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In this paper, laser drilling was analyzed by considering multiple reflections and evaporation of material. In the
keyhole formation process, the variation of the hole shape and the variation of the absorption of the laser power distri-
bution in the wall were examined. The flow velocity distribution of the molten metal was also examined. Moreover, the
effect of material on the hole shape was examined. The main results obtained are as follows: (1) At the stage where the
depth of the hole is comparatively shallow, the power at the bottom of hole increases by the effect of multiple reflection.
(2) When the hole becomes deep, the effect of multiple reflections becomes remarkable and the absorption factor in-
creases. The absorptance increases due to multiple reflections to a value of about 0.75. (3) When the hole becomes deep,
the flow field shows circulation of molten metal that rises near the walls of the keyhole and by surface tension, moves
away from the keyhole at the surface, forming an eddy. (4) Because the thermal diffusivity of aluminum is larger than
iron, the energy lost by thermal diffusivity increases, and the energy used to evaporate decreases. Moreover, the melting
point of aluminum is lower than that of iron. Therefore, in case of aluminum, the molten pool broadens and the hole

becomes narrow.
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Fig. 1 Flowchart of laser drilling simulation considering

multiple reflection
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Fig. 2 Finite element meshes using hexahedron elements
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Tablel Thermal and Physical properties of pure Fe

Property Value
Melting point  [K] 1809
Boiling point  [K] 3160
Density [kg/m’] 7870
Specific heat [J/kg] 460
Thermal conductivity [W/mK] 83.5-4.57x1072T(293<7<1273), 29.7(1273<T)
Latent heat of melting  [J/kg] 2.47% 10°
Latent heat of evaporation [J/kg] 6.29X10°

Viscosity [N s/m?]
Surface tension coefficient

[N/m]

3.7x107 exp(4.14x10*8.3144T )
1.872-4.9x10(T -1536)
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Fig. 3 Surface variation in laser drilling (laser power; 250W, 1/e? radius: 20 pm)
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Fig.4 Relationship between hole shape and laser power distribution
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Fig. 7 Velocity vectors and hole shape during laser irradiation (material: iron, laser power: 250W, 1/¢* radius: 20 um)
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Fig. 8 Velocity vectors and hole shape at ¢=25ps
(material: aluminum, laser power 1.25 kW, /¢
radius 20 um, reflectivity 0.93)
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