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Network Modeling on Track Circuit and
Analysis of Resistance Characteristic on Wood Sleeper
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Abstract Sleepers perform bearing rails and are underneath rails. Therefore, the current and voltage of rails are related
to the resistance of sleepers. In case that the resistance of sleepers are low, operation problems of relays in track circuits are
occur because of flowing leakage current through sleepers. So the condition that the track circuit is always occupied by a
train is kept. Currently, the creosote has been used in wood sleepers due to prevention against putrefaction. After a long
time, the material is changeable to the chemistry material bases on carbon dioxide or carbon. So, the insulation resistance
of wood sleepers is lower than the initial insulation resistance. In case of effecting wood sleepers as conductors, amplitude
of the current and voltage on rails is decreased. This phenomenon causes that a train does not receive signals. In this paper,
four-network model on the track circuit including the insulation resistance of sleepers is suggested. Also, the standard value
of the resistance in straight section is proposed in the wood sleeper.

Keywords : Wood sleeper, Track circuit, Short current, Receive voltage, Four-network model
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Fig. 3 Four-network model including resistance of wood sleeper
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Fig. 5 Four-network model in track circuit
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Table 1 Electrical parameter in AF track circuit

Table 3 Electrical parameter in PF track circuit

Parameter Value Parameter Value
Transmission voltage (V) 5 Transmission voltage (V) 9
Standard short current (A) 1 Standard receive voltage (V) 6.5

Short resistance () 0.01 Short resistance (€2) 0.01
Resistance of rail (m{/m) 1.1 Resistance of rail (m€)/m) 0.276
Inductance of rail (uH/m) 1.33 Inductance of rail (uH/m) 1.5
Capacitance of rail (nF/m) 0.280 Capacitance of rail (nF/m) 0.950

Frequency (Hz) 1600 Frequency (Hz) 60
Impedance of transmitter (Q2) 2 Impedance of transmitter (Q2) 2
Impedance of receiver () 2 Impedance of receiver (€2) 2
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Fig. 6 Short current through track length in AF track circuit

Table 2 Length of track circuit in AF track circuit

Resistance of wood sleeper (Q2) Length of track circuit (m)
1 25
10 75
100 180
1000 270
10000 300
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Fig. 7 Voltage through track length in PF track circuit

Table 4 Length of track circuit in PF track circuit

Resistance of wood sleeper (Q2) Length of track circuit (m)
1 15
10 60
100 140
1000 250
5000 300

RES] SaAE %A Ee Aol
5kQ o] o] Flofof @tk

2 EodAE 53150 ARE xdehE AEIRE
Thevenin 57522 o] §-5F0] 4GdAY-S o] &3)o] A A5}
At AT 2 B o] 83t AFAITS|Z et ¢
PFHAI =379 4l &l 4] 3} 3 T

Aeke] A71=
AFAES 29 gt i 53052 Ao 57}3}01] o}
2} fgopxitt. ol= Ao Frgkel et HP5E FH &

b el o Fele) BERLY o1, AT



Awslwel 7% FHHFE WHE TYH A
10kQ o]k = & =AUt

PRAES|ES] $AA5he 5359 715 q30] $74
L7

=
AlASke] 17}6P\Jr PF?J]EQ
AR A skQ olgow 8H4iﬂwﬂr.71% A% 3k
< =) g8 WY F shke 38
Ao Zlolth AN =g AN Fo MR

AFAE3 79 dehdF 9 PRAIES RO A Ao =
715 71E08 BHEqA 2 EE VE AFS dlae 2
3}, AFHI =3 2o A PRAIE3| 21T} oF 2] =] a4 =)
o 28 PR 515 A 2 PFALIRE KUl AFH
T3 2 ¢ A FEst

= A7e 5 AFAES RO V)5 T
Q_:‘ég] 7]_,_ /\]7(-]01—0 1:!]- l—‘__ E;‘:l%gq 7]% x—]%}—& A}
= A9l &84 v =
5w gl ':’\VQJ_OHH A B

EEE R

ool' FO“

[
'~

ANEH

[1] M.S. Kim (2009) A Study on Coupling Coefficient between
Rail and Reinforcing Bars in Concrete Slab Track, Journal of
the Korean Society for Railway, 12(3), pp. 405-411.

[2] S.C. Suh (2009) Review and Analysis in PF Track Circuit,
Seoul Metropolitan Rapid Transit Cooperation, pp. 5-8.

[3] D.H. Lee (2005) Prevention of Splitting of Wood Sleepers and
Its Reuse, Korea Forest Research Institute, pp. 22-25.

[4] R. Johm Hill (1993) Rail Track Distributed Transmission Line
Impedance and Admittance: Theoretical Modeling and Experi-
mental Results, [EEE Trans, 42(2), pp. 225-241.

A=sl=ol BRI PYY U SHS Mgt SY o

sEAEats|=27 133 6520104 12) 569

[5] K.B. Park (2006) A Internal Signal Modeling for a Defect
Diagnosis of Track Circuit on HSL, in Proceedings of the 2006
Autumn Conference for Railway, Journal of the Korea Society
of Railway, pp. 32-38.

[6] S.A. Schelkunoft (1937) Transmission Theory of Plane Elec-
tromagnetic Waves, /RE., 25, pp. 1457-1492.

[7] JK. Um (2004) A Mathematical Model for the Track Circuit
of the Korea High Speed Line, in Proceedings of the 2004
Spring Conference for Railway, Journal of the Korea Society
of Railway, pp. 7-13.

[8] W.H. Hayt (2002) Engineering Circuit Analysis, McGraw-Hill,
Sixth Edition, pp. 621-635.

[9] D.K. Cheng (2002) Fundamentals of Engineering Electromag-
netics, Pearson Education, pp. 315-319.

[10] M.S. Kim (2009) A Study on the Location of Compensation
Capacitor and Capacitance in the Concrete Slab Track, in Pro-
ceedings of the 2009 Autumn Conference for Railway, Jour-
nal of the Korea Society of Railway, pp. 879-891.

[11] W.H. Kwak (2006) A Study on the Improvement of Track Cir-
cuit Measurement Equipment for High Speed Line, in Proceed-
ings of the 2006 Autumn Conference for Railway, Journal of
the Korea Society of Railway, pp. 22-217.

[12] James W. Nilsson (2007) Electric Circuits, Prentice Hall, pp.
810-813.

[13] K.B. Park (2007) A Study on the Improvement for a Defect
Diagnosis of Track Circuit on HSL, in Proceedings of the 2007
Autumn Conference for Railway, Journal of the Korea Society
of Railway, pp. 1656-1664.

[14] Siemens (2005) Assembly for Track Circuit Measurement Test
Track, pp. 63-70.

[15] Seoul Metro (2009) Test Results for PF Track Circuit, pp. 5-6.

A4 (2010 9€ 109), 44010 11€ 179),
AR A 2010 1€ 259)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


