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Numerical simulation of rock breaking and microscopic deterioration
under wedge-shaped drill bit teeth

ZHU Xiaohua, LIU Weiji

(School of Mechatronic Engineering in Southwest Petroleum University, Chengdu 610500, China)

Abstract: Theoretical analysis and numerical simulation were conducted in this study to investigate the propagation of radial
and lateral cracks during rock breaking using wedge-shaped drilling bit teeth. The formulas for calculating the radial and lat-
eral crack limitation lengths and the optimal space width were derived, in which the effects of hydraulic pressure and lateral
pressure were considered based on the experimental research of Marshall, and the effects of hydraulic pressure, lateral pres-
sure and space width on crack propagation were analyzed. A discrete element method (PFC2D) was used to simulate the in-
dentation process of the drilling bit teeth. The results show that, with the indenter penetrating into rock, the sub-vertical
cracks can be formed from the damaged zone and it will extend to bottom edge of the rock at last. The initiation and propaga-
tion of the sub-vertical cracks are mainly driven by the tensile contact forces. The development of sub-vertical cracks and the
damaged rock zone can be restrained with lateral pressure increasing, and the increase of the lateral pressure can lead to an
increase in the critical penetration depth, while the size of the damaged zone decreases and its shape flattens. The develop-
ment of the sub-vertical cracks and the damaged zone can be promoted with the increase of the hydraulic pressure. A reasona-
ble space width of the bit teeth is beneficial to rock fragmentation, which can improve the efficiency of rock breaking.
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