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Performance Analysis of UPFC by Simulation & Scaled Hardware Model
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Abstract — This paper describes a simulation model and a scaled hardware model to analyze the dynamic performance of Unified
Power Flow Controller, which can flexibly adjust the active and reactive power flow through the ac transmission line. The design of
control system for UPFC was developed using vector control method. The results of simulation and scaled hardware test show that
the developed control system works accurately. Both models would be very effective for analyzing the dynamic performance of the

Unified Power Flow Controller.
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: FACTS(Flexible AC Transmission System)

UPFC(Unified Power Flow Controller) STATCOM(Static

SSSC(Static Synchronous Series Compensator)

4eg AEold 4 S22 ¢ dPes A5
2.5

2. 1 UPFCel Sztaa]

UPFCE 19 1o B<ivlet o] 270 ke A B}

45 ARAHE FHAA Linkslel Atk 9mE s
SHAMAZ HER T3 2 JdujHE HEz @axo)
FZA STATCOM# SSSC7F 2% AsiAe H3E TH

7 Qe AT 2o Wel4 Hdz A4d AMEHE ¥
e adlz 492 4A9 AMHE ALANsEL @
o waEcluEe Fr5e yAARcRRY AAAuHe
N "ew St fEdEE A% AR 928 9
Fahe 7w ol Ao $HMT FEHAS
T3t 2*%?°*7‘E—~ gAA 7= STATCOMY 7154

Ao UAck @, AR AR F2AGL AAA FA5
o ZgAwEs] FHAYA/Y WEFL Azssclo @

3L oo ol

Ry Shunt eries Rr
Inverter Inverter
4
VS % "? vd“'L e Vr
1 T
Pl}}' ! QREF

UPFC control

a3 1 UPFCE Alal T4
Fig. 1 System configuration of UPFC

579



/Y@ XL 48B% 107 1999F 108

1z

o AgAwEe F715e oH¥ AF g3 A
qazs =718 MR FARGE B4, A= f
2 AHolate Hojt §sSCe e He F

272 HAux w9 qlA dod=E z38 F

o & -Rape AYE FAC FINE F olth, wrEkA,

AP e FAALE ATH TLY zggoln, F93

o QuE Y HEZDL axdl ol AR = 0<
<27 HH WA Aejg zA JhFEich A F44

ote] @7l Ve AF 32 Agte] ZVE AodAY Vi

o AHux He ueld AIAUHEY wzg MIE A

oz zAP ALY FAEYL Vi)E Agz A¥E

wepslo] o& wAME Vi HEAHoE A &8

o V(08 AAdet 2dnz $2E STATCOM SSSC

A e AeiMEE FAES Al 9% ®azd sy

we UPFCAAM & & . 252e Aoisr] A3 FAN |

auEe ezt 2 MIZAM 4789 ¥FE bRy EEF

FAEE2S Aoy A & wael s APHEE

2astn Bo AYE Aojg 8= ghet,

a¥ 2= UPFCH AR AdE e AEERE A 0y 87
sa) e aRAYg 2A7E @), Mzoluus A7),

gzt 24715, o A HHPIHE BN E2AHRE 7)

=(de #z yehd Aotk UPFCH NYZYAY Ve

wara Ao ma AV, Ve, Ve BELE FAE4, 4

Agrel @v)sk 4e AAIH BBNB F glonz ol

SRR Az QuEs, A3 2HE A0 F8E F

2l th.

o)

o %
SN

&
[s]
g

o 0

V) +4V1

Vi V144V
+Ve+Ve

@

(a)

a2 2 UPFCel Bat7|sd WE{ME
Fig. 2 Compensation vector diagram of UPFC

3. UPFC +2{28%

3. 1 wdelbE| 5732

Lis Ris  Ep e
Via *1— Ilpl llc
" Ls R Ey
Vip——" Rip Cac

L Lis Ris Eic
Vi Y YOAAN~—s—1

—

l1c

a7 3 HolwE e 34 SotE 2

Fig. 3 3-phase equivalent circuit of shunt inverter

29 3o waAwee 3¢ SRl BARYGLE
Vie, Vis» Vic01®, dMHEHAALL  Ey, Eu, E 01T

580

it
e
)
%]
[

L. A4 288 2719 FAQYR L
7, A¥AY R, = AvHS Bgkrle AEEA

Uebdnh, =% sHAEet B8R dA49 A¥ R,<T

MEs 294 &4€ vehd Zelth

waameel Axdel 34 BY2VE BHIGY 24

CQ-&BEQ_ Vl,,,,c=[V,a Vlb Vlc]’; ‘?lﬂﬂ%"‘*—“!’ﬁ%?*ﬂeé Elabc=

[Ela Elb Elc]tv —;‘Eotl @-%‘53% Ilabc‘:[Ila ]lb Ilc]tT‘_—; D}%‘_‘"}

g 2R SANE g@wyses vehd £ Tk

)
Ll

0 o oy 2
A
o

—
[
~

Elabc= (Lls—éd_t + Rls )Ilabc+ Vlubc

3 AAe gRgon Aosy] A FNEEE 3|z st
= EpAEE Vil d&%& AAD olgt 22 A
ol ¢&¢ AAsd FAHE Aol AEY 3% BFE
o] Z7IHE Aol Ae 24 WrE wgsd 4% AR 2H
e enREARS BARD ¢F FVUF LT EWF
aAFS BADC ol AF, Ao 34 wEE 24 W
4z HRFRVEEY) AWM Parkel HWEHAERES T
#sjor sd VA Parkd AEag 8 I 2
=3

cos (wf) cos(wt——-%”—) cos(wt+%”—)
P=\/—% — sin(w?) —sin(wt—2~3”) —sin(wt+%’1) (2)

1 1 1
V2 V2 VI

ole}d Park WEHL) HWE= plolgtn @ EA
Ag 2YAF, AEHEIAGHRL A (4} Zo

cos(wd) — sin(wf) 7%
P l= \[% cos(a)t——23£) - sin(wt——%g) -715 (3)

cos(wt+4E) — sin(wt+Z40) 71-2—

Vlabc=P-] Vldaoyllabc:P_llldqor Elabc:P~1Eldao (4)

A @3 4 (D A e 2o

P ' B =Ly T+ RPN+ P Vi (5)

4

stm Aado] FAAMl e 3%
A (=]

=

Nadelnz d4Ee BAsE A 1) FARES 33
YV
[}

'~

Eldquls P—;ii? P—ljldq+RlsIqu+ Vldq

— Ly, PP - Lyt 4 P 1)+ Rucliant Vi



=Ly L ny+ L PE P Lyt Rt Vi ©)
4 @44 PLp e 4 M3 gonz us

9 2 )% Zrh

o

2 3}

pgp =07 @

_Ilda+[3Ll—-w%ls]llda+Rlsllda+ Vldq (8)

E: 2 42¥e 39sd oed Lok

Ev= L% b= wloy Do+ Ry Lt Vig ©
Elales”c%lla+WL1s11d+R1slla+ Vie (10)

BPAMEI mAAY AoA (V|8 J1zes FAAF
2 Yasol sy @Rol |V|§ Va2 ABCh wpeA,
UPFC ®2usy 2AHG [Vile 4 D3} 2ezz 9
Ne Aol B Aoz WASY 4312, 13T 2k

Vie=IV1l, V,=0 an
Ll’—(%j’dzwlvlI+WL1SIM'—RIJM+EM (12)
L“_‘%‘I‘qz—“’L‘slld—RnI!a+Em (13)

3.2 XHEcluH Solsz

[CYN [
2, B,
___.__NW\_/\M,_.
I hp Las Ras (Vo= Vi)
by
C. —— Exn
de T~ L
s Ry (Vo= Vip)
2
EZC -
Lo Ry (Vae= Vi)

O 4 FHEIE{S] A BIIE=Z
Fig. 4 3-phase equivalent circuit of series inverter

Y 45 HAEAWEY 34 SR 1y 10A
UPFCY $HGAASBLE V= [V, Vi Vi), F4da
AGLEE Vo= [ Vo Voo Vo I, UHEEEAAHE S
Erpe=[Ey Ey By ), MEARHEE Ly= (L, Iy L)
gt st HEAvE Y Alagel 3 HYzPE wEHctd
AFEF SUHEEE OEH e dEPAAeR JEid F
Ak,

Algeoj Mt Z2F Yol o8 UPFCe MEali4

Trans. KIEE. Vol. 488, No. 10, OCT. 1999

Vise = Vi + Enase = (L% + Roo) Do (14)

2 (1D Vige — Vose + Egpe ™ AEZA B UPFCH
571 Qndse] WAHE YIFYAYOIZE T Lol
Aol gt

Viase = Vaase T Epase = Vigase (15)

B8, 4 (1408 duHEREEE 7Iges AYstd o
o 2.

Eppe = ( LZs% + Roo) L = Viese + Vaase (18)

A g WEANE s zolAsh ol AHEAY 3
A sl BE VRBRY (160 AAREANAY 24
Mo mEwgAoz s e 2ok

Eyy= Lz:_j; Lyy—wlyly+ Ry lpg— Vig + Vo (1T

Eyy= Lo Lyt wlodoyt+ Ry Iy — Vig+ Vo, (18)

d
dt

de F 4¢ AR B Jo2 W) HANY 4
(19,205 2t}

Lo~% Iy= wloul— RosTou+ Viaa (19)
Lo% Ly=— wloiu— RasToe+ Vg, 20)
4714,
Vigdas = P Viegase = P (Ve = Vaase + Eape) (21)

3.3 DC AAAE 27 57i5=2

I
E, - lige Vae Tade =

——=Ez
Iiy - | - 1
Ep.+—| Shunt Icl Series | =5

——Eg
Inverter Inverter |,
—>

y | EZc

a8 5 UPFC DC HujAE| &3 78z
Fig. 5 Equivalent circuit of DC rink

e

<«
Elco——-

UPFCS DC AAANE Hao dsid= sz Aol &
=Hed, AviHe 2R AF F @AM eqAHE F
datee AHPFPYPHo] Fx®T 2 585 UPFCY
DC /A8 ¥4 F718l28 Yehdd,

BEYQHE Y B¢ ARE EL By, BT AWH FHA

581



BEPRIG 488% 108 1999%F 10A

AFUHE 9 70" IFE E,y, Ey E.v AWMy E3A
W, Loty L, ® HNEAFE ouFcl AX W A@olu e
Ay AL S FE89 e got

Vachae =(E\y Lo+ Epwlypy+ E\ 1) = P (22)

¥ ALANE Y AARYLYAL e P

Vaclaae = (Ezo o+ Eplyy+ Ep Iy = P, (23)

utebdl UPFCH 3 - ¥EvEyL DC 9438 F4vdd
DC das] 22 REAR L& o 2o

I.=—(P,+ P)| Vg (24)

Vo= [Lat (25)

4. HOjAj A Mo
4. 1. HEelg Mol

UPFCSl HEAMEE fEMAAI R} REmea oy
2 327 drol 448 4 U fEAGAelRe Hug
HEON BRE St HENYL YA TINEZ DC
ARNE B2 Age ARAA FAAAZE S5 3
o FEAGANRE AARAAG VS REAR o9
HAWEE PR BPL FAA PAAHE 5L

ok ¥ 62 HEAMHY Ao BEEEF yehing

| €fa
Vie Vi [ 2¢7 \_fl.b
Ve L 34 eie
s PLL | VW&V | el
o iy e 1oz Vo] ] vi lf-a*:d o
o0, || s
s I
\:Ila Vzb ‘Zc Vlderlqs

% 6 WEoHE o E5&
Fig. 6 Control block diagram of shunt inverter

WA FPAME Y FEAGe 5ES Aoiss] dsA A

Fo fER 718H 4,8 4YsE AL A8 veaw

582

4 (269 2.

- K .
1o = (Kp+ Sn W VL = Vi) (26)

© DC AAAAH Fzdgdol g 7%
FHE dFe) = EF vlwx| 9
BoAdE & & A oy Rne
Aol BAE dux Fa2 HAFer) 98 Aolg, B A
o HIUHE Frslz PHA 12,0348 4% A7
Ae ¢F AR, BAAY V), ¢F AFAMNE dF AF
b f@ge g dridr olud Jde nisyn FYMF
AAZIZA PL Aoj71& o] &8lel AMEIZAAY 7 ZX 9
BE e % FAE ¢, & A 4 QNRB)F 2
C A 20N AAHE 4, e PLACZIE AR AuEE
el KA NEA e, & AYANG =T Ay
Het SgHo2 ZRAES Aolsr] o8 4AY AE
FEE 7IEA 4,7 € PLAYZE Ax AvHEIAg

*

FEEY 7IEA ¢, & AU

SIVOL F I
AN NEALY A5
Ve A% e

HE

i

e T @ £ o

. K Ce .
€l = ( KP2+—_S—12)( Y —Z)d)_lla*Lls‘f"Vl'(Z?)

. K C e .
el,, = ( sz+ SIZ )( l1q _210)+214*L13 (28)

olgA AAE UdHEHEE =z
of ebd wpe} o] 24 W 3%2& o
JEZRH Ml ¥ HIZAE Aisty Ay
l%ﬂii AM8-do)

ANEANF & st

4.2 HEY ouig Hof

24 €2

/3¢ — €1

€
. e Vel € *
12q q V.,  MI

¥/, s || PLL
1 T ‘éds[ Vqu‘[

i2a igp i2c
3¢
s/2¢s + + +

0 Vi Yl %
Vag Vap Vi ¥y
+{+{+[+|+{+
Vo | Vop 1 V5
U,

a2 b ©

- -t e‘
oetan (EI:) .
a

B=a+g

a8 7 EUE Mol 85
Fig. 7 Control block diagram of series invener

Ay F3AY
HE = N2

ZAFEABE Y 75e& MR

2=
Fe 43P BoR HAsE ol

2 f-t-



APz A4YY WS B Mol WY FAR
o) Qe 2719 4ol e d2dRE 2O
i’*i *“i-l FEMEDN FEHNEE 2HYE £ Uk
- 2 HAHE Y] Ao EEEE JEMRTH
%Ez_w PEAYE 4PE GeE FAHA A
‘ﬂ & ¢} 'TE@%P—) 71E& A7 A Y oy
i " o AEAT PL AR
AR A aaéaﬁgg '
"o gl Bojd
g A de HEUHH F }Sﬂic}““ (19), 20y A
WAINHA NS FBANZ dF ARAAE ¢ ARG
Vege . @3 AFAIME JF @%9} Veg, 7t @02
Geht olelw 9we mAsm MRAR Ael72A
Pl #|ej7}& o] & &t °‘“1E13-"‘73J NEA FEE ey’
o} FEE e, T HASTE A (28), (299 o A7A
Upe (LU, U, U1 REAHE ] FAHY Vogaeol A

[+
4a
o
M
A
My
R

.
€od , €y

AgEAREE AAg cdra L, A= HAgo
573 g
e’ = ( Kypt - W iag' — i30) — Log* iy, — Eyy (28)
eZa‘ =( K3p - izq) + Lok ipy— Ey, (29)
FNM, Usse = Vpgase — Tzabe Raave (30
Eriny = P(Viase = Vause— Uuse) (31)

2l (28), (292% € A
HAEANE 9} slA7IA =2
sl o] g H T}

LHEREFHELY 7I2AE

o
2919 279 AcledsE 44

5. MATLAB Simulink Al Zajo| M

Y 82 UPFC AlEHeld R¥oln ol& 7lFo=

Simulink E&%8§ 74, Algdol4s %t

Line
impedence

....................

Shunt !

Inverter .

Sending

Receiving
voltage

voltage

% 8 UPFC Simuiink Al Ealold 2%
Fig. 8 Simulink simulation mode! of UPFC
B AlgdoldeA] $AG fHGY fJ4AE 200 oy

Algallol Mt oz Ho 2/3 UPFCe MsitA

Trans. KIEE. Vol. 488, No. 10, OCT. 1999

2 -@EaAWE Aoyl d He a9 7, 69 AojA2d L
s 2dg3gn. =3 AEAaygriey Sopdvas
HdEdudies UPFCe £% W AZZo|g zhetate 4
A, Raya A 4749 AHEE 24 B2 vy 2de
Algete A 2 F Hekde] DC linkel & Ag¢A 7=z
2 2dgsFch PL AojASss 2 - gZdwege DC g3
o) Ag¥4E T M3 Phase margin® Bandwith&
Aste] Matlab function® 2 F3t%Th

A7) & v Esle] AA Al2g mdHGd F 49 W
( BEANE Vo', iy, AEAME iy, i )E Al wa}
FAle HASAZIEAM A gD stHet A EH A Time
& 120(ms)els] Zt ®g9 7|EXe B 174 2o

x 1 UPFC Simulink AlEeffojd =A
Table 1 Condition of UPFC Simulink simulation

WA E
A7t (ms) 0-6 6 - 120
Vi 1.9 pu 2.9 pu
A2t (ms) | 0-30 | 30~601!60-90]9 - 120
g 0 pu 1 pu ~1 pu 1 pu
A FAHE
Az (ms)] 0 ~ 20{20 ~ 50§50 - 80 80 - 120
iad” 0 pu 1 pu 0 pu 1 pu
AlZE (ms)[[0 - 10110 - 40140 - 70{70 - 110 110 - 12
iz -lpul lpu{-1lpu| 1 pu -1 pu

1% 9% UPFC® #2 Simulink simulation 2 3}o]t}.
2% %ae DC ¥3 7183 V.ot DC g2t V.S
vebdich, 28" DC gadge HEUAdHEHY Fa184A
ofo 93] ABAME BHAR=C FAGl 7VEXNE %
e & F Ytk

a8 9be HEIWEHS & FEIF EA dg,

§ A #el
A 4w FEHYVER Q2 RAAY
= A golth A7 daold FUAFE & -
Rl ENE AT 238D ALL ¥ 3
HEUHE ] FHEHY ANEA e, e, 0l
& Ate AveEHAAY MIst 32 o'& dErd
th DCE A0 Sdste FaHHE UdARAA Aosr A
AEe BT AREAM FEAY AojA MI'g o7t A&
Aueel ge % & Aok
a9 9d)e #E FUHF 2o et 2AHE
SHAYE VEhY, FRYAIEA we Ao PR
dEe zAgo R BANYE TS ¥ & A
:1%} 9e)= -laé?_].tﬂE"gl '%‘ " ?‘ﬁ;ﬂ% 7]"71.:71] izd', llzq‘
o G- FERAF iy, 5 & UHAG X F-TEHE

7b 21Ex e W we gHE HoFErh

—_



BB REE 4888

103 1999% 10R

~
P
T T T T T

Y

Vyc

i
2

@0 &0

g3 7I1EA Vo 2 DC

—

1
40

te)

wyel

i
2

b £

ha's ltg, lia, ha

{e) T elHE

i i
40 50

loa, loa, loq, Yea

A

2

1

M ZEAHE M, BEZL a”

o4

uz»;..{‘\. . ?f‘i{\'f‘{y}f '» “ T
“’[M‘ it }*v

u

=
st

(@ MYIWE FAMY Ve

584

(h) UPFC #=ZXict Mt M2HR
23 9 Simulink Al g&jol4d Zx}
Fig. 9 Simulation resuits with Simulink

&
o

AaNe ABAWE ZIHAUNEA ey, ¢,
MI'st 337 o'8 \/}EJr‘ﬂ“E}‘ A" A7) dAZ
N oAk hR=1

&R

v &
g A AR 24T AR M 954 oS
g4ste AL B & Atk 29 e e MI'% o’
9 wAHE YRGS dehdn AEAN B 1Ye
271 A4 D A 29 AE ABANE F9)
derel s 2R AEZARG S WYL pIFD.
ZoHoz Nz - FEUY 2AHE Ae ¥ 4 9
o
6. 5428 N

B AdFoA Az® UPFC #4R%e wEANE 2 3
FAu e g 2e 34 220V 1KVA, 3BKVAZA &34 4
Alzaxe zelrl itk 2y 108 A H22¥Y A
A Ertslzrd-g vepdc)

54

20mH
40mH
110v
110v
34 INVERTER
GENERATOR INFINITE

BUS

CONTROLLER1 J ﬁ}

Shunt 900V, 1100uF  Gerjes
Inverter Iaverter

a3 10 UPFC stEd 228
Fig. 10 UPFC scaled hardware system

AW E el 29% &2A2E 27} 6-pack IGBTE o]£3t%
o AAAgHe A Alade] GFHaUAsE iy %
Angolng 3nza FY PWM 34& A"HSGAT Alx
gol AojZRRE 7Y ABEH v}olaiiiﬁm
80C196KCSt EPLD ¥ olgZaAdol3zg Atgsigrt &
2% E42¥e Fa 3EAFo|

29 1090M B F %0] UPFC $Age Uy 247,
FAGE Fargdor ¥ RAAES AFIAIn FHEH



x 2 UPFC 4289 F£g 32XH$
Table 2 Parameter of UPFC scaled model

7] 28 W1 110V(L-L)
HA7] &8 Fag 60Hz
293 &=t IGBT module (6-pack)
293 F3 3060Hz

L: 6émH, C: 7uF

@R 34 4-Y, 3KVA, 11
Mt ' '
B MY WHH 34 Y-Y, IKVA, 21
28 Fha) Al E 900V, 1100uF
4z gy grs 2
25&: 40mH

FAwe $AAE 30" = sarh ol @ 4ol o

2Ho0h Peudon 489S PRAEE sdon $Hv

3 suge] ¥z A4WsBEE AU Fe] UPFC
A=

7)&EX ol upet HE2e H - 7
UPFC %3 z24& ¥ 3% %

X 3FL 28 & =2
Table 3 Operation condition of UPFC scaled model

HEAHE
A7} (ms) 0-170 170 - 340
N 8oV 80V
i 05 pu -05 pu
LA E
AZF (ms) 0-170 170 -~ 340 340 - 510
ind -1.6 pu -1.8 pu 02 pu
i 0.1 pu 0.3 pu -0.4 pu

2% 1lale DC AdAE

BE ABANE At HEAvE Bl'ﬂ ‘11?33}711 1°r7<]

g AE 2 5 ot 2¥ Ube
41

:g-glgl,cq;\i k_z].;(Jo B Ao
g 2HET 0SS B

2% 1e)xs AZ2AuENL %‘QE]%
P4 To ME Fe] AF M2
HAHE7E 7IEA o) wat FYHR
S H2ARE 2R AL ¥

Al H9] <bellA 37174]019% 360

FEEHEDR oju FRHYE i’*&@% 5 3o

a8 1(d)e AZUAvE dgFEde] BE A€ f&
Y g Fadae Wstgs Zz e g dakg A
OAd-old2aANHE £8¢ A veldth 2o A%
2 f - FARXMZFH] UPFCe 2EAR=d uwe zgss A

Algeoldat o2 yol o8 UPFCe| Moy

Trans. KIEE. Vol. 48B, No. 10, OCT. 1999

1 T
1s
56 V
S SR
— > A mnd | oaed
v e i
——
—1
—
L] I
(a) DC & a JHufAje] Het
58 ms 1 l
se v FoaR AN R

s
[
[«
o3
w
b
-
—

—
P !
T

-

TR
1 1
© H@elHE FUHYT M2HF
B
5.0y >
. x 1WA
]ls “ " ’1
5.8 v o sy e 2
3 12
L i

d) A&e Fadedal 2R H3)
a3 11 5228 Az
Fig. 11 Scaled model experimental results

7.4 E

2 =EdME UPFCY AZE Aoi7]E HASID o A
o719 a3 A Aladel Asg Hrsty]l Y Apud
MATLAB Simulink A &#old 283 st=sle] Har2y



WE SR 48B% 104 1999%F 10A

o sl 71&stz At
MA® UPFCE Aojzl: w@cdvee AZAMEP2
\%Toi Jeagn, =9 netd AEHM R A7
UPFCS] dgsizst dAsed A5 Assted oid A A
61 v%s}i =3 UPFCS #EAEe FE54E& sNs=s
o) &¥A o £ 3= o E - o UPFCe Aloj A
=3 ARzFRAENE Flatsd Ao diE 4
ANzdoz A =80 Bk
oromel TAlE UPFCY Btk A9d Aog s TE
zalo] Aol HAsEE DSP ZRAME A7 g AA
st BEAS BUste Reloh

0

N

ut x| & (# & B)

1973 119 16¢ Al 19983 =HAD A
Jlgsta £, 198d~8A F dd
e ERDEE:

L Tel : (0335) 338-6563

E-mail : landragon@hanmail.net

B d7E N2AdTTEATL VIS A

AHA AQeE o] Fi AFHES A, o & 8 (A %k F

19713 11% 249 A, 19973 WAW A
JBes 24, 19004 F e @7%
sap 2. B4 B U ®IF
sh} A}

E-mail : bstmsm@hanmail.net

& 8

]
Aa

[11 L. Gyugyi, et. al,, "The Unified Power Flow
Controller : A New Approach to Power Transmission ] ) | &l =
Control”, IEEE Trans. on Power Delivery, Vol. 10, No. e 282 (= & %)
2, April 1995.

2] M. Travani, et. al, "Steady-state and Dyanamic
Models of Unified Power Flow Controller for Power
System Studies”, IEEE/PES Winter Meeting,
96WM257-6 PWRS, Baltimore, Maryland, January, 1996.

[3] X. Lombard and P. Therond, "Control of Unified
Power Flow Controller : comparision of methods on
the basis of a detail numerical model”, IEEE/PES
Summer Meeting, 9%6SM511-6 PWRS, Denver, Colorado,

1970 9€ 109 A, 19974 WA A7)
2a 29 19999 F digtd w713
B 2. 84 F dsd @73
ERE AR

E-mail : Inverter@nownuri.net

3ty 2 (BE X
19539 79 59 4. 19769 Agd W7
Fon =9, 19884 ©) opHEUF Y

July, 1996.

[4] D. Ramey, et. al, "A Study of Equipment Sizes and gt W7Fee EGAAD. 1992¢ F
Constraints for A Unified Power Flow Controller”, IEEE ; a gy A71EEn EdEwH.
Trans. on Power Delivery, Vol. 12, No. 3, July 1997. ¢ Westinghouse 9@ 74 AgdTH

(5] L. Gyugyi, et. al,, "Operation of The Unified Power A4 PAW A7|ARAATEY Fas

Flow Controller under Practical Constraints”, IEEE
Trans. on Power Delivery, Vol. 13, No. 2, April 1998.
[6] R. Mihalic, et. al. “Improvement of Transient Stability
using Unified Power Flow Controller”, IEEE Trans. on

Power Delivery, Vol. 11, No. 1, January 1996.

[71 K. Sen and E. Stacey, "Unified Power Flow
Controller: Theory, Modeling, and Application”, IEEE
PES 98 Winter Meeting, Tampa, Florida, Feb. 1-5,
1998.

E-mail : erichan@wh.myongji.ackr

a2 (8 2R

1958 89 2644, 19823 A&t ol A

Z1gsts 9. 190d T ot A71EE

3 2D, 19743 § ot A71FH

%%‘](*”‘) 1982~1988d A7 lEd T
A BRTYHEY A7|AAEATH

4 rgg-\m

586



