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I. INTRODUCTION 
 
Since China first carried out LW in May 1954, it has been more than 70 years. At the beginning 
of the 21st century, in order to satisfy the requirements of large-capacity and long-distance 
power transmission, China accelerated the construction of UHV AC and DC transmission 
projects, and Chinese LW technology has entered a new period. State Grid Corporation of 
China (SGCC) has carried out a lot of work in UHV LW method research, tool development, 
standard formulation, worker training and on-site application. [1], [2]. 

In 2009, China's first UHV project, the 1000 kV Jindongnan-Nanyang-Jingmen UHV AC 
line, was completed and put into commercial operation[3]. By the end of 2024, China has 
built 20 UHV AC lines and 20 UHV DC lines; the transmission length of the UHV lines will 
exceed 50,000 kilometers. The total power transmission of UHV lines has exceeded 3 trillion 
kWh, making it the world's highest voltage level, largest transmission capacity, and longest 
transmission distance transmission project[4]. The voltage levels of China's UHV lines 
include: AC 1000 kV, DC ±800 kV and DC ±1100 kV. Figure 1 shows the UHV line map of 
SGCC. 

This paper introduces China's 15-year technical experience in UHV line LW, including 
UHV LW methods, tools, test standards, applications and innovations. 
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Fig. 1. UHV Line of State Grid Corporation of China (SGCC)  

 
 

II. THE METHODS OF UHV LINE LW IN CHINA 
 
A. Particularity of UHV Line LW 
 
The method of UHV Line LW is the same as that of LW on transmission lines of other 
voltage levels. In most cases, workers need to enter the LW zone and perform bare hand 
work. However, the rated voltage of UHV lines is higher, the electric field strength around 
the lines is greater, and the UHV towers are taller and larger in size, with more conductor 
splits and more insulators. Therefore, the following issues need to be addressed to safely carry 
out UHV Line LW: 
 

• Determine the minimum approach distance (MAD) for UHV Line LW. 

• Analyze the electric field distribution effect on the lineman, and clarify the electric 
field shielding requirements and potential transfer methods. 

• Develop special tools for UHV Line LW and make testing standards to ensure the 
properties. 

 

B. MAD of UHV Line LW 
 
MAD is a key parameter that determines the safety of LW. In IEC 61472[5], MAD (DA) is 
the sum of the electrical distance (DU) and the ergonomic distance (DE). Referring to IEC 
61472[5] and the statistical method of insulation coordination [6], the steps to determine the 
MAD for UHV Line LW are as follows [7]: 

• Based on the statistical overvoltage of UHV lines, the probability density of 
overvoltage occurrence described by a Gaussian function: f(U) is obtained. 

• According to the electrode structure under the typical working conditions of UHV 
Line LW, the positive-polarity standard switching impulses (250/2500μs) air gap 
discharge tests are carried out. The 50% discharge voltage U50(d) and the 
conventional deviation Z(d) are obtained under different gap distances d, and then the 
probability of flashover of the insulation under an impulse of value U : P(U,d) is 
obtained, which is also described by a Gaussian distribution. Figure 2 shows the airgap 
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discharge test of the middle phase work in 1000kV AC single-circuit line. It is found 
that under this arrangement, the gap factor(kg in IEC 61472) is 1.23, 

0.6

50 ( ) 615U d d=
. 

• Calculate the risk of failure R(d) at different gap distances d: 

0

1
( ) ( ) ( , )

2
R d f U P U d



= 
. 

• During LW, the air electrical distance D should be ensured to satisfy R(D)＜10-5. The 

minimum critical value of D is calculated as DU, and then MAD (DA) is determined 
by: DA = DU+ DE. The values for typical UHV line LW conditions in China are 
shown in Table 1. 

 

 
(a)Test arrangement 

 

 
(b) Test results of U50(d) 

 
Fig. 2. Airgap discharge test of middle phase work in  

1000 kV AC single-circuit line 
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Table 1. MAD of UHV LW in China [8, 9] 
 

Voltage 
Level

（kV）
/Line Type 

Line to Ground Work 

Overvoltageue

2 (p.u.) 
Working 

conditions 
DU (m) a DA (m) b 

1000 AC/ 
Single circuit 
line 

1.72 

Working on 
tower 

6.3 6.8 

Working on 
line 

6.4 6.9 

Working on 
insulator 
string 

6.7 7.2 

1000 AC/ 
Double 
circuit line 

1.61 

Working on 
tower 

5.5 6.0 

Working on 
line 

5.8 6.3 

Working on 
insulator 
string 

6.2 6.7 

±800 DC 1.70 

Working on 
tower 

5.8 6.3 

Working on 
line 

6.3 6.8 

Working on 
insulator 
string 

6.2 6.7 

±1100 DC 1.58 

Working on 
tower 

9.1 9.6 

Working on 
line 

9.9 10.4 

Working on 
insulator 
string 

9.9 10.4 

 
a.Excluding lengths of floating conductive objects (F [5]), corrected according to altitude 1000m 
b.The ergonomic distance (DE) is recommended as 0.5m in Chinese Standard [1] 
 
 

C. Electric field and potential transfer protection 

 
The electromagnetic environment of UHV line LW has a higher electric field strength, and 
the local field strength of the human body's head, hands and other sharp parts will increase. 
From the measurements of the electric field during LW, it can be concluded (as shown in 
Figure 3) that the electric field strength of the head and hands of the equipotential workers 
of 1000 kV UHV AC lines is 1800~2400 kV/m, the electric field strength of the body parts 
in the split conductor is 390~500 kV/m, and the electric field strength of the workers' faces 
is 1000~1150 kV/m. 
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(a) Electric field on-site measurement 

 

 
(b) Electric field finite element simulation 

 

Fig. 3. 1000 kV AC live working electric field measurement and simulation 
 

During the process of entering the equipotential, a capacitive discharge pulse current will 
be generated between the LW worker and the live line. This current is called the potential 
transfer current and its amplitude always increases with the increase of the live line voltage. 
To study the potential transfer current level in the UHV line LW, we use a human model 
wearing conductive clothing to approach the live line through a potential transfer stick (Figure 
4 (a)) and collect the current data. Figure 4 (b) shows the test arrangement of a 1000 kV AC 
line. The current amplitude entering the equipotential of the straight tower is 1.5 kA, and the 
current amplitude entering the equipotential of the tension tower is 1.1 kA. The current 
waveform is shown in Figure 4 (c) [10], [11]. 

 

 
 

(a) Potential transfer stick 



The Experience of UHV Transmission Line   

 

155 

 
                      (b)Test arrangement              (c) Waveforms of potential transfer current 

 

Fig. 4. Potential transfer test on 1000 kV AC line 
 

In order to protect the electric field and potential transfer current in UHV Line LW, UHV 
conductive clothing has been developed, as shown in Figure 5[1], [12]. A set of clothing 
includes a garment, a head cover, gloves, socks, footwear, connecting wires and connectors. 
The requirements of conductive clothing depend on the live line voltage, maximum nominal 
voltage of Class 2 products in IEC 60895[13] is up to 1000 kV AC /±800 kV DC. Chinese 
standard GB/T 6568[14] exclusively regulates the requirements for products on ±1100 kV 
DC lines. A comparison of IEC and Chinese standards is shown in Table 2. 

 

   
(a)1000kV AC                  (b)±800kV DC                  (c)±1100kV DC 

 

Fig. 5. UHV conductive clothing made in China 
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Table 2. Comparison of requirements for conductive clothing [13, 14] 
 

Requirements 
IEC 

60895 
Class2 

GB 6568 
1000AC/ 
±800AC 

kV 

GB 6568 
±1100DC 

kV 

Material 

Electrical 
resistance 
(mean value Ω) 

1 0.8 0.8 

Shielding 
efficiency 
(dB) 

50 60 70 

Garment electrical resistance(Ω) 20 15 15 

Gloves electrical resistance(Ω) 15 15 15 

Socks electrical resistance(Ω) 15 15 15 

Footwear electrical resistance(Ω) 0-10k 500 500 

Face Screen 

Electrical 
resistance 
(Ω) 

15 / / 

Shielding 
efficiency 
(dB) 

/ 20 30 

Complete 
clothing 

Bonding 
resistance 
(Ω) 

40 20 20 

Screening 
efficiency 

50dB I2≤50μA I2≤50μA 

 
 
III. TOOLS AND STANDARDS 
 
UHV transmission lines have high voltage, a large tower structure size, and a large line span. 
The increase in the number of conductor splits has changed the conductor layout, and the 
length and tonnage of insulator strings have also increased accordingly. Therefore, China 
has developed special tools for UHV LW and formulated test standards. 

 
A. Insulating Tools 
 
UHV LW requires insulating tools to have longer insulation length and higher insulation 
performance. In addition, insulating pulling tools also need sufficient mechanical strength to 
satisfy greater load requirements. 

The rigid insulating tools for UHV LW mainly include insulating pull rods and operating 
sticks. The insulating pull rod for UHV LW consists of metal accessories at the end and 
high-performance foam-filled insulating tubes. Its basic structure is a four-section structure 
with threaded connections between the middle sections. The typical design load is 
80/120/150 kN. It is mainly used to replace the entire string of UHV insulators, as shown 
in Figure 6 [1]. 
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(a)UHV Insulating pull rod          (b) Replacement of tension insulator string 

 

Fig. 6. UHV Insulating pull rod and application 

 
The soft insulating tools for UHV LW mainly include insulating ropes and flexible 

insulating pull rods. The flexible insulating pull rod uses PBO fiber as the inner core insulation 
material to withstand tension, and SEBS thermoplastic elastomer as the outer layer material 
to protect the inner core from mechanical damage, moisture, and direct sunlight. It is also 
easy to use and transport. Its rated load is 80 kN and its breaking load is not less than 240 kN 
[15]. UHV soft insulating tools and applications are shown in Figure 7. 

 

 
(a)UHV soft insulating tools                (b) Replacement of vertical insulator string 

 

Fig. 7. UHV soft insulating tools and application 
 

The technical requirements and test methods for LW insulating tools in China mainly 
refer to relevant IEC standards, such as IEC60855-1, IEC 62192. For UHV LW insulating 
tools, in addition to testing material samples with reference to these standards, it is also 
required to conduct withstand voltage tests on the entire sample in type tests and routine 
tests, including AC/DC voltage tests and switching impulse voltage tests. The test layout is 
shown in Figure 8, and the values are shown in Table 3 [9], [16]. 
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(a) Typical test arrangement         (b) Testing photo 

 
1- Live line electrode (diameter≥30mm); 2-High voltage generator;  

3- Equalizing ring (diameter:200-300mm); 4-Test samples; 5-Grouding electrode; L1: Test 
distance (Table III); L2: Distance to earth (≥1000mm) 

 
Fig. 8. Whole section electrical test of UHV insulating tools 

 

Table 3. Test requirements of uhv insulating tools [9], [16] 

Voltage 
Level

（kV） 

Test 
distance 

L1(m) 

AC/DC withstand 
voltage a 

(kV) 

Switching impulse 
withstand voltage b 

(kV) 

Type 
test 

Routine 
test 

Type 
test 

Routine 
test 

1000 AC 6.3 1270 1150 1865 1695 

±800 DC 6.2 1045 950 1760 1600 

±1100 DC 9.1 1485 1350 2310 2100 

 
a.The test voltage is RMS value, withstand time 5min in type test, 3 min in routine test. 
b.+250 µs/2500 µs standard switching impulse, 15 times 

 
 

B. Metal Tools  
 
The length and tonnage of UHV insulators have increased. For example, the maximum rated 
tensile strength of UHV line tension insulators is up to 840 kN. In the process of replacing 
insulators, metal tools with greater load capacity are required. According to the different types 
of insulator strings and the structural characteristics of connecting fittings in UHV lines, TC4 
titanium alloy is used as the load-bearing body, and different insulator replacement tools are 
developed, with a rated load of 110 kN and a breaking load of not less than 400 kN, as shown 
in Figures 9 and 10 [16]. The standard [17] specifies the technical requirements and test 
methods for insulator holders for LW. 
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(a) Install arrangements 

 

 
(b) Product Photos 

 
Fig. 9. Tools for replacing UHV line tension insulators 

 

 
(a) Install arrangements 
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(b) Replacement of suspension insulator string 

 
Fig. 10. Tools for replacing UHV line vertical suspension insulators 

 
C. Electric lifting device  
 
In traditional LW, a hanging basket or insulating ladder is used to enter the LW zone. This 
working method is labor-intensive on UHV lines and requires very high physical strength 
from workers. Therefore, an electric lifting device was developed. When used with a drone, 
it can directly lift workers onto the live line, greatly reducing the labor intensity of tower 
climbing, as shown in Figure 11. At the same time, standards for electric lifting devices were 
formulated to regulate the function, insulation performance, electromagnetic compatibility, 
and mechanical performance of the device [18]. 
 

 
(a) Electric lifting device 
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(b) Application in UHV line LW 

 
Fig. 11. Electric lifting device and application 

 
 

IV. UHV LW APPLICATIONS  
 
A. History of UHV LW in China  
 
On June 11, 2009, China successfully carried out the replacement of conductor spacers on a 
±800 kV UHV DC transmission line, which was also the world's first live line maintenance 
on an actual UHV line [19]. On June 26, 2009, the first LW on a 1000 kV line was completed, 
and since then, the UHV line LW technology has entered the practical stage. On October 31, 
2019, the first LW on a ±1100 kV line was completed to deal with a heating connection 
fitting, as shown in Figure 12 [20]. 
 

 
(a) ±800 DC Line first LW 
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(b) 1000 AC Line first LW 

 

 
(c) ±1100 DC Line first LW 

 
Fig. 12. The first LW applications on UHV lines 

 

B. UHV line LW items and statistics  
 
UHV line LW is currently widely carried out in China’s two major power grid companies 
(SGCC and CSG). The main UHV line LW items are shown in Table 4. 
 
Table 4. Main UHV line LW items 

Category Item 

Insulators 
work 

Replacement of I type composite 
insulator string 

Replacement of V type composite 
insulator string 

Replace 1-3 pieces of tension insulators 

Replacement of tension insulator string 

Wires work 

Maintenance of live line conductor 

Handling foreign matters on live line 

Maintenance of earth wire 

Handling foreign matters on earth wire 

Fittings work 
Maintenance of spacer 

Maintenance of vibration Damper 
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Category Item 

Handling fittings defects 

Auxiliary 
facilities 
work 

Install or repair online monitoring 
devices 

Install or repair bird diverters 

 
In recent years, the number of UHV line LW in China has increased significantly. In 2024, 

SGCC carried out 45,940 LW on 66 kV and above transmission lines, including 316 UHV 
LW accounting for about 0.69%. Among them, 271 UHV line barehand works were carried 
out, which increased by more than 2 times compared with 2020, as shown in Figure 13 (a). 
The statistics of the number of different voltages and items in 2024 are shown in Figure 13 
(b). The most common LW item is fittings maintenance. 

 

 
(a) UHV bare hand work frequency from 2020 to 2024 

 

   
(b) UHV LW Frequency of different voltages and items in 2024 

 
Fig. 13. UHV LW data statistics in China 
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C. Helicopter LW  
 
LW by helicopter is fast and efficient, and is particularly suitable for use in UHV line 
maintenance. In December 2014, China completed LW by helicopter platform on a 1000 kV 
line for the first time, as shown in Figure 14. 
 

  
Fig. 14. 1000kV line LW with helicopter platform 

 

In recent years, a lot of LW has been conducted on UHV AC and DC lines using the 
helicopter suspension method which is more applicable and safer. The hanging basket is used 
widely in helicopter LW. Figure 15 shows a saddle-type hanging basket, which can carry two 
workers and several tools to enter the live line conductor. The hanging basket has a load 
capacity of 500 kg and is applicable for 6-split and 8-split transmission line maintenance. In 
2024, SGCC carried out EHV/UHV helicopter LW more than 100 times, mainly used to deal 
with critical defects such as conductor strands breakage and fittings heating. 

 

  
Fig. 15. UHV LW with helicopter hanging basket 

 
 

V. INNOVATIONS  
 
With the progress of robots and artificial intelligence technology, LW will develop in a more 
automated and intelligent direction in the future. China has carried out some exploratory 
research on the application of new tools and equipment such as drones and robots in UHV 
line LW [21]. Automated working devices such as live-line working robot, insulator string 
working robots, flying robots combined with drones, and electric conductor cars have been 
invented and tried out in actual works, as shown in Figure 16. 
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(a) Line maintenance robot                    (b) Insulator maintenance robot 

 

 
(c) Live working drone                            (d) Electric conduct car 

 
Fig. 16. Automatic LW devices 

 
 

VI. CONCLUSION 
 
This paper shares China’s technical research and practical experience in UHV line LW. The 
main conclusions are as follows: 

1. The LW air gaps of UHV transmission lines with AC 1000 kV, DC ±800 kV and DC 
±1100 kV was experimentally studied. Based on the statistical method of insulation 
coordination, MAD for LW on UHV lines were obtained and shown in table1. 

2. The electric field strength and potential transfer current of UHV line LW were 
measured, and the safety protection requirements were analyzed. Conductive clothing 
and a potential transfer stick exclusive for UHV LW were developed, and test standards 
were formulated. 

3. UHV LW tools have higher requirements on insulation and mechanical properties. We 
have developed rigid and soft insulation tools, large-tonnage insulator clamps, and 
electric lifting devices for UHV LW. 

4. The development of UHV line LW in China was introduced, mainly 13 types of items 
in 4 categories, and helicopter LW widely used the suspension method. In addition, 
exploratory research was also carried out on automatic LW devices such as LW robots 
and electric conductor cars. 
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