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With the extensive use of converters in high-power ventilator, shearer, road header, conveyor, hoist, and other coal mine
equipment, the electromagnetic disturbance problem of the converter is worthy of attention. In this paper, the ﬁeld measurement
and statistical method are used to analyze the radiation interference characteristics of frequency converter. Then, a typical fan
converter is taken as an example, and the electromagnetic disturbance of the converter is tested in four key positions and two
working frequencies, respectively. Multiple sets of data and spectrum are obtained by using a spectrum analyzer and other
instruments, and the dominant frequency characteristic parameters of the converter are analyzed emphatically. The small sample
data adopts the Shapiro–Wilk test, and the 80%/80% rule was used for statistical analysis. Finally, we got ﬁve common frequencies
of electromagnetic interference generated by the converter (electric ﬁeld dBμV/m). The CH4 sensor and other sensors work near
these ﬁve dominant frequencies, which may aﬀect the normal operation of the sensor and cause alarm. The test and analysis
method proposed in this paper can be used to obtain the characteristic parameters of the converter electromagnetic disturbance,
which can be used as a reference for the design of the immunity of sensors or control instruments.

1. Introduction
In recent years, the improvement of the technology of coal
mine equipment makes the electrical equipment develop
towards diversiﬁcation, large scale, high voltage, and high
power [1]. Converters and other nonlinear electrical
equipment are widely used in high-power ventilator,
shearer, road header, conveyor, hoist, and other electrical
equipment. These high-power pieces of equipment may
produce many types of electromagnetic disturbance. The
electromagnetic disturbance is aggravated by the dense
distribution of various metal pipelines in the narrow closed
space such as underground roadway, and the electromagnetic environment of underground working space becomes
more complex [2]. The electromagnetic environment in coal
mine has become a key research problem. Coal mine safety
monitoring system is one of several major systems that must

be available in coal mine safety production, which is used to
monitor various environmental parameters and equipment
in coal mines and give an alarm when ﬁnding abnormal. It is
also an important source of data analysis of coal mine safety
technology, where the CH4 sensor is particularly important
[3].
Since the 1970s, many researchers have done a lot of
work in the measurement and statistical analysis of electromagnetic disturbance of electrical equipment. Measurement results show that switching operation may produce a
series of transient pulses, causing conducted emissions.
Disturbances have large impacts on the monitoring circuitry
of the mine equipment, causing the mine monitoring system
to frequently record erroneous data and omit information
[4, 5]. The transmission characteristics of electromagnetic
wave in coal mine roadway and cable [6, 7] and the electromagnetic environment of coal mining face [8] are
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proposed. Wang Minyan [9] simply analyzed the harmonic
pollution and electromagnetic interference problems in the
mine application of the frequency converter in the second
coal mine of Selian and put forward several solutions.
However, there are a few research studies on the electromagnetic disturbance characteristics of high-power frequency conversion equipment in coal mine.
In the limited space underground in the coal mine,
there are a collection of power instruments such as
ventilators, shearers, road headers, conveyors, hoists, and
control instruments such as protection, control, and
communication. It is a typical environment combining
power instruments and control instruments [10, 11].
Control instruments work in a complex electromagnetic
environment. In order to ensure the normal operation of
coal mine control instruments and avoid the inﬂuence of
electromagnetic interference, it is necessary to test and
quantitatively analyze the electromagnetic interference
sources in the environment.
The statistical characteristics of secondary system disturbance voltage under impulse current are analyzed in [12].
From [13], the distribution characteristics of electromagnetic disturbance in the near ﬁeld of IGBT module of
converter valve are statistically analyzed. It is diﬃcult to
predict and analyze the electromagnetic environment by
digital simulation. Therefore, it is a better choice to analyze
the electromagnetic environment in coal mines through
statistical analysis of measured data [14, 15]. This paper
refers to the statistical method of electromagnetic disturbance data in substations and analyzes the electromagnetic
disturbance caused by many high-voltage and high-power
equipment in coal mines.
The electromagnetic disturbance data measured on site
are limited, the sample size is small, and the data characteristics are dispersive [16]. Although the fact shows that a
large number of observation data are subject to normal
distribution, it is necessary to test the normality of the
existing data [17, 18]. In this paper, the Shapiro–Wilk test is
used to test the normal distribution of small sample data, and
a representative value of dominant frequency is obtained by
using 80%/80% rule. This paper uses these two methods to
complete statistical analysis.

2. Measurement of Electromagnetic
Disturbance in Coal Mine
The background of this test is in a mine aﬃliated to Jizhong
Energy Group Company; it was discovered that the CH4
sensor installed about 1 m away from the local fan was often
subject to electromagnetic disturbance, such as abnormal
number, false alarm, crash, and restart. Therefore, the
electromagnetic environment near the fan is tested. The
sensor cable is about 10 cm away from the converter power
cable, so we tested the disturbance at 10 cm near the converter power cable. And there may be other control
equipment within 3 m around the converter, so we also
chose 3 m test distance.
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2.1. Test Instrument. Because there are ﬂammable and
explosive gases in coal mines, the ﬁeld test conditions and
equipment requirements are high. According to Coal
Mine Safety Regulations, the power supply system of coal
mine must meet the requirements of safe production, and
it is not allowed to open the explosion proof shell of the
equipment and destroy the explosion proof grade of the
equipment. Moreover, it is inconvenient to get electricity
underground, and the distance between each area is far.
Therefore, the test instrument must be safe, light, and
battery-powered and can save the measured data in real
time [11]. In addition, the electromagnetic disturbance of
mine mechanical and electrical equipment belongs to
broadband disturbance with wide spectrum range, and the
selected measurement instruments should be able to cover
the whole radiation frequency band [19, 20]. Taking into
account the test requirements and the range of the
spectrum of radiation disturbance, the measuring instrument adopts a Keysight spectrum analyzer N9342C, as
shown in Figures 1 and 2 ; the antenna adopts R &
S HE300.
The tested equipment is a mine fan variable frequency
speed regulating device, named ZJT-75, as shown in Figure 3. The power of variable frequency speed regulating
device is 75 kW, the rated voltage is 660 V, and the converter
controlling fan power is 15 kW. The converter has the
function of online control, which can adjust the voltage and
frequency of the motor working power supply according to
the load change so as to achieve the required torque.
In the past, coal mines mostly adopted press in ventilation with fans, and the constant speed operation of fans
often caused the phenomenon of “one wind blowing” CH4
discharge, which was easy to create CH4 accidents [21].
Applying ZJT series of mine frequency converter to fan
control can eﬀectively solve the discharge of CH4 in the
process of underground roadway excavation and eliminate
the hidden trouble of CH4 explosion caused by “one wind
blowing” fundamentally [22].

®

2.2. Field Testing. In order to ensure the safe production of
coal mines, prevent CH4 accumulation in the heading face,
and ensure the stability and reliability of the ventilation
system, the heading work is generally designed with subsystems such as dual fans, dual power supplies, automatic
switching, variable frequency speed regulating device, and
safety monitoring system. The safety monitoring system and
CH4 sensor are arranged near the fans, and the local ventilation system is arranged as shown in Figure 4. After installing the fan variable frequency speed regulating device,
the air volume can be automatically adjusted according to
the CH4 content to achieve the purpose of rapid CH4 discharge. However, the application of variable frequency speed
regulating device here also brings some electromagnetic
disturbance, which may aﬀect the CH4 sensor in the nearby
safety monitoring system. Therefore, the electromagnetic
environment near the variable frequency speed regulating
device of local fan is tested.
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Figure 4: Layout plan for local ventilation system.

Figure 1: Spectrum analyzer boot chart.

converter. Considering that the output cable of the variable
frequency speed regulating device is parallel to the power
supply and signal cables of the CH4 sensor, after comparison
and analysis, the test results at four locations were selected,
including the three near ﬁeld locations of the converter
power input, output, and fan cable input and the location at
a distance of 3 m, as shown in Figure 5; these locations can
more typically reﬂect the interference situation of the
converter.

3. Characteristics of Electromagnetic
Disturbance Data

Figure 2: Spectrum analyzer measurement data map.

All kinds of electromagnetic disturbance can be obtained by
measurement in coal mine. The electromagnetic disturbance
of diﬀerent equipment in diﬀerent positions has diﬀerent
characteristics. The frequency domain characteristics of
disturbance can provide a reference for the design of
shielding and ﬁltering of control instruments. In addition,
the frequency domain characteristics of disturbance are also
an important basis for the design of immunity test.
Therefore, summarizing the frequency domain characteristics of electromagnetic disturbance is an important step to
scientiﬁcally evaluate the electromagnetic environment in
coal mines and guide the antidisturbance design of control
instruments.
3.1. Deﬁnition of Characteristic Parameters of Electromagnetic
Disturbance. Basic parameters of electromagnetic disturbance frequency domain include disturbance upper limit
frequency, bandwidth, and dominant frequency. In this
paper, the frequency domain analysis of downhole transient
electromagnetic disturbance test data mainly refers to the
dominant frequency (DF). It is deﬁned as follows.
In the range of disturbance frequency band, among
several obviously prominent frequency groups, the maximum point with the largest amplitude is selected as the
dominant frequency [17].

Figure 3: The variable frequency speed regulating device.

The output frequency range of the fan variable frequency
speed regulating device used in this test is 0.5–60 Hz. In
order to eliminate the inﬂuence of diﬀerent frequency on the
measured data, the test output frequency is 20 Hz and 35 Hz,
respectively. We measured at several locations around the

3.2. Basic Analysis of Electromagnetic Disturbance
Characteristics. The test data are shown in the spectrum, the
abscissa is the frequency (MHz), and the ordinate is the
electric ﬁeld (dBμV/m). The following four groups of data
were analyzed.
Figure 6 shows the frequency spectrum of electromagnetic disturbance 10 cm away from the output power cable of
converter. The test frequency range is 1–50 MHz. According
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Figure 6: Frequency spectrum of electromagnetic disturbance 10 cm away from the output power cable of converter.

to the deﬁnition of the dominant frequency, the main frequency distribution of the frequency spectrum of electromagnetic disturbance is 2.38 MHz, 10.10 MHz, 20.20 MHz,
30.90 MHz, and 44.40 MHz. The disturbance near 2.38 MHz
is the largest, and the amplitude is 99.7 dBμV/m.
Figure 7 shows the frequency spectrum of electromagnetic disturbance 10 cm away from the input power cable of
converter. The test frequency range is 1–50 MHz. Further
analysis shows that the main frequency distribution of the
frequency spectrum of electromagnetic disturbance is
2.28 MHz, 11.33 MHz, 14.85 MHz, 17.08 MHz, and

26.88 MHz. The disturbance near 2.28 MHz is the largest,
and the amplitude is 74.47 dBμV/m.
Figure 8 shows the frequency spectrum of electromagnetic disturbance tested at 3 m from the front of the converter. The test frequency range is 0.2–20 MHz. The main
frequency distribution of the frequency spectrum of electromagnetic disturbance is 0.58 MHz, 2.44 MHz, and
4.86 MHz. The disturbance near 0.58 MHz is the largest, and
the amplitude is 60.85 dBμV/m.
Figure 9 shows the frequency spectrum of electromagnetic disturbance at 10 cm near the motor side cable
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Figure 7: Frequency spectrum of electromagnetic disturbance 10 cm away from the input power cable of converter.
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Figure 8: Frequency spectrum of electromagnetic disturbance tested at 3 m from the front of the converter.

on the converter connected motor cable. The test frequency range is 1–50 MHz. Further analysis shows that
the main frequency distribution of the frequency spectrum of electromagnetic disturbance is 2.39 MHz,
9.63 MHz, 19.90 MHz, 26.70 MHz, and 33.00 MHz. The
disturbance near 2.39 MHz is the largest, and the amplitude is 98.09 dBμV/m.
The interference produced by the converter is mainly at
the output end of the power supply, and the interference
attenuates with the distance. The farther away from the
converter, the smaller the interference. The power cable
output from the converter to the motor is a strong interference source, so it should be far away from this interference source as far as possible when the sensor is arranged.
The observed frequency characteristics of the converter
interference reach obvious peaks at certain frequency points,
and the signal transmission protocol of the sensor should try

to avoid these frequencies to prevent cofrequency
interference.
3.3. Statistical Test of Characteristic Parameters of Electromagnetic Disturbance. The disturbance data has a certain
randomness. Therefore, the randomness of the data makes
the disturbance signal measured single time not be used as
the basis for evaluating the disturbance level of the whole
system. It is necessary to use statistical methods to obtain the
statistical characteristics and then to comprehensively and
objectively predict and evaluate the disturbance level of the
whole system. But due to the small sample characteristics of
the data, it is diﬃcult to determine the distribution of the
population. We need to test the normality of the data ﬁrst
and then estimate the parameters based on the characteristics of the normal distribution.
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Figure 9: Frequency spectrum of electromagnetic disturbance tested at 10 cm near the motor side cable on the converter connected motor
cable.

3.3.1. Shapiro–Wilk Test. The Shapiro–Wilk test was proposed by S. S. Shapiro and M. B. Wilk in 1965. When the
sample size is 3 ≤ n ≤ 30, the Shapiro–Wilk test of normality
assumption is eﬀective [23].
Implementation steps for the Shapiro–Wilk test are as
follows:
Step 1: arrange n observations in small to large order
x(1) ≤ x(2) ≤ · · · ≤ x(n) .
Step 2: follow the following equation:
W�

lk�1 αk (W)x(n+1− k) − x(k) 
nk�1 x(k) − x

2

2

.

(1)

Calculate the statistical value W. Where n is even,
l � (n/2), and when n is odd, l � (n − 1/2); x represents
the sample mean number. The value corresponding to
αk (W) can be obtained from coeﬃcient table [24].
Step 3: according to p and n, check table (p quantile Zp
table of statistics W) [24] to get ZP of W.
Step 4: make a judgment; if W < Zp , then reject H0 ;
otherwise do not reject H0 (H0 : the population obeys
normal distribution).
3.3.2. 80%/80% Rule. In order to describe the characteristics
of transient electromagnetic disturbance scientiﬁcally, statistical analysis method must be used. The 80%/80% rule is a
sampling inspection rule for disturbance level measurement
recommended by CISPR.
Sampling inspection can be divided into two categories:
sampling by variables and sampling by attributes. Sampling
by variables is to test and calculate the characteristic values
in the sample and then compare them with the qualiﬁed
number speciﬁed in the judgment criterion to determine
whether the batch of products is qualiﬁed. Sampling by

attributes is only to give “0” or “1” to the samples, depending
on whether the number of samples is 0 (or 1) to determine
whether the product is qualiﬁed. The 80%/80% rule is based
on simple random sampling and measurement sampling.
The emission level (immunity level) is a continuous random
variable and conforms to the normal distribution.
CISPR 22 speciﬁes a method for making the statistical
calculations, one which assumes that the regulated parameter electric ﬁeld in dBμV/m is from a Gaussian, or
normally distributed, population, and applies the noncentral
t distribution to establish the appropriate conﬁdence [25]. In
this paper, the criterion is used in frequency domain analysis
of transient electromagnetic disturbance data. The purpose
is to deﬁne the limit value L as the representative value of a
group of data and to provide a basis for formulating the
immunity test standard of secondary equipment in the
future.
The sample mean xn is deﬁned as
xn �

1 n
x .
n i�1 i

The sample standard deviation Sn is deﬁned as
������������
2
ni�1 xi − x
.
Sn �
n−1

(2)

(3)

The expression of 80%/80% rule [26] is
xn + kSn ≤ L,

(4)

where xn is the mean of the amplitudes of n samples in the
test; L is the regulatory limit; Sn is determined by equation
(3); xi is the amplitude of the i sample; and k is the factor,
dependent on the number of samples, which yields 80%
conﬁdence; and the k value is shown in Table 1.
Based on the statistical analysis, we deﬁne the 80%/80%
rule used in this paper: at least 80% of the test data are met
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Table 1: Value of k.

n
k

3
2.04

4
1.69

5
1.52

6
1.42

7
1.35

8
1.30

9
1.27

10
1.24

11
1.21

12
1.20

15
1.17

20
1.12

Table 2: 35 Hz basic parameter analysis.
Location

Data
number

Frequency band range
(MHz)

018

0–50

023

0–20

027

20–200

022

0–20

026

20–200

020

0–50

025

0–20

028

20–200

Near the output power cable of converter

Near the input power cable of converter

Output connecting motor cable close to
the motor side

(less than or equal to) the speciﬁed limit with at least 80%
conﬁdence.

4. Testing and Analysis
The frequency spectrum analyzer N9342C is used to the four
test points of the general converter. The output frequency of
the converter is 35 Hz and 20 Hz. The spectrum characteristics of electromagnetic disturbance under two groups of
working frequencies are obtained, and the frequency domain
basic analysis is carried out on the measurement data of the
converter of the fan in the coal mine. The data are listed in
Tables 2 and 3.
According to the analysis of the main frequency points of
the image in this paper, ﬁve groups of data are obtained,
which are arranged in order from small to large, followed by
Group 1: 2.22, 2.28, 2.28, 2.31, 2.38, 2.39, 2.39, 2.40,
2.44, 2.48, 2.48, 2.73
Group 2: 9.63, 9.70, 9.74, 10.10, 10.16, 10.27, 10.30,
10.49, 11.30, 11.33
Group 3: 19.90, 20.17, 20.20, 20.39, 20.71, 21.14, 21.96

Dominant frequency
(MHz)
2.38
10.10
20.20
30.90
44.40
2.31
10.30
16.20
32.50
42.70
2.22
11.30
14.33
17.71
27.43
33.70
44.65
2.39
9.74
20.17
33.28
2.48
9.70
13.90
20.39
24.70
34.48
41.91

Corresponding amplitude
(dBμV/m)
99.70
86.00
77.80
65.70
55.60
94.30
80.70
81.50
82.30
75.10
85.56
78.82
83.77
77.36
84.46
74.64
65.38
95.16
85.38
83.42
65.87
89.22
75.24
80.08
76.48
75.44
74.14
68.76

Group 4: 30.90, 31.07, 32.50, 33.00, 33.28, 33.70, 34.48,
35.26
Group 5: 41.00, 41.91, 41.91, 42.70, 42.97, 44.40, 44.65
The ﬁve groups of data were tested by Shapiro–Wilk test,
and the statistical values W were 0.869, 0.801, 0.982, 0.950,
and 0.931. Take group 1 data as an example; if the test level
α � 0.05, when n � 12, W0.05 � 0.859, because 0.869 > 0.859,
the original hypothesis is not rejected. The data of groups 1,
3, 4, and 5 did not reject the original hypothesis at test level
α � 0.05, and the data of group 2 did not reject the original
hypothesis at test level α � 0.01. Therefore, the above ﬁve
groups of data are subject to normal distribution; we can
apply the 80%/80% rule for further statistical analysis of the
data. Taking the ﬁrst group of dominant frequency data as an
example, n � 12, k � 1.20, and DF1 � 2.56 MHz. Similarly,
other dominant frequencies are 11.05 MHz, 21.60 MHz,
35.00 MHz, and 44.61 MHz.
The above data can show that, even if the test location is
diﬀerent, the working frequency of the converter is diﬀerent,
and there is generally large amplitude disturbance near
2.56 MHz, 11.05 MHz, 21.60 MHz, 35.00 MHz, and
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Table 3: 20 Hz basic parameter analysis.

Location

Data
number

Frequency band range
(MHz)

008

0–20

007

0–50

0032

0–50

013

20–200

004

0–50

012

20–200

009

0–20

010

0–20

006

0–50

Near the output power cable of converter

Near the input power cable of converter

3 m from the converter

Output connecting motor cable close to
the motor side

44.61 MHz. These ﬁve groups of frequencies are the common
frequencies that the converter may produce electromagnetic
disturbance (electric ﬁeld in dBμV/m). The CH4 sensor and
other sensors work near these ﬁve dominant frequencies,
which may aﬀect the normal operation of the sensor and
cause false alarm.

5. Conclusion
In this paper, a ﬁeld test was conducted on a fan converter of a widely used model in the mine, and the
electromagnetic disturbance data and frequency spectrum obtained were observed and analyzed statistically.
Based on the small sample data, the Shapiro–Wilk test
method is selected in the statistical method. After calculation, the dominant frequency samples in this paper
conform to the normal distribution, and then the 80%/
80% rule is used to obtain its statistical characteristics. It
can be concluded that the ﬁve frequencies of 2.56 MHz,
11.05 MHz, 21.60 MHz, 35.00 MHz, and 44.61 MHz are
the common frequencies of electromagnetic disturbance
(electric ﬁeld in dBμV/m). Even if the test location is
diﬀerent and the frequency of the converter is diﬀerent,
there is still interference near the common frequency.

Dominant frequency
(MHz)
2.40
10.27
14.98
2.28
10.16
14.74
20.71
42.97
2.73
10.49
21.14
31.07
41.00
21.96
41.91
2.28
11.33
14.85
17.08
26.88
27.04
35.26
0.58
2.44
4.86
2.48
4.77
2.39
9.63
19.90
26.70
33.00

Corresponding amplitude
(dBμV/m)
92.10
74.15
80.68
96.39
85.19
86.76
76.89
69.87
97.50
88.31
80.25
66.54
56.25
79.51
70.61
67.08
67.34
74.47
66.26
56.16
73.61
64.09
60.85
57.00
50.01
51.03
45.11
98.09
88.12
83.44
71.40
65.07

The CH 4 sensor and other sensors work near these ﬁve
dominant frequencies, which may aﬀect the normal
operation of the sensor and cause false alarm. According
to the electromagnetic interference test results of the
converter, the sensor should be arranged as far away
from the converter as possible; pay attention to the power
signal wiring of the sensor, and keep away from the
power output cable of the converter, especially avoiding
long distance parallel wiring; if the sensor near the
converter is unstable, try to change the signal transmission frequency of the sensor.
There are further plans to establish an equivalent model
and simulate the converter, study the mechanism of electromagnetic disturbance of converters, and aﬀect factors and
suppression measures. It provides reference signiﬁcance for
the design and layout of mine converter and secondary
equipment in coal mines.
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