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Overview of electromagnetic waves propagation in tunnels —
detection of electromagnetic disturbances source

Abstract. The paper includes preliminary considerations on the possibility of correlating results of radiation disturbances emissions’ measurements
from sources of disturbances present in tunnels (especially of underground mines). On the one hand, the proposed approach is to detect sources of
interference by correlating the measurements results with the simulation results. On the other hand, a correction factor for the initial evaluation of
devices generating disturbances in the tunnels is to be derived.

Streszczenie. W niniejszym artykule zawarte zostaly wstepne rozwazania nad mozliwo$cig korelacji wynikéw pomiaréw emisji zaburzen
promieniowanych od zrédet zaburzeri pracujgcych w tunelach (w szczegélnoSci w tunelach podziemnych kopalr)). Zawarto propozycje podejscia do
tematu poszukiwan zrédet zaktéceri poprzez korelowanie wynikow pomiaréw z wynikami symulacji oraz poprzez wyznaczanie wspoéfczynnika
pozwalajgcego na wstepne ocenianie urzgdzer generujgcych zaburzenia a pracujgcych w tunelach. (Przeglad sposobu propagacji fal

elektromagnetycznych w tunelach — wykrywanie zrédta zakiécen elektromagnetycznych).
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Introduction

Issues related to the propagation of radio waves in
tunnels are of high importance in literature studies and in
theoretical considerations. Particular emphasis is placed on
issues related to the propagation of electromagnetic waves
directly related to communication systems. Whereas, much
less emphasis is put on the issues related to the
propagation of other electromagnetic waves, e.g. generated
by disturbance sources that may become the sources of
interference for other equipment working in tunnels.

Therefore, this paper focuses on issues related to the
propagation in tunnels. Although, the issues related to
propagation in tunnels have been observed and described
theoretically by many authors, in this paper they are
presented together with the practical aspect of propagation
of disturbances that may cause interference in other
machines’ work.

The author, for many years has been involved in
electromagnetic compatibility tests of mining machinery for
which the typical target environment are underground
tunnels. Such machinery generates very complex radiated
disturbances, especially in the frequency range from
30 MHz to 200 MHz. These disturbances can propagate
over considerable distance and cause malfunction of other
machinery by interfering with its normal operation.
Therefore, it is necessary not only to look at the source of
the disturbances but also to analyse the propagation
environment specifics.

Thus, the aim of this paper is to demonstrate the
relationship between the generation of electromagnetic
waves in tunnels and interference with other equipment
operation. Moreover, the paper highlights important
components that should be considered when analysing the
propagation of the disturbances in tunnels in the considered
frequency ranges, as well as the parameters related to the
tunnel geometry and its equipment. It also presents results
of mining equipment tests with a reference to the current
requirements for the allowed and acceptable
electromagnetic disturbances emissions in the given
environment and the possible interactions of excessive
disturbances with other equipment that can also work in the
tunnels.

General considerations of propagation in tunnels
When considering propagation in mines one should be
aware of the possible waveguides that can form along the

mine corridors or in tunnels. Equally important issue is
sudden and very rapid attenuation of signals. Most of the
previous studies on propagation issues [1 +14] were mainly
associated with frequencies much higher than those
deemed to be significant from the point of view of harmful
phenomena, for example frequency range of such
disturbance sources as arcing between the pantograph and
the catenary, inverters and LED lights.

Fig. 1. Underground tunnel of the copper mine

Moreover, to properly describe the phenomenon
concerned, it is necessary to identify potential routes of
disturbance propagation. As it was already mentioned, in
this case we are dealing with the two main modes of the
propagation of disturbances that have their source at the
pantograph- catenary contact point:

e conducted disturbances — disturbance currents in

power lines,

e radiated disturbances — generated in the near field

around the source.

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

While in the case of radiated disturbances we are
considering mainly the effects occurring in the near field
and at the distances of up to 20 meters from the source, in
the case of conducted disturbances we usually have to deal
with the transfer of signals at the distances that are much
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bigger. The reason for that is the fact that power and signal
lines run in the mines or in other tunnels for considerable
distances, thus creating great route of propagation for the
conducted disturbances.

During many measurements carried out by research
team of the EMC Department of National Institute of
Telecommunications (NIT) and its EMC Testing Laboratory,
a strong dependence was observed between disturbance
fields occurring in the near field and disturbance currents
generated by the presence of large objects. Therefore,
when considering and testing this phenomenon, the main
aspect that must be taken into consideration is the
correlation between the disturbance current in the catenary
and the field strength present in the close vicinity of the eq.

Practical aspect of propagation in tunnel’s research

The author wishes to introduce the essence of radio
wave propagation discussing it not only from the point of
view of the attenuation and amplification of a signal at a
certain distance, but also from the point of view of the
exemplary practical application — detection of disturbance
sources. Research works on propagation in tunnels,
although well known, are mainly considering usability of the
propagating waves for wireless communications. Most
research works focus on defining propagation coefficients
and describing phenomena on the frequency ranges where
for example the trunking systems work (e.g. above 400
MHz). Also well-known are the propagation models and
studies covering the frequency ranges used for the
communication purposes.

Fig. 2. Traction locomotive, loop antenna for magnetic field
measurements in front

However, the typical target environment for the
mentioned machinery are the underground tunnels. These
machines do generate significant radiated electromagnetic
disturbances, but especially in the frequency range from
30 MHz to 200 MHz. These disturbances are capable of
being spread over considerable distances and can cause
malfunction of other machinery and can interfere with their
normal operation. This article is intended to demonstrate
the relationship between the generation of electromagnetic
waves in tunnels and interference occurring in the
equipment being the victim of the disturbances that
propagate in the tunnels. Some exemplary mining
equipment tests results are presented and referenced to the
current requirements for the allowed electromagnetic
disturbances emissions to the environment and the possible
interactions of such disturbances with the equipment
working in tunnels.

This new approach, based on finding the correlations
between the potential sources of disturbances and the
levels of emissions generated by them in mine (tunnels)

conditions is also very important in difficult, disputable
situations in which the interference with the equipment
located close to the sought source of the disturbances
occurs.

In many mines, especially after the introduction of highly
advanced automated mining processes, there have been
problems with accidental (as originally thought) switching or
overdriving. This is reflected extensively in NIT works.

Since 2006, the NIT team has conducted numerous
research works subjected to verify the electromagnetic
environment of mines — some findings of these works can
be found in [15] and [16]. During the author’'s analysis of
these research works one issue has emerged — even in the
case of mining equipment meet the requirements of EMC
[17] some immunity problems are occurring. This led to the
hypothesis, that the electromagnetic environment of the
underground mine differs significantly from the on surface
electromagnetic environment. Hence, the NIT team
research on this subject might be a proof of that of a
paramount importance.

Large devices, including the mining ones are tested (if it
is possible due to their dimensions) on the ground and the
levels of disturbance generated by them are referred to the
Open Area Test Site (OATS). As it was demonstrated by
the practice, in particular for devices that have relatively low
reserve in recorded disturbances when compared to those
limits, these devices frequently become the sources of
significant disturbances in the environmental and physical
conditions of the mine (read: while working in the tunnel).
Considering the derivation of correction factors that could
allow for the comparison of the on-site (in situ), made in the
tunnel measurements results to the OATS radiated
emission levels, special attention should also be given to
such types of equipment for which the on surface tests
cannot take place (due to the size or the fact that the
machine is not being built / assembled until underground).
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Fig. 3. Example of conducted disturbances from the locomotive,
measured in catenary.

In Fig. 3 one example of such problematic sources of
the disturbances can be found. which On the one hand
these sources undoubtedly cause disturbances, while on
the other hand they are rarely EMC tested on the surface.
Moreover, there is very little to say about their emission
characteristics as well as their work as the disturbance
sources.

The perfect example that could be considered as the
source of disturbances generated in mine tunnels is mining
traction locomotive. Some results of the disturbances
observed and recorded by the team from the National
Institute of Telecommunications, EMC Department during
the tests of locomotive are shown in Fig. 3.
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This example (see Fig. 3) shows that the level of
disturbances exceeds the typical levels of disturbance
almost 40 dB from industrial equipment (in this frequency
range limit is equal 73 dBuV for QP detector and 60 dBuV
for average detector [18]). That situation means the
disturbance voltage is almost 100 times higher than the
highest typical RF voltage recorded in industrial
environment [18]. That kind of object generating such
significant disturbances may cause the incorrect operation
of devices in the vicinity and also devices powered from the
same transformer.

The knowledge and experience gained during those
measurements indicate that when describing the
electromagnetic environment the main thing is to correctly
identify and appropriately determine the direction of
disturbances propagation in this environment. What is
more, it is particularly important in the case of the radiated
disturbances, because the direction of the disturbance
propagation, when we consider the physical characteristics
of the tunnels, determines the range of these disturbances
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 very complicated and widely
distributed network of signal lines. It should also be noted
that the mine is a very specific object, where many cables
run in the narrow corridors in parallel over long distances,
including high and medium voltage cables, signal cables as
well as traction cables. One of the effects of this is the
induction of the disturbances from one line to another.

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 mostly taken into account,
whereas in the case of underground mines environment
radiated disturbances in the near-field become more
important, for example the ones that are generated by
traction 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 that
also occur in these conditions there are some radiated
signals associated with the desired emissions associated
with communication or control machines, but those are,
however, much less important.

The main range of the frequency impact of the radiated
disturbances usually coming from this type of device is up
to about 200 MHz (300 MHz maximum).In most cases the
observed effects of disturbances in the frequency range of
30 to 200 MHz are secondary effects, The sources
generating them are operating/generating disturbances in
the frequency bands up to a single MHz. Well known
sources of similar disturbances observed on the surface are
the inverters (increasingly used), in case of which the
radiated disturbances are generated mainly due to the
effects of short switching times (clocking).

Returning to the example presented in Fig. 3. — the
measurements which results are presented here were
performed on catenary using the current probe. The
disturbances that were measured there were quite
significant and can easily exceed the allowed levels for the
industrial environment. It must also be remembered that

these disturbances can be propagated in catenary for some
considerable distance.

Test set-up

As it was previously mentioned, a significant issue with
disturbance source detection is the attempt to determine a
correction factor that can allow to correlate the results
obtained during in tunnel testing so that it can be compared
to the requirements that were set out in the EMC standards
for the OATS measurements. It should be stressed out here
that in analysing the spread of tunnel disturbances in the
observed frequency ranges, very close attention should
also be paid to the issues related to the geometry of the
tunnel and the equipment that is present in the tunnel.

Fig. 4. Railway shelter

For the preliminary work on the correlation between the
results of emission measurements of disturbances obtained
on OATS and the results obtained in the tunnel, as a
representative generalized case, the tunnel of the German
(WW 1) railway shelter located near Konewka village was
used.

Fig 5. Test set-up inside the tunnel
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In the tunnel, in around 150 — 200 meters distance from
the entry to the tunnel, receiving antenna (allowing 1 —
3,5m height scanning) and transmitting antenna
(positioned 80 cm over ground level, with comb generator
attached) were placed. Fig. 5 presents the pictures from the
tests site.

The tests were carried out for 3 m and 10 m measuring
distances — the typical ones also for the OATS applications.
The test results were noted and the correlation with OATS
measurements of the same comb generator were made.

Initial results show the possibility of the introduction of
required correction factor, but more thorough test
measurements and numerical simulations are needed.

In the next stage of this research the author plans to

prepare the numerical model that will allow to simulate the
results of the field strength distribution in the tunnel, which
in turn will allow her to derive the correction factors for
different physical parameters of the tunnels.
Further research on the subject that was mentioned in the
section is also planned. It refers to tunnels’ further cabling
along the tunnel as an additional propagation path. It should
be included in the research as they can significantly
influence the derived correction factor, especially in the
frequency range that is considered here.

Conclusion

The author takes preliminary considerations on the
possibility of correlating the results of measurements of
radiation disturbances emission from the sources of
disturbances working in tunnels. The Proposed approach
was the searching for the sources of interference topic by
correlating the measurements results with the simulation
results and by the derivation of a correction factor for the
initial evaluation of devices generating disturbances in the
tunnels.

This study is the introduction and basis for the
preparation of a mathematical model that will be able to be
adapted to the physical parameters of the tunnels for which
the need for a correction factor will be determined. These
works will be further developed accordingly to allow the
model validation and to show the reproducibility of the
simulation results in measurements based on radiation
emission test methods. Further research is still needed to
fully illustrate the correlation method proposed here and it
will be the significant part of the author’s research.
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