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Research on temperature field characteristics of cutting teeth
during coal seam cutting with mining equipment

Si Lei, Wang Zhongbin, Dai Jianbo, Wei Dong,Gu Jinheng

(School of Mechatronic Engineering, China University of Mining and Technology, Xuzhou 221116, China)

Abstract ; During the process of cutting coal seams with mining equipment, different characteristics of coal and rock can cause changes in
the temperature of the cutting teeth. To explore the changing characteristics of the temperature field of the pick, the heat source
distribution in the process of cutting the coal seam by the pick is analyzed. The theoretical calculation model of the temperature field of
the pick in the process of cutting the coal seam is established using the heat source method. Considering the actual working conditions of
the mining equipment, the calculation process of the convection heat transfer coefficient of the spray system is deduced. Taking the MG2
x55/250-BWD shearer as the research object, a model of rotating cutting of coal and rock is formulated based on ABAQUS finite element
software. The distribution and variation of the temperature field of the pick under different working conditions are studied. Based on
Fluent fluid simulation software, the spray cooling model is established, and the convective heat transfer coefficient of the pick under
different spray pressures is obtained. Then, the heat transfer coefficient is brought into the ABAQUS finite element model to simulate the
temperature field of the pick during coal cutting under water spray cooling. Finally, a temperature collection experimental platform for
drum-cutting coal and rock is established. A temperature collection system for cutting teeth is designed. Some experiments on drum-
cutting coal and rock under different working conditions are conducted, and the variation law of the temperature field of the cutting teeth
is analyzed. The correctness of designed theoretical calculations and simulation models is evaluated. The results show that the
temperature field of the pick has different distribution patterns under different working conditions, and the maximum temperature is
positively correlated with the rotating speed of the cylinder, the traction speed, and the coefficient of coal rock firmness. Water spray
pressure is inversely proportional to the cutting temperature, and the water spray cooling can greatly reduce the cutting temperature by

over 20% , compared to dry cutting conditions. The research results provide new theories and methods for identifying coal-rock properties
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based on the temperature field of the cutting teeth.

Keywords : mining equipment; coal-rock cutting; cutting tooth temperature field; spray cooling
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Fig. 1 The force and heat producing areas during the process

of cutting coal and rock with cutting teeth

FERA AEIBEA o A v #E0 0 P LA T LT 42
FRELAL R T HEI, T 2 PR B BT VAR T X S
K A5 B TR T M AR /N, I Z % IR A S, 25 L
TR TR R b A T S LR AN B BERS 1 A A -
Ji EE SRR NGRS 3 7= A X B IR — I R AR
1.2 EHIXREBHEEREHEE

1) 14— 5 JEE JEE PR S IE 2880 A A 1

PR A BB 2o A v T T TR R A 2 ) 4

TR DAL A BE . 12 PRE H82 T HAGRE A A It 288 0
quyfq
9 =g (1)

Xz g, Ntk - 8 BE A5 AT B PO B BE, B W/m? 5 S,
Sy = Ji8 BE ST A TR, B0 m

P 2 Dtk — g R A v i AR R R B A AR
e R AR PR B G TR AR B R AR, Sy T R A
SR Bk 1A AR A S B A, 22 A AR R AR I 5
Wi, R AR 4 Sk R FE bR v B A

(a) B B Bl R
(a) Cutting tooth and
coal-rock contact model

B2 kS 5EE il B AR R

Fig.2 Calculation model for contact area between
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Fig.3 The temperature model for cutting teeth generated by

the heat source on the tooth chip friction surface
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Fig. 4 The temperature model for cutting teeth generated

by the heat source on the tooth coal-rock friction surface
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Fig.5 Finite element model for rotary cutting of coal

and rock with cutting teeth
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Fig. 6 Simulated temperature cloud maps of cutting teeth
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Fig. 7 Simulation temperature variation curves of cutting

teeth at different drum rotational speeds
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Fig. 8 Simulated temperature cloud maps of different

traction speed picks
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coefficient for cutting tooth alloy head material
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Table 4 Theoretical values of convective heat
transfer coefficient
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Table 5 Simulation results of the maximum tcoth

temperature of pick under diffeent spray condition

(C)
HT 1.0 MPa 1.5 MPa 2.0 MPa
1 64. 62 59. 34 55. 10
2 69. 41 61.42 55. 61
3 72.12 64.23 58.72
4 76. 46 68. 12 59.52
5 67.92 58.17 53.46
6 73.91 66. 72 58.30
7 78.41 69. 22 62.33
8 85. 44 73.24 68. 90
9 54.69 50. 01 45.72
10 62.96 58.39 53.70
11 76. 43 66.23 56. 85
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Fig. 17  Comparison of simulated temperature of pick

under spray condition
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Fig. 18 Drum cutting coal and rock temperature

collection experimental platform
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Table 6 Proportional coefficient of coal-rock cutting

experimental device
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measurement and cutting gear system
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Fig.22 Temperature variation curves of tooth cutting

experiment under conventional conditions
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