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A B S T R A C T

It is impossible to analyze the harmonic interference source due to the influence of electromagnetic sensitivity
when the original mining method of anti-electromagnetic interference for electronic equipment in coal mine is
used., there is a problem of low wireless transmission rate of underground data. Therefore, a kind of mining
method of anti-electromagnetic interference for electronic equipment in coal mine considering network commu-
nication technology is proposed to prevent electromagnetic interference, provide technical support for coal mine
safety production. Firstly, harmonic interference source analysis is carried out, including harmonic analysis,
input side interference source analysis and output side interference source analysis. Then the over-voltage of the
motor terminal is carried out. The specific steps include using the cable transmission line model with distributed
parameters to simulate the voltage of the motor terminal, and analyzing the voltage reflection process. Finally,
based on the network communication technology, the supporting equipment of the comprehensive mining face
is designed to realize the anti-electromagnetic interference mining of the underground electronic equipment.
The experiment results show that the wireless transmission rate of underground data of the presented method is
higher than that of the two original methods, and the rate is improved.

1. Introduction

There is a large number of mobile or semi-mobile production equip-
ment in the mine, such as electric locomotive, electric haulage shearer,
belt conveyor, etc. Large electromechanical equipment has high power,
relatively concentrated position and frequent start and stop, which will
produce serious electromagnetic interference and adversely affect the
work of automation equipment such as communication in coal mine
[1]. With the rapid development of power electronic technology and the
integration of power equipment, various new power electronic equip-
ments have appeared in coal mines. With higher switching frequency
and power, the control circuit becomes more and more complex. In
the process of high-speed switching, the power switching devices in
the main circuit of these power electronic equipment will produce
high dv/dt and di/dt, which will produce serious conducted electro-
magnetic interference and sometimes strong electromagnetic radiation,
which will cause interference to underground mining work and even
bring potential safety hazards [2]. Electromagnetic interference there
will have a serious impact on the surrounding electronic and electri-
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cal equipment, and may endanger the safety of mining personnel. In
addition, most of these down hole electronic devices use PWM tech-
nology, and the power spectrum of output voltage and current is dis-
crete, which will produce a large number of high-order harmonic com-
ponents related to switching frequency, causing electromagnetic pollu-
tion to the power grid. At the same time, the measurement and control
circuits of these power electronic devices are also subject to electro-
magnetic interference from their main circuits and mine environment.
Therefore, studying the anti-electromagnetic interference performance
of electronic equipment in coal mines can realize non-interference,
high-efficiency and safe mining in coal mines.

However, the research on anti-electromagnetic interference min-
ing of coal mine electronic equipment at home and abroad is still in
the development stage. At present, research on anti-electromagnetic
interference of coal mine electronic equipment mainly focuses on
electromagnetic interference testing technology, electromagnetic inter-
ference mechanism research, electromagnetic interference modeling,
electromagnetic interference suppression technology and other direc-
tions. Some scholars have put forward a mining method for anti-
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electromagnetic interference of coal mine electronic equipment based
on electric field shielding technology, which mainly uses electric field
shielding technology to suppress the influence of electrostatic field and
constant magnetic field of coal mine electronic equipment, and elimi-
nate the interference caused by distributed capacitive coupling among
multiple circuits, so as to carry out the mining work smoothly [3].
Domestic research on anti-electromagnetic interference mining meth-
ods of underground electronic equipment is mainly about the propa-
gation characteristics of electromagnetic waves, such as the influence
of the shape and size of underground roadway on electromagnetic
wave propagation, which mainly involves the influence of electromag-
netic wave cut-off frequency in mine environment [4]. Some schol-
ars put forward an anti-electromagnetic interference mining method
for electronic equipment in coal mine based on single-point ground-
ing technology, which mainly uses single-point grounding technology
to connect all circuits and grounding wires of electronic equipment in
coal mine to a common grounding point, and takes this point as the
zero potential reference point of circuits and equipment, thus realiz-
ing anti-electromagnetic interference mining of electronic equipment
in coal mine [5]. Due to the influence of electromagnetic sensitivity,
it is impossible to analyze harmonic interference sources when using
the above-mentioned mining method for anti-electromagnetic interfer-
ence of underground electronic equipment. The transmission time of
output pulse is in the range of 0.5 𝜇s–1.1 𝜇s, and the rate is low.
Therefore, a mining method for anti-electromagnetic interference of
electronic equipment in coal mine underground considering network
communication technology is proposed, By analyzing the interference
source of harmonic, calculating the total distortion rate of harmonic,
simulating the voltage of motor terminal, analyzing the process of volt-
age reflection.

2. Design of the mining method of anti-electromagnetic
interference for underground electronic equipment in coal mine
considering network communication technology

There are many devices that generate and break high voltage and
high current in coal mines, and their starting and working processes
have strong interference on data transmission. Among the interfer-
ence sources, harmonic interference, input impedance and output pulse
voltage interference of frequency converter, distribution parameters of
transmission lines, voltage reflection of motor terminals, etc.

2.1. Analysis of harmonic interference source

2.1.1. Harmonic analysis
By analyzing various possibilities of spectral line distribution near

discrete frequency points of windowed signal, six spectral lines close to
peak spectral line frequency points are used for calculation, and har-
monic information contained in these spectral lines is fully considered.
Multi-spectral line interpolation algorithm and modified fitting process
are derived in detail, and the influence of harmonics on electromagnetic
interference resistance of electronic equipment is studied. The ideal
underground power grid of coal mine should provide sine wave volt-
age with single fixed frequency, specified voltage amplitude and phase
number for electronic equipment:

u(t) =
√

2U sin(𝜔t + 𝜑u) (1)

In equation (1), u(t) represents the sine wave voltage with a sin-
gle fixed frequency, specified voltage amplitude and phase number; U
represents the effective value of the voltage; 𝜑u represents the initial
phase angle of the voltage; t represents the sine wave; 𝜔 represents the
angular frequency of the power supply, and its calculation equation is
as follows:

𝜔 = 2𝜋
T

(2)

In equation (2), T represents period.

When the load of sine wave voltage is nonlinear, the voltage and
current generated by the load may be non sinusoidal. Let the function
u(t) with period T satisfy the Dirichlet condition on interval [− T

2 ,
T
2 ]:

At most, u(t) has finite first type breakpoints, and [− T
2 ,

T
2 ] can be

divided into finite partial intervals, so that u(t) is monotone in each
partial interval, then u(t) can be expanded into complete orthogonal
trigonometric function on this interval, as follows:

u(t) = {1, cos 2𝜋t
T

, cos 4𝜋t
T

, ..., cos 2n𝜋t
T

, ..., sin 2𝜋t
T

, sin 4𝜋t
T

, ..., sin 2n𝜋t
T

}

(3)

In equation (3), n represents a positive integer [6].
Its Fourier series is:

u(𝜔t) = a0 +
∞∑

n−1
(an cos n𝜔t + bn sin n𝜔t) (4)

In equation (4), a0 represents voltage signal; an represents periodic
voltage signal; bn represents periodic current signal, and their calcula-
tion equation is shown in equation (5).

⎧⎪⎪⎪⎪⎨⎪⎪⎪⎪⎩

a0 = 1
2𝜋 ∫

2𝜋

0
u(𝜔t)d(𝜔t)

an =
1
𝜋 ∫

2𝜋

0
u(𝜔t) cos n𝜔td(𝜔t)

bn =
1
𝜋 ∫

2𝜋

0
u(𝜔t) sin n𝜔td(𝜔t)

n = 1,2,3...

(5)

In equation (5), d represents the fundamental frequency component.
It can be seen from the above equation that periodic voltage or cur-

rent signal can be decomposed into the sum of DC component, funda-
mental component of frequency as equation (6) and harmonic compo-
nent of integral multiple fundamental frequency component with fre-
quency greater than 1 [7].

f = 1
T

(6)

In equation (6), f represents frequency.
For harmonic voltage, the n− th harmonic voltage content is:

HRUn = Un
U1

× 100% (7)

In equation (7), HRUn represents the n − th harmonic voltage con-
tent; Un represents the effective value of the n − th harmonic voltage,
and its calculation equation is shown in equation (8); U1 represents the
effective value of the fundamental voltage.

Un =
√

a2
n + b2

n (8)

The total distortion rate of harmonic voltage is:

⎧⎪⎨⎪⎩
THD =

√
U2

1 + U2
2 + ...+ U2

n

U1
n = 1,2,3...

(9)

In equation (9), THD represents the total distortion rate of harmonic
voltage.

The total distortion rate of harmonic voltage is calculated by Fourier
function and periodic function, which eliminates the harmonic interfer-
ence caused by nonlinear characteristics of electronic equipment.

2.1.2. Analysis of interference source on input side of frequency converter
In the main circuit of general frequency converter of electronic

equipment in coal mine, the input side of frequency converter is diode
rectifier and capacitor filter circuit. The rectifier is a non-linear device
for the underground power grid, which will produce a lot of harmonic
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Table 1
Switching mode of three-phase PWM inverter.

Serial number Switch mode Switch function (SaSbSc)

1 T′
a(D′

a),T
′
b(D

′
b),T

′
c (D′

c) 000
2 T′

a(D′
a),T′

b(D
′
b),T

′
c (D′

c) 001
3 T′

a(D
′
a),Tb(Db),Tc(Dc) 010

4 T′
a(D′

a),Tb(Db),Tc(Dc) 011
5 Ta(Da),T′

b(D
′
b),T

′
c (D′

c) 100
6 Ta(Da),T′

b(D
′
b),Tc(Dc) 101

7 Ta(Da),Tb(Db),T′
c (D′

c) 110
8 Ta(Da),Tb(Db),Tc(Dc) 111

interference at the grid side when it works [8]. Assuming that the input
impedance of the converter is purely resistive and the filter capacitance
is large enough, the current i(t) at the input side of the converter can
be obtained through analysis

i(t) =
∞∑

n−1,3,5...
a′n sin(n𝜔t) (10)

In equation (10), a′n represents the periodic voltage signals of the
frequency converter, and its calculation equation is shown in equation
(11):

⎧⎪⎪⎪⎨⎪⎪⎪⎩

a′n = 4
T ∫

T
2

0
i(t) sin(n𝜔t)dt

= −4Em
n𝜋R

[ sin(n − 1)𝜃1
n − 1

+ sin(n + 1)𝜃1
n + 1

]

n = 6k ± 1
k = 1,2,3, ...

(11)

In equation (11), Em represents the peak value of the input line volt-
age of the frequency converter; R represents the input resistance of the
frequency converter; 𝜃1 represents the phase angle of the fundamental
current; k represents the random positive integer in the fundamental
frequency.

It can be seen from equation (10) and equation (11) that the rectifier
will produce strong components of high-order harmonic interference.
The harmonic frequency is 6k ± 1 times of the fundamental frequency.
There interference will affect the normal operation of other equipment
through the public power line.

2.1.3. Analysis of interference source on output side of frequency converter
PWM technology is mostly used in the output side of the frequency

converter of the electronic equipment in the coal mine. The three-phase
PWM frequency converter uses comparator to compare the voltage sig-
nal with the triangle wave of the frequency modulated by the frequency
converter to generate PWM pulse signal [9]. The output pulse voltage
is generated by the power switch device. The typical rise time of IGBT
is 50–100 ns. High speed power switching devices can accelerate the
dynamic response process of inverter and improve the efficiency of
inverter. However, the high frequency pulse signals generated by them
have a high dv/dt, which can generate a considerable amount of pulse
current through the stray capacitance to the ground of cable or motor
[10]. The higher the switching frequency of IGBT is, the larger the dv/dt
of the output voltage of the inverter is, and the larger the pulse current
is. Because of the discrete sampling of power switch device and the
nonlinearity of PWM modulation, the power spectrum of output volt-
age and current of frequency converter are discrete, and have the high-
order harmonic and frequency conversion harmonic components corre-
sponding to the switching frequency. In the three-phase voltage source
inverter circuit, the switching mode of three-phase PWM inverter is
shown in Table 1.

According to its switch mode, there are six IGBTs in the inverter
circuit. If each IGBT is set as logic switch value, there may be eight

logic switch combination states, which are described by logic switch
function Sj, namely:

⎧⎪⎨⎪⎩
Sj =

{
1 TjorDjConduction
0 T′

j orD′
jConduction

j = a, b, c

(12)

In equation (12), Tj represents parallel switch; Dj represents ampli-
fier; a, b, c represents three-phase circuit; j represents number of logic
switches [11].

In the three-phase voltage source inverter circuit, O is the equivalent
neutral point of the DC side and N is the neutral point of the load motor.
The following equation can be listed:

⎧⎪⎨⎪⎩
VaN = VaO − VNO

VbN = VbO − VNO

VcN = VcO − VNO

(13)

In equation (13), VaN , VbN and VcN represent the neutral point volt-
age of the load motor of the three-phase circuit; VaO, VbO and VcO rep-
resent the equivalent neutral point voltage of the DC side of the three-
phase circuit; VNO represent the voltage from the neutral point of the
load motor to the equivalent neutral point of the DC side.

Under the condition of system symmetry:

VaN + VbN + VcN = 0 (14)

Three expressions in the equation are added to get:

VaO + VbO + VcO = 3VNO (15)

The switch functions corresponding to the upper and lower pipes of
the same bridge wall are complementary, then there are{

S′j = 1 − Sj

j = a, b, c
(16)

In equation (16), S′j represents another corresponding logic switch
function on the same bridge wall [12].

From this, it can calculate:

⎧⎪⎪⎨⎪⎪⎩
VjO = Sj

Vdc
2

+ (1 − Sj)(−
Vdc
2

) = (2Sj − 1)Vdc
2

j = a, b, c

VNO = Vdc
6

∑
j=a,b,c

j = a, b, c
(17)

In equation (17), VjO represents the output interference voltage of
the inverter; Vdc represents the switching voltage of the three-phase
voltage source inverter circuit.

It can be seen from equation (17) that the output interference volt-
age of the inverter is related to the switch function. The frequency
spectrum of the interference voltage can be obtained by substituting
the frequency spectrum of the switch function into equation (17). The
frequency spectrum of the switch function is related to the PWM con-
trol mode. By analyzing the frequency spectrum of the switch function,
it can get that the output interference of the inverter is mainly the
high-order harmonic and its side frequency harmonic near the PWM
switch frequency. The harmonic frequency is related to the switching
frequency of the frequency converter. When the switching frequency is
low, the human ear can hear the electromagnetic noise generated by the
switching frequency. When the switching frequency is high, the human
ear cannot hear it, but the high frequency signal still exists [13]. High
frequency harmonic interference has become the main electromagnetic
interference source in the mine, which constitutes the complex electro-
magnetic environment in the mine.
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2.2. Overvoltage of motor terminal

2.2.1. Withstand voltage simulation of motor terminal
According to the theory of electromagnetic field, there are dis-

tributed resistance and distributed inductance in the transmission line.
Distributed capacitance and distributed conductance due to imperfect
insulation exist between conductors. When the switching frequency is
very low, the wave length is longer than the line length, and these dis-
tribution parameters have little influence on the current and voltage
transmitted on the line. The cable model can be represented by the cen-
tralized parameters. When the rise time reaches sub microsecond level,
the rise edge of PWM pulse is rich in high frequency components. When
the line length can be compared with the wave length, the distribution
parameters of the line have a great influence on the current and voltage,
so it is necessary to use the cable transmission line model of the distri-
bution parameters to simulate the voltage borne by the motor terminals
[14].

The specific steps are as follows: in the cable equivalent circuit,
when a pulse voltage is applied at the end of the cable, the current
begins to flow into the first inductance, and starts to charge the first
capacitor, making its voltage E. Then, the current continues to flow
through the next inductor and charges the next capacitor to a voltage
of E. The instantaneous characteristic of the voltage can be described as
a traveling wave. When the traveling wave reaches point x1, the volt-
age on the capacitor towards the power supply side is E, and the volt-
age on the capacitor towards the motor side is 0. In transmission line
theory, the traveling wave is called incident wave. When the incident
wave is transmitted to the last capacitance Cn of the cable terminal and
the charging voltage reaches E, there is still current on the last induc-
tance Ln. Compared with the characteristic impedance of the cable, the
impedance of the motor is very large, so the current on the inductance
Ln continues to flow into the capacitance Cn until most of the stored
energy is transferred to the capacitance Cn [15]. This will lead to an
overload voltage on the capacitor Cn, the theoretical maximum value
of which can be twice of the DC bus voltage. When the voltage on Cn
reaches the maximum value 2E, the reverse phase of current begins to
return to the power side, and each capacitor is charged along the circuit
to reach a higher voltage.

2.2.2. Analysis of voltage reflection process
The voltage reflection process is shown in Fig. 1, (a) shows the PWM

pulse input at the cable sending end, and the motor terminal is consid-
ered as open circuit; (b) is the incident voltage wave and corresponding
current wave; (c) is the reflected voltage wave and corresponding cur-
rent wave of the motor terminal, because the motor terminal is equiv-
alent to open circuit, the current is zero; (d) and (e) are the second
incident wave and reflected wave, after the second reflection, the volt-
age and current wave propagate towards the inverter end, and then
circulate continuously.

In the process of voltage reflection, the reflection coefficient of
motor terminal is:

ΓL =
RL − Z0
RL + Z0

(18)

In equation (18), ΓL is the reflection coefficient of motor terminal;
RL represents impedance of load terminal; Z0 represents cable’s charac-
teristic impedance [16].

The reflection coefficient of inverter terminal is:

ΓS =
RS − Z0
RS + Z0

(19)

In equation (19), RS represents the source impedance; ΓS represents the
reflection coefficient of the inverter terminal. The transmission time tt
of the output pulse in the long cable is:

tt =
lc
v

(20)

In equation (20), lc represents cable length; v represents pulse speed.
According to the transmission line theory, in the at time period, the

forward traveling wave of the inverter’s output pulse and the reverse
traveling wave amplitude of the motor terminal are both positive.
Because of RL ≈ Z0, it can be seen from equation (18), ΓL ≈ 1, in this
process, the motor terminal voltage is approximately doubled. At the
time of t = 2t, the reverse traveling wave reaches the inverter terminal
and reflects. Since RS ≪ Z0, according to equation (19), ΓS ≈ −1, the
reflected wave with negative amplitude will be generated to the motor
terminal. Since the terminal voltage of the motor starts to decrease in
2tt − 3tt , the peak value of the terminal line voltage of the motor is
the sum of the total voltage generated at the motor terminal after the
inverter’s output pulse is transmitted through the cable three times and
the amplitude of the inverter’s output pulse voltage.

2.3. Realization of anti-electromagnetic interference mining of
underground electronic equipment in coal mine

Based on the network communication technology, the supporting
equipment of the comprehensive mining face is designed to realize the
anti-electromagnetic interference mining of the underground electronic
equipment. The mining process of the designed supporting equipment
of the fully mechanized coal face is as follows: firstly, the coal is broken
down from the whole coal seam, then the broken coal is loaded into
the transportation equipment of the working face, and the coal is trans-
ported out of the working face through the transportation equipment
[17]. In order to maintain enough space in the working face, it is nec-
essary to support the stope with support. Finally, it is necessary to deal
with the roof of goaf to reduce the effect of mine pressure on the stope.

The designed supporting equipment of the fully mechanized work-
ing face adopts the high-power coal cutter to realize the coal falling and
loading, and the powerful bendable scraper conveyor to realize the coal
transportation. The movable hydraulic support is used to support the
roof, so that the mining process of the working face is fully mechanized
[18]. During the fully mechanized mining, the equipment and working
procedures are closely linked, which can achieve continuous operation,
high production, high efficiency, safe operation and other effects. The
equipment and layout of the fully mechanized working face are shown
in Fig. 2 [19].

In order to transport the coal out of the working face, crusher,
transfer machine and retractable belt conveyor should be installed in
the transport lane of the working face. After the coal on the scraper
conveyor of the working face is crushed by the crusher, the transfer
machine and transport equipment will transport the coal out of the
working face. In addition, in order to reduce the coal dust on the work-
ing face, it is necessary to configure the spray pumping station and the
emulsion pump station providing hydraulic support power.

3. Experimental test

3.1. Experimental design

In this paper, the mining method of anti-electromagnetic interfer-
ence for underground electronic equipment in coal mine considering
network communication technology is tested. Longgu Coal Mine is
selected as the experimental coal mine. Longgu Coal Mine is located
in the south central part of Juye Coal field. The 3# coal seam currently
mined belongs to rich coal, with a coal seam dip angle of 3–13◦ (aver-
age 8.0◦), the average thickness of coal seam of 8.5 m, mining height
of 3.7 m, caving coal of 4.2 m. The layout of the existing working face
of Longgu Coal Mine is shown in Fig. 3.

The current 2303 working face has a dip length of 270 m and a
strike length of 2200 m, and adopts downward ventilation. The road-
way along the goaf is with width of 5 m and height of 4 m, and the wall
is supported by bolting and shotcreting. The working face belongs to
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Fig. 1. Voltage reflection process.

5



Y. Yan and W. Cao Microelectronics Journal 109 (2021) 104987

Fig. 2. Equipment and layout of fully mechanized working face.

deep and high temperature coal mining, and the electromagnetic inter-
ference of electronic equipment is serious.

The underground electronic equipment in the experiment includes
frequency converter, cable, motor and output filter. The specific param-
eters of frequency converter, cable and motor are shown in Table 2.

The specific parameters of the output filter are shown in Table 3.
The pulse voltage waveform of the output filter is shown in Fig. 4.
The layout of network communication nodes in the coal mine is as

follows: there are three Mesh nodes. Mesh node adopts Strix’s indoor
wireless system node. Each Mesh node includes five parts: antenna
module, user connection module, network connection module, net-
work server module and basic module. The network connection module

works at 5.8 GHz, and the user access module works at 2.4 GHz. The
three nodes are named Mesh Point l, Mesh Point 2 and Mesh Point 3
respectively. Table 4 shows the configuration of three Mesh nodes.

In this paper, the anti-electromagnetic interference mining method
of underground electronic equipment by considering network commu-
nication technology is used to carry out the anti-electromagnetic inter-
ference mining experiment of underground electronic equipment in
this coal mine. Five groups of experiments were set, each group was
repeated 10 times, and 50 M data was transmitted. According to the
wireless transmission rate of downhole data when the transmission
time of output pulse was in the range of 0.5 𝜇s-1.1 𝜇s, the exper-
imental results were taken as experimental results. In order to pre-
vent the lack of contrast between the experimental results, two original
mining methods of anti-electromagnetic interference for underground
electronic equipment in coal mine are used as comparative experi-
mental methods, including the mining method of anti-electromagnetic
interference for underground electronic equipment in coal mine based
on electric field shielding technology and the mining method of anti-
electromagnetic interference for underground electronic equipment in
coal mine based on single point grounding technology. The two meth-
ods are also used to mine the electronic equipment of the coal mine
against electromagnetic interference, and the wireless transmission rate
of downhole data when the transmission time of the output pulse is in
the range of 0.5 𝜇s–1.1 𝜇s is used as the comparison experimental data.

3.2. Analysis of experimental results

When the transmission time of the output pulse is in the range of
0.5 𝜇s–0.7 𝜇s, the experimental data of wireless transmission rates of
the three methods are shown in Table 5.

According to the comparison experimental data of the wireless trans-
mission rate of downhole data when the transmission time of out-
put pulse is in the range of 0.5 𝜇s–0.7 𝜇s in Table 5, it can be seen
that the wireless transmission rate of underground data in the mining
method of anti-electromagnetic interference for underground electronic
equipment considering network communication technology is higher
than that in the mining method of anti-electromagnetic interference
for underground electronic equipment based on electric field shielding
technology and single point grounding technology.

When the transmission time of output pulse is in the range of
0.71 𝜇s–0.9 𝜇s, the comparison experimental data of wireless trans-
mission rate in the mining method of anti-electromagnetic interfer-

Fig. 3. Layout of existing working face in Longgu coal mine.
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Table 2
Specific parameters of frequency converter, cable and motor.

Converter parameters DC Bus Voltage 1000 V
Switching frequency 2 kHz
Carrier frequency 2 kHz
Fundamental frequency 50 Hz
Cable distribution parameters Inductance per unit length 0.362 𝜇H
Capacitance per unit length 0.01 nF
Characteristic impedance 189Ω
Cable length 100 m
Motor parameters Reflection coefficient of motor terminal 0.9
Motor power 5 kW

Table 3
Specific parameters of output filter.

Output filter R (Ω) C (𝜇F) L (mH)

RC filter of motor terminal 30 1.2
Inverter’s output RLC filter 190 0.1 0.07
Inverter’s output LC-RLC cascade filter 35 LC RLC LC RLC
4 10 1.6 3

Fig. 4. Pulse voltage waveform of output filter.

ence for underground electronic equipment in coal mine considering
network communication technology and the mining methods of anti-
electromagnetic interference for underground electronic equipment in
coal mine based on electric field shielding technology and single point
grounding technology are shown in Table 6.

According to the comparison experimental data of the wireless trans-
mission rate of downhole data when the transmission time of output
pulse is in the range of 0.71 𝜇s–0.9 𝜇s in Table 6, it can be seen
that the wireless transmission rate of underground data in the mining

method of anti-electromagnetic interference for underground electronic
equipment considering network communication technology is higher
than that in the mining method of anti-electromagnetic interference
for underground electronic equipment based on electric field shielding
technology and single point grounding technology.

When the transmission time of output pulse is in the range of
0.91 𝜇s–1.1 𝜇s, the comparison experimental data of wireless transmis-
sion rate in the mining method of anti-electromagnetic interference for
underground electronic equipment in coal mine considering network
communication technology and the other two mining methods of anti-
electromagnetic interference for underground electronic equipment in
coal mine are shown in Table 7.

According to the comparison experimental data of the wireless trans-
mission rate of downhole data when the transmission time of output
pulse is in the range of 0.91 𝜇s–1.1 𝜇s in Table 7, it can be seen
that the wireless transmission rate of underground data in the mining
method of anti-electromagnetic interference for underground electronic
equipment considering network communication technology is higher
than that in the mining method of anti-electromagnetic interference
for underground electronic equipment based on electric field shielding
technology and single point grounding technology.

According to the above experimental results, when the transmission
time of the output pulse is in the range of 0.5 𝜇s–1.1 𝜇s, the wireless
data transmission rate of the mining method of anti-electromagnetic
interference for underground electronic equipment considering net-
work communication technology is always higher than that of the min-
ing methods of anti-electromagnetic interference for underground elec-
tronic equipment based on electric field shielding technology and single
point grounding technology.

Table 4
Configuration of three mesh nodes.

Node name IP address Working channel Working mode Working channel Working mode
5.8G Hz 5.8G Hz 5.8G Hz 5.8G Hz

MeshPointl 192.168.1.154 N/A NS N/A N/A
192.168.1.48 5825 CC 1 CC
MeshPoint2 192.168.1.49 5825 NC 6 CC
192.168.1.153 5500 CC 11 CC
MeshPoint3 192.168.1.47 5500 NC 1 CC
192.168.1.46 5745 CC 6 CC

7
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Table 5
Comparison Experimental Data of the Wireless Transmission Rate of Down Hole Data When the Transmission Time of Output Pulse is in the Range
of 0.5 𝜇s–0.7 𝜇s.

The transmission time of output pulse (𝜇s) Wireless transmission rate of downhole data (bit/s)

Method of considering network communication technology Method based on single point
grounding technology

Method based on single point
grounding technology

Method based on single point
grounding technology

0.50 0.236 0.169 0.212
0.51 0.254 0.189 0.196
0.52 0.269 0.138 0.194
0.53 0.214 0.185 0.198
0.54 0.229 0.136 0.189
0.55 0.238 0.132 0.136
0.56 0.221 0.185 0.134
0.57 0.201 0.158 0.186
0.58 0.201 0.139 0.128
0.59 0.214 0.128 0.136
0.60 0.214 0.185 0.147
0.61 0.254 0.128 0.139
0.62 0.236 0.169 0.189
0.63 0.286 0.136 0.168
0.64 0.274 0.158 0.174
0.65 0.275 0.139 0.136
0.66 0.236 0.178 0.124
0.67 0.284 0.193 0.198
0.68 0.225 0.187 0.187
0.69 0.214 0.158 0.135
0.70 0.298 0.251 0.148
Mean value 0.24157 0.16386 0.16448

Table 6
Comparison Experimental Data of the Wireless Transmission Rate of Down Hole Data When the Transmission Time of Output Pulse is in the Range
of 0.71 𝜇s–0.9 𝜇s.

The transmission time of output pulse (𝜇s) Wireless transmission rate of downhole data (bit/s)

Method of considering network communication technology Method based on single point
grounding technology

Method based on single point
grounding technology

Method based on single point
grounding technology

0.71 0.246 0.139 0.139
0.72 0.258 0.178 0.178
0.73 0.201 0.177 0.199
0.74 0.208 0.189 0.187
0.75 0.296 0.147 0.188
0.76 0.286 0.147 0.174
0.77 0.289 0.149 0.130
0.78 0.288 0.156 0.128
0.79 0.208 0.139 0.118
0.80 0.274 0.120 0.125
0.81 0.274 0.174 0.114
0.82 0.218 0.174 0.119
0.83 0.296 0.149 0.174
0.84 0.268 0.178 0.186
0.85 0.268 0.189 0.132
0.86 0.235 0.196 0.147
0.87 0.258 0.201 0.175
0.88 0.268 0.199 0.175
0.89 0.264 0.149 0.198
0.90 0.261 0.187 0.174
Mean value 0.2582 0.16685 0.158

In this paper, by analyzing the harmonic interference sources, the
motor terminals are treated with overvoltage, which effectively elimi-
nates the electromagnetic interference, reduces the redundancy of cal-
culation, and makes the data transmission of electronic equipment in
coal mine have high speed and anti-interference.

4. Conclusions

With the rapid development of high-power power electronic tech-
nology and the wide application of frequency conversion equipment in

the coal mine, the problems of harmonic and electromagnetic interfer-
ence are paid more and more attention. It has important theoretical
research significance and practical application value to study the min-
ing method of anti-electromagnetic interference for underground elec-
tronic equipment in coal mine. In this paper, the interference source is
analyzed and the adverse effects caused by harmonic interference are
eliminated, When the output pulse transmission time is in the range
of 0.5 𝜇s–1.1 𝜇s, the method designed in this paper can improve the
wireless transmission rate of underground data. In this study, the bit
error rate after data transmission is not considered. In future experi-
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Table 7
Comparison Experimental Data of the Wireless Transmission Rate of Down Hole Data When the Transmission Time of Output Pulse is in the Range
of 0.91 𝜇s–1.1 𝜇s.

The transmission time of output pulse (𝜇s) Wireless transmission rate of downhole data (bit/s)

Method of considering network communication technology Method based on single point
grounding technology

Method based on single point
grounding technology

Method based on single point
grounding technology

0.91 0.230 0.119 0.129
0.92 0.258 0.123 0.168
0.93 0.269 0.167 0.149
0.94 0.281 0.189 0.196
0.95 0.246 0.197 0.132
0.96 0.268 0.196 0.159
0.97 0.291 0.185 0.158
0.98 0.298 0.156 0.157
0.99 0.288 0.179 0.118
1.00 0.247 0.108 0.165
1.01 0.274 0.104 0.142
1.02 0.208 0.139 0.148
1.03 0.287 0.191 0.139
1.04 0.220 0.198 0.186
1.05 0.210 0.107 0.129
1.06 0.291 0.193 0.187
1.07 0.282 0.231 0.165
1.08 0.267 0.190 0.172
1.09 0.263 0.148 0.104
1.10 0.260 0.178 0.162
Mean value 0.2619 0.1649 0.15325

ments, further research on the accuracy of data transmission of elec-
tronic equipment in coal mines is needed to improve the practicability
of the designed method.
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