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ABSTRACT: Addressing the deployment challenges of 5G communication equipment in the complex electromagnetic environment of
substations, this paper takes an actual substation as the research object. Through a combined approach of physical modeling and field
measurement validation, it systematically investigates the deployment issues of 5G devices in substations. Firstly, a power frequency
electromagnetic field model of the substation is established, and its reliability is verified by comparative analysis between simulation
results and on-site measured data. Secondly, by establishing a radiation model of 5G communication equipment, the mutual interference
between 5G devices and secondary equipment within the substation is investigated. Finally, leveraging the distribution characteristics of
the power frequency electromagnetic field in the substation, a tailored deployment scheme for 5G communication equipment is proposed.
This study provides both a theoretical foundation and technical support for the practical deployment of 5G in smart substations, thereby
advancing the deep integration of power systems and communication systems.

1. INTRODUCTION

With the deep integration of 5G communication technology
and smart grid, smart substations are accelerating their

evolution into the core nodes of power system [1]. As the
core facility of a power system, substations are crucial loca-
tions where high-voltage and low-voltage electricity is highly
concentrated. The main sources of interference to communica-
tion equipment from the complex electromagnetic environment
inside the substation are steady-state electromagnetic environ-
ment and transient electromagnetic environment. Among them,
steady-state electromagnetic environment is particularly criti-
cal, as it consists of power frequency electric fields, power fre-
quencymagnetic fields during normal substation operation, and
intrinsic electromagnetic interference from secondary equip-
ment. It is characterized by strong persistence and wide-
ranging influence. In particular, high-intensity power fre-
quency electromagnetic fields and electromagnetic interference
(EMI) generated by various power equipment can significantly
degrade the electromagnetic compatibility (EMC) performance
of 5G communication devices, posing severe technical chal-
lenges for the deployment of 5G base stations. In contrast,
transient electromagnetic environments, such as rapid transient
pulse groups caused by switch operations or lightning surges,
although characterized by transient high-energy features, typ-
ically have sporadic effects [2]. Therefore, the long-term cu-
mulative effects of steady-state electromagnetic environments
pose a more serious challenge to the electromagnetic compati-
bility performance of 5G base stations, becoming a key factor
restricting the reliable deployment of 5G communication equip-
ment in substation scenarios.
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At present, research has not yet formed a systematic theoret-
ical and methodological system for the deployment of 5G com-
munication equipment in the complex electromagnetic environ-
ment of substations. Existing research mainly focuses on the
following three aspects: (1) Existing literature indicates that the
power frequency electromagnetic field intensity at most mea-
surement points in high voltage substations exceeds the national
occupational exposure limit values. The power frequency elec-
tromagnetic interference generated by power equipment such as
transmission lines in normal operating conditions significantly
impacts the deployment of communication equipment [3–5].
(2) The equipment within a substation is complex and numer-
ous. Existing research primarily focuses on partial models
of substations, while comprehensive numerical simulations of
power frequency electromagnetic fields across the entire trans-
mission lines in substations remain relatively scarce [6, 7]. (3)
In the field of electromagnetic compatibility research, existing
achievements primarily focus on electromagnetic interference
issues among traditional equipment within substations [8, 9].
However, research on themutual interference between 5G com-
munication devices and secondary equipment within substa-
tions remains scarce, with most existing studies confined to
experimental testing phases. Investigating the mutual interfer-
ence between 5G communication devices and secondary equip-
ment is critical for evaluating their electromagnetic compatibil-
ity, ensuring reliable operation, and mitigating potential disrup-
tions. With the rapid advancement of 5G communication tech-
nology and its expanding application scope, growing attention
is paid to its potential deployment in complex environments like
substations. Therefore, it is urgent to conduct the research on
the deployment of 5G communication equipment in complex
electromagnetic environments within substations. To this end,
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this paper mainly discusses the mutual influence between 5G
communication equipment and secondary equipment under the
complex electromagnetic environment, as well as the impact
of the long-term stable existence of industrial frequency elec-
tromagnetic fields in the substation on the deployment of 5G
communication equipment. Finally, this study proposes a de-
ployment scheme for 5G communication equipment in substa-
tions, providing both theoretical foundations and technical sup-
port for practical implementation within smart substation envi-
ronments.

2. PRINCIPLES OF POWER FREQUENCY ELECTRO-
MAGNETIC FIELD CALCULATION IN TRANSMISSION
LINES
The substation contains a diverse array of irregularly dis-
tributed excitation sources. Furthermore, electromagnetic
interactions between energized conductors, insulators, and
grounding structures generate an exceptionally complex field
environment. This complexity poses significant challenges
for accurate numerical modeling using conventional computa-
tional methods [10]. To address this, the present study proposes
a computational model for power frequency electromagnetic
fields in substations under three-phase transmission lines
with sag consideration. This model integrates the Method
of Simulated Charges and the Method of Moments, building
upon traditional numerical electromagnetic field calculation
methods to enhance the accuracy and reliability of results.

2.1. Power Frequency Electric Field
For electromagnetic field calculations involving bundled con-
ductors in high-voltage transmission lines (≥ 110 kV), the sub-
conductors of each phase may be equivalently modeled as a
single composite conductor. Assuming that the n subconduc-
tors of a bundled conductor are uniformly arranged in a circular
configuration, the equivalent radius of the conductor can be ex-
pressed by Equation (1).

Req = R n

√
nr

r
(1)

In the equation: Req is the equivalent radius of the composite
conductor; R is the radius of the circular bundle formed by the
subconductors; n denotes the number of subconductors; r is the
individual radius of each subconductor.
Assuming that the transmission lines within one span are ar-

ranged in a catenary distribution, the suspension points at both
ends of the conductor are at the same height horizontally. The
spacing between the conductors of the three-phase transmission
line is equal and denoted asL. The highest point has a height of
H , and the sag is denoted as S. In space, at a certain point with
coordinatesM(x, y, z), taking the conductor of phase B of the
three-phase transmission line directly below as the origin, with
the direction of the transmission line as the x-axis direction, the
vertical direction as the y-axis direction, and the direction per-
pendicular to the ground as the z-axis direction, the schematic
diagram of the overhead catenary line is established as shown
in Figure 1.
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FIGURE 1. Schematic diagram of the overhead catenary line.

The general equation of the catenary line of the transmission
line is shown as Equation (2).
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(2)

In the equation: L represents the span length; α = γL
σ0

de-
notes the horizontal stress coefficient of the conductor; γ is the
specific load of the conductor, combining weight and external
loads; σ0 indicates the horizontal stress applied to the conduc-
tor.
The electric potential generated in space by the equivalent

charges of phase n conductor ln and its mirror image l′n is ex-
pressed as:

φ⃗n =
1

4πε0

∫
ln

(
1

rn
− 1

r′n

)
dl′n (3)

In the equation: ε0 represents the vacuum permittivity;
rn and r′n are the spatial distances from the source point
(xn, yn, zn) and the mirror point (xn, yn,−zn) toM(x, y, z).
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As shown in Equation (6):

dln = cosh
α(xn − kL)

L
dxn (6)

Assume that the charge on the conductor in each span is
evenly divided into M equal parts, and the linear charge den-
sity of each part is τ⃗n(m). In approximate calculation, the space
potential can be calculated by taking the continuous 2K + 1
span length transmission line near pointM . Then, the potential
formed by the n phase conductor at pointM(x, y, z) is:
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In this equation:
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According to the superposition principle [11], the total elec-
tric potential at pointM generated by all transmission line con-
ductors is expressed in Equation (10) as:

φ⃗ =

N∑
n=1

φ⃗n (10)

The electric field intensity at point M is given by Equa-
tion (11) as follows:

E⃗ = −∇φ⃗

= −
(
∂φ⃗

∂x
ex +

∂φ⃗

∂y
ey +

∂φ⃗

∂z
ez
)

= E⃗xex + E⃗yey + E⃗zez (11)

In the equation: E⃗x, E⃗y, E⃗z represent the electric field vec-
tor components along the x, y, z axes; ex, ey, ez denote the unit
vectors corresponding to x, y, z axes.
The root-mean-square value of the electric field intensity at

pointM is given by Equation (12) as follows:

|E| =
√

E⃗xE⃗∗
x + E⃗yE⃗∗

y + E⃗zE⃗∗
z (12)

In the equation, E⃗∗
x, E⃗

∗
y , E⃗

∗
z represents the complex conju-

gate of E⃗x, E⃗y, E⃗z .

2.2. Power Frequency Magnetic Field
According to the Biot-Savart Law [12], the magnetic field in-
tensity generated at spatial pointM(x, y, z) by the current ele-
ment dln on the n phase transmission line and its mirror image
dl′n is expressed in Equation (13).

dB⃗n =
µ0I⃗n
4π

(
rndln
r3n

− r′ndl′n
r′3n

)
(13)

In the equation: µ0 is the vacuum permeability; I⃗n is the pha-
sor current of the nth phase transmission line; α =

√
2δe−jπ/4

is the depth of the ground mirror current, where δ = 503
√

ρ/f ,
ρ is the ground resistivity inΩ·m, and f is the power frequency

in Hz. For the nth conductor, considering 2K+1 spans for each
phase, the calculation of the magnetic induction vector gener-
ated at a certain point by each phase can be obtained by the
superposition principle as follows:

B⃗ = B⃗xex + B⃗yey + B⃗zez (14)

In the equation: B⃗x, B⃗y, B⃗z represent themagnetic field vec-
tor components along the three orthogonal coordinate axes.
The root-mean-square value of the magnetic flux density at

the target point is calculated using the composite parabolic nu-
merical integration method, as expressed in Equation (15).

|B| =
√
B⃗xB⃗∗

x + B⃗yB⃗∗
y + B⃗zB⃗∗

z (15)

In the equation, B⃗∗
x, B⃗

∗
y , B⃗

∗
z represent the complex conjugate

of B⃗x, B⃗y, B⃗z .

3. POWER FREQUENCY ELECTROMAGNETIC FIELD
MODEL
Substations contain diverse equipment capable of generating
electric and magnetic field emissions. However, primary and
secondary devices are typically housed in metallic shielding en-
closures with proper grounding, which effectively blocks elec-
tric field radiation. Unlike substation equipment, transmission
lines operate without electromagnetic shielding, resulting in
substantially stronger field emissions. These unmitigated fields
pose significant interference risks to 5G communication sys-
tems. Given that the spatial dimensions of a substation are sig-
nificantly larger than those of bushings and other equipment,
by equivalently modeling all lines, bushings, and other compo-
nents as exposed metallic conductors in air, the resulting sim-
ulation can be considered to represent the worst-case electro-
magnetic environment. Based on the principles of calculation
of power frequency electromagnetic fields, a simulation model
of the transmission lines is established using an actual substa-
tion of the Southern Power Grid as an example, to determine
the power frequency electromagnetic field distribution within
the substation. The overall layout of the substation is illustrated
in Figure 2.
As shown in Figure 2, this smart substation adopts a three-

tier voltage hierarchical architecture (110 kV/220 kV/500 kV).
The 220 kV and 500 kV equipment areas are each equipped
with three high-capacity interconnecting transformers, forming
a dual-layer power exchange hub for the regional grid. The
converter transformer system enables the high-voltage direct
current transmission interface, while the reactive power com-
pensation transformer system provides dynamic reactive power
support. The control system, centered around the main control
room, integrates a next-generation monitoring platform and de-
ploys multi-band 5G communication base stations to ensure re-
liable connectivity for digital applications such as intelligent
inspection and equipment condition monitoring.
Based on Figure 2 (Overall layout diagram of the substation)

and referencing the actual engineering drawings of the substa-
tion, a simulation model of the substation’s transmission lines
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FIGURE 2. Overall layout diagram of the substation.

TABLE 1. Reasonable transmission power of power lines at various voltage levels.

voltage/kV ground voltage/kV transmission power /kW line current/A
35 21.2176 2000–10000 32.99144–164.9572
66 40.0104 3500–30000 30.61706–262.4319
110 66.6839 10000–50000 52.48639–262.4319
220 133.3680 100000–150000 262.4319–393.6479
330 154.9595 400000–600000 699.8185–1049.72
500 303.1089 600000–1000000 692.8203–1154.701

has been developed, as illustrated in Figure 3. The minimum
height of the 110 kV transmission line is approximately 3.458
meters, while its maximum height reaches about 7.953 meters.
For the 220 kV transmission line, the minimum and maximum
heights are 7.4076 meters and 19.7793 meters, respectively.
The 500 kV transmission line has a minimum height of 10.862
meters and a maximum height of 21.633 meters. Within the
substation, the span between conductors is set at 8 meters.
When simulating transmission lines, it is common to assume

that the phase voltages of the transmission lines change accord-
ing to the three-phase symmetrical sinusoidal law. To better ac-
count for actual operating conditions, phase-to-ground voltages
of each conductor are typically adopted as simulation inputs
to enhance the engineering practicality of results. The phase-

to-ground voltage is conventionally set at 1.05 times the phase
voltage, thereby covering maximum operational scenarios. The
phase-to-ground voltages of each transmission line are shown
in Table 1. Therefore, in the simulation, phase-to-ground volt-
ages were applied to one end of the transmission lines with am-
plitudes of 66.6839 kV for the 110 kV line, 154.9595 kV for the
220 kV line, and 303.1089 kV for the 500 kV line, at phase an-
gles of 0 degrees, −120 degrees, and +120 degrees, respec-
tively. This configuration models the 50Hz power frequency
electric field generated by the substation’s three-phase power
lines under maximum operating conditions.
As indicated in Table 1, the line currents of each transmis-

sion circuit are specified. To more accurately simulate the ac-
tual operating conditions of the substation, the calculation of
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FIGURE 3. Power frequency electromagnetic field simulation model.
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FIGURE 4. The verification of power frequency electromagnetic field: (a) power frequency electric field; (b) power frequency magnetic field.

the power frequency magnetic field must account for the an-
gled arrangement of transmission lines. For a 110 kV power
line, the line currents of the 110 kV transmission line range from
52,486.39A to 262,431.9A. Currents of 270A with phases of
0◦, 180◦, 120◦, 300◦, 60◦, and−120◦ are added to both ends of
the 110 kV transmission line to simulate the power frequency
magnetic field of the 110 kV transmission line. For a 220 kV
power line, the line currents of the 220 kV transmission line
range from 262.4319A to 393.6479A. Currents of 400A with
phases of 0◦, 180◦, 120◦, 300◦, 60◦, and −120◦ are added to
both ends of the 220 kV transmission line to simulate the power
frequency magnetic field of the 220 kV transmission line. For a
500 kV power line, the line currents range from 692.8203A to
1,154.701A. Currents of 1,200Awith phases of 0◦, 180◦, 120◦,
300◦, 60◦, and−120◦ are added to the 500 kV transmission line
to simulate the power frequency magnetic field of the 500 kV
transmission line [13]. This helps to some extent in ensuring
the safety and stability of the system, making the simulation
results more realistic and effective.
During on-site measurements, the field team used the SEM-

600/LE-01 electromagnetic radiation analyzer with an electro-
magnetic field (EMF) probe to monitor power frequency elec-
tromagnetic emissions from the substation. The probe was

positioned 1.5 meters above ground (simulating human expo-
sure height) while operators maintained a 3-meter distance to
avoid interference. The reliability of the model was validated
through comparative analysis between simulation results and
on-site measurement data, with detailed comparison outcomes
presented in Figure 4.
As illustrated in Figure 4, the measured power frequency

electric field values in the substation exhibit strong agree-
ment with the simulated results, with closely aligned variation
trends. The maximum deviation between measured and sim-
ulated power frequency electric fields occurs near the No. 2
500 kV interconnecting transformer (ICT-500-2). At this lo-
cation, the measured value reaches 10.68 kV/m compared to
the simulated 12.391 kV/m, yielding a peak relative error of
9.36%. The maximum deviation between measured and sim-
ulated power frequency magnetic fields occurs near the No. 1
220 kV interconnecting transformer (ICT-220-1). At this lo-
cation, the measured magnetic flux density reaches 5.789A/m
compared to the simulated value of 5.2076A/m, resulting in
a peak relative error of 10.043% for the simulation. The ob-
served discrepancies primarily stem from the modeling ap-
proach focusing on transmission line dominance while omit-
ting secondary electrical equipment and non-critical metallic
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(a) (b)

FIGURE 5. Power frequency electromagnetic field distribution at a height of 1.5m above the ground: (a) power frequency electric field; (b) power
frequency electric field.

structures with negligible influence on spatial power frequency
electromagnetic fields. This deliberate simplificationmaintains
computational efficiency while ensuring that the simulation er-
ror remains within 15%. Therefore, the electromagnetic field
model of this transmission line is validated as effective.
The detection probe used for the power frequency electro-

magnetic field detection has a height of 1.5m, and the personnel
are positioned 3m away from the probe. Therefore, an analy-
sis of the power frequency electromagnetic field distribution of
the transmission lines at a height of 1.5m above the ground was
conducted. The power frequency electromagnetic field distri-
bution at a height of 1.5m above the ground is shown in Fig-
ure 5.
As shown in Figure 5, there are significant variations in

both electric field intensity and magnetic field intensity across
different spatial regions. The maximum power frequency
electric field intensity in the substation was measured at
30.893 kV/m, occurring at the No. 1 500 kV interconnecting
transformer (ICT-500-1), while the peak magnetic field inten-
sity reached 10.55A/m at the No. 3 500 kV interconnecting
transformer (ICT-500-3). The measured maximum values
of both power frequency electric field (30.893 kV/m) and
magnetic field (10.55A/m) significantly exceed the national
standard limits of 10 kV/m and 3A/m, respectively. This
indicates that electromagnetic field radiation intensities in
certain areas of the substation have reached or surpassed the
regulatory thresholds, potentially posing risks to surrounding
environments and equipment. Therefore, it is imperative to
conduct further research on the impact of power frequency
electromagnetic fields from substation transmission lines on
5G base stations, ensuring their normal operation.

4. MUTUAL INTERFERENCE ANALYSIS
The deployment of 5G communication base stations within
substations, including the installation of base station anten-
nas and communication equipment rooms, enables high band-
width, low latency, and widespread connectivity. This ad-

vancement elevates real-time communication within the sub-
station to an unprecedented level. The electromagnetic inter-
ference from 5G base station antennas to secondary equipment
in substations primarily originates from radio frequency (RF)
radiation. Under normal operating conditions, although there
is no direct conductive connection between base station anten-
nas and secondary equipment, the antennas continuously emit
time-varying high-frequency electromagnetic waves during op-
eration. This inevitably generates radiated electromagnetic dis-
turbances to secondary equipment within the radiation range.
In addition, in the complex electromagnetic environment of the
substation, there is spectral overlap between the operating fre-
quency band of the 5G receiving antenna and the electromag-
netic interference signals from the secondary equipment. This
spectral overlap may result in a decrease in the reception effi-
ciency of the 5G base station antenna. Therefore, when arrang-
ing communication equipment within the station, it is necessary
to consider whether 5G communication equipment has an im-
pact on the secondary equipment within the station. By imple-
menting proper planning and design, it is possible to achieve
effective coordination between 5G communication equipment
and secondary equipment within the station.
To study the impact of 5G communication equipment on sec-

ondary devices, reference is made to the relevant provisions of
YDT 2583.17–2019 (Electromagnetic Compatibility Require-
ments and Test Methods for Cellular Mobile Communication
Equipment). This standard stipulates an immunity threshold
of 3V/m for equipment exposed to RF radiation in the 80–
690MHz range. For the 690–6000MHz range, the threshold
is 10V/m (electric field) and 3A/m (magnetic field).
The allocation of 5G frequency bands is based on specific

frequency ranges, which are categorized into distinct bands.
Each band possesses unique characteristics and application sce-
narios. The 5G frequency ranges adopted by various telecom-
munications operators are detailed in Table 2.
Among them, 700MHz (n28), 900MHz (n8), 1800MHz

(n3), 2600MHz (n41), 3500MHz (n78), and 4900MHz (n79)
are the mainstream frequency bands of 5G in China [14].
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TABLE 2. 5G frequency bands ranges for each telecommunication operator.

telecommunication operator telecommunication operator ranges (MHZ)

China Mobile
n41 2515–2675
n79 4800–4900

China Telecom
n5 825–835/870–880
n1 1920–1940/2110–2130
n78 3400–3500

China Unicom

n8 904–915/949–960
n1 904–915/949–960
n3 1710–1785/1805–1880
n78 3500–3600

China Broadcasting Network
n28 703–733/758–788
n79 4900–4960

TABLE 3. The maximum electric field values in the area of the secondary equipment.

5G operating frequency/MHZ the peak value of an electric field/ (Vꞏm−1) the peak value of a magnetic field/(mAꞏm−1)
700 1.1 3
900 4 9.9
1800 7.59 18.06
2600 7.73 20.28
3500 9.69 25.89
4900 10.55 27.90

4.1. 5G Communication Equipment Impact on Substation Sec-
ondary Equipment

To study the impact of 5G communication equipment on the
secondary equipment inside the substation, we established a
simulation model of the 5G communication equipment. The
transmitting power range of 5G base station antennas currently
deployed in substations is 15–200W. The 5G base station an-
tenna is typically positioned tens to hundreds of meters away
from the equipment area. Therefore, a 5G communication de-
vice radiation model has been deployed at the center of the
substation’s transmission lines, specifically at coordinates (100,
100, 20). The antenna has a transmitting power of 200W and a
horizontal azimuth angle of 45◦. This study focuses on main-
stream 5G frequency bands to systematically investigate the po-
tential electromagnetic interference effects of 5G communica-
tion equipment on secondary devices in substations. The cur-
rently deployed 5G base station antennas in smart substations
have a maximum transmitting power of 200W [15], which is
sufficient to cover the majority of operational scenarios. There-
fore, to simulate the most demanding physical conditions, the
transmitting power of the antenna was set to 200W, with a hor-
izontal azimuth of 45◦ to maintain consistency and compara-
bility in the simulation experiments. By maintaining the same
power level, it is possible to more accurately compare the RF
interference effects of different frequency bands and observe
the RF interference situations under different frequency bands
more clearly, thereby obtaining more reliable simulation results
and conclusions. Through electromagnetic field simulations of

substation secondary equipment areas under 5G band interfer-
ence, the maximum electromagnetic field intensities in these
zones were obtained, as summarized in Table 3.
When the operating frequency of the 5G communication

equipment is 4900MHz, the electromagnetic field intensity
coupled to secondary equipment in the substation by the radi-
ated signals from the 5G device is illustrated in Figure 6.
Based on Table 3 and Figure 6, it can be concluded that

electromagnetic wave attenuation occurs during propagation
in space, and the operating frequency of the 5G base station
antenna exerts a measurable influence on the electromagnetic
field intensity within the substation [16]. When the operating
frequency of the 5G antenna is 700MHz, 900MHz, 1800MHz,
2600MHz, or 3500MHz, the impact of 5G communication
equipment on secondary devices within the substation is rel-
atively minor. The electromagnetic field intensity coupled to
the secondary equipment in these frequency bands remains be-
low the standard thresholds of 10V/m (for 690–6000MHz) and
3A/m (magnetic field). When the operating frequency of the
5G antenna is 4900MHz, the electromagnetic signals radiated
by 5G equipment within the substation induce maximum elec-
tric and magnetic field intensities at secondary equipment loca-
tions. The peak electric field reaches 10.55V/m (exceeding the
EMC immunity threshold of 10V/m), while the peak magnetic
field measures 27.90mA/m. Therefore, when deploying 5G
communication equipment, it is necessary to consider the elec-
tromagnetic interference of 5G communication equipment on
secondary equipment within the substation. It is recommended
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(a) (b)

FIGURE 6. Electromagnetic field intensity distribution at 4900MHZ in the secondary equipment area: (a) Electric field distribution; (b) Magnetic
field distribution.

TABLE 4. The spatial electromagnetic field distribution of electromagnetic radiation sources inside the substation.

RF signal/MHZ the peak value of an electric field/(mVꞏm−1) the peak value of a magnetic field/(uAꞏm−1)
700 2250 5400
900 1150 4000
1800 2250 2768.5
2600 1125 3000
3500 3564 10800
4900 1500 4500

that when deploying 5G communication equipment inside the
substation, measures such as adjusting the transmission power
or azimuth angle of the base station antenna can be taken to en-
sure that the overall field strength within the station is less than
10V/m.

4.2. The Impact of Secondary Equipment on 5G Communication
Devices

To study the impact of secondary equipment on 5G communi-
cation devices, we established a simulation model of the sec-
ondary equipment inside the substation. Secondary equipment
is typically housed in the main control room. By modeling the
ground as an infinitely large perfect conductor, a rectangular
cavity with a central window opening is used to simulate the
substation’s main control room. The rectangular cavity mea-
sures 15 meters in all three dimensions (length, width, height)
and features a 2m×2m window, representing actual architec-
tural window structures. A bar-type protective barrier is in-
stalled at the window opening to simulate ventilation ports and
shielding mechanisms. A dual-dipole antenna device with a
voltage excitation of 10V is positioned at the central coordi-
nate point of the main control room’s spatial domain to simu-
late a standard electromagnetic emission source from secondary
equipment [17]. Therefore, when the interference generated
by secondary equipment is respectively at 700MHz, 950MHz,
1800MHz, 2600MHz, 3500MHz, and 4900MHz, considering
the penetration loss of the main control room walls, the simula-

tion analysis of the impact of secondary equipment in the sub-
station on 5G communication equipment is shown in Table 4.
As shown in Table 4, the maximum electric field intensity

in the secondary equipment area is 3564mV/m, and the maxi-
mummagnetic field intensity is 10800µA/m—both values are
below the standard limits of 10V/m (for 690–6000MHz) and
3A/m, indicating that the electromagnetic interference from
substation secondary equipment has minimal impact on 5G
communication devices. Among the tested frequencies, when
secondary equipment generates interference at 3500MHz, the
electric and magnetic field intensities in the substation’s sec-
ondary equipment area are relatively higher than other bands.
However, these values remain below the specified thresholds
(10V/m for electric field, 3A/m for magnetic field), confirm-
ing that the EMI impact on 5G communication devices is not
significant. The electromagnetic field intensity distribution at
3500MHz in the secondary equipment area is supported by
simulation results in Figure 7 distribution at 3500MHz.
In summary, within substation environments, secondary

equipment exhibits minimal electromagnetic interference
impact on 5G base station devices, confirming that 5G in-
frastructure can be safely deployed in substations. Although
low-frequency and mid-frequency bands exhibit relatively
higher electric and magnetic field intensities, these values
remain significantly below regulatory thresholds (10V/m for
electric fields, 3A/m for magnetic fields). Thus, secondary
equipment emissions do not pose significant operational risks
to 5G base stations.
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(a) (b)

FIGURE 7. Electromagnetic field intensity distribution at 3500MHz: (a) Electric field distribution; (b) Magnetic field distribution.

(a) (b)

FIGURE 8. The safe range for the accurate deployment of 5G communication equipment at different heights: (a) power frequency electric field; (b)
power frequency magnetic field.

5. IMPACT OF POWER FREQUENCY ELECTROMAG-
NETIC FIELDS

To ensure the long-term stable operation of 5G base stations
within substations, continuous monitoring and mitigation of
power frequency electromagnetic fields (50Hz) are critical
to safeguarding the reliability of 5G communication equip-
ment [18]. Based on GBZ 17799.6–2017 (Electromagnetic
Compatibility Generic Standards-Immunity for Power Plants
and Substations) and YD/T 2583.17–2019 (Electromagnetic
Compatibility Requirements and TestMethods for CellularMo-
bile Communication Equipment-Part 17:5G Base Stations and
Ancillary Devices), the national standard limits for electromag-
netic fields in substations are defined as follows: the power fre-
quency electric field shall not exceed 10 kV/m, and the power
frequency magnetic field shall not exceed 3A/m. In China, the
installation height of most 5G communication antennas falls
within the range of 2 to 50 meters, with rare exceptions reach-
ing up to 120 meters. Therefore, based on the model of the
power frequency electromagnetic field of the transmission line
in the substation, simulations were carried out to calculate the
intensity of the power frequency electromagnetic field within

the range of 1–50 meters above the ground. By doing this, we
can determine the safe deployment range for 5G communica-
tion devices at different heights above the ground.
According to standard configurations of high voltage over-

head transmission lines in China: 110 kV lines are installed
at approximately 8 meters above ground with a rated current
of 270A; 220 kV lines are elevated to about 18 meters, carry-
ing 400A; 500 kV lines reach 22 meters in height and conduct
1200A. The safe deployment boundary for 5G communication
equipment is defined as the radial area around the ground pro-
jection or spatial position of power transmission lines where the
electromagnetic field intensity exceeds national standard lim-
its. The specific results of the safe range for the accurate de-
ployment of 5G communication equipment at different heights
of the power frequency electromagnetic field of the substation
transmission lines from the ground are shown in Figure 8.
According to Figure 8, the safe distance of 5G communica-

tion equipment exhibits an initial increase followed by a de-
crease as the height above ground increases. The safe distance
reaches its maximum when the height matches the overhead
line elevation corresponding to the voltage level. When the safe
distance decreases to 0 meters, the electromagnetic compati-
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(a) (b)

FIGURE 9. Magnetic field intensity at the height of overhead transmission lines: (a) Power frequency magnetic field intensity at height of 220 kV
overhead lines; (b) Power frequency magnetic field intensity at height of 500 kV overhead lines.

bility meets the standard requirements, enabling unobstructed
deployment across the entire planar space. A comparison be-
tween Figures 8(a) and 8(b) reveals that the safe deployment
range of 5G equipment under power frequency magnetic fields
is significantly larger than that under power frequency elec-
tric fields. This indicates that power frequency magnetic fields
have a more substantial impact on 5G deployment than power
frequency electric fields. When deploying 5G communication
equipment, priority should be given to the impact of power
frequency magnetic fields on 5G base station placement. As
shown in Figure 8(b), within a ground-projection radius of 11.8
meters for 110 kV power lines, 13.9 meters for 220 kV lines,
and 23.2 meters for 500 kV lines, the magnetic field intensity
may exceed 3A/m. Consequently, 5G communication devices
cannot be deployed in these areas. Unobstructed full-plane cov-
erage can only be achieved when the installation height exceeds
26 meters (for 110 kV lines), 35 meters (for 220 kV lines), or 46
meters (for 500 kV lines), respectively.
The power frequencymagnetic field distribution at the height

of overhead power lines is shown in Figure 9.

6. CONCLUSION
When deploying 5G communication equipment within substa-
tions, the primary consideration should be the long-term sta-
bility of power frequency magnetic field effects. This requires
integrating the impact of 5G devices on secondary substation
equipment, rationally planning deployment locations, and im-
plementing shielding measures in high-risk zones. Such mea-
sures will effectively mitigate power frequency magnetic inter-
ference on 5G systems, ensuring stable cooperation between
5G networks and substation infrastructure. The specific de-
ployment plan for 5G communication equipment in the com-
plex electromagnetic environment within the substation is as
follows:
(1) The operating frequency of 5G base station antennas can

influence the field strength within substations. When 5G an-
tenna operates at 4900MHz, the electromagnetic signals radi-
ated by 5G equipment induce peak electric and magnetic field

coupling at secondary equipment locations, with a maximum
electric field value of 10.55V/m. This exceeds the electromag-
netic compatibility immunity threshold of 10V/m. Therefore,
when deploying 5G communication equipment in substations,
appropriate mitigation measures such as adjusting the antenna’s
transmit power or azimuth angle should be implemented to en-
sure that the overall field strength remains below 10V/m.
(2) Within substations, electromagnetic interference from

secondary equipment to 5G base station devices is negligible,
allowing safe deployment of the 5G infrastructure. While elec-
tric and magnetic field intensities in low- and mid-frequency
bands remain relatively higher, they still fall significantly be-
low permissible thresholds. Thus, secondary equipment does
not have a material impact on 5G base station performance.
(3) The impact of the power frequency magnetic field within

the substation on the deployment of 5G equipment is signif-
icantly greater than the impact of the power frequency elec-
tric field on the deployment of 5G communication equipment.
Therefore, when deploying 5G communication equipment, pri-
ority should be given to considering the impact of the power fre-
quency magnetic field. Specifically, within a radius of 11.8m
around the ground projection of the 110 kV line, 13.9m around
the ground projection of the 220 kV line, and 23.2m around the
ground projection of the 500 kV line, the magnetic field inten-
sity may exceed 3A/m. Therefore, 5G communication equip-
ment cannot be deployed in these areas. Achieving obstacle-
free coverage across the entire plane is possible when the height
above the ground is higher than 26m, 35m, and 46m, respec-
tively.
(4) This study primarily focuses on the impact of long-term

stable power frequency electromagnetic fields within substa-
tions on 5G communication equipment, as well as the mu-
tual interference between 5G devices operating in different fre-
quency bands and secondary substation equipment. The ef-
fects of transient electromagnetic phenomena, such as electrical
fast transients generated by switching operations and surge im-
pulses caused by lightning strikes, on 5G deployment will be
thoroughly analyzed in subsequent research.
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