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Thermohydrodynamics Analysis of Laser Drilling Considering Multiple Reflection of Laser and Fvaporation
— 1st Report., Multiple Reflection Simulation of Laser Using Ray Tracing Technique—
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In this study, a model using the VOF method and ray tracing has been developed 1o investigate multiple reflections
in a keyhole during laser drilling. The diameter of the virtual keyhole was fixed at 50 um and as the depth was changed,

the multiple reflections were calculated.

The main results are as follows: (1) At the stage where the depth of the hole is

comparatively shallow, the effect of multiple reflections increases the absorption of the laser power at the bottom of the

hole. This is a factor in the wransition from a shallow hole to a keyhole.

(2) The absorptance begins (o increase due 10

multiple reflections when the keyhole depth exceeds 15 pm. At the depth of 300 wm, the absorptance increases o about
0.9. (3) It is supported by the multiple reflection calculations including plasma absorption that absorption of CO, laser
radiation by the plasma cannot be disregarded but plasma absorption of Nd:YAG laser radiation can be disregarded when

the electron density exceeds 1x10% lem®.

Key words: laser drilling, multiple reflection, keyhole, ray tracing, VOF, spline
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Fig.1 Wiremesh connecting data points on a part of surface which
is determined by F =0.5
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Fig. 2 Wiremesh interpolated to spline surface for a part of sur-
face shown by Fig. |
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Fig. 4 Local coordinate system defined at reflection point
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Fig.5 Example of virtual hole shape defined by quadratic surface
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Fig. 6 Part of rays obtained by the ray tracing technique for various hole depths and calculated laser power distribution
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Fig.7 Relationship between absorptance and keyhole depth
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