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Abstract. When the drone is equipped with a robotic arm to replace the manual maintenance of the
transmission line, the insulating parts in the drone maintenance system are prone to discharge and breakdown
risks. In this paper, combined with the actual parameters of the transmission line and the UAV maintenance
system, the finite element software is used to establish the electric field simulation model of the transmission
line and the UAV maintenance system, and mainly analyzes the influence of the electric field around the
transmission line on the UAV maintenance system at different distances. It is concluded that the distance
between the overhaul system of the drone equipped with a robotic arm is greater than or equal to 0.02m, and
there is no discharge breakdown of the insulation components; and the drone is carried out by building a test
platform for the drone equipped with robotic arm to overhaul the transmission line. The safety distance test
study of the robotic arm overhaul system shows that the safe working distance of the insulated components
of the drone equipped with robotic arm overhaul system is 0.09m. This research provides a guarantee for the
safe operation of the power transmission line equipped with the robotic arm overhauled by the drone in actual
scenarios.

avoidance technology of UAV in the process of
transmission line inspection. With the development of
unmanned aerial vehicle technology, the concept of
unmanned aerial vehicle equipped with a robotic arm has
been proposed. Therefore, there are relatively few
researches on the safety distance of the unmanned aerial
vehicle equipped with robotic arm to repair power
transmission lines.

In this paper, the electric field simulation model is
established based on the 35kV transmission line and the
UAV maintenance system. Under the normal operation of
the transmission line, the influence of the electric field
around the transmission line on the UAV-mounted robotic
arm maintenance system and the maximum electric field
strength and the voltage difference between the two ends
of the UAV maintenance system are analyzed. Then, a test
platform for the safe distance of power transmission lines
with drones equipped with robotic arms was built, and the
minimum safe distances for power transmission lines with
drones equipped with robotic arms were obtained.

1 Introduction

The reliability, stability and power supply quality of
electric energy play a vital role in national economic
development [1]. my country's transmission lines cover a
wide range and the terrain is complex, which poses greater
challenges for its normal operation, inspection and
maintenance. The traditional manual maintenance method
has high intensity, long cycle and low efficiency, and it is
difficult to carry out maintenance work in some areas with
complex terrain or even dangerous. Compared with the
traditional maintenance methods, the maintenance system
of the UAV equipped with the robotic arm has the
advantages of high efficiency, good operability and
flexibility, less restricted by the terrain, and reduced
casualties [2][3].

At present, many scholars have carried out research on
the transmission line inspection system based on UAV.
Through reading the literature, literature [4][S] mainly
studies the safety distance measurement method in the

patrol inspection of UAV transmission lines. Literature
[6]-[9] mainly studies the image recognition and fault
location functions of UAV inspection systems. Literature
[10][11] mainly studies the impact of UAVs on the electric
field around transmission lines and the safety distance
between UAV inspection systems and transmission lines.
Literature [12][13] mainly studies the automatic obstacle
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2 Method

In this paper, finite element software is used to establish
an electric field simulation model. Through simulation,
the maximum electric field strength of each component
and the difference between the left and right voltages of
each component are obtained during the operation of the
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maintenance system of the UAV equipped manipulator
arm. The 35kV transmission line designed by Tianjin
Electric Power Company is shown in figure 1(a).
According to the tower design literature provided by
Tianjin Electric Power Company, the tower has a total
height of 31200mm, a large umbrella radius of 2400mm,
a medium umbrella radius of 3200mm, and a small
umbrella radius. It is 2700mm, and the transmission line
wire adopts LGJ-150 model with a diameter of 17.48mm.

The maintenance system of the drone equipped with a
robotic arm is built based on the inspection drone system.
The robotic arm is made of epoxy resin, and the drone's

(a)

Robotic arm

N

Left-wing

rotor, frame, and body are all made of carbon fiber
materials. As shown in figure 1(b).

Figure 2 shows the establishment of a two-dimensional
simulation model for the overhaul of transmission lines
with a drone equipped with a robotic arm. The distance
from the left end of the mechanical arm to the geometric
center of the line is set as d, and the phase voltage of a
certain phase of the transmission line is 35/N3kV. The
main insulation components in the overhaul system of the
drone equipped with the robotic arm are: the robotic arm,
the frame, the fuselage, the left rotor, and the right rotor,
as shown in figure 2.

(b)

Figl. (a) transmission line tower's floor plan (b) based on arm unmanned aircraft maintenance system

Right rotor

e )//1 ]
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Fig2. Simulation model diagram

3 Simulation analysis of the maximum
electric field intensity borne by
insulating parts

In the simulation, a 35/V3kV voltage is applied to the wire,
and the electric field intensity distribution around the
transmission line is shown in figure 3(b), which is
distributed in a multi-layer circular ring, and the electric
field intensity gradually weakens from the inside to the
outside.

During the work process of the maintenance system of
the drone equipped with a robotic arm, the electric field
around the transmission line will affect it. Therefore, the
simulation model of the drone equipped with the robotic
arm is placed in figure 3(b), and the drone equipped with
the robotic arm is analyzed separately When the distance
between the inspection system and the transmission line is
d=0.84m, d=0.34m, and d=0.02m, the maximum electric
field strength that each insulating component of the UAV

inspection system will bear and the voltage difference
between the two ends of each insulating component.



E3S Web of Conferences 218, 01031 (2020)
ISEESE 2020

https://doi.org/10.1051/e3sconf/202021801031

3.1. The distance from the power transmission
line d=0.84m from the overhaul system of the
drone equipped with the robotic arm
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Fig3. Electric field distribution (a) d=0.84m, with inorganic human maintenance system (b) without UAV maintenance system.

Figure 3 (a) and (b) respectively show the electric field
distribution of the maintenance system with or without a
drone equipped with a robotic arm. By comparison, it can
be seen that when the overhaul system of the UAV
equipped with the robotic arm is 0.84m away from the
transmission line, the UAV overhaul system has almost no
impact on the electric field around the transmission line.

However, it is obvious from figure 3(a) that the UAV
inspection system has a significant increase in field
strength at the left end of the robotic arm under the electric
field. The electric field distribution in figure 3(a) shows
the maximum electric field strength of each insulating
component of the maintenance system of the UAV
equipped with a robotic arm, as shown in table 1.
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It can be seen from figure 4 that when d=0.84m, the
electric potential distribution on the components of the
drone maintenance system. According to figure 4, it can
be seen that the electric potential of each component
decreases from left to right as it is farther from the line.
Taking into account that each insulating component has a
certain withstand voltage capability, the voltage difference
between the left and right ends of each component of the
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length(m)
Fig4. Shows the potential distribution when d = 0.84m.

UAV maintenance system can be obtained through the
potential distribution on the components in figure 4, as
shown in Table 1. It can be seen from table 1 that d=0.84m.
Among the components of the maintenance system of the
UAV equipped with a robotic arm, the electrical field
strength of the robotic arm and the voltage difference
between its two ends are the largest, which are 3712v/m
and 2069v respectively.

Tablel. Maximum electric field strength and voltage when d=0.84m.
Robotic arm  Lefi-wing  Right rotor Frame Body
Field strength(V/m) 3712 1838 1371 1730 720
Voltage(V) 2069 224 193 470 166
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3.2. The distance between the overhaul system of
the drone equipped with the robotic arm is
d=0.34m from the transmission line
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Fig5. Electric field distribution (a) system diagram (b) partial map.

Figure 3(a) and figure 5(a) are the electric field
distribution of the system when d=0.84m and d=0.34m,
respectively. The comparison shows that the distance from
the overhaul system of the drone equipped with the robotic
arm is reduced to 0.34 from 0.84m to the transmission line
route. At m, the influence of the field strength at the left
end of the robotic arm of the UAV maintenance system
becomes greater. It is obvious from figure 5(b) that when
the overhaul system of the drone equipped with the robotic

arm is 0.34m away from the transmission line, the electric
field distribution of the transmission line at the left end of
the robotic arm has slightly changed. Taking into account
the risk of electrical discharge and breakdown of the
insulating components of the UAV-equipped robotic arm
maintenance system, the electric field strength of the
components of the UAV maintenance system is shown in
table 2 according to the electric field distribution in figure

5(a).
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Fig6. Shows the potential distribution when d = 0.34m.

Figure 6 shows the potential distribution of the
components of the UAV maintenance system when
d=0.34m. Through the electric potential distribution on the

components in figure 6, the voltage difference across the
components of the system is shown in table 1.

Table2. Maximum electric field strength and voltage when d=0.34m.
Robotic arm  Left-wing  Right rotor Frame Body
Field strength(V/m) 4656 2334 1260 1337 940
Voltage(V) 3353 338 236 700 229
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3.3. The distance between the overhaul system of
the drone equipped with the robotic arm is
d=0.02m from the transmission line
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Fig7. Electric field distribution (a) system diagram (b) partial map.

Figure 7(a) is the electric field distribution diagram of the
system when d=0.02m. d=0.02m means that the drone-
mounted robotic arm maintenance system almost touches
the transmission line. From figure 7(a), it can be seen that
the electric field around the transmission line The UAV
has the greatest impact on the overhaul system of the
robotic arm. The edges of the robotic arm, frame, and
fuselage under the UAV overhaul system have visible field
strength increases. At the same time, see figure 7(b)

Comparing with figure 3(b), it can be clearly seen that the
electric field distribution around the transmission line is
changed under the influence of the UAV maintenance
system. According to figure 7(a), the electric field
intensity on each component of the UAV maintenance
system is shown in table 3. It can be seen from table 3 that
when d=0.02m, the mechanical arm has the largest electric
field strength compared to its insulating parts, which is
34673v/m.
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Fig8. Potential distribution when d = 0.02m.

Figure 8 shows the potential distribution of each
component when d=0.02m. According to the potential
distribution, the voltage difference between the two ends
of each component under the overhaul system based on
the drone equipped with a robotic arm is obtained, as
shown in table 3. It is observed from table 3 that the
voltage difference between the two ends of the fuselage is
298V. Compared with the voltage difference between the

two ends of the fuselage in table 1 and table 2, it is found
that the voltage difference between the two ends of the
fuselage is the largest at this time, that is, the withstand
voltage is the highest at this time. . Since the airframe is
closely connected with the communication system, in
order to ensure the safe operation of the communication
system, appropriate protective measures should be taken
for the airframe.

Table3. Maximum electric field strength and voltage when d=0.02m.
Robotic arm  Left-wing  Right rotor Frame Body
Field strength(V/m) 34363 2700 2193 2781 1179
Voltage(V) 7679 287 262 822 298
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Based on the above analysis, the influence of the
electric field around the transmission line on the
maintenance system of the drone equipped with a robotic
arm is analyzed, and the research shows that the
maintenance system of the drone equipped with a robotic
arm is within the range of 0.02m-0.84m from the
transmission line. The maximum electric field strength of
each insulating component in the overhaul system of the
robotic arm and the voltage difference between the left and
right ends of each insulating component. From the
comparative analysis of table 1, table 2 and table 3, it can
be seen that the maximum electric field strength of each
insulation component of the UAV maintenance system is
less than the air breakdown strength 30kV/cm[10], so
when d is greater than or equal to 0.02m, each insulation
component is always There is no discharge or breakdown.
According to the simulation, it is concluded that the safe
distance of the UAV equipped with the robotic arm to
repair the transmission line is 0.02m. At the same time, in

the range of 0.02m-0.84m, the maximum voltage
difference between the two ends of each insulating
component is 7779V for the robot arm, 338V for the left
rotor, 262V for the right rotor, 298V for the frame, and
822V for the fuselage..

4 Experimental Research

In order to determine the minimum safe distance of the
UAV equipped with a robotic arm for overhauling
transmission lines, a test platform as shown in figure 9 was
built on the basis of simulation. The test system mainly
includes generators, voltage dividers, transformers, water
resistance, and 1m long transmission lines , UAV
equipped with robotic arm overhaul system, etc., on this
basis, carry out the safety distance test of UAV equipped
with robotic arm overhauling transmission lines.

Fig9. Safety distance test platform

The drone used in the test is selected from DJI M600
PRO model, 1688mm long, 1518mm wide, and 727mm
high. Carbon fiber material, capable of long-term
endurance, long-distance transmission, and broadcast-
level image transmission function; the robotic arm is 1.5m
long and has an inner diameter of 2cm. , The outer
diameter is 2.5cm, using epoxy resin material with good
insulation properties.

The test steps are as follows: (1) In the process of
repairing power transmission lines with a known drone
equipped with a robotic arm, the minimum distance
between the left end of the robotic arm and the
transmission line is 0.09m, and the drone used in the actual
scene will be equipped with the robotic arm The overhaul
system is placed steadily at the position where the
minimum distance between the leftmost end of the robotic
arm and the transmission line is 0.09m. (2) Charge the line
on the test platform, adjust its phase voltage to 5kV, 10kV,
15kV, 20.2kV in turn, move the robotic arm under the
modulated phase voltage, and observe the insulation
components of the robotic arm maintenance system on the
drone Whether to discharge, and record the test
phenomenon. (3) According to the test phenomenon, the
minimum safe distance for repairing the power

transmission line with the robot arm of the drone is
obtained.

Test results: According to the safe distance test of the
drone equipped with a robotic arm maintenance system,
when the phase voltages of the built lines are 5kV, 10kV,
15kV, and 20.2kV, the drone equipped with a robotic arm
to repair the insulation components of the transmission
line did not discharge And breakdown occurs, that is, the
safety distance is 0.09m.

Comparing the test and simulation analysis: the test
shows that in the actual application scenario, when the
UAV is equipped with a robotic arm overhaul system to
overhaul the transmission line, there is no discharge or
breakdown of each insulating component, and the safety
distance is 0.09m. Combined with the simulation, it is
concluded that the minimum safe distance when the UAV
is equipped with a robotic arm to repair the transmission
line is 0.09 m.

5 Conclusion

1) The electric field simulation was done on the power
transmission line and the overhaul system of the UAV
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equipped manipulator, and the influence of the UAV
overhaul system and the power transmission line was
analyzed. The results show that, compared to the impact
of the UAV maintenance system on the transmission line,
the electric field around the transmission line has a greater
impact on it.

2) It can be seen from the simulation that when the
phase voltage of a certain phase of the transmission line is
35\3kV, the maximum voltage difference between the
left and right ends of each insulating component is within
the range of 0.02m-0.84m from the overhaul system of the
robotic arm of the drone. They are: the robot arm is 7767V,
the left rotor is 338V, the right rotor is 262V, the frame is
298V, and the fuselage is 822V.

3) Through the comparison of simulation and
experiment, it can be seen that the minimum safe distance
when the drone is equipped with a robotic arm to repair
the transmission line is 0.09 m, that is, the process of the
drone equipped with a robotic arm to repair the
transmission line is safe.
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