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Abstract: To overcome the problem of tuning area faults influencing the normal operation of the ZPW-2000A track circuit,

protector models are established to protect the track circuit from interference. First, the parameters of the protector models are

calculated according to the circuit resonance principle. Second, a four-terminal network model of the track circuit in a normal state is

established according to transmission-line theory and the transmission equations are derived. Third, the rail voltage is simulated, and

an experimental platform is built to verify the models. Finally, the transmission equations of the protectors are derived, and the

variation of the rail voltage is analyzed. The results indicate that tuning area faults have significant influence on the rail voltage.

However, the installation of protectors can effectively reduce the influence, and not bear on the normal operation and maintenance of

the track circuit, which significantly improves the protection ability of the track circuit against tuning area faults.
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1 Introduction

The ZPW-2000A track circuit system is widely used
in China. However, tuning area faults can lead to the
transmission of over-zone signals in different sections
and frequently cause potential trouble. At present, most
of the studies on tuning areas focus on only fault
diagnosis or simulation analysis of the track circuit.

In recent years, many studies on the interference
signals of track circuits have been conducted by
establishing models and simulations. Zhao et al. !
studied the influence of interference from adjacent
sections on locomotive signal equipment. A model of
the track circuit in the locomotive signal state was
established to analyze the interference, which is the
over-zone signals from adjacent sections. Wang et al. %
built models of tuning area faults in the locomotive
signal state and analyzed the induced voltage of the
locomotive signal. According to the variation of
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frequency characteristics of the track circuit
components. Xu et al. ! established frequency varying
models of the track circuit and analyzed the
interference from adjacent sections. Mariscotti et al. ¥
established an audio track circuit model using
transmission-line theory and analyzed the transmission
characteristics of simulated S-type tuning units. The
impedance of the track circuits was calculated and the
variation of the rail voltage was analyzed. Additionally,
the values of return current and harmonics of a track
circuit in the shunting state were measured and

analyzed. Beak et al.l”

presented measurement method
at the interference of return current to the signal
system. By comparing the test results with the
standard, the safety of the system affected by the
interference was evaluated. The interference signal of
the arc from adjacent sections was measured and
transmission equations of the arc were deduced .
Chen et al. /" built a hardware simulation platform and
analyzed track circuit transmission characteristics
through the platform, which is useful for diagnosing
track circuit faults. The above studies that focused on
interference have made great contributions to establishing

protection scheme models and verifying the protection
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ability of the protectors.
Numerous researches have also focused on track

circuit protection. Yu et al. (%]

proposed a treatment
method using insulated steel bars in the tuning area to
prevent interference in a jointless track circuit. The
interference was decreased by improving the isolation
ability of the conductors in the tuning area, but
maintenance was difficult to implement with track
circuit faults because the conductors were embedded
in a ballastless board. Won et al. ! analyzed the
voltage variations of the transmitter and receiver, and a
resonance circuit was designed using a compensation
capacitor installed on the rail to reduce impedance.
This research verified that installing protectors on the
railroad could improve the transmission characteristics,
but protectors were only used to balance the resistance
of the railroad. Nomura et al. [' designed a resonance
capacitor and connected it with the impedance bond of
the track circuit. Its safety was verified in the lightning
This
analyzing the safety of protectors, but it was not

strike position. research 1is beneficial for
applied to preventing the over-zone signal. Wu et
al.l""'?) studied the damaged insulation of the track
circuit in the ZPW-2000A station and designed a
choke adaptation transformer to protect the receivers,
obtaining good results through test and verification.
They designed a protection scheme to protect the
over-zone signal in the station by installing a
resonance circuit in the choke transformer, which was

also applied to the rail in the tuning area. Ma et al.!"”!

diminish resonance interference, but it was applied to
only the vehicles. There are also many resonance
circuits applied to electrical systems, which can ensure
safety and improve transmission ability [14-16]

Most of these researchers considered maintaina-
bility "7, but research efforts were less focused on fault
protection abilities. Therefore, qualitative and quantitative
analysis of track circuit protection ability against tuning
area faults is necessary to design, operate, maintain and
formulate train control systems. A second-stage zero-
impedance device is set to further prevent the over-zone
signal to improve fault protection ability if necessary ',

In this study, protector parameters are calculated
and models of track circuits with protectors have been
built. The protection ability of the track circuit against

tuning area faults is verified by simulation.

2  Working principle and protection scheme

2.1 Working principle of the track circuit

The ZPW-2000A track circuit can be divided into
five parts: transmission channel, transmitter tuning
area, main track circuit, receiver tuning area, and
receiving channel "), The adjacent sections are
electrically isolated using the resonance circuit of the
tuning area. The above protection scheme refers to the
redundancy method. The first compensation capacitor
beside the tuning area is replaced by a zero-impedance
device to isolate the interference signal from the
adjacent track sections. The specific location is shown

researched and verified a protection method to in Fig. 1. When the equipment works normally, the
JTC1 ITC2
(( ((
)J )
NHRE | T = 0 1E Bl |2 T T = D113 B |2
= = - = = = <
@ 7 [é [ m] H 3 [ HEHNE
] « ] («
) )J
Tuning Tuning Tuning
area | area 2 area 3
Received Protector A Send matcl Received Protector B Sending
match en rmd“ match match
transformer transformer transformer transformer
\ | I \
Receiving Sending Receiving Sending
cable cable cable cable
I | | I | | | |
Attenuator Sender 1 Attenuator Sender 2
I \ | |
Receiverl Receiver2

Fig. 1

Structure of the ZPW-2000A track circuit
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protection device is equivalent to a compensation
capacitor for its own section. When the tuning unit
fails, the protector can be equivalent to a zero-
impedance device. The basic structure of the ZPW-
2000A track circuit with protectors is shown in Fig. 1,
and the structure of the tuning area is shown in Fig. 2.
JTC1 represents jointless track circuit 1 and JTC2
represents jointless track circuit 2.

Railway
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Fig. 2 Tuning area (little track circuit)

The equipment in the tuning area includes tuning
unit BA1, hollow coil SVA, and tuning unit BA2. The
step length of the equipment is /;/2, and the impedance
of each rail section is L. When the equipment in the

tuning area fails, the impedance value becomes lower,

resulting in over-zone signal transmission. To improve
the fault protection ability, it is necessary to install
protectors on the rail. Because of the fixed position of
the rail drilling, the position of the protectors is at the
first compensation capacitor near the tuning area. The
structure of protector A and protector B is the same as
that of the tuning units, but their parameters are
different. The structure is shown in Fig. 2.

2.2 Protection scheme

According to Figs. 2 and 3, tuning unit BA1 is
composed of an inductive element, L;, and a capacitive
element, Cy, in series. For signal f, of the adjacent
JTC2, a series resonance is formed, and the interference
signal of the adjacent section is short-circuited. Tuning
unit BA2 is composed of an inductive element, L,, a
capacitor element, C,, in series, and a capacitor element,
(3, in parallel. L, and C, form a series resonance for the
signal f; of JTC1. As shown in Fig. 3a, BA1 is
capacitive to f;, and BA2 is short-circuited to f;. BA1
and hollow coil SVA, as well as four rails with step
lengths of [/2, form a parallel resonance to present
extreme impedance to f. In case of a BA2 open-circuit
fault, protector B has a series resonance to f, which
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Fig. 3 Working principle of the protection scheme
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protects f; from over-zone transmission. Similarly, as
shown in Fig. 3b, L, and C, of BA2 form a series
resonance to f;. BA2 is capacitive to f, and forms a
parallel resonance with SVA and four rails. When BA1
fails, protector A has a series resonance with f,, which
protects f, from over-zone transmission. There is no
effect on the track voltage with the short-circuit
equipment, so only the protection of broken equipment
is considered.

2.3 Parameter calculation

According to circuit principles, the formulas for
calculating the impedance parameters of tuning area
elements are given by

. 1 .
Zygp = JOL +— Zsya = JOLgy,

e

Zypy =

. 1 1 . 1 1
JoL, + - T JoLy +— -
[[ Ja’czj JoCs J/[[ JCOCZ] J‘OCJ

Q)

where Zga; represents the impedance of BA1, Zga,

represents the impedance of BA2, and Zgya represents
the impedance of SVA.

Because of the different frequencies of track
sections, the angular frequency of JTC1 is a, that of
JTC2 is @,, and @, >®,. According to Eq. (1) and
the circuit resonance principle, the two elements of
protector A satisfy the following relationship

1

w, = W (2

Because @, > @, , the relationship between L} and
| is derived as
Cl < % 3)
oLy
Because the capacitance value of protector A is the
same as that of the compensation capacitor, its

impedance, Z.4, can be described as

2 ’
2, = jolj+——=1"HG _yfl o, G (@
joC/ JjoC, l-w L/C

It can be seen from Eq. (4) that if protector A is

capacitive to this section, its capacitance value can be
derived as

!

C11

=—1 5
1-w L/C] ©)

A

At this time, C, is connected in parallel with the
hollow coil SVA and some rails. This ensures that
protector A is capacitive to this section and that
capacitor C, is equal to the original compensation
capacitor.

Similarly, L5 and C% of protector B have a series
resonance to f}, satisfying the following relationship

1

a’lzm (6)

Because @, > , , the relationship between L," and

C4 1s as follows
1
—_— 7
0, (7
1

2t
®,C;

L >
Ly=L- ®)

Because the capacitance of protector B is equal to
that of the compensation capacitor, its impedance Z g
can be derived as

1 1
Z,=|] . oL, +— | =
B []CULB jwq)/(]w B ja)C3'j
2 ’
o L,Cy —1
/| jo—2B83 — 9
/[] oL, ) ©)

where Lg represents the inductance value of L, and C;

in series, and Lg and Cj are connected in parallel. After
calculation, the equivalent capacitor value is Cp, and
its parameters need to meet the requirements. Cg can
be described as

1
—— (10)

w,Lg

Cy=C, -

Cg needs to be connected in parallel with SVA to
ensure that the capacitor value of protector B is equal
to that of the compensation capacitor.

3 Model of the over-zone frequency

In this study, a hierarchical modeling method is
used to establish a four-terminal network model of the
track circuit in its normal state. According to the
sampling points on the track, the main track is divided
into a left half 7T, and a right half Ty, and then the
transmission equations are derived.

The over-zone transmission model of the track
circuit in its normal state is shown in Fig. 4. Uy, N,
Nsm, Nonet, Nsxs, and Nir represent the equations of the

transmitter voltage, transmission cable, matching
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Fig. 4 Over-zone transmission model

transformer, JTC2 main track, sender, and receiver
tuning area, respectively. Zs; represents the apparent
impedance of BAl and Zj represents that of BA2.
According to the structure of the main track circuit,

Ngnet can be expressed as

N = (Te)" = (Ix(L. 1 2)x T xTx(1./2))"  (11)

where T, represents the transmission equation of the
compensation capacitor unit model, T, represents the
transmission equation of the compensation capacitor,
Tx(l./2) represents the rail transmission equation with
a length of one half step of the compensation capacitor,
and n is the number of compensation capacitors of
JTC2. Ny contains three pieces of equipment: SVA,
BA1, and BA2. Its transmission equation can be

derived as

1 0

N_.=T. b Za 1 (12)
= X X
sxf sBA1 0 1 1

tx

where Z., represents the impedance of cables that
connect the rail and tuning units and Z is described as
1 0
Iyyn = 1
Zsya+Ze
T, =Tx(I,/2)x Ty, x Tx(1,/2)
_ L (L,DEppy +Z,) + T, (1.2)
YT QD Zp + Z) T, (22)

(13)

Here, Tsya represents the transmission equation of
SVA, Ty represents the transmission equation of an
SVA unit, and Z represents the impedance from BA1
of the sender in the adjacent track section to BA2 of
the receiver in the track section. The structure of Ny is
shown in Fig. 5.

In Fig. 5, Zy, represents the fault value of BAI,
Z,y,; represents the fault value of BA2. Tiga, represents

—_—————— -

N(Loi2) | [|Zea | NalZewi2)

Fig. 5 Model of the tuning area

the transmission equation of BA2 at the receiver,
which can be described as
1 0
Ton = 1 1 (14)
ZBAZ//Zj1 +Z, + ZgZz

where Z;; is expressed as
Ny xZ+Ny,

i1
Ny xZi+Np,

(15)

Here, Z, represents impedance value of the receiving
end and analog cable network. Additionally, Vi1, Nji2,
Nj1, and Nj, are expressed by a four-terminal network,
N;, which is equivalent to the transmission equation
from the matching transformer at the receiving end to
the transmission cable. This is expressed as

jz{zf“ ?”}:Nsmxzvcb (16)

j21 j22

where N, represents the transmission equation of
cables and Ny, represents the transmission equation of
matching transformer. The calculation of Z is the
same as that for Z;;. The transmission Tiga; of BA1

can be expressed as

1 0
Tga = 1 1 (17)
Zon/lZg+Z, +Z,,

and the transmission of V¢ can be described by
Nt = Tipaz X T * Tipai (18)
Three position relationships between the sampling

point and compensation capacitor in the main track are

shown in Fig. 6.

L k2 k2 L 2 2 2 42

I | | | | | I [ |
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(a) a at the right (b) a at the point (c) a at the left side
side of C of C of C

Fig. 6 Position of the sampling point
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The distance from the sampling point to the right
side of the m™ compensation capacitor module is Ax,
and Tk is described by

(T, )" x Tx(Ax) 0<Ax<l./2
(T,)" < Tx(l,/2)x
Ty (Ax) =< T, xTx(Ax—1./2) 1.2<Ax<i, (19)
(T.)" Ax=0
(T )" xTx(./2) Ax=1.1/2

The distance from the sampling point to the left

. th . . .
side of the m"' compensation capacitor module is Axy,

and Ty is described by
TIx(Ax, —1./2)xT, x
Tx(L,/2)x(T,)""™ 112 <Ax, <1,
T, (Ax)) =4 Tx(Ax) < (T,.))"" ™" 0<Ax, <L/2 (20)
(T)"™ Ax =1,
Tx(L,/2)x(T,)""™ Ax, =12

As Fig. 4 shows, if there is a fault in the tuning
area, the values of Z,,; and Zy,, are used to simulate
the open-circuit faults. The rail voltage is simulated,
and the transmission equation from the sending end to
the sampling point can be expressed as

NN, =N XNy X Nge XN, XN,

gnet rxt

<T, (21

The transmission equation from the sampling
point to the receiving end of the track circuit in this
section is expressed as

NN, =T XN xNg xNy (22)

According to transmission-line theory, Z.
represents the transfer impedance of the sampling
point, which is derived as

NN, (LD)xZ;+NN,(1,2)

* NN, (2,1)xZ; + NN,(2,2)

(23)

The transmitter voltage is Uy, and the sampling
point voltage 4 is described by

A _ Us2
MU NN (LD + NN, (1,2)/ Z |

(24)

4 Model verification and fault analysis

To calculate the rail voltage, it is necessary to
determine the most unfavorable condition, which
includes the lowest transmission voltage, highest rail

impedance, and lowest ballast resistance.

4.1 Model validation

4.1.1 Laboratory platform construction

The experiments were conducted using the track
circuit experimental platform shown in Fig. 7. @O to
@ represent sender 2, receiver 1, and sender 1 of the
track circuit, respectively. @ to (@) represent the
attenuator, tuning area equipment, matching
transformer, and transmission cable, respectively.
represents numerous compensation capacitors and
© represents the main track simulator and sampling
points with a step size of 25 m. Computers were used
to place the sampling points and input the primary
parameters. Fig. 7 shows the construction of the laboratory
platform and Tab. 1 lists the main information of the

platform equipment.

(b) Main track circuit

() Sampling point
Fig. 7 Construction of laboratory platform
According to the information in Fig. 7 and Tab. 1, a
circuit connection diagram of the laboratory platform is
shown in Fig. 8. The serial numbers correspond to the
devices in the platform. Switches S; and S, represent the
sending transmission channels of JTC1 and JTC2,
respectively. These are used to distinguish signals from
different track circuits in simulation and analyses.
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Tab.1 Equipment information

Number Component Information

® Sender2 The voltage is 129.236 V, and the frequency is 1 700 Hz.

® Receiverl The impedance is 400 Q, and the work voltage is 25 V.

® Senderl The voltage is 127.779 V, and the frequency is 2 300 Hz.

@ Attenuator Improving transmission distance instead of transmission cable.

® Matching transformer It consists of two electrolytic capacitors with cables.
BAI The unit includes two components: L; =37.145 uH and C, = 130.44 pF.

® Tuning area equipment BA2 The unit includes three components: L, = 93.472 pH, C; = 90.9 pF, and C; =276.61 pF.
SVA  Lswa=33.5uH

@ Transmission cable It consists of a number of cable units.

Compensation capacitor 55 uF, the number of compensation capacitors in JTC1 is 12.

©) Main track simulation panel The length is 1 180 m, and the impedance is 15.1282.3° Q * km

Computer 2.3 GHz, 500 GB, Windows 10; input the parameters and output simulation results.

(DSender 2

Fig. 8 Circuit connection diagram

According to Fig. 8, the method for measuring
voltage is as follows.

(1) As shown in Figs. 7 and 8, the sampling point
models of the main track panel with voltmeters have
been connected in parallel. As shown in Fig. 7b, the
compensation capacitors have been connected to the
main track circuit by cables. The models of the
sampling points are shown in Fig. 7c.

(2) When the switch S; is closed and the switch
S, is open, the rail voltage of f; is measured by the
voltmeters. Similarly, with switch S, closed and S,
open, measure the rail voltages of f; by the voltmeters.

(3) The bolts which represent the sampling
position on the main track panel have been connected
with the models of the sampling points. With the
voltmeters measure the voltage of the models of the
sampling points, the rail voltages of sampling points
have been obtained by the voltmeters.

4.1.2 Simulation of the rail voltage

According to Egs. (12)-(24), the voltage simulation
of track circuits is shown in Fig. 9.

—Signal of JTCI in normal state — Signal of JTC2 in normal state

201 weSignal of JTCI in the lab «++ Signal of JTC2 in the lab

Rail voltage/V

0.2F |

0 i v s R T | 1 i T i i ]
50 250 450 650 850 1050 1250 1450 16501850 2050 22502450
Position/m

Fig. 9 Rail voltage in the normal state

It can be observed from Fig. 9 that the curves of
rail voltage decline significantly after crossing the
tuning area. Moreover, the curves of over-zone signals
are like waves. The value of the rail voltage measured
in the experiments is consistent with the simulation

curve.

4.2 Simulation and analysis of tuning area faults

When the equipment is in an open-circuit
condition, it can inevitably bear on the voltage in this
section and adjacent sections. According to Fig. 1, the
variation of impedance in the tuning area inevitably
leads to an over-zone signal. As shown in Fig. 5, when
BA1 fails, Z,,; takes the value of oo, 0.1, or 10.
Similarly, Zy,, and Zg,; take the same value. With the
tuning area faults, the impedance value changes. The
curves are shown in Fig. 10.

According to Fig. 10a, with the open-circuit BA1,
the extreme impedance decreases and the voltage
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drops. The zero impedance has been destroyed and f,
transmits to JTC1 across the area. According to Fig.
10b, the JTC1 zero impedance is destroyed and the
voltage drops slightly. As the JTC2 extreme impedance

2.0
1.8
1.6k Z1=10, signal from JTC1

Zy71=0.1, signal from JTCI1 Z4,1=0.1, signal from JTC2

Zy1=10, signal from JTC2

'Zyﬁm, signal from JTC1 7z,

7152, signal from JTC2

Rail voltage/V
=

1 1 1 1 1 1 1 1 1 1 | 1 J
50 250 450 650 850 1050 1250 1450 16501850 2050 22502450
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(a) Rail voltage of BA1 fault

2,01
1.8F

i Zu=0.1, signal from JTC2
1O 7,,1=0.1, signal from JTC1 ~ “gel o MEREHOM |
L4l Zy1=10, signal from ez

Zy1=10, signal from JTC1 F“U‘I y
1 ok Zez1===: signal from JTC1,. N Zga1=°, signal from JT(‘:\\Z ‘h‘u

0.8
0.6
0.4~
0.2F

Rail voltage/V

B E— E— e -

il 1 1 L 1 1 fi— ——
50 250 450 650 850 1050 1250 1450 16501850 2050 22502450
Position/m

(b) Rail voltage of BA2 fault
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(c) Rail voltage of SVA fault

Fig. 10 Influence of different equipment faults in the tuning area

fails, the JTCI voltage rises slightly. According to Fig.
10c, the rail voltage value has slightly decreased. This
shows that the influence becomes considerably serious
as the value of faults becomes larger, but the trends are
similar. When the value is 0.1, the interference is too
small to have an impact on the rail voltage. As a result,
it is necessary to study the voltage when the value is co.

At this time, the variation of rail voltage affects
both safety and efficiency. It is necessary to install
protective devices to improve the track’s protection
ability against tuning area faults. The simulated results
of the rail voltage of JTC without protectors are
presented in Tab. 2.

Tab. 2 Rail voltage of tuning area faults of JTC without protectors

State of track circuit ~ Value of faults  f; signal in track section 1

f> signal in track section 1

fi signal in track section 2 f; signal in track section 2

Normal 0 29315 0.0263 0.0518 0.533 1
0.1 27724 0.059 1 0.100 5 0.4827
BAI fault 10 1.8459 0.184 6 02321 0.309 4
o 1.5390 02337 0.2672 02575
0.1 2.8779 0.0279 05428 04975
BA2 fault 10 2.6947 0.398 6 1.995 6 03824
® 26158 0.043 1 22134 03312
0.1 29154 0.0394 0.1471 0.502 6
SVA fault 10 2.8653 0.1257 0.489 5 04370
® 2.7942 0.1331 0.526 3 0.4043
5 Verification of the protector model Tx(, /2){ 0} Tx(L/2)  Protector A
To verify the correctness of the protector models, T, = Ve 1 (25)
the simulation reflects the variation of the rail voltage. Tx(l./2)x [l /lZ ] ﬂ xTx(l./2)  Protector B
¢

The transmission equations for the protector units
(compared with the compensation capacitor unit) are

given as

The transmission equations for the main track

circuit are as follows
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T, x(T,.))" "' xTx(Ax)  0<Ax<L/2
T, x(T,)" " xTx(l,/2)x T, x
T, =< Tx(Ax—1,/2) L2<Ax<l, (26)

T, x(T,)"" Ax=0
T, x(T,)" "' xTx(l./2) Ax=1/2
Tx(Ax, —1./2)x T, x Tx(l./2)
(T,.)" " xT, 1.2 < Ax, <1,
T, = {Tx(Ax)x(T,.))" " xT,  0<Ax, <L/2 (27)
(T, )" x T, Ax, =1,
Tx(L/2)x(T,)" > " xT,  Ax, =L/2

5.1 Verification

Interference is most serious when the fault value
is 0. The rail voltage curves when fault value is o are

shown in Fig. 11.

—Signal of ITCI without the protector

2.0p Signal of JTCI with the protector
1.8F ===Signal of JTCI in the lab |,
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a |2 % g 3
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) L) | e
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Fig. 11  Voltage curve of the track circuit without fault

According to Fig. 11, the over-zone signals have
been suppressed with the protectors. The voltage value
is lower, thus verifying the protector models.

5.2 Rail voltage of open-circuit BA1

The rail voltage curves of the track circuit with
BA1 broken (Zg,; is ) are shown in Fig. 12.
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Fig. 12 Voltage curve of the track circuit with BA1 broken

As shown in Fig. 12, over-zone signals with the

protectors can be greatly decreased across the

protectors, and the protector is equivalent to a

compensation capacitor for f;.

5.3 Rail voltage with BA2 disconnection

The rail voltage curves of the track circuit with

BAZ2 broken (Z,, is ) is shown in Fig. 13.
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Fig. 13 Voltage curve of the track circuit with BA2 broken

Fig. 13 shows that the protectors protect the
interference signal of f; in JTC2, and they do not bear
on the resistance value of JTC2 with BA2 faults. The
rail voltage of f, in JTC2 does not change and, after
passing through protectors, the value of the f; signal of
the track circuit with protectors was close to zero. This
demonstrates that the

protectors can improve

protection ability against tuning area faults.

5.4 Rail voltage under a broken SVA condition

The rail voltage curves under the condition of
SVA disconnection are shown in Fig. 14.
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Fig. 14 Voltage curve of the track circuit with SVA broken

In Fig. 14, the extreme-impedance value of the
two sections drops when SVA fails. Because the
protectors can only improve the protection ability
against zero-impedance faults, it cannot affect the
signal of JTC1, but it can still decrease the value of the

interference signal.
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In Tabs. 2 and 3, it can be observed that f; signal in
track section 1 with protectors is the same as that
without protectors, and so is the f; signal in track section

2. However, the over-zone signals (f; signal in track

section 1 and f; signal in track section 2) are close to 0.
In other words, increasing the number of protectors can

protect the over-zone signal and have the same effect on

the transmission characteristics of the track circuit.

Tab. 3 Rail voltage of tuning area faults of JTC with protectors

State of track circuit

Value of faults  f; signal in track section 1 f; signal in track section 1 f; signal in track section 2

/> signal in track section 2

Normal 0 29315 0.002 6 0.007 2 0.533 1
0.1 27722 0.002 9 0.008 4 0.482 7

BAL fault 10 1.8455 0.005 8 0.009 7 0.309 4
0 1.5390 0.008 6 0.010 3 0.2575

0.1 2.8778 0.002 8 0.010 5 0.497 5

BA2 fault 10 2.694 7 0.004 4 0.0220 0.3824
0 2.6158 0.0050 0.023 8 0.3312

0.1 29152 0.002 8 0.008 3 0.502 6

SVA fault 10 2.8653 0.003 2 0.008 9 0.4369
0 2.794 2 0.003 5 0.009 4 0.404 3

5.5 Impact of protectors on safety

5.5.1 Equipment faults in the tuning area

Because monitoring staff will judge the faults in
the tuning area according to the voltage of the receiver
and shunting current, it is necessary to analyze the

voltage of the track circuit with the protectors installed.

Because the receiver has the function of frequency
selection, the installation of protectors has no effect on
the main track voltage of the receiver. The protective
devices cannot affect the structure of the little track
circuit and bear on the variation of the little track
voltage at the receiving end. The protectors only
change the zero-impedance value, which has no effect
on the extreme-impedance value. Therefore, the staff
can still judge the faults with the little track circuit
voltage.

5.5.2 Compensation capacitor faults

The faults of the original compensation capacitor
include disconnection, bad connection, short-circuiting
and capacitor drops. Because compensation capacitors
and protectors are connected with transmission cables,
the influence on the transmission characteristics of the
protectors is the same as those of the original
compensation capacitors. According to the formulas of
the calculated parameters, the protectors have the same
effect on the transmission characteristics of the track

circuit with compensation capacitors. The voltage
curves of decreasing protectors is shown in Fig. 15.
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Fig. 15 Voltage of decreasing protectors

In Fig. 15, one can see that the rail voltage at the
receiving end of JTC1 decreases when the protector is
decreased, proving that decreasing protectors has the
same effect on the transmission characteristics of the
track circuit.

5.5.3 Broken rail situation

Because the integrity of the original track circuit
can be checked in the whole process, it is necessary to
analyze the checking ability of the track circuit with
protectors. According to Fig. 2, the protector installed
in the main track does not affect the electrical
characteristics of the little track circuit, so it does not
affect the broken rail inspection of the little track. If
the point at which the rail is broken lies between the

protectors and tuning area, the broken-rail fault
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inspection can be completed according to the
compensation capacitors to which the protectors are
equivalent. If the broken track occurs between two
protectors of the main track, then this is the same as
the track circuit without protectors. In summary, the
broken-rail fault inspection can be completed with the
track circuit with protectors.

6 Conclusions

The effect of tuning area faults was studied
according to the circuit resonance principle and
transmission-line theory. Through a modeling analysis,
the rail voltage in the normal state was found to vary.
This can affect driving safety when the track circuit is
occupied. In this study, according to the existing
protection scheme, the method for -calculating
protector parameters has been provided and verified to
be effective to protect against over-zone signals by
simulation and experiments.

The simulation results demonstrate that the
protectors can protect the adjacent section from
interference when the zero-impedance equipment in
the tuning area fails. Moreover, the transmission
characteristics of the track circuit with the protectors
are the same as those of the original one. Under a
normal state of the track circuit, the protectors can
effectively prevent over-zone signals with tuning
area faults. Furthermore, the protectors have no
impact on the normal operation and maintenance of
the track circuit. Based on the frequency protection
track circuit, the fault protection ability has been
further improved.

The protection scheme has been applied to a new
railway station in 2019 " The protectors have been
tested on a rail test line, and their reliability has been
verified . The installation of protectors is shown as

Fig. 16.
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Fig. 16 Installation of protectors on the rail
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