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Abstract: The residual magnetic field in a magnetic shielding device with a multilayer high perme-
ability material (permalloy) structure can be obtained at the nanotesla (nT) level or even lower. At
present, in the process of designing a magnetic shielding device, most of the external environmental
magnetic field settings are set at the size of the Earth’s environmental magnetic field, but the instru-
ments inside the magnetic shielding device need to be powered, the active compensation coil needs
to be powered, and the degaussing coil of passive shielding layer needs to be powered, so substations
need to be used around magnetic shielding devices. The magnetic field generated by the substation
will affect the magnetic shielding device, so this paper analyzes and measures the magnetic field
generated by the substation. Firstly, the finite element model of a substation is established, and the
influence of different substations on the environmental magnetic field is analyzed by changing the
power. Secondly, the test method of a substation environment magnetic field is determined. Finally,
the site test was carried out to measure the influence of different power substations and different
distances on the magnetic field, and its influence on the magnetic shielding device was analyzed,
which provided an important basis for the construction of the magnetic shielding device.

Keywords: magnetic shielding device; extremely weak magnetic field; substation

1. Introduction

A magnetic shielding device shields low-frequency and static magnetic fields through
the flux shunt effect [1–3] of high permeability magnetic materials (such as permalloy),
shields AC magnetic fields through the eddy current effect [4,5] of high conductivity
materials (such as aluminum and copper), and prevents external magnetic fields from
entering its interior through shielding, thus, generating an extremely weak magnetic field
environment inside. In the weak magnetic environment, many scholars carried out frontier
work, such as measuring biological signals such as in the heart and brain [6–8], measuring
geophysical research samples [9], measuring electric dipole moments [10], and researching
high-precision magnetic measurement instruments, such as SERF atomic gyroscopes and
magnetometers [11,12]. As the internal magnetic field of a magnetic shielding device
is very weak, the magnetic shielding device system is vulnerable to the interference of
a strong external magnetic field. In order to achieve better shielding effect, a magnetic
shielding device is usually equipped with an active compensation coil outside to provide
active magnetic field shielding, the passive shielding layer needs demagnetization, and the
internal experimental instruments need power supply. All the above need to be equipped
with substations for power supply, which may affect the shielding performance of magnetic
shielding devices.

For the research of magnetic shielding devices, many scholars use active compensation
coils to improve the uniformity of the residual magnetic field inside the magnetic shielding
device [13–15]. Altarev et al. [16] reported a degaussing method for a magnetic shielding
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device, which can shorten the degaussing time by 10 times, significantly reduce the residual
magnetic field of magnetic shielding devices, and improve the uniformity. Therefore, it is
of great significance to study the influence of the substation used by magnetic shielding
devices on the surrounding magnetic field for the positioning and design of the magnetic
shielding device.

In view of the influence of substations and other electrical equipment on the environ-
mental magnetic field, many scholars carried out relevant research work [17–30]. Some
scholars introduced finite element simulation into the analysis of electric and magnetic
fields generated by substations: Zhou et al. [17] used the finite element method to analyze
the power frequency magnetic field distribution characteristics of a typical 2 × 80 MVA
substation. The results showed that the maximum magnetic induction intensity of 15 m
around the substation was less than 1.6 µT. For the electromagnetic environment of a 500 kV
substation, Chen et al. [18] proposed a full-scale simulation model using boundary element
method (BEM) to calculate the distribution of the electric and magnetic fields, and obtained
the distribution of electric and magnetic fields in the substation. Sakai et al. [19] studied
the extremely low frequency (ELF) magnetic field environment distribution of a 500 kV/
275 kV gas-insulated substation by comparing the measurement results with the finite ele-
ment method (FEM) calculation results. Hosseinabadi et al. [20] measured the influence of
different units of a thermal power plant on the surrounding magnetic field and simulated
it through ArcGIS software v. 10.7.1. The exposure effect is ranked according to the size
of the magnetic field, but the actual measured value is higher than the simulation value,
so the simulation method needs to be further improved. Medved et al. [21] analyzed the
solution method of electromagnetic field distribution in a 110 kV substation, and simulated it
in ANSYS, solving the distribution of electric field and magnetic field. Three positions with
different heights from the ground are selected for measurement, and the measurement results
are compared with the simulation results with good consistency. Carlos et al. [22] designed a
software to calculate the magnetic field near electrical equipment based on low-frequency
Maxwell equations, which can be used to calculate and express three-dimensionally the
magnetic field generated by current circulation in electrical facilities.

Some scholars studied the occupational exposure caused by electric and magnetic
fields generated by substations: Pirkkalainen et al. [23] tested the power plants around the
220 KV substation and determined the scope of work less than the occupational exposure
standard. Yang et al. [24] measured the magnetic induction intensity of the reactor under
the full load operational condition of a ±660 kV substation. According to the magnetic field
distribution, they proposed a method to eliminate the influence of the Earth’s magnetic field
by combining the measured data. Fontgalland et al. [25] estimated the electric field and
magnetic field of a 400 MVA substation through measurement and interpolation, and drew a
two-dimensional contour map. Qiu et al. [26] tested the power frequency magnetic field data
of a 10 KV substation, analyzed the test data, and gave the overall distribution characteristics
of the power frequency magnetic field of the substation. Okrainskaya et al. [27] tested the
magnetic field intensity distribution of a 500 kV power substation and analyzed the impact
of various devices in the substation on the environmental magnetic field. Hosseinabadi et al.
and Liu et al. [28] studied the magnetic field distribution around a 10 kV switchgear and
the shielding efficiency of the enclosure. The mathematical model of the power frequency
magnetic field of the switchgear is established, and the magnetic induction intensity is
solved by using the finite element method. The results show that when the distance from
the switchgear door is less than 0.6 m, the magnetic induction intensity can reach the public
exposure limit of 100µT. Tognola et al. [29] analyzed and compared children living near high
voltage (63–150 kV), ultra-high voltage (225 kV), and ultra-high voltage (400 kV) overhead
lines with children living near low-voltage (400 V), medium voltage (20 kV), and substation
(20 kV/400 V) underground networks. They found that the former had higher exposure
levels, which proved that high-voltage lines had a greater impact on magnetic fields. Frigura-
Iliasa et al. [30] tested the root mean square (RMS) values of a low-frequency (0–300 Hz)
electric field strength and magnetic flux density of different parts of the high-voltage power
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station in different time periods, and determined the working place and safe exposure time
of the operators.

In previous studies, scholars mainly studied the occupational exposure caused by
electric and magnetic fields generated by substations and did not analyze the possible
impact of substations on magnetic shielding devices. In order to evaluate the possible
influence of the substation with common power of magnetic shielding devices (active
compensation coil power supply 323 kW, degaussing power supply 1630 kW, internal
equipment power supply 9 kW) on the magnetic shielding device due to the nearby space
magnetic field, this paper establishes a finite element model, conducts magnetic field
simulation, and analyzes the magnetic field influence range of the above power substations
through a field test of the space DC magnetic field and AC magnetic field fluctuation data
of substations at different distances. It provides a basis for the site selection and design of
magnetic shielding device substations.

2. FEM Results of Substation Magnetic Field Influence

The magnetic shielding device usually consists of a passive shielding layer, an active
compensation coil, and a degaussing coil. The passive shielding layer mostly uses soft
magnetic materials such as permalloy to shield the magnetic field through the principle
of flux diversion. The active compensation coil generates a magnetic field opposite to
the Earth’s magnetic field through Biot–Savart’s law to offset the magnetic field. The
degaussing coil is arranged on the passive magnetic shielding layer, the magnetic field
generated by Biot–Savart’s law makes the passive magnetic shielding reach the magnetic
saturation state, gradually reduces the magnetic field, and reduces the influence of fac-
tors such as the stress of the passive magnetic shielding layer during installation on the
shielding performance. The experiment was carried out in the internal extremely weak
magnetic field space. Common measuring instruments include SERF atomic magnetometer,
SERF atomic gyroscope, electric dipole moment test system, and so on. The structure is
shown in Figure 1. Due to different applications, active compensation coils, degaussing
coils, and instruments need power supplies with different power requirements, among
which, the active compensation coils need long-term operation and stable power supplies,
the degaussing coils need power supplies with high power and fast response, and the
instruments need less power. Therefore, magnetic field analysis is conducted for 323 kW
(active compensation coil), 1630 kW (degaussing coil), and 9 kW (instrument) substations
according to different power demands.
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Figure 2. Simulation results of substation environmental magnetic field (the color scale on the right 
side of the figure represents the magnetic induction intensity). (a) Substation 1 (323 kW); (b) 
substation 2 (1630 kW); (c) substation 3 (9 kW). 

According to the simulation results, the influence range of the magnetic field 
generated by the substation is analyzed. The magnetic field section is drawn through the 
3D drawing group, and the magnetic field distribution is obtained. The magnetic field of 
the substation weakens at different speeds in different directions. In order to ensure that 
the magnetic field attenuates to a safe size under a certain radius, the radius is determined 
according to the maximum magnetic field value (to ensure that the maximum magnetic 
field value under the radius is less than the Earth’s magnetic field). According to the 
analysis results, for substation 1 (323 kW), the magnetic field can be attenuated to a level 
close to the Earth’s magnetic field (about 50,000 nT) beyond the radius of 15 m around the 
substation. For substation 2 (1630 kW), the magnetic field can be attenuated to a level close 
to the Earth’s magnetic field beyond the radius of 60 m around the substation. For 
substation 3 (9 kW), the magnetic field can be attenuated to a level close to the Earth’s 
magnetic field beyond the radius of 5 m around the substation. As shown in Figure 3, this 
result proves that the substation has an impact on the environmental magnetic field, and 

Figure 1. Schematic diagram of magnetic shielding device.

Through the finite element simulation software COMSOL, the finite element model
of a substation is established, including primary coil, secondary coil, and iron core. The
magnetic field generated by 323 kW, 1630 kW, and 9 kW substations is simulated by finite
element method by changing the current and other parameters (the number of elements s
is 58,000 (substation 1), 76,000 (substation 2), 27,000 (substation 3), and the current is 415 A
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(substation 1), 3000 A (substation 2), and 15 A (substation 3), and the impact of different
substations on the environmental magnetic field is analyzed. The three substations have
the same type and use the same model for calculation. The current in the substation is
modified by modifying the current value of the primary coil. The simulation results are
shown in Figure 2, the unit of magnetic field is nT.
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Figure 2. Simulation results of substation environmental magnetic field (the color scale on the
right side of the figure represents the magnetic induction intensity). (a) Substation 1 (323 kW);
(b) substation 2 (1630 kW); (c) substation 3 (9 kW).

According to the simulation results, the influence range of the magnetic field generated
by the substation is analyzed. The magnetic field section is drawn through the 3D drawing
group, and the magnetic field distribution is obtained. The magnetic field of the substation
weakens at different speeds in different directions. In order to ensure that the magnetic
field attenuates to a safe size under a certain radius, the radius is determined according
to the maximum magnetic field value (to ensure that the maximum magnetic field value
under the radius is less than the Earth’s magnetic field). According to the analysis results,
for substation 1 (323 kW), the magnetic field can be attenuated to a level close to the Earth’s
magnetic field (about 50,000 nT) beyond the radius of 15 m around the substation. For
substation 2 (1630 kW), the magnetic field can be attenuated to a level close to the Earth’s
magnetic field beyond the radius of 60 m around the substation. For substation 3 (9 kW),
the magnetic field can be attenuated to a level close to the Earth’s magnetic field beyond
the radius of 5 m around the substation. As shown in Figure 3, this result proves that the
substation has an impact on the environmental magnetic field, and the impact attenuates
with the increase in distance. Therefore, the construction of a magnetic shielding device
must maintain a safe distance from its supporting substation.
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3. Principle of Measurement

Shielding factor of magnetic shielding device can be calculated as follows (single-layer
shielding cylinder) [31]:

Ss =
2µtR

1
2

L
3
2

(1)

where Ss is the single-layer shielding factor; µ is the relative permeability; R is the radius
of the shielding layer; t is the thickness of the shielding layer; L is the length of the
shielding layer.

The formula for calculating the shielding factor of the multi-layer magnetic shielding
cylinder is:

Sz = Sn∏n−1
i=1 Si

[
1 −

(
Di+1

Di

)j
]

(2)

where Sz is the n-layer radial shielding coefficient; Si is the i-th layer shielding coefficient
(the outermost is the first layer).

The remanence of the magnetic shielding device B can be calculated by the magnetic
shielding factor Sz:

B =
B0

Sz
(3)

where B0 is the background magnetic field.
According to the above formula, when the material permeability, size, and other

parameters of the magnetic shielding device are determined, the background magnetic
field strength is an important factor affecting the internal remanence of the magnetic
shielding device.

The environmental magnetic field is tested by a three-axis fluxgate magnetometer,
where BX is the east–west magnetic field (facing west is positive), BY is the vertical to the
ground magnetic field (facing the ground is positive), BZ is the north–south magnetic field
(facing north is positive), and BT is the total magnetic field:

BT =
√

B2
x + B2

y + B2
z (4)

Follow the test steps:

(1) Determine the test distance, take the substation to be tested as the center, and use a
tape measure to determine the test point;

(2) Set the three-axis fluxgate at the test point through the tooling;
(3) Turn on the three-axis flux gate to preheat for 10 min, and open the acquisition board

and computer;
(4) Read and store test data through computer;
(5) Calculate the magnetic field with Formula (4);
(6) Repeat (1)–(5) to test the next test point.

Use a tripod to fix the fluxgate magnetometer and its clamp, as shown in Figure 4. Use
a tape measure to measure the distance from the test point to the measured substation, and
test according to the above steps.
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4. Test Results and Discussion

According to the above test principles and test steps, magnetic field tests were carried
out for different types of substations to be used in magnetic shielding devices. It included
323 kW substation 1 (intended for active compensation coil), 1630 kW substation 2 (intended
for degaussing coil), and 9 kW substation 3 (intended for instrument). According to the
internal use demand of the magnetic shielding device, the indicators for evaluating the
shielding effect of the magnetic shielding device include the DC residual magnetic field
value and magnetic field fluctuation, so the test includes the static magnetic field value and
magnetic field fluctuation value at different distances. The magnetic field of the same day
at different times and at the same location on different days is tested, and the results show
that the difference is very small, so a test result on the same day is given. According to the
simulation analysis in Figure 2, the magnetic field of the substation weakens at different
speeds in different directions, so the magnetic field in four directions (east, west, north, and
south) was tested and the maximum direction of the magnetic field was taken as the basis
for judging the distance.

4.1. Magnetic Field near Substation 1

Substation 1 is intended to provide power for the active compensation coil. The
working state of substation 1 tested is 323 kW power and 415 A current. The height of the
measuring support from the ground is 1.1 m. The site photos are shown in Figure 5:
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Figure 5. Image of substation 1.

We take nine test sample points at substation 1, which are from5 m (test point 1) to 25 m
(test point 5) away from the substation working equipment, with a step length of 5 m (more
points are selected around the critical point for testing). The test data are high-frequency
filtered through the LabVIEW program, and the test results of the DC magnetic field are
shown in Figure 6.
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Figure 6. DC magnetic field test results of substation 1.

According to the test results, substation 1 at test point 1 has a large impact on the
DC magnetic field, which is about 1.6 times that of the Earth’s magnetic field. When the
distance between the test point and the substation increases, the magnetic field gradually
decreases, and at about 15 m (point 5), decays to the Earth’s magnetic field level. In the
simulation calculation, the geomagnetic field value obtained from the actual test is added
through the “background field” function of the finite element simulation software, and the
test results are similar to the simulation results.

At the same time, in order to obtain the influence of magnetic field fluctuation, the
Mag-03 magnetic flux gate (noise lower than 6 ptrms/hz1/2@1 Hz; the bandwidth is up to
3 kHz (−3 dB), and the measurement accuracy is less than 0.1 nT) is used to collect and
record the real magnetic field before filtering (the sampling frequency is 1000 Hz), and
a spectrum diagram is drawn (according to the sampling law, the frequency of concern
is less than 500 Hz, and in order to obtain effective data and avoid clutter interference,
the spectrum diagram is processed at an average of 1 Hz). Figure 7 shows the spectrum
analysis diagrams of the east–west, north–south, and vertical to the ground magnetic fields
of test point 1. Figure 8 shows the spectrum analysis of the three-axis magnetic field at test
point 3.

According to Figure 7, it can be found that the magnetic field near the power frequency
(50 Hz) of test point 1 of substation 1 is large and has an impact on multiple frequency bands.
The source of non-50 Hz harmonic peak is the multiple frequency interference of 50 Hz,
which may be due to the nonlinear load (demagnetization coil and active compensation coil
of magnetic shielding device) in the substation, is the main cause of harmonic generation,
and the harmonic current generated by the substation causes the multiple frequency
interference of magnetic field fluctuations. According to Figure 8, it can be found that the
impact of power frequency and other frequency bands is reduced at three test points 15 m
away. The maximum amplitude in the magnetic field spectrum of each direction of the test
point and frequency corresponding to the maximum amplitude in the test frequency band
are listed in Table 1.
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Table 1. Magnetic field spectrum analysis results of substation 1.

Test Point

BX (East–West) BY (Vertical to the Ground) BZ (North–South)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Test point 1 (5 m) 32.5 50 35.7 49.5 38.4 50.5
Test point 5 (15 m) 11.2 49.5 15.4 49.5 20.5 49.5

According to the spectrum data, the magnetic field generated by substation 1 is mainly
the power frequency magnetic field. When the test point is 15 m away from the substation,
the magnetic field fluctuation is reduced by about 70%. Based on the analysis of DC
magnetic field and fluctuating magnetic field, when substation 1 is used, the construction
site of the magnetic shielding device should be at least 15 m away from the radius of
substation 1.

4.2. Magnetic Field near Substation 2

Substation 2 is designed to supply power to the degaussing coils. The working state
of the tested substation 2 is 1630 kW. The height of the measuring support from the ground
is 1.1 m. The site photos are shown in Figure 9:

We take eleven test sample points at substation 2, which are from 10 m (test point 1)
to 70 m (test point 7) away from the substation working equipment, with a step length of
10 m (more points are selected around the critical point for testing). The remanence test
results after high-frequency filtering are shown in Figure 10 (DC data of magnetic field):



Appl. Sci. 2023, 13, 3161 9 of 14

Appl. Sci. 2023, 13, x FOR PEER REVIEW 9 of 15 
 

4.2. Magnetic Field near Substation 2 
Substation 2 is designed to supply power to the degaussing coils. The working state 

of the tested substation 2 is 1630 kW. The height of the measuring support from the 
ground is 1.1 m. The site photos are shown in Figure 9: 

Substa
tion 2

10m

70m

60m

Test points

 
Figure 9. Image of substation 2. 

We take eleven test sample points at substation 2, which are from 10 m (test point 1) 
to 70 m (test point 7) away from the substation working equipment, with a step length of 
10 m (more points are selected around the critical point for testing). The remanence test 
results after high-frequency filtering are shown in Figure 10 (DC data of magnetic field): 

 
Figure 10. DC magnetic field test results of substation 2. 

According to the test results, substation 2 at test point 1 has a large impact on the DC 
magnetic field, which is about 2.4 times that of the Earth’s magnetic field. When the 
distance between the test point and the substation increases, the magnetic field gradually 
decreases, and at about 60 m (point 8) decays to the Earth’s magnetic field level, which is 
similar to the simulation results. 

Similarly, in order to obtain the influence of magnetic field fluctuation, the Mag-03 
fluxgate is used to collect and record the real magnetic field before filtering (the sampling 
frequency is 1000 Hz), and the spectrum diagram is drawn. Figure 11 shows the spectrum 
analysis diagrams of the east–west, north–south, and vertical to the ground magnetic 
fields of test point 1. Figure 12 show the spectrum analysis of the three-axis magnetic field 
at test point 6. 

Figure 9. Image of substation 2.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 9 of 15 
 

4.2. Magnetic Field near Substation 2 
Substation 2 is designed to supply power to the degaussing coils. The working state 

of the tested substation 2 is 1630 kW. The height of the measuring support from the 
ground is 1.1 m. The site photos are shown in Figure 9: 

Substa
tion 2

10m

70m

60m

Test points

 
Figure 9. Image of substation 2. 

We take eleven test sample points at substation 2, which are from 10 m (test point 1) 
to 70 m (test point 7) away from the substation working equipment, with a step length of 
10 m (more points are selected around the critical point for testing). The remanence test 
results after high-frequency filtering are shown in Figure 10 (DC data of magnetic field): 

 
Figure 10. DC magnetic field test results of substation 2. 

According to the test results, substation 2 at test point 1 has a large impact on the DC 
magnetic field, which is about 2.4 times that of the Earth’s magnetic field. When the 
distance between the test point and the substation increases, the magnetic field gradually 
decreases, and at about 60 m (point 8) decays to the Earth’s magnetic field level, which is 
similar to the simulation results. 

Similarly, in order to obtain the influence of magnetic field fluctuation, the Mag-03 
fluxgate is used to collect and record the real magnetic field before filtering (the sampling 
frequency is 1000 Hz), and the spectrum diagram is drawn. Figure 11 shows the spectrum 
analysis diagrams of the east–west, north–south, and vertical to the ground magnetic 
fields of test point 1. Figure 12 show the spectrum analysis of the three-axis magnetic field 
at test point 6. 

Figure 10. DC magnetic field test results of substation 2.

According to the test results, substation 2 at test point 1 has a large impact on the
DC magnetic field, which is about 2.4 times that of the Earth’s magnetic field. When the
distance between the test point and the substation increases, the magnetic field gradually
decreases, and at about 60 m (point 8) decays to the Earth’s magnetic field level, which is
similar to the simulation results.

Similarly, in order to obtain the influence of magnetic field fluctuation, the Mag-03
fluxgate is used to collect and record the real magnetic field before filtering (the sampling
frequency is 1000 Hz), and the spectrum diagram is drawn. Figure 11 shows the spectrum
analysis diagrams of the east–west, north–south, and vertical to the ground magnetic fields
of test point 1. Figure 12 show the spectrum analysis of the three-axis magnetic field at test
point 6.
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According to Figure 11, it can be found that the magnetic field near the power fre-
quency (50 Hz) of test point 1 of substation 2 is large and has an impact on multiple
frequency bands. According to Figure 12, it can be found that the impact of power fre-
quency and other frequency bands is reduced at six test points 60 m away. The maximum
amplitude in the magnetic field spectrum of each direction of the test point and frequency
corresponding to the maximum amplitude in the test frequency band are listed in Table 2.

Table 2. Magnetic field spectrum analysis results of substation 2.

Test Point

BX (East–West) BY (Vertical to the Ground) BZ (North–South)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Test point 1 (10 m) 369.1 49.5 887.0 49.5 1347.0 49.5
Test point 8 (60 m) 12.1 48.5 18.3 48.5 35.3 48.5

According to the spectrum data, the magnetic field generated by substation 2 is
mainly power frequency magnetic field. The magnetic field in the power distribution room
fluctuates greatly, and the spectrum curve is raised as a whole. The maximum amplitude
near 50 Hz can reach 1347.0 nT/Hz1/2, indicating that substation 2 has a great impact on the
space magnetic field. However, when the test point is 60 m away from the substation, the
magnetic field fluctuation is reduced by about 90%. Based on the analysis of DC magnetic
field and fluctuating magnetic field, when substation 2 is used, the construction site of the
magnetic shielding device should be at least 60 m away from the radius of substation 2.

4.3. Magnetic Field near Substation 3

Substation 3 is designed to provide power together inside the magnetic shielding
device. The working state of the tested substation 2 is 9 kW. The height of the measuring
support from the ground is 1.1 m. The site photos are shown in Figure 13.
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We take seven test sample points at substation 3, which are 1 m (test point 1) to 10 m
(test point 3) away from the substation working equipment, with a step length of about 5 m
(more points are selected around the critical point for testing). The remanence test results
after high-frequency filtering are shown in Figure 14 (DC data of magnetic field):

Appl. Sci. 2023, 13, x FOR PEER REVIEW 11 of 15 
 

4.3. Magnetic Field near Substation 3 
Substation 3 is designed to provide power together inside the magnetic shielding 

device. The working state of the tested substation 2 is 9 kW. The height of the measuring 
support from the ground is 1.1 m. The site photos are shown in Figure 13. 

Substa
tion 3

1m

10m

5m

Test points

 
Figure 13. Image of Substation 3. 

We take seven test sample points at substation 3, which are 1 m (test point 1) to 10 m 
(test point 3) away from the substation working equipment, with a step length of about 5 
m (more points are selected around the critical point for testing). The remanence test 
results after high-frequency filtering are shown in Figure 14 (DC data of magnetic field): 

 
Figure 14. DC magnetic field test results of substation 3. 

According to the test results, substation 3 at test point 1 has a large impact on the DC 
magnetic field, which is about 1.7 times that of the Earth’s magnetic field. When the 
distance between the test point and the substation increases, the magnetic field gradually 
decreases, and at about 5 m (point 4), decays to the Earth’s magnetic field level, which is 
similar to the simulation results. 

Similarly, in order to obtain the magnetic field contribution of each frequency band, 
the Mag-03 fluxgate is used to collect and record the real magnetic field before filtering 
(the sampling frequency is 1000 Hz), and the spectrum diagram is drawn. Figure 15 shows 
the spectrum analysis diagrams of the east–west, north–south, and vertical to the ground 
magnetic fields of test point 2. 

Figure 14. DC magnetic field test results of substation 3.

According to the test results, substation 3 at test point 1 has a large impact on the
DC magnetic field, which is about 1.7 times that of the Earth’s magnetic field. When the
distance between the test point and the substation increases, the magnetic field gradually
decreases, and at about 5 m (point 4), decays to the Earth’s magnetic field level, which is
similar to the simulation results.

Similarly, in order to obtain the magnetic field contribution of each frequency band,
the Mag-03 fluxgate is used to collect and record the real magnetic field before filtering
(the sampling frequency is 1000 Hz), and the spectrum diagram is drawn. Figure 15 shows
the spectrum analysis diagrams of the east–west, north–south, and vertical to the ground
magnetic fields of test point 2.
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The maximum amplitude in the magnetic field spectrum of each direction of the test
point and frequency corresponding to the maximum amplitude in the test frequency band
are listed in Table 3.

Table 3. Magnetic field spectrum analysis results of substation 3.

Test Point

BX (East–West) BY (Vertical to the Ground) BZ (North–South)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Maximum
Amplitude
(nT/Hz1/2)

Frequency
(Hz)

Test point 4 11.9 49.5 14.9 49.5 20.2 49.5
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According to the spectrum data, when measured at 5 m from the substation 3, the
magnetic field fluctuation approaches the fluctuation level of the Earth’s magnetic field.
Based on the analysis of DC magnetic field and fluctuating magnetic field, when substation
3 is used, the construction site of magnetic shielding device should be at least 5 m away
from the radius of substation 3.

4.4. Discussion

According to the test results, it can be preliminarily concluded that:

(1) The substation has an influence on both the DC and AC magnetic fields, so a
certain distance from the substation should be considered when building magnetic
shielding devices;

(2) For test point 3 of substation 1 (15 m away from the substation), test point 6 of
substation 2 (60 m away from the substation), and test point 2 of substation 3 (5 m
away from the substation), the magnetic field attenuates to be equivalent to the Earth’s
magnetic field and is close to the simulation results. It can be used as the construction
site of the magnetic shielding device;

(3) The magnetic field fluctuation caused by the substation also has a great impact on the
magnetic shielding device, especially when close to substation 2, the AC magnetic
field is large (about two to three orders of magnitude higher), so it is necessary to
consider the impact of its working magnetic field on other equipment. After the
distance reaches 60 m, the amplitude of the AC magnetic field decreases significantly,
which indicates that the safe distance can effectively reduce the influence of the
substation magnetic field;

(4) The magnetic field of substations is changed to be based on the magnetic field at-
tenuation of magnetic dipole (1/d3). The formulas of three different substations are
analyzed in combination with power, and the general formula including different
power is obtained as follows:

B = 50, 400 +
120µ0 × w

4π ∗ d3 × 109 (5)

where B is the magnetic field strength, d is the shortest distance between the calcula-
tion point and the substation, w is the equivalent power, and µ0 is vacuum permeability,
4π × 10−7.

5. Conclusions

In order to reduce the influence of substations equipped with magnetic shielding
devices on the shielding performance of magnetic shielding devices, the environmental
magnetic field near commonly used substations is analyzed through simulation and experi-
mental measurement methods, and its influence on magnetic shielding devices is analyzed.
According to the analysis of the test results, the substation has an impact on both DC and
AC magnetic fields. When using anything similar to substation 1 (323 kW), the magnetic
shielding device should be at least 15 m away from the substation, and when using any-
thing similar to substation 2 (1630 kW), the magnetic shielding device should be at least
60 m away from the substation. Therefore, when using something similar to substation
3 (9 kW), the magnetic shielding device should be at least 5 m away from the substation.
The test results are in good agreement with the simulation results. This paper tests the
DC magnetic field and magnetic field fluctuation of substations with common power in
magnetic shielding devices, and the general formula of substations with different power is
obtained for calculating the magnetic field value and distance, which provides a basis for
the construction of magnetic shielding devices.
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