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Abstract : The unified power flow controller(UPFC) is one of the most efective devices in the FACTS timily. This paper concerns about
a fltering technique fr reducing the computer calculation to determine the optimal location of UPFC in a power system. The sensitivities
of the power generation cost for UPFC control parameters are evaluated, This technique requires that only one optimal power flow is run
to get UPFC sensitivities for all possible transmission lines. To find out a optimal locating of a single UPFC in power system, an ideal
transiormer model which consists of a complex turns ratio and a variable shunt admittance was used. In this model, the UPFC control
variables do not depend on UPFC input and output currents and voltages. The sensitivity method was tested on a 5-bus system derived
fom the IEEE 14-bus system and IEEE 14-bus system to establish its efectiveness.

Key Words : Unified power flow controller, Flexible AC transmission system, Generation cost, Optimal pover flow; 5-bus system

Wstel AAEA o dgor M

37} 1:1:1—1:1 Zigd oel HH L 98 Algal= e ip  AC Transmission Systems) 7]1<©] E?JQJ_ = O]g frad
B @HEAY N EEAZ Au)g 158 A Aasax  LFEHALHCE §E717]9 STATOOM(Static Compensator),
3= wo] &) 7] gfom LS A="7]17]19 SSSC(Static Synchronous Series Compensator)
Ao A S$HetE Hrol F&Aolm FEHe 8o 2aa = A F 7IE& A2 UPFC(Unified Power Flow
AR 2483 gk v x| gl Mg 91z  Controllen)¢} =1 91¢] R F72 71717} glow, ol & o
8 AR5 98 718L wAs} o FA R g AFEFAZIUPFO)(Colin, 1998 Gyugyi et al, 199 Gyugyi,

o, 379 olUAUE ARE S wAne A AAge] 1992 Noroosian et al, 19977F $AUR ] el 2ol e
A AARARE 9ol AR FRAW] o) FolAn g VINE HEE BT Aol b b Awd Al
AAolt. oleis WAl A% FA Aol wgEa 4 71EL B S vk
HAAOIA WA TFF £0L WolBOHA S Fo]  UPFCE $HHRS FI % FEAY 2FAllsh maie)
s 4L HasteAl, dane] Hag, dguse  HAUANE TA T F 91—5 FACTS 717]e4 £& 7142
A4 2L HEE U AAZFA)Optimal Power F U BE A B ol Aok AL e A7
Flow)s} #d A77} gao] =%} ot ek UPFCS) 2317 8347} Slen), dA12 @od
Q A7) Gat olheld A4 AP 2740l Dast

Al =t
* EAAL : F &4, beaco@mmu.ackr , 061-240-7223

- 257 -



vl d Qo

AdHez UPFCY HH $x& AAste e 7ttt UPFCY F 7|%5& @38y $d4d29 34 F3+9 u7
5, 54 A9 A2dE 249e 3o UPFCE dAF A9k AYgs A2 L2 FPI0h FAAge) A4742 A9E 2
AA A ok ol diste] vl gdzto] o= AEQA AXE o] Hzzhel oA @Q*‘E 11 0~360°2] 9 ol dej=
She Aol A7he] Aol thshe] SAHIGo] o= AR Hx  zgo] sPrath @ EUAL 1% DC kel AL V),
Al HAZFANOPF) Z2ae ARgste A Ed o) os) zao 5=y, LlﬂEi 19] B352S Aojgtoan 1

(Mori and Goto, 2000; Abdelsalam et al, 2004; Fang and A7)1E WA 4 gutk ok AWE 1.2 8E 24 Has
Ngan, 1999). HAZFA = @ T 74 FHAMRAM 54 ALY s ga8e DC linke] AMAEE 5] 258 29 ola} 5
T BA ol 5l7] wlie] VEYIAR J4Y9 BE $AHAME Jol 2AMze BEgAE(S BE PY 2z
AANA Golzl HolHlE AFEZ AT e WP oy
s Bzkahl e,

2 =Rl UPFC o4 M| 292 of§

>~

FH3E 718 % 7t

¥
.:lr

hus
N

3. UPFC7t QA& 2HZ=FAO

QL
£
X
QL

el wf{ HAzFAE Fo2N s AFG U=
[_JPFC %%]5‘]% Sohfie WS Atk oj# 3 WS 7 HHZBA )= AHAE AANT AL mEFEA
stol A2l A2} UPFC A& 44 Hobd 4 9on, vjg . FTZL o] L3
‘ 2HYFE Ho9] AT LLAZL ol s8R,
%;ﬂii AXE UPFC o4 YA& Aoz n4E Zo

AF UPFC7} $AMAE t9} 1 Alolol AAHAT 71338}

A&
T ESAL =¢ 98 A
a4 2 & Aotk W, o] UPFC7} dAR AAZFAAE doz Jelyd ol

2. UPFCel s&az e
) minimize Cly, z;;) €Y
UPFCE 40 958 oAl Adme set, g, g SR Riln ) 20T L
szl SR Aol7h sl AHzFe Aol A= Gilaa) S0 =L
AT f- RS B4 R B4 GAES AusE 5 0
o] w9 &I FACTS 717]0|t}, Ea 9)=o)a] Wme] 3 Cly, z,) @ AA LA &(ZHFTF)
ZARG FHEA BT YEHO 2 wio] shsstne $4M CRa

2 o| Aol UA\se] o] spsaint, Ty P HRAR LN UPFC Alo] A5 uE

Fig. 1& ziefebAl 299 UPFCY T4=2 dehdo hily) = 54 Az
(Gyugyi, 1992). UPFCE= B3 3 AE= H{&d ¥y, 7 g9;(y) 354 Aekez
o] o = = 310 3 A =
"] 1131519} ] L ‘ﬂ]ﬂa o‘ITC’}'O:] ?i@ﬂoi 991\_ Z]“l‘l’ 71 U—PFC7]_ @X}% a;ﬂ Ex‘ﬂ‘ﬂg}‘ Jd,‘a_% Hoz ]% 7] _‘,IEH
g_

o AFE L HE S ) e ALEIETHAN and Gedra, 2008 57} Al
i B oprqe) 4t UPFOH gl 71249 242400 $25)
A S, o= UPFC Ale] W4 UPFC 919 2 299 2
g5t Aol &R wow, UPKC 54 24 A3 o

J/,»‘ . Transmission Line M Bolt}. HH8 FAE a2517] 93 Lagrange A& ol A5}
L/\L/\J 2280 ek
—_— DC Series
——— Inverter1 Inverter 2
e e Transformer Ly, \ypozyy ) = Cly,zy) + Z)x hi(y,z,) 2)
Shunt * i=1
Transformer m
AC Jj AC + 219, (yomy)
j=1
Vd:[ o714 A% p 54 % ¥5A AGENE AT Lagrange
- Agolt), HAH g HAA FE4 AdRAL A £ &
Verlo 1T 11 A4S T8 AR aH, o] 270l AE AHH AR
- Control ) o i
Setings. Contoller s Aol ol W o, S A Fehe BT B4R
ettings o Z

th weba] 25 Adzdo s AHE} EAE 7|95
Fig. 1. General schematic diagram of UPFC. slo] AAAZHE Fo)7] Y& F9e YRz JtEdd HA )

& w2 53 primal-dual W3S ARSSIATHPonnambalam

F{
e

o ‘:HE:I 1’8‘ ‘/'g‘ ‘1}‘ i‘o’] Eé\_?:]'ﬂg}' @@QO‘ 9»1—17— ?_hﬂ]ﬂ et al 1992 Wu et al 1994)
2= Az ARVl Aase] Ak WY 25 gaaaiw oo 4 (@9 owe WA Ae

- 258 -



A=¢] UPFC 912

J=1molA pg, =034 2E BRAFZAS
T o} weba v5 ot Az B, o2 FUt A
7o EH the 4 Folx) 2] gr=vhd §AE
o og F Avk WHAHE AMSsAl 99, F& s EA E
E W74 active$} inactive A2 AS THE HQ 7t Qo

Lagrange ¥<7oll n571 A|lkxzo] 57} Ackzror A
AE AGZAES active seto]& at=d), 9] MHE A3}
H %% Newton'sz} 20] active set WE O Hy3H=
setoll A ‘Ato| &) Ex—’r & MBSy F2& FshA g

olm MIFEE %=E37] 93 4 2F oA Ashd o}
¢ 2 2ol Ho, A& active AlxA otk

n

C(y’xtl) + E Al <y’$tl)

i€4

o I

R, ol o]

active

Ly, A\zyy ) = (4)

4. B 24

U= B A8 UPFC oldustr] 298 AMEsha,
UPFC7t 24 t9} [Abololl AXEvta 7pg 3. =4 ¢l
A28 UPFC9 w}z gk(marginal values)-2
Al BABEE AL FollA UPRCY) Alo] W59
et 2 gte] 382 & e ofgtelth wRge UPFC7H
B ¢l A= Ho gloy aelx] ¢a givka AHRehd
T 5 vk A dee) HH3 BAlol 3749 AlfxAS
o F7}ghh

,=T, Py =&, P =P
A71A T A7) Bxne] b A Agkel =7]
R A s
p 1 AE AAd~
refetAl sy 99, A HEE g, =24 Aoks

A& ENBE AEA Lagrange +4& Fd3H olg)e} 2o},
Lly, Mz A, )= Clysay)+ D5\ hy(y,zy) 6)
JEA
+ A, Ty — m”)
A71M, A, =[Ap Ay Al eItk

#4 X, (2)8 A%2A o, =204 Lagrange %59 2
Azrolekn Qeldch o7)4 Aotz BAE Al (z = 1)
o FEgh},

Iy, =1, ¢y =0, Py =0

A tlo] UPFC7F AA5)A e 7124 A5s
7+o] UPFC Alo] stejule] o= 102 S22 o yo} A7} 2e
gom AEHE A w0y ol

Ty =108 AM% B4 HAL 99 14 xhoE A8
" o 43} o] Hrh.

9 Ly
d Ty

o]
A = 491

=0 ®

A B AT

ol 4 (g Bt A, (z,)8 2L F itk

. aCly s ) Loy, @)

A = — 4+ YN @)

(@) oxy jea ! 0Ty

aCly", z,,) *3h4(y*7 )
Yo Pl g T T e o) A T
8,17” 6.7:”

& 4 gtk 4 (De ukAg A, ()& UPFC/E 91E 7184

FAClZ doix: y' ok N & A7lw sv Axd
& e A YeRTh mebd g ok A2 QU e, ex

Z1EAR Ao HHzRANE THOEA Mol RAeA
UPFC Ao ¥4 g, o #ste] W89 =g AS 5 vk
UPFC W% #4& oA 24 19 (A Eadey +
U7} o] B Wage] AFHGH $AAR 19 EA AAY
o] St v FHsFol Al kP ow ATt
o2 AgxAx ¥3gE § U}
Pyl= P, EE 0, -0[<0, ™
o} 7] A],
Py 2R A (2o A9 5§

E_':]
SRR REEEET
[ A e A3 91437t
6, :wA tsh iAol A A 987 3
UPFC setvlg z o] ofm ghol A, 4 A (z)9) dxe

RFER 2y =a7t 2F WG W AA DA oA g
Waolth 1w WEE HEATH, BAFEE G
Z 92 Aolth AL (e)e] REE 2, ARAA W9
e ARF A B S50 2UAT Fas

zy, WX WEAZD o, S5

s (zy) =09 g7Ax Wske Aolu).

2%zl FAGOT MG

5. UPFC H|o mfetojE

UPFCe]  7He] QIWEl= 4% 2712 7Pdstal, Al

£ 7oz &9 perunitE ARSETH =3 UPFCY HI&-&
Agtell BAG) 29} =70l nlFshs Aew vk gy A
AR B QAFEC] UPFCY) Hgol 3FS Fu glow o
W2 Fojzl UPRCY X9 B2 e FaARY A4, 9
A ols 2 WSy B WA Fo= 8] MAHEY. A 3
F AAE g2 z27)9 ¥E 9 22 AwER dAEojor &
Aot} B =FoAe BT 379 ge= oj4#2 UPFC 4
Aol whe AAA <l o)HE Hrisly] 913 Al &S YEy

- 259 -



HoE e

@_‘] X UPFC A7} Ao Aejsa v,
AAANA A UPFCY ol #et AAA<

fd
X0
- o
oo
o M R

)
& i

.

o

UPFCE Al=dloxe] 91X ajgst ohe}
I 3l UPFCe] =72 <18 AA=e] o)
o|5& AlTEHA= @S Aolth ©x HE
7] 913 AH8-E 47 MVAS] UPFCE 4832
of Ax)drhd At 2o &
18 AW EE Ago] Yre 2MA H
A, Fol AVE A Xioh} E’_‘j/g-g]

ZF9 dside g =
ok AN TR A Ag, A0 IEEE H]J.L_a]'7] 913
gatdeh. z4tzkel A& UPFC MVA® $/hr 424 el
w, per-unit S92 FAs Tk

2
lmﬂr[o
FUIM
s N
o

> Mo
@ ol e
T
€ o

A

2V

(oo
o

met N
Ay
.IE 0,

=

4o o
5

=

o
L=

¢

YO ox W oM oox A o
[o]
I
bz [ 2 ol

o

7. d€d5

At D= Y] AYS A8 Fig 29 Zo] 24 A
|

@] IEEE 1424 A|2€39 [EEE-14%4 Al AEolA A
AR AR EAG 5 B A|l29(Parnjit et al, 1994)&
g3,
A 13 4
1 ﬁ 1
11
@ Generators 10
Synchronous
compensators 6' ﬁ 9
<> AU 7 )
....... B RSN AUNA AUN
@ 1 4 5 4
: | Line2 | Line7 || [
. . Line5
Linel Line4 Line6
2 - Line3
: « — 3
: -

wA 7)ok B 39 &
7] 20G)7F B 1
=31, UPFCe $342 & 7kl

ez
1} 29] UPFC®] 79~ A7t dief 16($/hrlo] 21,

T SANE 194 13[$/hr] R 2914 8l$/hrlelH, A,
B SRR 194 020$/hr] R 2014 12A$Mhr]Z, Aot
s7F A ol Hsh =2 nkRghs vehi s ik o] whRigke] =

P
e A 1 AB0] Fekn ¥ 4 gom, ABS XY W

Fig. 3& 5 B4 Alz=gle] vblg(A g, Ay, A )S
Aot FHLA=Z
Ao A

Lo
o

L3
A

>

o oqf7t gomg o2 ¢l
ek 5 BA AlAEe] A4
UPFCE dAg7)d 7Hd frE @ Z4rh Avy. £3 ofu) 44
W g A7hE §18] UPFCOl A zFAllg dirt F,
ofefet T How BE 4o thste] AoE A Hoh

AC=(UPFC7} gl= #49 54 v&)-(UPFC7t Sl& A
Aol F2]g)

A A& F3te 7 ACE Qs UPFCY o wet 7}
AzoA o= Ax A w89 dide] BAPYEAE &
At

$/hr

Line number

Fig. 3. Marginal values for 5-bus system.

Fig. 4= UPFCE 4x ] i
ad 1Yzg e
9 ¥ nAgte
ol ACE H ¥A Mot AE ¢ 4 24 4
o UPFCE A 2% %7 v§ 47 aspt 2
4 9ok,

w,
g
21
[110]
w
ey
_>_
=
s
)=4
=
s
m
K=
_1
fu

[=)
1
|

Actual AC ($/hr)
N
T
1

[ 9]
1
.

Line number

Fig. 4. Incremental values for 5-bus system.

ﬂI

rzi ofy

Table 1€ 5 24 A2=glo] thste] Hr]&e) g8
7] 9% A AEW, SR £4, 9 1§47 9

e W §S e Yok
5 A Alzde] 7+ Ao UPFCE A8 A<
s AR B WGP, B

97 e 2E B 5

o

i

-, AX|3A
E HEeA
, 53] A= 13 2014 71 1A



A9 UPFC 9% AR #3 A+

Uebdg B 4 ok B8 $UHE 15 29 Ao A vlg
Azhol 22} 690, 638Fhrl 74 Eror), Hzo|A ] A
& UPFCE AA3A & 73l sl $442 15} 2004 7
24 L13IMW], 1.0IMWIZ 238 7t S743H8 2 4 otk

wEtA & Al2Flel A UPFCY] #A 9o 2loiA, & b7

o BHHgo] farhd $HMRY EHS Folt And A
A A HEE FolE Aol  o]5e] "G

$/hr

Table 1. Power gen., power loss, AC and total gen. cost

for 5-bus system

WATE Y ﬁ.tv--«t:ﬁ < ‘
0 1 23 456 7 8 9101112131415
Li b
UPFC PGl PG’Z Pluss AC Ptotul fne number
Location MW | MW | MW | $/hr | $/hr Fig. 6. Marginal values for 14-bus system
Without UPFC | 198.18 | 71.60 | 10.51 0 4460.1 g
T 1 I i T T 1 I I 1 i 1 I li
Line 1 21931 | 51.18 | 11.64 | 6.90 | 4452.6 .
Line 2 22456 | 46.19 | 11.90 | 6.38 | 4452.0 =~ 6 \\0
— - 5 -1
Line 3 196.85 | 72.77 | 10.77 | 0.73 | 4459.2 ;\i ]
Line 4 202.45 | 67.40 | 10.99 | 1.83 | 44575 9.1 ! i
Line 5 20452 | 65.44 | 11.11 | 2.07 | 4457.3 §
(3 11
Line 6 196.85 | 72.73 | 10.73 | 0.67 | 4458.7 < 2k ’— i
Line 7 20259 | 67.22 | 10.92 | 0.80 | 4456.8
4 -
[T N N N RS T, AP S S, Lo DD O 3
- 0 1 23 456 7 8 9101112131415
. 1 1} =83 2 52 22 QL& s
Fig. 59 Zo] wtd Xz 22 83 ddo] 35 § Q& E Line number
sl M2 19 B33E PAY 4 AohY, g Hapl dew
=& gkl Al M 19 UPFCE AXsh= o] of A4 Fig. 7. Incremental values for 14-bus system.
Holth A B4 29] W3t Aokoz s UPFC &do) me
o Be ug A%e oFA & Ak 8.4 £
<4 5 4 2w gE VM FAARE FAISEA, A4 vE 24
A7 S =2 vREE R SRAENS Yoz HHE
Line2 Line7 \—b BAolE2 olgtozn U AE AxddAe H7 UPFC 9)
Line$ A& MAEsty] 98 14 E V&S Agdh ol U A8
Linel Line4 Linc6 NzgoA UPFCS) A7 9128 A4sked Bad g AF
2 Line3 B ALt ofg FEE £9 < AUk UPFC o4 Wigrl &
<! = 3 o] UPFC WRHe Ao AL4HL, B 478 $3) we
L 2elrt dele 1 21 $24 24 UPFCE AR8te Ao] 7t
A Aol A2 # ¥ 4 U
Fig. 5. Optimal UPFC location for for 5-bus system
A AL
IEEE 14 24 A|2~gle] A% A Z Fig. 67 Fig. 74 Vet
W ok %A 5 mA Alsge) Ase 2ol L sARE n

A 2T Y Be ACE WED I AL 2

N
[e]

s 27 ATAG Add st AT EHAL

& A% A=z 14 7AX7F UPFCE AAshzn] 7V #3a #a1zEH

A7} Ak ol ¥ A HE R pu YAAAE Hx)

oS A HEEe AR ols 28 B A%E A ) Apiacaam, 1L A, G. Aly, M. Abdelkrim, and K. M
oM, ¥ HEE AHul £ FYol| o]2] wjFolr}.

- 261 -



LI A

Shebl (2004), Optimal location of the unified power YIAFTY @ 200939 039 07
flow controller in electrical power system, in IEEE Qx4 Y @ 20099 09€ 16¥
PES Power Systems conference ad Exposition, Vol. 3, AAEAY : 20093 09¥ 24Y
pp. 1391-1396

[2] An, S. and T. W. Gedra(2003) UPFC ideal transformer
model, in Proceedings of North American Symposium,
pp. 46-50.

[3] Colin Schauder(1998), The unified power flow controller
- A concept becomes reality, in IEE Colloquium on
Flexible AC Transmission System-The FACTS(Ref.
No. 1998/500), pp. 7/1-7/6.

[4] Fang, W. L. and H W. Ngan(1999), Optimizing
location of unified power flow controllers using the
method of augmented lagrange multipliers, in IEE
Proceedings on  Generation, Transmission and
Distribution, Vol. 146, pp. 428-434

(6] Gyugyi, L.(1992), Unified power—flow control concept
for flecible AC transmission systems, In IEE
Proceedings C. on Generation, Transmission and
Distribution, Vol. 139(4), pp. 323-331.

[6] Gyugyi, L., C. D. Schauder, S. L. Williams, T. R. Rietman,
D. R. Torgerso and A. Edris(1995), The unified power
flow controller, A new approach to power transmission
control, IEEE Trans. on Power Delivery, vol. 10(2), pp
1085-1097.

[71 Mori, H. and Y. Goto(2000), A parallel tabu search
based method for determining optimal allocation of
facts in power systems, in Proceedings on
International Conference of Power System Technology,
Vol. 2, pp. 1077-1082.

[8] Noroozian, M, L. Aanquist, M. Ghandhari and G.
Andersson(1997), Use of UPFC for optimal power flow
control, IEEE Trans. on Power Delivery, Vol. 12(4),
pp. 1629-1634.

[9] Pamjit Damrongkulkamjorn, Prakash K. Arcot, Peter
Dcouto and T. W. Gedra(1994), A screening technique
for optimally locating phase shifters in power systems,
in Proceeding of the IEEE/PES Transmission and
Distribution Conference, pp. 233-233.

[10] Ponnambalam, K., V. H Quintana and A. Vannelli
(1992), A fast algorithm for power system optimization
problems using an interior point method, IEEE Trans.
on Power Systems, Vol. 7(2), pp. 892-898.

[111 Wu, Yu Chi, Debs, A. S. and R. E. Marsten(1994), A
direct nonlinear predictor corrector primal-dual interior
point algorithm for optimal power flows, IEEE Trans.
on Power Systems, Vol. 92), pp. 876-883.

- 262 -



