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A Line to Ground Fault Location Algorithm for Underground Cable System

Eon - EZEE-B 8"
(Myeon-Song Choi, Duck-Su Lee, Xia Yang)

Abstract — This paper proposes a line-to-ground fault location algorithm for underground cable system. A feature of the
proposed method is a new algorithm based on the analytic research which has not been tried until now. The proposed
method firstly makes voltage and current equations using analysis of distributed parameter circuit for each of cores and
sheathes respectively, and then establishes an equation of the fault distance according to the analysis of the fault
conditions. Finally the solution of this equation is calculated by Newton-Raphson iteration method. The effectiveness of
this proposed algorithm has been proven through PSCAD/EMTDC(Ver. 4.1) simulations.

Key Words : Underground Cable, Fault Llocation, Distributed Parameter Circuit

1.4 B T g2 d3t D oy vyd 294 2xHT gl
k. AF AolE nAHE A Wz Hud Uyd Ed
HZ AA A% @A A AR AR AL A ol wW[l]e= Jg = Utk Huld 3P B3 Pge
= 2o A ok AFLFL QT3 El%i_rq, AF Az 3 da e o dANA FYHE 7)&o)h
olEd WRE ZEAJ7] S5 AF AelE A2dg o duwtyoz o WL FAAQ 1AM AL A& AHEH
23 AY9 £ L wHe] o]Fojx: gUrt E3 =4 A o EdolA yIHE o8 nFH XA WHE FF
d g Ay AR HEso A T AN ZrA7]  2F AL 2] YEH s Fa4 diY B2 ARy AE
2 glon HLol FAH A mBL ofEYA WEI 3 & LPARC FYstd nFIME EdolA e HEe=
o}, Hold BiE o] gty A RE 2L F A uF A
AZ Aol AL 2 APL £AY & 9= ARG s+ AE Fed AEEG a2¥n JdFAF JIHEE HET By
AR glon, AZF vH*éEM ez AdAd g ¢ @ L2E AR A BYA HMZE ue APstE nxm 4
He BT £ Qo X3 AANST BASE dRs Aln L A 1FARE Ase JEAE o8 WY
2 29 4 9ok 2 Fo Helx @ormz Holly Mz [2], HA 2AF ol A A WEB] g5 ¥
o] ojEl mAo] WA PE AL Aol oA wAstg Bt FEEe 7 E UEHIY FE A4F F28E 2T
=4 2717t ¥ 1AL FYste 59 &4 2L HA -2 W2 HAAE o) 4T PYl4] Tl ATk
3 SHdA Be o#Fe] Ak ' B dFdME AF AolEy 14 AFngd HEH
Aol 4 - A Aade o vz A8 23 F 24 JdE A2 nAE A PSS AL AgdE wye
W g7ec a2t AF AoE AFdA ofw mAe]  HAHQA W rxg AezA, dA BEASF =2 Y
wAaEg Ae o2 23 27 98 AF A27F AxE 7 8PS ol&3t AolE Zoleh A= e AF WAAES
ol 37re mofdtn AlolEe EWL HISI Ygv i S Iz 3o - Al AFIFA HA Alagd @
= 9 Aa 28 g9sjolslE ool Utk wEA xF I} 2 UL o83 Y A FF WAYE AL
Aoy AZY 134E BA D 1L BFaE EAE 4T OF AF AoE AF RAE T ¥& + de €& 4
A AERT P F28 EAoY, AF AT g Het ¥3} HHEE ol&dtd FAHE TN AL T
& 4 9t w2y Az 13" BA dye 8xHn ¢ & HEFEr) 948t PSCAD/EMTDC Ver. 41& o] &3}t
o A2 2% AAN dueEE 2 23 EF FX 3 A zoagon, nFdAY 1Y AL

sl AP AneF e BFAA,

T wAAR, EER : Wk BRIBH SIEE - TH

e-mail : mschoi@mju.ac.kr
2. X|= Aolg nEH BY L12F
« T @ B:PAAS EEIEH NPTC HEa IS = e =+
o @ B WMAS ERTEMN BLie
GEHT 2005 15 198 A AF sold WYY ER dunAFe LEAFNR
BRST - 20054 45 198 AA[5l 712s Foln, B AT Yotk B AFNE

XE Aolg Al 14Xz R¥H FY L2UF 267



RER TR SAL 6% 2005%F 6A

Fojsh AA2 TAHE 2 TF AES ddez s
ety ez AF Aok UYY2E 7hE Aole: A=
173 A=z A9 AAAEE 20~300 =2 4T3 2.
gt AF Aol AYdAA= ANAEH HEE FAE £
fleng AAANEE HELS 12st7] Astd A2 FHA
2 Ay HEHe EXHFIE HY o)8E S8
o o Hel EXFTIE AT £ Aol e

2 g AolE9 Tz et 7& T
21 EXHSE oA Wy
E AlelE Mz9

o) A
shetoiefolch. B4 9]
o, MaTzre) A8 9

AT Aoled] PHAE H o
Z} o)A Axdl] ¥ JAE &4
dX-o‘] %_]_u}z—lo] '%E}]‘—‘ J% 1_‘+ ‘Q‘

2 lﬂ

o

A zdxol 2, 2 JETHAE yaro|t),

I I+dI zdx I I
Oo—r— 1 e —O
+ + dl + +
v, V+dv ydx v Vs

g 2xyFs 2o FHolg =Y
Fig. 1 Cable model of the distributed parameter circuit

uj& Pzl dEy F1233 T AHPPAKVLIF HF
HA(KCL)YE A E3d g 48 d& 4 gdrh

dV = Izdx

dl = (V +dV)ydx =~ Vydx (1

P34 (DAA PRHE HA5E
9 14 Y nEREae 9 & Atk

v dl

LT

& ax (@)
T 22 Ay nENAAE d& 5 gl

2 a‘l
=yeV=y¥ S =y =y

a s E=ry 7=yl =y 3)

= K, coshyx + K, sinh x @

aga 2 Wyez Mo B #HE FIA diH
Zrh
I = K, cosh x + K, sinh jx (5)

22 XI5 AolES 7x ¥ BN

B ATA, Zojsh NaZ FHE T EAE 2E
AF A8 Ao2e WACE HFom, 7 Eatold] 45
JIhx % oj=mgast 2ART 5, 4 e Zolsh =
o Apele] EAsE 4%, Tolsh A= Aol EAae 4
, 281 Axs Ax Aelo] EAsE ¥l 223 3
4 w4 $%5 Aclgel 5 24 37 Wd 0 49 WAz A
Fol Ause) givkn naistch 19 25 & A7AA o
4oz dt AF s 74 L AAY WAE Ye

r-{m

£

core
insulator

shoath

g2 JHole
Fig. 2 Configuration and installation of the cable

o T 3 M gy

23 ExMTHE s UYo Jx

3 EY 2nelE

B XF AojE 12T

!

K 3
1 i i |
v Section A Section B g
) > l
Vsource Vee Iec Zee Yee |
Isource 1 Vrir Yr
Veb Icb Zcb Ycb i Zem Yem
@ == - 1 Load
Vea lca Zea Yea | _i__
; Zcsm Yesm
Vsa Isa Zsa Ysa R
=
Vsb Isb Zsb Ysb Zsm Ysm
Vsc Isc Zse Ysc
233 AHolg Alade S7l5z 29
Fig. 3 Equivalent circuit model of the cable system
38 3& AF Aols Axde nP WA T 3E

29g e Aol gges @ nFFRE mojg A
oA gel HAE ;o - A2 AFmFE Yo 39
o 39 304 uF AE FHCE F TR Uv 4 U
WA A e WY BeEVEH 27 FrAe Bel



W, B 7L
SR
wel Aae A
®), (N, 8), 282
oV /&
ca ca
-lov  /ox|=|Z
ch cm
oV léx
cc cm
v /ax V4
sa csa
-V, /x|=|Z
sb csm
oV /ax Z
sc csm
ol /ox
ca ca
~lal ,/ox|=|Y
ch cm
al /ox
cc cm
ol [/ox
sa csa
-lal ,/ox|=|Y
sb csm
ol /ex
sc csm
o 714,
Zey, Zeb, ZLec

Zsa, chb, Zzsc

(9% Zo] Yetd 5 gl

V4 Z 1 Z 1
cm “cm | ca csa “csm “csm| sa
Zcb Zcm ch + chm csb “cesm Isb
Zcm cc )\ cc esm “esm “cse Nsc
V4 VA4 7

csm “esm| ca sa “sm “sm| sa
csb “csm ch + Zsm Zsb sm | sb
csm “csc Icc sm Zsm se N'sc
Y Y 14 Y Y Y vV
em em| ca csa csm csm| sa
ch ch Vcb + ycsm csb chm Vsb
Y Y Y vV
cm ce N ce csm esm Tese N\ se
Y Y 14 Y

csm ‘csm || ca sa sm “sm| sa
chb chm Vcb t Ysm Ysb sm | sb
csm esc )\ ce Ysm sm ysc sc

‘a, b, c 4 F2ol9) A7 IR~
P Eojst Alng) Z a b, c AR
R A R R Ea

e Y HoRE R§ @ 2Ny Feo|
Az RERFHE A4 PES $85 A T
F99h A Te A¢ 2 AR PINL 4
1

(6)

)

®

9

(10)
an
(12)

Zesm D @olet A28 T E g, b, ¢ A3
4% dHdx

Zsa, ZSy Zsc T a, b, o4 ’g' }‘]f——o‘] Z}7] O‘Jj.]\“:jz:

Ym, ch, ch . a, b, C }g‘ _——TI_O—]_O,] 1}7] O‘IEU]%_/}_

Yo, Yoo, Yose @ 019 Al 29 22 a, b, ¢ 47
43 o=rEa

chm : _-?7_0-}9,]— A]—/}—Q] ‘3}% a, b, C }E}{]:
R AR R

Ysa, YSby Ysc : a, by Cc )2} "]—’—‘--‘4 2}7] 01—‘:—'-]]]%—}—:

Ve, Voo, Ve ta, b cd o] At

Vsa, Vsb, Vsc a, b, C }E} )‘]—}:- J\Kj(g-

I, I, I ‘a, b cd FJ HF

Isa, Isb, Ise a, b, C }\O} A]-}:- 78_‘?[‘

2 (B)~(9E a3 AFstd A (10), (1D, (12), 133

2o e 4 Ao

_aVCabc /6x=anbc Icabc +chabc Isabc

—6Vsabc /0x = Zcs abe Icabc +Zsabc Isabc

_alcabc /0x = Ycabc Vcabc +chabc Vsabc

—Blsabc /0x = chabc Vcabc +Ysabc Vsabc

4 (10)~(13)9]
Hge § WEY2

Keo 0

Ksonn | 0
- Icon Yeo

Tenn Yoo nis

4 (14& 94,

x& Holg ASel 14

(13)

FAE, ALE, qAEeE gAEEe

Fez Fshd A 1499 2

0 Zeos  Zesoz || Veor
0 Zesoz  Zsonz || Vsoz
Yesoiz 0 0 Iconz
Yenin 0 0 Tonin

(14)

3%, 283 qAE =& AT Aot
xet nnE BN gRAF

Trans. KIEE. Vol. 54A, No. 6, JUN, 2005
NEPS
s=zg

4 (15), (16), A7), 18 I A, AF Aoln, 44
2l ol A 02 YA4EES HASE Holth

¥ 10(x) = 4, coshagx+ By sinha,x +C, cosh fox+ Dy sinh fox - (15)

V.10(x) = A)'coshagx + By 'sinha,x + Cy'cosh fx + Dy'sinh fpx  (16)
I40(x) = a, coshayx + b, sinh @,x + ¢, cosh fyx +d, sinh fx  (17)
1 4(x) = e, cosha,x + f, sinh &y x + g, cosh Byx + iy sinh Box - (18)

B4R G @ Ay, ARAL A015~18)% 2
o] vephd & glon, 54 Ztghe] ot HAW 13 22 wiH
A Ak e o] A Tl dgi# Fmole A2 HY, A
7 344 =8 F dod, nASFE I4E 167, 34
¥ 1671, 183 94% 167]¢]th

ez A T Ui AFA @59 AE Ty Y
Ae 48709 AFE Faor k. 1Y AF AE AE
gojd Z2aYe 2R FolA e gL Y F 7 A d=
AR AgH AfFolmz 6700, B TS XE3 AolE
ATY 14 ANFugr nFzde JA9 & A, dF=2 X
A5 24700l Wty A 7HE A7 A= 6470
9] AFE 1202 ool 3k B =RoAe AFE &
o]7] st EXAFIZ oz 73z AY, AF v
B A2 (10)~13)7 434 & 38E 53 92 &
AlFa A (15)~(18)9 #AE ol &3 12742 A
Ao FFAH #F5E vEWAYY dYsin FHe A
gla GAEL Ay By, Co, Dol B3 Aoz AHARL
Ai, By, G, Didl 8% Hoz g 48 Ay, By, G,
Dol B8 Aoz A s

9 HHe Fohel A ASE 1202 FARHon, 4
A+E At ¥ 13 2ok
E 12 AAA g AR

Table1 Coefficients of each sequence equation

gEE R q2E
4p'= Crody 4,'=C 4 A4,'=C,4,
B,'=C,0B, B,'=CB, B,'=C,B,
Co'=CyCo C,'=C,C, G,'=CG,
D,'=C,,D, D'=C,D, D,'=C,,D,
a, = CyB, a, =Cy,B, a,=Cy,B,
by =Cy4, b =C; 4, b, =Cy,4,
¢ =CoDy ¢, =CyD, ¢, =CpD,
dy =CyCy d =C,C, d,=C,C,
e, = CsoB, e =CyB e, =Cy,B,
Jo =Csody fi1=Cq4, f:=Cs4,
g, =CqD, £, = CG!DI 8, =CqD,
hy = CgC, b, =CqC, h, =Ce,C,

269



/AR TR 54A% 6% 2005% 68

a9 9 A ddste] A Fel WL AF A
& MEY: Yy iy Geas 2o

Vo) cosha,x sinhagyx coshfx sinhBx Y 4,
Voo®) |_[Gocoshagx  Cysinhapx  Cycoshfyx  Cysinhfx | B,
Io®) | | Cosinhax Cycoshgx CosinhBx C,coshfx | G,
Lo(®)) \Cysinhagr Cycoshayx Cpsinhfx Cycoshfa\p,) (19)
V(%) cosha,x sinha,x coshfBx sinhfx Y 4
Vax)|_| Gicoshax C,sinhax G, coshfx C,sinhfx | B
1 4(x) N C,sinhgyx Gy coshax  C, sinhfix  C, coshfx | C
1,(x)) \Csinhax Ccoshax Cgsinhfx C,coshfx A D, (20)
V.o(®) cosha,x sinha,x coshf,x sinhfx Y 4,
V.o(®) | _| Gicoshax C,sinhax  Cyhcoshfx  C,sinhfBx | B,
I, - C,;sinha,x  Cjcoshax  C,sinhBx Cp,coshfBx | C,
1,o()) \Cysinhayx Cucoshar CusinhBx Cyeoshfrhp,) (2D

A T3 A S FYstA F4sw, B #3e disA
= ASA ¥4 gee A, AR A4S 98 4
B 77t9 A<t AF WAL 4 19 ~CDH Zo] ek
F lew, A, B, C, D 40e v AN E F, G, H 4/
o] nzF2 g@A

Ao, Bo, Co, Do, Ev, Fo, Go, Hoe 94% vA4 &0 g
ol1, Ai, By, G, Dy, Ey, F\, Gi, Hie A4 vX$ mein
EolX, I8 Ay, By, G, D, B, Fy, (o, Hie G35 PR
g geEprgoltt Al SN Add 2 AEx AR
o A& ¥ 29 B}

E 2 434 g 2 a5

Table2 Constants of the hyperbolic equations

2
C = aO ~ZC0YL‘0 —cho Yc:() — YcO + Yc:OCZD
8 Zcocho *Zc:oY:o e ﬂo
%)\o].vli_ C =ﬂ02 _Zc0Yc0 _Zc:OYc:O C =_YCSO+Y:0CIO
* ZoYo+Z.wY S Q,
Cp=— Yoo +¥0Cio , Cyp == Yo + Y0 Coo
Qo Bo
C =a12_Zc1Yc1_ch|Ym C =_Yc1+ch1C21
" chchl +Zc.vl s “ ﬂl
2
BAR | o =ﬂ| —Za¥u—Z Y C =_Ym‘+Y:1C11
" ZoYo v Z oy ¥y o .
C Ycl+chlC11 C =_Yc.vl-+-Y.\'lC'Zl
31 a, > L6t B,
C. = a,’ —Z,Y, -Z Y, C. = Y, +Y,Cyp
“ ZCZYCSZ + erZYSZ e ﬂz
2
o A} ﬁz - Zc2Yc2 - Zc:Z chz chz + YsZCIZ
ner | Gy = s by =
Zy Yo + Z0Yy @,
Y, +Y,C, Y, +Y,Cy
2= ,Cq =
a, B

13ANE pehn HASE, AR F Wolk [, A
T2 T A x=polL B F3re] AHY y=00lct.

270

13 =] - N2 AFDFE

2 Aok

24 & =H BN

Aol &l ThFd gl wAY
bl

A%

by B Gre

it

34 adt 30| - AlA X2} IF
Fig. 4 Core-to-sheath to ground fault in phase a

23" T 24709 WAFE F3E7] s, 1F A

29 WA 2AL EAY} BENY zde 08 2o}

(a) 7+ AMlAZoN HYste =1 E

P oE 2UEL AY Bl AHse Aol

i) Core voltage is equal to source voltage.

ii) Core current is equal to source current.

iti) If the grounding resistance is zero, the sheath
voltage is equal to zero. Otherwise, the sheath
voltage is equal to three time; of the multiplication of
the grounding resistance and the sheath current.
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iv) Core voltage of section A is equal to that of
section B.

> oS Z2UELS 3} wellq AYsls g

v) Core current is equal to the multiplication of the
load admittance and the core voltage.

vi) If the grounding resistance is zero, the sheath
voltage is equal to zero. Otherwise, the sheath
voltage is equal to three times of the multiplication of
the grounding resistarice and the sheath current.
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i) In the faulted phase a, the sheath voltage of section
A is equal to zero.

ii) The sheath voltage of the faulted phase a in the
section B is equal to zero.

iii) In the non-faulted phase b, core current of section
A is equal to that of section B.

iv) In the non-faulted phase c, core current of section
A is equal to that of section B.

v) In the non-faulted phase b, sheath current of
section A is equal to that of section B.

vi) In the non-faulted phase c, sheath current o
section A is equal to that of section B.
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Table3 Fault conditions of a core to sheath to ground fault
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