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Abstract: The significant advantages of the rotary drilling rig for boring have attracted increasing attention.
However, achieving ideal fragmentation efficiency in practical drilling remains challenging. Therefore, it is crucial
to understand the fragmentation mechanism in the stratum environment. By solving the Boussinesq problem, the
force and displacement exerted on the picks by the power head, as well as the penetrating force and cutting force
under picks fragmentation conditions, have been determined. Additionally, a 3-Dimension numerical model for a
single pick has been proposed to analyze the variation in penetrating force and cutting force. The results have been
calibrated with theory to validate their reliability. Furthermore, a numerical simulation involving two picks has
been conducted to describe the mechanical response and cracking evolution, thus revealing the mechanism of the

pick fragmentation. In addition, the fragmentation forces exerted by picks with different arrangements have been
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extensively discussed, highlighting that the pick inclination or deviation angle has a significant impact on
fragmentation force. Finally, the fragmentation efficiency with considering the picks arrangement in different
strata has been thoroughly investigated. The findings demonstrate that specific work increases as the machine
drills from soft to hard formations, while maintaining the same pick inclination, deviation angle or spacing.
Furthermore, the corresponding value firstly decreases, then increases for a given stratum, indicating that the
optimized arrangement of picks yields the highest efficiency. These achievements provides theoretical support for
the optimization of picks and improvement of fragmentation efficiency.

Keywords: rotary drilling rig; numerical simulation; pick fragmentation; picks arrangement; fragmentation

efficiency; optimization
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Fig. 1 Rotary Drilling Rig and the pick structure
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Fig. 2 Normal force on rock by the picks
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Fig.3 Contact force between the pick and rock
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Fig. 4 Calculation model of the fragmentation by a single pick
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Fig. 5 The simplified pick and numerical simulation model
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Table2 Mechanical parameters of Rocks
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Fig. 6 Relationship of fragmentation force and displacement by a single pick
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Fig. 9 Evolution of the mechanical characteristics by double picks drilling
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Fig. 13 Variation of the penetrating force and cutting force considering different deviation angles of picks
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Fig. 14 Specific work ratio considering different deviation angles of picks

5 RENHENEERERLS T

AN TR AR A D7 2 CHES O 20 0A D R A AR B R 55 ) B Bl AR 22 e B 3 o S PR 2 Bl L B AL
2 T S [ 2 PR, HERCA ORI AN TR . B IR R 3 Y DU SR 1 S B B T = A B i BUE AR
B, o3 M6 L T 00 B AR EE ), O Hh A 1L

=3 AEAMENEENEZSH
Table 3 Mechanical parameters of rocks in different strata

ik R A PL R 5 i/ JEAE A1/ )

% (kg-m?) GPa MPa (°) T
Peh 2610 3.82 11.32 25 0.30
B 2 640 8.26 35.83 27 0.26
g0l 2670 20.35 73.55 29 0.20
fifi 5 2700 32.00 138.49 31 0.11
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Fig. 15 Specific work ratio considering different dip angles of picks under different stratum conditions
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Fig. 16 Specific work ratio considering different deviation angles of picks under different stratum conditions
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Fig. 17 Specific work ratio considering different spacings of picks under different stratum conditions
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