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Abstract— The contact rail of magnetic levitation line in 

China often occurs icing in winter, which will cause the line to be 

out of service. So far, there are few maglev lines in operation, 

leading to a lack of technology and experience in maglev contact 

rail de-icing. In the paper, combined the method of electro-

impulse de-icing and the characteristics of maglev contact rail 

icing, two kinds of electro-impulse de-icing schemes for maglev 

contact rail were proposed. Based on the previous research, the 

technical parameters of the de-icing device were optimized. Then, 

electro-impulse de-icing test was carried out on the 3m long 

contact rail in the artificial climate chamber. The test results 

proved that the electromagnetic pulse technology could remove 

the ice of the contact rail effectively. 

Keywords— Magnetic suspension; contact rail; Icing; Electro-

impulse de-icing 

I. INTRODUCTION 

With global warming, the frequency of snowfall in winter 

has decreased while freezing rain has been frequent in recent 

years. So various equipment exposed to the field environment 

is faced with severe atmospheric ice cover hazards. All kinds 

of disasters and faults caused by power grid ice, aircraft ice, 

and wind turbine ice occur frequently. The influence of 

atmospheric structure ice is more and more extensive, and 

maglev contact rails are no exception [1-4]. In freezing rain 

and snow weather, the ice covering on the contact rails will 

affect the quality of the flow received by the maglev train 

during operation and even cause the normal operation of the 

maglev train. 

At the beginning of the 21st century, only the Shanghai 

Maglev train line with German technology is in operation in 

China, and there is a lack of technical accumulation on contact 

rail anti-icing and de-icing. With the opening of the 

domestically made Changsha Maglev Express line in 2016, 

and the inclusion of 11 maglev lines in the planning or 

commencement of construction, ice on contact rails has 

become an important issue affecting the safe operation of 

maglev trains. 

In this paper, based on the analysis of dozens of anti-ice and 

de-icing technical measures and methods such as mechanical 

de-icing, electro-thermal anti-icing, water-repellent coating 

anti-icing, and electric current melting, it is found that electro-

impulse has a promising application in the de-icing of 

magnetic levitation contact rails. Electro-impulse de-icing 

(EIDI) requires a very short time, and by optimizing the circuit, 

it can ensure that the energy storage and de-icing time is 

within 1 second each time, whereas the melting method 

usually takes several hours and is slower to de-ice. The energy 

consumption of electro-impulse de-icing is 0.85 kJ/kg and 2.3 

kJ/m2, compared to 335 kJ/kg and 904 kJ/m2 for melting ice. 

The electro-impulse de-icing has significant advantages over 

melting ice in terms of energy consumption and efficiency [5-

6]. 

EIDI technology has been proposed for 70-80 years, but it 

is not yet mature in other fields except aircraft de-icing. Before 

The Second World War, the concept of EIDI was first 

introduced by Rudolf Goldschmidt, a German living in 

London [7]. 

In the 1950s, electro-impulse technology was used for 

metal forming in various industrial processes [8-9]. It was not 

until 1965 that I. A. Levin of the Former Soviet Union 

discovered the feasibility of using electro-impulse to de-ice 

atmospheric structures. Therefore, the development of an 

electro-impulse de-icing system for aircraft was started in the 

former Soviet Union. To date, four generations of aircraft 

electro-impulse de-icing systems have been developed in the 

former Soviet Union and Russia, and are currently installed in 

the Ilyushin series aircraft [10]. 

Influenced by the results of the development of electro-

impulse de-icing systems in the former Soviet Union, France, 

the UK, and the USA also began to invest in research and 

development of EDI systems. In the late 1970s, a team of 

researchers at Wichita State University (WSU) developed a 

parametric circuit design program for EIDI systems over more 

than 10 years and conducted several de-icing tests, including 

engine intakes and wings, demonstrating the impact of the 

electro-impulse de-icing system on the flight performance of 

the aircraft [11]. However, it is not as well developed as the 

Russian study and its research is not universal in theory or 

application. 

From 1982 to 1991, the National Aeronautics and Space 

Administration (NASA) restarted a research program on 

electro-impulse de-icing technology and conducted in-depth 

experimental studies and systematic test flights to verify the 

feasibility of electric pulse de-icing technology. The 

feasibility of electro-impulse de-icing technology is verified 

[12-14]. 

In the 1990s, with the joint efforts of the UK, France, 

Germany, and Italy, a series of practical research results were 

achieved in aircraft electro-impulse de-icing technology. 

However, due to financial and technical reasons, the research 

and development of EIDI once again went into a slump. 

The research on EIDI technology started late in China. In 

1993, Qiu XieGang of Nanjing University of Aeronautics and 

Astronautics studied the parametric design of electro-impulse 

devices [15]. However, due to the great difficulty of research 

and development and the lack of financial support, this 
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technology has not received much attention. It was not until 

the beginning of the 21st century that China gradually realized 

that EIDI had good application prospects in various fields due 

to the global need for energy conservation and the 

diversification of aircraft de-icing systems [16-17]. 

Electrified railways at home and abroad are usually 

powered by two types of power supply: contact network and 

"third rail", while maglev trains are powered by "steel and 

aluminum composite contact rails". The number of maglev 

trains in operation in China is currently small, so research on 

ice cover and de-icing in rail transportation is mainly focused 

on the contact network and operating tracks. In addition, the 

outages caused by icing on rail transit are less impactful and 

less harmful than those caused by icing on transmission lines. 

Therefore, less attention has been paid to the contact rail icing 

and de-icing of Maglev trains, and there are not many relevant 

studies. 

According to the structural characteristics of magnetic 

levitation contact rails, this paper aims at the icing problem of 

maglev contact rails, starting from the principle of electro-

impulse generation and the mechanism of de-icing, through 

theoretical analysis and experimental exploration, and 

proposes a scheme of electro-impulse de-icing of magnetic 

levitation contact rails, develops an electro-impulse coil, and 

develops a power supply device that can repeatedly generate 

electro-impulse. The research in this paper is an important 

reference for the study of the application of electro-impulse 

de-icing in various fields. 

II. PRINCIPLE OF ELECTRO-IMPULSE DE-ICING 

Electro-impulse de-icing is a mechanical pulse de-icing, the 

principle of which is shown in Fig. 1 and Fig. 2 . In Fig. 1, the 

power supply (BT) charges the energy storage capacitor (C) 

through a switch (K), which is triggered by the silicon 

controlled silicon SCR to generate a command, and then 

discharges to the pulse coil (L) through the energy storage 

capacitor to generate a high-amplitude narrow pulse magnetic 

field in the pulse coil. The target (O, denoted as contact rail in 

this paper) placed in the magnetic field of the pulsed coil 

induces eddy currents, which generate repulsive force with the 

magnitude of tens to thousands of Newtons and the action time 

of microseconds on the surface of the contact rail [17], as 

shown in Fig. 3. The repulsive force causes the contact rail 

surface to move with small amplitude and high acceleration 

within the elastic deformation range, thus causing the ice on 

the contact rail to be broken and loosened, and then blown 

away by the airflow. After the de-icing process, if the icing 

phenomenon continues, the above de-icing process can be 

repeated. 

The EIDI circuit current is similar to the response of the 

RLC damping circuit. To prevent reverse discharge of the 

capacitor bank, a clamp diode (D0) is required to protect the 

capacitor bank.  

The key to electro-impulse de-icing is the coordination and 

parameter optimization of the de-icing device and contact rail. 

It mainly includes the design of excitation power parameters 

of pulse de-icing device, the determination of pulse coil form 

and size, the selection of gap between pulse coil and contact 

rail, the material properties, and thickness of contact rail, and 

the properties and thickness of ice, which affect the pulse 

current, pulsed electromagnetic field, impulse force pulse 

amplitude and pulse width of the electro-impulse de-icing 

system. 

It was found that the higher the pulse current amplitude and 

the narrower the pulse width, the more effective the resulting 

pulse force is in removing ice. However, for contact rails, the 

inductance generated by the pulse current will constrain the 

control of the pulse amplitude and width. Therefore, the 

theoretical model of contact rail electro-impulse de-icing 

system and the establishment of de-icing criterion are the key 

theory of contact rail electro-impulse de-icing. 
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Fig. 1 Electrical schematic diagram of EIDI system. 
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Fig. 2 Magnetic field and eddy current generated by EIDI system. 
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Fig. 3 Current waveform generated by EIDI system. 

III. ELECTRO-IMPULSE DE-ICING OF CONTACT RAILS 

A. Contact rail de-icing solution 

As shown in Fig. 4, Changsha Maglev Express Line uses 

HP-C100 steel-aluminum composite C-shaped contact rail 

system. The system mainly consists of steel and aluminum 

composite contact rails, intermediate joints, expansion joints, 

electrical connections, central anchor joints, end elbows, 

insulation mounting brackets, transition elbows, segmental 

insulators, and other accessories. The "steel and aluminum 

composite contact rail" is a conductive rail made of stainless 

steel type steel strip (model 06Cr19Ni10) and aluminum alloy 

profile compounded by plastic processing method (as shown 

in Fig. 4), the cross-section of C-rail is 100 mm, the thickness 

of the steel strip is 4.5 mm, the standard rail manufacturing 

length is 11.7 m, the internal resistance of C-rail is 0.014 62 

Ω/km. 

The contact rail system is installed on both sides of the line 

and is divided into positive and negative poles, with a voltage 
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of 1500 V DC (positive) on one side and 0 V (negative) on the 

other side, which is used to provide continuous electrical 

energy to the locomotive, with a static contact pressure of 

(130±10) N between the train receiving boot and the contact 

rail. Fig. 5 shows the ice-covered condition of contact rail 

during its operation in winter freezing rain climate. Ice on the 

contact rails will affect the current receiving process of train 

boots, which will lead to train operation failure. 

Aluminium 

Belt

Steel Belt

 

Fig. 4 Steel-aluminum composite contact rail. 

 

Fig. 5 Icing on the current receiving surface. 

According to the structural characteristics of the contact rail 

and considering the characteristics of the electro-impulse de-

icing technology, two de-icing solutions are proposed in this 

paper for the electro-impulse de-icing of the contact rail. 

Option 1: Centralized on-board de-icing scheme, that is, the 

electro-impulse de-icing device of the contact rail adopts a 

centralized integrated structure design. The device is installed 

on the existing structure such as the train bogie, and the on-

train operation to realize the online de-icing of the powered 

rails. 

The centralized on-board de-icing scheme is shown in Fig. 

7. The capacitor bank, pulse coil, and other components are 

mounted on the collector shoe of the maglev locomotive and 

run synchronously with the train. The capacitor bank is 

charged online by the collector shoe connected to it, to realize 

repeated discharge of the pulse coil (as shown in Fig. 6). The 

frequency of discharge is matched to the speed of the train so 

that the de-icing range of a single discharge can continuously 

cover an entire section of the icing contact rail. The capacitor 

bank consists of a series and parallel connection of several 

high-energy pulse capacitors. The discharge voltage can be 

increased in series, and the discharge current can be increased 

in parallel. The composition of the capacitor bank in series and 

parallel should be adjusted according to the de-icing length of 

a single pulse and the train running speed to achieve an 

excellent match between the de-icing range, de-icing 

frequency, and train running speed. 

Option 2: Pre-embedded coil type de-icing scheme, where 

the pulse coil is pre-installed on the inside of the C-shaped 

contact rail, as shown in Fig. 8. The pre-embedded coil 

excitation de-icing system consists of pre-embedded coils 

mounted on the inner side of the C-track and a de-icing device 

that moves with the vehicle. The de-icing device components 

are similar to the overall structure and de-icing principle of 

Option 1 (Fig. 7), except that the coil substrate is separated 

from the device system and a reed-mounted power supply arm 

is used to provide power to the pre-built coils. 

The track electro-impulse de-icing device adopts the design 

of separating the pulse generating coil from the device, and 

the coil is distributed at a certain interval on the inside of the 

C-shaped contact rail. The de-icing excitation device operates 

with the vehicle and discharges the coil when it comes into 

contact with the device's power supply contacts to achieve de-

icing operation. 

 

 
(a) Round single-layer coils 

 
(b) Square single-layer coils 

Fig. 6 Circular and square coils in EIDI schemes. 

③ Contact rail

⑥ Electro-impulse de-icing device

④ The collector shoe

⑤ Mounting bracket on the collector shoe

① pulse coil

② Spring

 

Fig. 7 Schematic diagram of centralized on-board de-icing 

scheme. 

③ Pre-embedded coils

② Reeds

④ Electro-impulse 

de-icing device

⑤ Reed de-Icing pipe wheel ① Supply arm

Fig. 8 Schematic diagram of pre-embedded coil de-icing 

scheme. 
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B. Parameter design and optimization 

Based on the electromagnetic and mechanical relationship 

of electro-impulse de-icing, combined with the rigidity of the 

contact rail, and considering key factors such as the size of the 

electro-impulse coil, the circuit parameters of the coil, the 

voltage and energy of the discharge capacitor, the gap distance 

and the material conductivity of the de-icing target, the 

specific parameters of the electro-impulse de-icing solution 

for the contact rail can be designed by the process shown in 

Fig. 9. 

Firstly, identify the object of de-icing, including the type of 

contact rail ice cover, the thickness of the ice cover, and the 

length of the de-icing. The design of the coil structure, 

including the number of turns, the diameter of the enameled 

wire, the inner diameter of the coil, the outer diameter of the 

coil, and the manufacture method and position of the coil, is 

based on the required pulse force of the de-icing object and 

the total energy required in a single de-icing. Through the 

analysis of the circuit and electromagnetic field, the electrical 

parameters of the pulse de-icing system are designed, and the 

control hardware of the switch is completed. De-icing test of 

the completed de-icing system, observation, and recording of 

the results. The specific parameters of the coil and circuit need 

to adjust according to the test results. After the de-icing test 

again, compare the test results and optimize the parameters. 

Finally, the project design is completed. 

Specify de-icing objects

Determine de-icing energy 

and de-icing pulse force

Design coil parameters

Design circuit loop 

parameters

Conduct de-icing tests

Optimize parameters

Complete EIDI scheme 

design

 

Fig. 9 Flow chart of EIDI scheme design. 

IV. CONTACT RAIL ELECTRO-IMPULSE DE-ICING TEST 

The icing of structures is divided into glaze ice, rime, 

freezing mix, frost, and snow, with glaze ice on structures 

having the greatest adhesion. That means glaze ice is the most 

difficult to remove. Therefore, in this paper, a de-icing test 

was carried out in the artificial climate chamber on square 

aluminum plates and contact rail sample sections, and the de-

icing objects were put into the artificial climate chamber to 

cover the ice for 1 to 2 h. Referring to the icing requirements 

of the international standard ISO 12494-2017[18], the 

temperature of each system in the artificial climate chamber is 

adjusted to be -6℃~0℃, the wind speed is 4-6 m/s, and the 

radius of ice-covered water droplets is controlled to be 

7.5~100 μm. Under this ice cover condition, glaze ice with 

high adhesion is obtained. The de-icing test was conducted at 

room temperature of Chongqing, about 10℃. The tests were 

conducted using pie-shaped single-layer coils and square 

single-layer coils respectively (as shown in Fig. 6). In the test, 

the voltage of the excitation power supply device is 1,200 

VDC, the coil of the square aluminum plate is 25 turns, and 

the outer diameter of the disk is 36 mm. The pulse coil of the 

contact rail is 45 turns, the outer diameter of the disk is 80 mm, 

and the diameter of enameled wire is 0.7 mm. 

The volume and mass of ice were measured by the drainage 

method and the balance respectively, and finally, the average 

ice density on the aluminum plate was 0.84 g/cm3, and on the 

contact rail was 0.81 g/cm3, so the test ice in this paper is glaze 

ice. 

At the pulse current in Fig. 3, the peak pulse force on the 

aluminum plate as a whole is approximately 1,950 N. A coil 

of 36 mm diameter placed in the center of a 200 mm x 200 

mm square aluminum plate shall remove 20 mm of glaze ice 

from its surface within t<1/30 s (see Fig. 10). The de-icing 

speed is fast and the effect is excellent, with an area of 

approximately 40 times that of the pulse coil. By adjusting the 

pulse width and pulse amplitude again, the de-icing area of the 

circular coil can reach more than 100 times. Therefore, the key 

of electro-impulse de-icing is to set the pulse width and 

amplitude appropriately according to the de-icing target. 

  
(a) t=0 s (b) t=1/30 s 

  

(c) t=7/30 s (d) t=11/30 s 

  

(e) t=17/30 s (f) t=1 s 

Fig. 10 EIDI experiment of aluminum plate. 

According to the de-icing test results of the contact rail 

sample section in Fig. 11, under a pulse current with a pulse 
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amplitude of 800 A and a half-peak time of 143 μs, 15 mm of 

glaze ice on the surface of a 100 mm wide, 300 mm long 

contact rail can be completely removed by a single electro-

impulse, with a peak pulse force of approximately 3200 N on 

the contact rail as a whole. Due to the thickness of the contact 

rail, the peristaltic deformation of the contact rail surface 

caused by the pulse force generated by induction is limited, so 

the transmission of the pulse force is difficult. The de-icing 

length is only 300 mm, and the de-icing area of the built-in 

coil of the contact rail is only 6 times its area. 

The strength of the contact rail needs to be calibrated, under 

the action of the impulse force in the test, the maximum tensile 

stress of the contact rail is 1.74 MPa, which is smaller than the 

minimum tensile strength of the steel-aluminum composite 

contact rail of 235 MPa. According to the de-icing criterion 

proposed in the literature [19], the maximum stress that can be 

achieved during de-icing and the normal positive stress 

between the overlying ice and the contact rail, namely tensile 

stress, are mainly considered in the de-icing process in this 

paper. If it is in the ice-covered area, it can be removed if 

formula (1) is satisfied. It was found that the minimum normal 

positive stress between the steel and the overlying ice is 

approximately 0.4 MPa, which can meet the requirement of 

de-icing. 

           r

U

1



             (1) 

Where: σr is the maximum tensile stress (which can also be 

the maximum equivalent force) during de-icing, MPa; σU is 

the tensile stress between the contact rail and the overlying ice, 

MPa. 

Theoretical and experimental findings show that 

optimizing the pulse width and increasing the pulse amplitude 

can improve the range and effectiveness of de-icing of contact 

rails. And by installing the pulse coil between the wire clip of 

the contact rail and moving with the train, dynamic de-icing 

of the contact rail with electro-impulse can be achieved. 

  
(a) t=0 s (b) t=1/30 s 

  
(c) t=7/30 s (d) t=11/30 s 

  
(e) t=17/30 s (f) t=1 s 
Fig. 11 EIDI experiment of aluminum plate. 

V. CONCLUSION 

The maglev express line has the safety risk of icing, and 

there is no relevant research and experience in de-icing or 

melting ice in this area, either nationally or internationally. 

This study found that: 

1) According to the structure and arrangement of contact 

rail, this paper proposes two de-icing schemes for contact rail: 

centralized on-board de-icing solution, that is, the electro-

impulse de-icing device for the contact rails is of a centralized, 

integrated design; pre-embedded coil de-icing solution, i.e. 

pulse coil is pre-installed on the inside of c-shaped contact rail. 

2) In this paper, we have wound planar pulse coils and 

found that the pulse effect increases as the size of the coil 

increases, but at the same time it will occupy more space. 

3) The results of tests on a sample section of contact rail in 

an artificial climate chamber show that the optimized electro-

impulse device can effectively de-ice the aluminum plates and 

contact rail. This proves that electro-impulse de-icing is a 

method of de-icing that can be used on contact rails. This 

approach can also be applied to other similar scenarios and has 

good prospects for development and application. 
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