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ABSTRACT

This paper presents the design and simulation ofralters in power system equipped with UPFC. Each
controller produce different supplementary signtids, power system stabilizer PSS signal for machimk
the power oscillation damping POD signal for UPFRCtwo stage lead lag compensator scheme was
considered in the PSS structure. A new controlésigh, linear optimal control LOC associated withdal
control scheme MO, is proposed in both PSS and B€diyn. The multi-objective GA method was used to
determine the parameter controllers for both PSERMD. The controller performances were investijate
by using small disturbance to power system. Thaukition results show that the presence of UPFC non
POD leads to get less stability system. ApproprR&S parameters have been determined and could
enhance dynamic responses performance. Using Bnysihod for weighting matrix Q, proposed LOC
POD could improve system stability. The simulatiesults also show that system with PSS and MO POD
has the best oscillation damping. The dominantreigkies shift and approach their real part thrashol
POD controllers could give a better rotor anglgpoese, up to 81.33% and 93.9% reduction in oveitshoo
and settling time respectively. Both PSS and UPFIDRcontroller simultaneously present a positive
interaction.
Keywords. Genetics Algorithm (GA) , Modal Optimal (MO) cortrpower system stability, Unified
Power Flow Controller (UPFC)

1. INTRODUCTION The UPFC can simultaneously modify all three
parameters of power flow (voltage magnitude, line
Unified Power Flow Controller (UPFC) is one ofimpedance and phase angle), so it can control
the latest Flexible AC Transmission Systenmindependently both real and reactive power flows
(FACTS) device that has been implemented ion a transmission corridor [4]. Several studieschav
power system [1]. UPFC is a FACTS device thabeen carried out and reported in some literature
combine Static Compensator (STATCOM) andhows that UPFC, due to their rapid response,
Static Synchronous Series Compensator (SSSQhight be able to play a significant role in tramsie
Because of that combinantion, UPFC acquire bothnd oscillatory stability improvement. Some
advantages of STATCOM and SSSC, and able wupplementary or additional control signals for
perform many function: voltage control, transientJPFC can be developed and applied to existing
stability improvement, and oscillation damping [2].device, these supplementary controls are refeored t
UPFC consists of two dc/ac inverters, one, defineBower Oscillation Damping (POD) control [5,6].
as STATCOM, connected in shunt with the line
through a transformer and the other one, defined asUPFC is generally installed in long transmission
SSSC, connected in series with the transmissidime of a power system. Some roles of a UPFC are
line through a series insertion transformer. The dscheduling power flow, providing voltage support,
terminals of the two inverters are connectedimiting short-circuit currents, damping the power
together and their common dc voltage is supporteskcillation and enhancing transient stability thgou
by a capacitor bank [3]. Power System Stabilizer (PSS) and POD [7,8,9].
Different methods have been applied to PSS and
POD design. Methods such as lead-lag
compensation and PID controller have been studied
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and reported in several papers. Panda, et al andThe main objective of this study is to investigate
Qjiang [10,11] compare lead-lag compensation antthe effectiveness of damping function of UPFC in
PID controller method at different disturbancessingle machine infinite bus (SMIB) power system,
Simulation results show that lead-lag compensatidoy applying: lead-lag compensation Power System
is an effective method. Another studies als@tabilizer (lead-lag PSS), LOC based POD (LOC
represent that lead lag compensation method give®©D) and a new controller design scheme modal
better oscillations damping and system stability imptimal control POD (MO POD). GA is used to
power system [8,9,13,14]. The problem to devisdetermine PSS controller parameter and weighting
PSS and UPFC controller parameter is a complaratrix Q of LOC and MO.

exercise. Some paper used conventional techniques
such as eigenvalue assignment, mathematicgl
programming, gradient procedure for optimization;_
and modern control theory to devise PSS and UP
controller. The problem is conventional technique
requires heavy computation burden and tim
consuming for large power system [9].

POWER SYSTEM MODEL AND
ONTROLLER DESIGN

2.1. System Configuration

Consider the proposed power system in this study
is a single machine infinite bus power with UPFC

Recently, heuristic method, especially Geneti S .
; : : 5] as shown in Figure 1. The UPFC consists of an
Algorithm (GA), is very popular to design PSS an xcitation transformer (ET), a boosting transformer

UPFC controller [10,11,13,14]. The reason behin
the popularity of GA is its advantages. The T), two three-phases GTO based voltage source

robustness of GA in finding optimal solution angconverters VSC-E and VSC-B, and a DC link

ability to provide a near optimal solution closesto capacitor Ge. In Figure 1, g, M, e, andds are

S . the amplitude modulation ratios and phase angles of
global minimum 15 one of the ad_vantage_ of GA. G'Afhe control signal of each VSt@spectively, which
uses multiple point instead of single point to shar

. . . - arethe control signals to the UPFC.
optimal solution, so it convergence faster. Presiou

studies show the effectiveness of GA to design the

controller. The investigation result an improvemen Vo lj—w T a

of oscillation damping and power system stability. ip— . BV
Another heuristic methods such as particle swarr 7., _ B
optimization, fuzzy logic, simulated annealing,.etc ig B Infinite - bus
have been investigated to get better performanc ¢ Vpe,

[15,16]. These previous studies show that designin ) %f UPFC
UPFC controller is always interesting and needed t E .

improve power system stability. vSe-E vsc-B

. . . mg o mg Jp
Linear optimal control (LOC) is a method of

control where the system controlled is described in

linear state equations. The control is designed by Figure 1: SMIB power system with UPFC
minimizing a function of both state deviations and

control effort. The main characteristic of the2.2. Dynamic M odel

application of optimal control is the determination

of weighting matrix Q and R [17,18]. Supposed R The power system dynamic model could be
is relatively constant, the objective function sldbou obtained by formulating the non-linear equations of
be formulated by selection of matrix Q. Thethe SMIB with UPFC first; and than these
element of matrix Q represent the weight of certaiequations are linearised to get power system model
state variable, when the weights of state variablequired.

are known, the optimal control can be determined.

The optimal control will modify the system 551 Thenon-linear equations

dynamic characteristic. The selection of Q could be

taken by considering the eigenvalues loci, this The UPEC model can be expressed in the
technique namely modal optimal (MO) Contm'following equations:

[14,17,18].
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[MECOSOEV .
VEtd —Xg|[lEa 2 (1) o
vth [ ] [lEq] My SinGyvy AS = wpAw (8)
2 ] Aw = (—AP; — DAw)% 9)
AE) = (—AE,+AE;q) = (10)
MR CcoSOpV4,] Tao
UBtd —Xg| [lBd 2 (2) . 1 K, (11)
[Vth [xB ] [qu] MpSindgvyc AEpq = _EAEfd + T_AAVf
2
dvg. 3mg ] iz where
= [cosb; sindg] [ ] ,
dt 4CdC APe = Ku1A5 + KuzAEq + KpdAde + erAmE +
3mg Bd 3)
+4Cdc [cosép sindg] [ ] Kps5eA85 + KppAmp + Kp,5,A85

AE; = KysAS + Ky3AEG + KgqAvg, + KgeAmp +
The non linear equations of the SMIB with UPFC

are [5] Kqé‘eA(gE + quAmB + Kqé‘bA(sB
6‘ - o (4) AVt = KusAS + KuGAE(; + K‘UdAde + KveAmE +
- Wp
. (P P D ) 1 (5) KV(S‘EASE + K,,bAmB + Kl](gbAdB
w= —Pg—Dw)— .
moE o Mge = KyyAS + KygAE}, — KyohAvg, + KogAmy
El; = (—Eq—',—Efd)TT (6) + KczSeAdE + KCbAmB
0 + K spA05
. _ 1 Ka 7)
Erg=———Erq+-2Veo —Vp) ( _ _
rd Ta T T 0T The set of equation above can be represented in
the form of state equation, supposed that the state
where variable vectox and the input variable vectarare
P, = griqe + Variar containing respectiveljs , Aw , AEg, AEgy, A‘{dc,
, N andAmg, Adg, Amg, Adg signals, the state variable
Eq =Eq+ (xq — Xg)iae equation:
Vge = E} — xji
a 1 @ X =Ax+Bu (12)
Var = xqiqt
The matrixA is:
ve = [(v3, + v?
t ( dt qt) 0 wo 0 0 0
gt =lgg +1 [ MK, -M7'D -M7'K, 0 —M™Kq
) N - ‘ _T’;(}Ku‘t 0 _T’;(}KIB T’;(} _T’;(}qu
gt = lgg T iggq —T7 KKy s 0 T KKy —Tit —Ti Ky K,g
Ku7 0 Ku8 0 _Ku9

2.2.2. Linearised model
And matrixB is:

Linearising the model of SMIB with UPFC
represented by equations (4-7) around an operating 0 0 0 0
point of the power system will produce a linearised {_M 1er _M,_1KW _M,_lKP” —1\/1,_11(,,5,,
model of power system. The design of power | oK _T_fOque _T_fOqu _T_fOKqﬁbl
system controller, such as PSS and POD, will be l[ KA ve 'TAKKAKW 'TAKKAKW _TAKKAKMJI
carried out using this linearised model. By coe b cob
neglecting the internal resistance and sub-trahsien
process of_the generator, and when the function of The block diagram of the system can be
governor is neglected(AT,, = 0), linearizing presented in Figure 2.
equations (4-7) gives the system equation [5]:
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Kug
3

Aw sT, 1+57, 1+ sT, | Aupss
1+ 5T, 1+sT, 1+ sT,
AS

Figure 3: Power System Stabilizer structure

Following reference [19], the common parameter
value used for two stage of lead-lag compensator
are: Koss= 0.1 -50, Tand E=0.2-1.5s, Tand
T4 =0.02 — 0.15 s and the wash out paramejgs T
taken at 10 s. Gain of PSS9 will multiply the
amplitude ofAw. Washout block has a function as a
high pass filter that will eliminate steady statasb
at output signal. Washout parameteg, 15 chosen
at 10 s [13,14]. Two stage phase compensation
block is used to compensate lead or lag phaseeof th
transmission. However, most of transmission
system has a lag phase because the inductive
reactance is more dominant than the resistance and
hence, the compensation is lead compensation.

Amg

2.3.2. LOC POD design
Figure 2: Linearised Phillips-Heffron of single-
machines power system with the UPFC installed  Based on linear equation expressed in (12),
control design of POD could be designed using
K, Kg,K, are new parameters in addition of DC'—_OC scheme to produce a supplementary control
link installed in UPFC. signal [17,18].

Mathematical expression of LOC can be written
2.3. Controller Design as follows [17]:

To improve the system stability, 2 controllersGven a linear system state equation as (12),
will be proposed : PSS and POD. The control sign&€términe the control signal u:
PSS is designed using speed deviation signahs
feedback of PSS to produce supplementary signal u=-Kx (13)
as control signal. This supplementary signal is fed

into excitation system (for electrical loop in\hereK is state variable feedback control matrix,
machine model). The control signals POD A%y  minimizing the performance index J,

designed by LOC and MO based methods usingpresenting cost function in the quadratic form:
state variable, namely deviation of: rotor angle,

angular speed, internal voltage, armature voltage, 1 o1 T

and dc link voltage to produce supplementary 7! 73 Jo & Qx+uRu) dt (14)
signalsAmg, Adg, Amg, Adg. These supplementary o _ .
signals are fed into UPFC. The control parameté? is the weighting matrix of the state variable

for both PSS and POD are calculated using GA. deviations and R that of the control effort. Both Q
and R, in the most cases are chosen as diagonal

2.3.1. Lead-lag PSSdesign matrices. The matrices Q and R are usually chosen
considering the contribution of state variable and

Lead-lag compensation as a common PSS desirﬁ_{']mr_oI to performance index. By minimizing
amiltonian H related to the Lagrangian, the

scheme [13], is proposed in this stuttyconsists of ) _
a gain, a washout, and a two stage pha&ptmal control can be expressed as follows:

compensation block as shown in Figure 8w is
used as the input of this controller, and the outpu u=-(R*'B"P)x (15)
will give an additional signal to excitation system

in which P must satisfy the Riccati equation:
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A'P+PA-PBR'B'P+Q=0 (16) Subject to:

The LOC design selects the weighting matrices Q a. System dynamics constraint
and R such that the performances of the closed loop
system can satisfy the desired requirements. One
practical method is to set Q and R to be diagonal
matrix. Following Bryson method, in this
simulation we considered that the diagonal

Xx=Ax+Bu

b. Eigenvalue locus constraint [15]:

elements of Q and R selected as : jw
i = (1/(Xima)’) 17)
1 = (1/(timad’) (18) 7
where X max and u o are the permissible 0; < 0 —> g

maximum value of state variable and control

deviations, fori=1,2, ..... n,. %
‘A

According to the system dimension as indicate in
equation (12), the feedback gain K is a (4X5)
matrix, the feedback variables are rotor angular . . )
deviation @§), rotor speed deviation Ap), Figure 4: Region of eigenvalue foy J
armature voltageAE,), internal voltage AE¢4) and
dc link voltage ..

c. Damping ratio constraint

2.3.3. MO POD Design iw

The important problem in the application of LOC
is the selection of Q (R supposed to be constant). /
method based on modal analysis could be applied, ?
the selection of Q is taken incorporate with the G>q
desired eigenvalue locus. By shifting the dominant P=o0
eigenvalue to left side of s plane in certain damgpi
ratio, variations of Q required to comply this
eigenvalue movement, could be accomplished that
guarantee the better control by Riccati matrix
equation solution. In other words, modal optimal
control algorithm can be used to the selection of Q
in order to get a control that will make the system

more stable by shifting the dominant eigenvalueg; and¢; are the real part and the damping ratio of

Figure 5: Region of eigenvalue fof J

(approach the threshold). the i-th eigenvalue ansh is a chosen threshold.

The formulation of modal optimal control design The proposed modal optimal control algorithm
become: S can be presented in the following flowchart:
Find the control u = -Kx, , that minimize the

objective function g as formulated in (14), by
selecting Q in order to minimize objective funcson

[8,10,15]:
JZ:Z(OD_Oi)z (19)
J=5(6%-§&) (20)
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Determine system
parameter matrices A,
B,Cand D

v

Calculate initial
system’s eigenvalue

v

Select initial random
value of matrix Q and
R

No

Figure 6: Modal optimal flowchart

3. NUMERICAL SIMULATIONS

>
»
A

y
Update Q by selection,
crossover, and
mutation processes of
GA

v

Calculate the optimal
control signal u = -Kx

v

Update the system
matrix A

v

Calculate eigenvalue

Is the dominant
eigenvalue shift to the
left of initial dominant
eigenvalue?

Result

End

3.1. System under Study

The system parameters that were used in this study/sing increment oP, (0.2 pu) as disturbance, the
presented in Table 1 as follows:

s
477

Table 1: Machine Parameters

Parameter Value
H 40s
Xgq 1.0 pu
x'q 0.3 pu
D 0
Xq 0.6 pu
"10 5.044 s
Ka 100
Ta 0.01s

DC link: Gy = 9.09e+02 pu, ¥ = 0.49 pu.
Transformer: X = 0.2 pu, % = 0.133 pu and 2 =
0.1 pu. Transmission line:g% = 0.3 pu. Operating
condition: R=0.8 pu and V= 1.0 pu.

3.2. Simulation Result and Discussion

The damping function of PSS and POD were
investigated based on eigenvalue analysis and the
system dynamic response against small
disturbances, following these four system
scenarios:
neither UPFC and nor PSS
no PSS with UPFC non POD
with PSS and UPFC non POD
with PSS and LOC POD
with PSS and MO POD

aokrwdPE

These scenarios were made in order to show the
effect of UPFC and the synergy of both PSS and
POD. The tuning mechanism for coordinating PSS
and POD was conducted by applying procedure as
follows
1. Select optimal PSS parameter using lead lag
compensation controller schemepgg, T ,
T, Ts, T4 Ky and T, ) by using GA, apply
these parameter to system with no UPFC
and with UPFC non POD
2. Determine the POD parameter for UPFC,
based on the design of LOC for system with
PSS installed, by selecting the weighting
matrix Q using Bryson method
3. Determine the POD parameter for UPFC,
based on the design of MO for system with
PSS installed, by selecting the weighting
matrix Q in conjunction with the eigenvalue
locus using GA

3.2.1. PSScontroller performance

performance of system is investigated by
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presenting: rotor angled] and speed deviation Kess | Tu(s) | TxAs) | Ta(s) | Tau(s)

(Aw) responses. Three operation conditions are: | 15.502| 1.7024 0.1918 0.4404 0.180p1
system with neither UPFC nor PSS, system with no
PSS and UPFC non POD, and system with PSS and
with UPFC non POD. The system responses are3, 5  pssand POD synergy
presented in Figure 7 and Figure 8 below:

LOC POD control performance
—reitherPSS nor UPFC | Based on the result presented in Figure 7 and
L noPSSwihuPrcnonPOD | Figure 8, we want to enhance the stability of the
A | system by using LOC method to process input
signal for POD. The weighting matrix Q in LOC
formula is selected based on Bryson method,
equation (17), there are 3 additional states

belonging to PSS:

~
=)

=)
=)

80

60

rotor angle (degree)

40

5
time (s)

Table 3: Weighting Matrix Q

Figure 7: Rotor angle with PSS
Q 6.2500e+000

iR Q> 6.2500e+004
10+ i : ! —VnenherrPSS nu} UPFCV Il Q3 25000e+001
no PSS with UPFC non POD Q4 3.9063e-003

-="with PSS and UPFC non POD |

Qs | 1.0000e+002
Qs | 4.4444e+001
Q, | 2.5000e+001
Qs | 3.9063e+001

speed deviation (rad/s)
'

5
time (s)

Figure 8: Speed deviation with PSS

Using the weighting matrix as shown in Table 3, a
simulation then conducted. The result depicted in

) _ Figure 9 and Figure 10 show that a better stability
Each figure consists of three system responsgss peen achieved.

with different operating conditions. The first
condition is a condition where there is neither PS"™ = - ,
nor UPFC installed, it's response damps ven 1z —— Uil
slowly, it signify the nature of this machine, a

disturbance (small signal) makes the rotor oseillat
at 1.17 hertz with 59° amplitude (very-very slow
damping). The second curve represents th
response of system with UPFC non POD, the
oscillations tend to slightly un-damped. The

with PSS and LOC POD

rotor angle (degree)

presence of UPFC non POD leads to get les R e v
stability system. The third one is the system with
PSS only, where the UPFC non POD is installed in Figure. 9: Rotor angle with LOC POD

the power system. Figure 7 and Fig 8 show the
rotor angle and speed deviation damp considerab
(15.21s settling time each), although the firstrewi

of speed deviation (0.0044 rad/sec) greater tha
before PSS installed (0.0039 rad/sec). This goo
damping in rotor angle is produced by the presenc
of an appropriate PSS (as shown in Table 2). PS
parameters are needed to ensure that PSS w S
enhance dynamic responses performance. time (s)

[~neither PSS nor UPFC.
===with PSS and UPFC non POD ||
| —with PSS and LOC POD

speed deviation (rad/s)

Figure. 10: Speed deviation with LOC POD
Table 2: PSS Parameters
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Figure 9 and Figure 10 illustrate the response ofFigure 11 and Figure 12 illustrate the time domain
the three types of condition: system with neitheresponses of the all four type of condition: system
UPFC nor PSS, system with PSS and UPFC nomith neither UPFC nor PSS, system with PSS and
POD and system with PSS and LOC POD. Th&PFC non POD, system with PSS and LOC POD
rotor angle as depicted in Figure 9 shows thand system with PSS and MO POD.
damping function LOC POD (first swing has 7.86°
overshoot, settling time attaint in only 2.17s) is 1 —
more significant than the PSS’s one. The first gwin 14 === with PSS and UPFC non POD
of speed deviation of system equipped with LOC Sttt
POD is greater than that's of system with PSS
however, we get a shorter damping (2.17s)
presented in Figure 10. It is also shown that th
synergy between PSS and POD has been achieve
the system responses (with both PSS and LO o 1 2z 3 4 5 & 7 8 9 10
POD) have better damping, and are more effectiv. S
than PSS only.

with PSS and LOC POD

o
=)

@
=)

o
o

rotor angle (degree)

S
=

Figure 11: Rotor angle with MO POD

MO POD control performance

This sub section aims to show the role of s = UPFG

proposed MO POD in damping the oscillation of [ s s O < nanon)
system dynamic response following a disturbance X\ 5 s+ s . [oTwithPSSendLOCPOD
where the weighting matrix Q in LOC formula are N = ‘ el

selected based on modal control. According to th
result as presented in Table 4 where the eigenvall
locus of system with LOC POD shown, we want tc
shift more, in order to increase the stability loé t
system. The eigenvalue shifting approach to a
predetermined locus, will be accomplished by Figure 12: Speed deviation with MO POD
selecting weighting matrix Q.

speed deviation (rad/s)
~n (=] ~nN Ey o @

=

1 2 3 7] 5 6 7 8 9 10
time (s)

The rotor angle dynamics as depicted in Figure
11, show that damping function of MO POD is

equation (19,20), optimal parameter for weightin _xcellent (only 4._3?2° overshoot and q.935 settling
matrix then could be searched. The previoudMe), more significant than the LOC's one. The

weighting matrix Q selected by Bryson method idN@ weighting matrix Q, as shown in Table 6,
taken as initial value. When we taks = -0.1 and obtained by minimization of the two objective

&= 0.2 as respectively real part and damping rati\nctions can improve the eigenvalue loci. A
thresholds, the final loci of eigenvalues are aSonsiderable response in speed deviation is also
follows: obtained, two response characteristics: overshoot

and settling time, show excellent performances. We
Table 4: LOC and MO POD Eigenvalue Loci could resume numerically the results as presented
in Table 5 as follows:

Using multi objective GA as formulated in

With LOC POD With MO POD
-78.753 -46.595 Table 5 Controller performances.
-23.649 +11.003i -38.447
-23.649 -11.0031 -30.378 . Rotor angle Speed deviation
-5.5974 +5.1257i -6.0626+5.6913i Oversh Soffi Sversh et
55974 -5.1257i -6.0626 -5.6913i vershoot _ett Ing vershoot _ettlng
27386 28046 (degree) time (s) (rad/sec) time (s)
' ' PSS 23.14 15.21 0.0039 15.21
-0.58001 -0.56911 LoC 7.86 2.17 0.0044 2.17
-0.0018209 - : : : :
0.018030 MO 432 0.93 0.0061 0.93
Table 4 shows how the dominant eigenvalues Table 6: Final Weighting Matrix Q
shift to the more stable area, real part of the new
most dominant eigenvalue approach the threshold. 0, 1284561001
This result indicates that the proposed modal Q, 6.96486+004
optimal control has a good performance. Q, | 4.6204e+001
Q, | 1.1016e-003
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Qs 1.1711e+002 International Journal of Innovations in
Qs | 6.4796e+001 Energy Systems and Poweol. II, no. 1, June
Q; 3.6265e+001 2007
Qs | 4.3416e+001 [5] S.N. Dhurvey, and V.K. Chandrakar,

The last two tables present the comprehensive
result, controllers have enhanced system stabilit
final weighting matrix Q has been chosen in orde
to get a more stable eigenvalues.

(6]

4. CONCLUSIONS

Performance of three controllers: lead-lag PSS,

LOC and MO POD, have been conducted. In the/]

design of MO controller, the weighting matrix Q of
LOC could be selected in order to assign the
dominant eigenvalue to the left side s plane. GA
has provided an effective solution of multi-

objective optimization problems. (8]

The simulation results show that the presence
UPFC non POD leads to get less stability syster
Using Bryson method for weighting matrix Q,
proposed LOC POD could improve systen
stability. The simulation results also show tha
system with PSS and MO POD has the be

oscillation damping and it is shown that dampini[€]

function of MO POD is excellent.

POD controller could give a better rotor angle
response, up to 81.33% and 93.9% reduction
overshoot and settling time respectively. Th
dominant eigenvalues shift and approach their re
part threshold -0.1. Both PSS and UPFC PO
controller simultaneously present a positiv
interaction.

REFERENCES:

[1] L. Gyugyi, “Unified Power Flow Control:
Concept for Flexible AC Transmission
Systems”|EE Proc.G No. 4, 1992.

[2] L. Gyugyi, T.R. Rietman, A. Edris, C.D.
Schauder, D.R.Torgerson, and S.L.Williams
“The Unified Power Flow Controller: A New
Approach to Power Transmission Control”,
IEEE Trans. on PWR®o. 2, 1995.

[3] L. Gyugyi, T.R. Rietman, A. Edris, C.D.
Schauder, D.R. Torgerson, M.R. Lund and C
M. Hamai, “Operation of The Unified Power
Flow Controller (UPFC) Under Pratical
Constraints” [EEE Trans. on Power Delivery
vol. 13, No. 2, April 1998, 630-639.

[4] D. Menniti, G. Cersosimo, A. Pinnarelli, and
N. Sorren, "UPFC Operating Point Evaluatior
to Solve Static Security and Dynamic Stability
Problems by Genetic Algorithms,"The

480

(11]

(12]

(13]

“Performance Comparison of UPFC in Co-
ordination with Optimized POD and PSS on
Damping of Power System Oscillations”,
WSEAS Trans on Power Systarfol. 3, Issue
5, 2008, pp. 287-299.

H. F. Wang, “Effect of multi-functional UPFC
upon Power System Oscillation Stability”,
Proc. IEEE Power Tech '99 Conference,
Budapest, Hungary, 1999.

C.R. Makkar and L. Dewan, “Transient
Stability Enhancement using Robust FACTS
Controllers A Brief Tour,”"Canadian Journal
on Electrical & Electronics Engineering/ol.

1, No. 7, 2010, pp. 150-154.

Y. Hashemi, R. Kazemzadeh, M.R. Azizian,
and A. Sadeghi, “Simultaneous Coordinated
Design of Two-Level UPFC Damping
Controller and PSS to Damp Oscillation in
Multi-Machine  Power  System”, 26th
International Power System Conference,
Teheran, 2011, pp. 1-13.

B. Singh, N.K. Sharma, A.N. Tiwari, K.S.
Verma, and D. Singh, “A Status Review of
Incorporation of FACTS Controllers in Multi-
Machine Power Systems fo Enhancement of
Damping of Power System and Voltage
Stability”, International Journal of
Engineering Science and Technoloial. 2,
No. 6, 2010, pp. 1507-1525.

] S. Panda, R.N. Patel, and N.P. Padhy, “Power

System Stability Improvement by TCSC
Controller Employing a Multi-Objective
Genetic Algorithm Approach”]nternational
Journal of Intelligent Systems and
Technologies, Vol. 1, No. 4, 2006, pp. 266-
273.

Q. Jiang, Z. Zou, Z. Wang, and Y. Cao,
“Design of UPFC Controller in Large-Scale
Power System Based on Immune Genetic
Algorithm”, Trans of the Institute of
Measurement and Controlol. 28, No. 1,
2006, pp. 15 - 25.

L.H. Hassan, M. Moghavvemi, and H.A.F.
Mohamed, “Impact of UPFC-based Damping
Controller on Dynamic stability of Iraqi
Power Network”, Scientific Research and
EssaysVol. 6, No. 1, 2011, pp. 136-145.

P.H. Sasongko, “Dynamic Modeling and
Damping Function of GUPFC in Multi-
Machine Power System"The Journal for




Journal of Theoretical and Applied Information Technology

31% May 2013. Vol. 51 No.3 B
© 2005 - 2013 JATIT & LLS. All rights reserved- T
ISSN: 1992-8645 www.jatit.org E-ISSI¥17-3195

Technology and ScienceVol. 22, No. 4,
November 2011, pp. 205-213.

[14] P.H. Sasongko, H.l. Wiennetou, and R.F
Mochamad, TCSC Power Oscillation
Damping and PSS Design Using Genetic
Igorithm Modal Optimal Control”,
International Journal of Electrical and
Computer Scienceg013, Vol. 13, No. 1

[15] A. Jalilvand, A. Safari, and R. Aghmasheh
“Design of State Feedback Stabilizer foi
Multi-Machine Power System Using PSO
Algorithm”, Proceedings of the 12th IEEE
International Multi-topic Conference,
December 23-24, 2008.

[16] M. Eslami, H. Shareef, A. Mohamed and M
Khajehzadeh, “Design of UPFC Damping
Controller Using Modified Particle Swarm
Optimization”, International Conference on
Power and Energy Systen2012.

[17] Y.N. Yu, Electric Power System Dynamics
Academic Press, 1983.

[18] P.H. Sasongko, M. Talaat, and R. Moret,
“More Exact Method for Determining the
Optimal Control Weighting Matrices” Proc.
of IASTED Interntl Conf on Electrical Power
SystemParis, 1987.

[19] P.W. Sauer, and M.A. PaRower System
Dynamics and StabilityPrentice-hall Inc.,
New Jersey, 1998.

481



