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Abstract

This paper presents a method to calculate the area of vulnerability by using the impedance building
algorithm. The installation of DG (Distributed Generation) is one of the countermeasures against
voltage sags in power systems. In order to estimate the effect of the DG, the voltage sag assessment
should be performed based on the area of vulnerability and system fault statistics. To determine the
area of vulnerability, system impedance matrix should be calculated. The calculation of the impedance
matrix of large systems is time-consuming task. This paper addresses an effective scheme to calculate
the area of vulnerability and system impedance matrix.

Key Words : Area of Vulnerability, Distributed Generation, Power Quality, Voltage Sags

1. M =

el Aol Tkt de] A BAZE EApse
T HEY 9ol 2] vhe S-S 7RI, o
wAQl MEFEY BAR 2 ade 5 5
gl 7w MEL ds) AEst v Ak He
ARFESke] AS 2 WA 2reshE Q1)
W et .54 s EYE & glon ojelg
Al 2be AEE B wle A £28
FarshA et RHASPAse) 91 A AFol

* AR B 77
sk WA FA )
Tel : 051-629-6322, Fax : 051-629-6305
E-mail : spch@pknu.ac.kr
Hgadx:2011d 109 5
134 AF 120119 109 7€, 23144 20110 11 28
AAL R 20119 129 149

(442

= AB7le] N)F Foz ge
o, Sl ow AT Anz g &
Sh A Fo] 1 ] W Ao &
A AN Az Qe 4

W 1% 2 LA I I, olel
3 A

AL rﬂ e A AE A S
ANS] A5 487 SRSl Ao Lk 5
Gtk 871 FuelAe] WalozE dEdos 1
% AN ARE B ek B AT

2
ol e 21 el A 4 s zg—s—
5 % gk ur ohlel Mg RahAd HAkx

(Distributed Generation)< Ax|sl= A= 7

=
2L 2 e
ol o g Qb rfr

Journal of KIIEE, Vol. 26, No. 1, January 2012



|
Mﬁ%mﬂorﬂﬂ.
,Ulﬂo%J_/vAdllA,Dl,ol,mL
< KO 0»1A]_|7u.
g o W o»ddodduos
_s@ﬂa_mrggmﬂluﬂ%
QM%%¢¢ao@an
Y @Tﬂﬁﬂur}
L.];oa ey N o
HLO‘I‘,FHLH.IJOC.#HWO_I;OHOE‘I
— XHL.XL‘l,lﬂ‘Dro\LI o
N ,mv_,H <0 T WH ° N o TR 2m ‘._.|_ ,Nr.._ e
%dm:; u]@_smolw Z XM RT
Vga]oaumuuuu%]maﬂﬁ _ = T o7 = &
Ho;o‘.__ZﬂJ Xg‘ﬂw,@l\ﬂl ol © ,WAM_OIMA
ﬂ.J%ﬁﬂﬂOﬁﬂz% g hﬂﬂomm
ﬁoxﬁamraﬂwﬂﬂﬁ_.ﬂrv%mm E bAEoﬁfﬂ_s
gwhqﬁguaﬁﬂ%é I S A5
I8) xAOiﬂJ.‘IHT]JI H;l S N OE‘_LIﬂHL
do 7 T RS oﬁi] Lo_bya,o17e
,OI‘OILMWM_ULE?QﬂU,@ﬁU;HOI% % %L‘NFL\%AIL;&%U,I“VY
Ozﬁﬂow@%@@@u&o% u. X _ﬁmﬂzwﬂ@w
o X ﬂﬂﬂ%ﬂﬂootiﬁ _ | o = ﬂﬂ}ol(
]kLC .xTJvL.o Jixx_dﬂ ! -~ <l 3B E.#év
XOﬁLI XL7ET|EIA1_1rJi — = — roro
%ﬂ_bmrﬁﬂmfﬂ o X | W 5 R S T T o o
%].7& abﬁlt W A 5 52 T o oy <X
9&r¢|11blr X m.;olewroﬂl | _ o ol }ﬂﬂﬂ LMrﬂ
01_l7,mmmlil_7 o £ ar ;_Uz E.AOAL
T AR T T.m..m@ 3 s g g e R
ﬂrﬂwﬂ oy ;_Mﬂ K }I\Ui_lioﬁegﬁn
1] O \-'
\mﬂ,nrﬁoﬂw% .. ._M_n MHZLH_,.LX\WE
_zﬁﬂHMﬂWO;OATﬂAIﬂo_E} 4II,.I — ﬂm,_*ogaw‘mﬂdﬂ
wrwnﬁwwno%ﬂ@%%ﬂ% mo N ﬁ%ﬂﬂ%@
fim xaimﬂ_ﬂnﬂoﬁ@fg_ﬁ (| = o - RO - I
ﬂﬂu.@ oo R BT % b o o ol 5 F X
Ho B L) iidn o ol T I
7@211@ Hfilmﬂ ﬂﬂ}ﬂ%}%mbdl.q o o oT
= % < = AR ) % B2 on M N B o— T B iy °
— <4 X2 :77%?&% Eofnnﬂme}. ol TG
ﬁge%oﬁgwfgoﬁ%ﬁ& £ ﬁudwﬁ_,ﬁomﬂmﬂo )
— jaSe —~ 0 ! o
%%duﬂﬂé@?ﬂ%wlmﬂﬂﬂloh%&ﬁﬂﬂuﬂm i%# o ggoﬁrﬁnfﬁﬁgo
qwlmMgewuVoﬂmmﬂaTmﬁaﬂLdaaﬁasﬂaﬂm wogim N mﬂegﬁaE%At@
Va#ﬁzz@;%o_adwaﬁiw d_ﬂduf% oo P HO Waﬁ}ﬁowﬁﬂﬂﬁo
ﬁ_é]% tﬂﬂLﬁ}%ﬂ&rs@ ﬂ&}% o . B . defno:ur«u‘fﬁ
yﬁ@%%o@%%V%%ﬂ%%wﬁmﬂﬂha R %oiu}ﬂmﬁuﬂﬂ
3 — N AT oF T = = B ~0 Sy ; -
W_Wx — T ﬂo%ﬂﬂ%ﬁ X = o 2 & D = 0 @J%%
MmmmmgwmmMWQg@QMQ@§@mawg o %M%%%wwm
uwe%_/%%&4@%%1&1@i%%%%%@%%ﬁ% K ﬁ%@moﬁﬂr.&é
LUC#E@HAT@%M@MH e ﬂ7ﬂwo Fer N WH&%%%%M
7_ﬂﬁLd| 2 T 4%@A1ﬂi]o~|4 Eae%ﬂ <) { m.qﬁ.i7 ap N
ﬂmm%lﬂmfﬂéﬂuf/hturm%xﬁoxooTJuqu%ﬂ H %ﬂLﬂL1%1aﬁo
o LCJZlLD oafmﬂ{ﬁo;ot,_ mmﬂLﬁTﬁoV;o%‘ol 7LE,D|.AIM.._H§E,MAT
%Mﬂl.VINEWﬂU.LﬂA {1 HTﬂnﬂg.L 1_.;% ° OAdl m. ATnMoLI 7ﬂﬂt
701_|_, n Eulire = 1uoﬁE;o,_ mﬂmﬂutAﬂul — RN = T
T dd o w oy 4JP o ° ﬂko%aa ﬂ SR o 7%%&._3
- H e AEPO%EAQ 9 B%%@%&# @ L Jo = AR = o
9@@%%ﬁ%%%qw6ﬁ%m>91 & %my%ag@g
\,_ﬂLﬂF]mEaeﬂl.MréE MUM B.e <J oLAllﬁTXM_;L.V
S =0 o o X = o) < =_.._ ~ o NS ur Tor e
sﬂLﬂoW%ﬂimaeﬂ I Rx o B
un_tuﬂwgﬂo . imiogﬁlaaﬂi@l
LoM@li AN ﬂo:.; EEO‘LI
o el mﬂﬂl%i
1m;o_}u%%
7Z_|‘m,muo el
_MAﬂNL%\.V

Z[(] ] pref
K

Zok
nK

V. pref
m —

‘ 174 fault‘
m

A

[«3}
AT

- A7)Adn) g
ﬁﬁ]{:g
22 A268 A1
) 2012],:‘1
g 1Y

A ,
Fa29) X (fault position)
on

s

=z



PolRz A TANE ol §F AL A A

vl = 2 me] Abargd ol v = Afare)
2 KellA el Abard dstelth z, 0+ 24 mat AkaL
A KAfole] A A3 A(transfer impedance)©]
W Zyge ARLIA] KollAl 2 AlEe] 57F dajds
(driving—point impedance)©]t}. $1]9] 54 Fef TAL
olo] M= KXol izt whs wff Abard st
vEd gdvels z 9 7,5 A (2)~(4)e}F 2o
Uepd 5= JeH7-8 111, ¥ p= F-TA RS AL
AXE YehE W2 A2 dolof| thak AarglA|
Ko nlg&olH 03} 1Ake]e] Froltt.

I/}I:Z'(’,f: V]];r(’f_’_( I/;I[)“Nf_ VEI;{N'GP (2)
Zm K= ZmF + ( ZmT - ZmF )p (3)
Zyg = Zpp+ Zpp—227p—Z ) p* (4)

+ {Zc_ 2(ZFF_ZFT)}p +Z

yrel gyl = 42 ek B FeF Tl A AkaL
A S vebdtk Zop B Zors 24 m3 A F,
2 myp B4 T Abelo] ek dujedzolt) Zpp B
Zrre B2 FeF TollA] 2 Als dajdz~oly Zpri=
24 Fef 224 TAtelo] de flujdzolth A7) ¢
HHAELS AlEe] AYAs PE(Fpu) ZHE HEE
kS = Q) wehA A Q) ~@E A= A (DS
o]-gsto] Folxl At sHAIGEE obrlsh= dele] A
= F-TelAe] ARARLAA]) pE 2hs o+ AUtk
© AEol sl AR Fol Fststd A
A o] Aojx| A Hr} B} gAIs A
=3 [7]0] 71s=He] 2l

A
o o ¢

Y
S|

X & Aatel it dels g
87} Rekw o] BANAT s 29w S
wach Wz R 20 Babddlel 49 4%
EUAW AL BAE Qg 5 ATk ETARY
ajoll chat aptel BjAezA ofn] elA gtk 1

voltage
| with DG

without DG

Lower limit

Mz
J8 2. BME| 720 ME Mek2st wst
Fig. 2. Change of voltage sags with DG operation

B 57 910] Habelo] A7
37} o= Aol of
#79) 47 912 ofri7h & Al

)
N
M

i)
© o
12
ik 3
e 2 ol

&
rd
Eh)
4
op
N
ﬁ}ﬁ
il
ot X % o

o

Ny

N

-~

2 ol
S

ko

ol

ol
i

o N
M

r>«
r
o

= o
23]

ot
r
M
)
2
o o2 Wy oY

2
o,
Lo,
Ho
d

b
g o

fllo
e
£ i

LM
1o,
10 o -

)
(2
2
%9,
2
o
rir
ne
rII
22
o
fru
S
i
2
rio

ol
5

z2
ol
ofr
ol
o,
N
S
>~
>
kel
)
=
Mr o 2 gen iU
>~
>

o R
ol
ol
)
o
g
4 o
o
2

o] Yot
ke 87 Ao

3. UWEIA P T 0§ 3
OrX|o H|At

SRS A7) BAAS 9 RakE vkl
7] 91 AEe] Atz 82k sgE ook @
o). 71Ee] 7k el SJahwl FAdSe] AR W
A8 %] oj=rEs @A WA A4k ol
ol G ANS Fal B Bed AuEs o
A QU Wk oleld Ak vt A% 7
S of=rgls geo] T GAY Aol v 2

Journal of KIIEE, Vol. 26, No. 1, January 2012



At Rto] A7)7) wEo] &) He ol
olek. JqPe] Axkl= st o] ot o
5 g A% LURHE 52 ol §3v). LURsH
2 olgaltieke Uit A%e] 249 4G A B
wol WAEHA Hek, ufebA] B mwe w4
TS Aol J1E el B s
A ol glo] QIR AH ARG A gl
B Ao m sz ghe] Wk e
% ;_q;g]zﬂ = 7;”}\]—6]— oh;} O]_AC—]/\ 6§Eaﬂ :rL}\c—)]Hél
e QAL P2 FHel T 2 7P

T 7l Ee} o] EAfShE mEALolof] A Z-E
MR A2 del s B Bk A
(Addition a branch with impedance between existing
node and the reference node)S %-&3titH12].

Az A (case 1)

(b) 3 = Mol EMFY A&H (case 2)

J8 3. 52M HE o
Fig. 3. An example of 5-bus system

19 32 Algkshs e AWshy] f7k ool 5
R Algieoltt 19 3 (a) A 27 A
o]0l A Aol wE FHopA S st ]
aL 7)ol k. B v]e] Wi i j0.3(pa. ]
o 7pgstslon RIZk Behide A 42 A4S
Atk F 12 B dAA AEe] dys g

Zrg - A7)AngkE A Al269 Alls, 2012 1€

E 1. 524 AS9l mEHA A

1z
ofN
1o,
1z

>,

O:
r

Table 1. Impedance matrix of the 5-bus system

R
W & 1 2 3 4 5

1 0.0012 | -0.0012 | -0.0006 | -0.0007 | -0.0010

+j0.0220| +;0.0080 | +;0.0115| +;0.0108 | +30.0089

5 -0.0012 | 0.0012 | 0.0006 | 0.0007 | 0.0010

+j0.0080| +;0.0220 | +j0.0185 | +j0.0192 | +j0.0211

3 -0.0006 | 0.0006 | 0.0206 | 0.0166 | 0.0059

+j0.0115| +j0.0185| +j0.0777 | +j0.0659 | +j0.0343

4 -0.0007 | 0.0007 | 0.0166 | 0.0214 | 0.0076

+j0.0108| +j0.0192 | +;0.0659 | +j0.0805 | +j0.0396

5 -0.0010 | 0.0010 | 0.0059 | 0.0076 | 0.0299

+j0.0089| +j0.0211 | +j0.0343 | +j0.0396 | +j0.1073
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Table 2. Calculation results of impedance matrix
terms after connecting DG with bus 15
A dd~ 224 [pul
H‘j i Zl515 Z1514 ZISZO
1 0.0093+j0.0931 | -0.0014+j0.0249 | -0.0014+j0.0290
2 0.0062+j0.0796 | -0.0013+j0.0259 | -0.0010+j0.0308
3 0.0155+j0.1066 | 0.0016+j0.0359 | 0.0012+j0.0402
4 0.0084+j0.0854 | 0.0025+j0.0384 | 0.0020+j0.0428
5 0.0128+0.1116 | -0.0022+j0.0226 | -0.0016+j0.0281
6 0.0064+j0.0761 | 0.0004+j0.0348 | 0.0033+j0.0445
7 0.0200+j0.1164 | -0.0005+;0.0298 | 0.0016+;0.0377
8 0.0096+j0.0933 | -0.0006+j0.0313 | 0.0017+j0.0401
9 0.0081+j0.1340 | -0.0028+j0.0442 | 0.0069+j0.0790
10 | 0.0172+j0.1415 | -0.0051+j0.0587 | 0.0103+j0.1143
11 0.0028+j0.1696 | -0.0016+30.0261 | 0.0041+;0.0466
12 0.0111+0.1163 | 0.0075+j0.0973 | -0.0041+j0.0654
13 0.0052+j0.1495 | 0.0051+j0.0664 | -0.0028+j0.0446
14 | 0.0925+j0.2186 | 0.0925+j0.2186 | -0.0031+j0.0734
15 | 0.0162+j0.1227 | 0.0020+j0.1029 | 0.0010+j0.0808
16 | 0.0515+j0.2085 | 0.0007+j0.0811 | 0.0039+j0.0860
17 0.0372+j0.1858 | -0.0028+30.0656 | 0.0077+j0.1056
18 0.0750+j0.2385 | -0.0007+;0.0874 | 0.0381+j0.1656
19 0.0791+j0.2517 | -0.0023+;0.0782 | 0.0601+j0.2158
20 | 0.0719+j0.2423 | -0.0031+j0.0734 | 0.0719+j0.2423
21 0.0376+j0.1771 | -0.0048+j0.0604 | 0.0096+j0.1106
22| 0.0392+j0.1777 | -0.0047+j0.0609 | 0.0094+j0.1094
23 0.0764+j0.2330 | 0.0000+j0.0879 | 0.0025+;0.0865
24 0.0741+j0.2245 | -0.0025+j0.0679 | 0.0044+;0.0941
25 0.1111+j0.3544 | -0.0042+;0.0554 | -0.0001+j0.0760
26 0.3655+j0.7344 | -0.0042+;0.0554 | -0.0001+j0.0760
27 | 0.0617+j0.3487 | -0.0049+j0.0477 | -0.0024+j0.0646
28 | 0.0184+j0.1165 | 0.0001+j0.0356 | 0.0030+j0.0459
29 0.2196+j0.6468 | -0.0049+;0.0477 | -0.0024+j0.0646
30 0.2505+j0.7046 | -0.0049+;0.0477 | -0.0024+j0.0646
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Table 3. Lengths of the areas of vulnerability for
buses A and B
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Fig. 7. Areas of vulnerability for buses A and B
after connecting DG with bus 18
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