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Abstract In most of radial distribution systems, the overcurrent protection coordination is adopted for the
protection of apparatus and the improvement of electrical power system reliability. The protection coordination
structure in distribution substation is composed of several circuit breakers(CB) with distribution lines originating
from one substation bus under one transformer, which trip for their fault current. But sufficient analysis is
necessary for the capacity of CB's in distribution systems with several distribution generations(DG). In this
paper, a protection coordination method not to exceed the traditional capacity of CB's was proposed and
certified through simulation by the PSCAD-EMTDC S/W.

Key Words : Protection Coordination, Distribution systems, Circuit Breaker, Distributed Generation

Hozig theel el 22 Xet]

(CB)Z 06}04 Q& ijAntt BYHos g

0094E AutETR|E % W pua peE 27k 29 AN wEURE Pastel Adelrs s
P 59 1

=
Abjo] Bs| MEEA g, S 5ol £ HerAo] AEEIL QITH1-3]. T2, ofeh e wid
o] TRk Xﬁ%}.%% AT Bee] 54L& Aol Sl v s A Fohike st
Zh= 7)1E ujAA o] BEY o 29E AoR o o] AEEI e IFYA RaFzAA o o2 7}
ok 71 A HHXW%IE: AgduRs g elxekd A Al dold 4= ok HaEd[6-919 =&l
55 Slste] MEAe] oz Qe MARE AEste]  Ae F2 iRl dAEe = HE7)71S3te]
3 A=/l AAE] e AA7E sk

H33 iE—XilOi] EHo T2 R, ujd A Qs
o]
=

ZAAZ =of Qdck. 53] ujdgHAn Fe, F

o] EES 20091 FROJHL sHeAFARNL] Al Ao] ofsle] ATFHLE
TWAIAA] AAA(ekim@cbnu.ac.kr)
Mol 20114 490 109 SR 11d 058 009 ARREY 119 05 129

2279



grararely|gstele A A2 A5, 2011

g ] QEAbdr] gl distel= =i
AZo] tiste] 25.8 kV 12.5 KA(AR
AR AR QUeH4.5). o] ArhgRe Fakd o] =9
4] o wAAES AR sto] CBHS} AbaLo] of
ko] Akbe g7 LevlE aefstel AAE

[ ol
o
IS}
154
o
~
<
=)
r_>i

grolehs). e, FUWa FAmAlolste] ¥ tf
4-9] whAle]) HAr o] Ecg% A%, CB A5} A1LA)
}—Ho] ok

0 WA

71372 g

2. XS slijl 22

S 154kV HiH-GH AL AR E]o] Gl HY7=
3HEA HA7|Z2A hEE YER(1AF=:154kV)-Y HA] (2
2}15:22.9kVE)-DeltaBRFE)E =0} Qloh. whabA], A4
AEAS3EAHEY7-BA o8 FAE = A8 3
A AR W GHE BES 519 o] Akt = g

o},

2.1 154 kV HFEA M Hery| QmEA
i AA S THARE Ailslr] QeiMe d4dska

Ap sk ASY] S dds, FHGY] JuEs, w
AR Qud o] gigt 7|2 2470 vt A= ojof
Stk 154 kv WA FRY7|= F2 Y-Y-D 2419
3UA WA71E RSB 9T, 33} WA AR
AAT 2oz det A4S ARgstaL g, oy
Palolatare Btk 17| 2212(22.9 kV)< H|HA|
29| AT AAZE Ate BA 02 0.6Q2 NGR(FA
A PE)S ARgSkaL Qiek §17] 3= 34 M7
%I EL FHAF grojk

Secondary
Zn

) Zy
Primary

Zsi
Zy

Tertiary

(32 1] 3384 ¥y7] 42 5718z

[ 1] 154344 384 ¥Y7] 249 ds 2t 23]

4183 100 MVASH
=
aa wg| Emp | 7S RZ | vrr? | NGR? | wiw
MVA | %Zw | %Zr | %Zncr
12123F | %Zaw | 45 | 1597 | 35.49
AA|
237 | %z | 15 | 223 | 1487 | 11441 | o
w
3213} | %Zwm | 15 | 846 | 5640

1) %Z& A7) 71E8FolA 100MVAR SHitgh

F2) 22%% F/4740l ARE-EE= NGR 0.6 Q& 100 MVA 713 %%
TdAR 2

F3) %Zuv: 122 BA %A AA, %Zw: 2-32HF BA %)
Y2, %Zu: 3-12F AA U EA

2.2 154 KV HEHA 3HM HYT| 2XHS0IM
RS 2 YR Yngs

2 (100 MVA7]|%)

o]z o)my A TR A o)wel A
TES u-”] ot]r"h:_i 22.9kV HA ‘J'L]l_'—‘

%R %X | %Zsi | MVA | %Zuv | %R | %X | %Zs

0.13 | 1.314 | 1.32 45 3549 | 0.13 | 36.80 | 36.80

Z1) HAL FYE SUTFL BZsAAEHE
AR %Zsi = 0.131+j1.314 = 1.32 ,84.35°

2.3 154 kV HFA 3EM HT| 2XIZ0M
HHES Hi2tE 42 LnEAa
YHR (1R, H : 154kV) - YHR|22IE, M : 22.9kV
%) - Delta3x}5;, L) AAHAL W] 125 430
AEER QAE 7R HYs Idada
%Zso 7t 12FEA Au|E A %Zy oF H-FE| T, o]Fo] 32}
HA dHE2 %z I HER FolA FHu, of7]o] 23}
BA AIEA %Zy ©F NGR Qu]E 2 3x%7Zner ©] 2|9

2280



2 dAEo] A2 3PA Y] 232 nAlofA A==

Lys
< vk GARE BAHQMEA %Zu £ (%Zsot%Zn) || @‘@Eﬁ >
%Zyi, +%Znt 3 x %Znor 2 AAEICH Al A0S & Zs I
A|AE 154kV/ CB
3ol Al 22.9kV Zdgt . - OCR
+ \m’ “ < Ry
3 X Znaa Zdgsub mh
< Al
?§ (A=
EEN
pe \™~
O— Tertiary - -
1 I IFHRF, Ly 2 Lo A%S 9 DGE 1F3AF
. CB: A7), OCR Ry: ZHd5d o]
Zy = 7(ZH\1+ g, — ZUL) = o]
9 o A Ze WAL 22.9kV BAZE Qlujga
D=5 G+ Zypy— ) Zo: EAVAY AL 9] lufE
1 ngsub: %ﬁ%q ;—(l‘j”]—E E]Qllhxzji
Z, = E(ZHL + 2y~ ZHJI)
[ 2] 38A] Ye-Yg-D A4l Hel7| GAR S7ls|2 = [33 3] #4bddo] =% widAEe] g
a4 mdl
[# 3] 4= d9dL (100 MVAZ]E, Ye-Yg-D 24D
Y= 394 2242 3.1 XICHESE SiA iy
21131 o] NGR | (%Zsot | BZut | g
= 3 %Zw) | 3x i 3.1.1 3MEAITe| HR
%Zso | %Zu | B | BZm %Z:GR I %Zv | %Zxcr | %Zgo I3 304 3AFGERA] 7| E Edksls 3ATERA
i i F Iess = o 4] (DI} Zo] 3 4= Stk
+(j)'1386916 13?5 Jl;'s §3.02(j34.323| j12.41 |31303 |j43.713 o v = =T

L5 Y (D
2.4 EMFY AAAmEHA I 20 Zyy + Zigsr)
B9 dAEEAs s)ze] AAHLTIE YA Zo+ (Zyy + Zigeur)
A-getz Ao Q= He welstel 1gait

o714, Viiz AFRAR AFadelAle] [eh zae W

2.5 XcH22 S ny A 22.9kV BAS AR dujElolo:

BikAglo] AAE widAEe] WAL AET A
o Aerg e MelIgiet mag shish gol Aaer  3.1.2 1HXIRMRS] B2
t} agojA e BAHY DGE EUHT ol FuA Al 9 3004 18R] AR5 Fshe 14712
AAE ] Q= BAP o E 75t =

F Iisie = B A Q9 o] ¢ 4= Qltk

3V,

Lsre=
3 il_rd-gec_! 3HA_-I| aj Ei%ﬂ_{lﬂl-l:lg ! Zsl(Z11g1+Z41gszzb) ZO(Zd(/t

+37) @
Zﬁ‘l + (Zd,(/t, + Zd.r/sub) ZsO + (Zrigl +3Zn )

o° AFZ3H= W) Rohe o714, Zo= 22.9kV WA BAS GAHR Yujes,
= O 2 Y R -
o z23lElx] o= BEEzuS Aoksly] 2 Bk ZeS BARAY AARMYTIY S A dad2olh

2281



grararely|gstele A A2 A5, 2011

PAR A FOIA 2
tel & ghol 125
ok A (1) 2
sl

AR

N
2
z

S
of
QL
2
>

o
)
tlo

. T
KU
ol

:
O

o
rE
2o ooz
N o K
P2 oﬂllﬁ
Eﬂ%ljlrlr
e T
— Oo%
Il
N
BT
=\

i
1
%

(B R

o 473}

-
o !
i

2
Sl eAMe 9] AslEls, A 142 YA
A 357 dulE W R B 37k ad
Zroll A4 @7k Bast
AAD] 1012 YAM F4Y AuEze] Frhs

EAPARAIR A BAL B Helulg] 712 ojelgel 9)
i, thao] EAgle] meE A9k AXE e
A PeEart Wl 2 Hof T kgl Skt
A HEE 4R 2 gA ojelol ek whehd, 24t
A EYEFS A2 shEA 7] Y AUgFS
314 o o RAE BAY AANY
22 Z7HI71E el B4 AAET gl
AR B 7| Aopdei gl et

el 5~6% HEXRE=5~1002 A QL
o} 10~15% HE2 o] Aehgarol Zute)
=% 51 Ao rigasith

i

i)

o

1=

A

Ayl

-

e i
N

&0 BB

52 fr

A

4. BUASOO HE Y DA

=< =

41 2YS0O Mg

Alokel 2pekgF SjAPe] o Aste] 2349) 7| u)
AAE Bl thote] 2183 Aukt chgat 2k o]
A AZES 1MW 9 1MW 57]957]7h %z =
6%9] YA HHAZn=0)-DekAZA Y Biek) B Fot
of QlguiAl CBA3te] A Ao 7hgstach

1MW 7124719 45, 34 2 1AK2ERE A

=

ohEl ol Sfsto] FobA kgt Pk

1.0
L. = =3.34pu = 8,420 [4
13 = 0368006+ 1.0)  oodpu=8 20 [4]

0.368 + (0.6 +1.0)

3x1.0

¥’ =
oG 0.368(0.6+1.0)

0.368+(0.6+1.0)
=3.45 [pu] = 8,706 [4]

0.492(0.6 +3<0)
0.492+(0.6+3x<0)

EF 1SMW E7149
= Ak el oste] sk thaat Aok

I 1.0
I:3s 0.368(0.4+0.67)
0.368+ (0.4 +0.67)

=3.65pu = 9,207 [A]

3X1.0

b6 = " 0368(0410.67) | 0.492(0443%0)

0.368+(0.4+0.67) + 0.492+(0.4+3x0)

=3.9[pu] =9,844 [A]

4.2 PSCAD-EMTDCO| 2|gt AlZ8[o|M A}
23}0] kg A mEl-S tfsle] PSCAD- EMTDC
of osle] mAHYE Avf= I7 49F Ak

2 10 MVASYN

154 kV
BUS @ a b ¢

-5.342 [MW] o
14.71 [MVAR] a

ISN
0.0015915 [H]

[23! 4] PSCAD-EMTDCO] 9Jale] melel g
A3 s

=
7 YA Hekr] 2 g Al iste] 3abge)
9 LA AbnE mojg Ak 19 5 % 6ol AT

=

Main : Graphs

1401
130
120

— 10

$ 100

> 9.0
80
7.0

8900 8950 9000 9050 9100 9150 9200

[33 5] 10MWS 7 7] AAA] 3ddEd R

2282



M
5
)
o
o
1
1
I-

=
)
)
oft
1o
s
I'Olt
i)
N
:?Q
1
ok
E

14.00 =
13.50 —t
13.00 5
12.50
i 12.00
11.50
11.00
10.50
10.00

8960 8980 9000 9020 9040 9060 9080 9.100

[32 6] IoMWE7E7] AAA 1= 5

7% 4] Zpekala melef thake] 1SMW §7]7]
7b YA A7) A5 o] ool 3yeet
9 1A AFE Bofet Anks 1 7 U 8ol A
=8

Main : Graphs

140
13.0
120
11.0
10.0
9.0
80
7.0

8900 8950 9000 9050 9100 9150 9200 9.250

y (KA)

[33 7] 15MW S7127] AA A9 34t

=
DR

Main : Graphs

16.0

15.0

14.0 r
13.0 -y
120

11.0

10.0

8900 8950 9000 9050 9100 9150 9200

y (KA)

[ 8] 15MW F77] AAQ A9 1472

obE HoR AMEE ATETRE 1K)
BS7} syeetge) Aouc o 24 vehger. o)A
(e}

rhu
o
ne.
o
4r
%0
>~ S
e
>~
mz
o
5~
[72]
A
>
o
[es]
Z
.%
@)
A
A
%

lolﬁoﬂ Skl éﬂ‘)ﬂ et HwE & 400 AAZH

2283

2w 34 At AlEH| o)A
(&) A) AIHES: A)
10 MW DG | 3R 8,420 12,537
L PR P e 8,706 13,480
15 MW DG | 3/dd=Hd& 9,207 13,160
=N | 1axEgaR 9,844 14,816

3 4of|xe} Hi= ule} o] aph-geFsf| Aol osk
o AhEE A= hHE PHAFEA o] A oF 15|
A3t Ao] PSCAD-EMTDC &84 S/Wol| o5t Al
do|ddzket Aol Yx|gtrict. A=t AH-&aFS a5}
A e B4 #4 Y mU8EFE 7T Wol
E=E7] Y3t o2 A= %*é%’:. FoldAE AA
HY71Y 1250 AZ3EAL A ltﬂ A7) JYHAE F
7EX Aok gtk e}, AR 7= FAke wRIg Al
9 HE ustE R 7Heet A1) Wi o' A8
o] W34 F=E sh= Alo] ulgAlsich 7] 11

of 1 A=A 1I5MW A9 T=Qlef 79 <A
7] %AAHAE 15%2 g+ -9 14X 144
Holth 1 ARSI A-AZIT oF 12,700 A 2 &2
910 [e) o]— 2 on;].(;(]_t:]—,g_al: H ~h:lPtHoﬂ g]@j— E]]il.“i‘_
s

== —1Tod
A 8,108A)

0

Main : Graphs

y (KA)
5]
(]

880 890 900 910 920 930 940 950

(28 91 1sMW 57]347] AA @AY
A% 1442 ngaR

5 24 E
B oo wguds 5 WMol 59 iy
cheo] wiiAle] b2 CBOAAA A7) Fale]

i 0
off 1% & O

# RAt=g Soigen), G

2 Bt e

P~
BN
I
ey
D

e —y ol thake]
& W QLo SA0st de AlCnel A



grararely|gstele A A2 A5, 2011

%
o ot

s

ol
i
!

b 1%
ol

2,
o
2]

=)
)
-

o

v
B
A=)

ol
ok
>

o

et

v

H
ok
s
il
of
>~
=2
2,
=
ol
ok
32
o
N
o
1)
I
T
flo
>,

[e]

o)
S
1o
e
il
jinss
olN
)
32
)
A
ol
F“
oo o
o
o
b
fol

i)
BN
ook
e rE 2 I

2
i
p

2
)

Mz
%
re
a
rE
w2
N

Ao

—

o

1

asht A @
P, g 2
719 %ze] Z7hiol WAIA)
o] Aupt ok, ¥ 5o Bare] =
S A Ae)g

A BgEw, B BAAUT 2L 5 847}
491 20kET9]E W njojaETe)
o 2gE715 7ldhact

o

o N
N

f
1

&
HAT)
m a

e 1o
fr r2 o
2 g

-

e

2 32 30

%

(o3
Of

of

s

N

>
[r

o

X
2

g

oo
4>
2
2

]
rar

2

[1] Electrical Distribution System Protection, Cooper
Power Systems, 1990.

[2] T. A. Short, Electric Power Distribution hand- book,
CRC Press, 2004.

[3] S=rdEFAL, AR E7)EA], 20081 104,

[4] SHHAHEZTFA ESB 150, LEAL]

[5] = gEAl, AAAAAA, 1996.

[6] R. C. Dugan, et. al., Electrical Power Systems
Quality: 2nd Edition, McGraw-Hill, 2002.

[7] Dugan, R.C., McDermott, T.E., "Operating C -onflicts
for Distributed Generation on Dis -tribution systems",
Industry Applications Maga -zine, IEEE Volume 8,
No. 2, March-April 2002 Page(s): 19 - 25.

[8] Mukesh Nagpal, et. al, “Dispersed Generation
Interconnection-Utility Perspective®, IEEE Transactions
on Industry Applications, Vol. 42, No. 3, May/June
2006.

[9]1 R. A. Walling, et. al, Working Group on Distributed
Generation Integration, “Summary of Distributed
Resources Impact on Power Delivery Systems®, IEEE
Transactions on Power Delivery, Vol. 23, No. 3, July
2008.

2284

2l X A(Jae-Eon Kim) [H3]3]

e 19824 29 : i A7)
st} (35

e 1984 29 : StoFriEtmoyEhy
A71Esk (F8HAAD

e 1996 39 : QB FECSlwT)
skl H7]g st (Fshatah

e 1984 39 ~ 1998 8¢ : 3t

<yl
AU A, eop

« 19961 29 : Fuchela chstel
71 AgskaH g et D
« 2001 29 : Fyheta cstel

PV AFSIHFS A

e 19959 29 : SAARATY A
QoY

© 20064 ~ AR : FAHYAT
REDEEE)



