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Research on safety of electromagnetic wave thermal effect in explosive environment of

underground coal mine

GUO Bochao', TIAN Zijian', HOU Mingshuo', SHI Yangming', YANG Wei’
(1. School of Artificial Intelligence, China University of Mining and Technology-Beijing, Beijing 100083, China;
2. School of Electronic and Information Engineering, Beijing Jiaotong University, Beijing 100044, China)

Abstract: GB/T 3836.1-2021 Explosive atmospheres-Part 1: Equipment-General requirements stipulates
that the threshold power of RF equipment in explosive environments shall not exceed 6 W. This regulation limits
the application of high-power RF equipment in coal mines. However, existing research on electromagnetic safety
in explosive environments lacks comprehensive theoretical analysis and experimental verification. In order to
solve the above problems, the electromagnetic wave thermal effect equation is derived. It is analyzed that the
controllable parameters affecting the generation of thermal energy from the mixture of gas and coal dust coupled
by electromagnetic waves are the electromagnetic wave coupling time, the electric field strength and the
electromagnetic wave frequency. Based on the regulation in GB/T 3836.1-2021 that the maximum surface
temperature of electrical equipment that may accumulate coal dust cannot exceed 150 °C, simulation experiments
are conducted using the multi physics field simulation software COMSOL to evaluate the thermal safety of gas
and coal dust mixtures coupled with electromagnetic waves of different emission powers. The results show that

the emission power that meets the safety threshold of electromagnetic wave thermal effect with a temperature not
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exceeding 150 C is 16.48 W. With the increase of electromagnetic wave emission power, the safe duration of

electromagnetic wave thermal effect (the corresponding time period that the thermal energy generated by the

mixed gas of electromagnetic wave coupling gas and coal dust not causing the ambient temperature to exceed

150 °C) gradually decreases. However, as long as the safe duration is maintained, the emission power of

electromagnetic waves is not limited.

Key words: underground coal mine; electromagnetic wave thermal effect; gas; threshold power; safety
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Fig. 1 Simulation model of electromagnetic thermal effect
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Table |  Geometric parameters of simulation model
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Table 2  Electrical property parameters of gas
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SCik[19] 3.57~4.54 —
3k [20] 8.33~1.10 —
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Table 3  Electrical property parameters of coal dust
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Table 4 Thermal property parameters of gas
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Table 5 Thermal property parameters of coal dust
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Table 6 Electrothermal property parameters of gas and coal dust
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Fig. 2 Simulation results of safe threshold transmitting power of

electromagnetic wave thermal effect
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Fig. 3 Simulation results of electromagnetic wave thermal effect

with different transmission powers
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