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Analysis of Rolling-Stock Return Current Effect on Su-Seo
High Speed Line’s Track Circuit
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ABSTRACT

Most domestic and high-speed railway lines are equipped with AF non-insulated track circuits, which can lead
to system malfunctions and faults if unbalanced or over-current conditions occur. The load current due to the
power converter inside the train contains harmonics and these harmonics can affect trains as well as the
transmission of track circuit data in substations and signaling systems. If the train control system malfunctions
due to the inability to receive data from the track circuit due to the influence of the return current harmonic, it
may cause problems such as interruption of train operation. Therefore, an accurate analysis of the return current
is needed to prevent the return current unbalance and the system induced disorder and failure due to an over
current condition. In this paper, we presented measurement and analysis method at return current and it’s

harmonics by high speed train operation on the honam high speed line.
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Table. 1. Harmonic limits of track circuit frequency

Track circuit

f 2040Hz | 2400Hz | 2760Hz | 3120Hz
requency

Harmonic at center

frequency(F0) 228mA | 192mA | 156mA | 121mA

Harmonic at  side

frequency(FO25Hz) 80mA | 60mA | 52mA | 45mA
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Table. 2. Return current measured value in 170km/h
operation
Result
Item Criteria Decision
Tl T2
below 430A | 134.4A | 89.28A | suitable
Normal | ynbalance | 0.02% | 0.66% |
suitable
below 10% | (0.03A) | (0.59A)
below 430A | 123.9A | 130.5A | suitable
Z |Normal | ynbalance | 0.03% | 0.68% | .
e suitable
g below 10% | (0.04A) | (0.89A)
% below 430A | 118.5A | 136.3A | suitable
@ | Abnor
2 unbalance | 0.09% | 0.56% | .
mal suitable
below 10% | (0.11A) | (0.77A)
below 430A | 146.5A | 94.5A | suitable
Abnor
unbalance | 0.00% | 0.72% .
mal suitable
below 10% | (0.01A) | (0.67A)
170km/h-F4H4ef 18] s 1701 e 28] —-n
s wmaiakilNi ‘
agl 3. A AAAF 1,28 A4
Fig. 3. The 1,2 time return current measured value
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Fig. 4. The 3,4 time return current measured value
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Table. 3. Return current measured value in maximum
speed operation

Result .
Item Criteria Decision
T1 T2

below 430A | 109A | 117.7A | suitable

Normal | unbalance | 0.14% 0.0%

suitable
below 10% | (0.16A) | (0.0A)

below 430A | 117.9A | 64.3A | suitable

Normal | unbalance | 0.08% 0.7%
below 10% | (0.1A) | (0.45A)

suitable

below 430A | 40.3A | 66.0A | suitable

JUOLIND WINJOY

Abnor
unbalance | 0.26% | 0.76% .
mal suitable
below 10% | (0.1A) | (0.5A)

below 430A | 40.7A | 67.5A | suitable
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Table. 4. The first return current harmonic frequency
measured value

Abnor
unbalance | 0.16% 1.68% .
mal suitable
below 10% | (0.07A) | (1.13A)
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Fig. 7. The 1,2 time return current measured value
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Fig. 8. The 3,4 time return current measured value
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Fig. 9. The 1,2 time return current measured value
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Fig. 10. The 3,4 time return current measured value

Result
Item Criteria Decision
T1 T2

2040Hz < 228mA | 11.9mA 12.0mA | suitable
2040+25Hz < 80mA 5.8mA 2.7mA | suitable
2040-25Hz < 80mA | 27.0mA 2.7mA | suitable
2400Hz < 192mA | 9.4mA 6.1mA | suitable
2400+25Hz < 60mA 8.9mA 2.2mA | suitable
2400-25Hz < 60mA 9.9mA 1.5mA | suitable
2760Hz < 156mA | 13.7mA 16.6mA | suitable
2760+25Hz < 52mA 9.8mA 5.3mA | suitable
2760-25Hz = 52mA 11.8mA 5.8mA | suitable
3120Hz < 12ImA | 152mA 13.3mA | suitable
3120+25Hz < 45mA 6.8mA 3.4mA | suitable
3120-25Hz < 45mA 13.4mA 3.7mA | suitable

¥ 5. AARAF vx9} 23] 27473»]-(170km/h AAAY, T2)
Table. 5. The second return current harmomc frequency
measured value

Result
Item Criteria Decision
T1 T2

2040Hz < 228mA | 6.0mA 14.7mA | suitable
2040+25Hz < 80mA 1.5mA 6.3mA | suitable
2040-25Hz =< 80mA 1.8mA 10.2mA | suitable
2400Hz < 192mA | 10.7mA 8.8mA | suitable
2400+25Hz < 60mA 2.5mA 5.3mA | suitable
2400-25Hz < 60mA 2.7mA 5.1mA | suitable
2760Hz < 156mA | 7.6mA 16.6mA | suitable
2760+25Hz < 52mA 3.5mA 6.6mA | suitable
2760-25Hz < 52mA 2.5mA 8.9mA | suitable
3120Hz < 12ImA | 152mA 17.0mA | suitable
3120+25Hz < 45mA 3.7mA 4.3mA | suitable
3120-25Hz < 45mA 4.6mA 6.8mA | suitable
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E 6. AAAF 2539} 33] S4AIH170km/h, W14, T1)
Table. 6. The third return current harmonic frequency
measured value
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o Result .
Item Criteria Decision
T1 T2 E 8. ANATF w29 13] 24A5K300km/h, 4, T1)
2040Hz < 228mA | 11.9mA | 11.2mA | suitable Table. 8. The first return current harmonic frequency
— measured value
2040+25Hz < 80mA 5.7mA 2.6mA | suitable
.. Result .

2040-25Hz | < 80mA | 17.0mA | 3.0mA | suitable Item Criteria T1 Ty | Decision
2400Hz < 192mA | 7.3mA 5.4mA | suitable 2040Hz < 228mA | 18.4mA 11.3mA | suitable
2400+25Hz < 60mA 4.5mA 1.3mA | suitable 2040+25Hz < 80mA 5.7mA 2.4mA | suitable
2400-25Hz < 60mA | 20.3mA 1.5mA | suitable 2040-25Hz < 80mA 7.0mA 3.0mA | suitable
2760Hz < 156mA | 10.6mA 14.9mA | suitable 2400Hz < 192mA | 9.4mA 5.0mA | suitable
2760+25Hz < 52mA 7.5mA 5.1mA | suitable 2400+25Hz < 60mA 6.7mA 1.7mA | suitable
2760-25Hz < 52mA | 21.4mA 4.3mA | suitable 2400-25Hz < 60mA 5.3mA 1.6mA | suitable
3120Hz < 12ImA | 15.6mA 13.5mA | suitable 2760Hz < 156mA | 12.6mA 15.1mA | suitable
3120+25Hz < 45mA 3.4mA 3.3mA | suitable 2760+25Hz < 52mA 9.7mA 4.8mA | suitable
3120-25Hz < 45mA | 22.6mA 3.8mA | suitable 2760-25Hz < 52mA | 17.7mA 6.1mA | suitable
3120Hz < 12ImA | 17.0mA 13.2mA | suitable
E 7. AAdAT 229} 43] S4AIK170km/h, 914, T2) 3120+25Hz | < 45mA | 6.0mA | 33mA | suitable

Table. 7. The forth return current harmonic frequency
measured value 3120-25Hz < 45mA | 242mA | 4.2mA | suitable

Item Criteria Result Decision
T1 T2

2040Hz < 228mA | 59mA 19.9mA | suitable
2040+25Hz < 80mA 1.5mA 6.9mA | suitable
2040-25Hz < 80mA 4.2mA 13.5mA | suitable
2400Hz =< 192mA | 8.6mA 11.3mA | suitable
2400+25Hz < 60mA 2.1mA 7.1mA | suitable
2400-25Hz < 60mA 2.5mA 10.3mA | suitable
2760Hz < 156mA | 6.5mA 15.4mA | suitable
2760+25Hz < 52mA 2.0mA 7.3mA | suitable
2760-25Hz < 52mA 4.9mA 15.6mA | suitable
3120Hz < 12ImA | 17.6mA | 15.2mA | suitable
3120+25Hz < 45mA 3.3mA 9.2mA | suitable
3120-25Hz < 45mA 3.8mA 18.4mA | suitable

9. AT 29} 23] SHAIK300km/b, A7, T2)
Table. 9. The second return current harmonic frequency
measured value

L. Result ..

Item Criteria TI ™ Decision
2040Hz < 228mA | 6.0mA 37.3mA | suitable
2040+25Hz | = 80mA 1.4mA 35.0mA | suitable
2040-25Hz | < 80mA 1.7mA 35.8mA | suitable
2400Hz = 192mA | 9.8mA 32.7mA | suitable
2400+25Hz | < 60mA | 2.0mA 30.1mA | suitable
2400-25Hz | < 60mA 1.8mA 30.7mA | suitable
2760Hz < 156mA | 6.2mA 27.7mA | suitable
2760+25Hz | < 52mA | 2.ImA 29.2mA | suitable
2760-25Hz = 52mA 2.5mA 28.7mA | suitable
3120Hz < 12ImA | 159mA | 23.6mA | suitable
3120+25Hz | < 45mA 3.4mA 23.4mA | suitable
3120-25Hz | < 45mA | 4.1mA | 23.6mA | suitable

www.dbpia.co.kr



=

N
N
)
bt
_)‘JJ
oft
o
=)
r>~
rN
u
=2
=3
ru
j{
ke
b
)
b
EY
bt
ol
fru
o2
g
M
1%

pis

E 10, AT 223} 35 ZAA7G00kmh, #1744, T1) V. & B8
Table. 10. The third return current harmonic frequency
measured value
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