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A Directional Relay Algorithm Using Positive—-Sequence Superimposed Quantity
for Transmission Line Protection

= % B8
(Myoung-Soo Lee - Seok-Ku You)

Abstract - Directional elements are fundamental to protection scheme security and selectivity, performing such critical
tasks as supervising distance elements and controlling overcurrent elements. But, conventional operating principles for
directional detection based on negative or zero sequence quantity do not satisfy the requirements for improved sensitivity

and fast operation under any fault conditions.

In this paper, new algorithm for directional elements is proposed. The proposed algorithm use the positive-sequence
superimposed voltages and currents in order to be used in all fault conditions. Also, because this algorithm uses a
voltage compensation method, it can be well operated under strong source conditions.

Key Words : Transmission line protection, Directional element, Positive-sequence superimposed quantity.
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Table 2 Model System Parameter
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Table 3 Strong Source Model System Parameter

e AR dda
g . Selt Mutual
0.7+34.95 2.1+j14.85 -
0.8+j3.89 3.7+j18.85 -

0.1006+30.4667 | 0.309+31.3094 | 0.208+;0.696

A9 | Strong
[Q]1 Weak
A2{Q/kn]

E 4% AQ7) HFY A4S 57 IHYAE BHAR
T w72 gy ARLRYEH ALY TRYFY F3
g vlmste] Ed Aol

o

E A dfEMA s Wt

Table 4 Variation of Back Source Impedance
Fha |l 1 aegmands

0.14)

0.058H

0.01 4




T 4 AA7Y wlF HY 57 dAEAs) F05
ZAdel A AR G4 g AddndEsn 94y
# Addnaze ngasy] A4y Agyd Ltz
E A9 57 9w WHate FAel FE2Y
g g Utk B3, 94 BF AW daFe aF A4
7l 9928 0592 s w¥E 14 g 239
T #dEx] 2IAT ol Aud HeAM nAF
nFe] wrAste] A F EAst e A4 A}y A7 o
A wEE AW gmelFe] Fashr)e) FEEkR ) wio
ok A guEe B 7IHE ol fetw ] Wi A
AR Hete] WEo] 2 Afdn AFaA Fsldch

o e

ot te o o& 2

=
=]
L <
j2]

o
o

DAMF WAEALE 29 1379 22 W 254 $HA

A SIS #TIL B SiS

@~ L =51e

a) DZLYA MR UF

A S/

cB1
cB2
(a)
B §/5
#2TL

cB2 ﬁ;;
Fault
(b) CB4 XU H 2 MFO Wt

ad 13 DEXNE 8N
Fig. 13 Fault Current Reversal

M T

a9 1304 29 #2 T/Lel A

<
ol
2

2814 44 I
dAete #1 T/LY) 24 dFE CBI-CB2—CB4E §8}e]
s27 @y o] w ekl A W4 F Blocking 84 ]
76—]'?”, 7"“787] Ryl% S o" 13 74]2“8_/\7} 51_}6—},7_“ El ] 7

7] Ry29] Siw& AMairt F2ste] Ry27F RylelAl
ek A2 2 3 (Blocking Slgnal)»E wBule] Ry2e] %32
AR & A @k ol CB47F CB3xRth WA apets]d 4]
T/Le) m3AFE v ggFoz vty =ol Ry2o ohy
o AH QA7 FA3ted Rylol i}"* Az AEE wR %
kA Fo] CB1S AarstAl €l & Rylel W Alda
A9 EH7} Ry2¢9) S 74]243’\4 EARY 24 o
W Ryle] & &stA wi11](12].
IZANF v B RS W w ]{%ﬂﬁl%‘91
Ayl 9¢ 2de 1y 149 Ak 2
do AR zle]r} 25[km) .,J

= PSCAD/EMTDCE o]&
3 % 4304 A, 24 A

Ej
FHANT o 85%A|HoM 4 1

Trans. KIEE. Vol. 52A, No. 4, APR. 2003

24 @, 34 Aol tel Alolgw UAER A4sAch
gAdAe] YEES 297 CB4ol A$
e DAL F S0 sl YU S

A SIS cpi LT

cB2 B S8

Fault
a3 14 DM F BE 2" A S
Fig. 14 Fault Current Reversal Mode! System

z 5 249 A& ulzlolg
Table 5 Model System Parameter

=g A28 FAE duua
= st Self Mutual
AP SA 0.7+34.95 2.1+j14.85 -
(@] SB 0.8+3.89 3.7+118.85 -
A 2[Q/kn] |0.1006+30.4667 | 0.309+j1.3094 | 0.208+j0.696

H} %

AR}

a9 165 AY AY u3A 1 A

we Wel WE Bge e ol

iz}

@ 4po) 2ol

3

AT

Current

0.40 .45 0.50 055 0.60
Time [sec]

T 15 IEMF BEAl & mHE(AG)
Fig. 15 Current Waveform under Fault Current Reversal{lAG)

EMTDCE o] &3la] 05%o) S HAAIN T A7)
CB4w 055%°] AM7|(RyH)EHE EYAEE {igto} 3}
G7)= wge) 00] Hi AAA Age] slog 1 159
A3 o 6ms AAF S 0556% 7] CB47F 533t
AFHNF RPN 055620 vrebwt)

"2d 168 A A 2FA nFEH 0 @l o
71 gudEd AR d3dFe % SA4S vastyo
et Zlojth

a9 16004 A% Aol ofd ngHF whAA A4
B AR Fd 94 ¥ AdLndFe 1ZAF
R @Ato]l vebd ¥ Zkz oF Bmsob 14msel] S 3ol
g ddstel BAsRen Add dundFe Mfel &+ 5

231



BEARR R 52A% 43k 2003%F 4R

m¥e] Fwa zFeozm wostey BAsgPort Digital
Filter?] =@ o= s B3 ¥ 342 & sk o3
2 2882 ?I"J“?} F—XJQE ?lé] StR L thA] 2 EL
g nAoce yot

25
5ms%i°ﬂ € Zd°i 5’_0}5 i fs}t} Eg FH3 A
dhofl = 9ms7h At

AG Fault (FL = 85%)

Rl ]
WL |

v ~
050 051 052 053 054 055 056 057 058 059
Time [sec]

ay 16 1M X[2tT3ZEHAG)
Fig. 16 Single~Line-To Ground Fault(AG)

33 172 BCH AZnAA 1
718 dndEa AQH guaE —8—% 4
veld Zet) ad7] CB4E EQANEE B 3 oF 2%
21 0.552z9) F2Halgt).

BCG Fault (FL = 85%}

New 1 \
/Faal( ;urrent Reversal
Zero \
Negative ‘

850 051 052 0853 054 055 056 057 058 059
Time [sec)

Oy 17 24 X2 ZHBCG)
Fig. 17 Phase~To-Ground FaultiBCG)

a9 1794 BCA AFnFoe] o nAAF vhAA o
A 3 Ad duEH 44 9F Adgu=EFe oz
5 ¥

2}
phadabe]l vebd & o Omsob 14ms3-o] FWEk
Q

al ?r o

2golgtn Bosd BANAT. AV FuIdFe A4
wa ARdaadEic 143(0.69ms)ES F 10msFol S
% Rolen Bostd EAAG.

232

Uehd Aot A4wy] CB4w EYAITE ¥ H & 3msF
A 0553%0 FA3AC

BCS Fault (FL = 85%)

N Fauit q umqt Reversat

Zero / /

\

T T T —~— v T T T
050 051 BS52 053 0S4 055 BS56 057 058 059

Neglﬁva-—l

Time [sec]

2% 18 BCAM 1 EHBCS)
Fig. 18 BC Phase-to~-Phase Fault(BCS)

¢ 18004 BCA g@=tngd o ngEF vAA 9
21 Adgngss Add guYFe EF 1FHF

% 23
SR Ao Ueg ¥ o limsol Ry noldn Bus
o B

a9 19: 34 @ n A nFAF kA @4 A& 7
& Sy SH AU dnEFY &5 EAE vusy o
Bl Aol Agtr] CB4: EHAZTE w2 § o SpsFol

0555z F2tat At

ABCS Fault (FL=85%)

i |

| FFult | Cun'en.t Reversal
e L /|l
o] 1[I i

050 ) 051 ’ 052 ) 0353 ) 0.54 ’ 0.55 ' ﬂ.;ﬁ_r 0.57 i 058 ) 0459
Time [sec)

a8 19 3 o EIFABCS)

Fig. 19 Three Phase Fault(ABCS)

a3 19014 34 S mge] o uAAF vhAA 94
B ARLRHSH 94 3T A
oM MEd AW Digital Filtere] F=3



A, 34 A6 thal A duEFL AW 1lmso] EA
st} 2A Pilot ARZICEFE ©l2 ARLA; Blocking
Scheme, Unblocking Scheme, POTT)E T3 &

2
Nl
o
e

FroldeR ' 25323 %] A A AdsielA
@BF AdaLst sAstd A AP EW HE4%
L2 ¥ 8mAEY AJQMNEE ¥ F4E §A Hed
doiet U AT ¥y ase TR AFAF
HARAe R AEsHE 8mse] AAASE G AL
daFe BEAAN1AIs)S AT AWz ngdR w
Aol o) e F5etA REEF st FEs
5 & &

& =dAE 7129 94 4% FAR AdGuYEH
A wF HAF ANERAFL 3G 22 WY
BFellMe g2 o Add dudse 14 fEo
BAUCl W ddo] JtesEE AR Wgn AdE A
ol Wahis ol &3tdr) Wil BHEY ugEnt oYz
331 22 FYLFANE AYeA 1Y wFe B9
& & At

o 94 g ANLIFS AN FHsE A4 4
of A7) e WY Wi & = gfo AW dae
e ud 1Me ogFoEA AR FHY £ Yo
B RAF WHA A duelFe RANRE Ao
A7) WF AdLLY EAAZ DFAF B o
2 AgHE e neEY AW AHZ} 25

[1] J. L. Blackburn, "Protective Relaying-Principles and
Applications”, Marcel Dekker, 1998

{2] Bill Fleming, “Negative Sequence Impedance
Directional Elements”, SEL Technical Paper, 1998

[3] J. Roberts and A. Guzman, "Directional Element
Design and Evaluation,” WPRC, October, 1994

[4] B. Kasztenny, D. Sharples, B. Campbell, M. Pozzuoli,
"Fast Ground Directional Overcurrent Protection -
Limitation and Solutions”, WPRC, October, 2000

[5} W.A. Elmore, JL. Blackburn, "Negative- Sequence
Directional Ground Relaying”, AIEE Power
Apparatus and System, 1963

Trans. KIEE. Vol. 52A, No. 4, APR. 2003

[6] P. G, McLaren, G. W. Swift SM, Z. Zhang, E.
Dirks, R. P. Jayasinghe, I. Fernando, “A New
Directional Elements for Numerical Distance Relays”,
IEEE Trans. on PWRD, April, 1995

[7]1 A. Apostolov, "Implementation of a Transient
Energy Method for Directional Detection in
Numerical Distance Relays”, IEEE Transmission and
Distribution Conference,1999

[8] J. G. Andrichak, S. C. Patel , "Polarizing Sources
for Directional Ground Relays”, GER-3182A

[9] Mitsubishi, "Instruction Manual Digital Distance
Relay Scheme Type MDT-F”", Ver. F, 1999

[10] IEEE Std C37.113, "IEEE Guide for Protective Relay
Applications to Transmission Lines”, 1999

[11] ABB, “REL521 User's Guide”, 1996

(12] 71A 28, “154 kv $442 235§ YUY A 7
A7] A8 w27, Ver 151, 2000.2

od =+ (& &%)

19723 39 1594, 19969 4o &4
A7)1Fstst £, 19999 5 dishd 37
For3 ZF(AAD. 19999 ~2000d ()
qeHa 7lEdTFaE G7FYE, 199949~
24 5 ety A7)} ATy,
E-mail : relay2l@ihanyang.ac.kr

i B ol €I - I B

1938 109 3194, 19613 &4d) &)
A71FegH £4. 19809 5 dEd 77
T EA(FE). 4 40 T A
71883} w4 1996 23 83
E-mail : skyou@mail. hanyang.ac.kr

233



