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Analysis of a Fault Characteristics in the Power Network with Distributed Generators

Sung-it Jang Je-Young Park Jeong-Hwan Choi Jong-Chan Jeong - Kwang-Ho Kim
Depar.tment of Electrical and Computer Engineering, Kangwon National University

Abstract - Distributed Generators (DG) are
rapidly increasing and most of them are
interconnected- with distribution network to
supply power into the network. Therefore, DG
may make significant impacts on distribution
system operation, protection, and control with
respect to the voltage regulation, voltage
flicker, harmonics, fault current levels, the
losses of the network, etc. These impacts would
be demerits for both of DG and distribution
networks. And the operation of DG may be
influenced by the abnormal grid condition such
as disturbances occurred in the neighboring
distribution feeders as well as the feeder
directly connected with DG. This paper
describes the influence of fault occurred in the
interconnected power network on the DG
operation ‘and the impact of DG on the network
load during the interruptions of utility power.

1.4 £

o) BRAEASY AURAEAE s 98t
3, FEUA, A85AX, volazyyl T4 Z2
o] F&3A WA Alzdld £Y & o] 4
HRYe AAER AAS AFHBE £
5 A4 A SAd @} A wiEAl 2
gee mA 4 gz, v 9A WAAF
o] Wsle] we} FHLAGAY &3 SNl dF¥E
& 4 Utk (1-3). &3], BAAYe] 94 dHRn 3
HlANd M AlzE W s AF ¥3te] &4
BAAY 7171 Aol #3HQ & vid 5 e
7@ A% olF ASozRE AAAA I
azin AN B30y $HoE AlF ge] 44
(Loss of main) A QL o9} 22 ASIHE
sto] WAV AHE AFTLZHH EEAA dEo
2 AG S A%es FFE R e WA} T} (4-5).
ArlA BRAde Y QA= dA gL Al A
o} gisire 2REA dagdFel FHHA F=F F
o7} s7d
WAL A £ @ Alaie AdFdAY A}
2 AFI ADE Zr] WEe EAAde 94 §-F
o) BAIGol BE AANEL olF AlnE {4 #EE
g . 23y 3 A3 Alue AL AdRPdAe
Atn AF7E A, @ Almd vl 2A gorpg
A&o] gojatAl Fg ZHo] Aldo|t), b Alars) g
AA wjAMMY 1 AF Alume AARAFY dFE
BEAAddA gadatA o] ARE AR/ 1S Fopx
7] W&ol Aln AEo] BMed A4 ¥4 ¥ £ 3l
o 22l AP ARY AFA o BaAde] 9
3} AR E HAZ2AANME FAG Aln AR FAol
Jetdr}, oldl EAEYY 5L a2 HMEL

}

e

M i
>

r
(2 ok i

D

Nl
e,

o, 40, (L (0 e ol nl oot odh ple SL e
R

AR guelFe d77 A43 87H2 o

B ERdAMe Aol dA8 WHAGAA AL
2 Ae 547 gE249 3 54 2 24ddy 2
Fed BA dsfd B2 AFIY axn oF BRI
Apazp B4R $dd oA G At 1€t
o RE#Y =233 PSCAD/EMTDCE ©f &3t
of Feudu g FAd FAAA3} 22 9 kV QA
AASE T8 vidAde A, 9, 1 AY s
BAAde aded 2 ooy il Alad % g4
Ao &4 54¢ 29 AU, 2o A5, iR
o] g, g Alie Atn §Fo] Inz H4A FE
FeBAY 2 A Ane] A$ EEdol AlndFY
ARE FIEHEZ AL AF7E ZotA FEo] B3I
on, 2aAde] ngeAoR Ao AT HHIH

o BAAY 19eA ¥A FudBo] 054e Yoy
4 ges

& & ATt
2.2 B

2.1 24 oA AE 2EAY
E eRdMe RHAF d=@Y A4Zzayd

g stgen, #idd due ¥ = $HAVIER 7}
At molsiych BaAdY A4 wAAES $ede

9 22.9 kV 44 F Hol8 & ol &3ut

A.22.9 kV HINAE pog .

EAAel 44 +4 € wjAdAFSS a88%Fe] 100
MVASQ 22.9 kV Ao}, YukAl ACSR 160 mm®sh
95 mm?el WiANeZ FAHAG, RAdE N2 g2
2aeFe A 579 BHSE oA den,
FHAeAE A AF HHE ol&sie 2dy =it
aeEln OgH AnE 24y sy 93t g9 Alm
ARE AAsg e, ARnde Al S4& 4370
3] FrdAd gdeole ApuxdE AAAG. 18 1&
Al 2old) A1eg 2d A% gHEolg

o

% 1 FYEAgAs A 2 iAAE =Y

- 65 ~



B, BMNH mua

2 AFdAe BARYE FYHIA/AN duies
ol8sHE F¥ &% TAVIZ MY LH EMTDCY
A AFde 8247 ZES o843 T
2 2% AEFIHAA S ¥3 warl BEgelt 19
+&9 A, B, Ce A% ddHe 34 A4S Auig
o, A% W, S, Te 2479 288 2dse d54
o gAE REIY We FY Hz=Edvld JHSE
g, Sv 237l 2954 Aousg, 22z Te &9
oz FEEAZY A% JAH dFHe 49 ¥Y
9 A% WR &%l FolAd diAHA WE vebolE
£ Adstoz 750 kVAS Al FEUdAr|e 2d
F Hn (7). & =8dXME 499 750 kVA ¥% ¥
8 frddzi2 FAE 3 MVA €39 FYEdEAE
249 st OFd 29 & AP

L F

a3 2 EMTDCIAY 538 §= ¥Ad7] 25

2.2 BoaEY Y dAME BETT]
S AR v $ARY 44 A4S
BEurag o 3o vlehiiglc). £AbAgle] AAE u)
AAEY AA=Ho = BIVIZzE FAE AA7)
(51), AF A F AFRNGIG), ARG AAZE@2T), A
2 AAZI(79), AZ2A(R)E FAH Uk, A
o RPA WA % AAHE HIE BEFe ALy
v BErze AAF ARG, A AR 2N,
AL ARAZ(59), Fo AAY(81), FEAH D% A
A71(32Q)7F Ut (8],

22.9xV 24

39 3 BAAde] AAQ wAAE B3Er7)

BAX Aol HAE yiNAES B850

Faddo]l dAE WHAES REde VR 3
AF AR, A" JAF AR, ARG AAY], AH
2 AA7, 824 S doh. RAF AAVe A
HBAF AA0E 2ER olgs] AlndFs 58 o A
2E Hase BE AVEA BAR ARANE 34 e
224 9FnPE BT & glojor &ar Al E §A
53 715 & FHEtdol @tk HFAF AR AR
= A EGAF 150 %013 oz2A FAHA o4 A
57 28 o BAEA 9 A n3E BIde B
o2 AMREE A BHE AArie] APAE Hgps)
AF9 30 %ol3t A W Az gadid (9). AAY A
Azle A2 L ¥j57] Y4 X E BHoz AgH
o ARG AHEY FPAE FFALY 80 %otz
AR =Y JZ2A = AT dAAHA Alns 4
Al AlRE PEte BIVZaA AT B
AAEHR, FAHRE Y] V1FAR 257 A
23 AR AL EHsg ZAHAG 2P ool
Hx 2 7389 (8). Hg2A4Y H2E}AFE= A4
O FslAF 2.880A 4.0 2 A0, A FEA )
2% ARV A2FRAFEG 39 4 BRAT &
Aol ol HBE Avsln 43 AL F HEE A%
4 g A 27 A AL 5L %3y FF, @
29 AXNER, €A 2 AF Add g #74 o
& EAo] Hedr. AE2AY & AY2rE £4 X
@Al 2 sec, AAAGEA] 15 secE 2 48ta ot @l g8

Ao BAYeE AW 430iv dubH oz 2F2DY ¥4

< 7P Rel AHg@H.

B. BANY CiE2HN wx|2 B57|7|

EE30A BaARN G ALEHE B V78R
AR AR, FEAY wgARs], AAF AW, B
AGAAN, FRFAAZL UG, A7l GEAANE
Age] 445 BA}e BHoZ AMgHD 24Hd A}
I A& 72§ 32PY 32Q% F7) dt9 AAET o
23 AHG AR, SR AHA], FH5 AMdZIs
ALE BE 2 5 340 95 24 g Baes
AMEEY, REAAY] dAAE Pdde] SAEANS
a8ty AA7 Alm HEAD B R AILE BAOA
Aol A4 BF & ¢ A& ¥A=E FFstxn Ut

2.3 BANE oA ui® AE AlnRe

£ AolqE 3 MVA Ba0ddo] dAE wigdAFA
A, g, 1 A Alunst o sAd Ang 2o §
foh. 2y EAAY 29 WA ddd BE A%
G2 dAME & 3o

A, HAEol oA WiMAHE AlD HE

2OHY 44 dAT AndE 548 293l o
3t 214 Bel FAAAA 0.2 24 14 A # 24
@ s SYANAD. Az 24 F 2 BY AEA
Age #43 gy, FRE FUGEE 0.7 &4
2Ag717E gRerdch. A%l Adrizh FaErE P
g Hxjd R3vrIEs LUIHE FEe BY
HEL AGL2HE Pdg. & A7 Al
AtR HE AL 0.5 22 7HEstg e, 2AAYE 1¥
@ R dundde] FAANE 0.1 28 4Pt
A71A, nYP¢d A& daddel FAALE A
o AZdE AMuz AAY FIRAIEDT FA A%
AR A TYE & Ye FEREA AT AnE 40
stefob gick I¥ 49 5= A WAL Axn A 7 B
o APy A AR B E4d€ 943 44, ARS
el slch addoly AAA AR B i folw
Aol wd g3l ABFRG AM A BoA
RHcg AL FFE e PO FEe IFPL
A BelA AMEke A& ou@ic. adn FAH AR

@
A

- 66 -



v 22AYAN B4 Bl AR ¥ IUE FF
e AS el addAsl A%, ARE AF 33
AY 22.9 kVS AR FFEF 10 MVAE 71202
BAY ABoln, AME 14 ADAbn, A8E 24 @
g oo

25 A

oA Aol sle 2jE2As 0.5 &

4 ez F2d o,
A A g BaU7lEe] 1Y ¥
AEsA 28 ASHA AEgE Ages
SR EA AAAEA vlAd= 9%E =
g Aot dtdoz Brivise 2 AR ox
HFzrt glo] Ag HEE ol &t L YAdE &
=AY A% ASe] Ao Adud AdAeE A
g4 gusA Rebe Adrt de Aoz geiic. o
gy fridvle d2HY e dERIE AsAlH
WAE A€W A F2719 92 AdHE F3E9
FAY A7) 52 o FAdx ASHA WY& Ao
2 ¥F sbesty, eflel aded Aol AgRd o
2 AdE Ao AVIANA AT 424€ rivig &2
< 7€ & Ad. 2¥dAM ¥ ¢ SRel nPEA o
f} iAol dAAY dge 1.75 purta] FobEbA

HM 3 XS Al =M

Badgo] dAE wpAMEANY 3 AY Alnes A
I §%ol e}l AZe ARt AsA ehia &
A "rk oo #iAMe] dAE BAAYE AF A=z
Al AR o B8l Aln AFY YRE Gdsing
ARG AnAFE BAAYe] dAHY A ¥
g dol ¥lEte] oA A Pk vty 24 WA
Aol dse 2 AY A FEL AnAY AN
E 30 002 MASY o R I 1 AY AnE
WEA HEEord oFE sk zv EdaEdd
AZAA R QAslod ojei gt Alme] WM E AlnE whek
A Rehe A9t 24 @ 5 gtk 2y 7e AN
o] A g, g AJue- e AnzddA Ande Aln
Aag 30 2.2 A ste] 2ol & @Folh AAY
Mo ARRAFE BAddy AMndF pdoe sty
HAF AEAA 1.5 pukitt A o] o] 3 3
2o] BrhestA ATk 2¥IMY AF FEaE AR
A Aol R gL onlE R}

23 §& EAdde] 222A Add dAHYL o
Atz Agel 20 291 1A AFAlzel B zel Aol
b el - By uiel o] BlEaA zBE Az
AFIH pAhsd gEzRe H2FHARFE 4AH §
REAFY 2.8W 2 Sl 45 e AL 2 &
AT ole MY ADAFE AdFEA #9 e
Padgel 93 ggsyl wWEez y4€Ed nym
iAo 830 AR g 2Fes Andiy 2
33 8 AA dFZ=Ae A g AL B F

P

D. 9% g{x{kj Al BN

detdeg wdd RIAAVES BEe A
AL Astd B Adrige] Bi¥xg o ¢ U=
g FAATE AFsa gl gF2AY BsAArg
AN B ARG 4A 851 e HY
Aol A% A Atue] J¥o2 IA Fadg §
3, Fadde 3¢ £A BAE s FYA AL
A Age &H g FAEn Aot nyged 8
7 dAsE EAHdE ASenye geNag o
F AN Alme) os Eitddle] nYedeon IR
#dsel 48 Adr) $3e] 2T & gich wig
A BAEEe ¥ &4 A ¢nEEe Ayl

AAsteiol & Aotk 1Y 9L ¥
¢ Bdd A5 B5 29848
24 Aed Wi dalste &

€ efdAe o] dAE WA g A
3 HdE 545 BAAde] nyed A 4ddd o2
AA AFYE £ A% wind Aust By a4
wlA e Fegol diste slesich. 2@t Mz ea
d¢ PSCAD/EMTDCE o} 83ld ¥ dddAz 74
d FAA9s 22.9 kv A4 WAAETE Pdsted wiA
A Ag, gg, 3 AY Abag 2Adde] nged
A% WAL Azd o FaddY &3 B4E 29
EYsiqo. 2o A3, Al AF, @8 Aug A}
3 §Fol 2EZ HA Ao AT 1 AY An
o ¥ BAPdol Anafe 498 ¥9EER Al
AR7E HobA 7124 A3 P& ABEAE A 459 3
Zo] Zagzien, pudgde] ngEdos Ao A
A A} wiAZHA Agel #rIHAG. aedu g2
HAL Anzg et RAHY nged ¥ ¢nEF
o] £¥%E& dod & Y& & # Ut waM &
ARgo] AAE HAAEY BuxdnelFe ol5e o
%—gf%ﬁi st ALY Rl uwdHsieet o
A

A 2
£ d7e duxidelgde FHEHAage dFdvd
A oz2d R A5 AF ATAAE B oo How
ol #Arg =gy

i
i

& a2 8

(1} Philip P. Barker, Robert W. de Mello, "Determining the
Impact of Distributed Generation on Power Systems:
Part1-Radial Distribution Systems.” IEEE, No.
0-7803-6420-1/00, 2000. ) : )

[2] Thomas Ackermann, Goran Andersson, Lennart Soder,
"Electricity Market Regulations and their Impact on
Distributed Generation.” IEEE, No. 0~7803-5902-X/00,
2000 . '

(3] W. J. 8, Rogers. "The Parallel Operation of Generating
Plant within a Reégional Electricity Company’s"
Distribution Network.” IEE Colloquium on “The Parailel
Operation of Generating Plant within a Public Electricity
Network.”Chester, UK, Feb, 1991, pp. 1-9

(4) O Usta, M. A. Refern, "Protection of Dispersed Storage
and Generation ,Units Against Islanding.” IEEE, No.
0-7803~1772-6/94, 1994 = o

(5] M A Redfern, O Usta and J 1 Barrett. " Loss of Grid
Protection for an Embedded Generator.” IEE, 1993

(6] P. O'Kane, B. Fox, Loss of Mains Detection For-
Embedded Generation by System .Impedance
Meonitoring.” IEE, Conference Publication No. 434, 1997

[7) Maniteba HVDC Research Centre, " EMTDC V3 User’s
Manual” -

(8) WY FA AZTHIA, "B FH7] HE L dAdR
B5EdE A3" 1996, 8. . :

(9) =AY A FHAY 2, "WAMH &% GUIDE BOOK
" 2001. 12. :

-67 -



1200

800 5 .
5‘ .
& 400
@ | L
"

0.00

400

120 -

000 025 050 075 100

a9 4 94 WAL 14 Ag 2 24 g8 Atz A
ARY AY AF

5.00
350
[ ; )
* 200 ¢ ¥
= M TSN T

060

L/i ¥4 28, 240 W*}il “ﬂ
000 —

000 025 050 or 1.00
Time (sec)

L PY

¥ 5 A4 WAd 14 Ag R 24 98 A3 A
dAR A AR

200
1.50
g
ERLY
® 24249
0.50 29 AN
0 . . .
000 0z 050 o 100

¥ 6 2434 1y 4 A A% 34 2%

|

=)
[
000 -

0.00 025 050 075 100
Tieres (seC)

o¥ 7 EA AL 3 AY AR A ARY AY. AE

FUTREM
750kVA

.................. e

2B WA

Afifsect

a2y 8 HEaA Foddre BAAY &5 %
38 An 54

120
0.90 \L
&
5 .60
B4l
030
2.00
1.20
0.90
2 |
z
E 0.60
% T % WAl 14
0.30 AR
0.00 +
6.00 0.25 0.50 .75 1.0¢
Time (sec)
O 9 of wiAM Alae] o BAAY &Y 5Y

ER

- 68 -



