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Abstract. The robot-based automatic power grid defect elimination device represents the future direction 

of power grid inspection and defect elimination devices. However, the presence of strong electromagnetic 

interference in the vicinity of power grids poses potential risks to the application of automatic defect 

elimination devices. This study initially conducts theoretical analysis and calculations to analyse the spatial 

distribution of electromagnetic fields around 220kV 100MW high-voltage lines in a power grid. The results 

indicate that electric field intensity can exceed 70kV/m in areas near these high-voltage lines. Subsequently, 

electromagnetic fields within the operational range of the elimination device are simulated and analysed, 

leading to selection and optimization of shielding materials and structures. When non-metallic insulating 

materials are used, equipment is fully exposed to the power grid's electromagnetic field, making internal 

devices susceptible to interference; however, employing metal aluminum materials achieves better shielding 

effects. A continuous metal shielding layer effectively shields against electric fields, while openings or gaps 

in the shell lead to deteriorated shielding performance. These findings demonstrate that appropriate selection 

of shielding materials and suitable structural design are crucial factors for achieving excellent shielding 

effects. To ensure both safety and efficient electromagnetic shielding, a multi-layer composite shielding 

structure is necessary for power grid elimination devices. Overall, these analysis results provide valuable 

guidance for designing, operating, and maintaining such devices. 

1 Introduction 

In the long-term operation of the power transmission 

system, certain "defects" are inevitable, such as loose 

bolts and dislodged pins, which pose a risk to the 

network operation. The traditional manual approach to 

addressing these "defects" is inefficient and carries 

inherent risks. Therefore, there is a desire to replace 

manual intervention with robotic solutions for the 

elimination of these "defects". 

The current development direction for robots is to 

replace manual power grid inspection and maintenance. 

However, there are several issues that need to be studied, 

one of which is the impact of electromagnetic 

interference from the power grid on robot electronic 

equipment. The online defect elimination robot operates 

in a suspension mode, directly suspended on high-

voltage cables during work and coming into direct 

contact with power grid devices during the elimination 

operation. Due to factors such as climate and workload, 

the distribution of electromagnetic fields around the 

power grid is complex, which may lead to image 

recognition errors, mis-actions, communication failures, 

and even permanent damage to the power grid 

elimination robot in severe cases. Therefore, it is 

essential to study the distribution of electromagnetic 

fields within the working range of the power grid 

elimination robot and its impact on the robot in complex 

electromagnetic field environments. 

Researchers have proposed various methods for the 

analysis and calculation of electric grid electromagnetic 

fields. In the 1950s, American scholar Leonard B. Loeb 

utilized the analog charge method to calculate the 

distribution of electric fields [1] from different types of 

electrodes to the ground. In the 1990s, scholars such as 

Krajewski W used the moment method to calculate [2] 

the electric field distribution near 400kV power grid 

transmission lines. In 2009, M. Trlep et al. employed the 

finite element method to analyze [3]the electric field 

distribution when conductors were under high-voltage 

power grids. Furthermore, in 2015, Wang Jingxiao, Gao 

Yanxia and other scholars from Shenzhen University 

proposed a two-dimensional numerical analysis and 

calculation method using analog charge and mirror 

charge for electric fields[4]. Lastly, in 2019, Wang 

Xuxu, Li Xin and other scholars from Chongqing 

University introduced a method that combines simulated 

charge with finite element analysis to calculate [5] the 

three-dimensional electric field distribution of high-

voltage electrical equipment. 

The near-field electromagnetic field of high-voltage 

transmission lines is analyzed in this paper using the 

simulated charge method and BioSavart's theorem. The 

analysis reveals that the maximum magnetic field 

strength in the near-field area is 10Gs, with the highest 

electric field reaching 70kV/m, highlighting the need for 

focusing on electric field shielding. Subsequently, a 

three-dimensional electromagnetic field analysis was 

conducted using CST electromagnetic simulation 
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analysis software. Based on the analysis results, the 

device structure was optimized to reduce internal 

electric field intensity to less than 5V/m, thereby 

achieving improved shielding effectiveness. The power 

grid defect elimination device is susceptible to external 

electromagnetic field interference during operation, 

leading to issues such as image distortion, control failure, 

and communication failure. By utilizing the analysis 

method proposed in this paper, the source of 

electromagnetic interference can be effectively 

identified and corresponding improvement methods can 

be suggested to enhance the reliability of the device's 

operation. 

2 Field Numeric Calculation 

2.1 Theoretical calculation of near-field electric 
field of power grid 

For the calculation of the electric field, the analog charge 
method is utilized in this study. The high-voltage cable 
is considered equivalent to an analog charge, with its 
position representing the vertical cross-section of the 
high-voltage cable (as illustrated in Figure 1). Let Q be 
the equivalent charge of the high-voltage cable. Since the 
ground surface potential is 0, for ease of calculation, we 
set 𝑄4𝑄5𝑄6  as its mirror equivalent charge. Therefore, 
we can establish the following three equations: 
𝑄1𝑄2𝑄3𝑄4𝑄5𝑄6. 

(1) 

Since,, is the opposite of, and, the equality sign, 
equation (1) can be simplified as follows: 

 (2) 

Where 𝑃ⅈ𝐽̇
′  is the potential coefficient: 𝑃ⅈ𝑗̇

′ =

1

2𝜋𝜀0
𝑙𝑛 (

𝑟ⅈ𝑗
′

𝑟𝑖𝑗
), ⅈ , 𝑗= 1, 2 ,3; ⅈ denote the calculated point 

for the known potential, 𝑗  is the analog charge, 𝑗′ 
represents the mirror charge of the analog charge 𝑗, and 
𝑟𝑖𝑗  represents the distance between 𝑗 and ⅈ. 

Fig. 1. The equivalent point for charge simulation method 

In this case, the potential position is chosen as the 
regional potential near the high-voltage cable, which can 

be considered approximately equivalent to the high-
voltage cable potential. By solving the aforementioned 
equations, we can obtain the simulated charge Q. 
Subsequently, the electric field at any point in space 
𝑀(𝑥, 𝑦) can be characterized by the following formula: 

(3) 

𝑘 is the number of simulated charges, 𝐸𝑖𝑥𝑅  represents 
the real part of the electric field at point M along the x 
axis, while the imaginary part 𝐸𝑖𝑥𝑅  can be expressed as:  

(4) 

The coordinates of medium and high voltage cables 
are, 𝑃𝑖(𝑥𝑖 , 𝑦𝑖), i = 1, 2, 3; 𝑟𝑖 is the distance from wire i 
to field point P, 𝑟𝑖

′ is the distance from the mirror image 

of wire i to field point P, and 𝑟𝑖
2 = (𝑥0 − 𝑥𝑖)

2 +
(𝑦0 − 𝑦𝑖)

2,  𝑟′
𝑖
2
= (𝑥0 − 𝑥𝑖

′)2 + (𝑦0 − 𝑦𝑖
′)2. 

Then the resultant field strength of point P is: 

𝐸⃗ = (𝐸𝑥𝑅 + 𝑗𝐸𝑥𝐼)𝑒 𝑥 + (𝐸𝑦𝑅 + 𝑗𝐸𝑦𝐼)𝑒 𝑦
= 𝐸𝑥𝑒 𝑥 + 𝐸𝑦𝑒 𝑦 (5)

 

𝐸𝑥 = √𝐸𝑥𝑅
2 + 𝐸𝑥𝐼

2     𝐸𝑦 = √𝐸𝑦𝑅
2 + 𝐸𝑦𝐼

2  

2.2 Theoretical calculation of near-field 
magnetic field of power grid 

The Biot-Savart Law describes the magnetic induction 
intensity B generated by a current element at any point P 
in space under steady state. The magnitude of the 
magnetic induction dB generated by the current element 
at a point P in space is directly proportional to the size of 
the current element, as well as to the sine of the angle 
between the position vector and the current element from 
the current element to point P, and inversely proportional 
to the square of the distance from the current element to 
point P[6-7]. Its equation is given by: 

ⅆ𝐵⃗ =
𝜇0

4𝜋

𝐼 ⅆ𝑙 × ⅆ𝑟 

𝑟3
=

𝜇0

4𝜋

𝐼 ⅆ𝑙 sin 𝜃

𝑟2
          (6) 

Fig. 2. Magnetic field generated by the carrier at any point in space 
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Where, as shown in Fig. 2, 𝐼 is the excitation current, 
ⅆ𝑙  is the current element, and 𝜇0  is the vacuum 
permeability.  𝑟  is the direction vector from the current 
element to point P. 

According to Biot-Savart's law, the magnetic field 
generated by a continuous carrier fluid in space from the 
start point 𝐴(𝑥𝑎, 𝑦𝑎 , 𝑧𝑎)  to the end point 𝐵(𝑥𝑏 , 𝑦𝑏 , 𝑧𝑏) 
can be characterized by the following formula: 

𝐵⃗ =
𝜇0ⅈ𝑎𝑏

4𝜋
∫

ⅆ𝑙 × 𝑟0
𝑟2

𝐵

𝐴

(7) 

Where 𝑙𝑎̇𝑏  is the fluid carrying current 𝑟0 and is the 
vector unit of the current element microsegment ⅆ𝑙 
pointing to point P; 𝜇0 is the air magnetic permeability; 
𝑟 is the distance from ⅆ𝑙 to point P. 

The above formula is derived from a transformation 
of geometric relations. 

𝐵⃗ =
𝜇0ⅈ𝑎𝑏

4𝜋𝑅
(sin 𝜃𝑎 + sin 𝜃𝑏) (8) 

𝑠ⅈ𝑛 𝜃𝑎 + 𝑠ⅈ𝑛 𝜃𝑏 =
𝐿𝐴𝑇

𝑙𝑝𝐴

+
𝑙𝐴𝐵 − 𝑙𝐴𝑇

𝑙𝑃𝐵

(9) 

The direction of magnetic field 𝐵⃗  is 

𝑒𝐵⃗⃗⃗⃗ = 𝑒𝐴⃗⃗  ⃗
𝐵

× 𝑒𝑝𝐵⃗⃗ ⃗⃗ ⃗⃗ =
𝑙𝐴𝐵
⃗⃗ ⃗⃗  ⃗ × 𝑙𝑃𝐵

⃗⃗ ⃗⃗  ⃗

|𝑙𝐴𝐵
⃗⃗ ⃗⃗  ⃗ × 𝑙𝑝𝐵

⃗⃗ ⃗⃗  ⃗|
(10) 

𝑙1+𝐵
⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  × 𝑙𝑃𝐵

⃗⃗ ⃗⃗  ⃗ = |

𝑒𝑥 𝑒𝑦 𝑒𝑧

𝑥𝑏 − 𝑥𝑎 𝑦𝑏 − 𝑦𝑎 𝑧𝑏 − 𝑧𝑎

𝑥 − 𝑥𝑏 𝑦 − 𝑦𝑏 𝑧 − 𝑧𝑏

| (11) 

Where 𝑒𝑥, 𝑒𝑦 , 𝑒𝑧  are unit vectors on 𝑥, 𝑦, 𝑧  direction 

respectively. 

2.3 Numerical calculation 

The three-phase current flowing through a high-voltage 
cable is a symmetrical sinusoidal current, and the voltage 
and current can be characterized by an effective phasor. 
The phase voltage of a high-voltage cable can be 
expressed as follows:  

(12) 

Current can be expressed as: 

(13) 

Taking a 220kV voltage 100MW rated transmission 

power single-loop three-phase triangulation two-split 

line as an example, the line laying parameters are 

illustrated in Figure 3 below. Due to the fact that the 

distance between the split wires is much smaller than the 

phase distance, the split wire can be considered 

equivalent to a center wire. 

Substituting the above formula into another formula, 
and conducting Matlab simulation and calculation, we 
obtained the distribution curve of two-dimensional 
electric field amplitude and magnetic induction intensity 
in the vicinity of the high-voltage cable, as shown in Fig. 
4. The resulting electric field distribution forms a saddle-
shaped curve around the symmetrical distribution of the 
center wire, with peak field intensity appearing directly 
below phase A and phase C of the high-voltage cable. 
The distribution of magnetic induction intensity also 
exhibits symmetrical characteristics around the center 
wire, with maximum value occurring directly below it 
before rapidly decaying towards outer areas[8-10]. 

Based on the results of numerical analysis, it is 

evident that there exists a significantly strong electric 

field in close proximity to the cable. The intensity of the 

 
Fig.3. Structure parameters of 220kV power grid 

 

 

Fig.4. Field distribution curve at 1.5m above the ground 

 

Fig.5. The field distribution in the vertical direction 
of the three-phase cable 
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electric field near the high-voltage line can exceed 

70kV/m, while the magnetic field intensity can also 

surpass 10Gs. The power grid elimination device is 

directly installed on the high-voltage cable, and 

improper handling of the strong electric field may lead 

to interference or even damage to the equipment. 

Therefore, it is imperative to analyze both the 

distribution of electric fields surrounding the surface 

and within the device under external interference from 

the high-voltage cable. 

3 Analysis and optimization of electric 
field distribution 

The online elimination device is primarily utilized for the 
automatic maintenance of power grid equipment, which 
includes the maintenance of bolts, pins, and other parts' 
status. It also involves inspections for power grid 
discharge, pollution, crushing, aging, and other related 
issues. The device operates using four driving wheels to 
control movement along the cable; two driving wheels 
are positioned on each side and mounted on two parallel 
equipotential cables of the split wire. These driving 
wheels are constructed from polytetrafluoroethylene 
material known for its excellent mechanical wear 
resistance, strength, and insulation performance. The 
simplified model of the elimination device can be seen in 
Fig. 6 below. 

In the preceding section of this paper, the simulated 
charge method was utilized to calculate the boundary 
field distribution. However, it is challenging to analyze 
the influence of equipotential on the electric field 
distribution using this simple simulated charge method. 
Therefore, in the following section, finite element three-
dimensional simulation analysis software will be 
employed for this purpose. The key factors to be taken 
into consideration include: a. the impact of different 
materials on the electric field distribution; b. magnetic 
shielding effect of material selection. All subsequent 3D 
simulation analyses are conducted using Dassault CST 
software. The limited modeling capability of simulation 
software necessitates the use of Solidworks for modeling, 
with the resulting model being subsequently imported 
into the simulation software. 

When utilizing a non-metallic shell, such as an epoxy 
shell material in this instance, the potential of the split 
wire is set to 220kV. A reference point with a potential 
of 0 is established 15 meters below the split wire. The 
simulation results are depicted in Figure 7. In the vicinity 
of the high-voltage cable, the electric field strength is 
relatively high. The highest electric field strength near 
the surface of the high-voltage cable measures 

approximately 3kV/m, while inside the shell it reaches 
400V/m. The electric field near the central area tends 
towards zero. It should be noted that due to their metallic 
composition, screws at the bottom of both camera shell 
and camera bracket cause local distortion in electric field 
distribution near these components. 

When a metal shell is utilized, the simulated material 

of the shell is aluminum, which can be considered as a 
unified entity due to the strong contact between the upper 
and lower shells. The Faraday cage effect demonstrates 
that the electric field induced inside the shell is equal in 
magnitude and opposite in direction to the external 
electric field. Upon superposition, the electric field 
strength inside the shell will approach 0, as evidenced by 
the simulation results in FIG. 8. Additionally, it can be 
observed from the figure that the direction of the 
magnetic field on the surface of the metal shell is 
perpendicular to its surface, and that there is no 
tangential electric field on its surface, consistent with 
electrostatic shielding phenomenon. 

From the simulation results, we have identified a 
critical point that requires attention. The installation of 
the camera on a long bracket creates a spatial distance 
between the camera and the device shell, resulting in a 
potential difference. If the bracket is constructed from 
insulating material, there exists a potential difference of 
approximately 300V between the camera potential and 
the interior of the main housing. While these two can be 
connected through a data signal cable to achieve an equal 

 

Fig.6. Structure diagram of power grid deficit elimination device 

 

 

 

Fig.8. Simulation result of electric field distribution in 
metal shell 

 

 

Fig.7. Simulation of electric field distribution of non-

metallic shell. (a) Surface electric field distribution. (b) 

Cross section electric field distribution cloud picture. 

(c) electric field direction. (d) contour map of electric 

field distribution 

 

(b) (a) 

(c) (d) 
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potential effect, fluctuations in the power grid can still 
impact signal transmission, leading to image distortion 
and blurring. This phenomenon also contributes to 
interference in high-voltage cable image acquisition. 
Therefore, it is essential for the camera bracket to 
undergo equipotential processing in order to ensure 
stability in image signal transmission. 

The optimized simulation diagram is depicted in 

Figure 9 below. The optimized electric field strength of 

the camera bracket has been reduced from 

approximately 100V/m to below 5V/m, and the electric 

field strength at the connection between the shell and the 

bracket has also been decreased from 50V/m to below 

1V/m, thereby achieving a significant shielding effect. 

4 Conclusion 

In this paper, the spatial electromagnetic field 

distribution in the near-field area of the power grid is 

obtained through numerical calculation. The 

electromagnetic simulation analysis results are obtained 

by model simulation analysis. The conventional analog 

charge method and Biot-Savart method are suitable for 

solving the electromagnetic field distribution on a two-

dimensional plane, but they face challenges in solving 

the three-dimensional electromagnetic field distribution, 

particularly the analog charge method which is an 

approximate equivalent approach. It generally exhibits 

significant calculation errors in the vicinity of the analog 

charge and cannot accurately calculate the electric field 

distribution near potential bodies such as equipment 

surfaces. The three-dimensional simulation method 

proposed in this paper effectively addresses these 

challenges by providing a solution for the three-

dimensional electromagnetic field distribution in close 

proximity to high voltage transmission cables and 

equipment surfaces. 

The analysis results indicate that the selection of shell 

material and structure design has a significant influence 

on electric field shielding. When appropriate shielding 

material is used and optimized design is carried out, an 

absence elimination device mounted on the power grid 

can become an equipotential body, thereby achieving 

good shielding effect. However, due to the complete 

metal shell, there are certain security risks in the 

operation and installation of the equipment. In order to 

improve safety during operation, the shell of the missing 

device is made of epoxy material with excellent 

insulation and mechanical properties. Additionally, the 

aluminum shielding layer inside the epoxy shell is 

redesigned, ensuring good electrical contact connection 

for each part of the device to guarantee its shielding 

efficiency. 

The electric field distribution in cross-section shows 

relatively high electric field strength near the power grid 

split line and relatively low strength in middle position. 

To avoid interference from strong electric fields on core 

control boards, it is recommended to place them as far 

as possible from areas with high electric field strength 

during structural design. 
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