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Analysis of Effects of Return Current for Track Circuits
on Metropolitan Railway Lines

*
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Abstract The use of electricity as a major power source of railway transportation provides customers
with convenient services and high-speed and eco-friendly transportation. The current supplied to the
train passes through the power conversion step and propulsion units and returns to the substation
through rails and impedance bonds. Such a return current can contain harmonics, which can be
significantly amplified and disrupt communication lines and railway signal systems. Therefore, in the
case of a new line or an improved line replacing an old signal system, it is necessary to test whether
the return current and the return current harmonics generated by the propulsion of the train affect the
track circuit, which is one of the railway signal systems. The track circuit performs an important safety
function in monitoring and managing trains in railway transportation. This paper presents a
measurement method for the return current and the return current harmonics for mini impedance bonds
on metropolitan railway lines with the DC power supply. While driving at the highest allowable speed,
the measurement results for the maximum return current, the unbalance rate, and the return current

harmonics are presented.
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Fig. 1. Mini impedance bond installed in a
metropolitan railway line
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Fig. 2. Measurement configuration of the return
current and harmonics
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Table 1. Harmonic limits at reference frequencies of
track circuits

F

Frequency F, F3 Fy

Harmonic limits

at side frequencies 300mA  300mA  300mA 300 mA
(Fi+10 Hz)
3. 5EAM 2 24
3.1 AT SEAN U 24
AEAP} 318 THstt Andwe Fasi 459 A
Aol AP A0 ulg e B9 27t

480

dNag F 4

5]

Ay
ox

2514 ARARE
sttt

A@ANA 1L A7 4591 80 km/hE S35}+9
O A4 2+ 9 24 722 60 km/h FE=Z
LYol AAHFE Fig. 39} Fig. 404 BE viel

SA5Knt. 113 12+ 2/ HLollA vy dFjda
EEE 52+= AFE 9ulsiH, 7y dudA 29
FAROA EFAXCR S22 ARE FAHL AFE
75 e. 193, AXAARY S3% 5 A &

T
HYE 193 SHA @Ak B3 £=F Table 291 71
S 3191,

o]

3ol 7= steit.

Fig. 3. Measurements of return current at site 1 in
normal condition

Fig. 4. Measurements of return current at site 1 in
abnormal condition
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Table 4. Harmonics of return current measurements

=
g 2= 9l at site 1 (normal condition, 80 km/h)
Frequency Results Remark
-10Hz 5.57 mA Pass
Table 2. Return current measurements F
+10 Hz 2.84 mA Pass
Maximum | Unbalance -10Hz 3.8 mA Pass
L. P F
Condition Current rate Speed | Remark : +10 Hz 5.55mA Pass
842.9A 67 6'9 %1 79km/h|  Pass B “lo0Hz 2.29mA Pass
Normal (©6.24) +10Hz 2.37 mA Pass
9.3%
Site 8353 A (775 A) 80 km/h Pass B 10 Hz 1.60 mA Pass
1 0.3% +10 Hz 1.75 mA Pass
634.0A ’ 81km/h| Pass
(2.148)
Abnormal 01 %
611.3A ©5 A°) 78km/h|  Pass
-2 Table 5. Harmonics of return current measurements
0,
260.8 A (8233 2") 62km/h| Pass at site 1 (abnormal condition, 78 km/h)
Normal 0.3% Frequency Results Remark
222.7A ’ 65km/h|  Pass
Site 074 -10Hz 457 mA Pass
2 1L1% il
139.3 A .54 62 km/h Pass +10Hz 2.96 mA Pass
Abnormal 1‘0 % . -10Hz 10.58 mA Pass
. (]
152.3 A (1.5A) 63 km/h Pass : +10 Hz 6.69 mA Pass
. -10Hz 2.96 mA Pass
} +10Hz 2.37 mA Pass
3.2 1Xxnt ¥z U 2M . -10Hz 1.56 mA Pass
4
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AL ZAATE I} 22A I AXE 14 ZPst v A E] Table 6. Harmonics of return current measurements
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Table 3. Harmonics of return current measurements

QA &% A7|wo|

at site 1 (normal condition, 78 km/h)

Frequency Results Remark
P -10Hz 3.28 mA Pass
+10 Hz 4.58 mA Pass
r, -10Hz 5.26 mA Pass
+10 Hz 6.11 mA Pass
-10Hz 4.73 mA Pass
" +10Hz 2.35mA Pass
B -10Hz 2.03 mA Pass
+10 Hz 1.68 mA Pass
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at site 1 (abnormal condition, 79 km/h)

Frequency Results Remark
B -10Hz 3.39 mA Pass
+10Hz 2.97 mA Pass
5, -10Hz 6.21 mA Pass
+10 Hz 6.63 mA Pass
-10Hz 2.64 mA Pass
b +10Hz 2.75mA Pass
- -10Hz 1.42 mA Pass
+10 Hz 1.56 mA Pass

Table 7. Harmonics of return current measurements

at site 2 (normal condition, 22 km/h)

Frequency Results Remark
. -10Hz 28.69 mA Pass
+10 Hz 33.43 mA Pass
B, -10Hz 10.87 mA Pass
+10 Hz 11.42 mA Pass
-10Hz 7.80 mA Pass
b +10Hz 9.01 mA Pass
B, -10Hz 4.85 mA Pass
+10 Hz 5.29mA Pass
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Table 8. Harmonics of return current measurements
at site 2 (normal condition, 25 km/h)

Frequency Results Remark
B, -10Hz 23.08 mA Pass
+10 Hz 25.60 mA Pass
B, -10Hz 13.78 mA Pass
+10 Hz 8.90 mA Pass
-10Hz 5.71 mA Pass
B +10 Hz 5.75 mA Pass
- -10Hz 3.77 mA Pass
+10 Hz 4.38 mA Pass

Table 9. Harmonics of return current measurements
at site 2 (abnormal condition, 20 km/h)

Frequency Results Remark
-10Hz 14.38mA Pass
i +10Hz 14.63mA Pass
B, -10Hz 11.84mA Pass
+10 Hz 11.32mA Pass
By -10Hz 8.71mA Pass
+10 Hz 5.13mA Pass
Ey -10Hz 6.17mA Pass
+10 Hz 4.94mA Pass

Table 10. Harmonics of return current measurements
at site 2 (abnormal condition, 23 km/h)

Frequency Results Remark
m -10Hz 12.37 mA Pass
+10 Hz 5.11 mA Pass
5, -10Hz 18.03 mA Pass
+10 Hz 15.35 mA Pass
-10Hz 5.06 mA Pass
B +10 Hz 5.35mA Pass
F -10Hz 3.65 mA Pass
+10Hz 4.02 mA Pass
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