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Theory Analysis and Experiment Verification on Crack Characters

during Laser Processing Ceramics

Yan Yinzhou Ji Lingfei Bao Yong Jiang Yijian

(Institute of Laser Engineering , Beijing University of Technology, Beijing 100022, China)

Abstract A thermal-stress field of laser drilling ceramic is calculated by building a two-dimensional (2D) thermal
field model. Two types of cracks during pulsed laser drilling are predicted. One is along radial direction, and the
other is along tangent direction. Further more, spreading characteristics of two types of cracks, emanative and
regressive, during pulsed laser cutting are analyzed and predicted. It is concluded that the restraint of cracks can be
achieved by reducing temperature of processing point, decreasing size of heat affected zone and increasing hole
diameter (or kerf width). Based on analyzing parameters of the theoretical model, relationships between model
parameters and processing parameters are discussed. It is proposed that optimizing laser processing parameters
should depend on lower duty cycle, higher gas pressure and focal position outside the workpiece. The prediction
results of crack formation and spread analyzed by the mathematic model are accordant with the experimental results
of laser drilling and cutting of alumina ceramic and single-crystal silicon. Laser crack-free processing of ceramics is
achieved by optimizing laser processing parameters based on the theoretical model.
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Fig. 3 Effect of temperature on thermal-stress of
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Table 1 Optimal parameters of laser drilling

Workpiece Alumina Silicon
Focal position /mm —3 —0.5
Focal length /mm 127 127
Nozzle diameter /mm 1.5 1.5
Nozzle distance /mm 2 1
Peak power /W 3500 2100
Pulse frequency /Hz 50 500
Duty cycle /% 15 10
Assistant gas N, N,
Gas pressure /Pa 2X10° 10°
Drilling time /s 0.1 0.1
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