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Development of Delta-I ground fault Protective Relaying Scheme
for DC Traction Power Supply System

HHEE =% -8BE -8 E
(Sang-Gi Chung - Sam-Young Kwon - Ho-Sung Jung * Ju-Rak Kim)

Abstract - In DC tracking power supply system, ground faults are currently detected by the potential relay, 64P.
Though 64P relay detects ground fault, it cannot identify the faulted region which causes long traffic delays and safety
problem to passengers. A new ground fault protective relay scheme, A ground fault protective relay, that can identify
the faulted region is presented in this paper. In A/ ground fault protective relaying scheme, ground fault is detected by
59, overvoltage relay, which operates ground switch installed between the negative bus and the ground. It preliminarily
chooses the faulted feeder after comparing the current increases among feeders and trips the corresponding feeder
breaker. After some time delay, it then recloses the breaker if it finds the preselected feeder is not the actual faulted
feeder. Whether or not the preselected feeder is the actual faulted feeder is determined by checking the breaker trip
status in the neighboring substation in the direction of the tripped breaker. If the corresponding breaker in the
neighboring substation is also tripped, it finally judges the preselected feeder is actually a faulted feeder. Otherwise it
recloses the tripped breaker. Its algorithms is presented and verified by EMTP simulation.

Key Words : Protective Relay, Ground Fauit, DC Powér Supply System, delta I, Traction Power
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Table 1 Parameter values of the mode! of DC 1500V
traction power supply system
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1 WA Yy At 0.02 [ohm]
2 HAs Y dgea 0.2 [mH]
3 FAME A 0.02 [ohm/km]
4 SRR dYH2 1.5 [mH/km]
5 3 49 0.017 [ohm/km]
6 Fhdd FAFANY 20 [ohm - kml]
7 AAZYA FAAEY 1 [ohm]
8 Ag ZAAY 3 {ohm]
9 59 AR HAAY 30 [k ohm]
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Fig. 12 EMTP-RV model of ground fault in DC 750V
traction power supply system
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1 WA YE A3t 0.02 [ohm]
2 s R dYus 0.2 [mH]

3 FAH=E AF 0.03 [ohm/km]
4 sA4Z 92 0.54 [mH/km]
5 AEAHZ AF 0.03 [ohm/km}
6 Az Ages 054 [mH/kml]
7 HAA2=4X AXAF 1 [ohm]

8 )8 A=A gk 3 [ohm]

9 59 ARz HAAE 30 [k ohm]

2323 mel An 2 2y

obgl 2¥ 155 WAL RIFo WY W EEE HAF
). 23 1594 59A@vb, 59B@vb, 59C@vb ¥ 59D@vbiE
Zbzh A WAL B WAL C WAL 2 D wase] AR
BIAYE A ARy gAZRH 98 dde
o] JoEg AT ARE WAL 59 AA7] YAAGYG 2
AA 2928 BHAT 524 dub o= ¥ WALe
A29A7F a2Hd, AFH7] 239 A9E DC 1500V F
Ar e A5t Atz dAAdel W2P F of
v 8 ALY HAAYAI d=Ho] g 3, g2 ¥A
29 592 AL ZAGA ¥ 4% e onF) B
2 HA29A7 AE FAs 2R gA WA
590] AFALE #AAY F YA Pt 1Y 16 HWAL B
9 27} FAM AEWHE BolFT 19 16014 Sub_B/R1
% Sub_B/R2E 1Y 6 BRAAY $= 44 2 §A9
AFE 9ujgich Rl FAHL AFAn SPFAAe]am R2
FANE BHAFI A F7he2 el UMY A
of A" TIFSh R1 FAMY AR 277 R2 2449
£ ZJ7E WA Ang Alg FANE dEEA 9@

+ 9 & AIAFRIAANN LD FRLFO
Az AR} Am FAMY wuwe BHsA £Y £

£

o
Y

Voltage (V)

<1200

0 4 8 12 1€ 20
Time (ms)
Rectifier Negative Bus Potentials in 4 Substations

% 15 MM B ¥ Cof R B3 HY #st
Fig. 15 Changes of rectifier negative bus potentials in
substation B & C



@ sub_BR1@is+ Sub_BR2@is

140

Current {A)

e 2 4 6 & 10 12 14 16 8 2
Time (ms)
Fauit Current in Feeder R1 & R2 in Substation B

38 16 HEA Be| SHMM Rt ¥ R2ol MFHE
Fig. 16 Currents in R1 & R2 feeders in substation B

32 &
71E9] 64P REAMVIZE Mg BIE SRRV
64P AA7)7F AgAdo] Hejsjo] AN F¢ BHYSHA

AXE 71&9] 64P 715 & IR ol fFFerng BF7
2 71EY 64PAY FESITD #aHe AR AHA
F7tete] AluFAAY Alm FReE A9 5 9o
E 64P AAZY AAT FEAT T HYAGT FA
< HASUYT 28 HA2HANE gtz AFY) 2
HAlZE Bl& AFAMZE B39 7458 He AR 2
Ndrtate] & Aojch AR dmeFolMe AGI I O
AzZREH &3 dde] Hol A 7o ua JAAF
9 Wzt Fo] thay] i 2@ 5 gl o]dF o)
AIAZGRFZAAN 299 dadZe ASAR 7 2 R
HFHMe] BEE A gdozMN XsE FHA 2
A 2 AHAES ¥F Y F AL Aoz fHegn

@ N o o Mo

A

)

LI |

ot

(1) Toru Aihara, Shin-ichi Hase, Hiroaki Morimoto,
"Development of a DC feeding bus ground fault
detection system for railway substation”, 200583 ¢
71232 F 3, June 2005.

(2) A7), A, %4, °I¢E, 44, “‘DC FAA2H
9 AFRsAAANZE Na”, A7e3=8H, Vol54A,
Sep. 2005

(3) YRAEAYP3, FHIZREA2Y, PY

HIZX DC S AAHol M2l Deta-i X2HESAIM AlaH

Trans. KIEE. Vol. 55A, No. 12, DEC, 2006

oA Y| (8 4 %)
197438 &g A7)3 244, 19808 v
T A2gAFEYUE AJFEg YAl
20023 HANGR A7]FE 9wl @A
FdrredTd £HY97Y

Tel : 031-460-5733

Fax : 031-460-5459

E-mail : sgchung@krrirekr

A4 Y =y

19621 d 8€ 22U 4. 19843 29 Sk
A71F83 £9. 199739 29 Iy A
oy A7)3gy 2gAD. aA
T dEY Mg ghapebg. 1997
Q~8A4 dT7I27&d+Y.

Tel : 031-460-5425

Fax : 031-460-5459

E-mail : sykwon@krrirekr

3z 4 (3BR R
19909 ~19959 : AT ddistm Ar &g
T &AL, 1996 ~1998d AT WS W
A7l FEn HAE 199839 ~2002d AT B
ddta A7 ARALEFEZTEE vkl
2002~8A : #FHEI|EATY AN
TATER Add 7Y
Tel : 031-460-5116
Fax : 031-460-5459
E-mail : hsjung@krrirekr

2@ AR
1974'4 39 229 4. 1997d Q9 AR
ArIATE T 24 19993 T Ui
A7|A A FETH EGAAD. 20008 ~3
A FZAE7IeATd Adard
Tel : 031-460-5411
Fax @ 031-460-5459
E-mail : jrkim@krrirekr



