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Abstract

Electromagnetic radiation generated by pantograph-catenaries detachment is one of the
inevitable problems with the development of high-speed railway this paper is focusing on the generating
mechanism and characteristics of electromagnetic noise caused by pantograph-catenaries system. Based
on previous research, we build an integrated model of catenaries and locomotive system, and study the
electromagnetic disturbance characteristics using software FEKO. The simulation experiment results in
the end can not only provide accurate data, but also give a more intuitive understanding of electromagnetic
field distribution and attenuation characteristics generated by pantograph detachment.
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1. Introduction

In China, high-speed EMU run on speed of 200 ~ 250 km / h, power supplied by the 25
kV 50 Hz(AC). There is not only frequency electric field generated by catenaries at the top of
compartment, but also high-frequency electromagnetic radiation caused by mounted motor,
transformers and other equipments in the bottom. Whereas the pantograph system is the main
harassment sources of train electromagnetic interference, especially when the pantograph
spark occurs, it will seriously affect the locomotive communication, and even threaten the
vehicles driving safety [1-5].

Electric arc generated by catenaries system is a big problem in high-speed EMU
system, it is an air discharge phenomenon, when pantograph high-speed sliding on the electric
line in tangential direction, with a relatively slow sliding at a small range of normal direction.
High frequency components of catenaries arc spectrum are mainly distributed in 3 ~ 50 MHz,
and emit high frequency noise to interference the communication signals and radio signals
around locomotive, and even cause breakdown or distortion to communication and radio
signals, what’s more, high-frequency noise will affect vehicle communications, so it is a hazard
of safe diving. In this paper, with electromagnetic simulation software we simulate the actual
train environment; complete a targeted research on pantograph electromagnetic radiation

2. Electromagnetic Radiation Caused by Pantograph Disconnection
2.1. Gas Discharge Process

The basic process of gas discharge is: excitation, ionization, deionization, migration,
proliferation. The mutual constraints of basic process determine the specific form and character
of the discharge. Under normal circumstances, the pantograph have a good contact with contact
line, locomotives thereby obtain energy from the grid so that EMU get high-speed, while the
pantograph detachment of occurs, due to the voltage increases rapidly, reaching the gas
breakdown point, start spark discharge, temperature rise sharply, releasing energy in the form
of arc, and constitutes a complex electromagnetic environment generated by arc high-frequency
electromagnetic radiation, affecting factors involves the amount of energy ,the generation and
extinguish mechanism of arc, temporal and spatial distribution, energy transmission
characteristics and other aspects. Therefore, it is necessary to study their theoretical analysis
and experimental simulation method. The spectrum of electromagnetic pulses noise generated
by pantograph system covers from tens kHz to GHz [6-9].
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2.2. Field Strength Calculation of Electromagnetic Waves Spreading
Assuming wave source at point O, and wave source radiate energy uniformly, radiated
power is Ps, the energy density at distance d from the wave source is

_ PZ
vk

S (1)

When distance d meet far field conditions, the electromagnetic wave can be considered
as a uniform plane wave, such that the phase angle of electric and magnetic fields are all the
same, but the ratio of electric field strength (E,) and magnetic field strength (Hy) Eo / Hy =
120mQ , thus the average power of per unit area is

E;
S=EH,= 1207 2)

By formula (1) (2), we can obtain
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Electric field strength in units of dBuV/m, expressed in dB

E, =74.77+10lgP; —20lgd (4)

3. Pantograph Disconnection Discharge Model
3.1. Simulation Software

FEKO means field calculation of arbitrary shape [10-13]. FEKO’s core algorithm is the
method of moments (Mom). For metallic conductor or dielectric, first calculate the surface
current distribution, thus you can calculate the RCS pattern of near-field and far-field or the input
impedance of antenna. As for electrically large objects, you can use physical optics method
(PO) and uniform geometrical theory of diffraction (UTD) solution [14-16]. FEKO make use of
mixing method of Mom / PO and Mom / UTD to solve ensure accuracy of electrically large
problems.

Method of moments based on the principle of superposition, the purpose is to solve
linear equations. Assuming that the given boundary value field equation is expressed as follows
unified operator equation

L(f)=g (5)
Where, L represents a linear operator; f is the unknown function; g for activation

function. Using the moment method of solving equations (5) is to expand the f with known
function { f, } in the operator definition domain

F=Y11, ®)

Where, I, is the unknown coefficients, f, as basis functions.
Take the above equation finite terms into formula (5), the equation will be approximately
equal close on both sides

TELKOMNIKA Vol. 12, No. 1, January 2014: 141 — 148



TELKOMNIKA ISSN: 2302-4046 B 143

L{i X3 (r')} ~g(r) )

I, must be determined a finite number in order to make the best possible approximation
approximate exact solution. Thus defined residual R( r)

R(r) = L{i ! fn<r')} ~g(r) ©

It is the exact solution when R(r)= 0, but generally lack of exact solutions, so make R(r)
as small as possible. So choose a known function {W,,;} as a weighting function, so that the
inner product of residual R(r) and all {W,;} is zero

(W,(r) R(r))=0 m=123:N 9)

Inner product also known as the demand moments, so called method of moments .
Thus leading with N unknowns /, linear equations

DLW, L) =W,0) m=123-N (10)

Expressed as a matrix equation

] [1]=}V] (11)

Where, [Z] is a N x N square matrix, called the generalized impedance matrix, obtained
[ by solving the above equation, you can get the approximate solution of equation (5).

3.2. Electric Locomotive Spark Model

In order to better simulate the actual situation of pantograph system, when creating a
model in CADFEKO we take into account the effect of contact line, catenaries, dropper,
pantograph, and bodywork. Catenaries system model as shown in Figure 1, Z axis represents
the forward, that is the direction perpendicular to the ground and in the pantograph slider center,
X axis represents the longitudinal direction, i.e. the train running direction, Y axis represents the
transverse direction to the lateral field.

-
-

G d
Pantograph _ — roun
-

Figure 1. Catenaries system model

The model consists of catenaries body and earth body, choose length 25.5 m, width 3.5
m, height 3.7 m alloy aluminum car, thickness of the aluminum d=5x10"m, conductivity o=
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3.54x10" s/m ,inside vehicle is the free space , distance from vehicle body to ground is0.6 m.
Catenaries length is 300 m, wire radius select 6.18x10° m, conductivity 0=5.15x10" s/m,
relative permittivity = 0,ground conductivity 0=5x10"" s/m, relative permittivity €, = 10, between
the soil and gravel. The interference voltage source select 100V, location coordinates (0,0,6).
Modeling options for pantograph select pure carbon material, length of 1.9m.

In order to better simulate the actual condition of trains, trains model added eight
windows, the size is 1.35 m x0.65 m, then simulation results for different frequencies are shown
in Figure 2 to 9.

3.3. Simulation Results

Figure 2 is simulation result based on catenaries system model with CADFEKO
software, then crosscutting the model with PREFEKO process, we get the transverse near-field
map when frequency is 10 MHz, the diagram distinguish radiation field intensity according to
different colors. It can be clearly observed that, due to the shielding effect of trunk metal
material, the electric field strength within passage is very low, almost close to zero, but does not
achieve complete shielding of electromagnetic radiation for reasons of windows.

Figure 2. Transverse near-field map of 10 MHz

Electric field strength at different distances of EMU window glass inside is statistically
significantly (P <0.05). Comparisons with other points, electric field intensity at 0 cm from glass
is highest (P <0.05); panning off glass toward to middle of compartment, electric field strength is
decreasing, electric field strength at sidewall O cm is basically the same as other parts of body.
Seen in Table 1.

Table 1. Electric field intensity at glass inside of EMU and wall inside (n =21, x £ s, kV / m)
glass inside glass inside  glassinside  wall inside O cm
0cm 10 cm 20 cm
CRH2 0.025+0.008° 0.015+0.001 0.011%0.002 0.011+0.001
CRH5 0.022+0.006° 0.017+0.003 0.011+0.003 0.011+0.002
Note: a comparison with other measuring points <0.05,

Type

When EMU is running, electric field strength of Type CRH2 at the bottom of motor and
under pantograph is statistically significant (P <0.05), thus electric field inside the motor is
higher; For Type CRH5 electric field intensity at bottom of motor and the under pantograph is
not so significant. Which can be seen in Table 2?

Table 2. Electric field strength at position motor inside and carriage under pantograph

(x s, kV/m)
Type  Monitoring Points  position motor inside  carriage under pantograph
CRH2 28 0.024+0.013° 0.011+0.002
CRH5 35 0.018+0.011 0.011+0.001

Notes: a comparison with carriage under pantograph, P <0.05.
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See in Table 3, electric field strength at vertical distance 0 m and 1.5 m is statistically
significant (P <0.05), whereas electric field intensity from vertical 1.5 m the is higher.

Table 3. Electric field strength at parallel different points of station ( n=3, xxs, kV/m)

vertical distance 0 m 1m 1.1~2m 21~3m
0 0.036+0.005  0.0324+0.042  0.025+0.032
1.5 1.810+0.450° 1.816+0.059° 1.416+0.430°

Notes: a comparison with vertical distance 0 m, P<0.05.

Figure 3.a and Figure 3.b show the electromagnetic interference caused by pantograph,
concerned horizontal 20m away, when the simulation frequency is of 10, 20 and 30MHz
respectively, within lateral distance 20 ~ 70m, transverse attenuation is of 8,13 and 17 dB,
nevertheless the lateral decay has reached more than 10 dB when frequency is of
100, 200, 300 MHz. The peak of pantograph electromagnetic radiation primarily depends on
power dissipation, simulation carried out 100W and 200W experiments, when total power is set
to 200W, its radiation peak is significantly higher than the former.
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Figure 3.a. Transverse attenuation curve of 10, 20, 30 MHz
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Figure 3.b. Transverse attenuation curve of 100,200,300 MHz

Figure 4.a and Figure 4.b show forward direction (i.e. Z axis) attenuation curve under
different frequencies. As we focus on the field intensity distribution 50 m above the pantograph,
it can be seen that within range of 8 ~ 38m, electric field attenuation reaches about 10 dB.
When the frequency below 20 MHz, attenuation of electric field strength inside almost reaches
80 dB; when the frequency greater than 30 MHz, the bodywork can not play a good shielding
effect, the attenuation of field strength inside reaches 40 dB.
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Figure 4.a. Forward attenuation curve of 10,20,30 MHz
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Figure 4.b. Forward attenuation curve of 100,200,300 MHz

Figure 5.a and Figure 5.b show the longitudinal electric field distribution of contact line
under different frequencies, for comparison, we chose different locations when Z = 6 m. It is
obvious that when frequency is 10 MHz and distance 50 m , the decay rate is greater than
under 20 MHz electromagnetic wave. When frequency is of 100 ~ 200 MHz, they decay faster.
Here can get a common rule, at the beginning decay very quickly, after a certain distance has
gradually slowing trend. The reason is electromagnetic energy propagation in the space
medium, catenaries as a guided wave system plays the role of directing electromagnetic energy
flow.
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Figure 5.a. Longitudinal attenuation curve of 10,20 MHz
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Figure 5.b. longitudinal attenuation curve of 100,200 MHz

In the simulation we pay particular attention to the far-field gain when below frequency
of 30MHz, @ = 0 °. As shown in Figure 6, the presence of pantograph, results in the asymmetry
of its diagram.

Figure 6. Far-field gain of 10,20,30 MHz

4. Conclusion

Pantograph can be seen as an antenna, the radiated no longer returned power is
dissipated power, called radiated power. The electromagnetic radiation value generated by
pantograph, depends on the radiation power and its position. Our main concern is the
electromagnetic pollution levels on both sides of railway, i.e. the electromagnetic interference
degree within scope of 20 m away from rail, 3. 5 m above the ground, it can be seen in the
simulation, in this range when line voltage is 100 V, electric field attenuation to 0 dB or so.
Additionally, within range of forward (Z axis) distance 50 m, the electromagnetic wave below 30
MHz decay faster than above 100 MHz ,and outside 40 m, it reduced to less than 0 dB, this has
a certain reference value to reduce radiated noise effects on 3 ~ 30 MHz shortwave transmitter
antenna along electrified railway field.

Through simulation experiments, the electromagnetic waves attenuation characteristics
generated by pantograph, has some reference value on how to measure high-speed railway
electromagnetic interference and electromagnetic compatibility assessment. With the rapid
development of high-speed railway, the railway EMC standards re-revision is inevitable trend.
However, due to complexity of high-speed railway environment, measurements on the spot has
great difficulties, Using computer simulation can make up for this shortfall to some extent.
Foreign high-speed electrified railway development has experienced a long history, the
development of electromagnetic compatibility standards, in addition to from abroad, new
standard should be adapt to China's high-speed railway features.
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