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(54) TRACK CIRCUIT SYSTEM AND WORKING METHOD

(57)  Provided by the present disclosure are a track
circuit system and an operating method. The track circuit
system includes first transmitting equipment, second
transmitting equipment, and receiving equipment. The
first transmitting equipment and the second transmitting
equipment are located on both ends of a track circuit
section, respectively. The receiving equipment is located
on a track between the first transmitting equipment and

the second transmitting equipment. The first transmitting
equipment and the second transmitting equipment are
configured to respectively transmit a first frequency sig-
nal and a second frequency signal to a track in the track
circuit section at the same time. The receiving equipment
is configured to determine a state of the track circuit
section, perform rail breakage detection on the track in
the track circuit section, or perform insulation breakage

Processed by Luminess, 75001 PARIS (FR)

(Cont. next page)



EP 4 520 623 A1

detection on the track in the track circuit section according
to the received first frequency signal and second fre-
quency signal. The track circuit system provided by the
present disclosure employs a track circuit structure for
transmitting at both ends and receiving in the middle, thus
achieving double-end code sending of tracks, switchless
sections and switch sections of a high-speed railway and
an ordinary-speed railway, and the system also has the
function of bidirectional return.
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Description
TECHNCIAL FIELD

[0001] The presentdisclosure belongs tothefield ofrail
traffic, in particular to a track circuit system, and an
operating method.

BACKGROUND ART

[0002] The function of track circuit is to achieve train
position inspection, and provide train control information
through rails. The existing track circuit section is of a
structure with one transmitting end, one or more receiv-
ing end, which is specifically as follows.

[0003] In high-speed railway, the station and the sec-
tion adopt a ZPW-2000 track circuit section which in-
cludes a transmitting end, and a receiving end, as shown
in FIG. 1a. In addition, the track circuit structure of the
station track and the switchless section of the high-speed
railway is limited by the structure with a transmitting end
and a receiving end. In order to achieve double-end code
sending when the train turns back, the section is divided
into two, and each section is provided with a transmitting
end and a receiving end, and the receiving end and the
transmitting end are switched according to a running
direction of the train, which is shown in FIG. 1b in receiv-
ing running. When the train turns back, it is necessary to
change directions of the transmitting and receiving ends
of the station section by designing external conditions, as
shown in FIG. 1c. A switch section is provided with one
transmitting end and one receiving end, in order to
achieve double-end code sending when the train runs
in both directions, itis necessary to change the directions
of the transmitting and receiving ends of the switch sec-
tion by designing external conditions (not shown in the
figure), as shownin FIG. 1d. It should be noted that above
external conditions include, but are not limited to, switch-
ing the directions of the receiving end and the transmitting
end by using a bidirectional switch.

[0004] In ordinary-speed railway, the section is the
same as that of the high-speed railway. The track circuit
structure of the station track and switchless section is
shown in FIG. 2a. In order to achieve double-end code
sending on the track when the train turns back, two sets of
coded code sending equipment are overlaid on the trans-
mitting and receiving ends based on the track circuit. The
switch section of the station is shown in FIG. 2b. The
switch section of the station adopts a 25 Hz track circuit
section, and the 25 Hz track circuit section has one
transmitting end and at most three receiving ends. In
order to achieve double-end code sending on the switch
section when the train runs in both directions, two sets of
coded code sending equipment are overlaid on the trans-
mitting and receiving ends based on the track circuit.
[0005] In conclusion, the structure of the existing track
circuit section has only one transmitting end. When the
train runs in both directions, the double-end code sending
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of the high-speed railway is achieved by cutting sections
and adding external conditions to switch section direc-
tions, which leads to the increase of construction work-
load and brings some new faults in the switching process,
such as the failure of switching function due to poor
contact of a switching relay and inconsistent action of
the switching relay. In the ordinary-speed railway, the
double-end code sending is achieved by overlaying the
coded code sending equipment, which notonly increases
the equipment investment, but also fails to perform the
closed-loop inspection on the transmitted coded signal
by the receiving end. Once the transmission of the coded
signal fails due to channel failure, the track circuit cannot
acquire the situation.

[0006] In addition, when the existing track circuit is
applied in the station, it is necessary to take into account
that the track circuit also need traction return current.
Therefore, if all track circuits employ a double-choke
track circuit, it is easy to form a circuitous circuit after
midpoints are connected, thus forming a third rail effect.
In order to avoid the track circuit from forming a "third rail",
the midpoints of choke transformers at some insulation
joints in the station are not connected, such that the
traction current can only return from one side, and the
a return current cutoff point is formed on the other side.
Such a situation is commonly known as "one-end block-
ing" unilateral return, such that the signal of the track
circuit can be returned to a receiver of this section from
the neutral point of a matching unitthrough a transversely
connected circuitous pathway. When the external circui-
tous length is equal to 0 m (that is, there are multiple lines
in parallel on the track), the signal from the transmitting
end on one side of the track will be directly transmitted to
the receiving end on the other side of the track (that is, the
signalis normally transmitted from the circuitous pathway
to the receiving end in the case of rail breakage), which
leads to the failure of detection after the rail is electrically
disconnected.

[0007] Therefore, how to provide a track circuit system
with bidirectional return current without cutting the station
section, designing a switching circuit externally and over-
laying coding equipment is becoming an urgent technical
problem.

SUMMARY

[0008] For the problems above, an objective of the
present disclosure is to provide a track circuit system,
including first transmitting equipment, second transmit-
ting equipment, and receiving equipment.

[0009] Thefirsttransmitting equipmentand the second
transmitting equipment are located on both ends of a
track circuit section, respectively; and the receiving
equipment is located on a track between the first trans-
mitting equipment and the second transmitting equip-
ment.

[0010] Thefirsttransmitting equipmentand the second
transmitting equipment are configured to respectively
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transmit a first frequency signal and a second frequency
signal to a track in the track circuit section at the same
time, where the first frequency signal and the second
frequency signal have different frequencies.

[0011] The receiving equipment is configured to deter-
mine a state of the track circuit section, perform rail
breakage detection on the track in the track circuit sec-
tion, or perform insulation breakage detection on the
track in the track circuit section according to the received
first frequency signal and second frequency signal.
[0012] Further, the receiving equipment is configured
to determine a state of the track circuit section according
to the received first frequency signal and second fre-
quency signal, which includes the following steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time to acquire frequencies and voltages of
the first frequency signal and the second frequency
signal; and

determining whether the frequencies and voltages of
the first frequency signal and the second frequency
signal both satisfy a threshold requirement, and if the
frequencies and voltages of the first frequency signal
and the second frequency signal both satisfy the
threshold requirement, determining that the track
circuit sectionisin anidle state, otherwise, determin-
ing that the track circuit section is in an occupied
state.

[0013] Further, the threshold requirementis as follows:
the frequencies of the first frequency signal and the
second frequency signal received by the receiving equip-
ment are consistent with those of the first frequency
signal and the second frequency signal respectively out-
put by the first transmitting equipment and the second
transmitting equipment, and the voltages of the first
frequency signal and the second frequency signal re-
ceived by the receiving equipment are the lowest voltage
which makes a track circuit in the track circuit section
operate normally.

[0014] Further, the receiving equipment forms a circui-
tous pathway with each of the first transmitting equipment
and the second transmitting equipment through one or
more parallel tracks.

[0015] Further, the receiving equipment is configured
to perform rail breakage detection on a track in the track
circuit section according to the received first frequency
signal and second frequency signal, which includes the
following steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time to acquire voltages of the first fre-
quency signal and the second frequency signal; and
determining whether the voltages of the first fre-
quency signal and the second frequency signal
are both less than a first preset threshold, and if
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the voltage of the first frequency signal or the second
frequency signal is less than the first preset thresh-
old, determining that rail breakage occurs on the
track in the track circuit section, otherwise, determin-
ing that the track in the track circuit section is normal.

[0016] Further, the receiving equipment is configured
to perform insulation breakage detection on the track in
the track circuit section according to the received first
frequency signal and second frequency signal, which
includes the following steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time, determining whether a voltage of a
frequency signal in an adjacent section is received,
and if the voltage of the frequency signal in the
adjacent section is received, determining, by the
receiving equipment, whether the voltage of the
frequency signal in the adjacent section exceeds
aninsulation threshold voltage, otherwise, determin-
ing that the track in the track circuit section is normal;
and

determining, by the receiving equipment, whether
the voltage of the frequency signal in the adjacent
section exceeds the insulation threshold voltage, if
the voltage of the frequency signal in the adjacent
section exceeds the insulation threshold voltage,
determining that insulation breakage occurs on the
track in the track circuit section, otherwise, determin-
ing that the track in the track circuit section is normal.

[0017] Further, if there are two adjacent track circuit
sections, frequencies of frequency signals transmitted by
the transmitting equipment at adjacent ends of the two
adjacent track circuit sections are also different.

[0018] Further, each track circuit section is further pro-
vided with a first relay, and the first relay is connected to
the receiving equipment.

[0019] The first relay is controlled to fall when the
receiving equipment determines that the track circuit
sectionis in an occupied state, detects that the rail break-
age occurs on track in the track circuit section, or detects
that the insulation breakage occurs on the track of the
track circuit section, and is controlled to be sucked up
when the receiving equipment determines that the track
circuit section is in an idle state.

[0020] Another objective of the present disclosure is to
provide an operating method of a track circuit system.
[0021] The track circuit system includes first transmit-
ting equipment, second transmitting equipment, and re-
ceiving equipment. The first transmitting equipment and
the second transmitting equipment are located on both
ends of a track circuit section, and the receiving equip-
ment is located on a track between the first transmitting
equipment and the second transmitting equipment.
[0022] Thefirsttransmitting equipmentand the second
transmitting equipment are configured to respectively
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transmit a first frequency signal and a second frequency
signal to a track in the track circuit section at the same
time, where the first frequency signal and the second
frequency signal have different frequencies.

[0023] The receiving equipmentis configured to deter-
mine a state of the track circuit section, perform rail
breakage detection on the track in the track circuit sec-
tion, or perform insulation breakage detection on the
track in the track circuit section according to the received
first frequency signal and second frequency signal.
[0024] Further, the determining a state of the track
circuit section by the receiving equipment according to
the received first frequency signal and second frequency
signal includes the following steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time to acquire frequencies and voltages of
the first frequency signal and the second frequency
signal; and

determining whether the frequencies and voltages of
the first frequency signal and the second frequency
signal both satisfy a threshold requirement, and if the
frequencies and voltages of the first frequency signal
and the second frequency signal both satisfy the
threshold requirement, determining that the track
circuit sectionisin anidle state, otherwise, determin-
ing that the track circuit section is in an occupied
state.

[0025] Further, the threshold requirementis as follows:
the frequencies of the first frequency signal and the
second frequency signal received by the receiving equip-
ment are consistent with those of the first frequency
signal and the second frequency signal respectively out-
put by the first transmitting equipment and the second
transmitting equipment, and the voltages of the first
frequency signal and the second frequency signal re-
ceived by the receiving equipment are the lowest voltage
which makes a track circuit in the track circuit section
operate normally.

[0026] Further, the receiving equipment forms a circui-
tous pathway with each of the first transmitting equipment
and the second transmitting equipment through one or
more parallel tracks.

[0027] Further, the performing rail breakage detection
on the track in the track circuit section by the receiving
equipment according to the received first frequency sig-
nal and second frequency signal includes the following
steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time to acquire voltages of the first fre-
quency signal and the second frequency signal; and
determining whether the voltages of the first fre-
quency signal and the second frequency signal
are both less than a first preset threshold, and if
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the voltage of the first frequency signal or the second
frequency signal is less than the first preset thresh-
old, determining that rail breakage occurs on the
track in the track circuit section, otherwise, determin-
ing that the track in the track circuit section is normal.

[0028] Further, if there are two adjacent track circuit
sections, frequencies of frequency signals transmitted by
the transmitting equipment at adjacent ends of the two
adjacent track circuit sections are also different. The
performing insulation breakage detection on the track
in the track circuit section by the receiving equipment
according to the received first frequency signal and sec-
ond frequency signal includes the following steps:

demodulating, by the receiving equipment, the first
frequency signal and the second frequency signal at
the same time to determine whether a voltage of a
frequency signal in the adjacent section is received,
and

if the voltage of the frequency signal in the adjacent
section is received, determining, by the receiving
equipment, whether the voltage of the frequency
signal in the adjacent section exceeds an insulation
threshold voltage, otherwise, determining that the
track in the track circuit section is normal; and
determining, by the receiving equipment, whether
the voltage of the frequency signal in the adjacent
section exceeds an insulation threshold voltage, and
if the voltage of the frequency signal in the adjacent
section exceeds the insulation threshold voltage,
determining that the insulation breakage occurs on
the track in the track circuit section, otherwise, de-
termining that the track in the track circuit section is
normal.

[0029] Further, each track circuit section is further pro-
vided with a first relay, and the first relay is connected to
the receiving equipment.

[0030] The first relay is controlled to fall when the
receiving equipment determines that the track circuit
section is in an occupied state, detects that the rail break-
age occurs on track in the track circuit section, or detects
that the insulation breakage occurs on the track of the
track circuit section, and

the first relay is controlled to be sucked up when the
receiving equipment determines that the track circuit
section is in an idle state.

[0031] The track circuit system provided by the present
disclosure employs a track circuit structure for transmit-
ting at both ends and receiving in the middle, there is no
need to cut the track, design a switching circuit externally
and overlay coding equipment, such that the double-end
code sending of the tracks, switch sections and switch-
less sections of a high-speed railway and an ordinary-
speed railway can be achieved. Moreover, the trans-
mitted signal can be subjected to closed-loop inspection
in real time, thus achieving the determination of the state
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of the track circuit section, the rail breakage detection,
and the insulation breakage detection.

[0032] In addition, the receiving equipment forms a
circuitous pathway with each of the first transmitting
equipment and the second transmitting equipment
through one or more parallel tracks. Compared with
the traditional track circuit system, especially the tradi-
tional in-station track circuit, both ends of the track circuit
section in the track circuit system of the present disclo-
sure are not provided with return-current interruption
points, the return current of all track circuit sections in
the station is always kept smooth, the potential of the
station to ground is greatly reduced, and the interference
of traction current is reduced. Meanwhile, even if an
external circuitous length at both ends of the track is 0
m (that is, multiple tracks (lines) are parallel), the first
transmitting equipment and the second transmitting
equipment at both ends are equivalent to being directly
connected. The frequency signal, before entering the
receiving equipment, still passes through the track with
a certain distance, and the resistance and inductance
characteristics of the track will form an impedance to the
frequency signal, making the frequency signal satisfy rail
breakage detection. Therefore, the track circuit of the
present disclosure improves the safety and reliability of
train operation.

[0033] Other features and advantages of the present
disclosure will be set forth in the following description,
and will be apparent in part from the specification, or may
be learned by implementing the present disclosure. The
objectives and other advantages of the present disclo-
sure may be implemented and acquired from the struc-
ture pointed out in the specification, claims, and accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] To describe the technical solutions of the pre-
sent disclosure or in the prior art more clearly, the follow-
ing briefly introduces the accompanying drawings re-
quired for describing the embodiments or the prior art.
Apparently, the accompanying drawings in the following
description show merely some embodiments of the pre-
sent disclosure, and those of ordinary skill in the art may
still derive other drawings from these accompanying
drawings without creative efforts.

FIG. 1a shows a structural schematic diagram of a
track circuit system used in a station and a section of
a high-speed railway in the prior art;

FIG. 1b shows an operating schematic diagram of a
track circuit system used in a station and a section of
a high-speed railway in the prior art in the train
running process;

FIG. 1c shows an operating schematic diagram of a
track circuit system used in a station and a section of
a high-speed railway in the prior art in the train
running turn-back process;
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FIG. 1d is shows an operating schematic diagram of
a track circuit system used in a switch section of a
high-speed railway in the prior art in the train running
process;

FIG. 2a shows a structural schematic diagram of a
track circuit used in a station track and a switchless
section of an ordinary-speed railway in the prior art;
FIG. 2b shows a structural schematic diagram of a 25
Hz track circuit used in a switch section of a station of
an ordinary-speed railway in the prior art;

FIG. 3 shows a structural schematic diagram of a
track circuit system according to an embodiment of
the present disclosure;

FIG. 4 shows a structural schematic diagram of
another track circuit system according to an embodi-
ment of the present disclosure;

FIG. 5 shows a structural schematic diagram of a
track circuit system used in a switchless section
according to a third embodiment of the present dis-
closure;

FIG. 6 shows a structural schematic diagram of a
track circuit system used in a switch section accord-
ing to an embodiment of the present disclosure;
FIG. 7 shows a change trend of a locomotive signal
current after a train enters a section with two pieces
of transmitting equipment and one piece of receiving
equipment from different ends according to an em-
bodiment of the present disclosure;

FIG. 8 shows a change trend of a locomotive shunt-
ing voltage after a train enters a section with two
pieces of transmitting equipment and one piece of
receiving equipment from different ends according to
an embodiment of the present disclosure;

FIG. 9 shows a schematic diagram of a circuitous
pathway of a signal when rail breakage occurs on a
right side of receiving equipmentin a section accord-
ing to an embodiment of the present disclosure;
FIG. 10 shows a change trend of a voltage of a right-
side signal received by receiving equipment when
rail breakage occurs on a right side of receiving
equipment in a section according to an embodiment
of the present disclosure;

FIG. 11 shows a schematic diagram of a circuitous
pathway of a signal when rail breakage occurs on a
left side of receiving equipment in a section accord-
ing to an embodiment of the present disclosure;
FIG. 12 shows a flow diagram of an operating meth-
od of a track circuit system according to an embodi-
ment of the present disclosure.

DETAILED DESCRIPTION

[0035] To make the objectives, technical solutions and
advantages of the present disclosure more clearly, the
following clearly and completely describes the technical
solutions in the embodiments of the present disclosure
with reference to the accompanying drawings in the
embodiments of the present disclosure. Apparently, the
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described embodiments are merely a part rather than all
of the embodiments of the present disclosure. All other
embodiments obtained by a person of ordinary skill in the
art based on the embodiments of the present disclosure
without creative efforts shall fall within the protection
scope of the present disclosure.

[0036] As shown in FIG. 3, the present disclosure
provides a track circuit system. The system includes first
transmitting equipment, second transmitting equipment,
and receiving equipment. The first transmitting equip-
ment and the second transmitting equipment are located
on both ends of the track circuit section, respectively. The
receiving equipment is located on a track between the
first transmitting equipment and the second transmitting
equipment. Further, the first transmitting equipment and
the second transmitting equipment are configured to
respectively transmit a first frequency signal and a sec-
ond frequency signal to a track in the track circuit section
at the same time, and the first frequency signal and the
second frequency signal have different frequencies. The
receiving equipment is configured to determine a state of
the track circuit section, perform rail breakage detection
on the track in the track circuit section, or perform insula-
tion breakage detection on the track in the track circuit
section according to the received first frequency signal
and second frequency signal. By employing a track circuit
structure for transmitting at both ends and receiving in the
middle (hereinafter, itis also referred to as a structure with
two pieces of transmitting equipment and one piece of
receiving equipment), the double-end code sending of
the tracks, the switchless sections and switch sections of
the high-speed railway and the ordinary-speed railway
can be achieved without cutting the track, designing a
switching circuit externally and overlaying coding equip-
ment. Moreover, the transmitted signal can be subjected
to closed-loop inspection in real time, thus achieving the
determination of the state of the track circuit section, the
rail breakage detection, and the insulation breakage
detection. That is, the rail electrical disconnection fault
inspection and insulation breakage inspection of the
track circuit are achieved by only using one set of equip-
ment with two pieces of transmitting equipment and one
piece of receiving equipment, and the reliability and
safety of the track circuit system are improved. Further,
the track circuit system provided by the present disclo-
sure is suitable for high-speed railways and ordinary-
speed railways, especially for track circuit sections in
the high-speed railway and ordinary-speed railway sta-
tions.

[0037] In this embodiment, the track circuit system
includes one or more track circuit sections, and one
set of equipment with two pieces of transmitting equip-
ment and one piece of receiving equipment is connected
into each track circuit section.

[0038] In this embodiment, as shown in FIG. 4, the
track circuit system with two pieces of transmitting equip-
ment and one piece of receiving equipment correspond
to a group of track circuit equipment, each group of track
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circuitequipmentincludes indoor equipment and outdoor
equipment (also called track-side equipment), and the
indoor equipment is connected to the outdoor equipment
by a cable. The indoor equipment includes a digital con-
trol unit, a redundancy switching unit, a lighting protection
unit, a digital control cabinet, an integrated cabinet, and a
first relay. The outdoor equipment includes an impe-
dance matching unit, and a compensation capacitor.
The first transmitting equipment, the second transmitting
equipment and the receiving equipment are all arranged
in the digital control unit, and the digital control unit is set
redundantly. The digital control unit is connected to the
impedance matching unit through the redundancy
switching unit and the lightning protection unit, and the
impedance matching unit is connected to a rail. The
receiving equipment in the digital control unit is further
connected to the first relay (GJ in the figure). Further, the
digital control unit and the redundancy switching unit are
allarranged in the digital control cabinet, and the lightning
protection unit is arranged in the integrated cabinet.
[0039] In this embodiment, the receiving equipment is
configured to determine a state of the track circuit section
according to the received first frequency signal and sec-
ond frequency signal, which includes the following steps:
demodulating, by the receiving equipment, the first fre-
quency signal and the second frequency signal at the
same time to acquire frequencies and voltages of the first
frequency signal and the second frequency signal; and
determining whether the frequencies and voltages of the
first frequency signal and the second frequency signal
both satisfy a threshold requirement, and if the frequen-
cies and voltages of the first frequency signal and the
second frequency signal both satisfy the threshold re-
quirement, determining that the track circuit section is in
an idle state, otherwise, determining that the track circuit
section is in an occupied state. Further, the threshold
requirement is as follows: the frequencies of the first
frequency signal and the second frequency signal re-
ceived by the receiving equipment are consistent with the
frequencies of the first frequency signal and the second
frequency signal respectively output by the first transmit-
ting equipment and the second transmitting equipment,
and the voltages of the first frequency signal and the
second frequency signal received by the receiving equip-
ment are the lowest voltage which makes a track circuitin
the track circuit section operate normally. Preferably, the
voltages of the first frequency signal and the second
frequency signal received by the receiving equipment
are the lowest voltage under the condition of the lowest
ballast resistance, which makes the track circuit equip-
ment operate reliably.

[0040] Further, each of the first frequency signal and
the second frequency signal employs a carrier frequency
of 1700-2600 Hz. As shown in FIG. 5, the carrier fre-
quency signals of 1700 Hz and 2000 Hz are exemplified,
butthe presentdisclosure is not limited thereto, and other
carrier frequency signals, such as a carrier frequency
signal of 2600 Hz, are also applicable to the present
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disclosure. The receiving equipment of the track circuit
can be arranged at any position between the two pieces
of transmitting equipment (the first transmitting equip-
ment and the second transmitting equipment), and the
two pieces of transmitting equipment (FS stands for a
transmitting end in the figure) are arranged at both ends
of a section IG and operate at the same time. As the
frequencies of the first frequency signal (2000-1 carrier
frequency signal) and the second frequency signal
(1700-1 carrier frequency signal) transmitted are differ-
ent, which can be simultaneously demodulated by the
receiving equipment (JS in the figure stands for the
receiving end). Further, when a train enters the section
IG from the left side, the receiving equipment can only
receive a signal of 1700-1 in front, and a signal of 2000-1
in the back is short-circuited by a train wheel set, so an
antenna ofthe traininstalled at the front of the train cannot
receive the signal. At this time, the receiving equipment
cannot receive the signal of the 2000-1 due to the short
circuit of the wheel set. Therefore, the receiving equip-
ment can obtain a running direction and state of the train
and the state of the track circuit section by demodulating
the two frequency signals, thus adjusting and shunting
the track circuit. In FIG. 7, the upper left side shows
change curves of four frequency signals, such as left
1700 Hz- left 2600 Hz, and the lower left side shows the
change curves of four frequency signals, such as right
1700 Hz- right 2600 Hz, while the upper right side shows
change curves of four frequency signals, such as right
1700 Hz- right 2600 Hz, and the lower right side shows
the change curves of four frequency signals, such as left
1700 Hz- left 2600 Hz. After the train enters the section
with two pieces of transmitting equipment and one piece
of receiving equipment, alocomotive signal currentand a
shunting residual voltage change with the movement of
the train. If the train enters the section from the left side, a
large current is generated by the first frequency signal on
a left track of the receiving equipment due to the short
circuit of the wheel set, which continues to decrease with
the movement of the train. When the train passes through
the receiving equipment, the locomotive current gener-
ated by the first frequency signal on the left track of the
receiving equipment tends to be stable, and the gener-
ated stable locomotive signal current is small, while the
change of the locomotive signal current generated by the
second frequency signal is opposite to that of the first
frequency signal, which is not described in detail here.
The shunting residual voltage on the track is shown in
FIG. 8, the upper left side shows change curves of four
frequency signals, such as right 1700 Hz- right 2600 Hz,
and the lower left side shows the change curves of four
frequency signals, such as left 1700 Hz- left 2600 Hz. The
abscissa is the length in m (meter). If the train enters the
section from the left side, the track is in an occupied state
due to the short circuit of the wheel sets, a shunting
residual voltage generated by the first frequency signal
on the left track of the receiving equipment is relatively
stable. When the train passes through the receiving
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equipment, the shunting residual voltage generated by
the first frequency signal on the left track of the receiving
equipment changes stably. The change of a shunting
residual voltage generated by the second frequency
signal on the right side of the receiving equipment is
opposite to that of the first frequency signal, and will
not be described in detail here. As can be seen from
FIG. 7 and FIG. 8, the signal current and the shunting
residual voltage of the train can satisfy application re-
quirements under various frequency combinations.
[0041] Inthis embodiment, if the track circuit section is
a switch section, the first transmitting equipment and the
second transmitting equipment are located at both ends
of the switch section, and the receiving equipment is
located on a track between the first transmitting equip-
ment and the second transmitting equipment. That s, the
receiving equipment can be connected to the track where
the switch is located, specifically as shown in FIG. 6.
[0042] In this embodiment, one end of each of all track
circuit sections is not provided with a return interruption
point, and a circuitous pathway is formed between the
receiving equipment and each of the first transmitting
equipment and the second transmitting equipment
through one or more parallel tracks (one or more parallel
lines). That is, the circuitous pathway formed between
the receiving equipment and the first transmitting equip-
ment through the parallel tracks is always in direct con-
nection under the condition that the track between the
receiving equipment and the first transmitting equipment
is in rail breakage or the track is normal. The circuitous
pathway formed between the receiving equipment and
the second transmitting equipment through the parallel
tracks is also applicable, and thus will not be described in
detail in detail. In the track circuit system, both ends of all
track circuit sections are not provided with return inter-
ruption points, so the smooth return of all track circuit
sections of the station inner rail is always kept, the ground
potential of the station is greatly reduced, and the inter-
ference of the traction current is reduced.

[0043] In this embodiment, the receiving equipment is
configured to perform rail breakage detection on the track
in the track circuit section according to the received first
frequency signal and second frequency signal, which
includes the following steps: demodulating, by the re-
ceiving equipment, the first frequency signal and the
second frequency signal at the same time to acquire
voltages of the first frequency signal and the second
frequency signal; determining whether the voltages of
the first frequency signal and the second frequency sig-
nal are less than afirst preset threshold, and if the voltage
of the first frequency signal or the second frequency
signal is less than the first preset threshold, determining
that rail breakage occurs on the track in the track circuit
section, otherwise, determining that the track in the track
circuit section is normal. The first preset threshold is, but
is not limited to, 153 mV, and a value of the first preset
threshold can be adjusted according to the requirements
of the track circuit. Specifically, when one side of the
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existing track circuit section is a transmitting end and the
other side of the existing track circuit section is a receiving
end, when an external circuitous length is 0 m (meter), a
signal transmitted by the transmitting end at one end of
the track will be directly transmitted to the receiving end at
the other end of the track. As a result, after the rail is
electrically disconnected, the received signal is the same
as that under normal working conditions, and rail break-
age detection cannot be carried out at the receiving end.
When the track circuit system of the present disclosure
has a rail electrical disconnection fault, as shown in FIG.
9, the second frequency signal flows into the circuitous
pathway through the second transmitting equipment (as-
suming that the right side is the second transmitting
equipment), and then flows into the receiving equipment
through the first transmitting equipment and the track
between the first transmitting equipment and the receiv-
ing equipment. Therefore, by adopting the track circuit
system provided by the present disclosure, the receiving
equipment is arranged on the track between the two
pieces of transmitting equipment. Even if the external
circuitous length is equal to 0 m and both ends of the track
are directly connected, the frequency signal, before en-
tering the receiving equipment, will still pass through the
track with a certain distance after the rail breakage oc-
curs, and the resistance and inductance characteristics
of the track can form impedance to the frequency signal.
In particular, impedances formed for different frequency
signals are different, but all of which can make the signal
amount loss, such that the voltage of the first frequency
signal or the second frequency signal is lower than the
first preset threshold when the rail breakage occurs on
the track. Further, taking the first preset threshold as 153
mV for an example, as shown in FIG. 10, the ordinate
corresponding to a dotted line in the figure is the first
preset threshold, and the abscissa is the length in km
(kilometer). The track on a right region of the receiving
equipmentis electrically disconnected (rail breakage). As
can be seen from the figure that after the rail breakage
occurs, the maximum residual voltage of electrical dis-
connection of the right rail is finally less than 153 mV, and
thus it can be determined that rail breakage failure occurs
ontherightrail. Further, as shownin FIG. 11, when the rail
breakage occurs, the whole circuitous pathway passes
through three loss points, so there are more loss points
compared with the traditional one. Under the most un-
favorable conditions (infinite ballast resistance, optimal
rail parameters, and the first transmitting equipment an-
d/or the second transmitting equipment and the receiving
equipment are circuitously and directly looped), the vol-
tage of the broken rail can be reduced to below 153 mV
through the loss point 3 in its own rail breakage circuit,
thus achieving the inspection of inspection of broken rail
fault. Preferably, the impedance of the loss point 3 to the
frequency signal transmitted by the left transmitting
equipment is different from that to the frequency signal
transmitted by the right transmitting equipment. There-
fore, compared with the traditional track circuit system,
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the track circuit system of the present disclosure can
achieve bidirectional return, that is, there are no return
interruption points at both ends of the track circuit sec-
tions, so the smooth return of all track circuit sections of
the station inner rail can be always kept, the station to
ground potential is greatly reduced, and the interference
of the traction current is reduced. In addition, the rail
breakage detection can be achieved, and the safety
and reliability of train running are improved.

[0044] In this embodiment, the first preset threshold is
less than or equal to an upper limit voltage of a reliable
shunt. Preferably, the upper limit voltage of the reliable
shunt may be, butis not limited to, 153 mV, and a value of
the upper limit voltage can be adjusted according to the
application situation.

[0045] In this embodiment, the track with a certain
distance may be halfthe track length, that s, the receiving
equipment is arranged in the middle of the track circuit
section, but it is not limited to this. Other distances, such
as the distance from the transmitting equipment at one
end to the receiving equipment is two thirds of the track
length, are also applicable to the present disclosure. That
is, the distances from the receiving device to the first
transmitting equipment and the second transmitting
equipment can be adjusted according to the impedances
between the receiving equipment and the first transmit-
ting equipment and the second transmitting equipment,
respectively.

[0046] The receiving equipment is configured to per-
form insulation breakage detection on the track in the
track circuit section according to the received first fre-
quency signal and second frequency signal, which in-
cludes the following steps: demodulating, by the receiv-
ing equipment, the first frequency signal and the second
frequency signal at the same time, determining whethera
voltage of a frequency signal in an adjacent section is
received; if the voltage of the frequency signal in the
adjacent section is received, determining, by the receiv-
ing equipment, whether the voltage of the frequency
signal in the adjacent section exceeds an insulation
threshold voltage, otherwise, determining that the track
in the track circuit section is normal; determining, by the
receiving equipment, whether the voltage of the fre-
quency signal in the adjacent section exceeds the insula-
tion threshold voltage, and if the voltage of the frequency
signal in the adjacent section exceeds the insulation
threshold voltage, determining that the track in insulation
breakage occurs on the track in the track circuit section,
otherwise, determining that the track in the traction sec-
tion is normal.

[0047] Specifically, if there are two adjacent track cir-
cuit sections, the frequencies of the frequency signals
transmitted by the transmitting equipment at adjacent
ends of the two adjacent track circuit sections are differ-
ent. Further, after insulation breakage occurs, a signal of
the adjacent section may invade the present section (the
section where the receiving equipment is located). Be-
cause the frequency of the adjacent section is different
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from that of the present section, the signal can form a
signal voltage with the frequency different that of the
present section at the receiving equipment after passing
through the rail, the track-side equipment, the cable and
the indoor equipment. Whether the voltage of the signal
of the adjacent section exceeds the insulation threshold
voltage is determined. If the voltage of the signal of the
adjacent section exceeds the insulation threshold vol-
tage, itis determined thatthe insulation breakage occurs,
the present track circuit section is set as an occupied
state, otherwise, the present track circuit section is set as
anidle state. There is an insulation joint between the track
circuit sections. In the traditional track circuit, if the trans-
mitting equipment in the track circuit sections on the left
and right sides of the insulation joint is transmitting equip-
ment A and transmitting equipment B, respectively (run-
ning in opposite directions, and B is at an end far away
from A). Once the insulation breakage occurs, a signal
transmitted by A may invade the receiving equipment on
the right side of the insulation joint very closely, and the
transmitting equipment B in the section on the right side of
the insulation jointis at one end close to A, then a signal of
A needs to pass through the whole track circuit section
and be transmitted to the receiving equipment. The re-
ceiving equipment, after receiving a signal a with a certain
magnitude, can determine that the section is occupied. If
the transmitting equipment on both sides of an insulation
joint of adjacent ends of two adjacent track circuit sec-
tions in the track circuit is the second transmitting equip-
ment C and the first transmitting equipment D, the fre-
quency signals transmitted by C and D are different. In
this time, if the insulation joint is broken, the frequency
signals in the adjacent track circuit sections can be
directly received in the track circuit sections on both sides
of the insulation joint, respectively. The receiving equip-
ment of the track circuit sections on both sides of the
insulation joint may determine that the sections are oc-
cupied at the same time, thus achieving the insulation
breakage inspection of the rail.

[0048] In this embodiment, when it is detected that the
rail breakage occurs on the track in the track circuit
section or the insulation breakage occurs on the track
in the track circuit section, the receiving equipment de-
termines that the present track circuit section (the track
circuit section where the receiving equipment is located)
isin an occupied state. When the track circuit sectionis in
the idle state, and no rail breakage or insulation breakage
occurs in the track circuit section, the receiving equip-
mentdetermines that the present track circuit section (the
track circuit section where the receiving equipment is
located) is in the idle state.

[0049] Preferably, the receiving equipment is config-
ured to determine the state of the track circuit section,
perform rail breakage detection on the track in the track
circuit section or perform insulation breakage detection
on the track in the track circuit section according to the
received first frequency signal and second frequency
signal, which includes: executing the determination of
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the state of the track circuit section, the rail breakage
detection of the track in the track circuit section, and the
insulation breakage detection of the track in the track
circuit section in turn, thus finally determining the state of
the track circuit section. That is, when the state of the
track circuit section is determined to be idle, and no rail
breakage and insulation breakage occurs in the track
circuit section, and the receiving equipment determines
that the present track circuit section is in the idle state (the
track circuit section where the receiving equipment is
located). When the track circuit section is determined
to be in the occupied state, and no rail breakage or
insulation breakage occurs in the track circuit section,
the receiving equipment determines that the present
track circuit section (the track circuit section where the
receiving equipment is located) is in the occupied state.
When it is detected that the rail breakage occurs on the
track in the track circuit section or insulation breakage
occurs on the track in the track circuit section, the receiv-
ing equipment determines that the present track circuit
section (the track circuit section where the receiving
equipment is located) is in the occupied state.

[0050] Inthis embodiment, each track circuit section is
also provided with a first relay, which is connected to the
receiving equipment. The first relay is controlled to fall
when the track circuit section is in the occupied state, rail
breakage on the track in the track circuit section is de-
tected, or insulation breakage on the track in the track
circuit section is detected. Thatis, the firstrelay is in an off
state, such that a signal indicator light is red to show
occupation, and when the track circuit sectionisin theidle
state, thefirstrelay is sucked up. Thatis, the firstrelayisin
a closed state, such that the signal indicator light is green
to show idleness. The state of the track circuit section can
be controlled by using only one relay, which makes the
track circuit system more concise.

[0051] As shown in FIG. 12, an embodiment of the
present disclosure further provides an operating method
of the track circuit system. The track circuit system in-
cludes first transmitting equipment, second transmitting
equipment, and receiving equipment. The first transmit-
ting equipment and the second transmitting equipment
are located on both ends of the track circuit section,
respectively. The receiving equipment is located on a
track between the first transmitting equipment and the
second transmitting equipment. The first transmitting
equipment and the second transmitting equipment are
configured to respectively transmit a first frequency sig-
nal and the second frequency signal to a track in the track
circuit section at the same time. The receiving equipment
is configured to determine a state of the track circuit
section, perform rail breakage detection on the track in
the track circuit section, or perform insulation breakage
detection on the track in the track circuit section accord-
ing to the received first frequency signal and second
frequency signal.

[0052] In this embodiment, the receiving equipment is
configured to determine the state of the track circuit
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section according to the received first frequency signal
and second frequency signal. First, the receiving equip-
ment demodulates the first frequency signal and the
second frequency signal at the same time to acquire
frequencies and voltages of the first frequency signal
and the second frequency signal, and determines
whether the frequencies and voltages of the first fre-
quency signal and the second frequency signal both
satisfy a threshold requirement. If the frequencies and
voltages of the first frequency signal and the second
frequency signal both satisfy the threshold requirement,
it is determined that the track circuit section is an idle
state; otherwise, itis determined that the state of the track
circuit section is in an occupied state. Further, the thresh-
old requirement is as follows: the frequencies of the first
frequency signal and the second frequency signal re-
ceived by the receiving equipment are consistent with
those of the first frequency signal and the second fre-
quency signal respectively output by the first transmitting
equipment and the second transmitting equipment, and
the voltages of the first frequency signal and the second
frequency signal received by the receiving equipment are
the lowest voltage which makes a track circuit in the track
circuit section operate normally.

[0053] In this embodiment, the receiving equipment
forms a circuitous pathway with each of the first transmit-
ting equipment and the second transmitting equipment
through one or more parallel tracks.

[0054] In this embodiment, the receiving equipment is
configured to perform rail breakage detection on the track
in the track circuit section according to the received first
frequency signal and second frequency signal. First, the
receiving equipment demodulates the first frequency
signal and the second frequency signal at the same time
to acquire voltages of the first frequency signal and the
second frequency signal, and determines whether the
voltages of the first frequency signal and the second
frequency signal are lower than a first preset threshold.
If the voltage of the first frequency signal or the second
frequency signal is less than the first preset threshold, itis
determined that rail breakage occurs on the track in the
track circuit section, otherwise, it is determined that the
track in the track circuit section is normal.

[0055] In this embodiment, if there are two adjacent
track circuit sections, the frequencies of the frequency
signals transmitted by the transmitting equipment at ad-
jacent ends of the two adjacent track circuit sections are
also different, and the receiving equipment is configured
to perform insulation breakage detection on the track in
the track circuit section according to the received first
frequency signal and second frequency signal. The re-
ceiving equipment demodulates the first frequency signal
and the second frequency signal at the same time to
determine whether a voltage of a frequency signal in the
adjacent section is received. If the voltage of the fre-
quency signal in the adjacent section is received, the
receiving equipment determines whether the voltage of
the frequency signal in the adjacent section exceeds the
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insulation threshold voltage, otherwise, the track in the
track circuit section is normal. The receiving equipment
determines whether the voltage of the frequency signalin
the adjacent section exceeds the insulation threshold
voltage. If the voltage of the frequency signal in the
adjacent section exceeds the insulation threshold vol-
tage, it is determined that insulation breakage occurs on
the track in the track circuit section, otherwise, it is
determined that the track in the traction section is normal.
[0056] In this embodiment, each track circuit section is
further provided with a first relay, and the first relay is
connected to the receiving equipment. The first relay is
controlled to fall when the receiving equipment deter-
mines that the track circuit section is in the occupied
state, detects that rail breakage occurs on the track of
the track circuit section, or detects that insulation break-
age occurs on the track of the track circuit section, and is
controlled to be sucked up when the receiving equipment
determines that the track circuit sectionis in the idle state.
[0057] By employing a track circuit structure for trans-
mitting at both ends and receiving in the middle, the
double-end code sending of the tracks, the switchless
sections and switch sections of the high-speed railway
and the ordinary-speed railway can be achieved without
cutting the track, designing a switching circuit externally
and overlaying coding equipment. Moreover, the trans-
mitted signal can be subjected to closed-loop inspection
in real time, thus achieving the determination of the state
of the track circuit section, the rail breakage detection,
and the insulation breakage detection. That is, the rail
electrical disconnection fault inspection and insulation
breakage inspection of the track circuit are achieved by
only using one set of equipment with two pieces of
transmitting equipment and one piece of receiving equip-
ment, and the reliability and safety of the track circuit
system are improved.

[0058] It should be noted that although the present
disclosure has been described in detail with reference
to the foregoing embodiments, those of ordinary skill in
the art should understand that it is still possible to modify
the technical solutions described in the foregoing embo-
diments, or to replace partial technical features with
equivalents. However, these modifications or replace-
ments do not make the essence of the corresponding
technical solutions deviate from the spirit and scope of
the technical solutions of various embodiments of the
present disclosure.

Claims

1. A track circuit system, comprising first transmitting
equipment, second transmitting equipment, and re-
ceiving equipment, characterized in that

the first transmitting equipment and the second
transmitting equipment are located on both ends
of a track circuit section, respectively, and the
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receiving equipment is located on a track be-
tween the first transmitting equipment and the
second transmitting equipment;

the first transmitting equipment and the second
transmitting equipment are configured to re-
spectively transmit a first frequency signal and
a second frequency signal to a track in the track
circuit section at the same time, wherein the first
frequency signal and the second frequency sig-
nal have different frequencies; and

the receiving equipment is configured to deter-
mine a state of the track circuit section, perform
rail breakage detection on the track in the track
circuit section, or perform insulation breakage
detection on the track in the track circuit section
according to the received first frequency signal
and second frequency signal.

The track circuit system according to claim 1, char-
acterized in that the receiving equipment is config-
ured to determine a state of the track circuit section
according to the received first frequency signal and
second frequency signal, which comprises the fol-
lowing steps:

demodulating, by the receiving equipment, the
first frequency signal and the second frequency
signal at the same time to acquire frequencies
and voltages of the first frequency signal and the
second frequency signal; and

determining whether the frequencies and vol-
tages of the first frequency signal and the sec-
ond frequency signal both satisfy a threshold
requirement, and if the frequencies and voltages
of the first frequency signal and the second
frequency signal both satisfy the threshold re-
quirement, determining that the track circuit sec-
tion is in an idle state, otherwise, determining
that the track circuit section is in an occupied
state.

The track circuit system according to claim 2, char-
acterized in that the threshold requirement is as
follows: the frequencies of the first frequency signal
and the second frequency signal received by the
receiving equipment are consistent with those of
the first frequency signal and the second frequency
signal respectively output by the first transmitting
equipment and the second transmitting equipment,
and the voltages of the first frequency signal and the
second frequency signal received by the receiving
equipment are the lowest voltage which is able to
make a track circuit in the track circuit section oper-
ate normally.

The track circuit system according to claim 3, char-
acterized in that the receiving equipment forms a
circuitous pathway with each of the first transmitting
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equipment and the second transmitting equipment
through one or more parallel tracks.

The track circuit system according to any one of
claims 1 to 4, characterized in that the receiving
equipment is configured to perform rail breakage
detection on the track in the track circuit section
according to the received first frequency signal
and second frequency signal, which comprises the
following steps:

demodulating, by the receiving equipment, the
first frequency signal and the second frequency
signal atthe same time to acquire voltages of the
first frequency signal and the second frequency
signal; and

determining whether the voltages of the first
frequency signal and the second frequency sig-
nal are both less than a first preset threshold,
and if the voltage of the first frequency signal or
the second frequency signal is less than the first
preset threshold, determining that rail breakage
occurs on the track in the track circuit section,
otherwise, determining that the track in the track
circuit section is normal.

The track circuit system according to any one of
claims 1 to 4, characterized in that the receiving
equipment is configured to perform insulation break-
age detection on the track in the track circuit section
according to the received first frequency signal and
second frequency signal, which comprises the fol-
lowing steps:

demodulating, by the receiving equipment, the
first frequency signal and the second frequency
signal at the same time to determine whether a
voltage of a frequency signal in an adjacent
section is received; if the voltage of the fre-
quency signal in the adjacent section is re-
ceived, determining, by the receiving equip-
ment, whether the voltage of the frequency sig-
nalin the adjacent section exceeds aninsulation
threshold voltage, otherwise, determining that
the track in the track circuit section is normal;
determining, by the receiving equipment,
whether the voltage of the frequency signal in
the adjacent section exceeds the insulation
threshold voltage, and if the voltage of the fre-
quency signal in the adjacent section exceeds
the insulation threshold voltage, determining
that insulation breakage occurs on the track in
the track circuit section, otherwise, determining
that the track in the track circuit section is nor-
mal.

7. The track circuit system according to claim 6, char-

acterized in that if two adjacent track circuit sections
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exist, frequencies of frequency signals transmitted
by transmitting equipment at adjacent ends of the
two adjacent track circuit sections are also different.

The track circuit system according to any one of
claims 1to4 and 7, characterized in that each track
circuitsection is further provided with afirstrelay, and
the first relay is connected to the receiving equip-
ment;

the first relay is controlled to fall when the receiving
equipment determines that the track circuit sectionis
in an occupied state, detects that the rail breakage
occurs on track in the track circuit section, or detects
that the insulation breakage occurs on the track of
the track circuit section, and is controlled to be
sucked up when the receiving equipment deter-
mines that the track circuit section is in an idle state.

An operating method of a track circuit system, char-
acterized in that

the track circuit system comprises first transmit-
ting equipment, second transmitting equipment,
and receiving equipment, wherein the first trans-
mitting equipment and the second transmitting
equipment are located on both ends of a track
circuit section, respectively, and the receiving
equipmentis located on a track between the first
transmitting equipment and the second trans-
mitting equipment;

the first transmitting equipment and the second
transmitting equipment are configured to re-
spectively transmit a first frequency signal and
a second frequency signal to a track in the track
circuit section at the same time, wherein the first
frequency signal and the second frequency sig-
nal have different frequencies; and

the receiving equipment is configured to deter-
mine a state of the track circuit section, perform
rail breakage detection on the track in the track
circuit section, or perform insulation breakage
detection on the track in the track circuit section
according to the received first frequency signal
and second frequency signal.

10. The operating method of a track circuit system ac-

cording to claim 9, characterized in that the deter-
mining a state of the track circuit section by the
receiving equipment according to the received first
frequency signal and second frequency signal com-
prises the following steps:

demodulating, by the receiving equipment, the
first frequency signal and the second frequency
signal at the same time to acquire frequencies
and voltages of the first frequency signal and the
second frequency signal; and

determining whether the frequencies and vol-
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tages of the first frequency signal and the sec-
ond frequency signal both satisfy a threshold
requirement, and if the frequencies and voltages
of the first frequency signal and the second
frequency signal both satisfy the threshold re-
quirement, determining that the track circuit sec-
tion is in an idle state, otherwise, determining
that the track circuit section is in an occupied
state.

The operating method of a track circuit system ac-
cording to claim 10, characterized in that the
threshold requirement is as follows: the frequencies
of the first frequency signal and the second fre-
quency signal received by the receiving equipment
are consistent with those of the first frequency signal
and the second frequency signal respectively output
by the first transmitting equipment and the second
transmitting equipment, and the voltages of the first
frequency signal and the second frequency signal
received by the receiving equipment are the lowest
voltage which is able to make a track circuit in the
track circuit section operate normally

The operating method of a track circuit system ac-
cording to claim 11, characterized in that the re-
ceiving equipment forms a circuitous pathway with
each of the first transmitting equipment and the
second transmitting equipment through one or more
parallel tracks.

The operating method of a track circuit system ac-
cording to claim 12, characterized in that the per-
forming rail breakage detection on the track in the
track circuit section by the receiving equipment ac-
cording to the received first frequency signal and
second frequency signal comprises the following
steps:

demodulating, by the receiving equipment, the
first frequency signal and the second frequency
signal atthe same time to acquire voltages of the
first frequency signal and the second frequency
signal; and

determining whether the voltages of the first
frequency signal and the second frequency sig-
nal are both less than a first preset threshold,
and if the voltage of the first frequency signal or
the second frequency signal is less than the first
preset threshold, determining that rail breakage
occurs on the track in the track circuit section,
otherwise, determining that the track in the track
circuit section is normal.

The operating method of a track circuit system ac-
cording to claim 13, characterized in that if two
adjacent track circuit sections exist, frequencies of
frequency signals transmitted by transmitting equip-
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ment at adjacent ends of the two adjacent track
circuit sections are also different; and the performing
insulation breakage detection on the track in the
track circuit section by the receiving equipment ac-
cording to the received first frequency signal and 5
second frequency signal comprises the following
steps:

demodulating, by the receiving equipment, the

first frequency signal and the second frequency 70
signal at the same time to determine whether a
voltage of a frequency signal in an adjacent
section is received;

if the voltage of the frequency signal in the
adjacent section is received, determining, by 15
the receiving equipment, whether the voltage

of the frequency signal in the adjacent section
exceeds an insulation threshold voltage, other-
wise, determining that the track in the track
circuit section is normal; and 20
determining, by the receiving equipment,
whether the voltage of the frequency signal in

the adjacent section exceeds the insulation
threshold voltage, and if the voltage of the fre-
quency signal in the adjacent section exceeds 25
the insulation threshold voltage, determining
that insulation breakage occurs on the track in

the track circuit section, otherwise, determining

that the track in the track circuit section is nor-
mal. 30

15. The operating method of a track circuit system ac-
cordingto claim 14, characterized in that each track
circuit section s further provided with afirstrelay, and
the first relay is connected to the receiving equip- 35
ment;

the first relay is controlled to fall when the re-
ceiving equipment determines that the track
circuit section is in an occupied state, detects 40
that the rail breakage occurs on track in the track
circuit section, or detects that the insulation
breakage occurs on the track of the track circuit
section; and

the first relay is controlled to be sucked up when 45
the receiving equipment determines that the
track circuit section is in an idle state.
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Shunting residual voltage
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Transmitting, by the first transmitting equipment and the
second transmitting equipment, a first frequency signal and a
second frequency signal to a track in the track circuit section at
the same time, where the first frequency signal and the second
frequency signal have different frequencies

Determining, by the receiving equipment, a state of the track

circuit section, performing rail breakage detection on the track
in the track circuit section, or performing insulation breakage

detection on the track in the track circuit section according to
the received first frequency signal and second frequency signal

FIG. 12
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