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ABSTRACT

This paper deals with a full functional simulation of UPFC (Unified Power Flow Controller) which is a next
generation FACTS (Flexible AC Transmission Systems) technology. Through analysis and modeling of the
UPFC, power flow control is simulated. Active and reactive power controls, and input side bus voltage control
are performed by EMTDC (Electro-Magnetic Transients in DC systems) which 1s a general purpose time
domain simulation program for simulating power systems transients and its controls. Dynamic performances of

the UPFC are verified by simulation results.

Key Words : UPFC, EMTDC simulation

1A &

FACTS(Flexible AC Transmission Systems)7] 7]

AEEANA AAATe] A%F fEAY D FEA
2 Alolst FE HFEE Fristn AHs: 7e
A 9ol 1 A g3 $-8ol F7ksla vk
FACTS7I7|914  #palt]l 71491 UPFC(Unified

Power Flow Controller)s= A2&=Z AEHs Fgd4
3 fades AYAFY WFES SYYoR A
ste] wFskE FACT717]oltt. UPFCO &4 75
BE ARG wteAe &3 de Fuig tiEel
AH AE 7ol FulEz vk UPFCE 19 13

2ol FHED SA4zd) WHz AW 2 A
Bl% DC-link 294 2ejx $adze] 482 94
GIEER R

ol2{g UPFCOl A AT A&l s & 2
Rt SuiellA &dek Arh e Qo A4
EESII7AE obd 2HAQ G wEL
. 2% UPFC d39& 38t UPFCY dd 7h6A
SWA7IIL hEFstol A3 UPFCe §4 A=
gk Aol tigh d47F AP om UPFCY
dezFA0l &3k E4d do] UPFCY =Y 3
ARG Y ATt & el IPEa ek
UPFCll tfgh AlEdo]d R} Al o] =&

m[o_ﬁé



202 L5 PR Gk e 3k 200151 61)

Vs ) Vr
CO—Ah WA=
R L MA PR L
Sending end F“g— @ T _1@ Receiving end

1
= UPFC E

a8 1 UPFCel AlAE 4
Fig. 1 System configuration for UPFC

A AN A A o] pEize) M UPFC e
A Eeo]de  EMTP(Electro-Magnetic  Transient
Program) T MATLABS o] 435t}

wioAli= UPFCY o]&& zhersiAl Aesia
UPFLQ] EMTDC(Electro-Magnetic Transients in DC
systems) Model& F&3sta #|oj71& AAlsA 1
glan UPFCe 57b 3lgl Ay Edlolx <dnE e
/\o] ﬂ,l%_urd vAJL:?;’jLA]ﬁA—‘ o8 5 /\43}04 )\lxﬂ = =
Aite] 2olE Zirh Simulations OH UPFC2 #A
zaAe]l 4A%e AAsdn Aoly] A §old
o]& 4 A%tk EMTDC/PSCADE ]%OPoi A<k
Aoy7)e] Algdlol g Flg

Moo SE o

2. UPFC all 4

2.1 UPFC =l 243 Al
19 2% B ERelA #AY UPFCY ¥%
a8 AHojtl 1Y 204 CIHEES A
Vg &3t d‘ﬂﬁﬂii’} AAEm QB E
azE AAs7] ete] %
1 7] 5] 31 1qu191 2912 2z} IGBTE fL
= At Vi, =9 = e Vo, 4
¥ lcﬂ’p‘ ‘o VPERHTH :la]i
eish wlel £

fl

ol

I

o 32 Norle mg mlm

1

N of L
o o, Fu._, B opl o

il

e
g~}
o
E
1>
St
oN
o

= 1
u
et

o R
o
) |
_ﬂN'

SORE oo MWD R
o o U
=2 & N
© |
2
&
.
3‘
rir
N
=
4?1 m

o
£

UPFCe] 7]1E Szt 2 <nE .
Aojgl A (Ve S AE HY7E F3to] AU
A 8 v faddy REAES Aol
SIME A AE AwEe &, FE AHA
918k DC-Linkvte] AgS 943t
o] qJeEAtel Av|E AoAG

2.1.1 UPFCel &g S7t3 22

DC-linkte] 34 sl2 WiHe fu=d
.,1 JiE]AL ]q. 31/]_ Lo] = ’BIH

a2l 2 UPFcel S8 2E(EE)
Fig. 2 Single-phase equation circuit

& 3
a9 29 EAREAN A9
o

d
VsrB - VsVIB: RSVIST3 + Lw dt sr’%

V
= 2 W53 COS (wt+ 657) S?’U3

Vaws— Vas= Raluz+ Lsh“% I3

Ve
= Vo~ Td Mmygcos(wi+ 8)

1 de = C—r g’t Vdc I shde I srde

Z ([shkdshk - [srkdsrk)
2 (Lhk 2 mgcos(wt+ 6y

k=a,b,c

— m? m,cos(wt+ 0,,)




EMTDCE ©o]-83F UPFC Simulation 293

7] M deot de> 2 HE el 2E IHH
o] ~9Astse] HarghS vehly o] g 7 Un
£ 2] modulation index9t phase differenceel] ©Jaf 7
AEtt, o5 o @ vehhd kgt vk

mS
dg,= —Z—h cos(wt+ 8y), dy,=

87

212 MHHHE 28t a, b, catel dq¥ie
olole] 34k 4] b (instantaneous value) 3%
abc 314 T AolA @ wEHE fY 7pesit E

@ geda M 2le) S8 & gRon R4
i} e

Lol

F vk o]7)A W gd T v

tlo

6= )
5 cosf cos(6— 1207) cos(O+ 1207
5 sind sin(d— 1207 sin(8+ 120°)
1 1 1

2 2 2

At Vel AH 15 d-q B &4 FE 45 P
o} &) RE AE Qe A mewE nddnh

—g—(vdzd-i—qu[,) Q= 2(1/,11 Vyla) 6)

Vshd P
V, (7

N,
Al ’ Vz’ | - Rshlshd

+ wlL 41,
Nshh’ \Izd shd shg

d
\h dt
Rsh Ishq - Lsh _dl: Ishq - a)LshIshd

APRRe) g AL A @F V8N A%
Am AT dFE Vo H*Eisﬂr T84 A7
Ag 28 32 244 (d-ge A 83} 2

Vsrd =
Vsrq (&)
Nsr J d
Wsj(l V:) ‘ - Vi(in) + R$r1x1'1i+ Lsr_d? Isni— wLxr'Ism
Nsr 7
T\,;‘(O - Viqu) + Rsr]srq + Lsr C?t I\V{/ + (UL\?] srd

3. Ho| H™=f

31 W2 25 oue Mol gnalE
= owg aueel Aa Ao %S e
olch W QvlEs] Aol ¥ 5% wEew 9
Wel Anael, gewd Aol 9@ DC-Link 8%
B X

Qe B el How

o M}

Wa wi ge PUAoRYE UPFC #d ¥
A% 3 ME #2 Ukl il Aloih ks
o o 4 vk wWehd gE oM e gk
UPRC 8 S ditel A Qerel ket 2

183 WY 2 72 Mo 285

Fig. 3 Basic current controller in shunt
inverter

Q= 2II/}IIf(, (10)
g nale s Aol UPFCe #HE Iy
a2 i gauglr)el A ujE agsjA e
we A ana 2



294 SEJSE R Gl 6 B3 20014 6)

_New 2 1
Ly, = Noo 3 v, Qu 11)
Ao MAE ol&ajed AHRAAALANE Aol3]
A% AolzEuEE FA 17 49t 2ok
Non| g

Nsru

38 4 YASUHAATIHOIE It MOIES ME
Fig. 4 Magnitude controller of input bus voltage
Vi in shunt inverter

312 HE 2lu{Eof ofst
Link & &t of
UPFC"] A4 O]‘ﬂ‘ﬂh Mue FEd"Hs Fad
H& Aojsty] Hall Szl AEE ke A7HR
ohoo] W g7kl Aok Aol sEE AFol o)
Ad AnEdM e FRAE st S4dn A
AHE AN FoEs FEPHES DC Link A4S W
AI71A "tk DC Link 2¢te) #gke A48, B4 ¢
e FHAd AHern JIFS FA H=
DC Link AS dASA X171 Ho] niekz
o w&bA, DC Link 24%}*0“ dAsHA FAsH7] A
Mz Ad dugd os Fede FRYEES 5
ato] o W Trgxﬁ%%tg BE JWE7 DC
Link® sstojop grh H3 Capacitorst 2%, WE
AHE o5 T &4 E& B f8 2
=2 DC Link A& Alstel d8d%%e ‘IQFZ]a'C
% DC Link Capacitorel 283 w59 F2H8S
TRstolof g} ofjefdt 44741% 723 60 et ITh
A

BolA FaEE fEANGY WE SR

FEMHAO 9 DC

E

ﬁﬁh”dr

oho

J

ol

Po= Vilgs= Pyr= % Vo La (12)
upeba, W8 FEoA Faesofokdte fFRAEY

< A (133 o] Yetd 5 9l

3 Nywv V.o I, = 3 Nau

Pgy= 2 Nyg ' S 7 Ny

I V | 3hd (13)

PWM Carri
arries 0,

—>loha
>

v 0
Vi, 9 id L
Vb‘éT(O) 2+q —>|v,| [hh T(8)
v, —>

( PLL >0

T8 5 YHEHeIHMERE MA HoSEL

Fig. 5 Control block diagram of shunt inverter
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