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Abstract: This paper investigated a novel ceramic material cutting mechanism through controlled crack propagation of the
Polycrystalline Cubic Boron Nitride (PCBN) substrates with Laser/Waterjet (LWJ) machining system. The LWJ system inte-
grates a high-power CO, laser beam with a low-pressure waterjet, and applies rapid heating and quenching to achieve frac-
ture initiation and propagation along the machining path. Cutting mechanism of phase transformation induced fracture propa-
gation was identified through SEM and Raman tests. These tests results show that laser irradiation and waterjet quenching
caused scratches on the sample surface, and part of cubic boron nitride (¢cBN) was transformed into hexagonal boron nitride
(hBN) along the cutting path. Because hBN occupied more volume than ¢BN, this resulted in constrained expansion and
development of tensile stresses in the surrounding materials. Furthermore, the stresses drove the laser machined groove to
propagate through the thickness, thus separating the specimen and completing the cutting of the material. These results sug-
gest that phase transformation induced fracture is an efficient mechanism and the model could be used as a guide to control
processing parameter for improving cutting quality.
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Fig.1 Crack propagation mechanism
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Fig.2 Results of cutting PCBN-WC samples with CO,-
LW] focusing and defocusing beams
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Fig.3 Microstructural characteristics of cross section of

samples under scanning electron microscope
(SEM)
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Fig. 4 Raman spectrum of transformed zone and fracture zone
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