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Abstract. In the process of the smart grids formation a special attention is started to be paid to the issues of 

power engineering facilities safe functioning and reduction in their negative impact on personnel and 

environment. One of the important factors of such an impact is the generation of significant levels of 

strength of electromagnetic fields (EMF) by high-voltage overhead power transmission lines (OPL).  In the 

context of the electric power industry digitalization, in order to improve the electromagnetic safety of 

service personnel, development of methods and means for digital modeling of EMF created by power lines 

of various designs is required, including traction networks of electrified railways.  Computer models 

providing an adequate determination of the OPL EMF can be implemented on the basis of methods and 

tools designed for determining the parameters of the modes of electric energy systems in phase coordinates, 

developed at the Irkutsk State University for Railroads Communications.  As an example of using these 

methods, the solution to the problem of constructing pictures of the distribution of EMF in the space 

surrounding the intersection of a flexible symmetrical conductor and a 25 kV traction network is given. 

1 Introduction 
The transition to digital technologies carried out in the 
electric power industry [1] nowadays requires the 
implementation of new approaches to computer models 
of electric energy systems (EES), which provide the 
complexity of modeling along with adequacy and 
accuracy.  

One of these approaches is being developed at 
Irkutsk State Transport University and is based on 
mathematical models of EES modes, implemented in 
phase coordinates [2].  

The complexity of the developed models consists in 
the possibility of solving on their basis a wide range of 
problems arising in the design and operation of EES: 
determination of normal and emergency modes, 
parametric identification of power lines and 
transformers, modeling of ice melting processes, 
assessment of electromagnetic safety conditions (EMS) 
[3–9]. 

Below are the results of determining the EMS 
conditions at the inter-section of a flexible symmetrical 
electrical pathway (SEP) 10 kV [10] (fig. 1) and 25 kV 
traction network (TN) of electrified railroad (fig. 2). 
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Fig. 1. Support (a) of a symmetrical electrical pathway and 

design (b) of conductive parts 
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Fig. 2. Diagram of TN and SEP

2 Computer models for analyzing EMS 
conditions at the intersection of traction 
networks and OPL 
EMS conditions are determined by the levels of EMF 
strengths [11–21], which are usually calculated at a 
standard height of 1.8 m [22]. To determine the strengths 
at the intersection points of OPL and TN, the algorithm 
[17] is used, which includes the phases shown in fig. 3. 

Due to the electromagnetic imbalance, AC traction 
networks create relatively large electric and magnetic 
fields. Increase in trains speeds results in the increase in 
current amounts consumed by the rolling stock and the 
higher levels of magnetic field strengths and the higher 
levels of magnetic field strengths which requires an 
additional analysis of electromagnetic safety conditions. 
However, in points of overhead power lines and railroad 

intersection, traction network electromagnetic fields and 
overhead power lines interfere with each other which can 
result in increase in strengths and complication of the 
field spatial structure. 

Beginning

Formation of the picture for 
EMF distribution at a height of 

1.8 m at the intersection of 
SEP and TN

Calculation of EES and TN 
mode in phase coordinates

Determining 
potentials and wires 

currents of 10 kV 
SEP

Determining potentials and 
wires currents of 25 kV TN

Calculation of 
vertical and 
horizontal 

components of EMF 
for 10 kV SEP

Calculation of vertical 
and horizontal 

components of EMF for 
25 kV TN

Calculation of EMF 
amplitude values for 

10 kV SEP 

Calculation of EMF 
amplitude values for 

25 kV TN 

Fig. 3. Algorithm electromagnetic safety conditions analysis

Digital models for analyzing electromagnetic safety 
conditions at the intersection of power lines and TN are 
formed as two systems of nonlinear equations written on 
the basis of phase coordinates 

� � � �� � 0VSF �11
1 , ; � � � �� � 0VSF �22

2 , , (1) 

where kF , k = 1, 2 – non-linear vector-functions; 
� � � �kk VS ,  – accordingly uncontrolled and controlled mode 

parameters. Index k, equal to one, corresponds to one-
phase TN, and k = 2 – to three-phase OPL. 

Based on parameters found from equations (1) 
solution � �kS , k = 1, 2 vertical and horizontal components 
of electric and magnetic fields [17] are determined for a 
preset set of х, y spatial coordinates; in addition, 
amplitude values of voltages are calculated. Based on 
methods described in works [17, 20], algorithm for 
obtaining of EMF voltage components is formed in the 
intersection point  

� � )()2()2()1()1( ,,,,: ��� YXYXYXE EEEEEEΞ ;  (2) 
� � )()2()2()1()1( ,,,,: ��� YXYXYXH HHHHHHΞ , (3) 
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where EΞ , HΞ  – operators; index E refers to electrical 
field, while index Н – to magnetic; )2()2()1()1(

,,, YXYX EEEE  – 
sets of spatial components of electric field strengths 
corresponding to a set of coordinates x, y; 

)2()2()1()1( ,,, YXYX HHHH  – the same for the magnetic field; 
� � )(, ��

YX EE  – components of the resulting electric field 
strengths; � � )(, ��

YX HH  – the same for the magnetic field. 
Using technique proposed in [17, 20] EMF strengths 
amplitude values are determined 

� � � � (max)max)( ,:, YXYXE EEEE �� �� ;  (4) 
 � � � � (max)max)( ,,: YXYXH HHHH �� �� . (5) 

Below are the results of the analysis of the EMF 
structure in the place of the perpendicular intersection of 
the flexible symmetrical electrical pathway and the 
traction network. 

3 Simulation results 
Simulation was carried out using the Fazonord software 
package (SWP) [2] in order to obtain a picture of the 
distribution of EMF strengths at a standard height of 1.8 
m for the intersection point of 25 kV TN and 10 kV 
double-circuit SEP with a length of 1.62 km, made with 
A-600 wires (fig.1b). 

Two mode situations were simulated:  
• symmetric operation of a double-circuit SEP with loads 
of each phase of 10 + j5 MV·A; 
• short circuit (SC) of phases B and C at the receiving 
end of the SEP right circuit. 

In the both situations considered, the power transit of  
8 + j8 MV·A was carried out along the overhead 
catenaries of each TN track. The external view of the 
diagrams of design models implemented in the Fazonord 
SWP, as well as the spatial arrangement of the 
conductive parts are shown in fig. 4-6. 

Fig. 4. Spatial coordinates of the conductive parts of the 

electric pathway 

a)

b)

Fig. 5. A design model diagram Fazonord SWP (а) and spatial 
coordinates of conductive parts (b) of 25 kV TN

Fig. 6. A fragment of electrical pathway nodalization diagram 

in Fazonord SWP
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In the Fazonord SWP v. 4.1.04 design models, the 
algorithms de-scribed above for calculating the TN and 
SEP modes in phase coordinates, as well as algorithms 
for determining the EMF strengths in the places of their 
perpendicular intersection, are implemented. 

The results of determining the voltages and currents 
for the normal mode of the TN and SEP are given in 
table 1, 2. Table 3 provides summarized data to calculate 
SC mode for SEP. 

Table 1. Voltages and currents of 25 kV traction network 

Path 
Voltage Currents 

kV degr. А degr. 

1 25.65 -5.59 449.3 -51 

2 25.65 -5.59 449.3 -51 

Table 2. Voltages and currents on receiving ends of electrical 
pathway right circuit in the normal operating mode 

Phase 
Voltage Currents 

kV degr. А degr. 

A 5.75 -3.3 1946.1 -30 

B 5.83 -123 1917.5 -150 

C 5.79 118 1931.4 91 

Table 3. Voltages and currents on receiving ends of electrical 
pathway right circuit in short circuit mode 

Phase 
Voltage Currents 

kV degr. А degr. 

A 5.98 0.05 0 - 

B 3.17 -180 27,291 -172 

C 2.85 179 27,291 7.9 

Results provided in table 1 indicate that phase-
aligned currents flowing on TN  overhead catenaries 
contribute to the increase in magnetic field strength. SEP 
symmetrical mode (table 2) is electromagnetically 
balanced with currents and voltages phase shifts of 120º. 
In case of a two-phase short circuit, a significant 
asymmetry of currents and voltages occurs (table  3). 

The EMF strengths calculated separately for TN and 
SEP for different values of the horizontal coordinate are 
shown in fig. 7 and 8. They indicate that in the event of 
separate modeling, the electric field strength for the TN 
and SEP (fig. 7a, 8a) does not exceed the norms of 5 
kV/m permissible for electrical personnel.  

The TN magnetic field strength exceeds the 
permissible value of 80 A/m (Fig. 6b).  

This is due to the electromagnetic imbalance of the 
TN and traction loads close to the capacity limit. 

A similar parameter for a three-phase 10 kV 
electrical pathway (fig. 8b) is within the normal range in 

normal operating mode. In case of a two-phase short 
circuit, the currents flowing through the individual wires 
of the SEP reach 5.8 kA, which leads to an increase in 
the voltage to 111 A/m. 

a)

b)

Fig. 7. Electric field (а) and magnetic strengths (b) strengths of 
25 kV ТN 25

a)
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b)

c)

d)

Fig. 8. Strength of electrical (а, c) and magnetic (b, d) fields of 
SEP: a, b - normal operating mode; c, d – short circuit mode

Volumetric diagrams of the total EMF strengths at 
the intersection point of the traction network and SEP 
are provided in fig. 9, 10. Table 4 represents maximal 
values of electric and magnetic fields strengths at 
intersection points. 

a)

b)

Fig. 9. Amplitude values of EMF strengths at the intersection 
of the TN and SEP in the normal operating mode: а – electrical 
field; b – magnetic field 
 

a)
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b)

Fig. 10. Amplitude values of EMF strengths at the intersection 
of the TN and SEP in SC mode: а – electrical field; b –
magnetic field: х – axis coordinates, directed perpendicular to 
the TN route; z - coordinates of the axis directed along the TN 
route 

Table 4. Maximum values of EMF strengths amplitudes 

No. Facility Mode max(Emax), 
kV/m 

max(Hmax), 
А/m 

1 Traction 
networks Normal 3.39 82.6 

2 Electrical 
 pathway 

Normal 0.22 11.2 

SC 0.21 111.2 

3 TN and SEP 
intersection 

Normal 3.37 82.6 

SC on 
electrical 
pathway 

3.37 121.8 

 
In normal operation, the strengths of the electric and 

magnetic fields at the intersection point of TN and SEP 
differ slightly from similar values for separate 
simulation. In the short-circuit mode of the electrical 
pathway, the magnetic field strength at the intersection 
point increases by 32% compared to the same indicator 
for the TN and reaches 122 A/m. 

Electric and magnetic fields at a height of 1.8 m at 
the intersection point of the TN and the SEP have 
elliptical polarization. 

The presented spatial diagrams can be used in 
practice to determine the conditions for electromagnetic 
safety of personnel maintaining the TN and SEP.  It 
should be noted that similar diagrams can be built for 
any set of x, y of spatial coordinates.  

In particular, when setting y coordinate equal to the 
height of catenary suspension, diagrams can be obtained 
that illustrate the safety conditions when servicing the 
overhead system from removable towers. In addition, a 
picture of the EMF distribution in space can be built, 
which will be useful when choosing the locations for the 

EMF-sensitive electronic sensors and devices designed 
to monitor the modes of the vehicle and the electrical 
pathway. 

4 Conclusion 
The above results allow us to conclude that at the 
intersection points of 25 kV traction network and the 
symmetrical electrical pathway, the spatial distribution 
of electromagnetic fields is significantly complicated. In 
some points of the plane, located at the standard height 
of 1.8 m, tension levels that go beyond the permissible 
values are observed.  
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