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Modelling of the Keyhole Formation under High Intensity Laser Power
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Abstract Keyhole effect is one of the characteristics during deep penetration laser welding. Laser keyhole results in
obvious improvement of the coupling efficiency of laser power in the metal sheet. The laser energy attenuation along
the thickness of the sheet occurs due to the inverse bremsstrahlung absorption inside the keyhole. On the other
hand, the keyhole plasma plays welding heat source role in transferring laser energy to melt pool. As a result, a
combination of a rotary volumetric heat source with a double ellipsoid volumetric heat source was proposed, and the
governing equations consisting of mass conservation, momentum conservation and energy conservation for the
incompressible fluid flow and heat transfer are solved using SIMPLE algorithm based on control volume method.
Influence of weld process parameters on the keyhole dimensions was simulated. In addition, validation experiments

were carried out in order to compare weld shape and its size.
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Table 1 Physical properties of Ti-6Al-4V used for

temperature field calculations

Physical properties Value

Density of liquid metal, p /(kg/m?®) 4100
Specific heat of liquid, Cpr /(J/ (kg *+ K)) 743
Thermal conductivity of liquid,

ke /(W/(m -+ K)) 32.5
Effective viscosity of liquid, g /(g/(cm +s)) 3.4X107*
Liquidus temperature, Ty /K 1974
Solidus temperature, Ts /K 1966
Coefficient of thermal expansion, y /K™* 1.1X1073
Temperature coefficient of surface tension,

dy/dT /(N/(m + K)) —0.43X107°
Boiling temperature /K 3591
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Fig. 1 Meshes for calculated temperature distribution
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Fig. 2 Temperature distribution in the zoz plane under

focused laser beams
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Fig. 4 Temperature distribution at z =0. 0025 m plane
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