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The Influence of Frequency on Wayside Transmitter of ATP System upon
Reinforcing Bars in Concrete Slab Track
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Abstract In concrete slab track, the signal current using wayside transmitter of ATP (Automatic Train Protection)
system is influenced by reinforcing bars. The magnetic coupling between reinforcing bars and wayside transmitter of
ATP system as a filter makes an input current distorted. So, it makes an alternating current signal with a desirable size
not transmit to on-board system of a train. Way to decrease the distortion of an input current signal frequency is to
avoid maximum induction current frequency. And the induction phenomenon between reinforcing bars insulated and
wayside transmitter of ATP system does not occur, In this paper, we represent the model about wayside transmitter of
ATP system and reinforcing bars on the concrete slab tracks, and calculated the parameters demanded for the model.
Also, we demonstrated it through the Maxwell program. Furthermore, we calculated impedance on wayside transmitter
used in KVB system and ERTMS/ETCS system which are a kind of ATP system, frequency response of induction cur-
rent, using Matlab, and demonstrated the validity of it, using PSpice program.
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Table 1. Resistance and self-inductance of rail in site measurement

T [Hel A& [m/m] gl A (uH/m]
- 1.022 1.320
2040 2.012 1.239
2400 2283 1.224
2760 2.550 1212
3120 2.810 1.201

Table 2. Conductance and capacitance of rail in site measurement

S [Hzl ZAGE A [1S/m) AR A [nF/m]
2040 0.138 0.225
2400 0.155 0.225
2760 0.172 0.224
3120 0.189 0.223
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Fig. 1. Electric model between wayside transmitter and rein-
forcing bars in concrete slab track
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Table 3, Resistance and self-inductance of wayside transmitter in

KVB system
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Table 4. Resistance and self-inductance of wayside transmitter in
ERTMS/ETCS system
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Fig. 2. Mutual induction between wayside transmitter and rein-
forcing bars
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Table 5. Electric characteristic in KVB system

T8 714 Mgk
R4 0.17891x107 [Q]
Ly 621.73x10° [H]

Ry=R; 0.00042677 [Q]
R, 0.00039816 [Q]
Li=L; 2.5241x107% [H)
Ly 2.1021x1078 [H]

Mi4=Mss -3.6581x107 [H]
My -1.9578x107 [H]

M=My; 1.7657x107 [H]
M3 -3.8585x1071% [H]

Table 6. Induction current on reinforcing bars in KVB system

T2 F3E (MHz) I)=I3 (mA) I; (mA)
3.9 27.320 305.503

EEY %A
A 4.5 24.026 266.082
gl 27 3.8815 43.405
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(2) Simulation result (Matlab) (b) Simulation result (PSpice)
Fig. 4. Frequency response in KVB system
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Table 7. Impedance on wayside transmitter in KVB system

T% | #¥9¢MHz) | AZmQ) | AP1QYE mH) | JIEA
- 0.1789 621.73 0.179 (mQ)
S 39 | 05620 602.82 14771 ()
g I
A4 45 | 03622 602.81 17.044 (Q)
A |27 0.5804 602.75 102.254 (Q)
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Table 9. Electric characteristic on standard type in ERTMS/ETCS

system
T8 717 gk
Ry 0.29845x107% [Q]
Ly 957.41x107 [H]
Ri=R; 0.00042611 [Q]
R, 0.00039933 [Q]
Li=L; 2.6097%1078 [H]
L 2.1249x1078 [H]
Mig=Mss -3.0248x10° [H]
Moy -1.3687x1078 [H]
Miy=May;3 1.7475x107 [H]
M3 -3.8135x1071% [H]

Table 10. Induction current on reinforcing bars in ERTMS/ETCS

Carent_| 1A 2 THEEQS RIPE 2.1 76 Q0 system
Cunertl |1.3ME.021, 14GBED09 26226402, JB167E00 - 1.0 T 28 34 (MHz) I,=I; (mA) T, (mA)
Fig. 5. Simulation result in reduced type (Maxwell) o R 39 11.970 129.494
=29 A
Table 8. Electric characteristic on reduced type in ERTMS/ETCS 2 45 10.794 111.860
system A 27 1.7997 18.650
T ¥ A7)H EAZ oy s 39 15.091 136.220
Ry 0.18658x107 [Q] ;;0};} 4.5 13.053 117.826
Ly 536.76x10™ [H] FAl 27 2.1464 19.644
Ri=R; 0.00042573 [Q]
R, 0.00039935 [Q] = eSS DT
Li=Ls 2.6243x1078 [H] I
L, 2.1467x10°% [H] , o
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Fig. 6. Simulation result in standard type (Maxwell)
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(a) Simulation result (Matlab) (b) Simulation result (PSpice)

Fig. 7. Frequency response on reduced type in ERTMS/ETCS
system
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(a) Simulation result (Matlab) (b) Slmulatxon result (PSpice)

Fig. 8. Frequency response on standard type in ERTMS/ETCS
system
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Table 11, Impedance on wayside transmitter in ERTMS/ETCS

system
. ApllEEs |
| # 0) | Ao | ](ng) DS CEN
0.1868 53676 | 0.186 (mQ)
28 39 | 02352 529.13 12,9660 ()
i D) —)g_}\]
ARt 45 | 02355 529.12 14.9605 (Q)
A | 27 | 02436 52010 | 89.7597 (Q)
- 0.2984 957.41 0.298 (mQ)
729 39 | 04753 94394 | 23.1307 (Q)
i %A
AR 45 | 04755 94393 | 26.6889 (Q)
A |27 | 04829 94389 | 160.127 (@)
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