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Dust reduction method based on the volume of plastic zone and a comprehensive

control technology for roadheader cutting

ZHOU Wendongl’z’3 , WANG Hetangz, SI Leilei’
(1.School of Emergency Management, Nanjing University of Information Science and Technology, Nanjing 210044, China; 2. School of Safety Engineering,
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Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: Roadheaders play a vital role in enhancing coal mine production efficiency, but they also generate a significant amount of dust
during high-intensity cutting. To address this issue and make dust control more manageable, an approach was developed by adjusting the
cutting parameters of the roadheader. This approach is based on analyzing the five stages of dust generation during pick penetrating into
the coal, while systematically considering the relationship between the plastic zone volume and the tip angle of the pick. By reducing the
angle of the cutting tooth tip and the rotation speed of the cutting head, the amount of dust generated would be decreased. Field experi-

ments were carried out at a tunneling working face to investigate the variations in dust production under different cutting parameters. To
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control dust at the tunneling working face, a comprehensive dust control method was implemented, including external water spray, a wet
dedusting fan, an air curtain, and an inductive full-section water curtain. Dust measurement points were established at the driver of the
roadheader, 5 meters behind the roadheader, and 2 meters behind the full-section water curtain to assess the effectiveness of dust control at
different locations. The results revealed that replacing the conical picks with a smaller tip angle (92° & 54 rpm) resulted in decrease of av-
erage mass concentrations of respirable dust (MRD) and total dust (MTD) with 18.5% and 9.1% lower than the original conditions. Addi-
tionally, reducing the cutting head speed (92° & 27 rpm) led to MRD and MTD reductions of 34.5% and 15.8% compared with the origin-
al conditions. After implementing comprehensive dust control measures, substantial reductions in MRD and MTD were observed at differ-
ent locations. At the driver of the roadheader, the average MRD was reduced to 4 mg/m’, with a dust reduction rate of 90.6%. And the av-
erage MTD decreased to 20.5 mg/m’, with a dust reduction rate of 93.6%. At 5 meters behind the roadheader, the average MRD and MTD
were reduced to 6.6 mg/m’ and 30.1 mg/m’, with dust reduction rates of 86.9% and 91.5%, respectively. At 2 meters behind the water cur-
tain, the average MRD and MTD were reduced to 2.4 mg/m’ and 3.9 mg/m’, with dust reduction rates of 91.3% and 95.1%, respectively.
These findings demonstrate the effectiveness of the proposed method in significantly reducing dust generation and ensuring a safer work-
ing environment.

Key words: roadheader; dust; dust reduction during heading; volume of plastic zone; cutting parameters; comprehensive dust control
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Fig.1 Schematic diagram of pulverized core and plastic zone
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Fig.3 Conical picks with the tip angles of 92° and 110°
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Fig.5 Concentration of dust under various cutting conditions
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Fig.6 Arrangement of comprehensive dust reduction technologies
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Fig.8 Automatic control water curtain and dust filter diagram
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