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Modeling and Analysis of Thermal Effects of Underwater Laser Drilling for Ceramics
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In this work, modeling and analysis of thermal effects laser drilling under water for ceramics were
presented. Laser is a unique tool for machining ceramics due to the characteristic of non-contact
material removal. However, ablation by a laser often induces a thermal effect on the material and
an increased heat-affected-zone or deposition of debris can be observed on the machined parts.
The underwater surrounding improved a heat transfer rate to cooling down the machined part and
could prevent any deposition of debris near the machined surfaces and edges. The heat
modeling was applied to obtain the temperature distributions as well as temperature gradients
between the material and surroundings. The cooling effect of the underwater laser drilling was
improved and a more stable temperature distribution was calculated. The actual laser drilling
results of ceramic laser drilling were presented to verify the effects of underwater laser drilling.

Key Words: Laser drilling (20| x| =2 &), Ceramic (M 2t2!), Water Surrounding (5 &H4)
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a = absorption coefficient

p = density of the substrate

C, = capacity of the substrate

k = heat conductivity of the substrate
h = convection coefficient

T = temperature

QO = laser heat input

J = expansion coefficient

v = viscosity of fluid
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Fig. 1 Temperature distribution with respect to time
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Fig. 3 Temperature gradients in laser drilling for ceramic
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Table 1 Laser parameters for experiments

Condition Air Water
Repetition rate (kHz) 10~30 10~30
Pulse width (ns) 50 50
Average Power (W) 0.62~3.65 0.62~3.64

Fluence (J/em?) 2.19~4.02 2.19~4.02
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Fig. 5 SEM images of ceramic laser drilling
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