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Finite element analysis for shearing of glass using laser
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Fig. 1 Model of glass plate
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Fig. 2 Shapes of heating zone(HZ) and cooling zone(CZ)
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Fig. 3 Gaussian heat distnibution
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Table 1 Matenal properties of glass

Young's Modulus 725 GPa (at 293K)
Mechanical | Poisson’s Ratio 024
Property | Mass Density 254E-6 kg/mm’
Breaking Stress 217 MPa
Thermal Conductvity | 60013 W/mm K
Thermal | Thermal Expansion | 42E-6 mm/mm K
Property | Specific Heat 081 (at 293K)
Emissivity 087

Luser xpat

X I

Move direction

{rmisect

Laser soot

Area of et
intoraction

¥

(b) analysis

#E Fig2 (@9 9%, 7FEAZel 2 Fig2 (b)) BHEE, Fig2 (09 °IF B ¥ 7FeAdd el
HEHAE o Y43 A NRZ2aPer Aol 4 AAxdes ALHAY Fig 32
F99] AEz2ad e olgd d¥7 eld¥e £ dYx2E vehdg Fig 4% 4

I Age AP AERg F Rl & Hoz vehlv ZtdR A 2 AR

2o} 1o} Table 1049 o] A &

Fig. 4 Schematic process of glass breaking using laser
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Table 2 Considered condition for analysis Table 3 Condition for experiment

Heat source | Beam Power | Convection Coeff | Interval | Velocity Heat source | Beam Power | Convection Coeff | Interval | Velocity
type (W) Wmm® K | (mm) |(mm/sec) type (W) W K) | (mm) | {mm/sec)
Circle 200 0106 Circle

Single Ellipse 250 0210 ~30 | 100 Single Ellipse 2?0 o1 0~36 100

20 02
Double Eflipse 300 0315 Double Ellipse
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Fig. 5 Temperature distnbution
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(a) temperature distnibution (b) maximum prnnciple stress distribution
Fig. 6 Results n cutting section with a circular heat source(200W, 100mm/sec, h=0 103, nterval=25mm)
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Fig. 7 Results 1n cutting section with a single ellipse heat source(250W, 100mm/sec, h=0 105, mterval=5mm)
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Fig. 8 Results n cutting section with a double ellipse heat source(125Wx2, 100mm/sec, h=0 105, interval=20mm)
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Fig. 9 The result of the measured shape profile

V. 28
8 F¥es Z2aY99 MARCE AHEste #olAE ol &3t feldde] A8 sz 439 A

g Hus FozH ‘jr%ﬂr e Aeg I

1 449 geiel e &= 9 HAFSHEE] HMEFH B A

2Y ALIE 7HE HEE Aor dS3HUT 48 F ddue A5 oRH @%Q T 2191‘3}

2 HelAE ol 8¥ Feldde HHxN H4FS ANAM Boh o 9 3 =

99 o FESAEY 83 Rd4A, ABEHEF Tol U2¥ Ao AzEny

V. #ugd

1 Kurobe, "Precision Breaking of a Liquid Crystal Display Panel(STN Type) by YAG laser”, ]
Japan Society for Precision Engineening, Vol 63, No 7, 1997

2 Ikeda, “Study on Laser Braking of Glass Plate(lst Report) Generation and Growth of Vertical
Cracks by Scribing”, J Japan Society for Precision Engineering, Vol 62, No3, pp413-417, 1996

3 Caprino, G,"Cutting Glass Fiber Remnforced Composites Using CO: Laser with Multimodal-
Gaussian Distribution”, Mach Tools Manufact, Vol 35, No 6, pp 831-840, 1995

4 Durand, C, "An Expenmental Analysis of a Nd YAG Laser Cutting Process for Machmmg
Sthicon Nitnde”, Int J Prod res, Vol 34, No5, pp 1417-1428, 1996

5 Rosenthal, D, "Mathematical Theory of Heat Distribution duning Welding and Cutting”, Welding
J, Vol 20, No5, pp220-234, 1941

6 Duley, W, "CO Laser Effects and Applications”, Academic Press, New York, 1976

7 Jeon, M H, "Heat Transfer Analysis of the Opaque Sold Heated by Pulsed Laser”, Energy Eng
J Vol8, Nol, pp181-188, 1999



