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Effects of Intrusion Angle of Picks on Mechanical Rock Breaking Efficiency Under Varying Stress Levels
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Abstract: Non-explosive mechanical excavation mining has the advantages of small disturbance, high efficiency, low support
cost and good roadway shaping effect compared with drilling and blasting method, and the optimal selection of pick parameters
is of great significance to efficient excavation. Based on the measured ground stress data and rock mechanics test results of the
—525 m, —606 m, and — 653 m sections of a certain metal mine, a PFC particle flow rock breaking model of picks was
established. Numerical simulation analysis of pick rock breaking after unidirectional unloading was conducted with three types
of intrusion angle of 90°, 60°, and 45° under three different stress levels in the middle section. The research results indicate that
as the stress level increases, the area of dense nuclei formed by the pick breaking decreases, the length of the strip-shaped crack
propagation shortens, and the number of microcracks generated during the rock breaking process also decreases, indicating that
high stress conditions have a suppressive effect on rock fragmentation. Under the 45° intrusion angle rock breaking mining, the
traction and cutting force fluctuations of the cutting tooth are small and the cutting force always maintains a high level. At the
same time, the number of microcracks generated by rock breaking at a 45° intrusion angle is much greater than that at 60° and
90° intrusion angles. Combining the comprehensive analysis of mechanical response and rock fragmentation effect, the 45°
intrusion angle has the optimal rock breaking performance at varying stress levels.
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Table 1 Results of principal stress test

W BRER S o) NS ES R Be/NERL o
iR HAE/MPa /(%) Wif/C)  BfE/MPa  JFEI/C) BifA/C) HE/MPa /O i/ ()
—525 m-17 20.49 190.32 6.33 12.69 —68.81 59.55 10.27 96.70 29.65
—606 m-27 24.18 157.62 7.81 16.67 34.56 75.90 10.50 249.24 11.67
—653 m-37 26.32 206.98 10.10 20.07 —82.04 —61.33 11.66 122.08 —26.52
—653 m-47 26.90 217.91 —8.29 19.79 —32.97 —66.02 11.59 124.48 —22.34
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Table 2 Mechanical and physical parameters of

dolomitic marble

N WE P i

i o (;’i/> wRne/ O/ ke SR g
MPa GPa MPa

1 2.622 80.86 38.852 0.136 4 237.00 7.463

2 2.656 92.58 31.789 0.241 4 032.00 7.893

3 2.720 102.56 55.258 0.175 4 386.00 9.718
Elzﬂjﬁ 2.666 92.00 41.970 0.184 4 218.33 8.358
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Fig.1 Simplified schematic of the pick(unit: mm)
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Fig.5 Crack propagation in rock breaking by the pick under different stress levels and intrusion angles
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Fig.6 Variation curves of maximum principal stress of rock mass during the pick intrusion process
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Fig.7 Variation curves of cutting force of picks under different stress levels
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