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(67)  The invention relates to a system and a method
for detecting broken rails for a railway line, designed to
detect the breakage by means of electrical discontinuity
in atleast one rail (R). The system comprises an emitting
node (1), a receiving node (2), and connection means
for generating an electrical circuit between both nodes
(1, 2) and the section of rails (R), of up to 7km between
both nodes (1,2), where into the emitting node (1) injects
an alternating electrical signal. The system also compris-
es a detector (S) associated with each rail (R) in order

to detect the alternating electrical signal through the cor-
responding rail (R), and control means that receive the
detected signals and determine whether there is electri-
cal discontinuity in the electrical circuit, identifying the
broken rail (R). In the event of double-track railway lines,
the broken rail (R) is also identified and the break area
is estimated.
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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.

DISCLOSURE OF THE INVENTION

[0008] An object of the invention is to provide a system
for detecting broken rails of a railway line, as described
below.

[0009] 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
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).

[0010] Another object of the invention is to provide a
method for detecting broken rails on a railway line having
at least one track, as described below.

[0011] With the method of the invention, at least one
electrical circuit is configured between an emitting node,
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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.

[0012] 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-
nomic advantages this entails. Sub-stations, autotrans-
formers, communication cassettes, transformation cent-
ers, etc., must be included in the definition of a technical
building.

[0013] 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
[0014]

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
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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

[0015] 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.

[0016] 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
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.

[0017] 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.

[0018] 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
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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.

[0019] 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.
[0020] 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
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
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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.

[0021] 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.

[0022] 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
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.

[0023] The system is adapted for configuring different
electrical circuits between an emitting node 1, areceiving
node 2 and the section of rails R between both nodes 1
and 2. To that end, the connection means comprise a
first module 100 in the emitting node 1 through which
said emitting node 1 can be electrically connected in dif-
ferent ways to the rails R of a railway line, and a second
module 200 in the receiving node 2 through which said
receiving node 2 can be electrically connected in different
ways to the rails R of a railway line. Each module 100
and 200 comprises at least 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 communicated with the correspond-
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ing 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 con-
figured 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 re-
quired electrical circuit between both nodes 1 and 2 and
the section of rails R between both nodes 1 and 2.
[0024] 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.

[0025] 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
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.
[0026] 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.

[0027] 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
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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.

[0028] 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.

[0029] 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.

[0030] 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.
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
afrequency 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
(which results in a carrier digital signal frequency of about
800 Hz).

[0031] 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.

[0032] 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 foramplifying said modulated alternating electrical
signal, said amplified signal being the alternating electri-
cal signal which is injected. Therefore, as a result of the
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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.

[0033] 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.).

[0034] The control means 11 analyze the signals re-
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).

[0035] 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

- a decoupling element not depicted in the drawings
(preferably a transformer) for each detector S, for
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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.

[0036] 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.

[0037] 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.

[0038] 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 Ris 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.

[0039] 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
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).

[0040] 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 at rest 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-
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grammed and synchronized, or a remote controller can
be responsible for activating both nodes 1 and 2.
[0041] 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).

[0042] 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
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
thereis an electrical discontinuity in arail R, and therefore
whether or not there is breakage, depending on said de-
tected electrical signals.

[0043] 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 aresult 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.
[0044] Inthe 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
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circuit being connected to both tracks V and the four rails
R being short-circuited in the receiving node 2, an alter-
nating electrical signalisinjected 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).
[0045] 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.

[0046] 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, characterized in
that the system comprises atleast one emitting node
(1), at least one receiving node (2) and connection
means for configuring at least one electrical circuit
determined between both nodes (1, 2) and the sec-
tion of rails (R) between both nodes (1, 2), determin-
ing whether or not there is an electrical discontinuity
in said section, the emitting node (1) being config-
ured for injecting at least one alternating electrical
signal of a specific power into the electrical circuit,
the system also comprising, 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 cir-
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cuit, for detecting the signal going through the cor-
responding rail (R) as a response to the injection
performed by the emitting node (1), and at least con-
trol means (11, 21) which are connected to the de-
tectors (S) for receiving signals detected by said de-
tectors (S) and configured for detecting whether
there is an electrical discontinuity in the electrical
circuit based on the signals received from the detec-
tors (S), and for determining 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 elec-
trical discontinuity in said electrical circuit.

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.

System according to claims 1 or 2, wherein the con-
nection 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), and a second module (200) in the re-
ceiving node (2) through which said receiving node
(2) can be electrically connected in different ways to
the rails (R), different electrical circuits thus being
able to be configured between the nodes (1, 2) and
the section of rails (R) between both nodes (1, 2),
each of the control means (11, 21) being connected
to the module (100, 200) corresponding to the node
(1, 2) thereof for controlling same, both control
means (11, 21) being configured for controlling the
respective modules (100, 200) in a coordinated man-
ner.

System according to claim 3, wherein the first mod-
ule (100) is adapted for associating the emitting node
(1) with two receiving nodes (2), one on the right side
and the other on the left side thereof, and the second
module (200) is adapted for associating the receiving
node (2) with two emitting nodes (1), one on the right
side and the other on the left side thereof, the control
means (11) of the emitting node (1) and the control
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10.

means (21) of both receiving nodes (2) being con-
figured for controlling the respective modules (100,
200) in a coordinated manner.

System according to claim 3 or 4, wherein the control
means (11, 21) and modules (100, 200) are adapted
and configured for configuring, between an emitting
node (1) and areceiving node (2), an electrical circuit
between said emitting node (1), said receiving node
(2) and the section of rails (R) between both nodes
(1, 2) of a track (V) of the railway line.

System according to any of claims 3 to 5, wherein
the control means (11, 21) and the connection
means (100, 200) are adapted and configured for
configuring, between an emitting node (1) and a re-
ceiving node (2), an electrical circuit involving the
two tracks (V) of a double-track railway line, said
electrical circuit being configured between said emit-
ting node (1), said receiving node (2) and the section
of rails (R) of both tracks (V) which is between the
nodes (1, 2), 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).

System according to any of claims 1 to 6, wherein
each detector (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 7, 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 8, 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, characterized in that at
least one electrical 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 in-
jectedinto the electrical circuit from the emitting node
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(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 injected alternating electrical signal, and it is
determined whether there is an electrical disconti-
nuity 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 10, 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 communication
line (3) depending on the signals received through
the communication line (3) and on the signals de-
tected through the rails (R) associated with said node
1, 2).

Method according to claim 10 or 11, wherein a de-
tection process is carried out in at least one track (V)
of the railway line in which an electrical circuit is con-
figured between the emitting node (1), the receiving
node (2) and the section of rails (R) between both
nodes (1, 2) of said track (V) of the railway line, the
alternating electrical signal is injected into one of the
rails (R) which are part of said electrical circuit, the
electrical 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
electrical signals, 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 a breakage in said rail (R), depending on said de-
tected signals.

Method according to claim 12, 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 independ-
ent detection process, the emitting node (1) in said
electrical circuit being connected to both tracks (V)
and the four rails (R) being short-circuited in the re-
ceiving 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
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and the break area in said rail (R) is estimated.

Method according to any of claims 11 to 13, 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 14, wherein the band-
width of the carrier signal is within a frequency range
defined between about 500 Hz and about 1 kHz, pref-
erably between about 700 Hz and about 900 Hz.
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