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ABSTRACT

A study on Fault Locator to decrease Estimation error

in Electric Railway

Kim, Sung-ryel

Advisor : Prof. Choi Hyo-Sang, Ph.D.
Department of Electrical Convergence
Engineering, Graduate School of Industry,

Chosun University

The railroad industry recently plans to enhance the train operation speed by
route and the railroad transport rate among transportation modes as a new
growth engine of carbon and green growth. It has continued to open more
high-speed trains and to electrify a greater number of the existing railroad
lines, thereby offering an expectation that by 2015, the train electrification rate
will be 70% in terms of railroad operation distance.

Electric railway substations are installed at the interval of 20~50km in the
AD electrical railway system, massive external line facilities including combined
electric car lines and feeders, and current collectors are installed to supply
electric power to electric cars. Given this, diverse dangers of short-circuit
faults, such as contacts with impurities and line cutting exist. Also, when
external line facility accidents occur, the power supply from electric railway
substations is cut in order to remove the causes of accidents until restoration is
completed, disabling the operation of trains. Thus, it is important to the
reliability of the electric railway system to speedily and accurately pinpoint the
accident spots, and to shorten restoration time. Thus, in order to accurately
pinpoint the troubles and accidents caused to the electric railway system’s

external line facilities, trouble point indication systems are installed and are

_iv_



classified into the reactance method and the booster current ratio method
according to the indication method.

This study sought to verify the accuracy of such monitoring by the trip
source application method in the AD electric railway system, to use diverse
correction coefficients calculation method in reducing the display error by feeder
section in the trouble spot indication system based on the booster wire current
ratio method so that when ground relay accidents occur, the indication error can
be compared with the existing method of calculating limited correction
coefficients to verify the enhanced accuracy of the trouble spot indication
system. It is expected that through this reduction of trouble spot indication
errors, the reliability of the trouble spot indication system can be boosted, and
that when troubles occur in the electric railway system, restoration time can be
cut along with speedy restoration resuming the operation of train to ensure the

on—-time and safe operation of train.
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Table 2-1 Statistics of feeder circuit-breaker open in KORAIL
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Table 2-2 Comparison reactance method with Boosting current ratio method
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Table 2-6 Equivalent impedance of tunnel section

Contact Feeder Rail Contact Feeder
wire Group Group Group wire Group Group
Open Track area
Re Im Re I Re I Re I Re I
Contact wire Group | 0.08 | 0.82 | 0.06 | 0.49 | 0.06 | 0.40 | 0.06 | 0.40 | 0.06 | 0.42
Feeder Group 006 1049 | 015|083 | 0.06 | 0.39 | 0.06 | 0.42 | 0.06 | 0.46
Rail Group 0.06 | 0.40 | 0.06 | 0.39 | 0.09 | 0.48 | 0.06 | 0.40 | 0.06 | 0.39
Contact wire Group | 0.06 | 0.40 | 0.06 | 0.42 | 0.06 | 0.40 | 0.08 | 0.82 | 0.06 | 0.49
Feeder Group 0.06 | 042 | 0.06 | 0.46 | 0.06 | 0.39 | 0.06 | 0.49 | 0.15 | 0.88
Table 2-7 Equivalent impedance of bridge section
Contact Feeder Rail Contact Feeder
wire Group Group Group wire Group Group
Open Track area
Re Im Re I Re I Re I Re I
Contact wire Group | 0.18 | 0.75 | 0.05 | 052 | 0.06 | 0.38 | 0.06 | 0.4 | 0.06 | 0.39
Feeder Group 0051052015089 | 006 | 037|006 039|006 | 0.39
Rail Group 0.06 | 038 006|037 01 | 048 | 0.06 | 0.38 | 0.06 | 0.37
Contact wire Group | 0.06 | 0.4 | 0.06 | 0.39 | 0.06 | 0.38 | 0.18 | 0.75 | 0.05 | 0.52
Feeder Group 0.06 | 0.39 | 0.06 | 0.39 | 0.06 | 0.37 | 0.05 | 0.52 | 0.15 | 0.89
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oEF #IE M40

27 V) =M

138 11/09/02/04:17:45,34 Down: TR ,123.2 km
FY_U- 0.57k¥, 15.9 F¥_D: 16.96kY, 15.8
Fl_U: 0.000ks, 0.0 FI_D: 1.6974,124.7
AT_U: 0. 038ks, 25.8 AT_D: 1.001k4,125.4
S1_U: 0.050kA,190.8 S1_D: 2.1T7k4,.138.6
S2_U: 0.023k4,325.8 Sc.D: 0.224ka,140.2
S3-U: 00004, 0.0 >3-0: 0.000ka, 0.0
24_U- 00004, 0.0 34_D:- 0.000k4, 0.0
S6_U: 0.000k4, 0.0 S5_D: 0.000ka, 0.0
S6_U: 0.000k4, 0.0 SE_D: 0.000kA, 0.0
S7_U: 00004, 0.0 S7.D: 0.000ks, 0.0

19 11,/09/02/03:53:45, 24 Up = TR .123.3 km
Fv_U: 16.58k¥, B4.9 Fv_D: D. -'-ltk‘ll 85.0

FI_U: 1.717kA,193.2 FI_D: O.000k&, 0.0
AT_U= 1,025k, 194.2 AT.D: 0.D83k4, 35.1
S1_U: 2,1834.191.3 S1.D: 0.10004,209.5
S2_U- 0.231k4, 179.6 se-D- 0.018k&, 13.6
S3_U: 0.000k4, 0.0 S3_D: 0.000k4, 0.0
S4_U: 0.000k4, 0.0 S4_D: 0.000k&, 0.0
S5_U: 0,000x4, 0.0 S5.D: 0.000ka, 0.0
S6.U: 00004, 0.0 S6.D: 0.000ks, 0.0
S7_U- 00004, 0.0 57.D: 0.000k&, 0.0

OHENF) BEE MA40) B22|1(V) E82(H)

20 11/09/02/04:56:36., 38 Down: TR ,149.9 kn
Fv_U: 0.85kY,349.4 FY_D: 22.15kV,.328.3
FI_U: D.000k&, 0.0 FlD:= 1.440k8, 77.0
AT_U: 0.04214,279.7 AT_D: 0.388kA, 85.4
31_U: 0.018kA, 262. 4 31_0D- 0.203k4, 685.0
S2_U: 0.108kA, 262.6 S2.0: 1.448kA,256.2
S3_U: 0.045kk,269.5 830 0.853k4.273.3
34.U: 0.000k&, 0.0 54.D: 0.000A, 0.0
so.U: 0.000kA, 0.0 sb.D:- 0.000k4, 0.0
S6_U: 0.000k4, 0.0 S6_0: 0.000k4, 0.0
S7_U: 0.000kA, 0.0 87_D: 0.000x4, 0.0

21 11/08/02/D4:46:48, 52 Up = TR ,150.0 km
FY_U:- 20.99kY,159.8 Fy_D: 0.76kY,179.4
FI_U: 1.463k4, 268, 1 Fl_D: 0.000k4, 0.0
AT_U: 0.394k4,279.3 AT_D: 0.0855kA.110.2
S1.-U: D.242kk,290.6 S1.D: 0.008k4, 22.9
Se-U: 1.264kh, 83.5 S2.D: 0.090kA, 95.1
53-U: 0.833kA,307.8 S3.0: 0,037k, 307.5
S4_U- 0.000k&4, 0.0 54.D- 0.000k4, 0.0
85_U: 0.000kA, 0.0 S5_D- 0.000k4, 0.0
S6_U: 0.000kA, 0.0 S6_0D: 0.000k4, 0.0
S7.U: D.000k, 0.0 S7.D: 0.000k4, 0.0

Fig. 3-1 Sunchun sub station fault data

Table 3-1 Result of forced-fault-test between Sunchun SS and Jukgok SP
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AT (A)
Fl K, K, | d%¥ | KPR S}
=SSP | $HSSP | £%SS
12F 232 2,182 1,025 1.339 | 0.606 | 0.3196 | 124.056 | -0.736
22 231 2,183 1,025 14451 0.606 | 03195 | 123.175 0.145
3z} 224 2,177 1,001 1.445 | 0.606 | 0.3150 | 123.154 0.166
4=} 224 2,145 1,025 1.428 | 0.606 | 0.3233 | 123479 | -0.159
52 217 2,075 1,056 1.428 | 0.606 | 0.3373 | 123.674 | -0.354
62} 224 2,149 1,027 1.428 | 0.606 | 0.3234 | 123.335| -0.139
SetUp Fault Location

SysConfig  [EEE = K1 1.428 (00000 ~ 5.0000)

Section S/W [OFF  ~] g Ii?:;: :gm: ;ﬁﬁ;

Staves = K4 [ 068 (00000 ~ 5.0000)

Line Branch [NO  ~] i T o

Line CTRatlo -  400:5 (1 ~ 250) T [T km (0,00 ~ 600,99

ATCTRaio  =[  1200:5 (1 ~ 250 Branched Station [SU7T |

PTRatio -[ 55000:110 (20~ 60) Branch Ist Station [SU7  ~]

Hine [ O88  (0.0000 ~ 09959 SUIDIST [ T2 km (0,00 ~ 600,99

Comm_Sys

BPS 56000 -
Data Bits ]

Parity |N°—E|
StopBits 1 =
Comm_RTU

BPS 185

Data Bits 8
Parity NO e
StopBits i -

SUZDIST [ 103 km (0,00 ~ 600,99
SUSDIST [ 30 km (0,00 ~ 600,99
SU4_DIST 40 e (0,00 ~ 600,99)
SUSDIST U km (0,00 ~ 600,99)
SUB_DIST [ U km (0.00~ 600,39
SUTDIST [ U km (0.00~ 600.99)
SUBDIST [ 0 km (0,00 ~ 600,99)

Recording

Load Pickup 2 kA (0,1 ~ 20,0y

Real Time Clock

EEEE

[ 5137650

_24_
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Fig. 3-2 Fault locator date of Sunchun SS(forward Jukgok SP)
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Ky Ko K3 Ky | ARAAE KPR Q=

4
A

F2 | 1019 | 1333 200 | 1428 | 0606 | 1.305 | 0684 | 117.140 | 117526 | -0.386

F3 563 1,322 216 | 1428 | 0606 | 1.305 | 0684 | 117.250 | 118563 | -1.313

F4 571 1,322 202 | 1428 | 0606 | 1.305 | 0684 | 117.326 | 118918 | -0.592

F5 367 1,848 200 | 1428 | 0606 | 1.305 | 0684 | 119475 | 120576 | -1.101

F6 137 2,838 125 | 1428 | 0606 | 1.3056 | 0684 | 121.230 | 121.770 | 0.540

F7 70 1,390 938 | 1428 | 0606 | 1.305 | 0684 | 126590 | 125986 | 0.7H4

Table 3-3 Result of forced-fault-test between Sunchun SS and Yulchon SP

EAHFHA)
F K3 Ky 7 4] KPR 22k
AHSSP | HISSP | 8- &SP

%g

1=} 394 242 1,364 833 | 1.411 | 0607 | 0.6208 | 150.753 | -0.763

22k 388 203 1,448 863 | 1.411 | 0.607 | 0.6293 | 150.675| -0.685

3zt 390 265 1,410 87| 1326 | 0674 | 06192 | 150.117| -0.127

Table 3-4 Result of forced—fault-test between Sunchun SS and Gangyang ATP

F; Ks K4 A1) KPR o=

12| 389 234 1,104 237 1.326 | 0.674 | 0.8233 | 149.100 | -0.980

22k 390 214 1,080 225 1411 | 0.607 | 0.8276 | 150.000 | -0.080

3z | 334 163 1,140 230 1.420 | 0.551 | 0.8321 | 149.900 | -0.180

47 | 397 110 1,046 212 1.411 | 0.607 | 0.8315 | 150.000 | -0.080
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F3, FHASSA &ESPTIE F22 A (149.99)01 41 A1 2tA1 9 & 33] A &3}
Table 3-33 #& Z#}E =Fdte] HA BAAE ZEE HAASF
(K3=1.326, K4=0.674)5 A3t o, o] § HetsSpolA debds} AddES &
A B8] £=HSSAA FUATP 3F F34 A (150.08) 1 A
Al#@E A= Table 3-49F Zow $FHSS~EESP HFHA BAAS
(K3=1.411, K4=0.607)2 A4 34l th.

AR A3 NEolF Fig. 3-59F & Aol £HSS~&&=SPHa}
FYATPZE 17ddlo]E & Table 3-59F Zow tfF-i9] sfiolA EH A
1245 zHstdon, BAAS AHEE 9 AGANIS AP FHEY
SSP~&&SP)# o] e -3ke] R AE W wstH o] ko] QA7) 2u) o] 4
o 2 o= e

2

N

Set Up Fault Location
SysConfig ESP] - K1 W ¢0.0000 ~ 5,0000)
Section S/w [OFF  ~] K2 0545 (0,0000 ~ 5,0000)
NSlaves  [3 ~| K3 1411 (0.0000 ~ 5,0000)
Ke 0807  (0.0000 ~ 5.0000)

ELAE T | | TFShort [ O« (0~ 99
Line CTRatio ~[  d00:5 (1~ 250 SS.DIST [ 127 km (0,00 ~ 600,99
AT CTRatio - T#@o0:s (1 ~ 250 Branched Station [SUZ  ~]

PTRatio [ 55000:110 (20 ~ 6O} Branch 1st Station [SU4 >

ine [ 0887  (0.0000 ~ 0.9399) SUIDIST [ T3SEE km (0.00 ~ 600.99)
SUZ.DIST [ T4 km (0.00 ~ 600,39
Comm.Sys SUSDIST [ 1545 km (0.00 ~ 600,99)
BPS [@ SU4DIST [ 75008 4y (0.00 ~ 600.99)
i ~
2:'[::'"5 SUS.DIST U km (0,00 ~ 600.99)
1o =l SUBDIST T km (0,00 ~ 600,99)
StopBits ! =] SUZDIST [ T km (0,00~ 600,99)
o SUB_DIST U km (0.00 ~ 600.99)
BPS [5200—~] Hel_c;argul;?ckw ﬁ kA 01~20.0
Data Bits 8
Parity NO - Real Time Clock
StopBits [1—3 | 2014/8/12 | 10:19:34.330

2014/08/13 1!

Fig. 3-4 Fault locator date of Sunchun SS(forward Yulchon SP)
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Table 3-5 Estimation error between Sunchun SS and Yulchon SP
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Fig. 3-6 Comparison “c” value with “m” value
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Table 3-6 comparison forced-fault-test with trip source-test between Sunchun
SS and Jukgok SP

A A=A Efas Q7MY

= | & AL 532 | A w4 H] 1

SS SSP ARH])| KPR 2t R SS SSP 47l KPR 2k
12K &5 177 10.3244 | 123.476 | -0.156 |0.017
22k 90 193 | 0.3180 | 123.377 | -0.057 {0.082
1,027 | 2,149 10.3234|123.335| -0.139 | 3= 72 154 1 0.3186 | 123.386 | -0.066 |0.073
47y 81 167 10.3266 | 123.510 | -0.190 |0.051
AR Pt -0.117 10.022

Table 3-7 comparison forced-fault-test with trip source-test between Sunchun
SS and Yulchon SP

FAAHAE Efas 7MY
H] 3
ek | T _

op [FESPATH KPR E49AL | HUSSPEESP AFH | KPR 2495
12} 184 | 97 |0.6585|150.439| -0.449 |0.329
27 166 | 85 |0.6614|150.379| -0.389 0.389
1,410 | 867 |0.6192|150.768 -0.778 |32 190 | 98 | 0.6597 |150.394| -0.404 0.374
47| 203 | 122 | 0.6246 |150.718| -0.728 0.050
g Bt -0.493 10.286
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Table 3-8 Modification factor in separated feeding section

b s Y maas e omo | sea NRiAS

¢ 7lel 71zl AT el was
= mgp 117.326 | 4624 | 0399 | 1,322 | 571 | 0302 | Ki | Ku
S Assp| 121950 | 11.600
° 119475 | 2475 | 0213 | 1,848 | 367 | 0.166 | 1.363 | 0.483
3 7SSP 123320 | 9430 | 0.873 | 1,027 | 2,149 | 0677 | Ki | Ko
~ 132750 | 10.800
=SS 126590 | 6.160 | 0570 | 1,390 | 938 | 0.403 | 1.106 | 0.625
2SS~ 138540 | 5790 | 0.835 | 615 [ 2,095 0773 | Ki | K
ussp | 132750 | 6.930
= 135.950 | 3.200 | 0.462 | 130 | 174 | 0572 | 1.082 | 0.499
A HSSP 147.050 | 7.370 | 0.891 | 840 | 1,622 0659 | Ks | Ky
~ 1139680 | 8270
g sSSP 143500 | 3.820 | 0462 | 178 | 94 | 0.346 | 1.370 | 0.483
9 9FSSP 148780 | 0.830 | 0.127 | 1,831 | 337 | 0.155 | Ks | Ks
~ | 147.950 | 6.550
&ESP 149.990 | 2.040 | 0.311 | 1,410 | 867 | 0.381 | 0.820 | 0.499

w3k Table 3-73 o] $HSS~{ESPI 149994 ol A B AA
(K3=1.411, K4=0.607)21 7%
¥4 22 xo]l7F 286m=E thA
A AR BA A7 0.778%1 A vl aLst

Table 3-2, 3-59] A x=tgoje} EF &
HE o]&3le] £HSSE THe= F

shlo.

C. 234



2 AE3sste] AHSSP~4YSSPIF HAASTE K3, K482 AHA s 9SS

~&F&SPHE K5, K62 AtA43le] =HSS~&&SPHS FA =2 6719

BAAFK, Ky, K, Ky, Ks, Kg)S AAASHE TAHL A= 0.212km7F H T} o]
pZS

o} 2o AIeE £3SS~54SP, 1SS~ HSSPIFS =4 E 13 HlolH
2 o] &3l BAATE AHAS Y FTAHALAI) A 3 AyE B £ 9o
W, & el BeE FATRE dael WA AES o oF 238%9] ¥
Hode Fadad
Table 3-9 Estimation error of fault locator in separated feeding section
A BAASG A T B A A4
4 WnAH EAA 5t
AL |wed|  wAAS  |wEed
117.326 159;212 2192 0.284 |~1.908
e K+1.305 K,:0.684 Ks1.363 | K;:0.488
g 1843 ) .
19475 L3 2.101 0.284 |-1.817
1,027 .
aasep| 123320 510 0.139 0.731 | 0592
L K,:1.428) K2:0.606 K1:1.106 | K»0.625
CASS | o6500 | L3N0 1.094 -0.378/-0.716
938
138,540 265955 1125 ~0.014|-1.111
=855 Ki:1.349) K20.545 K;:1.082 | K5:0.499
135950 130 -0.486 -0.013]-0.473
174
147050 | 340 0567 -0.194/-0.373
XSSP : 1,622 : : :
NS Ks1.411] K40.607 Ks1.370 | K.:0.488
153 Ke)
HESSP L s 500 19748 0672 ~0.195| -0.477
1831 . .
Aetssp 148780 | 153 0.094 0.011|-0.083
Ks1.411] K40.607 K=:0.820 | K¢:0.499
fsp 149990 1410 0778 ~0.012|-0.766
867
&7 9.248 2116 |-7.132

_35_



Ao nFHEALA BAAFI 442 Ak P USSP~ USSP,
HASSP~&ESP, USSP~ FYATPHS U3 Ky, Kyo RAASFE AHE
stuh, ATASSP~Y USSPk el = Ul v dabdRel 4, A
F71A 9] ol 52 HAAAR, AARIPA T dHds zpole} HUSSP~&&
]l AR, BE 2wtk duds YoksSP~ 3
FATPZE] 714, A4 Heh~d A3 AAARE 5 72 3709 A9
A2 2ol S g sto] Fig. 3-99F o] AMASSP~YYUSSPr3tel K Ky B
AAFE A&t ESPTte] HEe] K, Kool HAATE HAA

g 5
sto] YOS F£T 5 AUtk

2

6.62km
6.93km 8.27km e

dz A0

-

e am

k4 0.607[ [~
k20488

—=K11082

k20549 [k2 0,490 Az
_ PR
=#SS K BiSSP & OSSP =&8P
= & =
~F onm ——— - 3
R A R B LES EE EE E =
EE EE § Eg& g2 38 8 8
=S8 28 ¥ Pa- Do Lo ® ERENE RS
FE T ewg HAn WA e SRR
-~ bl A0~ @A DM oA © ¥ §EE O ar
o rhobal Eo) @ HEE B <) E Ja A R W& W 2
WOECEM D00 WO EF W3 A0 K B GBI B %

Fig. 3-9 Comparison of Modification factor

_36_



8670 24)|cz00 24

& v EA Bice

GIGO 24) 0090 A

&iv vIRE R

9l

ki m

4

Fig. 3-10 Modification factor diagram of fault locator in separated feeding

section

_37_



(SSP1)

<
i)

,_—ll.

d

g
g
N

(SS)~H

ol

,_—ll.

d

il

~

__.AL
i
e
%]

X

ox

+

o

A

il

B3
B

Alg 214 thelol il e Fig. 3-103 o] vehd

_38_



=

Iv. 4

ox

™

fite)
o

s
i+
el
=
fvze)
o
oF
el

to

il
M

ral
i

ol
~n

L= S

ITXA WS, 20124 &

ol

s
;OO

‘mo

v
i
o

X
)it
ol
hSS
)

—
fite)

)
—
fite)

N

E!_]_—O

ted 478 o] B AA 4

o7 FE3S

Eds

il

el

il

o

oy
R

At

el

o
~

X

_39_



ATEFH

[1] A&, 3l
[2] #44

=
[3] MEd71EQ(F) “3-" x40

[ A=) RIS
4] 55 AT FAAE 294 £497°2008), PEC tech
[5] #o1@ “A3 TFHEAW A0)7)% A (2012), A% E A AL
[6] el st AN 28] EATAE A WAt nFHEIFA ) 5
31

sl AAMRE A7(2004)

[71 &77] “A Study on fault locator susing forward impedance and reverse
impedance”(2014)

[8] 235 “A Study for forced-fault-test method to improve on detecting
electricity failure in an electic railway”(2012)

[9] Bl A =8 “n3] SIAFA A H KA "(2006)

[10] KINKEI System “Surge Type Fault Locator for Railway Power
line” (2009)

[11] ©]3 & “A Study on the Algorithm for Fault Location Considering
Voltage and Leakage Impedance of AT in Electric Railroad
System”(2011)

[12] o] &+ “Study on voltage drop compensation and fault location scheme
in AC electric railway with tap-changing autotransformers”(2013)

[13] &4 ¢ 49 “A Study on Fault Location Estimation Technique Using
the distribution Ratio of Catenary Current in AC Feeding System”(2011)

354 = 5}
(4] A=/1%d7e “AANE J2g5 24 % REs= HH4s W o
T (1998)

[15] =57 x84d “=7F 247t~ 553 A4S A 2=97(2014)



	Ⅰ. 서 론 
	Ⅱ. 이론적 배정
	A. 교류 전기철도의 급전시스템
	1. BT급전방식
	2. AT급전방식

	B. 고장점 표정장치
	1. Reactance  방식
	2. 흡상전류비 방식
	3. 흡상전류비 방식의 표정 알고리즘
	4. 지락시험
	5. 표정오차


	Ⅲ. 실험의 결과 및 고찰
	A. 전라선 고장점 보정 및 표정오차
	B. 급전구간별 보정계수 산정
	C. 결과 검토

	Ⅳ. 결 론
	참고문헌


