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A Novel Distance Relaying Algorithm in a Multi-Agent
Protection System of transmission line

H.K. Moon. B,G Jin, 8.H. Hyun, S.J. Lee
Myongiji University NPTC

Abstract - This paper presents a distance relaying
algorithm for a transmission line protection with
MAS. First, the voltage and fault current of the
opposite side are represented as a function of those
of the measuring end using source voltages of both
ends. These voltages are assumed to be obtained
from the transformers prolecting agents, periodically
in normal state. Then, the fault location expression,
independent of fault resistance, is derived with
voltage and current in only one end of faulted line
nsed. The suggested algorithm is applied to a simple
system with two power sources to show its
effectiveness.

LM 2

AHA 2o of &3 - uekalgd et $AAEAL
e AR & A3A%E Yo dFHd AYF
& A . 2HR2 $IAAE AlaA A5y A
b gle] whel M&shA diMsted ggans Histet

2 93E AAHGE olF 8 AnPEe vk
& A&E, A G AF 8¢ 2A 2UEHAL
old] WA YABRIAA T 0] ol BFHo]
AbgE D It (1) A2ee AFAFEY VA=Y
ot HA =] $& Y HEgony LT E )
AstAY Atz #Ade] ofed & AnE JI5A e 5
AgE B35S 2astAy duigseds 437 ¢
P2 gt} (2]

AARALA S £442 BEdA g AlgEHE B
ERor Huude dduiagts P ste] Ad
A#A7 BRA olstelA FASEE WE WFI|T)oT

719 AANGnE EFL AGAFANTY B2 H
JHE FZstd duviaAE e AxdR(3)F
HaAEH(4) en nERFAg(6)d 7128 42
g &o] o nFAYY 2H9 5L n8lg Ay
AGARAZ (6] #F AT= gigen 1 dex B
A7t ol FelHet (7],(8)

as FAABNME ALY, 13934, 23
SAAle) HEEHE ngAY A7l F9 o 294
et age] vhke FER etz glo] AT 2%
ARE ADstrle o¥rl., ¥ =M Addss gx
gEe gor M $AAE BEAY MAS (Multi
-Agent System)d] A&E Zolv] ol AT AT
E 8% T 4€¢ 34 9 Aol Agd ¢xn
&2 ADAA Agentst ¥t7] BE Agentdte] %
AL Fote] A9S A% (Ea, Eb)S €3 Yow AF
9 FFEE BUsE AdgNE Jdgs FEE o
€A ga Ao Agd AFVa, [a) T ol &8
FAsA Ak,

Ay danzEe A5E A%t EMTPE ol &8k
AAAY 100(kmlQ $440E woaden FEAY
& BHE 9.

B ok Rl ool

2.2

T

2.1 Algorithm

B =R AAete dnelge FHAEE o9 1
7 o) RYystn HRFLIA oA, AZAA
Agentt 7] BE Agent9d] B4S Edto] $3
& A Epdt #39F Y Ean® 232 i
o7 spgect

g1 2 AR

75'1(;;}' Elabc: EQabC'E ‘ﬂ?}‘7] HnE Agent@r-‘—’i %"{‘I%
Fote] AAA WG Update® 3 o) #@e M2 494
29 #2e shiel dsR Hado

BAG B Vowe L ZEI 29 B4 5 539
g4 AR 2D U B Eiwe Foaw Vi
I 22 A Fste] AAtiet.

Basde o] %F Agentdt FEITHE Fobd A
I ARETE A5t YA HA nAo} LAstd u
2 g Aole Ade Ak, AFHE ol &3td AT
A Heg B4z B4} 23 §5F S W
g2 stA A |

2.1.1 23Ag #d L22F

2 16N Zzte] FEAGA KCLE A 8ste 5248
AW dgs 2o

B = Z gpe* L 1o + Z Liiase* L 1ase — Z Lo1a6c* L 208c (1)
0= mZ ¥ L pape + R gusc* Laanet Z 1inate® L gase

= Z toiase* L 1abe T R fasc* L sape (2)
0= ~mZ gL yasc + R pasc* L 3aset Z 1 ppase* L sase

= Z tovabe* L sabe + R jasc* L gae (3)
Eoue = Z pape* L ote + Z 11pate* Lscie = Z Lonase®* 4 3an (4)
A4,

Z g+ R AA A2

Z 1piabe - A B7F ¥8b gujda

- 217 -



Z topase © AV BF B3b gneia

R © 233 9982

m : ZpgelM aAgrixe A

Aol AHEH AL o] &3hA ian, Lo T B
ANE $£9¢ ¢ A,

4 (L (2)2%H

D= Z ot Z 1o1and ™" AE 1aet Z Linasc® T 2an0) (5)
L3ape= (R 100 “MAZ Lnase* Tras)
—(m*Z s+ R st Z 1p1abe) * 1 20 (6)

9 BAHE A =Ha A (5)E H(6) ddsad

Liose=(Z st Z 1owosd "1 {E 1osc+ Z L0vase® L 2000)
~(m¥Z et R punet Z 1inase) * 4 20 (7
7t 5ol I35 NAGLR N8 & 9A 9.

VA& Adese] dghdstst Addojael depzaz
E@sd

V= Viea— m*Z inc* Lo (8
V=AZ e Y ipsct D¥(E pune™ Z yase* L 300))
—(1—m)*Z poc* I 308 @
g7 A,
Viase - Ao el Agt
I: 99 34

Y Lovase Aol A o] B8} ojuole A
Z ape » OO ] 22 9Edx
Egape + 4@ &2 A<}

SR A4S ABAG AT FHE Seede 2

0=[{Z sc* ¥ Liparct D*(E papc— Z yorc* 1 300))
= (1= m)*Z iy Lgapcd = (Vg™ M2 Z 15 L 04 (10}

FAA0 (NE wd3d Aestd
Viate™ m* Z puc* L gane
~(R2-PB*(Y R+ Y Pl—me ¥ ¥ Z 13 Lopope= 1 30n))
=Z (Y R+ Y Pl— 15,0
~m*Z yy* (Y 2O+ Y pPL— 1)
~mHZ Y Z o  Dpopt m % Z g3 Y 2 ¥ Ly,
~m*P3* Y AZ ¥ L gope
—PA B (Y A0+ Y 2Pl — )
+ Vigse— m*Z ppc* L gape (11

o714,
P0=Z 101a6c*(Z st Z torasc) " *E pane
Pl=((Z 1piosc*(Z et Z Lvared " *Z Lonabe = Z 15rabe))* L pate
B2=(Z oo ¥ Lipuset D THE e
B3=(Z anc* Y Lipasct D THZ e
Y=y

A€ Aol ¥ Hoz APt

0=Dxm*+Qlxm+ (R (12)

A7IN,  Q=AAYZL u* Y *Z ppc* L ase

A =(AA*Z * Y 3 (FO+ PL)+ AA*Z ¥ D e
—AA*Z 1y > Y 2 Z s ] pose
~AARP3IY pZ 1y * ] g AARZ 1p* L 0sc)

@B=(AA*Z ¥ Y (R4 Pl)~ AA*Z e * T o
—AASP2+ AAP3+ Y p(F)+ P1) — AA* P3x 15,
+AA*V 1)

AA=[10 0]

A% AEAA7IL B Adelng ¢ AAE #
o] Aol B¢ d¢ FEHdh

Aol B% A& 2 oTvdx o FHUP F
dslEs e 4d e o889 4 H4s 857 09
£ ol g8t HAFgn sy B o Uy o
cojgae g3 38 AARG
0=Y s Mrm™+ (M + (Y M2)sm+ Y 2 M3+ M (13)

7] A,
M= (AA*Zlabc* II* Ziabcx Rabe)
ML= (AANZ ppe* L pape™ AA*Z fpc® L 300)
M2={(— AA*Z ,, »II*( )+ P1}
—~ AA*Z o X T Z oy * Lo
~ AA* P3*INZ yu* ] yon)
M3=(AA*Z ,, *IIx(F}+ P1) + AA* P3+II=(F) + P1))
Mfiz("AA*Zhbc*Iz,,bc“AA"m*luk
+ AA*V o~ AAX P2)

100
=00 0}
000

H13)e 4533 H-ger Urd

0= Y MY em®+ (ML + (YAM2)) e m+ Yk M3+ M4,
(14)

0= YAaMam '+ (M +(YAM)sm+ Y x M3+ M,
(15)

(14 4M Y ZE Tata} (15)4 AL
Hxm®+ Hlxm?+ H2xm+ H3=0 (16)

H=M +M) ~M *M0,
H =M #M2 — M2 A ML+ M 2 MO — M 4 00,
=M M3~ M AM3 + M M2~ M A M2,
=M +M —~ M M3,

AAPAM T M, M2 3E 00lBE 4169 3

A5re 00] Hu e Hlsm’+ Hsm+ H=02%
FHE 4 gldh

23 Mg AL 2o FAL ol fste A o) FaA
22 AgE

m=| (= H2 £V (g?;ll—zl*lﬂ*}ﬁ)( an

2 gasolAy, me 0<ml18 g& AR % &
Z &9 e F539 A A FHol sesith

- 218 -



2.3 Mg

dxn & AEL EMTPE r&sigden RdA%E
< 22004 Hl A Zol 154(kV], 100(km] 18
A 7bE FRARAM 14 AR Ang 2o en
At A 10(km)olM 9(km)zbAl 10(km)er91 & 8

Hew 2AAFLS 0lohmldlld  50(chml7HA
10(chm] @A 2 299},
Measuring
Zote § PO e {1-m)Ziane Liabe
- &Y

a9 2 R AEE
A% Data® % E13 2t}

B 1. 29 A% Data

¥ impedancelohm]
2 Self impedance 10.8400 + 57.7767
Mutual impedance 6.4800 + 23.3267i
Zs Self impedance 0.9767 + 6.1033i
Mutual impedance 0.4467 + 1.9933i
Zr Self impedance 1.1767 + 7.18801
Mutual impedance 0.5867 + 221101
ZLD Self impedance 35+15i
Mutual impedance 0

A AGE ol st mF A g Pe AN
E ENen A H(18) & o &atd Aetgrt,

| real fault distance — cal fault distance
total distance

{*100[%]
(18)

a9 32 FAATAA 14AF nge] YL
ABAY AR N Adse RN ] G ALLAE
‘%E%ﬂﬂ%iqﬂt’% A e2e 0.22(%)2 oh¢ HE d

"  mre
Ojskm]
on 1| e 10pmm]

T1 —e— 20fekm]
4 30fskm]
05 4| e Ulskm]
e S0fa |

Error [%]

[ 10 = e 4 Ed ] 70 80 %0
Fault distance [km}

19 3 aFAY Abea

R 2 R 23 (%]

a3 E

01R1)10[21))200 21)30[ £2]/40[R])50[ 2]

100km]| 0.0006/0.00010.0022/0.00670.0132] 0.022
%[km] 0.0009(0.000110.0027|0.0081|0.0163|0.0273
30[km]| 0.0011/0.0002|0.0035/0.0104| 0.021/0.0352
40[km]| 0.001/0.0003{0.0047|0.0139! 0.028/0.0471
50lkm]| 0.0006]0.0003|0.0067|0.0196|0.0392| 0.0657
60[km]| 0.0002]0.0004}0.0102|0.0293/0.0576/0.0959
70[km]| 0.0015/0.0049{0.0171{0.0465| 0.089/0.1451
80[km]} 0.0033/0.0033|0.0312|0.0769/0.1385/0.2151
90[km}| 0.0058|0.01110.0554/0.1137)0.1806/0.2538|

3. & =

B =M E AR BEd AeEE AgAR
el @ EE AAsHen AAH daeEe 24
Ay nAA BPsE GAEARF JFd 4FS A
ste] vi AHgt Ang 2

DFAHS AAAZE WsATE mogd HI
0.22%%9 248 B},

gozy Add dunalEd $gstd infeed effect
2 g L AT e SRS AT Ao

[gatel =1

£ a7e Hebley 9 aEutkige) BRC Z2add
58 AQow oojgon oo e =Yy

& 2 8 s

(1) A.T.Johns, S.K. Salman, "Digital Protection for
Power Systems”, IEE Power Series 15, Peter
Peregrinus Lt. 1995,

{2} S.K. Chakravarthy, C.V. Nayar, N.R. Achuthan,
"Applying Pattern Recognition in Distance
Relaying” Partl.2, IEE Proc.~C, Vol.138, No.4,
pp.301~314, 1992,

{3) P.G. McLaren, M.A. Redrern "Fourier-Series
Techniques Applied to Distance Protection”,
PROC.IEE, Vol. 122,No.11, Novermber 1975

(4] M.S. Sachdev. M.A. Baribeau, "A New Algorithm
for Digital Impedance Relays”,IEEE Transaction
on Power Apparatus and Systems, Vol.PAS-98,
No.6 Nov./Kec. 1979

(5} Y.Ohura. T.Matsuda, M.Suzuki ect. ” Digital
Distance Relay with Improved Characteristics
Against Distorted Transient Waveforms”, IEEE
Transactions on Power Delicery, Vol.4, Nod,
October 1989

(6) AFz, AAL, "$AME R34 tAd ANsd A=

AT, A =FA, 50A-9-3, 2001d 9¢

H.Kudo, H.Sasaki, K.Seo, M. Takahashi,

K.Yoshida. "Implementation of Digital Distance

Relay Using an Interpolated Integral Solution of

A Differential Equation”, IEEE Trans. on

PWRD,Vol.3, No.4, 0Oct.1998, pp. 1475-1483

7

- 219 -



