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Simulation and Analysis of Laser-Controlled Thermal Stress

Cutting of Alumina Ceramic

Cao Qiangian Hu Jun Luo Jingwen
(State Key Laboratory of Mechanical System and Vibration , School of Mechanical Engineering ,
Shanghai Jiaotong University . Shanghai 200240, China)

Abstract Taking example for alumina ceramic., this paper briefly introduces the mechanism of CO, laser-controlled
thermal stress cutting of brittle materials. In order to study the distributions of temperature field and thermal stress
field, a three-dimensional axial symmetric model of alumina ceramic is established by using APDL programming
language of Ansys software. The normal stress o, of nodes which are in the laser scanning path, is in the process of
"no stress-tensile stress-compressive stress-tensile stress-no stress" during cutting process, until the crack grows.
The study reveals that laser power and the maximum temperature is directly proportional during the cutting process.

While the laser power increases, the crack initiates earlier and the microcrack of the fracture surface becomes bigger

with greater tensile stress. The results are proved by comparative experiments.
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Table 1 Parameters of alumina ceramic
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Fig. 1 Finite-element model of alumina ceramic ﬁﬂ%ﬁ%?ﬁ%ﬂ%ﬁé%{%ﬁ%ﬂ] %U%ﬁé_ﬁo %’l@ij\lﬁ
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Fig. 2 Temperature distribution of the material surface
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Fig. 3 Thermal stress distribution of the substrate
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Fig. 4 Dependence of the highest temperature

on the laser power
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Fig. 5 Variation of the stress under different laser

powers at nodes
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Fig. 6 Morphology of the cutting fracture surface under different laser powers
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