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Abstract In railways powered by AC power, the main circuit breaker (MCB) is used for supplying the electric powet
to the catenary of the vehicle. Generally, the main circuit breaker is located between the pantograph and the main
transformer, and the phase of the power applied to the vehicle changes according to the operation timing of the main
circuit breaker. The operation of the main circuit breaker should be actively controlled according to the phase of the
power source, since the phase of the power causes unintended transient states in the vehicle's electrical system in the
form of an inrush current and surge voltage. However, the MCB has a delay time when it operates which is not
constant. Therefore, an intelligent controller is needed to predict the operation delay time and control the opening and
closing of the MCB.

Keywords : AC Railways, Delay Time, Main Circuit Breaker(MCB), Phase Control, Transient State
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Fig. 2. Operation Mechanism of MCB
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Fig. 4. Moving part of MCB
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Table 1. Specification of controller for MCB

ITtem Specification

Nominal DC 24V

Operating Voltage (Operation Range : 24V-30V)

Measurement Resolution 12 bit

Sampling Rage 128 sample / 1 cycle

External Communication Modbus-RTU

Operating Temperature 0T - 50C (Indoor Type)
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Fig. 6. Controller and Control Block Diagram for MCB

758

2.2.2 =3|ZXICH| Mo An2S

FEZADY] FAAE Qe F A AH A=
1101*17*01 EARtE R, 4] A9e] QA 184
AANE meiste] BANES lvtslok gk o
A5k AANZEe] AHeA ekm WA At} EAEhE
Aahz 97kl A FalzAsle] B4 2
Sk meb] BRSSP 9Tt slEeR
2 o2 FABHEE Ao EFER Aolof sy,
A= Atoll vl gk
B Ao e F32ae7]9] 2
O] 1—7"(M0Ving average, MA) 7'

p

2 A3

}_
5]
3]

o
Rk
40%
A ARG 93

S8kl

o=z ] S

=
]
sl =

7132 moving window?| A71&
o, o] N3J¢| F3zadr|e] FA4AA Azt
= AR AAAREE &St
SAAAAI L digke] weighting factor, o; &
o S gom, kA BAX AN hF of
= obefiet 2t

| Hgst 2
]

£°
=3
=

4Zatk—z ZOZ _1

=0

tk,delay

Delay
Time
Moving Window,
Size N

»
Ll

MCB Operat|on

Fig. 7. Moving average algorithm of MCB

2.3 A|&®It

Ao)719] 5T E Aste FIEAET] AFA
S sk AR A
7] 2 o] &3lod AC 100V, 60Hz 1l
° Adzre 9002 A

=20 &)

2ARH] $1ske] woA]

FA%S TAAZ



FIRAAT] BYAY dAE AT AT A7) AL

S
o 5 5 EES
FuelEe v 4§ ¥ FANUL Asen 2
9 9% gom, FAAANL Bl dJzte] £
=]
F7tol AR 1879000 HTE ] A BaL 2k
17
Il Veasurement of Delay Time
—2— Estimation of Delay Time
116
& 1
E
-gﬂs g : A
a | i
1
14
13
0 10 20 30 40 50
Operation No.

(a) Delay time of MCB Operation

of &g FAT 5 vk HEOAES £ 20°% AT
A% Aol AGEE o 72 % otk

oledT dunFS A8H A9 ANFAYE 19
103} 2t} o]d], moving window?] 7], N2 500]™
318025 + 2002 7 A9, Aol B oF 86
% 0|t} 18] 99} ek }oq 2 9)gzto] Ay

2 QPN FeaEe] £ A92S Aol

Count

80
Operating Phase (Degree)

(b) Histogram of MCB Operating phase

Fig. 9. Test results of MCB phase control without MA algorithm

17
: I Vieas urement of Delay Time|
! —— Estimation of Delay Time
116
g \ % va \ Eov I
= : L e S
2 115 ’ i o .
= R N
¥
14
113
0 10 20 30 40 50
Operation No.

(a) Delay time of MCB Operation

Count

80 100
Operating Phase (Degree)

(b) Histogram of MCB Operating phase

Fig. 10. Test results of MCB phase control with MA algorithm

759



FFAVE & =B A8 A1LS, 2017

References

[1] E. R. Laboreo, C. Sagues, S. Llorente, “A New Model
of Electromechanical Relays for Predicting the Motion
and Electromagnetic Dynamics”, IEEE TRANSACTIONS
ON INDUSTRY APPLICATIONS, vol. 52, no. 3, pp.
2545-2553, 2016.

DOI: https://doi.org/10.1109/T1A.2016.2518120

J. Liu, G. M. Huang, Z. Ma, “Optimizing the Arcing
Time for Smart Circuit Breakers Using Synchronous
Phase Control”, I[ECON 36th Annual Conference on
IEEE Industrial Electronics Society, pp. 3347~3352,
2010.

DOI: https://doi.org/10.1109/IECON.2010.5675296

J. Qu, Q. Wang, Z. Liu, H. Zhao, X. Li, “Influences of
Closing Phase Angle and Frequency on Electrodynamic
Stability of Air Circuit Breaker”, [EEE TRANSACTIONS
ON COMPONENTS, PACKAGING AND
MANUFACTURING TECHNOLOGY, vol. 6, no. 2, pp.
249-255, 2016.

DOI: https://doi.org/10.1109/TCPMT.2015.2511180

F. Zhang, Y. Lv, X. Duan, M. Liao, J. Zou,
“Investigation on Phasing Controlled Vacuum Circuit
Breaker for Switching Overvoltage of 110kV Power
System”, 27th International Symposium on Discharges
and Electrical Insulation in Vacuum, vol. 2, pp. 1-4,
2016.

DOI: https://doi.org/10.1109/DEIV.2016.7763986

H. Kohyama, K. Wada, H. Ito, M. Hidaka, S. Billings,
T. Sugiyama, H. Yamamoto, "Development of 550kV
and 362kV  Synchronous Switching Gas Circuit

(2]

(3]

[4

[}

[3]

760

Breakers", [EEE/PES, vol. 1, pp. 597-602, 2001.
DOI: https://doi.org/10.1109/TDC.2001.971301

S. H. Chang, "Transient Characteristics by Transformer
Impedance at the time of Opening the Main Circuit
Breaker on the Electric Railway Vehicle", The
Transactions of the Korean Institute of Electrical
Engineers, vol. 63, no. 5, pp. 719-725, 2014.

DOLI: https://doi.org/10.5370/KIEE.2014.63.5.719

C. H. Cho, J. B. Lee, B. W. Min, Y. S. Kim, “A study
on controlled switching device for high voltage circuit
breaker”, KIEE conference, pp. 541-542, 2015.

D. H. Kim, Y. P Kim, J. K. Kim, S. J. Lee, J. L. Kwon,
J. F. Moon, “Development of Controlled Switching
Device for High Voltage Circuit Breakers (I)", KIEE
conference, pp. 563-565, 2004.

(6]

(7

(8]

[9] D. H. Shin, “Development of ICT based smart railway
safety system”, Korea Railroad Research Institute report,

pp. 27-78, 2016.

2 8 Z(Yong-Kuk Oh) (33

02005\ 2€ : sHgistu A7)}
AFH TR 2 (84D
2007\ 2€ : Uit A7)Eet
. 3} £9 (414D
o 020173 2€ : ISt Ar)eet
- 3} 8 (b
¢2010d 10¥ ~ AA : ALY
£d7 AT
<PAROR
sholHE| = AlxE Ao], AV HEAY, Alojo]

2 x| EJae-Won Kim) [H3| ]
©20061d 2¢ : st A7)}
T =9 (3D
020081 2¢ : mEdigtu MY
a8kt £ (MAh
020154 2¢ : mEdigtu MY
Fe FE (D

02011 10¥ ~ A : g=EEY]
AT AddTY

<ok

ANA=

A&

FAAAY A4, A7 A4 B, $EF



FIRADT] AR AEAE A% AeF A7l ML

= Z& S Joon-Hyoung Ryu) K=ibe]

1

i ©1997\d 29 : ofFTEtaL A|ojAIS
&3 =49 (3
- 1999'd 2€ : ofFth3taL Ao AS
o &3 =9 (KAh
= 2005 89 : olFTiEtal A
& = (D
2005 129 ~ &A= EEY)
AT AT

<HAEoR
FAAe1E B REAAE AHHEGR], AR AG Al2E,
FEARAA, A7) 4E=A, RAMS

761




<<
  /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


