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One of the drawbacks of the currently used tonal rail chains without insulating joints is that when the train approaches the
controlled section, the train begins to shunt this section at some distance before entry on him. In connection with the traffic light
moves on this distance. But being that this distance depends on many variables, it constantly changes these variables. For eliminate
this drawback, instead of the traditional potential receiver it is proposed to use electric current track receiver, which has a clear
boundary fixation entry of train on the controlled section. By now developed and used methods for determining the main analytical
expressions for analysis and synthesis tonal rail circuits with potential receivers in various operating modes, and the theoretical
issues of tonal rail chains with current receivers were practically not considered, in this connection, the article considers the
development of mathematical models for determining the absolute shunt sensitivity of tonal rail chains without isolating joints with
current receivers and methods for calculating determination of the critical location of the minimum shunt sensitivity.

The obtained expressions differ significantly from the known equations of absolute shunt sensitivity and the critical
location of the minimum value of the shunt sensitivity and will allow to spend analyzing, synthesis and design of tonal rail chains
without isolating joints with current receivers, that will allow to increase the safety of train traffic.
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1. Introduction

On the railways a number of countries: France, Germany, Spain, England, China for monitoring
the condition of track sections are widely used tonal rail chains (TRC) (Gregor Theeg et al., 2009;
Lisenkov et al., 2009). One of the significant drawbacks of those rail chains without insulating joints is
that the impact of the train shunt on all modes of their operation occurs not only when finding the train is
on the block — section, controlled by of the track circuit, but and out of its limit (Honcharov, 2013).

At potential connection of the track receiver to the rail line (Arkatov et al., 1992) (Figure 1), in
normal operating mode a track of the receiver (TR) depends on the location of the train and excite is not at
the moment liberation by train a supply end of the rail chain without insulating joints, and at remove the
train a certain distance /,,y, denominated an additional zone shunt by remove first train Ry, (Polevoy, 2005),
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Figure 1. Scheme the rail chain with potential receiver
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where Iy, is the length factual of block-section, I, is the length additional zone shunting of leaving train
with block-section, I, is the length additional zone shunting of approaching train to block-section, R,
Ry is shunt resistance, RC1, RC2, RC3 are rail chains, TR is track receiver.

Secondly, busyness of the controlled section occurs not in moment the train entrance the section,
and before the approach to it some distance /., denominated an additional zone shunt by approaching of
the train to the rail chain, track receiver (TR) turns out to be shunted resistance Ry, and part of a rail line
contiguous rail chain. In this connection on the track receiver decreases voltage and the receiver turns off
fixing the occupation of the controlled area, that leads to traffic light overlap on the prohibitory
testimony.

For exclude, overlapping traffic light proposed (Honcharov, 2013) to move the traffic light a
distance /,.,, but this can be done subject to the stability of the insulation resistance and longitudinal
asymmetry, and as well as in operating conditions the insulation resistance is constantly changes, that also
changes length an additional zone shunting and this circumstance may lead to crash situation.

The length of the additional zone shunting by remove the train, also dependents on the change in
insulation resistance, but on the safety of train traffic not render significantly affects, only leads to a delay
in obtaining information about release a train rail chain. Besides of this, on the lengths additional zones
shunting, a great influence renders the presence of two trains on contiguous rail chain (Polevoy, 2010) at
it, while these lengths are increasing abruptly, therefore, in the construction of interval control systems for
train traffic these factors must be taken into account.

One of the ways to clear-cut fix additional zone shunting on the approach of the train to the rail
chain - this is the use of current the track receivers (Aliev et al., 2015) (Figure 2), which are connected to
the rail threads inductively.
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Figure 2. Scheme the rail chain with current receiver

At such connection of the current track receiver (CR) the input boundary the rail chain is fixed and
located along the installation of the receiving track coils, where RC1, RC2 are receiving coils, Rgni, Rsnz
are shunt resistance, I, is the length factual of block-section, . is the length rail chain, [, is the length
additional zone shunting of leaving train with of block-section, CR2 is current track receiver, TG2, TG3
are track generators.

In the free state of the monitored area, the track receiver is under current due to the electro-
magnetic force induced in the receiving coils RC1 and RC2 by a signal current flowing along the rails of
the rail line and a suitable train to the sensor of control has no effect on the current flowing over the
receiving coils of the receiver, it even amplifies this current. After the first wheel pair of the train passes
beyond the connection of the received coils due to the insignificant value of the train shunt, the signal
current will mainly begin to flow through the wheel pair and the current above the receiving coils
decreases, which leads to the de-energize of the track receiver and fixation of the train entrance to the
controlled section. Thus, in rail chaining with a current track receiver, the additional shunt zone at the end
of the rail chain is zero, i.e. I,;, = 0, so the traffic lights can be installed on the coordinates of the ends of
the structural length the rail chain.

In the analysis and synthesis of such chain s, the general theory of rail chains can be mainly used,
but it is necessary to take into account some specific features due to the absence of insulating joints and
the use of current receivers.
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2. Mathematical model rail chain without insulating joints in shunt mode

Absolute shunt sensitivity can be determined by known expressions of absolute shunt sensitivity
(Vasilenko et al., 2006; Lisenkov et al., 2010):

z
Ron = ~Zon (1)
Za
where
Zesn 1s the equivalent resistance of the rail chain without insulating joints between the points of
application of the train shunt before its overlay with characteristics unfavorable for the shunt mode
(maximum voltage of the rail chain power supply U,,.,, maximum value of insulation resistance r; and
minimum resistance of the rail loop z,);
Z.n 18 the transmission resistance of the rail chain in the absence on her of a train;
Z, 1s the transmission resistance for rail chain characteristics, which are adopted to determine the
shunt sensitivity without an overlayed shunt;
N is hardware coefficient.
To determine the transmission resistance Z,; of the rail chain when there is no train on it, we
present the scheme in figure 2 as an substitution scheme in the absence of trains on the rail chains and
replacing adjacent rail chains with their input resistances Zi,; (Zij1) and Zi; (Zi1) (Figure 3).
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Figure 3. Scheme at substitution rail chain in the absence of a train on it
where
Z;;, is the input resistance of the rail chain RL;;
7' i is the input resistance of the beginning of the rail chain;
Z;5 1s the input resistance of the rail chain RL;.
Transmission resistance in the absence of a train.
1
Ay = chy,ly; By = Zypshy,ly; G = Z_VZShyzlzi Dy = chy,l,. (2)

Presenting the scheme of figure 3 in the form of the main scheme substitution of the rail chain in
the absence of a train (Figure 4).
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Figure 4. The basic scheme of substitution of the rail chain in the absence of a train on it
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1
Zlbr*Zu3

7l =
i3 Z le.3

3)
ibr+
Ziz = Z, as to the considered rail chain consistently connected infinite many adjacent rail chains.
For conclusion equations resistance transfer in the absence of a train, we determine the coefficients
of the fourpole A, B, C and D:

1 0 chy,l, Zyashy,l,
|A B| = * Ao Bo| _ chysly . 1 Z,,Zsh;;lz 4)
C D Z CO DO T + ash‘}/zlz - + Ch]/zlz
Zath = A * ZL'Ii3 +B+ Zt'Ibr(C * Zu3 +D) =
Ryl Zpashyal
= Zliz * chy,ly + Zyyshy,ly + Zly, (Ziis + (C 122 4 _ShYZIz) M + chy,ly). (%)

ii1

Resistance Z, is determined in the absence of a train on a rail chain with characteristics
unfavorable for the shunt mode (Polevoy, 2010) (the maximum voltage power supply of the rail chain
U pax, the maximum value of the insulation resistance #i and the minimum resistance of the rail loop z,, as
well as considering that the worst condition for shunt mode is a condition when R, = 0) by next
substitution scheme rail chain:
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Figure 5. An substitution scheme with characteristics unfavorable for the shunt mode
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Figure 6. Transformed scheme of substitution with characteristics unfavorable for the shunt mode
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Zlp*Zax
Zpg = Zibr*£3%sh2 (6)

I .
Zipr+Z3Xsh2

1 Z41
AZ = 1; BZ :Zzlz; C2 :E; D2 = 1+i. (7)

z} Z1
Zg = Zhw + Zoly + Zfy, (Zjl +1+ ﬁ) (8)

The transmission resistance of Z,g, is determined by the next scheme substitution rail chain.

Z2%(I2-x5h1) Z2%*xsh1

[ | ——
L ] '\I_I

I
Zirb

VAT Zva

Ee

Ziesh

Figure 7. The scheme of substitution the rail chain without insulating joints
with characteristics unfavorable for the shunt mode
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Substituting the equations in the equation of absolute shunt sensitivity (1) and making the
transformations, we obtain:

(Z%br*zll1+zz (12—Xsh_l)*(Z{b.r+21l1))*(22xsh1 +Zva)
Z%br*zlll"'(zz (l2 _xshl)"'zz"shl+Zva)*(szr+z111)

1
Z3
1 I Zql
NZath—[Zibr+Zzlz+Zibr< Z;’Z+1+—Z; l;>]

1 I Z{br Zi1lh
#[Zipr+ Zala+ Zjpr | ZHE+ 1450 |

Ry, = (10)

We will consider that the second train is at the receiving end of the rail chain, i.e. xz,, = 0, then to
determine X, we bring equation (10) to the following form:

316



Transport and Telecommunication Vol. 22, no.3, 2021

(Z{br*zlll’rzZ(lZ —xshl)*(szr’fzi11))*22x5h1
Z{br*zlli"'(zz (12 _xsh1)+22xsh1)*(ngr+zlll)

1 I Z{br Z1ly
Zipr+Z2le+ Zipr\ 70,714 7,0 )]

Rsn = I 1 (% Z1ly ' (D
NZgth—[Zjpr+2Z212 +Zibr<ﬁ+1+m>]
Solving equation (11) with relatively to NZ,;, and producing the transformations, we obtain:
NZasn = kax3py + kaXgns + kp + ky, (12)
where
k =_i 1+@ — M, (13)
4 Rshi Z1ly Rshl’
ey = B (14 Zor) g 22 _ (Bl et (14)
3 Rsh1 Z1ly Rsh1 Z1l1%Rspa Rsni’
k, = 2w 2302%(Zp, 471 11) +ZL 1= Moz (15)
2 Rsn1 Z1ly ibrd = Rshl’
7l
= Galy + 200) * (14 222) 4 20, = M (16)

Equating the squares of the modules of the left and right parts of equation (12), performing the
transformation and solving it relatively to Rgy;, we obtain:

G G?
Ry = 71 + ’Tl + G, (17)

where

_ 2Moy M, x? cos(@y — @o1) + 2Moy My x cos(@; — @o1) +
! (NZath)z_Mgl

2Mg1 Moz cos(@o2—Po1) (18)
(NZgtn)?-M§,

Go = MZx*+2M; Mpx3 cos(@p—@1)+x2[MF+2Mg1 M; cos(@2—@o1) +
0=
(NZqen)? =M,

2Mga My cos(@1—@o2)+M$,
(NZgtn)?-M§y

+ (19)

3. Calculation of the critical place of extreme value of shunt sensitivity

The value of X, at which extreme values of shunt sensitivity Ry, take place, can be found
by researching the equation (17) on max. and min. (Brileev et al., 1970), and after simple transformations
we get:

A4x4 + A3x3 + A2x2 + Alx + AO = 0, (20)

where

A, = —4M2(A, + 4M2C);
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—9CD? — 5ABD—M2[16CM? + 3B?];
A; = —6M?CD — M?AB;

Ay = —4M}C — M?B?;

A = 2My1M; cos(@oz — @1) ;

B = 2My1 M, cos(@1 — @o1);

C= (Nan)z_Mgﬁ

D = 2M; M, cos(p, — ¢1).

The critical place of the extreme value of shunt sensitivity can be determined by one of the
numerical methods for solving the equation of the fourth degree.

4. Results

The developed analytical expressions for determining the absolute value of the shunt sensitivity
and the critical location of the extremal value of the shunt sensitivity differ from the known expressions,
therefore, when designing tonal rail chains without isolating joints with current receivers, it is necessary
to use the expressions proposed in the article.

For research the change in the absolute shunt sensitivity depending on location of the shunt on the
controlled rail chain to equation (10) be algorithm and a program were developed, provided that the
second train is located on the adjacent rail chain with R, = 0.

Researches were carried out for the signal current frequencies f'= 420 Hz, 480 Hz, different values
of the modules and arguments of the resistances at the ends of the rail chain, for the length of the rail
chain up to / = 1,5km, as well as different values of resistance the insulation 7;.

Some research results are shown in Figure 8 and 9.
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Figure 8. Graphs of changes in the absolute value of shunt sensitivity along the rail line at ;= 1 Ohm*km
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Figure 9. Graphs of changes in the absolute value of shunt sensitivity along the rail line at r;= 0,15 Ohm*km

From the consideration of which the following conclusions can be drawn:

1. The minimum values of the absolute shunt sensitivity occur at some distance from the ends
of the rail chain.

2. The maximum value of the absolute shunt sensitivity occurs in the middle of the rail chain.

3. The absolute value of the shunt sensitivity depends on the values of the resistance modules at
the ends of the rail chain Z},,, the higher value of the module, the higher value of the
absolute shunt sensitivity. Insignificantly depends on the resistance arguments at the ends, as
well as on the frequency of the signal current.

5. Conclusions

Existing tonal rail chains without insulating joints have floating fixation boundaries at approaching
and exit a train from a controlled section, this is tie with application of potential receivers. With a
decrease in the insulation resistance ri, the values of the absolute shunt sensitivity decrease and with the
insulation resistance ri = 0.15 ohm*km, practically for a rail chain with a length of / = 1.5 km, the
definition of a train on the controlled section is not provided. Due to the absence of insulating joints, a
train on an adjacent rail chain affects the value of the absolute shunt sensitivity, which must be taken into
account when designing such circuits. The proposed mathematical models of the absolute shunt
sensitivity and the critical value a distance of finding the extreme value of the shunt sensitivity, will allow
the creation of tonal rail chains without insulating joints having a clear boundary fix the train entrance to
the controlled sections. Their use in interval regulation systems in railway transport will improve train
safety.
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