o} A

o MEITE o]2
Zone of

MO

ot A
22 EF

el A™I|e eadd X
53A-3-5

An Enhanced Zone 3 Algorithm of a Distance Relay using Transient Components
and State Diagram

F WA & BomT
(Jeong-Yong Heo - Chul-Hwan Kim)

Abstract - Zone 3 of the distance relay is used to provide the remote back-up protection in case of the failure of the

primary protection. However, the risk for mal-operations under stressed conditions such as heavy loading,

voltage and

transient instability is usually high. Zone 3 is used in combination with the derivatives of the voltage, and current, etc to
prevent mal-operations. Sometimes, the impedance characteristics that restrict the tripping area of relay are used to avoid the

mal-operations due to load encroachment.

This paper presents a novel zone 3 scheme based on combining the steady-state components (i.e. 60Hz) and the transient
components (TCs) using a state diagram that visualizes the sequence of studies that emanate from the sequence of events.
The simulation results show that the novel zone 3 distance relay elements using the proposed method operates correctly for

the various events.
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Table 1 Signals S and 7 for various events
Case 1st event 2nd event Ref. Fig. 6
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Fig. 5 Apparent impedance at each state of power system
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Table 2 State transition for various events

Case Event State transitions

1 A - 225

1 — - -
1ol AAHA & O-0-0-0

y 1% 24 - FrId9H| O-0-0-@-0
ago] AAR O-0-3-0

3 | #8371 - ¥t 32 | 0-6-0

4 | 28 37> 28 AW | 0-6-6-0-0

5 || ¥3 &7 — 23 24 O-0-®-0-3-®

6 | ¥ Au 0-@-@

5. AlgdolHd 2 A HE
51 AlZdolHd WY

EMTPZ Al&o)4d 2 A% g ¥ 8% Zo
154[kV]e] el AAMZE ZHo] 500[kmle] 2542
7} 259 9ot EMTP MODELSZ +3¥ Ag AA7]
relay a© bus 19 dZ2FH Ut 22 A%F<] bus 2, bus
3 Apolell ] A BA bus 200149 ¥t Frteh ¥t A
@ 59 AN AY AA7IY T2E AlEHAEH
. A” AA7] relay a8 ¥ Fr|F AEFE 122 &

A oy, 1Y %

e x B2 mho¥dE AHE3Y e ¢
F2 DY EY zone WY A3 E A3 19 49 19
79 AR EE 72 3o FHY
250 km i 250 km i
bus 2 bus 3
gen2
Load2 Load3
aglg Y As
Fig. 8 Model of power system

bus 2914 bus 3 W&o E 125[km] A HNA 3413 0]
Ay FRE AHYZL FFHA FE 9 relay adlA
Be giyddad sz R-XHEYY A¥e oL 28 99
,ARY 2P 2719 § Hame o5 218 107
2ok oes 2dd e 313 A g A nFHEE
e nzAAAE Y Hi: dAGE 02pulE AASHUT

0:

i
B



a CB trip
* [4s-]
3.
- N
zone 3
2 P hoAie’ Ao
s / after fault
/ N —  [2-49)
1 [ ] i
\ ! :
\ \/\< before fault
. N [oisl
4 2
2
2 i 0 1 2 3
R [p.u]

a3 9 40T LyAle FodnEA AH

Fig. 9 Apparent impedance in 3-phase fault

a8 10 3aHUE

Summation of harmonics [p.u]

Y

N
H

o
@

044

00

s
‘Summation of harmanics (p.u)
i ‘\R
e

s i
o

threshold value

0.4

Fig.

[©)

state
CEOBOD

1
e ,
4 i i
fault CB trip
' i T2 L 1
time [s}

2 Al

DxniM Rl F

S o =

10 Summation of harmonics in 3-phase fault

X o

V]

M

I |
) |
i i
| fault CB trip
0 ' 1 ! 2 ' 3 i 3
time [s]

O 1 3T WMA MEfD S T AR

Fig.

HT

11 State and signal S. T in 3-phase fault

olgst Hal AMI|el e

HEl Zone 3 & 112(E

Trans. KIEE. Vol. 53A, No. 3, MAR. 2004

23 99 2¥ 109 28N AAHE AFE S, T,
32 aY 79 HHEY Yoz ALEste] WIHE A
#e 29 11 2o 383 TAA Al O-Q-02=2
o]%3 ¥ zone 3 AAAZ 2s] F AH 9= WHIsg E
YA zst 285

o A

53 MetZeot™ol o5t zone 3 Y

f

bus 2¢] ¥3E2E AZAstn Ate) 06[puldA FatE
Agds o AEYed A¥e dg 1Y 11~-14% 2
. ®37} gl @t relay adlA BRE AL4YHEEE
zone 39 Y3z, H3pabdel o3 zone 3& WAL Al
ek o] u ¥3 Aghe] o mzudEol ETASAT
zone 35 #WAUZo wel de ©-@-@O& AHAA H4AdH
2 EAg.

Tw
2
X 25
20
AY
N\
\
15 Y
1
]
i
10 )
’I
/ enter zone 3
05 ‘,/ [0-8.8s]
’ B
00
95
«_ after load shedding
10 H : : [8'.8'31
: T T T Li T
-0 05 0e 05 10 15 20 25 30
R[p.u]

°|gt zone 3 ZFlnt #st

Fig. 12 Apparent impedance when it enter zone 3
and load is shedded under voltage instability

N
h
Summation of harmonics [p.u]

084 time [}

0.4

3
] ]
b
I
| tresholdvalue |, | _ ____________ L.
i | i
Q0. L

Summation of harmonics [p.u]

sl enterzone 3 load shedding
o ) i e T s 2
time [s]
O™ 13 Met 2y ol zone 3 XAz Fst
Rohale] Rxzaty el #

Fig. 13 Summation of harmonics when it enter zone
3 and load is shedded under voltage instability

165



BRB®H L 53A% 358 20045 38

thg a9 1eA, AgESAd 93 zone 3o AYsH
Al Bl O-Q olFstm, Ralatde o A ©-G-®
-@-0= <54,

@

state
[SISRICIOIDITIC)

Ry
T i |
' '
enter zone 3  load shedding
° j ] B D

time [s]

Jd 14 »Y g2tFo o3 zone 3 TYs RS
Atchalel Mefgtnt S, T As

Fig. 14 State and signal S, 7 when it enter zone 3
and load is shedded under voltage instability

satalel 3atnw

3= AYgse Zh’o} el A 3dagel %-_“&‘fé‘ o A&
2ol A é*} os 29 15~17% 2o 2o 9% nzx
FgFe F/HE A Y ©-©-0& AA FH @
A EYAzE £Yeth

E) s
& ]
=, CB trip
12-s
[]\7/
zone 3 _
2 "
/’ N after fault
! ( .~ [10-128]
! { + g
\ { / load increase
\\ e [0-10s]
. . -
O
1 initial condition
[0s]
1 ; ;
2 - 0 1 2 3 4
R [p.u]

g 15 5551 Aef Stoll Al 3AMTIE abMAlel =@
lmEA HX

Fig. 15 Apparent impedance when 3-phase fault
occurs under heavy loading

166

T T
g g
c 1 % !
| IS | e
H E e ™~ i
= %84 ® time 8] E 'I
[

5 b
e ) ]
S o] N
- | i
g threshold value ]

J treshold vaue _ ——- Lk _
£ o W
=1 | mppny |
n l l

T 1

0 ’ ‘ . ' ‘ i fault CB trlp
4 8 12 16 20

time [s]

ol

ag 16 &5
kM

Fig. 16 Summation of harmonics when 3-phase
fault occurs under heavy loading

| Atefistof A & UE whMAlel D=
b

| k<1
=

i

r-(il

[ 1
fault CB trip

12 16 20

|
g

time [s]

¥ 17 S5351 Melistol 3ADZE LY A|ol A
w\“-" 5 YA §
Fig. 17 State and signal S, 7 when 3-phase fault

occurs under heavy loading

qg AFy 7o 53
wel BE ARV 253 v By £
ol F7katx UL, 71E 9] AR BTt P
840 Frtstn
vlo]zz ZzAMe 4ol FreEAM @
A HYA gles, 43 AgY g
g EEHez AT MRS B3 daeF

=,
X,
kI
2
o2
e
)
or
o
13
o
o
2,

20 |
o
o
2
)
2
=
)
S
S
il
o

it
4y P g0
it oy —= k1 X2
e
N
1o

EFE k
o
L
S
2,

AN
X
kI
%0
i)

° R
o

|
|

op

o

1w,
boo B
[N T
Tk
X g oox
Hd o% oft

4
o
ol
o
3t
v
A
d
&
o
[+
v
i)
kd
o)
e
o
e
ol
ok
24
2V

T TEEE
o o O
2



zArel 2
¥ AT BE)ey 2L 9IHAe] BRC 221
£ B3 Aoz oliger oo ZAE =y

ol
%k
N

o

LU |

[1] Mattias Jonsson, “Line Protection and Power System
Collapse”, Chalmers University, pp. 143-152, 2001.

[2] Gerhard Zigler, “Numerical Distance Protection
Principles and  Application”,  Siemens-Erlangen
Pulicis, pp. 286, 1999.

[3] Tony Seegers, Ed Krizauskas, “Transmission Line
Protective Systems Loadability”, Power System
Relay Committee of PES, pp. 16-28, Mar, 2001.

[4] CH. Kim, MH. Lee, RK. Aggarwal, AT. Johns,
“Educational Use of EMTP MODELS for the Study
of a Distance Relaying Algorithm for Protecting
Transmission Lines”, IEEE Trans. on Power System,
Vol. 15, No. 1, pp. 9-15, Feb. 2000.

[5] Laurent Dube, “User guide to MODLES in ATP”,
1996.

[6] PM Anderson, “Power System Protection”, Power
Math Associate, Inc., pp. 3-12, 1999.

[7] Helmut Ungrad, “Protection Techniques in Electrical
Energy Systems”, Marcel Dekker, inc., pp. 252-302,
1995.

[8] Antonio Gomez Exposito, Jose A. Rosendo Macias,
“Fast Harmonics Computation for Digital Relaying”,
IEEE Trans. on Power Delivery, Vol. 14, No. 4, pp.
1263-1268, Oct. 1999.

[0] Thomas Richard McCalla, “Digital Logic and
Computer Design”, Merrill, pp. 261-275, 1992.

GEMED METE o[B8 Hal AT M Zone 3 ¢D2F

Trans. KIEE. Vol. 53A, No. 3, MAR. 2004

M8 FEB

1974 129 289 4. 200098 A2
HAZNT 29 A4 5 oo Au
54 B BB, AL &
AT A

Tel: 031-290-7166

Fax: 031-290-7955

E-mail : rc1901 @hanmail.net

4 H (e Em

961d 149 10¥4. 1982d ATFod
A71883 F4. 19904 F o al
7N1EEH E4(FTH). 4 Aagd A
HEABHE @E AAUPL7) &
T4 H

Tel: 031-290-7124

Fax: 031-290-7179

E-mail @ chkim@skku.edu

—

167



