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Fig. 1 FDEM model of rock breaking by picks
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Table 1 Numerical simulation of physical experiments
and laboratory test data
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Fig.3 Comparison of mechanical properties of rock specimens between laboratory test and FEDM test
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Fig. 4 Failure state of rock mass under different intrusion angles
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Table 3 Statistics of rock breaking data under different
intrusion depths
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Study on the Influence of the Intrusion Angle of Pick on the Rotating Rock-
Breaking Mechanism of Digging Drum of Gravity Shaft Boring Machine

HUO Cheng', ZHENG Diantao’, YANG Zhi*, JIAO Huazhe®, LIU Xiaohui’, SUN Jinyu®’, HAN Yulong’,
LIU Ziyang’
1.Shanxi Fenxt Mining Group Nanguan Coal Industry Co., Lid., Jinzhong 030600, Shanxi, China;

2.School of Civil Engineering, Henan Polytechnic University, Jiaozuo 454003, Henan, China;
3.School of Safety Engineering, North China Institute of Science and Technology, Langfang 065201, Hebei, China

Abstract: To elucidate the impact of the cutting tooth intrution angle on the rock-breaking mechanism of
rotating drums in gravity-type vertical shaft tunneling machines, a comprehensive investigation was undertaken.
This study employed both numerical simulation and similarity testing to examine rock-breaking characteristics
across varying intrution angles. A numerical model of rolling cutting tooth rock-breaking was developed using
the finite-discrete element method (FDEM). The study analyzed the effects of different cutting tooth intrution
angles on the rock-breaking mechanism and efficiency by examining factors such as rock joint evolution, failure
modes, fragmentation volume, cutting tooth forces, and specific energy consumption. Additionally, rock-
breaking tests with analogous materials were conducted to compare the rock-breaking processes at different
intrution angles, thereby validating the accuracy and reliability of the numerical simulation results. The findings
reveal that with an increase in the cutting tooth intrution angle, the rock failure mode transitions from primarily
shear failure to predominantly tensile failure, accompanied by shear failure, resulting in more extensive fracture
propagation. The volume of rock fragmentation exhibits a gradual increase with the intrution angle, whereas the
force required for rock-breaking by the cutting teeth decreases significantly. Consequently, the specific energy
consumption per unit volume of fragmented rock diminishes progressively, leading to a marked improvement in
the rock-breaking efficiency of the cutting teeth. The results from numerical simulations are consistent with the
patterns observed in similarity tests, thereby validating the efficacy of the established model. These findings
provide a theoretical foundation for optimizing the structural parameters of the drum and designing the cutting
tooth layout in gravity-type vertical shaft tunneling machines. They offer substantial engineering reference value
for enhancing the efficiency of mechanized vertical shaft tunneling and reducing energy consumption.

Key words: gravity shaft boring machine; finite-discrete element; fissure evolution; crushing specific energy;

similar test
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