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Abstract ─ The doors of China railways high-speed 

380BL-type (CRH380BL) electric multiple unit (EMU) 

at Changchun station in China could not be opened. It 

was analysed that the traction control unit (TCU) speed 

sensors were disturbed by the pantograph-catenary arc 

while lowering the pantograph. To solve this problem, 

firstly, the electromagnetic interference (EMI) for the 

second train body (02TB) of CRH380BL EMU where 

the pantograph-catenary is located at is tested. The results 

show that the intensity of EMI in space is increased 

significantly because of the pantograph-catenary arc. The 

distribution of spectrum of EMI is generally random, 

but the spectrum is mainly distributed in the range from 

5MHz to 10MHz. Based on the test results, the coupling 

mechanism of EMI for the TCU speed sensor is analyzed 

in this paper. Then a method of nesting magnetic rings 

on the shielded cable is proposed for suppression of the 

interference. It can reduce the EMI about 8dB at the 

main frequency bandwidth mentioned above with 12 

centimeters long Ni-Zn ferrite magnetic rings. 

 

Index Terms ─ Electromagnetic interference (EMI), 

interference suppression, magnetic ring, pantograph-

catenary arc, speed sensor. 
 

I. INTRODUCTION 
It becomes more and more difficult to ensure  

EMU in normal operation because of the complex 

electromagnetic environment [1]. A typical example 

about that issue is the doors of CRH380BL EMU at 

Changchun station in China cannot be opened while 

lowering the pantograph [2-3]. In order to ensure 

passengers safety, the train doors cannot be opened 

when the measured speed is beyond 5km/h for this 

EMU. It is analysed that the TCU speed sensors are 

disturbed by EMI from the pantograph-catenary arc in 

above case. Therefore, the further study of EMI for    

the TCU speed sensors is necessary to ensure reliable 

operation of EMU. 

There are few studies for this issue and most of 

them mainly focus on speed sensors of China railways 

high-speed 2-type (CRH2) EMU, such as [4]-[11]. For 

example, some researchers were concerned about the 

over voltage caused by conduction interference. However, 

there were little analysis of the coupling mechanism of 

interference [4]-[9]. Combined with some experimental 

investigations, Yang concluded that the damage of sensor 

under pantograph-catenary detachment was caused by 

transient train body voltage fluctuation [10]. Zhao said 

that the surge pulse group would cause faulty speed 

sensors when the insulation performance of speed 

sensor became worse [11]. 

As an extension of previous works, firstly, based on 

the above description, this paper analyses the working 

principle of the door control unit (DCU) and the logical 

relation between TCU speed sensors and DCU of this 

EMU. Secondly, the EMI of the TCU speed sensor on the 

second train body (02TB) is tested. The results show that 

the intensity of EMI in space is increased significantly 

because of the pantograph-catenary arc. Then the jamming 

mechanism of the speed sensor is analyzed. Researches 

show that the common-mode current from the pantograph-

catenary arc on the surface of the shield cable causes  

the instability of the ground potential and lead to above 

malfunction. A method of nesting magnetic-ring on 

shield cable of TCU speed sensor to suppress the EMI 

of common-mode is proposed in this paper. Although 

there are many researches about using the magnetic-ring 

to suppress EMI at present [12]-[14], most of them are 

referring to the simulation model. Few people apply this 

method to EMI suppression under the above conditions. 

Experiment is used to verify the effectiveness of 

suppression in this situation at the end of this paper. It 

indicates that it can reduce the EMI about 8dB at the 

main frequency bandwidth mentioned above by using 

12 centimeters long Ni-Zn ferrite magnetic rings. The 
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method is also effective for discrete interference in    10MHz~30MHz. 

 

Fig. 1. Structure for the TBs of CRH380BL EMU. 
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Fig. 2. Diagram of speed sensors position distribution in CRH380BL EMU. 
 

II. ANALYSIS OF LOGICAL 

RELATIONSHIP FOR TRAIN DOORS 
As for the TBs of CRH380BL EMU, the Fig. 1 

shows its structure, consisting of 16 marshaling TBs. 

Their serial numbers are from 01 to 16. The motors are 

01TB, 03TB, 06TB, 08TB, 09TB, 011TB, 14TB and 

16TB, and all the remaining of TBs are trailers. Besides, 

there are four pantographs on the train roofs of 02TB, 

07TB, 10TB and 15TB respectively. The rest of two 

pantographs are in standby when the pantographs on 

the train roofs of 02TB and 07TB being used and vice 

versa.  
 

TCU
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Fig. 3. The logic diagram of DCU. 

 

There are two types of speed sensors on the 

CRH380BL EMU: TCU speed sensors and brake control 

unit (BCU) speed sensors. The installation position of 

those sensors is shown in Fig. 2. According to the 

CRH380BL EMU, the closure of door is controlled by 

the DCU. As described in Fig. 3, there are three ways 

to close the train doors. First of all, the driver can send 

message to DCU directly to close all the doors by train 

control and management system (TCMS). Secondly, 

the two kinds of speed sensors send the speed signal 

into TCU and BCU respectively, and the signal will be 

compared with 5km/h. As long as the speed is measured 

by one of TCU speed sensors is more than 5km/h, all 

the doors will be closed. As for the BCU speed sensors, 

it can only give the control to the corresponding train 

doors. For example, if the speed is detected by one of 

BCU speed sensors on 02TB exceeds the limit, then just 

the train door of 02TB won’t be opened. Thirdly, when 

a speed signal which is detected by the BCU speed 

sensors is far greater than 5km/h, the signal will be sent 

to DCU by the relay instead of TCMS to close the door 

quickly.    

 

III. EMI TEST 

A. The magnetic field test 

The pantograph-catenary arc will be formed 

between the catenary and the pantograph when the 

EMU is lowering the pantograph. Its main frequency 

component is about 5MHz [15], and it can generate the 

powerful magnetic field. A CRH380BL EMU which had 

above fault was selected as a test object at Changchun 

station in China. The strength of the magnetic field in 

the space was tested by using the EMI receiver (ESCI-3; 

9KHz~3GHz; -40dBµV~+137dBµV) and the loop antenna 

(HFH2-Z2; 9KHz~30MHz). The situation of field test is 

shown in Fig. 4. 

Taking 02TB as the object of study, the magnetic 

field intensity was measured several times when the 

pantograph of 02TB being lowered. The loop antenna 

was erected at a horizontal distance of 3m from the 

center of the orbit. The maximum magnetic field intensity 

could be close to 54dBµA/m (The antenna coefficient of 

the loop antenna is 20dB/m within the frequency range 

of this test). Some electromagnetic sensitive devices can 

be disturbed by such high frequency and large amplitude 

magnetic field. However, the magnetic field intensity 

01TB 02TB 03TB 04TB 05TB 06TB 07TB 08TB 09TB 10TB 11TB 12TB 13TB 14TB 15TB

M M MM M M M M

16TB
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will be reduced significantly when it is far away from 

the pantograph. Because the CRH380BL EMU is about 

400 meters, the speed sensors which is far away from 

02TB won’t be influenced when the pantograph of 

02TB being lowered. 
 

      
 

Fig. 4. The field test of magnetic field intensity.   
 

According to the working principles of speed 

sensors and the DCU, the BCU speed sensors just affect 

the corresponding doors and the TCU speed sensors 

can influence all the doors of this EMU. All the doors 

instead of the single door could not be opened normally 

in this fault. We believe that TCU speed sensor was 

disturbed and led to this breakdown. 
 

B. The EMI test of TCU speed sensor 

The EMI of TCU speed sensor on 02TB was tested 

by using the spectrum analyzer (Agilent 9340B; 9KHz~ 

3GHz; -40dBµV~+137dBµV) and current clamp (BK-

CP-02; 10Hz~100MHz) when the pantograph of 02TB 

being lowered. The situation of physical connections   

is shown in Fig. 5. The Fig. 6 shows the test results 

without lowering the pantograph. It comes from the 

electromagnetic waves that already exist in the 

environment. The two typical results of test are 

displayed in Fig. 7. 
 

 

   

Fig. 5. The diagram of physical connections. 
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Fig. 6. The test results without lowering the pantograph. 
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Fig. 7. The waveform of EMI for TCU speed sensor. 

 

The results show that the pantograph-catenary arc 

will cause EMI on the cable of the speed sensor. The 

distribution of spectrum of EMI is generally random, 

but the spectrum is mainly distributed in the range from 

5MHz to 10MHz. A small amount of discrete interference 

occur in the range of 10MHz~30MHz. 

 

IV. ANALYSIS OF THE MECHANISM OF 

EMI 
There is a high frequency component in the pulse 

wave which is emitted by the pantograph-catenary arc. 

It can cause the disturbance on the shield cable of speed 

sensors. The outer conductor of the cable braid shield of 

TCU speed sensor is made of metal wire. As described 

in Fig. 8, the cable braid shield is not shielded completely 

because of the many tiny holes on it. The induced 

electric field E will be formed on the surface of the 

cable because of the EMI. A portion of the interference 

will be coupled to the core wire inside the cable through 

Loop 

antenna 

EMI 

receiver 

02TB of CRH380BL 

EMU 

The shielded cable of TCU 

speed sensor on 02TB 

The cable is clamped 

by the current clamp 
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tiny holes. It can form the induced electric field E’ on 

the core wire as depicted in Fig. 9. Because the E>E’, it 

will form a potential difference U between the cable 

braid shield and core wire. The value of interference 

can be expressed by the value of U [16]: 

 mt LZIU  , (1) 

where I is the induced current, Zt is the transfer 

impedance of each meter cable, Lm is the effective 

length of the cable. Based on document [17], Zt is given 

by: 

 )( bhdt MMjZZ   , (2) 

where Zd is the diffusion impedance, its value decreases 

as the increase of frequency [18]: 
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Mh is the hole inductance and Mb is the braid 

inductance [19]: 
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where d is the wire diameter, C is the number of 

carriers in the braid, n is the number of wires in each 

carrier, δ is the skin depth, σ is the conductivity of 

shield and b is the distance between the adjacent 

carriers. The value of the pitch angle of the weave α 

and the distance between the braid layers h can be 

calculated accurately by using the picks p (number of 

carrier crossings per unit length) and the diameter 

under the braid d0  [20], 

and 

   2cos)1( 2A , (6) 

 )
4
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2
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dB


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Where v is the number of holes in the braid.          

The type of braided coaxial cables which are    

used on TCU speed sensors of the CRH380BL EMU 

are determined by the following primary parameters: 

d=0.12mm, C=24, n=6, d0=5.54mm, p=45mm, 

σ=5.8×107S/m, μ0=4π×10-7H/m. As shown in Fig. 10, 

the calculated values Zt by the formula (2)~(7) are higher 

than the test values generally, especially at the high 

frequency band. Therefore, it is necessary to revise the 

formula for the calculation of Zt.  

Because the response of the high frequency 

transient electromagnetic field on the woven mesh is 

more complex. The extra attenuation of vortex current 

caused by the magnetic field between the inner and 

outer layers of the braid network cannot be ignored. 

Therefore, the extra fluctuating effects Me [21] is added 

into the calculation of Zt: 

 40)2
2

sin(
3

arctan
16.1









 j

e e
n

Cnd
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At the same time, the attenuation of transmitted 

electromagnetic waves at high frequency will not be 

ignored when the woven mesh with curvature. Therefore, 

the curvature coefficient K of woven mesh is proposed 

to revise the Mh in this study, and the values of K are 

from 0 to 1. The Fig. 11 shows the variation of the 

transfer impedance (Me has been added) of the above 

cable with several typical values of K.  
 

 
 

Fig. 8. The diagram of braided coaxial cable. 
 

 
        

Fig. 9. The section of braided coaxial cable. 
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Fig. 10. The comparative diagram of the calculated 

values and the test values of Zt. 
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within the frequency range of 30MHz. So formula (4) 

has been amended: 

 
hh MM 85.0

*
 . (9) 

The formula (2) has been modified: 

 
ebhdt MMMjZZ  )(
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 . (10) 

The comparison of the calculated values of Zt
* and 

the test results is shown in Fig. 12.  
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Fig. 11. The curve of the values of the transfer 

impedance with different K. 
 

The values of I and Lm are got by field test. The 

maximum value of I on the shield cable is 95mA. The 

Lm of TCU speed sensor on 02TB is 1m. The rest of 

shield cable is inside the metal housing, and it will not 

be disturbed. The Fig. 7 shows that the EMI is mainly 

concentrated in the frequency range of 5MHz~10MHz. 

Zt
*=150mΩ/m can be calculated when f=5MHz (The 

EMI of the pantograph-catenary arc is random. But the 

frequency of the strongest interference is about 5MHz 

by field test). The U can be calculated: U≈14mV.  
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Fig. 12. The comparative diagram of the calculated 

values and the test values of Zt
*. 

 

According to the test results shown in Fig. 7, the 

maximum interference of TCU speed sensor on 02TB 

is about 80dBµV. The voltage value can be converted 

to 10mV, which is consistent with the theoretical 

analysis. 

The above voltage is calculated at single frequency 

point. The actual interference voltage will reach up to 

about 4kV because of the superposition of power energy 

spectrum [22]. It was the instantaneous high voltage that 

led to the fault of speed sensors. 
 

V. TEST RESULTS OF INTERFERENCE 

SUPPRESSION 
The method of nesting Ni-Zn ferrite magnetic rings 

on shield cable of TCU speed sensor is used to suppress 

EMI in this paper. Ni-Zn ferrite magnetic rings are often 

used to suppress 1MHz or more high-frequency EMI 

because of its low permeability and high resistivity [23]. 

The interference suppression characteristics of four 

different Ni-Zn ferrite magnetic rings are compared in 

Table 1. Their sizes are suitable for the cables of the 

TCU speed sensors and the impedance-frequency curve 

are shown in Fig. 13. It can be seen that the interference 

suppression capability of type 1 is the strongest in the 

main frequency mentioned above (5MHz~10MHz) of 

EMI. As a result, type 1 (E04SR401938) is chose in this 

study. 

In order to study the suppression of the EMI by 

magnetic rings, a simulation experiment has been done 

in the laboratory. The sinusoidal signal generated by  

the signal generator (Agilent N9310A; 9KHz~3GHz;     

-127dBm~+13dBm) was radiated by the transmitting 

antenna (HK116; 30MHz~1GHz) onto the cable (Length 

is 1m) of the TCU speed sensor. The spectrum analyzer, 

current clamp and loop antenna mentioned above were 

used to receive interference on the cable. The suppression 

effect of EMI after nesting the Ni-Zn ferrite magnetic 

rings (type 1) with different numbers on cable was 

tested, and the results were shown in Fig. 14.  
 

Table 1: The main parameters of four different types of 

magnetic rings 

Type Part No. 
Internal 

Diameter 

External 

Diameter 
Height 

1 
E04SR40

1938 
19mm 38mm 40mm 

2 
E04ST25

1512D 
15mm 28mm 12mm 

3 
E04ST28

1613D 
16mm 31mm 13mm 

4 
E04ST40

2715D 
27mm 42mm 15mm 

 

Because the height of magnetic ring (type1) is 

40mm and the length of cable is 1m, it results that the 

maximum number of that rings is 25. As shown in Fig. 

14, the suppression effect is not increased obviously 

when the number of magnetic rings is increased to more 

than 5. According to the results of the experiment, the 

different numbers of magnetic rings (type1) are nested 

on the cable of TCU speed sensor on 02TB of this EMU. 
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When the number of the magnetic rings is greater than 

three, that is, when the suppression effect is more than 

8dB, the malfunction of the abnormal locking for the 

train doors can be solved. 
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Fig. 13. The impedance-frequency curve of four Ni-Zn 

ferrite magnetic rings. 
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Fig. 15. The waveform after EMI is suppressed. 

When the pantograph of 02TB being lowered, the 

EMI was tested after nesting three Ni-Zn ferrite 

magnetic rings on the shield cable of TCU speed sensor 

on 02TB. The results are shown in Fig. 15. 

As shown in Fig. 15, the peak of EMI is decreased 

by about 8dB after using the magnetic ring when the 

frequency is below 10MHz. When the frequency is 

10MHz~30MHz, the discrete interference is reduced 

obviously. Basically, the magnetic rings can absorb the 

electromagnetic radiation energy and reduce Zt of cable. 

So as to achieve the purpose of interference suppression. 

In this way, the train doors can be opened normally.  

VI. CONCLUSION
In this paper, a method of suppressing the EMI 

from the pantograph-catenary arc for the TCU speed 

sensor of CRH380BL EMU was proposed. Based on the 

malfunction of this EMU at Changchun station in China, 

the mechanism of EMI was analyzed systematically. It 

indicated that the TCU speed sensors were disturbed 

and led to the fault of DCU. According to the test results, 

the abnormal locking of the train doors was solved 

effectively after nesting three (12cm) Ni-Zn ferrite 

magnetic rings on the shield cable of TCU speed sensor.  
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