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Description
TECHNICAL FIELD

[0001] The present invention relates to systems and
methods for detecting broken rails on railway lines, and
more specifically to non-onboard (or track-installed) sys-
tems and methods for non-onboard systems.

PRIOR ART

[0002] Nowadays there are different technologies for
detecting whether a rail which is part of a railway line is
broken. Some of them are technologies applicable to on-
board systems, whereas others are aimed at non-on-
board systems.

[0003] Patent document US2004172216A1 discloses
a non-onboard system with ultrasound technology. The
system comprises one generator per rail, and the gen-
erators emit a corresponding ultrasonic signal. Respec-
tive receivers are arranged a certain distance from the
rails (one per rail). The rail itself (if it is not broken) is
responsible for transmitting the ultrasound from the emit-
ting point to the receiving point, such that if a receiver
does not receive a signal when it should, the breakage
of the corresponding rail is determined. The advantage
of this solution lies in the capacity of detecting all kinds
of defects (surface damage, crack and breakage) that
would affect the quality of the received signal, but it has
the short range of the signal source (close to 2 meters)
as a drawback, and therefore the need to incorporate a
large number of repeaters, making the entire system
more expensive.

[0004] Another technology used in non-onboard sys-
tems of this type is optical fiber technology. The most
widespread technological solution using optical fiber con-
sists of placing a light conductor against each rail. The
main advantage is the minimum and simple infrastructure
required, but its weak point is the strong mechanical
stress the rail must endure for the fiber to break and for
the corresponding failure to be detected.

[0005] Another technology used in non-onboard sys-
tems of this type is inductive coupling technology. The
basic idea of this technology is to use the good electro-
magnetic conducting behavior of the rails to close a circuit
in which the induced signal source is applied to a coil
connected to the rails at a specific point of the railway
line. A looped cable acting as a receiver is placed at a
certain distance, capturing the induction propagated by
the rails if they are in the correct state. The breakage of
one of the rails causes an induced signal loss in the re-
ceiving loop. The main advantage thereof is the simplicity
and low cost, however induced signal losses increase
with distance, so for detection at large distances, the
technology requires increasing the current generating
electromagnetic induction or increasing the number of
emitting coils and receiving loops. On the other hand, the
received signal loss is indicative of a broken track but
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does not allow distinguishing which of the two rails has
been rendered inoperative.

[0006] Another technology used in non-onboard sys-
tems ofthis type is elastic wave-based technology. It uses
sonic and ultrasonic waves emitted by the train itself and
propagated along the track where receiving devices are
located. The main advantage of this technology is that it
does not require additional signal sources, however the
use thereof is limited by the excessive damping these
signals undergo with the frequency and with the distance,
making it necessary to place receivers every few meters.
[0007] Patent document ES2320517A1 discloses a
technology known as "track circuit", the function of which
is to detect the presence/absence of a train in a section
of a railway line using the forced short-circuit between
the rails of the track by means of the wheel-axle-wheel
assembly of a train. Indirectly, in the absence of a train
these circuits can detect whether or not there is an elec-
trical discontinuity of the rails in the section under study,
being able to determine the breakage of a rail if a discon-
tinuity is detected. However, the exclusive use thereof
as arail breakage detector entails choosing an oversized
solution with costly implementation and maintenance.
[0008] Patent document FR2758302A1 discloses a
system for detecting broken rails on a railway, which is
adapted for detecting broken rails by means of detecting
an electrical discontinuity thereof. The system includes
a central unit connected to both rails of a main railway
and to signalling equipment which controls the points be-
tween the main railway and a secondary railway. The
signalling equipment includes conducting cables which
link electrically the main and the secondary rails. A
number of devices are provided to measure the electrical
current through the connection cables and rails.

[0009] Patent document FR2758301A1 discloses a
system for detecting broken rails on a railway line having
at least one track, which is adapted for detecting broken
rails by means of detecting an electrical discontinuity
thereof, wherein the system comprises at least one emit-
ting node, at least one receiving node and connection
means for configuring at least one electrical circuit de-
termined between both nodes and the section of rails
between both nodes, determining whether or not there
is an electrical discontinuity in said section, the emitting
node being configured for injecting at least one alternat-
ing electrical signal of a specific power into the electrical
circuit.

DISCLOSURE OF THE INVENTION

[0010] An object of the invention is to provide a system
for detecting broken rails of a railway line, as defined by
independent claim 1 and described below.

[0011] The system of the invention is adapted for de-
tecting broken rails by means of electrical discontinuity
thereof, and comprises atleastone emitting node, atleast
one receiving node and connection means for generating
at least one electrical circuit determined between both
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nodes and the section of rails between both nodes, de-
termining whether or not there is an electrical disconti-
nuity in said section, the emitting node being configured
for injecting at least one alternating electrical signal of a
specific power into the electrical circuit. The system fur-
ther comprises, in each of the nodes, a detector associ-
ated with each rail in the section of rails which is part of
the electrical circuit for detecting the signal going through
the corresponding rail as a response to the injection per-
formed by the emitting node, and at least control means
which are communicated with the detectors for receiving
signals detected by said detectors and configured for de-
termining whether there is an electrical discontinuity in
the electrical circuit based on the received detections,
and for determining the breakage of at least one of the
rails which is part of said electrical circuit given the pres-
ence of an electrical discontinuity in said electrical circuit
(particularly a breakage in the section of said rail which
is part of said electrical circuit).

[0012] Another object of the invention is to provide a
method for detecting broken rails on a railway line having
at least one track, as defined by independent claim 6 and
described below.

[0013] With the method of the invention, at least one
electrical circuit is configured between an emitting node,
a receiving node and a section of rails between both
nodes, at least one alternating electrical signal of a spe-
cific power is injected into the electrical circuit from the
emitting node, the alternating electrical signal going
through each rail which is part of the electrical circuit is
detected in each of the nodes as a response to the in-
jected alternating electrical signal, and it is determined
whether there is an electrical discontinuity in a rail which
is part of the electrical circuit, within the section which is
part of said electrical circuit, and therefore whether there
is a breakage in said rail, depending on said detected
signals.

[0014] Therefore, both the system and method of the
invention make it possible to place the receiving node
and the emitting node atgreat distances from one another
in comparison with known prior art solutions, since the
injection of an alternating signal on at least one rail with
a suitable power is made possible, the excitation voltage
value and the current value of said alternating signal be-
ing limited by electrical safety restrictions inherent to rail-
way systems (maximum excitation voltage: 30 V; maxi-
mum current: 5A). Particularly, distances between the
different technical buildings distributed along railway
lines (which are separated from one another by distances
between about 10 km and 14 km) can be covered with a
smaller number of devices given that the emitting nodes
can be placed in the technical buildings and the receiving
nodes can be place at intermediate points with respect
to said technical buildings (intermediate points which can
be at about between 5 km and 7 km from the technical
buildings), for example. The number of installations re-
quired for detecting breakages on railway lines therefore
significant decreases, with both the technical and eco-
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nomic advantages this entails. Sub-stations, autotrans-
formers, communication cassettes, transformation cent-
ers, etc., must be included in the definition of a technical
building.

[0015] These and other advantages and features of
the invention will become evident in view of the drawings
and detailed description of the invention.

DESCRIPTION OF THE DRAWINGS
[0016]

Figure 1 schematically shows an overall structure of
an embodiment of the system of the invention.

Figure 2 schematically shows two independent cir-
cuits configured with the system of the invention for
two tracks of a double-track railway line.

Figure 3 schematically shows an electrical circuit
configured with the system of the invention, for joint
excitation of both tracks of a double-track railway
line.

Figure 4 shows the electrical circuit of Figure 3, with
a breakage in each rail and where the coupling im-
pedances between rails are depicted.

Figure 5 schematically shows an electronic structure
of the system of Figure 1.

DETAILED DISCLOSURE OF THE INVENTION

[0017] Afirstaspectoftheinventionrelatesto asystem
for detecting broken rails on a railway line comprising at
least one track V with two parallel rails R, which is pref-
erably also adapted for detecting broken rails on a dou-
ble-track railway line as schematically and structurally
shown in Figure 1, for example. The system is designed
so that the breakage in any rail R is detected based on
the detection of an electrical discontinuity given that the
capacity of the rails R themselves is used as electricity
conductors. The system of the invention is furthermore
a non-onboard system, i.e., it is installed on the track or
in the surrounding area, and a train or vehicle running on
the tracks is not part of said system.

[0018] The system comprises at least one emitting
node 1, at least one receiving node 2 arranged at a spe-
cific separation distance from the emitting node 1, and
connection means for generating at least one electrical
circuit determined between both nodes 1 and 2 and the
section of rails R of the railway line between both nodes
1 and 2. The connection means allow electrical connec-
tion of the nodes 1 and 2, respectively, to the different
rails R, such that it is possible to generate an electrical
circuit between both nodes 1 and 2 and the section of
rails R between both nodes 1 and 2, thus being able to
detect whether there is a breakage in a rail R within said
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section of rails R based on whether the configured elec-
trical circuit is closed (there is no electrical discontinuity
in any of the sections of the rails R which are part of the
electrical circuit) or open (there is at least one electrical
discontinuity in one of the sections of rails R which are
part of the electrical circuit). To that end, the emitting
node 1 is configured for injecting at least one alternating
electrical signal of a specific power into the electrical cir-
cuit (for the sake of clarity, the generation is depicted with
reference E in the drawings), determining whether or not
there is a discontinuity in one of the rails R which are part
of the corresponding electrical circuit depending on said
injected signal.

[0019] The signal which is injected has specific elec-
trical properties and the length of the section of rails R
which can be inspected depends on said properties. The
injection of an alternating electrical signal must be inter-
preted as the generation of an alternating voltage (exci-
tation voltage) which is applied to the electrical circuit
providing a specific current.

[0020] The system comprises in each of the nodes 1
and 2 a detector S associated with each rail R, in the
section of rails R which is part of the electrical circuit (see
Figures 2 and 3), for detecting the signal going through
the corresponding rail R as a response to the injection
performed by the emitting node 1, and at least control
means which are communicated with the detectors S for
receiving signals detected by said detectors S and con-
figured for determining whether there is an electrical dis-
continuity in the electrical circuit based on said signals,
and for determining the breakage of at least one of the
rails R (and of which rail R) which is part of said electrical
circuit, in the section of rails R object of the study, given
the presence of an electrical discontinuity in said electri-
cal circuit.

[0021] The characteristics of the injected alternating
electrical signaland the impedance of the electrical circuit
are known, so the characteristics of the signals to be
detected by the detectors S as a response to the injected
alternating electrical signal can be anticipated. The con-
trol means can therefore determine whether or not the
received signals correspond with the expected ones, thus
being able to determine whether or not there is a discon-
tinuity in said section of rails R. Furthermore, due at least
to the presence of a coupling impedance Zrr between
two rails R of one and the same track V and to the plurality
of detectors S used, the control means are furthermore
configured for determining the rail R in which electrical
discontinuity has occurred based on the received signals.
[0022] Generating an electrical circuit between an
emitting node 1, a receiving node 2 and the section of
rails R between said nodes 1 and 2 of a railway line, and
injecting an alternating electrical signal of a specific fre-
quency into said electrical circuit allow placing the emit-
ting node 1 and the receiving node 2 at greater distances
from one another than with known prior art technologies,
given that the alternating electrical signal is capable of
covering greater distances. There are inherent electrical
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restrictions in railway lines that the alternating electrical
signal must also comply with (maximum excitation volt-
age of 30 V and maximum current of 5 A). Taking these
limitations into account, an alternating electrical signal
can be configured which, when injected by the emitting
node 1, it is correctly received in the receiving node 2
and in the emitting node 1 itself after going through the
receiving node 2, with a level that depends on whether
or not there is breakage in a rail R, the separation be-
tween the nodes 1 and 2 being able to be up to at least
10 km as a result of the system of the invention. Further-
more, it must be taken into account that the section of
railway line excited with the injected signal and analyzed
comprises the distance between the two contiguous re-
ceiving nodes 2 thereof (Figure 1), so the distance of
railway line evaluated with one and the same emitting
node 1 can reach 20 km (10 km on each side of the
emitting node). To calculate the distance that can be cov-
ered by the alternating electrical signal, the characteris-
tics of the alternating electrical signal itself and the char-
acteristics of the configured electrical circuit (impedance,
for example) must be considered, but this calculation is
not provided in detail given that based on these premises
a person skilled in the art would know the limits of the
generated electrical signal. The system of the invention
therefore allows placing the emitting nodes 1 in technical
buildings present along railway lines and placing the re-
ceiving nodes 2 at an intermediate point between two
technical buildings (between two emitting nodes 1), such
that there is a separation distance of between about 5
km and 9 km between nodes 1 and 2. Sub-stations, au-
totransformers, communication cassettes, transforma-
tion centers or installations which are present along rail-
way lines and separated from one another by between
10 km and 14 km in general must be included in the def-
inition of a technical building.

[0023] The system comprises respective control
means 11 and 21 in each node 1 and 2 that receive the
signals detected by the respective detectors S (control
means 11 receive signals from the detectors S of the
emitting node 1 and control means 21 receive signals
from the detectors S of the receiving node 2), and a data
communication line 3 through which both control means
11 and 21 are communicated to one another. Preferably
the communication line 3 corresponds with the line ex-
isting in the railway lines, the addition of an additional
communication line being unnecessary (it could be add-
ed if no such line exist). The communication line 3 can
be an Ethernet line, for example, although it could also
be of another type.

[0024] Preferably, the control means 21 of the receiv-
ing node 2 are configured for sending the signals they
receive to the control means 11 of the emitting node 1,
and said control means 11 are configured for determining
whether or not there is an electrical discontinuity in the
electrical circuit depending on the signals received from
the receiving node 2 through the communication line 3
and on the signals received from the detectors S of the
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emitting node 1 itself, said control means 11 being those
which determine whether or not there is breakage in a
rail R, and where appropriate, which rail R is broken.
Alternatively, the control means 21 of the receiving node
2 may be the ones responsible for performing determi-
nations, the emitting node 1 sending the received signals
to the receiving node 2 through the communication line
3. Therefore, only one of the control means 11 and 21 is
required to have the computing capabilities for determin-
ing whether or not a rail R is broken.

[0025] The system is adapted for configuring different
electrical circuits between an emitting node 1, a receiving
node 2 and the section of rails R between both nodes 1
and 2. To that end, in examples not part of the invention,
the connection means comprise a first module 100 in the
emitting node 1 through which said emitting node 1 can
be electrically connected in different ways to the rails R
ofarailwayline, and a second module 200 in the receiving
node 2 through which said receiving node 2 can be elec-
trically connected in different ways to the rails R of a
railway line. Each module 100 and 200 comprises atleast
one controllable switch (not depicted in the drawings) for
each rail R, both nodes 1 and 2 thus being able to be
electrically connected to all the rails R of the railway line,
and each of the control means 11 and 21 is communi-
cated with the corresponding module 100 and 200 and
configured for controlling the opening and closing of said
switches for configuring the different electrical circuits
between the nodes 1 and 2 and the section of rails R
between both nodes 1 and 2. The two control means 11
and 21 are furthermore configured for controlling the
switches of the modules 100 and 200, respectively, in a
coordinated manner, such that they cooperate with one
another for configuring the required electrical circuit be-
tween both nodes 1 and 2 and the section of rails R be-
tween both nodes 1 and 2.

[0026] The first module 100 is adapted for associating
the emitting node 1 with two receiving nodes 2, one on
each side (one on the right side and the other on the left
side thereof, as shown in Figure 1, for example), and the
second module 200 is adapted for associating the receiv-
ing node 2 with two emitting nodes 1, one on each side
(one on the right side and the other on the left side there-
of), the control means 11 of the emitting node 1 and the
control means 21 of both receiving nodes 2 being con-
figured for controlling the respective modules 100 and
200 in a coordinated manner. This thereby allows dupli-
cating the evaluated section of rails R of the railway line
with one and the same emitting node 1, with the advan-
tages that this entails in terms of cost, installation and
maintenance, for example.

[0027] The control means 11 and 21 allow configuring
an electrical circuit between the emitting node 1, the re-
ceiving node 2 and the section of rails R between both
nodes 1 and 2 of a track V of the railway line. Two inde-
pendent electrical circuits can therefore be configured
for the case of a double-track railway line, one for each
track V, as shown by way of example in Figure 2. For the
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case of a double-track railway line, the emitting node 1
is configured so that it preferably injects a first signal into
the electrical circuit of one track V and then injects an-
other signal into the electrical circuit of the other track V.
[0028] For the case of a double-track railway line, the
control means 11 and 21 and modules 100 and 200 are
adapted and configured to be able to furthermore con-
figure another electrical circuit involving both tracks V
between the emitting node 1, the receiving node 2 and
the section of rails R of both tracks V which is between
both nodes 1 and 2, the electrical circuit between the four
rails R (the section) forming the railway line thus being
configured as shown by way of example in Figure 3. In
this case, the emitting node 1 would inject an alternating
electrical signal into both rails R of one and the same
track V, the circuit through the receiving node 2 and the
rails R of the other track V being closed. In said electrical
circuit, the emitting node 1 is connected to both tracks V
of the railway line and in the receiving node 2 the four
rails R are short-circuited. This new configuration allows
the control means 11 to be able to identify the broken rail
R and estimate the break area of said rail R.

[0029] Referring to Figure 3, in the emitting node 1 the
system can comprise a first signal bar 17 acting as a
node for separating the alternating electrical signal into
two (one for each of the rails R), such that the generation
of a single alternating electrical signal is sufficient for the
electrical circuit. To close the corresponding electrical
circuit, the system further comprises a second signal bar
18 unifying the two signals arriving from the two rails of
the other track V (second track V). The detectors S of
the emitting node 1 are arranged between the rails R and
the signal bars 17 and 18.

[0030] Inthereceiving node 2, the system in turn com-
prises two signal bars 27 and 28. The first signal bar 27
unifies the two signals arriving from the two rails R of the
first track V, and the second signal bar 28 separates the
alternating electrical signal it receives from the first signal
bar 27 into two, one for each rail R of the second track
V. Like in the emitting node 1, in the receiving node 2 the
detectors S are arranged between the rails R and the
signal bars 27 and 28.

[0031] A detector S detects an alternating electrical
signal associated with its corresponding rail R as a re-
sponse to the injected alternating electrical signal. Pref-
erably, the detector S comprises a sense resistor detect-
ing the current going through said rail R at that point,
although a different detector S could be used. Therefore,
based on the relative differences (of one detector S with
respect to others) between the current (or voltage, for
example) levels, which are indicative of one or more elec-
trical discontinuities in the analyzed electrical circuit, the
presence of at least one broken rail R in the analyzed
section of track V (section which is part of said electrical
circuit) can be detected.

[0032] The emitting node 1is configured for generating
the alternating electrical signal based on a digital carrier
signal which is modulated by means of a specific code.
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The frequency of the carrier signal is selected so that its
bandwidth is not affected by the network frequency (50
Hz) and its main harmonics, so a frequency of at least
500 Hz is selected. On the other hand, the protection
systems used today in railway lines use signals having
a frequency above 1 kHz, and further taking into account
that the damping of an emitted signal increases with fre-
quency, the selected frequency is below 1 kHz. The band-
width of the modulated digital signal is therefore com-
prised in the range defined between 500 Hz and 1 kHz,
and preferably between about 700 Hz and about 900 Hz
(whichresults in a carrier digital signal frequency of about
800 Hz).

[0033] The coding used contributes to the detection of
signals with a high immunity to surrounding noise. The
modulation used allows concentrating the energy of the
signal in the required bandwidth. Preferably, BPSK mod-
ulation with a 1023-bit Kasami code is used, but another
type of modulation and coding could be used.

[0034] The emitting node 1 comprises a digital-to-an-
alog converter DAC for converting said modulated digital
signal into a modulated analog signal (which may or may
not be integrated in the control means 11) and an ampli-
fier 19 for amplifying said modulated alternating electrical
signal, said amplified signal being the alternating electri-
cal signal which is injected. Therefore, as a result of the
system of the invention an alternating electrical signal
can be injected with properties with which at least the
following advantages are obtained:

- The electrical discontinuity of rails R of sections of
railway line can be analyzed with a large distance
between an emitting node 1 and a receiving node 2
compared with the distance allowed with the systems
of the prior art.

- Signals with a high electrical immunity against sur-
rounding noises are detected.

- The signals emitted by each emitting node 1 can be
distinguished such that each receiving node 2 inter-
prets from which source (from which contiguous
emitting node 1) the detected signal originates.

[0035] The system comprises in each node 1 and 2 at
least one analog-to-digital converter ADC for digitizing
the alternating electrical signal detected by the corre-
sponding detectors S, the control means 11 and 21 being
connected to the corresponding analog-to-digital con-
verter ADC for receiving said digitized signals and
processing them. In order to process same, the control
means 11 and 21 demodulate the detected signals they
receive from the corresponding detectors S, decode
same and perform a correlation process with the known
data pattern used for generating the alternating electrical
signal itself to be injected. The control means 21 transmit
the processed signals to the corresponding emitting node
1 through the communication line 3 (adapting it to the
corresponding protocol, Ethernet, etc.).

[0036] The control means 11 analyze the signals re-
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ceived from the receiving node 2 and the signals proc-
essed in the emitting node 1 itself and determine whether
or not there is breakage (and should there be one, which
one is broken and the estimated break area). Alterna-
tively, the control means 21 may not process the signals
received from the detectors S (or at least part of the
processing steps), in which case they would send said
signals to the corresponding emitting node 1 so that this
emitting node 1 is responsible for processing them (or
completing the missing steps).

[0037] To achieve galvanic isolation between the rail-
way line and the electronic components of the nodes 1
and 2 and thereby protect said electronic components
against possible electromagnetic energy spikes disturb-
ing the track(s) V of the railway line, the system further
comprises:

- atransformer T1 between the amplifier 19 and each
rail R into which the electrical signal in the emitting
node 1 can be injected, which allows galvanically
isolating the electronic components of the emitting
node 1 responsible for generating the signal to be
injected of the electrical circuit of which the railway
line is a part, and

- adecoupling element not depicted in the drawings
(preferably a transformer) for each detector S, for
associating each detector S with the corresponding
rail R, the current sense resistor (or the equivalent
element) thus being galvanically isolated from said
rail R.

[0038] On the other hand, the detected alternating sig-
nal associated with each rail R is filtered (by means of
band pass filters not depicted in the drawings) both in
the emitting node 1 and in the receiving node 2 in order
to eliminate the frequencies outside the bandwidth of in-
terest. The pass band of the filter is sized for the band-
width of the signal to be injected, preferably between
about 700 Hz and about 900 Hz as mentioned above.
The filtered signals arrive at the corresponding analog-
to-digital converter ADC.

[0039] The control means 11 and 21 can be a micro-
processor, a microcontroller, a PC, a dedicated card, an
FPGA or any device with computing capability to carry
out the required and mentioned actions.

[0040] A second aspect of the invention relates to a
method for detecting a broken rail for a railway line,
whereby the breakage of the rails R is detected by means
of electrical discontinuity thereof. The method is adapted
for being implemented in a system such as the one men-
tioned for the first aspect of the invention.

[0041] In the method, at least one electrical circuit is
configured between an emitting node 1, a receiving node
2 and the section of rails R between both nodes 1 and
2, at least one alternating electrical signal of a specific
power is injected into the electrical circuit from the emit-
ting node 1, the alternating electrical signal going through
each rail R which is part of the electrical circuit is detected
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in each of the nodes 1 and 2 as a response to the injected
alternating electrical signal, and it is determined whether
there is an electrical discontinuity in a rail R which is part
of the electrical circuit, and therefore whether there is
breakage in said rail R, depending on said detected sig-
nals. The method is therefore adapted for being imple-
mented when norolling stock is running along the section
of rails R to be analyzed (or preferably in nearby sections
either to prevent sources of interference from said rolling
stock).

[0042] Preferably, the signal is injected during a spe-
cific time, which can be 1 minute, for example, and the
electrical signal through the rails R is detected with the
corresponding detectors S during said time interval. The
nodes 1 and 2 are synchronized such that the receiving
node 2 performs the functions for which it is responsible
(detecting signals and transmitting same through the
communication line 3) provided that the emitting node 1
injects the corresponding alternating electrical signal(s),
said receiving node 2 being atrest as long as the emitting
node 1 does not inject any signal (the emitting node 1 is
also at rest in that situation), reducing energy consump-
tion. Synchronization can be performed in different ways,
for example the emitting node 1 can be programmed to
act periodically and when activated causes activation of
the receiving node 2, both nodes 1 and 2 can be pro-
grammed and synchronized, or a remote controller can
be responsible for activating both nodes 1 and 2.
[0043] The detected signals reach the corresponding
control means 11 and 21 (filtered and digitized as ex-
plained for the first aspect of the invention), and said con-
trol means 11 and 21 process and record the signals as
mentioned for the first aspect of the invention, for exam-
ple. Correlation of the signals received by the control
means 11 and 21 is performed during processing taking
into account the data patterns used for coding the injected
alternating electrical signal. The correlation results ob-
tained in the control means 21 of the receiving node 2
are sent through the communication line 3 to the control
means 11 of the emitting node 1 for joint analysis (anal-
ysis of the signals processed in the control means 21 and
signals processed in the actual control means 11). The
analysis allows determining whether or not there is an
electrical discontinuity in the electrical circuit, and there-
fore whether there is breakage in a rail R, as explained
also for the first aspect of the invention. Alternatively, the
control means 21 may not process the signals received
from the detectors S (or they may not perform at least
part of the processing steps), in which cases they would
send said signals to the corresponding emitting node 1
so that this emitting node 1 is responsible for processing
them (or completing the missing steps).

[0044] Inthe case of arailway line having a single track
V, the method implements a detection process from a
single excitation (independent excitation process). In the
process, an electrical circuit is configured between the
emitting node 1, the receiving node 2 and the section of
rails R between both nodes 1 and 2 of said track V of the
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railway line, the alternating electrical signal is injected
into the electrical circuit, the electrical signal going
through each of the rails R in the section of said rails R
which is part of said electrical circuit is detected in each
node 1 and 2, the detected signals are processed in the
control means 11 and 21, and it is determined whether
there is an electrical discontinuity in a rail R, and therefore
whether or not there is breakage, depending on said de-
tected electrical signals.

[0045] On adouble-track railway line, the independent
excitation process is implemented in both tracks V (see
Figure 2). The breakage of a rail R in both tracks V can
therefore be detected in the same test. If the breakage
of at least one rail R in at least one of the two tracks V
(in the evaluated sections, respectively) is determined
as a result of both independent excitation processes, an
additional detection process (joint excitation process,
see Figure 3) is implemented in the method in which a
joint excitation of both tracks V (of sections of tracks V
which have previously been evaluated with respective
independent excitation processes) is carried out.
[0046] In the additional detection process (joint excita-
tion process), an electrical circuit is configured between
the emitting node 1, the receiving node 2 and the section
of rails R of both tracks V which is between the nodes 1
and 2 (see Figure 3), the emitting node 1 in said electrical
circuit being connected to both tracks V and the four rails
R being short-circuited in the receiving node 2, an alter-
nating electrical signalis injected into the electrical circuit,
the electrical signal going through each of the rails R
which are part of the electrical circuit is detected in each
node 1and2andin eachtrack V, and the detected signals
are processed. The simultaneous analysis of all the de-
tected signals (eight in total, four signals recorded by the
control means 21 of the receiving node 2 and four signals
recorded by the control means 11 of the emitting node
1) allows identifying the broken rail R (internal or external
rail of each track V) and estimating the approximate break
area (area close to the emitting node 1, close to the re-
ceiving node 2 or an intermediate area, for example).
[0047] Due tothe couplingimpedances Zrr existing be-
tween the rails R of one and the same track V and to the
coupling impedances Zrri existing between the two ad-
jacent rails R of the two tracks V, shown by way of ex-
ample using dotted lines in Figure 4 (where breakage in
each rail R is furthermore shown), the alternating elec-
trical signals through the electrical circuit are not com-
pletely canceled out even in the event of an electrical
discontinuity of a rail R (breakage). In the event of an
electrical discontinuity, these coupling impedances Zrr
and Zrri contribute to the amplitude (level) of the signals
detected in the nodes 1 and 2 being affected. Based on
these amplitude changes, the control means 11 are ca-
pable of identifying the broken rail R and estimating the
approximate break area. For analyzing the signals in the
control means 11, a look-up-table or equivalent listing
signal amplitude data with break areas can be imple-
mented, for example.
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[0048] The explanations provided for the first aspect
of the invention concerning signal generation, the detec-
tion of signals in the rails, the treatment of the detected
signals and the determinations of the control means 11
and 21 are also valid for the second aspect of the inven-
tion.

Claims

1. System for detecting broken rails on a railway line
having at least one track, which is adapted for de-
tecting broken rails (R) by means of detecting an
electrical discontinuity thereof, wherein the system
comprises at least one emitting node (1), atleastone
receiving node (2) and connection means for config-
uring at least one electrical circuit determined be-
tween both nodes (1, 2) and the section of rails (R)
between both nodes (1, 2), determining whether or
not there is an electrical discontinuity in said section,
the emitting node (1) being configured for injecting
at least one alternating electrical signal of a specific
power into the electrical circuit, the system also com-
prising, in each of the nodes (1, 2), a detector (S)
associated with each rail (R) in the section of rails
(R) which is part of the electrical circuit, for detecting
the signal going through the corresponding rail (R)
as aresponse to the injection performed by the emit-
ting node (1), and at least control means (11,21)
which are connected to the detectors (S) for receiv-
ing signals detected by said detectors (S) and con-
figured for detecting whether there is an electrical
discontinuity in the electrical circuit based on the sig-
nals received from the detectors (S), and for deter-
mining the breakage of at least one of the rails (R)
which is part of said electrical circuit in said section
given the presence of an electrical discontinuity in
said electrical circuit.

2. System according to claim 1, comprising respective
control means (11, 21) in each node (1, 2) that re-
ceive the signals detected by the detectors (S) of the
corresponding node (1, 2) thereof, and a data com-
munication line (3) through which the control means
(11) of the emitting node (1) and the control means
(21) of the receiving node (2) which are part of one
and the same electrical circuit are communicated to
one another, at least one of said control means (11,
21) being configured for transmitting the signals de-
tected by the detectors (S) corresponding to the con-
trol means (11, 21) of the other node (1, 2) through
the communication line (3), and the control means
(11, 21) receiving the signals through the communi-
cation line (3) being configured for determining
whether there is an electrical discontinuity in the cor-
responding electrical circuit depending on said sig-
nals and on the signals detected by the detectors (S)
of the node (1, 2) thereof.
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3.

System according to claim 1 or 2, wherein each de-
tector (S), both of the emitting node (1) and of the
receiving node (2), comprises a sense resistor, the
system further comprising for each detector (S) a
decoupling element for associating each detector (S)
with the corresponding rail (R), a band pass filter and
an analog-to-digital converter (ADC).

System according to any of claims 1 to 3, wherein
the emitting node (1) is configured for generating the
alternating electrical signal to be injected from a car-
rier signal which is modulated by means of a specific
code and a specific modulation and comprises a dig-
ital-to-analog converter (DAC) for converting said
modulated digital signal into a modulated analog sig-
nal, and an amplifier (19) for amplifying said modu-
lated alternating electrical signal to the required pow-
er, said amplified signal being the alternating elec-
trical signal which is injected.

System according to any of claims 1 to 4, wherein
the emitting node (1) comprises a transformer (T1)
between the amplifier (19) and each rail (R) on which
the alternating electrical signal can be injected.

Method for detecting broken rails on a railway line
having at least one track, wherein at least one elec-
trical circuit is configured between an emitting node
(1), a receiving node (2) and a section of rails (R)
between both nodes (1, 2), at least one alternating
electrical signal of a specific power is injected into
the electrical circuit from the emitting node (1), the
alternating electrical signal going through each rail
(R) which is part of the electrical circuit is detected
in each of the nodes (1, 2) as a response to the in-
jected alternating electrical signal, and it is deter-
mined whether there is an electrical discontinuity in
a rail (R) which is part of the electrical circuit, and
therefore whether there is a breakage in said rail (R),
depending on said detected signals.

Method according to claim 6, wherein the signals
detected in one of the nodes (1, 2) as a response to
the injection of the alternating electrical signal into
the corresponding electrical circuit are transmitted
to the other node (1, 2) through a communication
line (3), determining whether there is an electrical
discontinuity in said electrical circuit in the node (1,
2) that receives the signals through the communica-
tion line (3) depending on the signals received
through the communication line (3) and on the sig-
nals detected through the rails (R) associated with
said node (1, 2).

Method according to claim 6 or 7, wherein a detection
process is carried out in at least one track (V) of the
railway line in which an electrical circuitis configured
between the emitting node (1), the receiving node
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(2) and the section of rails (R) between both nodes
(1, 2) of said track (V) of the railway line, the alter-
nating electrical signal is injected into one of the rails
(R) which are part of said electrical circuit, the elec-
trical signal going through each of the rails (R) which
are part of said electrical circuit is detected in each
node (1, 2), and depending on said detected electri-
cal signals, itis determined whether there is an elec-
trical discontinuity in a rail (R) which is part of the
electrical circuit, and therefore whether there is a
breakage in said rail (R), depending on said detected
signals.

Method according to claim 8, wherein a detection
process is carried out for each track (V) in a double-
track railway line, both processes being independent
of one another, and if breakage of a rail (R) is de-
tected in either of the two tracks (V), an additional
detection process is carried out in which an electrical
circuit is configured between the emitting node (1),
the receiving node (2) and the section of rails (R) of
both tracks (V) which is between the nodes (1,2) and
which have been evaluated with the independent de-
tection process, the emitting node (1) in said electri-
cal circuit being connected to both tracks (V) and the
four rails (R) being short-circuited in the receiving
node (2), an alternating electrical signal is injected
into the electrical circuit, the electrical signal going
through each of the rails (R) which are part of the
electrical circuit is detected in each node (1, 2), and
depending on said detected signals, the rail (R) in
which electrical discontinuity occurs is determined
and the break area in said rail (R) is estimated.

Method according to any of claims 7 to 9, wherein
the alternating electrical signal to be injected is gen-
erated based on a carrier signal which is modulated
by means of a specific code and a specific modula-
tion, the modulated digital signal is converted into a
modulated analog signal, and said modulated ana-
log signal is amplified, said amplified signal being
the alternating electrical signal which is injected.

Method according to claim 10, wherein the band-
width of the carrier signal is within a frequency range
defined between about500 Hz and about 1 kHz, pref-
erably between about 700 Hz and about 900 Hz.

Patentanspriiche

1.

System zur Erkennung gebrochener Schienen auf
einer Bahnstrecke mit mindestens einem Gleis, das
zur Erkennung gebrochener Schienen (R) durch Er-
fassen einer elektrischen Diskontinuitat daran ge-
eignetist, wobei das System mindestens einen Sen-
deknoten (1), mindestens einen Empfangsknoten
(2) und Verbindungsmittel zur Bildung mindestens
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einer zwischen den beiden Knoten (1,2) und dem
Abschnitt der Schienen (R) zwischen den beiden
Knoten (1, 2) eingerichteten elektrischen Schaltung
umfasst, welche ermittelt, ob in dem genannten Ab-
schnitt eine elektrische Diskontinuitat vorliegt oder
nicht, wobei der Sendeknoten (1) zum Einspeisen
mindestens eines elektrischen Wechselsignal mit ei-
ner bestimmten Leistung in die elektrische Schal-
tung ausgelegt ist, wobei das System weiterhin um-
fasst: in jedem der Knoten (1, 2) einen Detektor (S),
derjeder Schiene (R) in dem Abschnitt von Schienen
(R), die Teil der elektrischen Schaltung ist, zugeord-
net ist und zum Erfassen des Signals dient, das als
Reaktion auf die von dem Sendeknoten (1) erfolgte
Einspeisung durch die entsprechende Schiene (R)
geht, und mindestens Steuermittel (11), 21), die mit
den Detektoren (S) verbunden sind, um von den ge-
nannten Detektoren (S) erfasste Signale zu empfan-
gen, und die so ausgelegt sind, dass sie basierend
auf den von den Detektoren (S) empfangenen Sig-
nalen erfassen, ob eine elektrische Diskontinuitat
vorliegt, und beiVorliegen einer elektrischen Diskon-
tinuitat in der genannten elektrischen Schaltung den
Bruch von mindestens einer der Schienen (R), die
Teil der genannten elektrischen Schaltung in dem
genannten Abschnitt ist, feststellen.

System nach Anspruch 1, umfassend jeweilige Steu-
ermittel (11, 21) in jedem Knoten (1, 2), die die von
den Detektoren (S) des entsprechenden Knotens (1,
2) erfassten Signale empfangen, und eine Daten-
kommunikationsleitung (3), Uber die die Steuermittel
(11) des Sendeknotens (1) und die Steuermittel (21)
des Empfangsknotens (2), die Teil ein und derselben
elektrischen Schaltung sind, miteinander verbunden
sind, wobei mindestens eines der genannten Steu-
ermittel (11, 21) zum Ubertragen der von den De-
tektoren (S) der Steuermittel (11, 21) des anderen
Knotens (1, 2) erfassten Signale tber die Kommu-
nikationsleitung (3) ausgelegt ist, und die Steuermit-
tel (11, 21), die die Signale tber die Kommunikati-
onsleitung (3) empfangen, so ausgelegt sind, dass
sie abhangig von den genannten Signalen und den
von den Detektoren (S) des Knotens (1, 2) derselben
erfassten Signalen feststellen, ob eine elektrische
Diskontinuitat in der entsprechenden elektrischen
Schaltung vorliegt.

System nach Anspruch 1 oder 2, wobei jeder Detek-
tor (S), sowohl der des Sendeknotens als auch der
des Empfangsknotens (2), einen Lesewiderstand
umfasst, wobei das System ferner fir jeden Detektor
(S) ein Entkopplungselement zum Zuordnen eines
jeden Detektors (S) zu der entsprechenden Schiene
(R), einen Bandpassfilter und einen Analog/Digital-
Wandler (ADC) umfasst.

4. System nach einem der Anspriiche 1 bis 3, wobei
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der Sendeknoten (1) zum Erzeugen des einzuspei-
senden elektrischen Wechselsignals aus einem Tra-
gersignal, das mittels eines bestimmten Codes und
einer bestimmten Modulation moduliert wird, ausge-
legt ist, und einen Digital/Analog-Wandler (DAC)
zum Umwandeln des genannten modulierten Digi-
talsignals in ein moduliertes Analogsignal sowie ei-
nen Verstarker (19) zum Verstarken des genannten
modulierten elektrischen Wechselsignals auf die er-
forderliche Leistung umfasst, wobei das genannte
verstarkte Signal das eingespeiste elektrische
Wechselsignal ist.

System nach einem der Anspriiche 1 bis 4, wobei
der Sendeknoten (1) einen Transformator (T1) zwi-
schen dem Verstarker (19) und jeder Schiene (R)
umfasst, in den das elektrische Wechselsignal ein-
gespeist werden kann.

Verfahren zur Erkennung gebrochener Schienen auf
einer Bahnstrecke mit mindestens einem Gleis, wo-
bei mindestens eine elektrische Schaltung zwischen
einem Sendeknoten (1), einem Empfangsknoten (2)
und einem Abschnitt von Schienen (R) zwischen den
beiden Knoten (1, 2) eingerichtet ist, wobei mindes-
tens ein elektrisches Wechselsignal mit einer be-
stimmten Leistung von dem Sendeknoten (1) in die
elektrische Schaltung eingespeist wird, wobei das
elektrische Wechselsignal, das durch jede Schiene
(R), die Teil der elektrischen Schaltung ist, geht, als
Reaktion auf das eingespeiste elektrische Wechsel-
signal in jedem der Knoten (1, 2) erfasst wird, und
abhangig von den genannten erfassten Signalen
festgestellt wird, ob in einer Schiene (R), die Teil der
elektrischen Schaltung ist, eine elektrische Diskon-
tinuitat vorliegt, und somit ob in der genannten Schie-
ne (R) ein Bruch vorliegt.

Verfahren nach Anspruch 6, wobei die als Reaktion
aufdas Einspeisen des elektrischen Wechselsignals
in die entsprechende elektrische Schaltungin einem
der Knoten (1, 2) erfassten Signale tiber eine Kom-
munikationsleitung (3) an den anderen Knoten (1, 2)
Uibertragen werden, wobei in dem Knoten (1, 2), der
die Signale Uber die Kommunikationsleitung (3)
empfangt, abhangig von den tber die Kommunika-
tionsleitung (3) empfangenen Signalen und den er-
fassten Signalen durch die dem genannten Knoten
(1, 2)zugeordneten Schienen (R) gehen, festgestellt
wird, ob eine elektrische Diskontinuitat in der ge-
nannten elektrischen Schaltung vorliegt.

Verfahren nach Anspruch 6 oder 7, wobei ein Erfas-
sungsprozess an mindestens einem Gleis (V) der
Bahnstrecke durchgefiihrt wird, wobei eine elektri-
sche Schaltung zwischen dem Sendeknoten (1),
dem Empfangsknoten (2) und dem Abschnitt von
Schienen (R) zwischen den beiden Knoten (1, 2) des
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10.

1.

genannten Gleises (V) der Bahnlinie eingerichtet
wird, das elektrische Wechselsignal in eine der
Schienen (R), die Teil der genannten elektrischen
Schaltung sind, eingespeist wird, das elektrische Si-
gnal, das durch jede der Schienen (R), die Teil der
genannten elektrischen Schaltung sind, geht, in je-
dem Knoten (1, 2) erfasst wird, und abhangig von
den genannten erfassten elektrischen Signalen fest-
gestellt wird, ob eine elektrische Diskontinuitat in ei-
ner Schiene (R), die Teil der elektrischen Schaltung
ist, vorliegt, und somit abh&ngig von den genannten
erfassten Signalen deutlich wird, ob ein Bruch in der
genannten Schiene (R) vorliegt.

Verfahren nach Anspruch 8, wobei fiir jedes Gleis
(V) in einer zweigleisigen Bahnstrecke ein Erfas-
sungsverfahren durchgefiihrt wird, wobei beide Ver-
fahren unabhangig voneinander sind, und wenn in
einem der beiden Gleise (V) ein Bruch einer Schiene
(R) erfasst wird, ein zusatzliches Erfassungsverfah-
ren durchgefiihrt wird, wobei eine elektrische Schal-
tung zwischen dem Sendeknoten (1), dem Emp-
fangsknoten (2) und dem Abschnitt von Schienen
(R) der beiden Gleise (V) zwischen den Knoten (1,
2), die mit dem unabhangigen Erfassungsverfahren
gepruft wurden, eingerichtet wird, wobei der Sende-
knoten (1) in der genannten elektrischen Schaltung
mit beiden Gleisen (V) verbunden ist und die vier
Schienen (R) in dem Empfangsknoten (2) kurzge-
schlossen sind, wobei ein elektrisches Wechselsig-
nalin die elektrische Schaltung eingespeist wird, wo-
beidas elektrische Signal, das durch jede der Schie-
nen (R), die Teil der elektrischen Schaltung sind,
geht, in jedem Knoten (1, 2) erfasst wird, und abhan-
gigvon den genannten erfassten Signalen die Schie-
ne (R), in der elektrische Diskontinuitat auftritt, fest-
gestellt wird und der Bruchbereich in der genannten
Schiene (R) ermittelt wird.

Verfahren nach einem der Anspriiche 7 bis 9, wobei
das einzuspeisende elektrische Wechselsignal auf
der Grundlage eines Tragersignals erzeugt wird, das
mittels eines bestimmten Codes und einer bestimm-
ten Modulation moduliert wird, das modulierte Digi-
talsignal in ein moduliertes Analogsignal umgewan-
delt und das genannte modulierte Analogsignal ver-
starkt wird, wobei das genannte verstarkte Signal
das eingespeiste elektrische Wechselsignal ist.

Verfahren nach Anspruch 10, wobei die Bandbreite
des Tragersignals in einem zwischen ca. 500 Hz und
ca. 1 kHz definierten Frequenzbereich, vorzugswei-
se zwischen ca.700 Hz und ca. 900 Hz, liegt.

Revendications

1.

Systeme pour détecter la rupture des rails d’une li-
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gne ferroviaire comportant au moins une voie, qui
est adaptée pour détecter la rupture des rails (R) au
moyen de la détection d’'une discontinuité électrique
de ceux-ci, dans lequel le systtme comprend au
moins un nceud émetteur (1), au moins un nceud
récepteur (2) et des moyens de connexion pour con-
figurer au moins un circuit électrique déterminé entre
les deux nceuds (1, 2) et la section de rails (R) entre
les deux nceuds (1, 2), déterminant s’il y a ou non
une discontinuité électrique dans ladite section, le
nceud émetteur (1) étant configuré pour injecter au
moins un signal électrique alternatif d’'une puissance
spécifique dans le circuit électrique, le systéme com-
prenant également, dans chacun des nceuds (1, 2),
un détecteur (S) associé a chaque rail (R) dans la
section des rails (R) faisant partie du circuit électri-
que, pour détecter le signal traversant le rail (R) cor-
respondant en réponse a I'injection effectuée par le
nceud émetteur (1), et au moins des moyens de com-
mande (11, 21) qui sont connectés aux détecteurs
(S) pour recevoir des signaux détectés par lesdits
détecteurs (S) et configurés pour détecter s’ily aune
discontinuité électrique dans le circuit électrique sur
la base des signaux regus des détecteurs (S), et pour
déterminer la rupture d’au moins un des rails (R)
faisant partie dudit circuit électrique dans ladite sec-
tion en présence d’une discontinuité électrique dans
ledit circuit électrique.

Systeme selon la revendication 1, comprenant des
moyens de commande respectifs (11, 21) dans cha-
que nceud (1, 2) qui regoivent les signaux détectés
par les détecteurs (S) du nceud correspondant (1, 2)
de celui-ci, et une ligne de communication de don-
nées (3) par laquelle les moyens de commande (11)
du nceud émetteur (1) et les moyens de commande
(21) du nceud récepteur (2) faisant partie d’'un méme
circuit électrique sont communiqués entre eux, au
moins un desdits moyens de commande (11, 21)
étant configuré pour transmettre les signaux détec-
tés par les détecteurs (S) correspondants aux
moyens de commande (11, 21) de l'autre nceud (1,
2) a travers la ligne de communication (3), et les
moyens de commande (11, 21) recevant les signaux
a travers la ligne de communication (3) étant confi-
gurés pour déterminer s’il y a une discontinuité élec-
trique dans le circuit électrique correspondant en
fonction desdits signaux et des signaux détectés par
les détecteurs (S) du noeud (1, 2) de ceux-ci.

Systeme selon la revendication 1 ou 2, dans lequel
chaque détecteur (S), a la fois du noeud émetteur
(1) et du nceud récepteur (2), comprend une résis-
tance de détection, le systeme comprenant en outre
pour chaque détecteur (S) un élément de découpla-
ge pour associer chaque détecteur (S) au rail cor-
respondant (R), un filtre passe-bande et un conver-
tisseur analogique-numérique (ADC).
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4.

Systeme selon 'une quelconque des revendications
1a3, danslequelle nceud émetteur (1) est configuré
pour générer le signal électrique alternatif a injecter
a partir d’'un signal porteur qui est modulé au moyen
d’un code spécifique et d’'une modulation spécifique
et comprend un convertisseur numérique-analogi-
que (DAC) pour convertir ledit signal numérique mo-
dulé en un signal analogique modulé, et un amplifi-
cateur (19) pour amplifier ledit signal électrique al-
ternatif modulé a la puissance requise, ledit signal
amplifié étant le signal électrique alternatif qui est
injecté.

Systeme selon 'une quelconque des revendications
1 a 4, dans lequel le nceud émetteur (1) comprend
un transformateur (T1) entre 'amplificateur (19) et
chaque rail (R) sur lequel le signal électrique alter-
natif peut étre injecté.

Procédé pour détecter la rupture des rails d’'une ligne
ferroviaire comportant au moins une voie, dans le-
quel au moins un circuit électrique est configuré en-
tre un nceud émetteur (1), un nceud récepteur (2) et
une section de rails (R) entre les deux nceuds (1, 2),
au moins un signal électrique alternatif d’'une puis-
sance spécifique estinjecté dans le circuit électrique
a partir du nceud émetteur (1), le signal électrique
alternatif traversant chaque rail (R) faisant partie du
circuit électrique est détecté dans chacun des
nceuds (1, 2) en réponse au signal électrique alter-
natif injecté, et on détermine s’il y a une discontinuité
électrique dans un rail (R) faisant partie du circuit
électrique et donc s’il y a une rupture dans ledit rail
(R), en fonction desdits signaux détectés.

Procédé selon la revendication 6, dans lequel les
signaux détectés dans I'un des nceuds (1, 2) en ré-
ponse a l'injection du signal électrique alternatif dans
le circuit électrique correspondant sont transmis a
I'autre nceud (1, 2) par une ligne de communication
(3), déterminant s'il y a une discontinuité électrique
dans ledit circuit électrique dans le nceud (1, 2) qui
recoit les signaux par la ligne de communication (3)
en fonction des signaux regus par la ligne de com-
munication (3) et des signaux détectés par les rails
(R) associés audit nceud (1, 2).

Procédé selon la revendication 6 ou 7, dans lequel
un processus de détection est effectué dans au
moins une voie (V) de la ligne ferroviaire dans la-
quelle un circuit électrique est configuré entre le
nceud émetteur (1), le noeud récepteur (2) et la sec-
tion de rails (R) entre les deux nceuds (1, 2) de ladite
voie (V) de la ligne ferroviaire, le signal électrique
alternatif est injecté dans une des rails (R) faisant
partie dudit circuit électrique, le signal électrique tra-
versant chacun des rails (R) faisant partie dudit cir-
cuit électrique est détecté dans chaque nceud (1, 2),
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et en fonction desdits signaux électriques détectés,
on détermine s'il y a une discontinuité électrique
dans un rail (R) faisant partie du circuit électrique,
et donc s'il y a une rupture dans ledit rail (R), en
fonction desdits signaux détectés.

Procédé selon larevendication 8, dans lequel un pro-
cessus de détection est effectué pour chaque voie
(V) dans une ligne ferroviaire a double voie, les deux
processus étant indépendants I'un de l'autre, et si
une rupture d’'unrail (R) estdétectée dans 'une quel-
conque des deux voies (V), un processus de détec-
tion supplémentaire est effectué dans lequel un cir-
cuit électrique est configuré entre le nceud émetteur
(1), le nceud récepteur (2) et la section de rails (R)
des deux voies (V) qui est entre les nceuds (1, 2) et
qui ont été évalués avec le processus de détection
indépendant, le nceud émetteur (1) dans ledit circuit
électrique étant connecté aux deux voies (V) et les
quatre rails (R) étant court-circuités dans le nceud
récepteur (2), un signal électrique alternatif est in-
jecté dans le circuit électrique, le signal électrique
traversant par chacun des rails (R) faisant partie du
circuit électrique est détecté dans chaque nceud (1,
2), et en fonction desdits signaux détectés, le rail (R)
ou la discontinuité électrique survient est déterminé
et la zone de rupture dans ledit rail (R) est estimée.

Procédé selon I'une quelconque des revendications
7 a 9, dans lequel le signal électrique alternatif a
injecter est généré sur la base d’un signal porteur
qui est modulé au moyen d’'un code spécifique et
d’'une modulation spécifique, le signal numérique
modulé est converti en un signal analogique modulé
et ledit signal analogique modulé est amplifié, ledit
signal amplifié étant le signal électrique alternatif qui
est injecté.

Procédé selon la revendication 10, dans lequel la
largeur de bande du signal porteur se situe dans une
plage de fréquence définie entre environ 500 Hz et
environ 1 kHz, de préférence entre environ 700 Hz
et environ 900 Hz.

10

15

20

25

30

35

40

45

50

55

12

22



EP 3 196 095 B1

%
x

P LT T T T

S

o e e B . S e

et L R

L
S *

. F
;:
i
I
|
¥
Sy
1.
1
I
w
i
T - - - %

e W ., . A o

]
ts
g4

¥

1 b
*’

5 4

i IR

\mwuﬁ-wn*mw ¥

LI ———

§
‘A
/..,./.4-_"’

-

Fig. 1

T O

F
i
i
]

ig. 2

F

13



CE 2 B X B _FE K __E_J_ 13

Q“‘%

L B ]

-

| 1
L. B 2 B _ B _ N N _ 3 ]

ma—n—’

EP 3 196 095 B1

g vl . P .-

27 1

PN N ———

i

Y

1

i

S - - . - . o

. *
+ *
i A
H
b4
H
P FH-
ad ol
* *
M
+ * .
* -
» L] M
*
* *
e e o
H H
b H
H x
Sanmn Yena Tew
* » -
* .
* * *
. =
» »
N
e e
. e
Y H
M
= s 5
H -
Sad LY

FITTI
*

- [
FeawEReE

w
H
ET T

"QL.“.
-l h (5)

- oo P 6

.
.
.
s
:
3%
-
ad
-
-
-
. -
- »
. *
. *
Pkl Fall
H H
M :
H :
H
anan LT
. *
. *
. .
. .
-
.
o
:
:
H
3
H
o
.

14

,u““““ﬂ“ﬂﬂq\

E_ X

-

i

W W W W o e A T

i

“‘m”‘mmwnﬁ”

Irense
H

O ©

P
s

[ EEET)

-

*
»

wEenan

3
LR
H

]
18
]
i

H
ol
P

-
wEkE
b

x‘

Ei rr

L

p———

T ——



EP 3 196 095 B1

C

AD

Fig. 5

15



EP 3 196 095 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 US 2004172216 A1 [0003] » FR 2758302 A1[0008]
« ES 2320517 A1[0007] » FR 2758301 A1[0009]

16



	bibliography
	description
	claims
	drawings
	cited references

