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Clarification of Crack Curvature Mechanism and Estimation of Crack Shape in Laser Scribing of Glass

YAHATA Keisuke, OHMURA Etsuji, SHIMIZU Seiji and MURAKAMI Masanao
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Laser scribing generates a shallow crack on a glass surface as a pre-processing for division.
stress caused by heating with the laser beam and by cooling with the water jet.

when there is a gap along the scribing line between the centers of the heated area and cooled one.

It utilizes thermal
In the laser scribing, a crack curves

In this study, we

conducted some experiments of laser scribing under such asymmetric processing conditions and observed the cross-

sectional crack shapes.

distribution.

boundary element method. The present analysis needs only static stress distribution at a quasi-steady state.
tire crack shape was obtained by repeating a calculation with a constant and small number of elements.

shape obtained from the analysis agreed relatively well with the experimental results.

fulness of the analysis method were verified.

As a result, it was found that the crack propagates quasi-steadily even in assymmetric stress

We proposed a crack propagation analysis method for such quasi-steady crack propagation using a

The en-
The crack

Therefore, the validity and use-

Key words : laser scribing, glass, thermal stress, mixed mode crack propagation, boundary element method
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Table 1 Processing conditions in experiment

Thickness of specimen 700 pm
Processing velocity 100 mm/s
Laser power 60 W
2&, | Minor axis of heated area 1.2 mm
27, | Major axis of heated area 26.0 mm
|} St beween oones of | 15y
2&. | Minor axis of cooled area 2.0 mm
27. | Major axis of cooled area 3.0 mm
X x-gap of center of cooled area | 0, 200, +300, +400,
&P | for center of heated area +600 pm
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Fig. 3 Retardation distribution (upper) and x-line profile
(lower) around heated area after the laser scribing in
the case of xgep= 600 Um.  Xcrack 1S x-displacement from
the center of the heated area to the crack.
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Fig.4 Example of measured cutting surface profile in the case

0f Xgqp=300 um. x-profile at the rear surface is 0. D,
is the maximum crack depth. xuy is the maximum x-
displacement from the crack tip to any point on the
crack surface.
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Fig. 9 Mesh geometry for FEM analysis.

Table 2 Physical properties of soda lime glass

Density 2,520 kg/m?
Specific heat 800 J/kg K
Thermal conductivity 1.03 WmK
Thermal expansion coefficient | 8.7x10°K!
Young’s modulus 71.6 GPa
Poisson’s ratio 0.23
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