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Abstract. Traction networks (TN) 25 kV generate higher electromagnetic fields (EMF) with
frequency 50 Hz, whose strengths at a standardized height of 1.8 m, as a rule, do not exceed the
permissible norms for electrical personnel. In places where railroads routes intersect with high
voltage overhead power supply lines (OPL), interference of fields, generated by the traction
network and OPL, occurs. This can lead to an increase in strengths and a complication of the
EMF spatial structures. The article presents simulation results performed for a complex
intersection, while 25 or 2 х 25 kV TN is crossed by a three-circuit 110-220 kV overhead power
line at 90 degrees angle. Fazonord software application was used for simulating EMF strengths in
points of traction networks and OPL intersection. Based on modeling results the following
conclusions have been made: at intersection points of 1х25 kV traction network with a three-chain
110 - 220 kV power transmission line, the electrical field strength does not exceed the value
acceptable for electrical personnel and reaches 4.2 kV/m; at the intersection with 2 х 25 kV
traction network, this parameter decreases to 2.7 kV/m; the maximum amplitude of the magnetic
field at the intersection points increases slightly.

1 Introduction
High-voltage overhead power lines (OPL) and electrified
AC 25 kV railroads are sources of industrial frequency
electro-magnetic field (EMF). Electromagnetic fields
with high strength levels can generate interference
causing disturbances of electrical and electronic devices'
normal functioning [1–4] and result in serious accidents
when operations are conducted on disconnected power
supply lines or communication lines when personnel is
subject to induced voltage.
25 kV traction networks (TN) generate higher
electromagnetic fields (EMF) with frequency 50 Hz,
whose strengths at a standardized height of 1.8 m, as a
rule, do not exceed the permissible norms for electrical
personnel. In places where rail-roads routes intersect
with high voltage overhead power supply lines (OPL),
interference of fields, generated by the traction network
and OPL, occurs. This can lead to an increase in
strengths and a complication of the EMF spatial
structures [4].
In works [2, 15-20], a method was proposed for
determining the fields of multi-wire systems, including
traction net-works and power lines, based on preliminary
calculation of the electrical network operating mode,
which may contain mul-ti-wire lines, single-phase and
three-phase transformers of various types, traction AC
networks and moving traction loads. Fazonord software
application [15] designed in Irkutsk State Transport
university, combines possibilities for modes simulation
*

in phase coordinates and simultaneous calculations of
EMF strengths.
This article is a further development of ideas represented
in work [16], which performs a detailed analysis of
electro-magnetic field structure at a point of overhead
power line and a railroad perpendicular intersection.

2 Simulation methods
Fazonord software application was used for simulating
EMF strengths in points of traction networks and OPL
intersection which was conducted in four stages:
1. The calculation of OPL traction networks in phase
coordinates, the results of which were used to determine
potentials and currents of all wires [15];
2. Calculation of vertical and horizontal components of
electrical and magnetic fields of traction networks and
OPL in their own coordinates.
3. Calculation of total EMF voltages components.
4. Calculation of strengths amplitude values Emax , H max
with provision for possible fields elliptical polarization
[2, 16].

3 Simulation results
The simulation was performed for a case of intersection
of 1х25 and 2х25 kV traction networks with three-circuit
110–220 kV OPL. Spatial location of the conductive
parts is shown in fig. 1. It was assumed that AC-300
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wires are mounted on OPL pylons. The diagram of OPL
wires transposition is shown in fig. 2. The length of the
transposed OPL divided into three sections is assumed to
equal to 100 km. Loads on 220 kV circuits receiving end
were equal to 20 + j10 MVA, circuits 110 kV - 6 + j3
MVA per phase. A power transit of 8 + j8 MVA was
transmitted via the overhead catenaries of each 2 km
long traction network. The calculation was carried out
for the intersection of the traction network with the first
segment of the transposed OPL.

Fig. 2. OPL scheme of transposition
Table 1. Font styles for a reference to a journal article.
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Table 2. Voltages and currents of 1x25 kV traction network
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Table 3. Voltages and currents of 2x25 kV traction network

Path
1
2
1
2

b)

Place of
measuring
Overhead
catenary
Power
cord

U,
kV
25.8
25.8
26.5
26.5

c)
Fig. 1. Wires arrangement: а – 25 kV TN; b – 2х25 kV TN; c –
three-circuit OPL
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b)

b)

Fig. 4. Electrical (a) and magnetic field (b) strengths of
25 kV traction network at a height of 1,8 m.

c)
Fig. 3. Fazonord PSW design models schemes: а – ТС
1х25 kV; b – ТС 2х25 kV; c – OPL 110-220 kV
a)
Calculated electrical and magnetic fields strengths in
their own coordinates of traction networks and OPL at a
height of 1.8 m are provided in fig. 4–6.

b)
Fig. 5. Electrical (a) and magnetic field (b) strengths of
2x25 kV traction network at a height of 1,8 m.
a)
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b)
a)

Fig. 7. Amplitude values of EMF strengths at the point
of 2х25 kV traction network OPL intersection: а –
electrical field; b – magnetic field

b)
Fig. 6. Electrical (a) and magnetic field (b) strengths of
OPL at a height of 1,8 m.

a)

Volumetric diagrams of the resultant strengths of electric
and magnetic fields at the intersection of traction
networks and OPL at a height of 1.8 m are shown in Fig.
7, 8. Figure 9 shows the hodographs of the resultant
strengths vectors. Table 4 represents maximal values of
electrical and magnetic fields strengths at intersection
points.

b)

Fig. 8. Amplitude values of magnetic field strengths at
the point of 2х25 kV traction network and 220 kV OPL
intersection: а – electrical field; b – magnetic field
a)
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a)

d)
Fig. 9. Hodographs of resultant vectors at points with
maximal values of electrical (а, c) and magnetic (b, d)
fields strengths for crossing TN 25 kV (а, b) and 2х25
kV (c, d) with OPL: а – point x = 0 m, z = 9 m; b – point
x = 1 m, z = 0 m; c – point x = –18 m, z = –7 m;d – point
x = 2 m, z = 3 m
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Table 4. Maximum values of electrical and magnetic fields
strengths

4 Conclusion
Based on simulation results, the following conclusions
can be made:
1. When separately modeling, the electric field strengths
at a standard height of 1.8 m, do not exceed the
permissible standards of 5 kV/m for electrical personnel
both for traction networks and OPL. The magnetic field
strength of 1х25 kV traction network exceeds the
permissible value of 80 A/m. A similar parameter for the
2х25 kV traction network is reduced to 30 A/m, which is
associated with the mutual compensation of the magnetic
fields generated by overhead catenaries and power wires.

c)
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