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Finite Element Analysis for Breaking of Glass Using Laser

Haeyong Cho, Kwanwoo Kim, Gijeong Nam, Jachoon Lee and Jeong Suh
*Dept. of Mechanical Engineering, Chungbuk National University
**IT Machinery Research Center, Korea Institute of Machinery & Materials

Abstract

Glass is one of brittle materials. Generally, brittle material is weak for tensile
stress but strong for compression stress. Laser breaking of glass used this brittle
characteristics. Laser breaking of glass was simulated to optimize breaking
condition by using commercial FEM code MARC which is applicable to thermo-
mechanical coupling analysis. Various shapes of heat sources were applied to the
analysis and the distance between heating and cooling source were varied for
each simulation. The shapes of heat sources were circle, single and double
ellipse and the distance was varied from Omm to 30mm. Moving heat sources
were designed on the basis of experimental condition. As a result, double elliptic
shape of heat source was the most suitable among them in laser breaking of
glass. And it should be useful to determine optimal condition of laser breaking
for glass.
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Table 1 Material properties of glass

Young's Modulus 72.5 GPa (at 293K)
Mechanical | Poisson's Ratio 0.24
Property | Mass Density 2.54E—6 kg/mm®
Breaking Stress 50~138 MPa
Thermal Conductivity | 0.0013 W/mmK
Thermal Thermal Expansion 4.2E-6 mm/mmK
Property Specific Heat 0.81 (at 293K)
Emissivity 0.87

Table 2 Considered condition for analysis

Heat source Beam | Convection Interval | Velocity
type Power C“‘ffz' (mm) | (mm/sec)
(W) (W/mm~K)
Circle 200 0.105
Singie Ellipse 250 0.210 5~30 100
Double Ellipse] 300 0.315

Table 3 Experimental condition of laser breaking

for glass
Heat source Beam | Convection Interval| Velocity
Power Coeff.
type W) (W/mm?K) (mm) | (mm/sec)
Circle
Single Ellipse 3(5)8 g; 0~ 30 100
Double Ellipse )
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