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The intelligentization, informationization, and internalization of power system
infrastructure equipment are the key technologies to achieve the low-carbon
transformation of the power system. To tackle the low degree of intelligence and the
internet in the monitoring and early warning of mechanical faults of the disconnecting
switch, this paper designs an intelligent monitoring system for the disconnecting switch
operation status based on sensing technology. Torque sensors, angle encoders, micro-
switches, attitude sensors, and temperature and humidity sensor technology are used to
monitor the operation status of the disconnecting switch, and an advanced RISC
machine (ARM) embedded terminal system is used as the disconnecting switch
status monitoring center. The intelligent monitoring system aims to accurately
monitor the temperature and humidity environment in the disconnector operating
mechanism box, the opening and closing position state of the disconnector, and the
torque angle variation characteristics of the disconnector according to the operating
parameters collected by the sensor, while achieving remote real-time state monitoring of
the disconnecting switch. The function tests and field tests show that the system
performance is stable, and the state information collection, intelligent analysis, and
remote monitoring meet the actual needs, which can improve the efficiency of
disconnecting switch operation, maintenance, and overhaul, thereby reducing the
risk of power grid outages.
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1 INTRODUCTION

Under the background of “double carbon,” improving the intelligentization, informationization, and
internalization of the power system infrastructure equipment are the key technologies to actively
promote the low-carbon transformation of the power system (Zeng et al., 2021). As important
primary electrical equipment in the construction of smart substations, the disconnecting switch is an
important component to isolate voltage and ensure the safety of other primary equipment during
substation maintenance (Song et al., 2018). With the transformation and upgrading of the power
system, the maintenance mechanism transits from regular maintenance to condition-based
maintenance, which puts forward higher requirements for the life cycle of the disconnecting
switch (Chen et al., 2019). Simultaneously, because the high-voltage disconnecting switch is
greatly influenced by environmental and climatic conditions, it is easy for equipment improperly
closed or damaged. Remote status monitoring of disconnecting switches can solve the above
problems.
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With the continuous application of artificial intelligence
technology (Ahmed and Tahir, 2017; Wang et al., 2019a;
Wang et al., 2019b; Wei et al., 2021; Zhai et al., 2021),
ubiquitous power sensing technology, sensor technology, and
wireless information transmission technology in the field of
primary equipment of power systems, improving the
automation and intelligent level of high-voltage disconnecting
switches has become an urgent demand for the construction and
development of future substation. At present, the theoretical
research on the status monitoring and early warning of
disconnecting switches has been relatively mature. Cheng et al.
combined the weighted grey target theory and the analytic
hierarchy process to analyze the health value of each part of
the disconnecting switch and classified the health status of the
disconnecting switch (Cheng et al., 2016). Liu et al. introduced the
support vector machine algorithm into the fault diagnosis of the
mechanical state of a high voltage switch (Cheng et al., 2014; Liu
C. et al., 2020). By taking the current characteristic quantity or the
starting point of vibration events in mechanical vibration signal
as the input of the support vector machine, the corresponding
fault diagnosis model of the switch was established, so as to
improve the accuracy of fault diagnosis of the mechanical state of
high voltage switch gear. Liu et al. studied and analyzed the
curvilinear relationship between the operating torque and the
rotation angle of the disconnecting switch operating mechanism
in the normal state and the typical mechanical fault state,
indicating that there is a correlation between the stator current
and the operating torque of the motor (Huang et al., 2015; Liu C.
et al., 2020). They proposed the detection technology of the
operating torque and the rotation angle of the disconnecting
switch and the fault diagnosis scheme of the disconnecting switch
jam based on motor current detection. Qiu et al. studied the fault
type and location diagnosis method of a high voltage
disconnecting switch based on characteristic quantity
optimization and back-propagation (BP) neural network (Qiu
et al., 2015). Aiming at the problem of data explosion brought by
massive heterogeneous multi-source monitoring data to the state
perception and diagnosis of intelligent switch equipment, Yuan
et al. proposed a method of real-time state perception of
disconnecting switches based on dempster-shafer (DS)
evidence theory and generative adversarial network to
accurately perceive the real-time state of equipment and raise
alarms for abnormal information (Yuan et al., 2021). Du et al.
established an attitude sensor system detection platform based on
the motor control technology for double confirmation of the
switching position of the disconnecting switch, which met the
requirements of measurement accuracy and performance testing
of the attitude sensor system (Du et al., 2019). Lei et al. designed
the mechanical state monitoring and diagnosis system of the
disconnecting switch and judged whether the mechanical state of
the isolation switch was abnormal by accurately measuring the
state variables of disconnecting switch torque and rotation angle
(Lei et al., 2018). The above studies mainly put forward many
feasible technical schemes in the fault classification, fault
diagnosis, and state perception of the disconnecting switch.
However, with the deepening of the practice of sensing
technology, realizing the refinement, intelligence, and

visualization of the monitoring technology of the operating
state of the disconnecting switch and integrating the sensing
technology with the primary equipment of the traditional power
grid is the basic support to realizing the one-button control
technology of the intelligent substation.

According to the above research, this paper designs an
intelligent monitoring system for the operation state of a
disconnecting switch based on sensing technology. The
contributions of this paper are summarized as follows: 1) An
intelligent monitoring system for the isolating switch based on
sensing technology is designed, which uses torque sensors, angle
encoders, micro-switches, attitude sensors, and temperature and
humidity sensor technology tomonitor the operation status of the
disconnecting switch. 2) The ARM embedded terminal system is
proposed as the disconnecting switch status monitoring center,
which can accurately monitor the temperature and humidity
environment in the disconnector operating mechanism box, the
opening and closing position state of the disconnecting switch,
and the torque angle variation characteristics of the disconnecting
switch according to the operating parameters collected by the
sensor. 3) Based on the intelligent analysis of the possible
problems of the disconnecting switch, the system can realize
data record traceability, remote diagnosis, and early warning,
which can provide reliable guidance for the operation,
maintenance, and repair of the disconnecting switch, improve
the efficiency of the operation, maintenance and repair of the
disconnecting switch, and reduce the power failure risk.

2 BASIC THEORY OF THE
DISCONNECTING SWITCH STATUS
MONITORING TECHNOLOGY BASED ON
THE INTERNET OF THINGS

The current disconnecting switch generally uses an alternating
current motor as the power source, and drives the disconnecting
switch through the turbine worm reducer to realize the opening
and closing movement. Therefore, the mechanical fault of the
previous paper can judge the characteristics and mechanical state

FIGURE 1 | T-type equivalent circuit of a three-phase asynchronous
motor.
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of the disconnecting switch by monitoring the performance state
of the motor. Combined with the existing research results, we
chose torque and angle as the main monitoring objects.
According to the principle of the three-phase asynchronous
motor, the converted T-type equivalent circuit can be made, as
shown in Figure 1.

Based on the T-type equivalent circuit and the power balance
equation,

P2 � Pm − pm − ps, (1)
where P2 is the real output mechanical power on the shaft, Pm �
Pem − pCu2 is the total mechanical power, Pem � P1 − pCu1 − pFe

is the electromagnetic power, pCu1 is the stator copper loss, pFe is
the iron loss, pCu2 is the rotor copper loss, pm is the mechanical
loss, ps is the additional loss.

The torque balance equation is derived according to Eq. 1.

T2 � T − T0, (2)
P2

Ω � Pm

Ω − pm + ps
Ω . (3)

T is calculated by

T � Pm

Ω
� Pem

Ω
(1 − s) � Pem

2πn
60

(1 − s) � Pem
2πn1
60

� Pem

Ω1
. (4)

HereΩ � 2πn
60 is the mechanical angular velocity of the rotor,Ω1 is

the synchronous angular speed.
Based on the circuit relationship in Figure 2, Eq. 4 can be

transformed into

T � Pem

Ω1
� CTϕmI2

′ conϕ2 (5)

where CT is calculated by CT � m1
p

2πf1
× 4.44f1N1kw1.

The rated torque at rated voltage,

TN � PN

ΩN
� PN

2πn1
60

� 9550
PN

nN
. (6)

Hence, the output torque after the reducer is as follows:

TN � Pi
2πn1
60

� 9550
PN

nN
iηka, (7)

where i � ni
nn
the speed ratio of the reducer, η is the efficiency of

transmission, ka is the service factor.
Torque monitoring adopts mature, stable, and reliable strain

electrical measurement technology. The small deformation of the
torque axis causes the change of the bridge resistance value, and
the change of the strain bridge resistance is transformed into the
change of the electrical signal to realize the torque measurement.

The resistance strain gauge is pasted at the specified position
on the surface of the elastomer of the measured object. When the
elastomer is subjected to strain, the resistance of the resistance
strain gauge changes. Through the Wheatstone bridge and the
measurement circuit, the stress is converted into an electrical
signal (voltage, current, frequency, etc.), so as to realize non-
electricity measurement.

The resistance value of a section of metal is derived by

R � ρL
A
, (8)

where L is the length of metal, A represents the cross-sectional
area. When metal is stretched and deformed, the corresponding
variation in resistance is calculated by

ΔR
R

� Δρ

p
+ ΔL

L
+ ΔA

A
. (9)

Accordingly, considering the cylindrical material, Eq. 9 can be
expressed as,

ΔR
R

� (1 + 2μ + λE)ε � K0ε, (10)

where r is the radius of the circular conductor, the cross-section
area of the cylindrical material is calculated by A � πr2, ΔAA � 2Δr

r ,
ΔL
L � ε, Δrr � −με , Δρp � λσ � λEε, ε is the longitudinal strain of the
conductor, μ is the Poisson’s ratio of a circular conductor, λ is the
piezoresistive coefficient, σ is the magnitude of stress, E is the
elastic modulus. They are all constant values, so that the

FIGURE 2 | Power flow of a three-phase asynchronous motor.
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relationship between them is linear in a certain range. K0 is the
sensitivity coefficient of the resistance strain gauge.

According to the mechanics principle, when the material is
subjected to torsional deformation, it will produce normal stress
and shear stress τ � M

Wp
. Therefore, the formula for the torque can

be derived as,

M � C0

KR
ΔR � C2ΔR, (11)

whereM is the on-axis torque,Wp is the torsional modulus of the
shaft section, C0 in Eq. 11 is calculated by

C0 � WpE
1 + v

� πD2

16
(1 − (d

D
)

4

)( E
1 + v

), (12)

where D is the outer diameter of the hollow shaft, d the inner
diameter of the hollow shaft.

The electric potential is

U ′ � E
4
(ΔR1

R1
− ΔR2

R2
− ΔR3

R3
+ ΔR4

R4
). (13)

Due to the four patch resistors having the same resistance
value, Eq. 13 is transformed into

U ′ � E
ΔR
R
. (14)

Based on Eqs. 11 and 14, torque is proportional to resistance
change value, and resistance change value is proportional to

potential. Therefore, the relationship between potential and
torque can be known by combining Eqs. 11 and 14.

3 DESIGN OF INTELLIGENT
DISCONNECTOR MONITORING SYSTEM
ARCHITECTURE
The architecture of the intelligent disconnector monitoring
system is shown in Figure 3. This system is based on the
ESP32Mesh network design architecture, which includes the
perception layer, the transport layer, and the application layer.
The perception layer is the basis of the system, which arranges the
attitude, torque, angle, temperature, and humidity sensors to
collect data, and then the information is collected through the
network to the intelligent monitoring terminal of the
transmission layer. The transmission layer adopts ESP32-Mesh
wireless networking technology to transmit the data collected by
the sensing layer to the application layer to realize the
transmission and synchronization of data and control
instructions. The application layer uses the collected data and
control model to control the operation state of the disconnecting
switch and achieve the purpose of data management and
application. The specific design of each architectural layer is
described as follows.

3.1 Perception Layer
The perception layer adopts a modular design, which mainly
includes a temperature and humidity monitoring module, a

FIGURE 3 | Architecture of disconnector monitoring system.
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torque monitoring module, an angle monitoring module, and a
position monitoring module. The temperature monitoring
module is installed in the disconnecting switch operating
mechanism to monitor the temperature and humidity changes
in real-time. The torque monitoring module is installed in the
middle of the spindle of the disconnecting switch operating
mechanism box, and the angle monitoring module is installed
in the position of the output shaft of the disconnecting switch
operating mechanism box. The two sensors rotate with the
spindle of the electric mechanism, collect the torque variation
value of the spindle and the rotation angle signal, and transmit
them to the intelligent processing center for processing. The
position monitoring module mainly refers to the micro-switch,
that is, two micro-switches are installed at the bearing position of
each phase disconnecting switch (low potential) to monitor the
opening and closing of the switch, respectively, through the steel
bracket. When the switch moves to the correct place of opening
and closing, the two micro-switches operation heads are touched
so that the normal opening point is closed. The position signal of
the disconnecting switch is sent out. Together with the auxiliary
switch signal in the disconnecting switch operationmechanism, it
can be used as the criterion to meet the position “double
confirmation” of the disconnecting switch.

3.2 Transport Layer
The transport layer is an intelligent unit and gateway designed
with an intelligent control terminal as the core and composed
of various sensors and communication units. It can complete
the perception of the operational state of the disconnecting
switch and enable the comprehensive application of
intelligent monitoring and remote control of the
disconnecting switch. It mainly includes communication
between the acquisition unit and intelligent control
terminal and communication between the intelligent
control terminal and the monitoring system management
center. The communication mode between the acquisition
unit and the intelligent processing center adopts the user
datagram protocol (UDP) communication protocol for
transmission, that is, the Ethernet interface is designed, and
the communication mode can be switched by the monitoring
center. The intelligent control terminal realizes ESP-Mesh
wireless networking through the ESP32 chip. The mesh
network layer has adaptive and automatic repair functions.
When a path in the transmission link is blocked or
disconnected, it can automatically select other paths for
transmission to avoid the bandwidth congestion problem in
the transmission process of a wireless sensor network and
effectively solve the delay effect of a wireless sensor network.

3.3 Application Layer
The application layer includes a disconnecting switch
monitoring system, which can realize the storage, analysis,
and management of various sensor information, provide
threshold setting, alarm information prompt, intelligent
exhaust heating lighting, and other functions. It can also
record alarm information and actions so that users can view
them at any time. The disconnecting switch monitoring system

in the application layer has four main functions: data display,
information management, intelligent control, and data
communication. The data display function is the
management center of the data. Information management
functions refer to the analysis and management of database
information. The data source includes the operation state
information of the disconnecting switch collected by various
sensors, and the collected data is stored in a specific format after
sorting. The intelligent control function is mainly to process the
collected monitoring data and output the control commands.
The data communication function realizes communication with
each module unit.

4 DESIGN OF SYSTEM HARDWARE

The intelligent control terminal needs to have the functions of
collecting sensor parameters, communication, and data
transmission. At the same time, it also needs to ensure the low
cost, reliable and stable operation of the system. It mainly
includes two parts: the acquisition unit and the control unit,
which are composed of the main control chip, sensor data
acquisition module, power module, and communication
module. The hardware structure is shown in Figure 4.

4.1 Acquisition Unit
Themonitoring unit is composed of the main control module and
a sensor module. The core processor of the main control module
selects the arm microcontroller, which is responsible for reading
the data collected by the sensor module, packaging and fusing the
data, and connecting the module through the serial port and UDP
communication. Temperature and humidity monitoring uses
temperature and humidity sensors and mature and stable
semiconductor refrigeration dehumidification technology to
achieve intelligent monitoring of temperature and humidity.
Torque monitoring adopts mature, stable, and reliable strain
electrical measurement technology. The small deformation of
the torque shaft causes the change of bridge resistance, and the
change of strain bridge resistance changes the electrical signal to
realize torque measurement. It has the advantages of high
precision, fast frequency response, high reliability, long cycle
life, and strong anti-interference ability. The angle monitoring
adopts a simple and compact mechanical design, which has the
advantages of high measurement accuracy, high robustness,
strong anti-interference ability of signal output, and good
compatibility. A high-performance three-dimensional motion
attitude measurement system based on micro-electro-
mechanical system (MEMS) technology to achieve attitude
sensing. The three-dimensional attitude and azimuth data
output without blind area in full-scale is realized when
combined with the three-dimensional algorithm based on
quaternion and special data fusion technology. The micro-
switch adopts a modular combination, which can change the
head and the orientation of cable accessories at any time. Its body
is made of zinc alloy with high corrosion resistance and
protection level, and it has flame retardant and corrosion
resistance.
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4.2 Control Unit
The control unit is composed of the main control chip, a power
conversion circuit, and a relay module circuit. The main control
chip has communication functions with low energy consumption.
The power conversion circuit isolates power supply module and
generates 5 V direct current, which is then converted to 3.3 V
direct current through the three-terminal regulator. The solid-
state relay without contact is selected to avoid the electromagnetic
interference of the relay with constant contact on the master chip.

4.3 Communication Module
The communication module is mainly composed of the
communication circuit of the ESP32 chip. The EPS32 is a
micro-controller chip with extremely low power consumption,
dual-mode communication, and high integration. Therefore,
each intelligent terminal is a network node, multiple intelligent

control terminals and a monitoring host constitute a wireless
MESH network, so when the network signal cannot be fully
covered, it can be automatically re-networked to achieve self-
healing of the network. This networking method can ensure that
the network maintains self-stability in the case of unmanned
monitoring, which greatly ensures network security.

4.4 Software Design
The system software design mainly includes the software design of
the acquisition unit and the control unit, as well as the application
and design of the monitoring host. The overall process is shown in
Figure 5. The application design of the monitoring host mainly
includes visual monitoring interface design and alarm push
management. According to the development tools provided by
the monitoring host, the intelligent monitoring system of the
disconnecting switch is designed to provide historical data
query, threshold setting, alarm, disconnecting switch torque-
angle characteristic curve view, and other functions. The
acquisition unit software mainly completes the data acquisition.
After the system terminal equipment is powered, the sensor
module is driven to work, and all the collected information is
packaged and uploaded to the monitoring host. The monitoring
host provides a communication interface to realize the reporting,
storage, and analysis of the data collected by the sensing layer and
monitors the operation state of the disconnecting switch and the
intelligent control terminal. Through the developed visual
interface, the dynamic display of the data is realized, so that the
parameters of the disconnecting switch and its intelligent analysis
results can be remotely viewed.

5 TEST AND FIELD OPERATION

The disconnecting switch operation state intelligent monitoring
system based on sensing technology described in this paper has
been tested in the disconnecting switch factory. Taking the widely

FIGURE 4 | Hardware structure diagram.

FIGURE 5 | Software design diagram.
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used GW4C-126 disconnecting switch as the test object, the
monitoring effect of the developed intelligent monitoring
system on the operation state of the disconnecting switch is
observed. Figure 6 shows the model diagram of the GW4C-126
disconnecting switch.

5.1 Functional Test
5.1.1 Function Test of Temperature and Humidity
Monitoring
The temperature and humidity monitoring was taken as the test
object, accurately monitoring the temperature and humidity in
the operating mechanism box from 10:00 to 11:30, and recording
results every 15 min. The test results are shown in Table 1. It can
be seen from the table that the test value is basically the same as
the standard value, and is within the tolerance error range of ±5°C
allowed by the monitoring system. The temperature and
humidity sensors can accurately reflect the temperature
condition during the operation of the high voltage
disconnecting switch. Through the visual interface, the
temperature and humidity of the operating mechanism box
are preset to 5–40°C and 80% RH, respectively. The program
is set to open the heater when the average temperature is lower
than 5°C, and to close the heater when the average temperature is
higher than 40°C. Similarly, the dehumidifier is turned on when
the average humidity is greater than 80% RH, and the

dehumidifier is closed when the average humidity is less than
80% RH.

5.1.2 Function Test of Torque and Angle Monitoring
The movement process of the GW4C-126 disconnecting switch is
as follows. The changing characteristics of torque with time
during the closing process are shown in Figure 7. It can be
seen from the figure that the torque waveform clearly reflects the
contact process between the contact and the finger in the closing
movement, and the whole waveform conforms to the stress state
of the transmission mechanism during the movement of the
GW4D-126 disconnecting switch. Figure 8 shows the changing
characteristics of turn angle with time during the closing process.
The angle sensor is installed in the motor shaft and rotates
synchronously with the spindle. In theory, the change in the
rotation angle signal of the spindle can be measured by the angle
sensor.

According to the 100 closing experiments of the disconnecting
switch in the normal state, the torque-angle motion curve is
drawn, as shown in Figure 9. From the pictures, the changing
trends of 100monitoring curves are consistent, indicating that the
data has high repeatability. It can be seen from the figure that the
overall change of operating torque gradually increases in the
closing process. This is because, with the contact between the
contact finger and the contact in the closing process, the contact

FIGURE 6 | The GW4D-126 model diagram.

TABLE 1 | Test results

Time Test results

Temperature monitoring (°C) Temperature
of monitor (°C)

Humidity motoring (%RH) Humidity
of monitor (%RH)

10:00 19 19.4 75 76
10:15 21 21.6 75 76
10:30 22 23.2 75 76
10:45 24 24.2 74 75
11:00 24 24.6 73 74
11:15 24 24.2 74 75
11:30 24 24.3 74 75
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FIGURE 7 | Torque-time curve (closing).

FIGURE 8 | Time motion curve of angle (closing).
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finger and the spring of the contact seat gradually store the elastic
potential energy.

Figure 10 shows the state curves of the mechanical locking jam
when the disconnecting switch is in the state of closing. Compared
with Figure 9, it can be seen that the curve position has an obvious
deviation compared with the normal conditions when the
mechanical locking of the disconnecting switch is jammed.
Taking the locking of the disconnecting switch as an example,

the maximum torque value of the normal value is 52 N/m, while
the maximum torque value increases to 56 N/m during the locking
jam, the angle position is advanced. The simulation results are
consistent with the current situation. Figure 11 shows the diagram
of the abnormal contact position of the contact and the contact
finger when the disconnecting switch is switched off. It can be seen
from the picture that when the contact position of the contact and
the contact finger of the disconnecting switch are abnormal, the

FIGURE 9 | Torque-angle motion curve of 100 repetitions (closing).

FIGURE 10 | Mechanical locking jam state.
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curve position is obviously shifted compared with the normal
condition. During the closing process of the disconnecting switch,
the torque at the abnormal location is larger than the normal curve
because of the serious wear of the contact and the contact finger.
The separation time of the contact and the contact figure increases,
and the separation torque also increases.

5.1.3 Function Test of Position Monitoring
The closing position monitoring of the disconnecting switch is
taken as the test object, and the closing position of the
disconnecting switch is accurately monitored. A total of 100
closing tests are carried out throughout the test process, and
the test results are shown in Table 2. According to the results in
Table 2, both sensors can accurately reflect the closing position of
the high-voltage disconnecting switch in the operation process,
which is completely consistent with the actual situation of the
disconnecting switch. The opening tests are the same.

5.2 Analysis and Summary of Test
From the test results, it can be seen that the sensing layer
acquisition sensor of the disconnecting switch state monitoring
system based on sensing technology can normally obtain the state

data of the disconnecting switch, and according to the data, the
torque-angle characteristic curve is plotted to distinguish the
status of the opening and closing position and the temperature
and humidity of the operating mechanism box. In particular, the
possible problems of the high-voltage disconnecting switch are
analyzed by comparing the curve of the normal and abnormal
torque-angle characteristic, the status of the opening and closing
position, the temperature and humidity value, and the threshold
of the operating mechanism box, to achieve the intelligent
monitoring, analysis, and prediction of the disconnecting
switch, which helps to prolong the service life of the
disconnecting switch and reduce the number of power outages.

5.3 On-Site Trial Running
The intelligent monitoring system for the motion state of the
disconnecting switch based on sensor technology developed in
December 2021 has been successfully piloted in Yunfu’s 110 kV
Fenghuang Phase II Substation in Guangdong Province. The
measurement data of the entire system are correct in field
operation, the repeatability and consistency of the monitoring
data such as torque angle are good, and the accuracy rate of
distinguishing the switching state is 100%. The actual operation is

FIGURE 11 | Abnormal curve of the contact finger.

TABLE 2 | Test results of closing-position monitor

Cumulative number Accuracy rate

Disconnecting switch (%) Micro-switch (%) Attitude transducer (%)

5 100 100 100
15 100 100 100
30 100 100 100
60 100 100 100
100 100 100 100
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shown in Figure 12. The successful operation of this on-site trial run
shows that the intelligent monitoring system for the motion state of
the disconnecting switch based on the sensing technology developed
in this project has good performance and can realize the intelligent
monitoring of the motion state of the disconnecting switch.

6 CONCLUSION

This paper designs an intelligent monitoring system for the
disconnecting switch operation status based on sensing
technology. The research and application show that the system
extends the monitoring contact angle to the disconnecting switch
through a special sensor and realizes the collection and remote
monitoring of the temperature and humidity of the disconnecting
switch operating mechanism box, the opening and clocking
position of the disconnecting switch, and the torque-angle
characteristics of the disconnecting switch in the motion state,
providing data support for the evaluation of the operation state of
the disconnecting switch. The practical application effect is
verified by in-plant test and field pilot operation, which can
objectively and accurately reflect the operation state of the

disconnecting switch and achieve the goal of accurate
monitoring, analysis, and prediction.
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