doi:10.15199/48.2016.02.20

Marek MICHALAK, Monika SZAFRANSKA

National Institute of Telecommunications, EMC Department

Disturbances generated by locomotives in underground mines

Abstract. The paper presents some of the experience gained by team of National Institute of Telecommunication, EMC Department, regarding the
disturbances generated by mining locomotives. It focuses mainly on the disturbances being the effect of the spark between the pantograph and the
catenary, but other disturbing phenomena are also mentioned. Some test results are also discussed.

Streszczenie. W artykule zaprezentowano przyktady zaburzeri generowanych przez kopalniane lokomotywy trakcyjne uzyskane podczas badan
prowadzonych przez zesp6t z Zaktadu Kompatybilno$ci Elektromagnetycznej Instytutu tgcznosci — PIB. Zwrécono szczegélng uwage na zaburzenia
bedace efektem wytadowania pomiedzy pantografem a linig zasilajgcg. Pozostate rodzaje zaburzen réwniez zostaty opisane i oméwione w artykule.
(Zaburzenia generowane przez lokomotywy w kopalniach podziemnych).
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Introduction

Electromagnetic phenomena generated by locomotives
in mines make them very specific sources of
electromagnetic disturbances. These disturbances have the
nature of a spark, however, due to the environment in which
they are generated, the type of propagation and
preservation / duration of the pulses differ from the typically
observed electromagnetic phenomena originating from the
typical locomotive used in the railway traction.

This article presents one of the sources of the
disturbance which exist in the mines traction locomotive. It
also identifies how the disturbances appear and are
generated resulting from discontinuities of the slip of the
pantograph on the catenary (power/traction line). The
nature of the spark discharge described in this article,
including amplitude and elementary pulse repetition
frequency (within the package), is random. Due to the
imperfect shape and size of the pressure surface between
the catenary and pantograph, they do not cling perfectly.
Level of the disturbances associated with the spark
discharge represents a pseudo-random distribution, close to
normal. The average value of these disturbances, and the
dispersion (standard deviation), depend on the type of
locomotive and the system with which it forms a power
supply circuit and, as is the case with the mine
environment, show great variability along the traffic routes
of electric locomotive. In this article only the major source of
disturbance (ie. pantograph to catenary) is considered, but
in other works of the authors there can also be found the
analysis associated with other sources of disturbance
coming from mining locomotives. The disturbance
presented here is an interesting subject for both the
numerical analysis and the measurements. Therefore, the
second part of the article highlights the environment in
which the disturbance is created and the possibilities of
carrying out the calculations.

The article shows the important issue of propagation
paths of the disturbances coming from the locomotives in a
narrow and long tunnels of underground mines. Due to the
unusual disturbance propagation in the environment of
underground tunnels, the attempt of an analysis requires
not only the use of basic modeling procedures but it is also
necessary to use other solutions, such as beam tracking.
The transmission ducts that are formed in the tunnels cause
that wave extinction due to the distance rules do not apply,
but more often these signals are amplified and repeated
through the reflections. The authors would like to draw
attention to the feasibility of the analysis of propagation of
the disturbances resulting from excitation which is a spark

caused due to imperfect cling between the pantograph and
catenary. The authors would also like to share with the
audience the problems that are associated with this unusual
underground mines environment as well as the structure of
the walls of underground corridors that can also affect the
obtained results.

Identification of the sources of disturbances

An important element of the disturbances generated by
mining locomotives is electromagnetic phenomena
associated with the discharge on the contact between the
pantograph and the catenary. This problem is widely raised
in Europe (particularly in Scandinavia) and globally
(advanced work in Japan) with respect to the big speed rail.
In the case of mining locomotive which of course do not
develop such speeds, resulting disturbances are slightly
different and, above all, propagate in a totally different
environment as far as the propagation conditions are
concerned.

Disturbance source consisting of the pantograph contact
with a catenary can be described as a generator of pulse
disturbances characterized by variable pulse power and
complex impedance of components. Usually, such
disturbances are generated while the locomotive is passing
places where the total or partial detachment from the trolley
wire may occur. The emerging gap becomes the source for
the generation of high-frequency phenomena, and the
disturbance that has been generated is propagating through
the wire along the sidewalks of the mine for a long distance
and may result in malfunctions of the devices placed along
the tunnels, in which the electric traction is led.

The discharge at the pantograph - traction junction for
railway equipment is an issue which, according to research
conducted for many years by the Railway Institute [1, 2], is
defined as the main source of disturbances coming from
rolling stock. Considering the analogy between rolling stock
used on the surface of the ground, especially dc traction
supplied urban transport devices, it can be assumed that
this type of disturbance is also a crucial issue when
considering interference from mining traction locomotives.

Spark discharge - the nature

Amplitude and repetition frequency of the single pulse
(within the package) are accidental. Due to the imperfect
shape and size of the gripping surface between the
catenary and the pantograph, they are not adjacent to each
other in an ideal manner. Level of the disturbances
associated with spark discharge is pseudo-random of near
normal distribution. The average value of these
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disturbances, and the dispersion (standard deviation)
depends on the type of the locomotive and the feed circuit it
forms and, as is the case with the mine environment, they
present high variability along the route of movement of the
electric locomotive.
Presented below is the method of spark discharge modeling
[3].
Instantaneous discharge power: p = v,."i
where: v, — discharge voltage, a i — current
The average value of the discharge power during the
process T is calculated from the following relationship:

17 1r .
p Tb[pdt ija idt

0

Exemplary discharge voltage and current in case of AC
power supply has a shape similar to the one shown in
Figure 1. The discharge voltage (in the first approximation it
is the supply voltage), V, is constant. The above
relationship can therefore be written as:

lT
v L[t
p aTg

In this case, what is left to do is to evaluate the waveform of
the spark discharge current in the time domain and
equivalent waveform in the frequency domain, as shown in
Figures 1 and 2.
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Fig. 1. The shape of a single spark discharge pulse [4]
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Fig. 2. Frequency spectrum of a single spark discharge pulse [4]
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One problem that remains is to determine the current
waveforms during the spark continuance. The effect of the
spark formation and propagation can be treated (to a first
approximation) as a voltage source with a shape
corresponding to the single incremental jump. This
simplifying assumption allows to determine the shape of the
spark discharge current depending on parameters of the
circuit, which is a load of the said source. Of course, this

requires careful consideration of the impact of all factors
associated with voltage breakdown resistance value (R),
equivalent to the load impedance (Z,1 and Z,y), the length of
the relevant sections of the transmission line (I1 and Iz) and
their equivalent wave impedance (see Figure 3). These
parameters can be determined based on the measurements
and on the basis of reasonable theoretical assumptions.
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Fig. 3. The equivalent circuit of the load for the source of the
discharges

Calculation of the current waveforms is carried out by
means of operator method for solving linear differential
equations, based on Carson - Laplace transformation and
on the basis of equivalent Fourier transformation.

One should therefore proceed as follows:

For specific parameters of individual transmission line
(l4, l2, Zn, Zr) and load impedance (Zo1, Zo2) current
waveform equation along the transmission line has the
general form [5, 6]:

U,(p) Zo(P)-shy(1-x)+Z;(p)-chy(I-x)
Zi(p) Z,(p)-chyl +Z,(p)-shy

| — equivalent wire length of the transmission line (4 or
l2),

x — the distance from the considered point to the spark
gap,
Zs i )y — equivalent characteristic impedance of the
transmission line and its transmission factor,
U; — input voltage of the transmission line (flashover
voltage),
p — Laplace operator.
Then the current flow in the gap of the spark is obtained for
x=0.
The resulting expression is converted into a form which
allows the ftransition to the description of the current
waveform in time domain, using the appropriate tables
given in [5].
The equation describing the complex spectral density of the
discharge current is obtained directly from the current
operator table as follows:

1(p)

(jo) =[—
p

1(p,x) =

] p=jo

Propagation phenomena

When considering propagation in the mines, as mentioned
earlier, one should be aware of the formation of waveguide
along the corridors, as well as sudden and very rapid
attenuation of signals in the corridor concerned. The studies
on propagation issues [7, 8, 9, 10, 11, 12] are mostly
associated with frequencies much higher than those
deemed to be significant from the point of view of harmful
phenomena, for example of such products as arcing
between the pantograph and the catenary.

Moreover, to describe the phenomenon concerned here it is
necessary to identify potential routes of disturbance
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propagation. As it was already mentioned, we are dealing
with two main modes of propagation for disturbances that
arise at the pantograph - catenary contact point:

+ disturbances conducted to the catenary — disturbance
currents,

» radiated disturbances generated around the locomotive
in the near field.

Both conducted and radiated disturbances, due to non-
linearity of the source generating these disturbances and
the uniqueness of their occurrence, are particularly
dangerous for devices operating in the close vicinity.

While in the case of radiated disturbances we are talking
mainly about the effects occurring in the near field and at a
distance up to 20 m from the locomotive, then in the case of
conducted disturbances we have to deal with the transfer of
signals at the distances that are much bigger.

During the works carried out by National Institute of
Telecommunications, EMC Testing Laboratory a strong
dependence was observed between electromagnetic field
disturbances occurring in the near field and disturbances
current generated by the locomotive. Therefore, when
considering and testing this phenomenon taken into
consideration was the correlation between the disturbance
current in the catenary and the field strength present in the
close vicinity of the locomotive.

Mining locomotive tests results

As a result of the works that were carried out by the
team from the National Institute of Telecommunications,
EMC Department measured were the disturbances
generated by mining traction locomotives.

The knowledge gained during these measurements
indicate that when describing the electromagnetic
environment the main thing is to correctly identify and
appropriately determine the direction of propagation of
disturbances in this environment, wherein in the case of the
radiated disturbances it is of particular importance the
direction of the disturbance propagation. Environmental
studies in underground mines are particularly difficult
because of the limited space, the long, narrow and low
corridors and the accumulation of a large amount of
electrical equipment on a small area, while most of this
equipment is interconnected through the common supply
network and a complicated network of signal lines. It should
also be noted that the mine is a specific object, where in the
narrow corridors many cables run in parallel over long
distances, including high and medium voltage cables, signal
cables as well as traction cables.

Particularly  significant difference between mine
environment and terrestrial environment can be observed in
terms of the emissions of radiated and conducted
disturbances.

In the case of underground mining the conducted
disturbances are much more important than the radiated
disturbances. In terrestrial environments radiated
disturbances in the far field are taken into account, whereas
in the case of underground mines environment radiated
disturbances in the near-field can be very important,
generated for example by ftraction locomotives. These
disturbances may affect the machines located near the
locomotive tracks, but they can also propagate to greater
distances as current disturbances induced on the catenary
and the signal lines guided along the walls of the corridor
and, above all, by penetration into the overhead line.
Among other radiated disturbances there also occur here
some radiated signals associated with the desired
emissions associated with communication or control
machines, but those are, however, much less important.

Fig. 4. Traction locomotive, loop antenna for magnetic field
measurements in front.

On Figure 5 presented is the example of conducted
disturbances coming from mining traction locomotive. The
conducted emission measurements were performed on
catenary using the current probe. The disturbances
measured are quite significant (the 7 dB attenuation of
current probe is not taken into account in the picture) and
can easily exceed the allowed levels defined in the
emission standards for industrial environment. It must also
be remembered that these disturbances can propagate in
catenary for some considerable distance.
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Fig. 5. Example of conducted disturbances (disturbance voltage)
from the locomotive, measured in catenary.

Summary

As it was shown in this article, the phenomena related to
the propagation of the disturbances coming from mining
locomotives are very important issue when analyzing the
electromagnetic environment in the mine. Stimulation that
has been analyzed may constitute not only a source of
disturbances. It can be a potential problem not only in local
terms (ie. with a locomotive passing), but also, as it was
presented above, can be propagated along tunnels
(especially when induced on power or signal lines) and can
generate problems even tens or hundreds of meters away.

Further considerations are required regarding the
phenomena correlated to the changing dimension of the
gap between the catenary and the pantograph. Different
gap between catenary and the pantograph can be a
premise to analyze the disturbances generated for different
frequencies. During the analyses, depending on the
dimension, the gap can be transformed on the capacitor
with different distance between the capacitor plates. The
convolution of these signals will constitute complex
spectrum of electromagnetic disturbances.

70 PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 92 NR 2/2016



Authors: mgr inz. Marek Michalak, National Institute of
Telecommunications, EMC Department, ul. Swojczycka 38, 51-501

Wroctaw, E-mail: M.Michalak@itl.waw.pl, mgr inz. Monika
Szafranska, National Institute of Telecommunications, EMC
Department, ul. Swojczycka 38, 51-501 Wroctaw, E-mail:
M.Szafranska@itl.waw.pl
REFERENCES
[1] Laskowski M., Markowski R. ,Zrédta i poziomy zakiécen
radioelektrycznych ~w  resorcie  kolejnictwa”  Przeglad
Elektrotechniczny 1997 nr 3
[2] Laskowski M. ,Lokalizacja gtownych 2zrodet zaktocen

radioelektrycznych w elektrycznych pojazdach trakcyjnych”
Przeglad Elektrotechniczny 1977 nr 5

[3] Youngsoo Han, Kyuhyoung Choi, “A Simulation of Arc
Generation at AC-DC Neutral Section of Electric Railway”. The
International Conference on Electrical Engineering, 2009, IEEE
Xplore

[4] Chen Song, Sha Fei, “Three types of electromagnetic noise
between pantograph and catenary”, 3rd IEEE International
Symposium on Microwave, Antenna, Propagation and EMC
Technologies for Wireless Communications, 2009, IEEE Xplore

[5] TwHubypr C.I'. MeToabl pelleHust 3agay MNo MepexonHbiM
npouecam B 3nekTpuyeckux uenbbs, M.: CoBeTckoe paguo,
1954,

[6] Skuteczno$¢ elementéw przeciwzaktdceniowych w ukiadach
zaptonowych silnikow spalinowych z zaptonem iskrowym w
zakresie czestotliwosci 30 — 300 MHz. M. Pietranik — praca
doktorska, Instytut tgcznosci, 1974

[71 Worek C., Szczurkowski M., Katuski M., ,Zagadnienia
propagaciji fal radiowych w podziemnych zaktadach gérniczych
w aspekcie gospodarki widmem radiowym”, w ,Wybrane
obszary infrastruktury systemowej kopaln podziemnych”,
EMAG 2012, str. 223-229

[8] B.Bieda, A.Brodiuk, R.Zielinski, Propagacja fali
elektromagnetycznej w Srodowisku wyrobiska kopalnianego,
Przeglad Telekomunikacyjny Wiadomosci Telekomunikacyjne
nr4, s. 505-508, 2008

[9] D. Didascalou, J. Maurer, W. Wiesbeck, “Subway Tunnel
Guided Electromagnetic Wave Propagation at Mobile
Communications  Frequencies” IEEE Transactions On
Antennas and Propagation, vol. 49, no. 11, November 2001

[10] M. Liénard, P. Degauque, “Natural Wave Propagation in Mine
Environments”, |EEE Transactions On Antennas and
Propagation, vol. 48, no. 9, September 2000

[11] P. Delogne, “EM Propagation in Tunnels”, IEEE Transactions
On Antennas and Propagation, VOL. 39, NO. 3, March 1991

[12] H. Kenneth Sacks, Robert L. Chufo, “Medium-Frequency
Propagation in Coal Mines”, Bureau of Mines, Jan. 1983

PRZEGLAD ELEKTROTECHNICZNY, ISSN 0033-2097, R. 92 NR 2/2016 7



