtained from a series of plume images by a high-speed videography system, and the
expanding speed of hot gas emitted from laser keyhole in the workpiece is determined. Then, a mathematical model
for the simulation of characteristic weld gas shield phenomena during deep penetration laser welding based on a
numerical solution of the equations of species, mass, momentum and energy is presented. Important differences are
observed between Ar gas shield and He gas shield. All these experiments are also simulated using the 3D
hydrodynamic software Fluent. It is seen that the characteristic size of argon gas shield is larger than that of helium
gas shield, and the smaller the nozzle inclination angle, the larger characteristic shield size of the assist gas. The
effective protection zone will be increased when the flux rate of the nozzle assistant gas is increased. The expansion
speed of the plume over laser keyhole is much smaller than 150 m/s. The maximum mass fraction in the species flow
zone is smaller than 0. 9.
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Fig.1 An example of keyhole plume
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Table 1 Plume expanding calculation data when
Nd: YAG laser welding

Plume Plume Equivalent Expanding
group images /frame  diameter /mm speeds /(m/s)
(a) No. 1550~No, 1551 12 21.0
(b) No. 1584~No. 1585 14 26.3
(¢) No. 1633~No. 1635 15 31.2
(d) No. 1650~No. 1651 14 39.6
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Fig. 2 Calculation domain for species flow during

keyhole

deep penetration laser welding
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Fig. 3 Meshes for numerical solution
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Table 2 Physical parameters of the component gas

Species Density /(kg/m?) G /J/kg - KD Conductivity /(W/m » K)  Viscosity /(kg* m =+ s)
Argon 1.6228 520. 64 0. 0158 2.125X10°°
Helium 0.1625 5193 0, 1520 1.990X10°°
Air 1. 2250 1006. 43 0.0242 1.7894X10°°
x3 ENSKEUWESBNITEST &
Table 3 Calculation methods of species gas physical parameters
Items Viscosity Thermal conductivity Ce Diffusivity
Method Mass-weighted-mixing-law Mass-weighted-mixing-law Mixing-law Kinetic-theory
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Fig.4 Calculated mass fraction of argon
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Fig. 5 Calculated velocity vectors of species (45°)
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