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Abstract 
 
Electromagnetic Compatibility (EMC) disturbance produced by power transmission lines (TL) near the railway installation 
can generate electromagnetic coupling between the high voltage power line and the signalization cables. In this paper, the 
voltage induced is analyzed in the signaling system cables located along the high-speed line due to the proximity of an 
extra high voltage power line. An approximate and Dubanton method have been used in order to have a correct result of 
the mutual inductance. The proposed technique is compared with the sensitivity threshold of the railway devices in order 
to check if the presence near high voltage lines will not interfere with the normal operation of the railway equipment. The 
performance of the Electromagnetic radiation is presented through simulation results. 
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1. Introduction 
 
The location of the Extra High Voltage (EHV) power 
transmission lines near the railway line may cause induced 
currents and voltage at the signal cables located along the 
railway track, the electromagnetic compatibility disturbances 
depends mainly on the approximation type of interaction 
mode (coupling) between the high voltage electrical 
installations and the high-speed train lines, and the type of the 
geographical layout of the installations. The analysis is 
mainly carried out on the impact of the electromagnetic 
coupling between the conductors of the high voltage (HV) 
power lines and the signal cables that are capable of 
transmitting the information in real time, such as the 
ERTMS/ETCS (European Rail Traffic Management System / 
European Train Control System) transmission cables and 
which are grouped in computerized interlocking systems [1]. 
There are different power supply voltages that are provided 
by different power grid providers and also different type of 
approximation such as: crossover approximation, oblique 
approximation, parallel approximation. The main role of the 
railway signaling system is related to safety and traffic trains 
[2], and since the signaling is no longer mechanical but 
transmitted in parallel cables to railway tracks, it has become 
necessary to study the impact of any intentional disturbing 
source that may cause the non-functioning of the system. That 
is why our study is based on the impact of high-voltages 
power lines coupling on the railway signaling system using 
the analytical method to calculate the mutual inductance and 
admittance between the high voltage cables and signal cables 
through analytical approach in order to have a valid result. 
 In reference [3], electromagnetic interaction between the 
transmission lines of high voltage lines and railway catenary 

is studied when it is positioned in the same pylons. In 
reference [4], the emc disturbances is estimated when it is 
caused by high voltage power lines (3-phases) in the steady-
state. In reference [5], the electromagnetic interference has 
been studied to detect the interference between the railway 
equipment (rolling stock, infrastructure, substation, power 
lines, track circuit, and axle counter, …). In reference [6], the 
system of the autotransformers is modeled and measured 
through the MTL (Multi-conductor transmission line) model.  
 In this paper, coupling sections are determined according 
to the zones of the influence of the disturbing overhead lines 
with an order of about 10m for capacitive coupling and 
2000m for inductive coupling. An electromagnetic model of 
railway signal cables and conductors of the overhead power 
lines will be modelled to closely understand and analyze the 
electrical behavior of the system under study through the 
theory of the multi-conductor transmission lines by 
calculating mutual admittance and mutual inductance through 
two analytical methods that are approximative and Dubanton 
method. The approximate method is characterized by a 
mathematical approach. However, the Dubanton method is 
characterized in the complex plane and allows to obtain a 
simpler relation for the calculation of the coefficients of 
mutual impedance which allows to have a correct calculation 
up to 10 kHz. 
 
 
2. Transmission line theory 
 
2.1. Application of MTL theory 
EHV power lines present near the railway installation can 
generate induced currents on the signal cables located along 
the track. Multi-conductor Transmission Line theory (MTL) 
will be used in order to represent the coupling between the 
disturbing and disturbed equipment [7][8]. 
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 Electromagnetic disturbance in our case in an electrical 
network are carried by electric field E and by magnetic field 
H. There are two types of coupling [9]: 
 

-Capacitive: is the result of the potential difference 
between two or more conductors. 

-Inductive: is the result of a significant coupling between 
two or more conductors when carrying a large current, which 
generates a strong magnetic field around the driver. 
 
 The model is the electric pylon in parallel to the electric 
railway track which is represented by the following 
representation in Fig. 1. 

 
Fig 1. The proximity of the High Voltage pylons and the electric railway. 
where, CW: is the contact wire, M: messenger wire, GW: ground wire, 
CdPA: aerial protection cable, CdTE: buried earth cable, R: rail. 
 
 The railway signaling on the electric railway line is 
diversified in order to have a better management of the 
cantonment and regulation of the speed, formation of the path 
(control of needle) according to the parameters of the way 
through a transmission machine track. Everything revolves 
around the track with the rails, the signaling is grouped into 
interlocking system stations [10], these cables are parallel to 
the track as shown in the Fig. 2. 
 
 

 
Fig 2. A front view of the railway track. 
 
 The equivalent electrical circuit can be illustrated in the 
Fig. 3 which shows the representation of an electric circuit of 
four wire transmission line (3-phase power line, railway 
signal cable) with impedances Z"", mutual impedances Z"#, 

admittances Y"%, and mutual admittances Y"#, with i and j are 
equal to {1,2,3,4}. The items are distributed with values 
evaluated per unit length [11][12]. 

 
Fig. 3. Four wires transmission lines. 
 
 We recognize the overhead lines that correspond to each 
phase conductor of the high-voltage line and the parallel 
cables which is the signal conductor and which are the subject 
of our study. 
 The transmission line model [13][14] by taking into 
account the losses in the model is represented in the Fig. 4. 

 
Fig 4. The transmission line model. 
 
 
 The transmission line model is established by writing the 
differential equations for line voltage and current: 
 

&
'((*,,)
'*

= −L '1(*,,)
',

− RI(x, t)
'1(*,,)
'*

= −C '((*,,)
',

− GV(x, t)
      (1) 

 
 To simplify, the voltage along the phase R is given by the 
following relation: 

 
9(:
9*
= −Z;;I; − Z;<I<−Z;=I= − Z;>I>                                 (2) 

 
with, 
 
𝑍;;	is the impedance of the phase R. 
 
Z;; = R;; + jwL;;                                                              (3) 
 
and 𝑍;D	is the mutual impedance between the phase R and 
other j lines.  
 
Z;# = R;# + jwL;#                                                                (4) 
 
 Generalizing in a matrix format: 
 
9[(]
9*

= −[Z][I]                                                                    (5) 
 
with,	[Z] is the impedance matrix. 
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[Z] = G

z;; z;< z;= z;>
z<;
z=;
z>;

z<<
z=<
z><

z<=
z==
z>=

z<>
z=>
z>>

I                                               (6) 

 
 The coefficients 𝑍JJ represent the impedance of the line 
“i” and to the ground and per unit length and the coefficients 
𝑍JD representing the mutual impedance between the line “i” 
and the line “j” related to the ground [15]. And voltage and 
current vectors are: 
 

[V] = G

V;
V<
V=
V>

I, [I] = G

I;
I<
I=
I>

I                                                         (7) 

 
 As for the current along the line “i” is given by the 
following relation: 
 
91K
9*
= −y"V" − ∑ y"#NV" − V#O>

#P; , i ≠ j                                  (8) 
 
with 𝑦J is the admittance of the line “i” and 𝑦JD	is the mutual 
admittance between the line “i” and the line “j” related to the 
ground.  
 We obtain the following relation in matrix form: 
 
9[1]
9*
= −[Y][V]                                                                      (9) 

 
with, [𝑌] is admittance matrix. 
 

[Y] = G

y;; y;< y;= y;>
y<;
y=;
y>;

y<<
y=<
y><

y<=
y==
y>=

y<>
y=>
y>>

I                                            (10) 

 
 The coefficients 𝑦JJ represent the admittances per unit 
length and the coefficients 𝑦JD represent the admittances 
between the line “i” and the line “j” related to the ground [16]. 
 There is no direct equivalence between the coefficients of 
the admittance matrix and the physical admittances as is the 
case with the coefficients of the impedance matrix. The 
coefficients of the admittance matrix for one line are linked 
by the following equations: 

 

Uy"" = y" + ∑ y"#	, i ≠ j>
#P;

y"# = −y"#
                                                   (11) 

 
 Representing all the conductors of the power lines and the 
signal line as a multi-conductor transmission is a feasible 
approach if values of matrix coefficients impedances and 
admittances are known. The numerical values of these 
equivalent components are however, difficult to measure 
under practical conditions, as they depend on the shape, 
position, permeability and conductivity of the cables, and the 
permittivity and conductivity of the ground. 
 
2.2 Calculation of the coefficients of the impedance matrix 
The impedance related of each line and the ground depends 
mainly on the internal impedance, the external impedance of 
the conductor and the impedance of the ground represented 
by the following equation: 
 
zii=zint+zg+jwls                                                               (12) 
 

with, 𝑧JWX is the internal impedance, 𝑧Y is the impedance of 
the ground of the conductor. 
with 𝑙[ is the inductance per unit length calculated over a 
perfectly conducting ground.  
 
ls=µ02πln2ha                                                                   (13) 
 
with ℎ is the height between the conductor line and the 
ground, and 𝑎 is the radius of the conductor. 
 The internal impedance 𝑧JWX of the conductor is written as 
follow: 
 
z"^, =

;
<
R9.m. a

b%c	d.ef#b%"	d.e
b%cgd.ef#b%"hd.e

                                       (14) 
 
with, 
 
m = iw. µk. 	σk                                                               (15) 
 
with 𝑅n is the resistance, 	𝜎p is the conductivity and µk is the 
permability and ber, bei are Kelvin functions, ber’ and bei’ 
are their derivatives. 
 In order to have an accurate result in an extended 
frequency band, the impedance of the ground 𝑧Y is given by 
Carson formula: 
 
zq = jw rs

t ∫
%vwxy	.kz{	(|e)

|f}|w~��w
. dλ�

�                                         (16) 

 
𝛾Yis the ground propagation constant defined by the formula:  
 
γq = ijwµ�(σq + jwε�εc)                                               (17) 
 
with, µ� is the permeability of the ground, 𝜎Y is the 
conductivity of the ground, 𝜀� is the permittivity of vaccum, 
and 𝜀� is the relative permittivity. 
 Mathematical equations of Dubanton’s simplified method 
is used in order to calculate parameters of overhead 
transmission line [17].  
 Thus, the eigen coefficients 𝑧JJ of the impedance matrix is 
calculated through the formula: 
 
z"" = z"^, + jw.

rs
t
ln �<(�Kf�)

e
�                                            (18) 

 
 The mutual coefficients 𝑧JD of the impedance matrix is 
formulated: 
 

z"# = jw rs
t
�;
<
	ln �}

(�Kf��)wf9w

(�K~��)wf9w
� + ∫ %vwxy	.kz{	(|e)

|f}|w~��w
. dλ�

� �(19) 

 

=> z"# = jw rs
<t
	ln��

(�Kf��f<�)wf*K�
w

(�K~��)wf*K�
w �                             (20) 

 
with, P represents the complex depth 
 

P = }
�

�rs
                                                                           (21) 

 
ℎJ, ℎD are the heights respectively of conductors “i” and “j”, 𝑑 
is the spacing between the conductors “i” and “j”, 𝜌 is soil 
resistivity, and 𝑤 = 2πf is the pulsation of the inductor 
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current. 𝑥JD is the horizontal distance between the two 
conductors, through the relation below: 
 
𝑥JD = id< − (h"−h#)<                                                     (22) 
 
2.3. Calculation of the coefficients of the admittance 
matrix 
The admittance matrix for the overhead lines is given by the 
following relation: 
 
[Y] = jw[P]~;                                                                   (23) 

 
with, [P] is the potential matrix. 
 

[P] = G

p;; p;< p;= p;>
p<;
p=;
p>;

p<<
p=<
p><

p<=
p==
p>=

p<>
p=>
p>>

I                                          (24) 

 
 The eigen coefficients 𝑝JJ of the potential matrix [P] are 
calculated by the following relation: 
 

p"" =
;

<t¦s
	 . �ln �<�

e
� +	∫ 2k�<.

%vwxy	.kz{	(|e)

|.��wf¨sw}|w~��w
. dλ�

� �          (25) 

 
 The mutual coefficients 𝑝JD of the matrix of the potential 
of two conductors related to the ground are calculated through 
the relation: 
 

p"# =
;

<t¦s
	 . �ln �}

(�Kf��)wf9w

(�K~��)wf9w
� +

	∫ 2k�<.
%v(xK©x�)y	.kz{	(|9)

|.��wf¨sw}|w~��w
. dλ�

� �                                        (26) 

 
with, 
 
k�< = µ�ε�w<                                                                     (27) 
 
 
3. Electromagnetic disturbance caused by overhead lines 
 
Analytical calculations from simplified mathematical 
equation according to the Dubanton method previously 
described associated to the theory of the transmission lines 
will be applied in order to have a nodal approach. 
 We will deal the phenomenon of electromagnetic 
disturbance coupling by disrupting different types of coupling 
mainly: 
 

- Magnetic induction. 
- Electrostatic coupling. 

 
3.1 Magnetic induction phenomena 
The schematization of the magnetic coupling phenomenon 
between the signaling cable and HV line is shown in the Fig. 
5. 
 The expression of the electromotive force induced E along 
the line is written in the form of the sum of the electromotive 
forces induced in each elementary section 𝑒JD. The value of 
the magnetic induction will be calculated through the 
dubanton and approximate formula. 
 

E=i,jeij                                                                               (28) 
 

 
Fig. 5. Magnetic induction coupling. 
 
 According to the Dubanton formula already expressed in 
the previous chapter: 
 

zij=jwµ02πln(hi+hj+2P)2+xij2(hi−hj)2+xij2                 (29) 
  
 However, for the approximate formula is represented in 
the following formula: 
 
z"# = jwM                                                                          (30) 
 
with, M depends mainly on the value of x, in μH/km and it is 
equal to: 

- For 𝑥 ≤ 10: 
 

M = 142 + 46x − 198 ln(x) − 1.4x<                            (31) 
- For 𝑥 > 10: 

 
M = 400x~<																										                                               (32) 
 
with, 
 

x = d}
�rs
�

                                                                         (33) 

 
 The magnetic field varies with the current flowing in the 
cable. It also depends on the geometry of the conductors and 
the current flowing in the nearby conductors.  
 For our case cables in triangles, the magnetic field is 
determined by the following relation:  
 
B =	√µ9¶¶1

;�cw
                                                                         (34) 

 
with, 𝑑··is the distance between phases, 𝐼 is the current 
flowing in the high voltage line, 𝑟 is the distance of the field 
relative to the source. 
 
3.2 Electrostatic coupling phenomena 
When two conductors are above ground then they are coupled 
together by capacities. That is why the variable voltage 
conductor creates a variable electric field. It causes induced 
voltages and currents on overhead conductors placed near the 
catenary 2x25 kV system [18][19].  
 Capacitive coupling as seen in the Fig 6. between HV 
lines and signal cables is considered to be negligible in our 
study since they are in chutes and buried under the ground 
[20].  
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Fig. 6. capacitive coupling between 3-phase lines and catenary. 

 
 Only the catenary system that is susceptible to be charged 
with electricity. 
 
V� =

ºs
»s:

= »w:(:f»¼:(wf»½:(¼
»w:f»¼:f»½:

                                          (35) 
 
 The induced current 𝐼� flowing in the conductor is 
proportional to the induced voltage 𝑉� and the length of 
parallelism l. 
 
I� = V�. C�>. w. l                                                                (36) 
 
3.2 Results and comparison with the standard limits 
The electric and magnetic field are modeled by COMSOL 
Multiphysics as shown in the Fig. 7. The values of the 
parameters in the worst case are listed in the Tab. 1 in order 
to calculate the mutual inductance according to the two 
methods, magnetic field and electric field. 

 
Fig. 7. Electric and magnetic field modelled by COMSOL Multiphysics. 
 
Table 1. fixed values 

Variable Value Unit 
𝑈W 440 kV 
𝜌 280 Ω.m 

f 50 Hz 
ℎJ 10 m 
ℎD 10 m 
𝑙 1.5 km 
𝑑 15 m 
𝑑; 5 m 
𝑑< 20 m 

 
 We obtain the following results after calculation the 
mutual inductance, the results of the two methods are 
presented in Tab. 2. 
 
Table 2. Compared Values of the mutual inductance 

Formula Value Unit 
Dubanton 2.346 µH.𝑚~; 

Approximate 2.507 µH.𝑚~; 
 
 The capacitive coupling between the HV lines and the 
signaling cables for our study will be negligible because the 
cables are shielded and in the internal induced voltages are 
mitigated by the transfer of impedance of these cables and the 
result of the values settled in the worst case is inferior below 
the required limits. For induced voltage and current flowing 
the catenary: 
 
𝑉� = 6,8	𝑉, 𝐼� = 0,1109	mA 
 
 For the magnetic field: 𝐵 = 3,8	. 10~Ä 
 The limits are given below for signaling equipment 
located within 3m of the track according to standard EN 
61000-4-8 EN 50121-4 [21-26]: 
 

- For AC system: 
 
B =	µ�H = 3,8. 10~>T     (37) 
 

- For DC system: 
 
B =	µ�H = 1,25. 10~>T     (38) 
 
 It can be seen that the results obtained are within the limit 
range of the standardization. Electromagnetic interference 
due to the presence of EHV pylons near the railway line can 
be supported by signaling equipment. 
 To determine the mutual inductance of this model, we can 
also use the abacus method which will be detailed in another 
article in order to know the most optimal method and which 
links bandwidth and central frequency to the physical 
dimensions capable of providing the functional results of 
complex problems based on a graphical reflection tool. 
Thanks to the curve depending on the value as a function of 
the distance between the high-voltage lines and the rail 
signaling circuit. 
 
 
4. Conclusion 
 
The purpose of this analysis is to determine the 
electromagnetic field radiated by the high voltage power lines 
and their impact on the signaling equipment. This field is 
calculated and compared with the immunity threshold of the 
equipment according to the standardization test of the EN 
61000-4-8 and the EN 50121.To sum up, the voltages induced 
in the conductors of the signaling cables due to the proximity 
of the EHV lines are lower than the limit value for the worst 
case. The proximity of the power lines does not constitute a 
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major risk of electrostatic and magnetic interference induced 
on the signal cables. However, the electromagnetic field tests 
are essential to be able to be proven during EMC 
measurements on railway yard by taking into account the risks 
related mainly to the risks of electrostatic interference that can 
generate electrostatic discharges and capacitive current, and 
to the risks of magnetic interference compared to signaling 
equipment by field-to-envelope coupling.  
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