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Abstract—Ice is an extremely widespread natural 

phenomenon, and ice disasters are irresistible, highly random 
and unpredictable events. At present, China has made 
breakthrough achievements in anti-icing and de-icing of  power 
grid. However, In China and abroad ,the worldwide disaster 
problems caused by icing climate conditions, disaster mechanism 
of icing formation, methods of disaster prevention  have not been 
well solved, and further research and exploration are still 
needed.In this paper,  the anti-ice flashover technology scheme 
with '丄 ' type arrangement of insulator strings, the anti-ice 
disaster reconstruction technology scheme with expanded 
diameter lines , anti-icing and disaster reduction technologies 
that inhibits the twisting and de-icing jump of the transmission 
line, and a series of ice precise monitoring and intelligent anti-ice 
devices are presented, which improve the reliability and anti-risk 
ability of power grid operation. 

Keywords—icing disasters; icing defence; anti-icing disaster 
reduction; icing monitoring; de-icing programs. 

I. INTRODUCTION 
Since January 24, 2018, a large area of snow and freezing 

weather has been prevailing in south and East China, seriously 
affecting people's daily life, travel and production. The large-
scale ice disaster in Southern China 10 years ago in 2008 is 
still fresh in people's minds. As the ice is more serious and the 
temperature is lower, conductor galloping of the transmission 
lines will be less and less, but collapsed towers, line break, 
flashover trip accidents will be more and more, a countless 
number of the transmission line will face these potential 
hazards, and fully shows the irresistible natural disasters and 
emergency disposal of the extreme difficulties. 

After the ice disaster in 2008, China invested great 
enthusiasm in the research of ice disaster prevention in various 
fields and achieved great success in the research of icing 
monitoring and anti-icing methods. Despite great success in 
scientific and technological progress, there are still many 
problems in the response to natural disasters. In terms of icing 
monitoring, although the meteorological department has a 
more accurate forecast of the arrival of snow and ice weather 
conditions in large regions, it is still an unsolved problem to 
forecast the problems of micrometeorology and 
microtopography of ice disasters in a power grid. In the aspect 
of anti-icing of the ice disasters, the commonly used DC ice 
melting device will face some problems, such as extremely 
bulky device, large area, and huge waste caused by blind ice 
melting. 

Therefore, new precise monitoring methods and active ice 
disaster reduction methods are proposed in this paper and 
great progress has been made. Many methods have good 
application prospects and should be gradually promoted and 

improved in engineering practice to meet the development 
requirements of an intelligent power grid. 
II. TECHNICAL SCHEME AND INTELLIGENT DEVICE FOR ANTI-

ICING AND DISASTER REDUCTION 
Technical schemes and intelligent devices are significant in 

the field of anti-icing and disaster reduction. As for the 
technical scheme for anti-icing and disaster reduction in the 
power grid, ice flashover control technology with a "丄" type 
insulator arrangement[1], which is shown in Fig. 1. Expanded 
diameter lines in heavy ice area, distributed orthogonal double 
pendulum counterweight to inhibit wire torsion and de-icing 
jump is shown in Fig. 2. The customized solutions for anti-
icing and de-icing of atmospheric structures are the mostly 
applied solutions to the anti-icing and disaster reduction is 
shown in Fig. 3. When it comes to precise icing monitoring, 
we use intelligent technology to monitor icing parameters 
based on cylinder array ice accumulator, and monitor 
thickness and density of ice based on capacitance effect of ice 
layer, and monitor static equivalent ice thickness based on 
tensile force of the conductor for dynamic wind effect 
immunity. Non-intervention anti-icing technology and the 
intelligent device also play an essential role, including 
intelligent device and technology of non-power cut cycle de-
icing based on load current transfer of split wire and 
distributed electric pulse de-icing technology and intelligent 
device for transmission lines (or ground lines). 

 
Fig. 1 Technical plan for anti-icing and control of ice flashover on 

insulator string with "丄" type layout. 

 
Fig. 2 The technical scheme of "expanding diameter and reducing 

splitting number". 
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Fig. 3 Ice disaster reduction technology based on distributed 

orthogonal double pendulum counterweight. 

A. Technical Scheme for Anti-icing and Disaster Reduction 
in Power Grid 

1) Based on the mechanism that the partial arc develops to 
the critical arc length which leads to thermal breakdown in the 
process of "ice flashover" and "pollution flashover", it is found 
that a reasonable layout of the "丄" type can increase the ice 
flashover voltage by 50%~80%. A new method of using the 
layout of insulator string with "丄" type to greatly reduce ice 
flashover is put forward, solving the significant problem of ice 
flashover tripping, which are shown in Fig.4, Fig.5 and Fig.6. 

 
Fig. 4 Layout of "丄" type insulator string. 

  
Fig. 5 Ice flashover voltage characteristic of "丄" type insulator string. 

 
Fig. 6 An engineering example of "丄" type layout for ice flashover 

suppression. 

2) In order to take effective measures of anti-icing, we 
intend to make the wave impedance and effective conductive 
cross-section remain unchanged, expand wire diameter and 
reduce the number of phase splitting based on the law that the 
ice thickness decreases with the increase of wire diameter[2], 

which can not only avoid the sub-span oscillation, but also 
reduce the mechanical load of tower line system. Besides, the 
ice thickness that transmission line can withstand is increased 
by 50%~300% without changing the ice resistance design as 
a result. For example, under the condition of equivalent 
electromagnetic characteristics, replacing two bundled 
conductors with a single expanded diameter line with the same 
cross section can reduce the icing load by more than 70%, thus 
realizing active anti-icing of ice disasters. 

 
Fig. 7  Single expanded diameter line to replace two bundled 

conductors for anti-icing in Wulong, Chongqing.  

B. Ice Disaster Prevention Scheme for Restraining Wire 
Torsion and De-icing Jump 

1) Based on the principle of orthogonal and vertical 
compound moment balance, active icing protection 
technologies of distributed orthogonal double pendulum 
balancing hammer are proposed to suppress wire torsion and 
de-icing jump[3]. 

The balancing hammer inhibits the twisting of the wire so 
that the surface of the wire can only form a single wing of ice. 
When the wing ice increases to a certain extent, the eccentric 
torque will fall off under the excitation of natural conditions 
such as breeze, realizing the active ice disaster prevention 
without manual intervention, which is shown in Fig. 8. 

 
Fig. 8 Diagram of ice shedding. 

2) It is found that there is a 1-4 order galloping in de-icing 
of transmission lines, and the maximum tension can reach 
more than 50 times the weight of ice-covered wires as is 
shown in Fig. 9. The dynamic pulse load of de-icing is the 
basic cause of transmission line failure. 

Optimization of distributed arrangement of orthogonal 
double pendulum balance hammers allows for suppression of 
conductor galloping after de-icing. This can be achieved 
according to the wire release tension, the structural 
characteristics of the tower system and the meteorological 
conditions of the line over-icing and de-icing. The orthogonal 
double pendulum balancing hammer can substantially 
suppress the mechanical and electrical failures of the 
conductor galloping after de-icing, which is shown in Fig. 10. 

Wind 
direction

wind 
diretion

(a) With the twisting of conductor, the cylindrical ice accumulated, 
which made de-icing and ice-melting more challenging

(b) Wing-shaped ice accumulated on non-twisted 
conductor, which usually will drop off by itself
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Fig. 9 1~4 order de-icing jump of transmission line conductors. 

 
Fig. 10 The dynamic load (DFA) of de-icing jump varies with the 

structural parameters. 

3) Application effect of restraining wire torsion and de-
icing jump is based on distributed orthogonal double 
pendulum balancing weights, as is shown in Fig. 11. 

 
Fig. 11 Application example. 

C. Split Conductor Current Transfer Cycle Ice Melting 
Method and Intelligent Device 

Intelligent ice melting devices transfer split conductor 
transmission line load currents to single or partial sub 
conductors. This is based on the principle that the critical ice 
melting current density is 2.0~2.5 times of the economic 
current density. The intelligent ice melting device can realize 
online, non-stop, non-manual intervention intelligent ice 
melting, which is shown in Fig. 12. It can be applied to any 
voltage level of micro-terrain and micro-climate ice-covered 
split wire transmission lines[4]. 

1) The device which is shown in Fig. 13 has the advantages 
of low cost, full intelligent decision-making and remote 
monitoring. It’s also based on the precise and intelligent 
monitoring information of ice covering, without manual 
intervention, maintenance free. It has equipotential no arc 
breaking, physically forced locking and series controller 
locking to ensure safety and reliability. 

It is proven that the method is reliable after 6 improvements 
of software and hardware upgrades and 9 years long-term 

extreme environment tests in Hunan Xuefeng Mountain. The 
features can be concluded as follows: 

 
Fig. 12 The intelligent melting device. 

 
Fig. 13 Current transfer cycle melting process of four split lines. 

It is proven that the method is reliable after 6 improvements 
of software and hardware upgrades and 9 years long-term 
extreme environment tests in Hunan Xuefeng Mountain. The 
features can be concluded as follows: 

1) Automatic ice melting with load, no power failure, and 
no manual intervention. 

2) Easy and flexible installation; electronics, software 
controls and physical forcing prevent misoperation. 

3) Widely distributed micro-topography and microclimate 
icing for split-conductor transmission lines of any voltage 
class. 

4) Intelligent decision-making based on artificial thresholds. 
5) Remote visual monitoring-the pair of intelligent ice 

melting devices and traditional short-circuit ice melting 
characteristics, which is shown in the Table. I.  

TABLE I. FEATURES OF INTELLIGENT ICE MELTING DEVICE AND 
TRADITIONAL SHORT-CIRCUIT ICE MELTING 

Index 
Intelligent ice 
melting device 

technology 

Short-circuit ice 
melting 

technology 

Ice 
melting method 

Intelligent ice 
melting without 

power interruption 
and non-human 

intervention 

Power outage DC 
ice melting. 

Technical features 

Normal power 
supply/Intelligent 
ice melting/Non-

human intervention 

Power outage to 
melt ice/user power 

outage/manual  
intervention 

Melting time Intelligent 
decision, <45min 

Multiplayer 
operation, 6-8h 

each time 

Scope   of 
application 

High-voltage, 
extra-high-voltage 

and ultra-high-
voltage split 

transmission lines 

Since the 
substation radiates 
the whole line, it is 
not applicable to 

UHV. 
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across the entire 
line, regional or 
local sections. 

Supporting 
facilities 

 

It is necessary to 
install the ice-

melting switch in 
the substation, and 
the end of the ice-
melting section is 

short-circuited 

 
Ice melting in icing 
section only for ice 
melting demand. 

Heating of the 
whole line 

D. Monitoring of Icing Parameters based on Cylinder Array 
Icing Accumulator 

Existing technologies still lack efficient and reliable means 
for monitoring ice thickness of transmission lines, the way of 
online video image monitoring is often affected by the icing 
weather, the visibility and the problem of lens icing, which 
lead to insufficient reliability of the image monitoring method. 
However, due to the variation of icing characteristics with 
height, the artificial measurement method is difficult to reflect 
the real icing condition of the transmission line.. 

We develop an accurate measurement device for icing 
meteorological parameters based on a rotating cylinder array, 
so as to realize the precise online monitoring of regional 
transmission line and ground line icing, and improve the level 
of ice prevention and early warning. At the same time, the 
intelligent ice prevention and melting is realized with the ice 
melting device based on load current transfer. 

According to the dynamic icing volume of the rotating 
cylinder array ice accumulator, the dynamic icing parameters 
are obtained by numerical calculation method, so that the icing 
state of any structure can be predicted. The device could be 
installed on tower easily, It has convenient functions of remote 
monitoring and historical data query. 

Fig. 14 shows the (N+1) cylinder array icing accumulator. 
As can be seen from the figure, the device is composed of a 
self-heating ice cylinder, a sensor cavity, a communication 
antenna, a temperature and humidity sensor probe, and a 
power supply cable for the energy extraction device. 
Following is the numerical calculation process. 

 
Fig. 14 (N+1) Cylinder array icing accumulator 

The functional relationship between the ice accretion 
weight and N icing parameters (variables to be measured) and 
the cylinder diameter (d1~dN) is established. 
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Inversed the equations of (1), and the multivariate high-
order nonlinear method of N icing parameters and the ice 
weight increment of (N+1) cylinder icing accumulator is 
established. 
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The relationship between temperature, wind speed, wind 
direction, relative humidity and icing time is shown in Fig. 15. 

 
Fig. 15 Variation trend of environmental parameters over time 

Using the numerical method, quickly obtain the icing 
parameters of ΔT times, the number of which is N, and obtain 
the time-domain characteristics of the icing parameters. Then 
establish an icing growth model as is shown in Fig. 16. 
According to the obtained icing parameters, numerical 
calculation methods are used to obtain the changes of icing 
growth and density. 

 
Fig. 16 Structural characteristics of transmission lines 

According to the structural characteristics of transmission 
lines, ground lines and tower, the form of icing and the form 
of icing growth can be obtained. 
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The icing parameter monitoring device based on  cylinder 
array icing accumulator adopts GPRS and internet wireless 
communication control to realize intelligent monitoring and 
rapid numerical calculation[5,6]. The sampling and dynamic 
parameter update frequency is 50Hz. Industrialization has 
been realized through 8 years of data accumulation, software 
and hardware upgrade and rapid algorithm improvement in the 
field. In Chongqing, Guizhou, Hunan and other places, the 
prediction accuracy of icing parameters, icing thickness and 
ice density is ≥ 90%. The installation is convenient , and the 
method of taking power from the ground line on the tower and 
external power supply is adopted. 

 
Fig. 17 The installation of cylinder array icing accumulator. 

E. Accurate Monitoring of Icing based on Capacitance Effect 
The ice layer is a medium whose dielectric constant varies 

with the change of ice layer density and temperature. The 
variation range is generally between 2 and 8. Based on the 
physical characteristics of the change of ice band capacitance 
caused by the change of ice band thickness, we invented a 
three-electrode combined cylindrical array icing precision 
monitoring device, proposed a method of measuring the ice 
layer capacitance by using a balanced bridge and adopted the 
GPRS data transmission method to develop its intelligent 
monitoring and control system. 

Through a large number of actual measurements at the field 
scientific research station, it is found that the icing 
measurement method and intelligent device based on the 
capacitance effect realize the accurate measurement of icing 
thickness and ice band density. It can avoid the influence of 
wind speed, vibration and airflow, the measurement data is 
stable and the variation law has strong repeatability. The 
measurement accuracy reaches 95%, the ice band thickness 
identification can be recognized up to 0.1mm, and the 
measurement error is less than 1mm. As is shown in Fig. 18 
and Fig. 19.  

 
Fig. 18 Dichotomous measurement and control. 

 
Fig. 19 Array centralized measurement and control. 

With advanced technology, it is the most excellent precise 
monitoring solution for icing at home and abroad. The data is 
stable, the precision and resolution are high, and the error is 
small. And this method is easy to install, low in cost, high in 
intelligence, safe and reliable. 

F. Pitot Tube Effect Ice Immune 3s Dynamic Wind Speed and 
Direction Monitor 

Various wind speed sensors such as machinery and 
ultrasound in icing environment are frozen, and the wind 
speed and direction cannot be measured; When the radar 
anemometer is slightly covered with ice, the measurement of 
wind speed and direction is also seriously distorted. The 
measurement of wind speed and direction under icing 
conditions is an unsolved scientific and technical problem. 

Based on the pitot tube wind pressure and flow around 
effect, our team invented the embedded PTC constant 
temperature automatic heating technology, and developed a 
six-phase pitot tube effect ice immune 3s pulsating wind speed 
and direction intelligent measuring instrument, which adopted 
the adaptive sampling frequency of 20~120Hz to realize the 
intelligent monitoring of pulsating wind and data transmission 
based on GPRS. As is shown in Fig. 20. 

 
Fig. 20 Pitot tube effect ice immune type 3s dynamic wind speed and 

direction monitor principle and experimental diagram. 

It is a widely used technology to realize icing monitoring 
based on the change of conductor icing tension. Thousands of 
equivalent ice thickness measuring devices based on 
conductor tension have been installed in the power grid.  

But the accuracy of the icing monitoring device based on 
conductor tension is low, which is difficult to meet the needs 
of engineering. There are still some problems to be solved. 
Firstly, the inherent tension of tons is difficult to accurately 
reflect the tension change caused by mm ice thickness; 
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Secondly, the variation of ice wind load caused by dynamic-
wind is inconsistent with the sampling frequency, resulting in 
the false measurement information. 

In order to make full use of existing resources and improve 
the accuracy and accuracy of ice thickness monitoring based 
on wire tension, a feasible and practical solution is proposed 
and the "pitot tube effect ice immune 3s dynamic wind speed 
and direction monitor" is developed. Synchronous 
measurement of wire tension and dynamic wind speed 
eliminates the impact of dynamic-wind load and obtains the 
static equivalent ice thickness[7]. As is shown in Fig. 21. It can 
significantly improve the existing icing monitoring accuracy 
based on conductor tension. 

 
Fig. 21 Pitot tube effect ice immune 3s dynamic wind speed and 

direction monitor. 

G. Ground Lines Distributed Micro-power Electric Pulse De-
icing Technology and Intelligent Device 

In order to adapt to the intelligent and digital development 
of power grid ice disaster prevention and meet the de-icing 
requirements of the widely distributed micro-topography 
microclimate icing sections, our team developed new 
technologies and intelligent devices to meet the de-icing 
requirements of the conductor (ground) line of the micro-
topography microclimate icing sections through years of 
exploration, research and development[8,9]. As is shown in Fig. 
22 and Fig. 23. 

Based on the propagation and attenuation characteristics of 
electromagnetically induced pulsed eddy current stress wave 
and the micro-crack propagation mechanism of ice crystals 
under critical stress, we developed the generation device of 
high-amplitude and narrow-pulse, developed the intelligent 
device based on short-range wireless control, invented the 
microactuator for de-icing of conductor (ground) line, and 
realized the distributed micro-power electrical pulse de-icing 
of conductor (ground) line self-powered excitation. As is 

shown in Fig. 24 and Fig. 25. The field test diagram is shown 
in Fig. 26. 

 
Fig. 22 Conductor line electric pulse de-icing method 

 
Fig. 23 Round line electric pulse de-icing mode 

 
(a) 

 
(b) 

Fig. 24 De-icing actuator 

 
(a) 

 
(b) 

Fig. 25 De-icing electric pulse excitation source and centralized 
intelligent controller 
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Fig. 26 Physical drawing of device 

III. CONCLUSIONS 
The ice flash prevention and control technology scheme 

using the “丄” type arrangement of insulator strings, the ice 
disaster prevention and transformation technology scheme 
using the expanded diameter lines, the anti-icing and disaster 
reduction technologies scheme that inhibits the twisting and 
conductor galloping after de-icing of the wire, and the series 
of ice-covering precision monitoring and intelligent anti-icing 
devices are studied, which improves the reliable operation and 
risk resistance of the power grid. 

Ice is an extremely widespread natural phenomenon, frozen 
snow disaster is irresistible, with strong randomness and 
unpredictability of the event. Grid serious ice occurs ice 
disaster is inevitable, does not occur ice disaster is accidental. 

The methods and technical measures for defending various 
human structures such as power grids and wind power 
generation against snow and ice hazards are a worldwide 
challenge. Although the research is making progress, there are 
still many scientific and technical problems that need to be 
further studied and explored. 

There are various types of ice disasters occurring in power 
grids, which should be studied according to topography, 
geography, and grid characteristics. There are various types of 
ice disasters occurring in power grids, which should be studied 
according to topography, geography and the characteristics of 
power grids. It is necessary to explore and study simpler and 
economical non-manual intervention methods to achieve 
intelligent methods and technical measures for grid ice 
disaster defense. 
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