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Abstract

The parameters of electromechanical modes offer considerable insight into the dynamic stability

properties of a power system. This paper presents a results of a LFOlow—frequency oscillation) based
on the time—-synchronized signals measured by synchrophasor in the rolling blackout. Spectral analysis
was performed, and critical parameters were estimated using the data acquired from synchrophasors
installed in the KEPCO system. As significant modes, a 0.68 Hz oscillation mode that occurred prior to
the forced load shedding in the rolling blackout was estimated. Such an oscillation mode can cause an
uncontrollable blackout. Therefore, the system should be operated so that significant oscillation modes
are not activated. This results can serve as a reference in the future for reliable system operation in

the event of a similar blackout.

Key Words : Power Spectrum Density, Rolling Blackout, Spectral Analysis, Synchrophasor, WAMS

N

ol GPS 7|Wte = 17 issE
Za)A 9} -89 A-8-3= synchrophasor

2 TS W QU144 o] 7]ES AFS

x A2 Ay A7)Fsty AT

s WAAZ 1 FHKDN AEITAFY Ada *J

* Main author : Chonnam National University,
Department of Electrical Engineering,
Research Professor

*x Corresponding author : KEPCO-KDN KDNERI
Senior Research Engineer

Tel : 031-420-0751, Fax : 031-420-0759

E-mail : jesteka@kdn.com

HaedAk 20139 72 44

124 A 2 20139 7€ 10

AAbk g 12013 9Y 27d

ey . MOMH|ORI =20 M273 M122, 2013H 122
Copyright (©) 2013 KIIEE All right's reserved

’d GPSe] AIARE o]-&3t] 4ol <] ’*]7}%
Aot w71 082N A9 9 54}
= J)&olt), aeng JAAES] HARE EU} A
sHA ASE ¢ S Wt ol e} FEH|aE g8t
AEE AlEsA ARE DS 5 Ak AR 2ol A
= B9A% A B4 02 synchrophasors 4-8-3F
WAMS(Wide Area Monitoring System)Z 2t}
ZpEksiaL Qit} Z1ejar o]l & Este] AlEAlol ek B
% (control and protection)®l] 4-83}7] $3+ A =E9]
AL Basa QeH5-7].

H vl M e FAAIES e $1EiA
AH7]E7 ICTE H&E3 K-WAMS(Korea wide
area monitoring system)= 735}t K-WAMSE
F7194=474=] 2l synchrophasorE S AIE2] &

H

(632



Synchrophasorg O|&%f RATHES ™A Nl ATE

vl A5, A LAle A dol
R AAOE AE FRE BAT 5 9 Aol
H18-10]

AeABA WAk TR AFIRE
25Hz013ke] AF-3t ol WA, 53

o =

= TZ=
w-O u}
o1 =2

A7)50] EAo)] FEs= FoRE Re= 1 0Hz ©]

aollA] AT it Felairtolu e
g ARG S e o BerlEe) Bge
op7e 4= gl BANERES o] 83 FH AL
Boigeld s wsh=d Fes.

A Ao A HE AFAAEE F2 )

SIH) E e Aok AFHEE Atteke]
[ox]

}\6‘]—14?_1 /ﬂsﬂuuﬂ e} O]Q_a]. —7%

_4

N

1L, olo} PAEO] e e 2TEg 5L
He12-14],

S5t

& A

A} 2
<+ synchrophasorol| 4] #53F 9A-E7]H Al 300 A

213 spehu|El S At ATl S Aok
HEo] et a Jui15-17]. o5 T2 SAXE
ﬂﬂoﬂ 7Nbs F dudEes st HHER A
Al st} e (parametric method)® B okeba] e
(non—parametric method) &= #5738k 5= 9ItH18]. H]
s ey Fejost 7we Far gehvlE

I

& FASIEE AR e] WEa ghare]Fo]

=] -
_,tg—

tH19). wiol] v B2 W oitdolE & Abss
Flol sy REE Wlele] HaA4e45 F4s)
L ol ol-gse] vEhEE Sl v]vtetiE

Rue wa skt whel ALkAte] wol 2

A A(rolling blackout)

W QRATHEL ANFE FAE AL A
O

Hoz AFE AT+

o B3} elar 2. vl S

e PANYATE s S-887] 913

%8 7ol @710 57 Fol s
1

(642

v o
o]
o

ol
X
Mo
o
ol
N
. 1o
ol
>
Ir
o
Ao
o

o
ol
T
ko

A 2, ol

of, — 1

Morr 0 9 p ope

o 4
it

-

o,

m

rH

-z

ol

Z{;

ko

2

N

N

o3l

m)

ph)

rO

N

rir
o o
E g

2
5\

228 K-WAMSel A 713

B RO ghx] Ao
Sk synchrophasor 21 &0l tfs]A ATl o]

Aed a4 27E 71Eaa vk £3EA A5
=3 synchrophasor BloJEofl 4 A&~ ER R
g_ /bli_/:_ﬁpze%uh:e ])C[-f;].c)q /\.H]EE-1 OHJHQ 3
Pk 29ED 1Y 23, FAAF FL mEe)
Srs A&, w3 AN Fa Foigst
rro] H3lE BAstgl =3 A A A A3
9 4S Folo] NFHeATT Aol B
o] egAoll Fi TS TN F glof FHARRE L
gol wAEslS W, $& FuAwst 2 4 gk
o] i=tte] P thet 2tk Al 23§

Xl

|%5-2] K-WAMS$} synchrophasorol] tsiA] 7]<=3}
a1, Al 3| A= ATzl w2 ~HEY s)jAd dls)
Al 7]l e Al Al 4ol e ATl S E
4 34 Aol disiA 7l=sh, Al 5ol = A&
= 7Ed:

2. K-WAMS2t Synchrophasor

o
ol ot

o
Al

FAAHAE A A 2E0] K-WAMSE
ol /4 423k synchrophasor®} &A1 2~60.
o] itk K-WAMS: A A1) ¥4 4o
%)% synchrophasoroll A =3l A} AR A4t
| o] & (positive phasor data), T3}, F/5- 249
B ARE olg3] AR AT 43S 1A
IS o] =33, Ul A o] o4
27] 7 Hshk= Alagolt @A 2013
%)% synchrophasors 29 1/60 A%

2

—u
Boox

é

HHEMEHUFSL'

N
o

X

of
e
p

|

o]

of 4

rSL' i 2 o
o
:{o

} m{m

_I_z

A

off

Journal of KIIEE, Vol. 27, No. 12, December 2013



o AFE(transfer rate), AS522F +0.1%, Z4A]
zf +lps 2 7|2 dlo|HE AlS3ka ek A
o= 6712 synchrophasor’} A2 ¥]o] & ol
=, $A2HAA27]), oRbEHA27]) 1
AR A0} A A Lol A A Fo] Q)

A A A% synchrophasore] +2 &
TR BT AAEASRE T8 WA
Aok 1YBR AEEPEAE B[R
o] Wkd7] T8y FAxE %
skl SHAI7F ok &5 sk Al E<

W2 2~of synchrophasor”} A= 7]
o ot Fwet ARE AT 5 U
et 17 12 3 AlEES} synchrophasor
=), H2M Aol dA) A
o]

A, o
2 ¥2 oft

.

= 2 rlo
B
R oy

e
o & 2 2 o

el

of
of
==

lo RSB A o p®opx X
B~
to,
pou)

au)
RS

3. HELZISL AMES o

FAE ela e Ao tE)A 7],

¥Y PP

AWARAMC/C

Mpitie

LUTP,COTT. O
o

8 TP

2QTPLCIC

TP

SINP

e sT/p BYCLC
H2C/S.® prele

&
REC/S

a8 1. S™HIED} synchrophasor A& IR
Fig. 1. KEPCO system and synchrophasor location

Y - MOEHRI=2N M27T 122, 2013H 12€

jakad
r o
1>
BN
N
fo
o
ox
=

ARG nadss 22 ) 9} residue R, & LE}
Qoru g ZHo nAHIE EE=9 residue®
o)

.

y(t) =y(ty) + Ay =y(t,) + Re™ 4

o] Aol glele] s A @t Faw
= ag]ar 1ol 8= residue® UERE 4 ok
R N\ AFaolA Aol S8k residue
= A S pase) Fow P4

of glomz Folgo theditt Wl AL YE gk

o g AE A & 3l

2% 91019 NEE PRI} DTS
o) Fow olfoln A+ IAITRES] Fow
£ & ek, e Aele] oI kel A
B TAGRE AL 0, A Gl 279k )
EARE 2 4, o2 S} ela sARIERS
Foroh S w, o2 3, e ol Eal
4 ek

p

y,(t) = EAiea’tcos (wt+¢;) )

i=1



SynchrophasorE O YITMHES MADf N ATE

BE FoA g R t8shs A
71 4,7F 7P 331, As AT o, 7F FobA kA B
T8 Rreehd tga ol st o

y,(t) = A e™ cos (wyt+¢,) ©)

Aol S A& y, (1) 2 y,(¢) Atololl e~
AEZ W (power spectral density, PSD)Z S, (w)
g} sla, A~ ESH WUi(cross spectral density,

CSD)E S, (w) ek skaf Fell = ERS o] §-alA
A dedr] drol HEAdeEd We= )8y 7b
o] Lpep 4= 9

S, () = 1TimiTE[ Y () Y, ()] (7)
Sw) = lim 7 £ ¥, () %, ()] ®)

71914 v, (w) & T35 woll 3 AZ ¢, (1) ] 3F
2l N“EE*OW Y, (0)E FEol 2HEF v, ()
o AelBasoltt aga £l.]E AN A
|tk

PSDe} CSD= “Fefol = ERle] o Atem
7 ~flEPo] F42 29 Fu5E owdi g
3 CSD FORRE AEE Aolo] YRS & %
glom PSD9} CSDZH-E coherencyS ALteo =
M AT Aol #HE AEE ¢k 4= 9t} S PSDo
Yule Walker &a1e]5{25]& #-8-abd AlsATE &

S 2= 0]
= T A

(664

o] =&-& 3AAE2 synchrophasorolx =43+
gloJEfol| A ATl sS AEshet T8 549]
3L, 3 dloEE S ATt ol B=E A
EAF} Y= 2 9n)rt gtk 2 E pSDRk

Aikstal, o] & o]&3sto] A Al WAgE A3}
sS 3Ask

4. qFLZEIT AMES O 235}

o] FollM= HA SHAIGANA Ayt =3
synchrophasor dlo]g el tisA] 7|<star 7t ]
oJEfol] ~HEY XS Fast Aol tisA 7]e

stk

0

R
(o]
—= e
n Y
UM 2
flo flo
My N
(o )
o o OH
oo
rlo o
(i) i
Ny i)
o -z
S 1 o
P
Iy fo
=G %
W l‘lF -
219‘;' = oX, 5%
oy 1% te
2o o 8

oz

U

T'W mlo o =
L e e X ol
o o2l B R

E
(o]
15
r i
S
2L o
o N =%
ol
> =
TSR Ay
ETRN
£
X o &
iy (
Lo
© 2 4z
me _x, ol
—
Ol
e
>,
N
X

O P
riot
2
2
rlo
o
Oll
0,
oX
ax
[e]
X!,
o
Mo
oo
2
offy
rlo
i

A g HMEgay o8 B ov|s)
upzb w9~ Ak g FeE 70719kWe] i o
2 64005HKW= 94 1141744 4 *&Z—i
SEE AL JQUTE TR IR R Fale
&Aoo ZI1el%la, 4 SAI-E]

1 at= A 0}51 3 E‘r 13

Te)a aulg HEo] el el oF 1511%
Ao ARG AT F, AL F 5008

Journal of KIIEE, Vol. 27, No. 12, December 2013



Fol Gtk o]F FolM BAE WLt opbd

A Bl = 6719 synchrophasor7} Ao £
sk}
7 U2 MRS A5 $l8A 27171 21X

ZF 1

I

_—

A Aeh AAH WALl Zbzh 17
o] St} 1 =relAE SAIEH A A
ynchrophasor 25-8 53t Hlo|H & o]-§-35}¢]
4 )As etk
A0 A% synchrophasor24-E
53t HloJg oA T8 Ao Fabgret frady
S ¥ 20 YeRAQILE 7 29 1/10 MEHE
2 103 52 60007 AEFS YeEld Aog Fagh
Hsadol e AR YeERATE 1" A
synchrophasor No.l& &A1& Wz AdX|s
synchrophasorE 2|v]3ta, D0915%} T10302 ZH2t
gael AI7HS oJusit) ol & 5 T1030-> 10A] 30
EE 103 St HolE S Yu|stE R T1go A 33
& A AzEe® 104] 33 YERATh
I el 9l FEAES WLl HES
q

-
ok whxae} ghe] Wk
Z

i

2
M o
|

o

o
o
fru
o
fru
BN
e

It
-
W

A = ) 4l
29 faxge] s & k. F A2xF{
WS Fetsttolu By Wy, AL o AR g
gto 2 whAshtl. =3 Y Feksg 2
7] gt 3L AEkg] o A B e HAYEER
goron= gt 2R¥she Felstos Ak
o]

9 2 (@)= 10A] 3074 104] 4027H4] 10+ &
Qo] Fuhsh HEAPS e gleh Frs)
FEAY BE 2 W87 gl AabgEel,

T 2 (D) 114 0858 114 08744 108 5
Qo] Fpsl HEAYS thehla glek 114] 2%
5 ARZF7F 1 Fek Ao MW AES e
2 oA wa47 9 B Ao 2RWSI, of

AZEE ]2 A0RHW ol 3t AsHE 2 <ol s}
2o} AR 2 BRE 247} gl
AzkoIE @A Folxl dolelol ) EFHEFe] U9l

Y - MOEHRI=2N M27T 122, 2013H 12€

108 &<t et 275 vk Aola, 1% 2 (d)
= TS AT F 2% 164] 30T 107 5
Qb Fobrel 275 vEh Aow AgFhezgol
AgE Aotk gty wAe Wda
A Faks =AsHA FdAY 27 =48] o
woll ARz & WEo] TAsA] &gt

o a2 (e E5-eEA

el
et AEZFE YER I it
4.3 NFMZIT AHER Oy

S agow A4 =
]

(672



Synchrophasorg O|&%f QITHES MAm Nl AHEY UM
KWAMS PMU No.1 D0915 T1030 & KWAMS PMU Neo.1 DO0915 T1120
81 . s z 2 , - . v ' : r : ! v
iy o ‘
L0s L 6os
> Y [
& o | = e B - ——
£ B e e e £ O~ ———————— -
] ]
gss,s— gss.s -
o o
5 1 2 3 ¥ 5 7 i 3 10 *5 1 2 3 5 7 s ) 10
time({min) time(min)
S b
b=3 = w0
= nnM T 420 W pey Al
420 "
'g,.,,'n,.p% st PR vy 2 W\\ MW
E i v O S pien 'y B v wfr
v D 0l I
> 380~ >
< sor j ! 1 , - & ]
[ 1 2 3 4 5 5 7 8 9 10 0 1 2 3 4 5 ] 7 8 9 10
time{min) time(min)
(a) at 10:30 (b) at 11:20
KWAMS PMU No.1 DO0915 T1200 - KWAMS PMU No.1 DO0915 T1530
& - d : i ; A 2 s s - = . .
—Ibrso.s £W.5
> g
g g g o e B
g z=r' " ~— S —
@ s0s 595 |
s i
59 ’ | L | L 59 L L L . | |
] 1 2 3 4 5 8 7 8 9 0 0 1 2 3 4 5 3 7 8 9 10
time(min) time({min)
E 380 g 3601
— 340 =
g - Mw\\ “, 2w *‘WMWW"\- T
300 b A i a AL
% bt “\W W s 'hw'\w,; v 300 WLV"’WW r”“u«/”'m
‘% 260 5
< . I . << L | . |
0 1 2 3 4 5 & 7 1 @ 10 9 1 2 3 4 5 6 7 8 8 10
time(min) time(min)
(c) at 12:00 (d) at 15:30
KWAMS PMU No.1 D0915 T1630 = KWAMS PMU No.1 D0915 T1700
&1 o e e T E = . : : : 4 ;
o N
L eosr L 605
o >
g 0™~ e ——— e — gl D g B T e \_,F——f—”"‘—k__:
3 e 3
o
gse,s @ 595 J
[ w
® vz 3 4 s 8 7 8§ s 1 v 2 3 4 s s 1 8 8 1
time(min) time(min)
g 200 £ r T : . :
g 280 ?f 300
N - w280 R
xum e, I-I\,\‘M\S
E oA P I E eV R
sl W T 9 20
B 5
<C i 5 | 1 | < 220 § o
) 1 2 3 4 5 3 7 8 ) 10 o 1 2 3 5 7 [1 ) 10
time(min) time{min)
(e) at 16:30 (f) at 17:00

I8 2. 1082 Fore ey
Fig. 2. Power and frequency for 10 Mins

Journal of KIIEE, Vol. 27, No. 12, December 2013



Azl S7g3 AR 2F7o] PSDE WehlaL gl
of AFk2 dlu o] WAYSHA] g2 A1 A
& “d8o2 pSDh7} At
a9 3 () 24 114 20258 103 &<t A=z
P
]

==

SDE Yeh i g, 53 0683Hz =)
w9 F e 7HA L ek o] ek 2ol FEjo
2~FEHL 114 0EFE 114 55744 ALo =z 1}
Epyit] o] AIRRe AEERFIE 7P AA g ARt
= A gl YehA] o2 shue] AujA <l

Fokrt A% BASHS Awsta Jon g

o 7] dolH
AS A8 |= ok ojok 22 AujH]l et
WAE= A2 2] Foo IQlsteg FAEL
7] Folem g BHdr]e] o8 FEYS Ut
so] =k F9A Sl oleh B FrE
o] F8E A F gle AlE SHE oPIFE F
onw v Fasith oA 2ol ATt
Asl Aol webd gieteg S A 4 F
A o9} e Fo R vt A3 HX] oA 4

aflof sk

19 3 (0 24 12417 108 5ot Az=ZFol
PSDE R ek ekollA 7]<3k S35 0.68Hz
RE7}050Hz A Tk 1ot 2 e S 4 5
Ark FAARI ] FagkaR lste] FxlFol
AR ARAL s & T

a9 3 (e AaietaAds Ads £ 2% 15
Al 30EHLE] 154] 408 Alole] AR %F PSDE et
War 9lek #3944 050Hz 2=
7FA)aL Q)

A dee 2
a9 3 ()=
AT} o] A|7H

fr
rlo to flo

2RE FehAw BARE oleh FekAw Al
% RalEg) BYE A4S Tl g2
F 9l

4.4 AMES 081 T

kel A Al Eol A% synchrophasoroll Al 35
gk tlojg ] A~ EY SAS 7]l o] Eo]
A00RHKW o]8t= 7+43k 114 o|F, F3k5 0.68Hz9]
PSD7} w9~ & k= 7HAaL e E 3 (). o<k 72
2 T8 1A 2085 517 ¢ A&H =0, b

oE] Lo B2 £ AU P ofpi

Al SIS A o 18417 9] EloJ el gt
2 ek Ageluy 502 21 7
T et ople} AFus sash ¥
%

4EYE M) MEES & 5 ek AR
2 SRRUE 0 114 0%l WAlsle] 5% A%
%5 BREI 0 F 144 o5 25 164] 15
B A%E S 2 AR WES Fusha
goAgow e oA Ao AT $8
B AL G oule HEo] ek FL ) wsto]
4 Roltk

FAATE dEREon WA £8AMIA
ABForE BAAEE LSS DSk /12
AL AFHT e 2HED S Akl
FoiAgel FagAlel I AFTsEy A 2
Al Bl AT o AR neld B
o] QItk. = EgA A AFF ek AR 24
2 F8 RSB B0 AN BEE A9 750
Bape Aol dasteh



9 ! ] ! ! T I ! !
5
50

=T z
Z Z
@ G g4
O o
5s 5
5 5 30
24l 2
(7] w
LR 2 2
(=] o
o o

KWAMS PMU NO1 D0915 T1120

10

002 03 04 05 0.6 07 08 0.9 1 1.1 12 [l]] 2 03 04 0.5 0.6 07 08 0.9 1 11 1.2
Frequency (Hz) Freguency (Hz)
(a) at 10:30 (b) at 11:20

KWAMS PMU NO1 D0815 T120

L s s s ) T s s T R e

Power Spectrum Density

KWAMS PMU NO1 D0915 T1530
i e s T s s B s T R ta

Power Spectrum Density

0 i | i i i

i i
02 03 04 05 0.6 07 08 0.9 1 11 12 02 03 04 05 0.6 07 08 0.9 1 11 12
Frequency (Hz) Frequency (Hz)
(c) at 12:00 (d) at 15:30

KWAMS PMU NO1 D0915 T1630
W= = e

-

204---
= =
2 Z
G 5 15 -
(] [m]
£ £
] 2
G S
8 2 10t
w w
5 5
b4 =z
(=] o
o [

KWAMS PMU NO1 D0915 T170

S T S
02 B3 04 0.5 0.6 o7 0.8 09 1 11 g 4

02 03 04 05 06 07 08 09 1 11 12
Frequency (Hz) Frequency (Hz)
(e) at 16:30 (f) at 17:00

J8 3. REd=9| MHAHEHR
Fig. 3. Power spectrum of active power

Journal of KIIEE, Vol. 27, No. 12, December 2013



A% ’
Aslo] Ao] Brbsst Aoz shjd 4 o)
ASa 4 dlolEol ] BANERC I} PEH Tk

AL @A AAE] 2 B Aol AAH o] &

a1 913 PSS(power system stabilizer) 7} & A
(@)

RN
e o
ojilo_l OFQLHZI
%;—rim
owr-{migm
e
2y
glw'fgwmg;
off ["}1_‘
BB ol
O
goRon
ol 5 o do
I = e
=l V—?LFEU;% o
iy fand
_l?‘i,}l-mﬂﬂ
_'_‘f"—l‘olr)vr‘?l[’
S VT el
%FEO_L‘
32
ni
o,

= o

fo 32 o o

5
(L

A AT A AR e
7] W

2oy oo o2 o W, O fo pEl
o % o g 10
N9 N N §E ok ol
o A I
X 2 o =
=
k) = o ofy
ol i) Euics
Hg o ™ e
o o 2
ftlo & 2 %
o g
4 -
o
g xo % o 12
= T l'D:‘
+ Eo
N
o R
EU u EU }‘N' £o
T qr X T
o RN
>0 N,
N > N 2
o 2 2
o X F

=2
=
o
poy
lo
4
N
N
22
l-'O
re
—
N
N
il
ko
ol
it
fr
o

o] Aol A= S AIGANA S w7 g A
Al 2 E-] Y FIAA A] AFER ] HWE Ve
she} A sfokx] S 500MWH 24 7]71 grglsl 7o)
Al w2 W Aol A )% synchrophasoroll

A A58 60+ dlolEf el dlaliA PSD(power spectral
density) & AlLtstal2s], o5 19 49} 19 5ol U
ERJIQITE

et g WA Fadee A4y B
AN

& RN 53 delee] PSDol, 19 5%
oprb ol A H53FE dlojE]e] PSDolt) BE W

I

Y - MOEHRI=2N M27T 122, 2013H 12€

HAzollA FadzEe A4 7] 1 Al
3k glo|Ejo]al, o] & o] 83t AHEY
Zrel tfgk ~#Eolt} Wk~

o] st o A%

o,
2,
off
m
o,
o,
o
9,

A
Elo| A Axkel PSD A3= UEeRA
=9 ¥]&S 77 1,024709 1/10%
2 Akt Row FQ RuEo Fi 05Hz~

0.7Hz Atolell E=Astar ek

LIS
o,
T
ut

KWAMS PMU NO1 D0730 T0930

Power Spectrum Censity

03 04 05 06 07 08 09 1 11
Frequency (Hz)
O 4. SMSHEA HYAMEHUS
Fig. 4. PSD of Dongseoul substation

KWAMS PMU NO3 D0730 T0930

FPower Spectrum Density

SN
03 04 05 06 07 08 09 1 11
Frequency (Hz)

J8l 5. ORMHHEA M AHEMAT
Fig. 5. PSD of Asan substation



SynchrophasorE O]9 YITMHES MAD Mg AHEH O

18 5= opib A Ao A FH 53 HlofE ol A PSD
£ ARt AaE dehia ok AEHS sAe
G-oF FdatA 483 A i
- = R R Rl P I o
0.92Hz7} FA = A} o] A2 ofit

Jut

oo
2
b
o
o,
offl

z 32
oy &
ko
ot

18 2
b

AN

N koo

i
i,
%0,

[o

fat

f

(29
ot
N
>
wn o |

0
e
TR R

0.92Hz

il
Lo

4y o

2 30 8 o

:<|)1=
2
N
2 12 g
2L AZ [
B omorfr
~N
e
1o
my 2k
[
v

fr
o
F?:
o
iy,
:Ll
L
offt
=
o m.to
E
e
>
o
Ll

fz
o,
N
ot 19
=
2
=4
R
N
Ty
8
&
5o 0244

2
A
oX,
rlo
o
X,
2
oty
ol
ol
B
2
32 |o

o off
R

e o

D g
)

T i

Hx
riet
o,
2l
>
—_

1A] 20473 ol Ay e 0.68Hz2] A 5=3}
sto] - F314= 05Hz~0.7Hz Atolo]
e 7HRaL Qdk Elan BEA Y
7] @ M A FEHE U
AANE AAA FA =7 0.5Hz

P
off
I o
=
ol

o
— o
r

%

&2
2

o
=
k
30, ]

o]

o] ol A #-83} synchrophasor Ho]E+=
Aol HE5EE dlolEEolt) wepa]
St 5420 AT 5o 3 A T

sh7]ol] A3gk dHolE= ofyth 1
AZe] e A Al Yepaz ¥
o Al F=3E dHolHoA = 741 FA X

r
it
TR S P

il
B Lo o A

ol
oo
2
% D
™, r
offt (ol
flo =
rd
o
N
Mo =
T o
rle
T —; x
_ Olﬂ
= Jm
§2 ox
rlr
v}
o
T

i
o,
rlo
>

=2

>

k1

e e

> et
o
2
=2

2
Ay
2 &
N
Fo ol
2 1% o yo
g 2
Mo
o~
zld
_{
_O|L
_>|4_|‘
offt 41
ftlo
X b
o2,
ok
r

=2
>
o,
i
ol
il ks

2

e >
o
rot
rot
=0
)
o
lo
N
fo
ot

o 1

=2

% synchrophasorZ o]-&
2 w5 ofn] Q= A= A

ofd rok
12
Iy
A
o
o

NB BN X0 X0 &omy ol
d B[ B N e o o S
td

o L

®

i
VQLL
&£
%ﬂr
LY
o
oo of
%9
Ly
o, =
férﬂ
A &
rzrﬂé
o g
IS
<2 g

w
2 8
2

o o |

ot kI Jm g [ x
ol
>

=
synchrophasorol| 4] 53+ dlo|g|¢} vluE
ZAAQl HAEe REs HESIITh

ol
-
£

shok @k S gAY et 2HEY Ry e
AR 2 @A SPAES) AB-Sgol Fa At
g 5 glek

References

(1) IEEE standard for synchrophasors for power systems, IEEE
Std C37. 118-2005, 2005.

(2) I. Kamwa, R. Grondin, “PMU configuration for system
dynamic performance measurement in large multiarea
power systems,” IFEE Trans. on Power Systems, Vol. 17,
No. 2, pp.385-394, 2002.

(3) J. De La Ree, V. Centeno, J. S. Thorp, A. G. Phadke,
“Synchronized phasor measurement applications in power
systems,” IEEE Trans. on Smart Grid, vol. 1, no. 1,
pp.250-257, June 2010.

(4] F. Hauer, “Validation of phasor calculations in the
macrodyne PMU  for  California-Oregon  transmission
project tests of March 1993, IEEE Trans. Power Delivery,
vol 11, no 3, pp.1224-1231, July 1996.

(5) A G. Phadke, R. M. de Moraes, “The wide world of
wide—area measurement,” IEEE Power Energy, Vol. 6, No.
5, pp.52-65, Oct. 2008.

(6) D. Atanackovic, ). H. Clapauch, G. Dwemnychuk, J. Gurney,
H. Lee, “First steps to wide area control,” IEEE Power
Energy, Vol. 6, pp.61-68, 2008.

(7) ). F. Hauer, W. A. Mittelstadt, K. E. Martin, J. W. Burns,
H. Lee, ). W. Pierre, D. J. Trudnowski, “Use of the WECC
WAMS in wide—area probing tests for validation of
system performance and modeling WECC  disturbance
monitoring work group,” IEEE Trans. Power Systems, Vol.
24, No. 1, pp.250-257, Feb. 2009.

(BJK. S. Shim, “Detection of low frequency oscillation in
KEPCO system and WAMAC technology,” KIEE 2011
Summer Meeting, July 2011.

Journal of KIIEE, Vol. 27, No. 12, December 2013



QS T. Kim, “Technology of Smart WAMAC infra
construction,” KIEE 2011 Summer Meeting, July 2011.

(10) K. S. Shim, S. T. Kim, H. K. Nam, J. H. Choi, B. H.
Yoon, “Analysis of low frequency oscillation based on
K-WAMS in 9.15 rolling blackout,” KIEE 2012 Summer
Meeting, pp.15-17, July 2012.

(11) M. Klein, G. J. Rogers, P. Kundur, “A fundamental study
of inter-area oscillations in power systems,” IEEE Trans.
on Power Systems, Vol. 6, No. 3, pp.914-921, Aug. 1991.

(12) EPR, Phasell: frequency domain analysis of low
frequency analysis oscillations in large power system,
Vol.2, Final Report EPRI HL-2348, 1982.

(13) KW-PSS. Available athttp://wwwkepri.rek/kwpss /kor/
index.jsp.

(14) SSAT. Available at:http://www.dsatools.comvhtml/prod__
ssat.php.

(15) J. F. Hauer, C. ). Demeure, and L. L. Scharf, “Initial
results in Prony analysis of power system response
signals,” IEEE Trans. Power Systems, Vol. 5, No. 1, pp.
80-89, Feb. 1990.

(16) J. W. Pierre, D. ). Trudnowski, M. K. Donnelly, “Initial
results in electromechanical mode identification from
ambient data,” IEEE Trans. Power Systems, Vol. 12, No. 3,
pp.1245-1251. Aug. 1997.

(17) B. Mohammadi-lvatioo, M. Shiroei, M. Pariani, “Online
small signal stability analysis of multi-machine systems
based on synchronized phasor measurements,” Electric
Power Systems Research, Vol. 81, No. 10, pp.1887 - 1896.
Oct 2011.

(18) L. Ljung, System identification, theory for the user,
Prentice Hall Inc., New Jersey, 1999.

(19) K. S. Shim, H. K. Nam, “A fast parameter estimation of
time series data using discrete Fourier transform,” Trans.
of KIEE, Vol.55, No.7, pp.265-272, July 2006.

(20]) P. Stoica, R. Moses, Spectral analysis of signals, Prentice
Hall Inc., New Jersey, 2004.

21 P. A Lymn, W. Fuerst, Introductory digital signal
processing, John Wiley & Sons, Inc., New York, 1998.
(22) Ministry of Economy, Trade and Industry, “Situation of

rolling blackout implementation,” 2011.

(23) Mack Grady, “The ERCOT rolling blackout,” Texas
Synchro—Phasor Network Special Report, Feb. 2011.

(24) J. Machowski, J. W. Bialek, J. R. Bumby, “Power system
dynamics: stability and control,” John Wiley & Sons, Inc.,
LK, 2008.

(25) D. ). Trudnowski, J. W. Pierre, N. Zhou, J. F. Hauer, M.
Parashar, “Performance of  three mode-meter
block—processing  algorithms ~ for automated — dynamic
stability assessment,” IEEE Trans on Power Systems, Vol.
23, No. 2, pp.680 - 690, 2008.

Y - MOEHRI=2N M27T 122, 2013H 12€

jakad
r o
1>
BN
N
for
o
ox
=

ORSPN |

SHA (BB

1991 Agdistan A7l £9.
1994 5 wiekel W7l skt 24 (KAD
1997 5 ekl Wrlestat E4AD
1997~2004 Aol 7] 38tk
ZIF 2004~2010 At T

NedTh SHAT,

AEY (255

19969 #Adsta A7) Fek £
19984 5 ekl A71F et (A4
20024 % diskel W7 Eeka 241
A7 Addieta 4738t Fas,

s KEACE:S)
1996 WA Hsta A7)
19984 sdighd 7
2003 Foidtd A~
AA FHAKDN(EF)

T 29,
F o} F (44D,
T3 EQ0AD),
Q



