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A Study on the Fault Location Algorithm for Power System
Using a Recursive Least Square Error Method
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ABSTRACT - This paper presents the fault location estimation algorithm in transmission line using
a recursive least square error method(RLSE). To minimize the computational burden of the digital
relay, a RLSE approach is used. Computer simulation results of the RLSE algorithm seem promising,
indicating that it should be considered for further testing and evaluation. The proposed method uses
the voltage and current collected only at the local end of a single-circuit. The apparent impedance
calculated by the distance relay is influenced by the combined reactance effect of the fault registance
and the load current as well as the mutual coupling effect caused by the zero-sequence current of
the adjacent parallel circuit.

LA &

Aga o] gj& st zatstdod wel FHAEe] 1S ASHdnte] gk saads
A PR A gl Avkeh Aefaclo] Ha vk vKo] ¥ty 7z JjHo R <l
g gAY =9del wet Ao A E FAVE Bu FaskA Hlow A HA e 2
3] 4 (Parallel Transmission Line)2. 2 FAH I glo] old W& Bt} A=A dE BE7F 8F
Ha gt 2#FH EFA7|(fault locator @ FL)E= & Ao o] HAFS u 3 AHS A
&3] Ztol Fol By AfE Fo] Fi AFORRYH ALHS By IEAA F= TS 3
t}. E3], 7F¥ A E(overhead T/L)olA 3 4L o] dx B35 YA (first zone)d ¥
FEoA HAPS Agef AT A} B4E Y d] HEalAE =2 AEA

e, aAA TGN S HolHE ol&std x4 Aol Tty BE A= 4
T Ak AR volHE ol &she o] EX A&Aolnm dwtH oz HGe] HolHE o]&
e, oluf, 1 WA AL E A= QlofA Feb 2Re uFAY i A5 49
22 AA 1Z4H1E Feted e AR aAR A8 AEAAY AE 1A
F40 HH ToAM 1 AFesrs AT A WAL HE ol&st AHE AMts=
ZIRo] AbgEo] stov, A AFeow Qs kAL AR vt dAH HTo= olHT
wAHS AT &5, 7 ARl FastA 1 B fAE Ades daeEe] A
a AHH4,56] A BREE 97 VI T AAATIEES G AANA ASFH= 1F
Akt ARAZ2Ry dudxg Atste] uZHA S AgE FASE IMer $A4
oo g AEH= 7ot A u JuHAE AN feiMe sk A
AzaRE dats duE AgsA FEstofo vk Ag A7 ®el AEHa = o
b Feel WEHDFT)S Atg el Ass Fua dgez Wsste] Aldsts 7|Hes 2
dE v ANt AR o] vA Aoks dide] dnH7l Ase] WA gle] AIRE
FAellM e AE S8l A=2E AP Az HFTd 22 IAsteto] nEgAgsew



wol A=

B =
T .

I AA = LTSI

22|

=
T

SN TR

23]

K

ks

Ny

22

o

Z 225 W (Recursive Least Square

stk Alx 719

A A

o
=

Error Method)

v
=

462

CEREE P

F71 $el AbgE AbE A

Za¥el EMTP(Electro-magnetic Transients Program)oll

o
T
e

—_
o

o)

AA ot 1

&

21 1% A

BN

Ao,

)=
RN

Els

% A4 o

do
o

H71

Zé(—;;

=
T

HAl T A
A

=
=
S|

B A
bol 52
;

3
b

RN

o

0

X
irl

b et

S

o

e As ¥ 2l 9
3}

A&l A

wK

)

A A ze] A7)9} 94olth,

2]

o

/:SB

(1—a)ZiL

F

aZiL

/isA

Rr

Vr

Fig. 1 Single—phase to ground fault



[FARF

SB
(
SB:

)
+Zr
Zsp

VZ 1+ Z1(Zsa+

+ Zsp

(Zsa

Lea |,
_IACYZL‘i’( DA
Va=

_IAOZZL+

2ol 4
CER

= 1
D=

D, =

ZTZSB:SZ

S.

]FA

Ir

(1-aZ,+

Z1Zsp

.:_]V?j’
= j_;;]o
o~ 7,5
A CE P

/‘\i/\ |

=l Al

F =

ZsatZspt+Zor
SA

CYZL‘I'

Z1Zsp

)
+Zr
Zsp

CY)ZL (ZSA +

(-

Z 1

Zsp

Zsat+Zsgt+Zr
S.

+(1—a)Z, +

ZTZSB

Zsp+Zspt+Zr
S.

o} 2},

VA:

)
7,
Zsp

VZ 1+ Z1(Zsp+

+ Zsp

 (Zsa

SDRg
(S3+
(1—a)S}+1Ip

(S, +

]ACYZL

Sy+(1—a)S,

=0
Rp)

+ (K, — Kj

- Ka

o 7] A,

1+S,

Va

Si

v,
s

]FA
Iy

|
|

Zy

1,7;

1, S

)
Zr

S
L+4L

Zy

|

(1)

(2)

3)

(4)

)



71 e] gkelar, mA €]

3+

&

=
-

A 4717}

Kl’ KZ! K3—‘E_

Aol A A4

9]

THA R,

KN
=

g, A A K|, K, K= 32 (complex value)

(6)

as + ]b3

K3:

KZZ dz+jb2,

Klz a1+jb1,

8
Ao

0

o' — ala,+ jb) + (ay+ jby) — (a3 + jbs) Ry

(7)

0

—bya+ (by— b3)Rp

(8)

by

x

Alghol $19 2

o+

Ry

|

&

_Zrl

N

22

!

il

0

—

X0

7]

5
i

ARk

=
=

& A

3 A9 ASelA

4o

20

a9 2. 134 1At

Fig. 2 Single line-to-ground fault

(9)e} #o] "}

ol

pitd

J:mo

—

KO



Evp=Ey— KlyZy— Ryplyr

9)

Ey— KL Z,— Ryplir

E =

Ey— KIyZy = Ryplyr

Eyp=

gt

4107 o] Al

=
=

of thgk H

i

zel

~X

~N

Eyp=1Zy(Ky— K) — Ryplyr

(10)

5LZ\(K,—K) = Ryplr

E\p=

1,Zy(Ky— K) = Roplyr

Eyp=

uiel

i
,Ao
Br
o))
i

Ehe

|

ol

[e]

</

P A A%

3|

HAk] 9

AA719 A @ X (under reach) &

=
=

Fell

71 18l

)

0

A

Fol vpeRdTh webA

a7

s

L

a

o

Fig. 3 Single line-to—ground fault

(11)

V,= ZL(Ia+3KNIO)

ANA, K,



healty line

AA

Zo

/2,

Ly faulty line
|a, |0

Z1=

a—

Fig. 4 Double line-to—-ground fault

—_

e

B
A

V,=Z,(I,+ Ky 3I,+ K,31)

(12)

°o]-&

=
=

=4 247 31,9 31,

N

2.4 AFau A

23

)

ey

o]
=

LS

=

g

=z
hl

19 59 Aol A

(13)

ZiatUp/Ia)RF

Valla

ZA:

</

X
~

ﬂ
!

i
&

94

2% S A 1,0 2% sMelAel Reds

R Aol frh,

(14)

Ipp+1;

]A:



(15)

Zne Zns
Zsn |A mZ (1-m)Z B| Zss Zsa mZL (1-m)Z 7s8
Ea I i'F ls Es Ea I Es
Va R \3) IVP
(a) (b)
ZaB
1
I
ZsA A mZ L (1-m)Z. B Zs8
_— e
—>

(c)
a9 5 1 AE RI=

Fig. 5 Decomposition of the faulted system.

BlAS p,E A B9 By 2719 Slael eEeA orn AEe] FAdw &)

H
o] &% AFAH BALILYFTLS 7|E] A fx

olsh Be AW =2 12 488 Austed 9
oA Atttz 242 AEAR 2 AR RS A7l A P ngHe AN £t
21t
3. nAH 4 endF
31 HAaAsHE ol &e 3y 4 duds
HaAsye Folz WA At vAFe] Arud @l 4 AE PE £ g
A%, FAse A4 Aol oAE Hasetd 4 2AAA AF FASE el oE A
g3k 18l 14 Atnge 49 ngHAS 134 0B Yoz AW oS 2(16)3
4]
Va: Rl(Ia-l_KVIO-l_Krm]mO)
(16)
dl,  dI, dl,,
-I-Ll( dt + K, dt )+3Rf]0




LmO /LIO]

RmO/Rl K,= (LO_LI)/LI’ K,

(RO_RI)/RI’ Krm =

K,=

oA 7] A,

H,

o

1 mAge g Lol

14 Agtnge 3§ R,=0°len

2(16)= "A

Fa A A7) 22

b g A

el

3 A g Adw

&}

(17)

- x(k)

V(k) = A(k) - x(k) =[a;(k) ay (k) a3(A)]

A7, V(R =V, (k)

x(B)=[R (k) L (k) R,(A]

a(k=1,(k+ K, I,(k)+K,,I,(k

T
+ &, P

dly(k)
dt

+K,

dl (k)
dt

dz(k):

ag(k)

31, (k)

te A(18)3t

o

s 77

x(k)

nAgE (k) FEA

o A (1DE

S

SREEE EESES

NIl

(18)

(AR A(R) - AR T - V(k)

x( k)=

B

el
i

(18)ell A g7k A1 o] A

A
2
oj¢} o] 1

el

el

o

4 370 ool d&E dHelH

o] 7h7h 3ol B

=
T

A

’

. =

o
A

o~
T

&

TFAH QA H

L
L

He= A

W

Bl

o))

o

s A

b7 )

TAE HAE

ki3

sl A= oY

= a
A

RIS

KeN
=

bol Az FA

file)

oo

el
E

fvze]
i
o)

b

—_—

)

&

B

o

olo
i
el
TR

&M

.
e

el

B
e
4

)

KN
=

vheh Ak

N

el
Jo

o



3 AxAewel p uA PRAe AaAew A3E H09)s 2ol BHY F Ak

o

2(k) = (AT - A(R) '+ AT+ V() (19)

(k+ DA $AAE ol 83 AxAsHe ABE 4 Q0 2k

xk+1D)=(Ak+DT-A+1D) L AR+ T V(E+1) (20)

ol 71,

[ A(k) _[ V(k)
A<k+1)_[a(k+1)T:|' V(kﬂ)_[v(kﬂ)

9 AelA JyEe] oAugelE s,

(B =[AR)T- A(R)] 1,
e+ 1D)=[A (E+1DT - A(k+1)] !

olgti A F p(k+ 1)l el s,

_ R alk+ 1) ak+ 1) "p(k)
P+ D) =000 == DT (k) alke+ 1) D

21(21) 9 A

8(k+1) = 1+ a(k+1)Tp(k) a(k+1)
g(k+1) = p(k) a(k+1) 6 '(k+1)

o
&
E

B AL ph+1)E A AU O A4S 2

p(k+1)=[I—g(k+1) alk+1)T] p(k) (22)

A @22 & g kel (k+1)7He BAAES o8 HaAsHE e WANE o E

g Ao oer dris 4 (23)0]
2(k+1)=x(k)+ g(k+ ) [V(k+1)—alk+1)Tx(k)] (23)

A7IM, x (k) = p(k) AR Tu(k)
g(k+1)=pR)alk+1)—g(k+ Da(k+ 1) "p(Ra(k+1)



4. A AT

41 RAA=E

il d U
BRIt AEY Fab 3840[Hz]= 7]DP 64 ES 3 Blolm, pEAS] AYHA] Vv
o7 3fo] ;A wrAlZbo] O[] uFe 17648 E A A, 0] HS 1928 E A H

=2 &} olgE A &3 uFHolHE MATLABEZEZ 13 o® 3 7 g A %7

>

80 [km
- |
P
Ve VQ
) — )
154015° [kV] 15400° [kV]
a8 6. 23X 2d AT
Fig. 6 Model system
X1 2o A9 9gdolE
Table 1 Line Constant
R L | ClgF/kn]
Zp( D781 1.8699 | 10.089
a4 Py A (05331 (41106 -
%13413_/; Pl O O L . .
7., (37 ) | 2.3581 | 11.611 -
[Q1 | o 2@
Z o (B78%) | 05926 | 49773 -
Mg Z,,(374H) 10308803094 | 0.0038
Aoz z, (BAE) 101006 |0.4667 | 0.0093
[Q/kn] | 7 (33 G4)[0.2082]06961 | 0.0074

a9 72 AW £99 AnAsye sHsRe 5A4E vashy] A& 14 A



A

!

o

|

o]
e
—_

~O

3

b1 9l

5|

2
2 2445 o)

gl E

Fh o

S

a2 YHoer AE

1F7Dh= A4

AN E
713 64

al

o))

bol Azbg

g

3
=

2R
A=}

=
T

(1/8

3
=

o] A7]+ 84

o

of HaAsuel 8UE dloly

A Rk
-

dlole 9wt

2] Ao uE thAi mE A

_%]

[S]

e

F 6448 9

5

2 59

—_
o

10

e
L

64 sanple

Sanple Number

(a) O[°12%

Sanple Number

+

NO

El

(b) 90[°]

I

Fig. 7 Results of measured reactance

4.3 ol &

B

g

o # &S A(24)9F 2]
= Fowd ugA ol

g FbsaA Sk

3

qul

ARl i



YA A
ervor ratio=—"° ZZ SHmae 100 [%1] (24)
total

oel& AA daE 2z 1[%]9F 5[%] ol = FHs= e vaste] I AESFR %7
sk o, ofefel £ 20 1 g2 yEh A

X 2 Y& FEAZ v
Table 2 Simulated conditions &

estimation results

. 5 ST A~
w9l nY FoAES

51%] 11%]

o] 31 6

8 Sample 5 o1 33 69

0] 69 89

64 Sample g1 75 90

0] 56 70

(LSS 90[°] 62 72
838 HAASHS ASE AHHRW 5(%] ojWR FHsteE dHo Aye AR 3 F7
oY 2 SAMES AE3E A ¢HUE i ZA YHeEUA W 5[%]o A 1[%]2 FHstE A 7S
Solnw sRES] 99 vlwstel FHAOl A FE AL ¢+ Ark F, 0P g
Al &S AHEetE Wol & L[%IdA 1[%IWzE FHEst=d dels A7F 34‘§'§—°]X]‘?l <=3
q ALASUL AET ol UABA BA SR Aol AL £BY H2AF
el olgie] FAgel ARE FAUol DT VPORA UEpd Asfolt, Wby 8y 2
2XEHE o] &3] mEHAA Y S ke WA E vy Ay BAHS AXE A

.
urh A% 1FH F4S A5l e A % 5 Ak

W 254 FAABNAE FEAMT JAE ATl @ Jgoz Agugel o)
# g 24 NUE 9o £x Ak webd nFaAe nFH FAAC AR e
YL ATE 0§l YL FETATS WS Fol WP FHA WAL & At o
g Anststolof @t

¥oERed Bagd $AA2) dolg g AvHsR wasW Aol 1%l s
= AdE 03819[Q 10l Tk 24 mgAT el uhE 3T ANAIE E 3] i om, 147
Zol BAgel JEAe ANE wolFE AT & 5 AUk



¥ 3 A thI

=)

A 1=

%15

~

<! Z=

&

e

2l

Table 3 Simulated conditions & estimation

results
LA %] | AADH D[R] | FAAID=[Q]
10[%] 3.82 3.8545
30[%] 11.46 11.4543
50[%] 19.095 18.9217
70[%] 26.733 26.0448
F 4T A A, addgzie] Wste whe A AR s Aie] FAg, e
1 uZH FAARe] s wadt Aoty mAATAZLLE 0°1FEEH WLIAA FItEY,
Al A Azl 50[%1A Aol A sk ar g AFE o[Qle= 7Hg st
o1z ge] Aol AFHA el 7Hd 2A dAse gl e nxs dio] &
VIS MY A 8 HALASHS ol&dke VIHAME AR Aw 2A IF
S v o pxa AR dalMe dAE AAE AdomM A& g dS F Sdv
F 4 I wE JydaH g
Table 4 Simulated conditions & estimation
results
= 0 | 30 | 45 [ 60 | 9
A A 3 4.024
R[Q] —
=47 | 4.0075]4.0071 [ 4.0071 | 4.0075 | 4.0086
A A 3 18.668
X[Q] —
7%k | 1849218493 | 18.492 | 18.492 | 18.495
of @ [%] 04585 ]0.4575 | 0.4606 | 0.4604 | 0.4512
Agtagel A9 g wAyzhe] etgle] 05[%lolWel B FHANE HAF gtk
5.4 2
2 =RAAE 712 AxAsHe 383 =3d HArAsH e ol 8&ste] W w2y A
gk AGANNE S AAGFATE HaASH A= h2A olde FAZN ARE AES vl
B =92 Agstns A a9yt BAgsts add dejxE st me £ e
2olom AA Mol g duld s FA ol & 05[%le1We] AaE d& F ATk
Fawd

(1) A. Wiszniewski, "Accurate fault impedance locating algorithm”, IEEE Proceedings. Vol. 130, Pt. C,
No. 6, pp. 311-314, November 1983.
(2) Toshihisa Funabashi et al., "Fault Locator Simulation Using Models Language”, IEEE Catalogue



No. 98EX137, pp. 601-606, 1998.

(3) T.Takagi, et al., "A New Algorithm Of An Accurate Fault Location For EHV/UHV Transmission
Lines @ Part I -Fourier Transformation Method”, IEEE Trans. on PAS., Vol. PAS-100, No. 3, pp.
1316-1323, March 1981.

(4) G.D. Rockefeller et al, "An Accurate Fault Locator With Compensation For Apparent Reactance In
The Fault Resistance Resulting From Remote-End Infeed”, IEEE Trans. on PAS. Vol. PAS-104,
No. 2, February 1985.

(5) Chih-Wen Liu et al, “An Adaptive Fault Locator System For Transmission Lines”, Power
Engineering Society Summer Meeting, IEEE, Vol. 2, pp. 930-936, 1999.

(6) P. G. McLaren, M. A. Redfern, "Fourier-Series Techniques Applied to Distance Protection”,
Proceedings of the IEE, Vol. 122, No. 11, pp. 1301-1305, 1975.

(7) M. Akke, J. S. Thorp, "Improved Estimates from the Differential Equation Algorithm by Dedian
Post-Filtering, Developments in Power System Protection, No. 434, pp. 235-238, 1997.

(8) M. B. Djuric, "Time Domain Solution of Fault Distance Estimation and Arcing Fault Detection on
Overhead Lines”, IEEE Transactions on Power Delivery, Vol. 14, No. 1, pp60-67, 1999

9) A3, oleA 9, “diF &H AFE AHgse ¥ 234 A2 13 B4 dudE”, dis

27183 +=iA], Vol. 50 No. 3 pp.146-152, 2001.



