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Abstract: As of November 2017, China has built eight 1000kV UHV AC projects and ten 

±800kV UHV DC projects. It has formed an “Eight Crossing and Ten Straight” UHV 

backbone grid. The safe and reliable operation of the transmission line largely determines 

the stability and safety of the entire UHV transmission system. In order to fully guarantee the 

reliable operation of the transmission line, it is necessary to supply the state-of-the-art 

condition monitoring technology on the UHV transmission line. In the article the existing 

transmission line condition monitoring technology is analyzed and summarized, including 

on-line monitoring technology such as insulator contamination monitoring, lightning 

monitoring, environmental monitoring, and wire breeze vibration monitoring, as well as 

infrared detection, ultraviolet detection, ultrasonic detection, electric field detection, etc. The 

demonstration gives suggestions on the advantages and disadvantages of various 

technologies and their application in UHV lines. With explanation and reasoning authors 

have suggested to use mature technologies such as environmental monitoring, wire breeze 

vibration monitoring, infrared detection and ultraviolet detection in UHV Lines. 

Keywords: transmission line; UHV; condition monitoring; online monitoring; insulator; 

High voltage technology.

The researches on UHV transmission technology in the world have been more than 40 years 

old. The countries that have carried out research on UHV AC transmission technology are 

China, Russia, Japan, the  United States, and Italy. The first 1000kV AC transmission and 

transformation project:  the Jindongnan-Nanyang-Jingmen test demonstration project was put 

into operation in 2009, and the expansion project was completed in 2011. The project is a 

single-circuit line with a maximum transmission power of 5,720 MW. The world's first UHV 
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series compensation device is installed. The rated current of the series compensation device is 

5080A and the rated capacity is 1500Mvar. The project has been operating safely for 8 years. 

The role of water and fire adjustment and complementary advantages between North China 

Power Grid and Central China Power Grid has been brought into play, and the optimal 

allocation of power grid resources has been realized. 

 

 

The transmission line is in a very critical position in the UHV transmission project. The 

reliability and operation of the transmission line directly determine the stability and safety of 

the entire UHV transmission system. The 1 000 kV (Jindongnan-Nanyang-Jingmen) UHV 

AC Test Demonstration Project Crossing the three provinces of Shanxi, Henan and Hubei, 

across the Yellow River and Han River, and reaching the Yangtze River, the transmission 

line will be in a variety of harsh operating environments such as wind, rain, snow, fog, ice, 

thunder, industrial pollution, etc. Advanced monitoring technology monitors the status of 

transmission lines and discovers things early. Therefore, the hidden dangers are eliminated in 

time to keep them in good condition. The line is of great significance 
[1-5]

. Online monitoring 

of transmission lines includes on-line monitoring of operating parameters of transmission line 

equipment and on-line monitoring of environmental parameters around the transmission line. 

Former package Including online monitoring of pollution, online monitoring of lightning, 

etc., the latter including transmissionLine environmental monitoring, video surveillance of 
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transmission lines, etc. 
[6-18]

. This paper analyzes the state monitoring techniques of several 

transmission lines, and gives corresponding opinions and suggestions on the application of 

these technologies to UHV transmission lines. 

Table 1: UHV AC Projects

Project Names 
Capacity 

/MVA 

Wiring 

/mm
2
 

Line length 

/km 

Commission 

time 

Jindongnan-Nanyang-Jingmen 18000 8×500 640 2009 

Huainan-Zhebei-Shanghai 21000 8×630 2×648.7 2013 

North Zhejiang-Fuzhou 18000 
8×630 

8×500 
2×603 2014 

Huainan - Nanjing - Shanghai 12000 8×630 2×780 2016 

Xi Meng - Shandong 15000 8×630 2×730 2016 

Mengxi Tianjin South 24000 8×630 2×616 2016 

Yu Heng - Weifang 15000 8×630 2×1049 2017 

Xi meng-shengli 6000 8×630 2×240 2017 

Shijiazhuang - Beijing West 15000 8×630 2×228 2018 

 

 

Table 2: UHV DC Projects

Project Names 

Voltage 

Level 

/kV 

Capacity 

/MVA 

Wiring 

/mm
2
 

Line 

Length 

/km 

Commission 

Time 

Yunnan - Guangdong ±800 5000 6×630 1373 2010 

Xiangjiaba Shanghai ±800 6400 6×720 1907 2010 

Jinping - South of 

Jiangsu 

±800 7200 6×900 2059 2012 

Puer - Jiangmen ±800 5000 6×630 1413 2013 

Hami nan-zhengzhou ±800 8000 6×1000 2210 2014 

Xiluodu-Zhexi ±800 8000 6×900 1680 2014 

Lingzhou-Shaoxing ±800 8000 6×1250 1720 2016 
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1       Transmission line online monitoring Technology: 

1.1   Insulator contamination online monitoring:

1.1.1 Leakage current online monitoring: 

The leakage current on the surface of the insulator is a comprehensive reflection of the three 

factors of voltage, climate and pollution. Therefore, the leakage current of the insulator 

surface can be used as a characteristic quantity for monitoring the degree of contamination of 

the insulator. On-line monitoring of leakage current is based on the principle of leakage 

current formation along the surface. On the ground side of the insulator, the leakage current is 

measured online by the drain card or current sensor. The signal processing unit is used to 

calculate various statistical values of the leakage current over a period of time: such as the 

peak average value, peak maximum or large current pulse number etc. through wireless 

transmission combined with wired transmission, the data is transmitted to the data terminal, 

using expert knowledge and self-learning algorithm to comprehensively analyze various 

statistical values, and make the pollution status of the insulator Assessment and forecasting.  

At present, the research on leakage current online monitoring technology has been carried out 

for many years, but there are still many problems in practical applications. The main 

problems are as follows: 

(1) Field operation: experience and artificial pollution flash test show that there is no clear 

one-to-one correspondence between leakage current and site contamination. The size is also 

related to the type of insulator used (material, umbrella type, disk diameter), pollution 

composition, equivalent salt density, gray density, meteorological conditions and other 

factors. 

(2) Leakage current: according to the leakage current to determine the insulation operation 

and early warning interval, currently There is no authoritative standard to follow, nor does it 

accumulate enough operational data, and it depends on the experience of the operator to 

determine the critical value of cleaning or maintenance. Its accuracy is not high, which is also 

the main factor affecting the application of online monitoring technology for leakage current. 

(3) Device operation: The operating environment is harsh and the reliability is not high. 

(4) the actual application cost of the leakage current online monitoring device is too high. 

 

1.1.2   Online monitoring of contamination: 

The contamination degree of the insulator surface reflects the basic insulation condition of 

the transmission line. At present, the surface of the insulator is generally measured by power 

failure, including the equivalent salt density and gray density. There are also some research 
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institutions and researchers that have tried online measurement methods to measure the 

equivalent salt density on the surface of insulators, but there are no reports and studies on 

online measurement of gray density 
[6-18]

. At present, many researchers at china and abroad 

have been committed to the development of equal-value salt-tight online monitoring methods. 

Most methods use the measurement of surface leakage current to calculate the surface 

equivalent salt density.  

In 1992, Wuhan Institute of Posts and Telecommunications studied the feasibility of 

measuring the equivalent salt density of fiber optic sensors, and obtained the test conclusions 

about the light intensity and salt content, and demonstrated the use of fiber optic sensors to 

measure the equivalent salt density of the external insulation of power transmission and 

transformation equipment.  

 

Feasibility: In 2002, the equivalent salt density online monitoring system developed by 

Henan Electric Power Company has been tested on the 220-kV line in Xinxiang, Henan 

Province, and has achieved certain results. The optical fiber sensor monitors the equivalent 

salt density based on the theory of light field distribution and the mechanism of optical 

energy loss in the dielectric optical waveguide. The low-loss quartz rod placed in the 

atmosphere is a multimode dielectric optical waveguide with a rod as the core and an 

atmosphere as a cladding. When there is no pollution on the quartz rod, the energy of the 

light is transmitted by the fundamental mode and the high-order mode in the optical 

waveguide. Most of the light energy is transmitted in the core of the optical waveguide, and 

only a small part of the light energy is distributed along the core package interface.  

 

Layer transmission: the loss of light during light wave transmission is small. When there is 

contamination on the quartz glass rod, the pollutants change the transmission conditions of 

the high-order mode and the fundamental mode, and the absorption and scattering of the light 

energy by the contaminated particles may cause light energy loss. The content of salt on the 

surface of the sensor can be calculated by detecting the parameters of the light energy. The 

fiber sensor and the insulator string are placed in the same environment, and the equivalent 

salt density value of the insulator surface can be obtained by calculation. 

The equivalent salt density online monitoring system has been running in some parts of 

northern China in recent years, but the system has not been promoted and used in various 

power companies, mainly because the accuracy of equivalent salt density measurement needs 

to be verified. At present, the State Grid Corporation is gradually adopting the equivalent salt 
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density and gray density value of 
(3~5)

 a continuous pollution to classify the pollution level. 

The on-line measurement of pollution degree can only measure the salt density and cannot 

measure the gray density. In order to ensure the continuity and accuracy of the equivalent salt 

density measurement, and to compare and analyze the operation of other AC and DC lines, it 

is recommended that the UHV AC transmission line still adopt the traditional offline 

equivalent salt density and gray density measurement method. It is recommended to use an 

immature equivalent salt density online monitoring technology.

 

1.2    Lightning online monitoring:

1.2.1 Lightning Positioning System: 

The principle of lightning detection and location is to measure the characteristic quantity of 

lightning wave information such as electromagnetic radiation signal accompanying lightning, 

and then analyze the time, location, lightning current amplitude, polarity and number of hits, 

etc. 

Lightning information: showing real-time dynamic maps of lightning activity. At present, the 

lightning detection and positioning technology adopted has a directional lightning positioning 

technology and a time difference lightning positioning technology. The directional lightning 

location technology determines the lightning azimuth based on the lightning electromagnetic 

signals received by two or more detection stations, and then calculates the position of the 

lightning strike point according to the principle of triangular positioning. The time difference 

positioning technology calculates the lightning strike position according to the time 

difference of the electromagnetic signal reaching each detection station, and determines the 

magnitude of the lightning current according to the intensity of the electromagnetic wave. 

The lightning positioning system is very effective in locating lightning, which is convenient 

for maintenance personnel to find lightning strike points in time, and has been widely used in 

transmission line operation. There are also some problems in the application of lightning 

positioning system: 

(1) The lightning current amplitude given by the lightning positioning system cannot 

determine its accuracy, and there is a large error, which greatly affects the line. 

 

(2) The determination of the lightning strike mode: the lightning storm day given by the 

lightning location system is higher, and the thunderstorm day obtained by the conventional 

method has a larger difference. For China's UHV AC transmission lines, reliability is the 

primary consideration. In order to fully understand the lightning situation of the line, it is 
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recommended to apply the lightning positioning system in the UHV AC transmission line to 

locate the lightning strike of the line. However, the lightning current amplitude and the 

number of thunderstorm days obtained for the lightning positioning system should be based 

on the actual situation. For analysis, it is recommended to use other means to accumulate data 

on the magnitude of the lightning current and the number of thunderstorm days. 

 

1.2.2    On-line measurement of lightning current: 

On-line measurement of lightning current can measure the magnitude of lightning current and 

waveform parameters, which is helpful for judging the lightning strike mode. It can 

accumulate the basic parameters of lightning, and is helpful to analyze the influencing factors 

of lightning transmission lines. It is reasonable and effective to take targeted measures in 

various typical areas. 

Lightning protection measures play an important role. An important problem encountered in 

line lightning protection is the determination of the lightning strike mode. When the line is 

struck by lightning, the accident analysis needs to know the lightning strike mode. There are 

two kinds of reasons for the lightning strike and the tripping of the line. When the lightning 

accident is found on the spot, it is especially necessary to distinguish whether the lightning 

strike is caused by the strike or counterattack. Sometimes the lightning strike of the line is 

caused by the bypass, but the grounding resistance is erroneously reduced, a lot of manpower 

and material resources are wasted, and the effect is not obvious. The specific reasons for a 

high trip rate of a line should be carefully analyzed according to the specific conditions and 

line operation experience, so that reasonable and effective measures can be taken to ensure 

the safe and reliable operation of the system. 

At present, the commonly used method is the inverse push method. The lightning strike mode 

is determined according to the measured lightning current. If the lightning current is less than 

60 kA, it is judged as a wraparound; if the lightning current is greater than 60 kA, it is judged 

as a counterattack. This method obviously lacks sufficient persuasiveness and urgently needs 

other parties. To solve this problem. The best way to distinguish between slamming and 

counterattack is to install a lightning current measuring device, the "track finder", on the line. 

The lightning tracer is a meter that can measure the direction of the lightning current (i.e. 

Distinguishes the flow from the ground to the ground or from the side of the wire to the 

ground). It can accurately determine whether it is a counterattack or a winding. When the 

fault is hit, some important parameters of the lightning current amplitude and the lightning 
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current head time can be obtained at the same time. It can be used for accident analysis and 

provide data basis for lightning protection measures for specific lines. 

At present, China Electric Power Research Institute is carrying out research on lightning track 

finder, and is ready to install it in the multi-lei area. When the line is struck by lightning, it 

can measure the lightning current parameter and clearly determine the lightning strike mode. 

The operational statistics of lightning triprate of China's 500 kV transmission line is 0.14/ 

(100 km a).

Although the design value of UHV AC transmission line is lower than this value, from the 

experience of UHV line operation abroad, the lightning trip rate far above the original design 

value. For example, the 1150 kV transmission line of the former Soviet Union, which has less 

intense lightning activity, has had a lightning strike of 21 times during a short operating time 

(3000 km a), with a trip rate of 0.7 times/(100 km a); Japan 1 000 kV The thunderstorm day 

in the area where the line is located is 25 days, but the lightning trip rate is as high as 0.9 

times/(100 km a) during 500 kV step-down operation, and the lightning protection line is a 

negative protection angle. Therefore, it is recommended to install a lightning current 

measuring device for UHV transmission lines in China, measure the actual situation of 

lightning current in operation, and accumulate the basic data of lightning current to serve the 

production operation. 

 

1.3   Environmental monitoring of transmission  Line: 

The environmental monitoring of transmission lines is to establish and monitor the changes 

of meteorological elements in the area where the transmission lines are located by

establishing a special environmental monitoring station, and transmit climate monitoring data 

and climate to the environmental monitoring terminal in real time. 

Comprehensive analysis reports such as feature analysis and climate disaster assessment, 

these information and achievements will help decision-making departments to keep abreast of 

changes in climate conditions, and provide a scientific basis for timely prevention and 

mitigation measures to ensure the safe operation of transmission lines. The monitoring items 

include climate information such as air pressure, temperature, humidity, wind direction, wind 

speed, rainfall, sunshine hours, fog days, thunderstorm days, acid rain, conductivity, and ice 

coating. The monitoring results are judged to analyze the harsh environment of the line. The 

degree and guidance of the operation department for external insulation configuration are of 

great significance, and the atmospheric environment monitoring system is easy to implement, 

which is convenient for practical promotion. Due to the long UHV line, considering its cost, 
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it can be used in extra high hazardous climate. Environmental monitoring points are set up in 

typical polluted areas of pressure-exchange transmission lines, such as typical industrial 

pollution sources, traffic pollution sources, hilly mountain areas, ice-covered areas and urban 

residential areas in the area where the line passes through the area, which not only grasps the 

environmental conditions of typical areas along the line, but also Conducive to saving 

investment. 

 

1.4    Monitoring of the breeze vibration of transmission line Conductors: 

Breeze vibration is the main cause of fatigue and breakage of high-voltage overhead 

transmission lines. The damage caused by the breeze vibration to the overhead line is long-

term accumulation and has strong concealment. 

Therefore, the measurement can not only provide a scientific basis for the anti-vibration 

design, but also eliminate the hidden danger caused by the breeze vibration so as to improve 

in time. The measures provide good monitoring means 
[3]

. Breeze vibration monitoring by the 

breeze vibration monitor at a certain distance from the last contact point of the wire and the  

clamp relative to the clamp. 

The bending amplitude value (peak-to-peak value) and the vibration frequency were 

continuously monitored to record the actual vibration data. On-line monitoring of breeze 

vibrations in key sections of transmission lines and real-time accumulation of large amounts 

of data will play an irreplaceable role in analyzing line operations, improving design and life 

assessment. 

 

1.5 Transmission line video surveillance Technology: 

The video surveillance of transmission lines is to install and monitor the environmental 

conditions in real time by installing video surveillance devices in dangerous places such as 

construction sites, densely populated areas, forest areas, development zones, and busy traffic 

areas, and timely discovering violations and endangering routes. Safe operation: and stop in 

time to avoid accidents. At the same time, it can observe and record the process of ice coating 

and snow covering. The transmission line video surveillance system can observe the 

condition of the line and the tower in real time, and the intervention of the system does not 

affect the operation of the line, which is beneficial to master the status of the line and the 

tower, and has a positive effect on improving the reliability of the operation, considering its 

cost and In the case of severe weather conditions (drizzle, fog, ice coating, etc.), a video 

surveillance system can be installed on the poles of the UHV line and on the poles of special 



pg. 103 

 

harsh environmental conditions (such as 2 large spanning towers) to accumulate operational 

data.  

 

2   Transmission line charging detection technology: 

2.1 UV (Ultra Violet) detection: 

The ultraviolet detection technology uses the ultraviolet imager to receive the ultraviolet 

signal generated by the corona discharge, and after processing, it is imaged and superimposed 

with the visible light image to achieve the purpose of determining the position and intensity 

of the corona. The detecting instrument has no electrical contact with the object to be 

inspected. The ultraviolet detecting device has high sensitivity and stable performance, and 

can effectively detect the corona discharge condition of the line, and provides an advanced 

means for detecting the state of the transmission line. Ultraviolet imaging is sensitive to some 

external corona and discharge defects, such as external damage, broken strands, and loose 

strands. It can reflect some insulator defects to some extent, such as sheath damage and 

electrolytic erosion of composite insulators. It can be observed after rain or wet weather, not 

obvious in dry weather; the sensitivity of the measurement rule for zero-value insulator is 

weak. 

At present, relevant application research of the detection technology is being carried out, and 

it is used to observe the fault state of various power equipment, accumulate running 

experience, and is convenient to use. The application of ultraviolet imaging method can 

display some operational status information of the line relatively quickly, visually and 

intuitively, and clearly specify the attribute, location and severity of the fault, without the 

need for an auxiliary signal source and various detecting devices. The detection method is 

single and convenient, and with the traditional artificial walking observation and the tower 

detection method in comparison, the detection efficiency is greatly improved, and is not 

limited by geographical environmental conditions. It is recommended to carry out the 

application research of ultraviolet imaging technology in the operation of UHV AC 

transmission lines. 

 

2.2   Infrared detection: 

When there is an external or internal fault in the electrical equipment, it is often accompanied 

by abnormal heating or abnormal temperature distribution. Infrared detection obtains the 

thermal state characteristics of the device by detecting the infrared radiation signal on the 
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surface of the device. Thereby discriminating whether the device has faults, fault properties, 

location and severity. 

Infrared detection technology has the advantages of long-distance, non-contact, non-

disassembly, safe, reliable, accurate and efficient detection of thermal defects of equipment. 

It can detect external contact overheat faults of various types of equipment, and can detect 

equipment more effectively. Defects and insulation faults in the internal diversion circuit are 

therefore convenient and efficient, and the fault can be eliminated in the bud 
[4]

.

 Infrared detection devices include infrared thermometers, infrared heat televisions, and 

infrared cameras. When applying, the infrared thermometer and the infrared thermal imager 

can be reasonably selected according to the actual situation. And the key parts of the 

transmission line and the key parts of the equipment are periodically inspected by infrared. 

An infrared temperature measurement database (including temperature rise, relative 

temperature difference, etc.) is established. The infrared thermal image library, and regularly 

make technical reports and analysis to determine whether the equipment is normal. Infrared 

detection technology is widely used in ultra-high-pressure systems, and has mature 

experience. It is recommended to be applied in the operation of UHV AC test demonstration 

project. 

 

2.3   Ultrasonic testing: 

Ultrasonic testing can be used to detect composite insulator core rod cracks. The realization 

of ultrasonic testing is based on the principle that reflection, refraction and mode exchange 

occur at the interface between two media during the propagation of ultrasonic waves from 

one medium to another. The ultrasonic generator emits the initial pulse into the insulator 

medium, and the insulator has cracks. At the time, the emitted wave of the crack appears on 

the time axis, and the defect in the insulator can be judged according to the size and position 

of the defect wave on the time axis. 

Ultrasonic detection of composite insulator mechanical defects has the advantages of simple 

operation, safety and reliability, strong anti-interference ability, etc. However, due to its 

coupling, attenuation and ultrasonic transducer performance problems, there has not been a 

major breakthrough in long-distance telemetry, which is not suitable. On-site inspection, 

mainly used for online production testing and laboratory identification.  

At present, there is an ultrasonic partial insulator remote discharge detector on the market, 

which is composed of a laser positioning point, a sight, a CTRL connector, a wave 

concentrator, an earphone, a frame, and the like. The working principle is as follows: the 
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insulator to be tested is positioned by laser, the ultrasonic wave generated by partial discharge 

of the insulator is collected by the wave concentrator and converted into an audio signal, so 

that the inspector can listen through the earphone and observe the intensity indication on the 

meter. In the field application, the sensitivity of the method is low. The background noise 

generated by the corona which often occurs in the high-voltage end of the composite insulator 

during the actual measurement will overwhelm the sound wave emitted by the insulator 

defect 
[5]. 

 

2.4   Electric field method detection: 

The electric field method detects the internal insulation defect of a zero-value insulator or a 

composite insulator by measuring the electric field distribution of the insulator. In the running 

insulator, the electric field strength and electric potential in the normal state are smooth along 

the axial direction of the insulator. When there is a conduction defect in the insulator, the 

potential becomes a constant, and the electric field at the corresponding position will be 

distorted. Therefore, measuring the axial electric field distribution of the insulator string can 

find the insulation continuity fault of the insulator. At present, there are related products in 

other countries, and North China Electric Power University has also developed related 

insulator charging detection devices 
[8-11]

. This type of equipment can detect some defective 

insulators to a certain extent, but it needs to be operated by the tower, which is not convenient 

for on-site use. Only a small number of units have applications. To date, there has not been a 

very suitable means for detecting deteriorated insulators on site quickly, inexpensively and 

efficiently. Since the electric field method of the insulator is time-consuming and labor-

intensive, it is not convenient for on-site use, and it is not recommended to be used in the 

operation of UHV AC transmission lines. 

 

3    Conclusion: 

(1)  Since the existing equivalent salt density and on-line monitoring of leakage current are 

still immature, it is recommended to use the off-site measurement method of on-site 

contamination of insulators which is widely used at present, which can obtain the first state of 

fouling of line insulators more accurately. Hand information will still have high application 

value in the future. 

(2) On the one hand, lightning monitoring can use the existing lightning positioning system to 

obtain lightning strikes on the line and facilitate lightning strike positioning. On the other 

hand, lightning tracers should be actively installed in areas with frequent lightning activities 
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to accurately measure lightning current and facilitate analysis of lines. In the way of lightning 

strikes, a large number of UHV line lightning current data can also be accumulated to provide 

basic data for future line lightning protection. 

(3) On-line monitoring and video monitoring system for wire breeze vibration is applied to 

important sections of the line, especially the large span. 

(4) In view of the fact that the ultraviolet and infrared charging detection methods have 

played an important role in the monitoring of the operation status of the ultra-high voltage 

line, and the application is convenient, and has no effect on the line operation, it is 

recommended to use the mature charging detection technology such as infrared detection and 

ultraviolet detection to monitor the UHV Line operation status. 

(5) The environmental monitoring system can monitor the ambient temperature, humidity, 

rainwater conductivity, sulfur dioxide in the air, various dust and salt content, and the data 

transmission is fast, which is convenient for grasping the environmental conditions of typical 

areas of the line, which is conducive to analyzing the operation status of the line. Establish 

environmental monitoring points in typical environmental areas of UHV lines. 
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