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Abstract

This paper presents protection of electric power

distribution systems by using distance relaying. This study
considered the system consisting of a renewable energy plant.
The power plant was a 4-MW unit of firmed power generation.
The test feeder was simplified to be an equivalent six-bus test
feeder for relaying purpose. Fault analysis used in this paper was
conducted by using PowerWorld™ software. Obtained fault
currents were used to establish protective zones of distance

relays. In addition, this paper also compared the result of using

distance protection with those of using directional over-current
protection. To sum up, protection of the power feeder with
renewable power plants by using distance relaying can reduce

complication in relay setting due to the impedance-based setting

of the distance relay.
Keyword : Overcurrent relay, Distance relay, Coordination relay.
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BUS Power Line Voltage X (%)
1 6 MVA 115 kV 16.6%
6 4 MW 11 kV 4%

1-2 50 MVA 115/22 kV 12 %

5-6 10 MVA 11/22 kV 6.5%
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BUS Impedance (ohm )
2-3 08+j24
34 1.2 +j3.6
3-5 0.6 +j1.8
A F2

BUS1  BUS 2§ BUS 3 é BUS 4
2]

115/22kV 50 Hz
Z=12%

0IC or Dist.

Load 1
P1=42 MW
Q= 1.2 MVar
Lokd 2

P2=4.0 MW
Q, =2.04 MVar

6 km

10 MVA
11/22 kV 50 Hz
Z=6.5%
BUS 6

4 MW, 11 kV
50 Hz
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Node 1 (A) CT ratio
Bus 2- Bus 3 148.85 200/5
Bus 3-Bus 5 102.23 150/5
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Fault Case fouse fouss
Max. Min. Max. Min.
Bus 2 1283.32 148.85 1325.67 107.61
Bus 3 1677.29 148.85 1777.58 107.61
Bus 4 907.24 148.85 918.52 107.61
Bus 5 1364.4 148.85 1331.62 107.61
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Relay . function function
ratio

Ip TDS Ip TDS

R1 200/5 5 2.292 4 0.5
R2 200/5 5 2 4 0.769
R3 150/5 5 2 4 0.884

R4 150/5 5 2.377 4 0.5

n15USUAIAINIIIRTasS e T aanuiTesTaeneln
a3 N 7 Mlimnmudesuerainitlesiuwluudazlouan
azdinalaidanseiadluudazlauazindifsanuuacd

mmﬂmﬂﬂdmwaa‘[mﬂstndwmadaﬁmmmﬁmmuﬁau

a v & ,a & o A
AN 7 MydIuasanIladilaanulieseaznng

Relay No. Impedance Setting Angle = 0
Zone 1 0.1396 + j0.4188 71.56
R1 Zone 2 0.3130 +j0.9263 71.32
Zone 3 0.5752 + j1.7116 71.42
Zload 11.086 + j4.37 21.51
Zone 1 0.0785 + j0.2356 71.57
R4 Zone 2 0.2219 + j0.6771 71.85
Zone 3 0.4496 + j1.3620 71.73
Zload 8.315 +j3.2 21.04

nnzuf 7 lwwansilasnuvasiindiesnuBeszoznis R1 A
lavinnsusuasdnluanistlesnulaoun 1 azdveuiwanisdasnu
Atauninlaun 2 IwszindBuRuauTIaIauFINTR 2 19 R 3
A @ ° 'y o 9 A a & o
fatasrirldiaanisdlasnudasasanuilaifaneadnoluazyin
NMIAa9aTuuLUnud  walwwanisdasnuwlaun 2 Iwwiaian
Uszanme 0.25-04 S dvaulranailasanTINa BN RLAUS

A a =2 o a & o ° vd A A e
2IRWFINUR 3 89 U8 5 ANTuNdravin IR A BuNuaudn
A & A ° @ o &
Wndugszildaseuagumiilesnunsszuy

mngﬂﬁ 8 uwanstlasnurasSiaddasnuidiszueniy Re
AV v o o &, o A a
Alevinnsdsuasdluanstlesduloun 1 azdveuwans
Hosnuntaoninloun 2 inTzindduiuautuadsnodInta 5 o4
o A v ° o o o A a &

9% 3 fatesrildiwansiesnutesasaaiiaiianaadnialu
o v o o R o A ¥
WANMIAAATRULT A webmwanisdasnulaun 2 ldniag
S

4 oA o
LAUTUDIRNLRINUR 2

sz 0.25-0.4 wlvauiraniiafasainyandn

a a

UN

a A

ed A X A o 9 o o &
memei“nmewnw:mslﬂmaum‘umsﬂaqﬂumszuu

2 o a & 'Y o v
3 UR 3 LWNT%&J’]@’JUW’]IV\Nﬂ’]

ENETT1-034

4/6



nsan 3 143adilaanmBeszuzna (Distance Relay : 21N)

R-X Diagram of Zone P rotection Relay R1

Reactance,X (Ohms)

Resistance,R(Ohms)
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R-X Diagram of Zone Protection Relay R4

Reactance,X (Ohms)

Resistance,R(Ohms)

U7 8 R-X Diagram wadlvansilasiuiBaszaznisiiag R4

5. unaqil
mﬁ‘ﬂaaﬁ'u"l,w%maai:uuﬁmmaﬁﬁg@t%au@iaﬁus:uu‘é‘u
(Interconnected Protection) lujtuunssuniagy msUuas
ﬂ'ﬁmsﬁwmmaﬁmﬁa:r_jamﬂﬁuﬁnmﬂﬁﬂﬁmsﬁwmé’mws
yasumasiaLuInINas (Circuit breaker) aladanitelisansari
nsdanisaatsaTaNaestaantiaduld  ssualwifia

o

nszud iaaasaTlddasamstlesnuuasszuudug 1RNdn vin
2 - S - a o a e
liTiadaaduinunielifsuaniuznsdinusesiiadd
N v da dE&Ny o o Ao a '
auaamihidufialiudy luwsznunaseudanisaitande
ITAUNTLURAAITIEAAgIL BB INIIINTUNSIT I8N TEUN
. S . . . o 4 s
02993 A NTRIzWLINSLaES llaunTnsaszuunilasnuld
AINUENUEEMTAARAIIITIANNULY  INTIZRZUUARY
a = o o = Aad )
RITUTIANENITURAAIITHIEA dIga  IUDIIaNaANgan
sansasaniula mauddgminuildlasnsdaassiadilasnn
nTzUALAwLUUAA@ANTg (Directional overcurrent)  W@dAIW
' o &, a &a & v A & &
ganlumadiuasen  nseasiinddasiwdaszozmefiu
A Y [ ' o &
uwamenislumsudtlgmasnanwnezamansaanasaylang
YWAVBINTEUFLAL AN BnnsdsandiwanuadTiadiosnn
& o aa = a ¢ A Asa Y o
wannnvutaddndszn e adoiafinfalidasvinns
JTuasan1 I wessadlniinazinazfansanianizan

a a

BuRNLauSUa IR FI ITTUURITI 8L YNL

ENETT1-034

5/6

. 18N&1591989
P.M. Anderson ,Power System Protection, IEEE PRESS.,
Mc Graw Hill Inc.,1999.

Urdaneta, A.J. ,Nadira, R. and Perez Jimenez, L.G.,
“Optimal coordination of directional overcurrent relays in
interconnected power systems”,Power Delivery, IEEE

Transactions on 1988
Page(s):903 — 911.
Zeineldin, H.H., EI-Saadany, E.F. and Salama, M.M.A.,

Volume 3, Issue 3, July

“Protective Relay Coordination for Micro-grid Operation
Using Particle Swarm Optimization”, Power Engineering,
2006 Large Engineering Systems Conference, on 26-28
July 2006 page(s):152 — 157.

I. Chilvers, N. Jenkins and P. Crossley, “Distance relaying
of 11kV circuits to increase the installed capacity of
distributed generation” , Generation, Transmission and
Distribution, IEE Proceedings-Volume 152, Issue 1, 10
Jan. 2005 Page(s):40 — 46.



Prica, Marija and llic, Marija; “A novel fault-dependent-
time-settings algorithm for overcurrent relays”, Power &
Energy Society General Meeting, 2009. PES '09. IEEE26-
30 July 2009 Page(s):1-9.

John Horak and Walt Babic, “Directional Overcurrent
Relaying (67) Concepts” ,IEEE Rural Electric Power
Conference, 2006.

GEC Alsthom, Protective Relay Application Guide, GEC
ALSTHOM Measurement Limitd,1987.

Stanley H. Horowitz and Arun G. Phadke, Power System
Relaying, Third Edition,WILEY,2008.

J. L. Blackburn, Protective Relaying; Principles and

Applications,New York: Marcel Dekker,1987.

- sikade nasniawed, “matlasnuuaciiag Protection

and Relay"quﬁmamﬁﬁwLaﬂmsﬂs:ﬂaummau

wﬁﬂUwé’aLwﬂIuIaﬁqiuﬂ%,zssz.

. Perez, L. G. and Urdaneta, A. J., “ Optimal Computation

of Distance Relays Second Zone Timing in a Mixed
Protecton =~ Scheme  with  Directional  Overcurrent
Relays”,Power Engineering Review, IEEE Volume

21, lIssue 4, April 2001 Page(s):71 - 71.

. Jong-Man Cho, Chang-Ho Jung and Jin-O Kim,” Adaptive

setting of digital relay for transmission line protection”,
Power System Technology, 2000. Proceedings.
PowerCon 2000. International Conference on Volume

3, 4-7 Dec. 2000 Page(s):1465 - 1468 vol.3.

. H. Shateri and S. Jamali, “Measured impedance by

distance relay in second protective zone” ,Universities
Power Engineering Conference, 2007. UPEC 2007. 42nd
International 4-6 Sept. 2007 Page(s):900 — 904.

. S.G. Srivani , Panduranga Vittal K and Chandrasekhar

Reddy Atla, “Development of three zone quadrilateral
adaptive distance relay for the protection of parallel
transmission line”,Industrial Technology, 2009. ICIT 2009.
IEEE International Conference on 10-13 Feb. 2009
Page(s):1 — 6.

ENETT1-034

6/6



