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supply system on railway sections by times. Such loads often 
lead to the defects of equipment and power supply lines and 
lateral facilities. It is the reason for improvement of traction 

– the creation of power equipment with higher capac-
ity, the extend of cross-section of overhead feeders (up to 

– the development of systems of traction power supply
with a higher loading capacity;

– the increase of nominal power of a three-phase

– the development and application of effective devices
of automation, control and protection of traction stations 
and overhead equipment from short circuit currents and 

– the application of overhead structures for the sections of
heavy train movement including the replacement of contact 

With consideration of the above listed requirements the 
overhead sy
lines consists of [1,2]:



– on the sections with direct current – two contact wires 
2 per each in ac-

2 and two alu-
minum (aluminum-steel) line feeders with a cross-section 

2

– on the sections with alternating current – one contact 
2, ], one 

mm2, one aluminum (aluminum-steel) line feeder with 
2, one aluminum 

(aluminum-steel) screening wire with a cross-section not 
2.

Schemes of arrangement of linear infrastructure facili-
ties on the sections of heavy train movement are shown in 

– cable line.
The mathematical model that describes the expansion of 

currents and voltages caused by overhead magnetic interfer-
ence is represented in each line by the differential equation 

system whose order depends on the number of the lines 
forming the part of single electromagnetic system:

where k, Lk, Gk, Ck are inherent parameters of the k-th 
wire,

Mik, Gik, Cik are mutual parameters between the i-th and 
k-th wires of the system calculated in a frequency spec-
trum;

MK  is mutual induction between the k-th wire and 
overhead system,

Uk, Ik, Ui, Ii are currents and voltages in the i-th and k-th 
wires of the system,

I  is the overhead current.
With permanent parameters and geometrical relationships 

in linear infrastructure facilities, the strength of induced cur-

by the load at the beginning and at the end of the line. That 
is why an important task is to construct a simulation model 

-
rameters of grounding of cable lines and ground conductivity 
on the sections of heavy train movement.

    a             b
Fig. 1. Schemes of arrangement of linear infrastructure facilities on the sections of heavy train movement, 

Fig. 2. Simulation modeling scheme 



Simulation modeling of the expansion of currents and 
voltages in linear facilities was carried out in software envi-
ronment Simulink (Matlab) in accordance with the scheme 

The modeling was carried out with consideration of linear 
infrastructure facilities – overhead system, rails, strand and 
sheath of cable lines.

In accordance with the requirements to heavy train move-
ment [1,2], the railway infrastructure should ensure passing 

-
uled weight moving on the adjacent track. In accordance 

the maximum equivalent current of the overhead system. As 

frequency were obtained.
Figure 3 shows waveforms of currents and voltages at 

the end of the cable strand and sheath in case of heavy train 
movement.

Fig. 3. Waveforms of currents and voltages in case of 
-

ginning of the line US-B; b) voltage of the strand at the end 
of the line US-E

c) current of the sheath at the beginning of the line IS-B;
d) current of the sheath at the end of the line IS-E.

A special feature of heavy train movement sections in 
the test area of the West Siberian railway is that the bottom 

perform a simulation for the section of heavy train movement 

taking into account the special features of linear facilities 
grounding.

For calculation we shall take the grounding of metal coat-
ings of the cable in form of four vertical dowel bars sunk into 

of one vertical ground conductor (bar) [6,7]:

eqv

d is a bar’s diameter, mm; 

a bar, m.

found by formula [6,7]:

,

where t is a digging-in of the vertical ground conduc-
tor.

Total resistance of spreading of vertical ground conduc-

“strand-sheath” (Us-sh) at the beginning of the line under 
the change of ground resistance (with consideration of 
the change of the value of mutual induction among the 
circuits).

Fig. 4. The graph of dependence of voltage in a cable 
strand on ground resistance 

Apart from fround resistance we need to consider the 
features of the strcture of the sheath grounding at the place of 
pulling to buildings. Normative documents [8] regulate the 
value of resistance of the grounding of a cable line sheath –

-



The parameters are measured twice a year. However, during 
a year the value of resistance and metal-on-metal connection 
may change over wide range. It is connected with climatic 
factors and electrical and chemical corrosion that accompany 

-
tentials on cable lines is caused by the damage of conductin 
parts or bending of metal-on-metal connection.

features of cable arrangement. Value Us-sh was measured 
at the beginning of the line at the change of resistance of 
grounding and metal-on-metal connection at the beginning 
of the line (at the end of the line the value is equal to the 

the grounding resistance of cable metal coating 

-

to the cases when grounding conductors or arrangement was 
damaged or broken.

Based on the constructed simulation model of electro-
magnetic compatibility, the levels of induced currents and 
voltages on the sections of heavy train movement are cal-
culated. We have revealed the key dependences of induced 
currents and voltages on ground parameters of within the 

simulation depending on the resistance of the ground con-
ductor and metal coatings and determined that the excess 

great voltage growth. It helps to form clear requirements to 
the quality of arrangment and to the parameters of grounding 
of communication and signaling facilities and to improve 
the reliability of their functioning.
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Us-sh 221 316 343 438 783

Rmet, Ohm 1 2 3 4
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