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Abstract:  To investigate the influence of pick cone angle on coal-rock fragmentation and dust generation

characteristics during underground roadheading operations, a multi-scale integrated approach combining
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experimental tests and discrete element method ( DEM) simulations was adopted. Four picks with cone
angles of 78, 92, 105 and 118° were selected as research objects. Roadheading cutting tests were
conducted to analyze the particle size distribution of generated debris and dust. DEM simulations using the
PBM in Particle Flow Code ( PFC) software accurately reproduced the entire process of coal-rock
fragmentation and dust generation during roadheading. The evolution trends of crack quantity, crack type,
number of minimum-sized discrete particles, and ejection velocity were analyzed under two operational
modes of the cutting head ; penetration and slewing. The results indicate that as the cone angle increases,
the coarseness index (CI) of coal wall debris decreases from 728. 92 to 696. 91, while the dust proportion
increases from 0.4% to 0.67%, demonstrating that the degree of coal wall fragmentation and dust
generation increases with pick cone angle. The fragmentation index rises and the uniformity index
declines, indicating a broader dust particle size distribution and a higher proportion of fine dust particles.
Simulation results show that the total number of cracks on the coal wall increases from 22 980 to 27 272,
with tensile cracks consistently accounting for over 73% of the total. The number of minimum-sized free
particles increases from 371 to 459, and their average initial ejection velocity decreases from 0. 250 m/s to

0.221 m/s. In summary, increasing the pick cone angle intensifies dust generation to a certain extent, but

helps suppress the dispersion range of dust.
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Fig.8 Particle distribution and bonding failure modes ( microcracks) after two working conditions
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