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Abstract

In this paper multi-objective tuning of a supplementary stabilizer for Static Synchronous Compensator (STATCOM) is
presented. A meta-heuristic optimization method named genetic algorithms (GA) is used for tuning the parameters of
the proposed stabilizer. The potential of the GA for optimal setting of the proposed stabilizer are investigated. The
stabilizer is designed to shift slightly damped and undammed electromechanical modes of power system. The validity
of the proposed method is verified on a single-machine infinite-bus power system (SMIB) installed with a STATCOM.
Several linear time-domain simulation tests visibly show the validity of proposed method in damping of power system
oscillations.
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Abbreviations

FACTS: Flexible AC Transmission Systems; GA: Genetic Algorithms; LFO: Low Frequency Oscillations; SIMB: Single-Machine
Infinite-Bus Power System; STATCOM: Static Synchronous Compensator

Introduction

The rapid development of the high-power electronics
industry has made Flexible AC Transmission System
(FACTS) devices viable and attractive for utility
applications. FACTS devices are effective in controlling
power flow and damping power system oscillations. In
recent years, new types of FACTS devices have been
investigated that may be used to increase power system
operation flexibility and controllability, to enhance system
stability and to achieve better utilization of existing power
systems (Hingorani et al., 2000; Mehrdad Ahmadi
Kamarposhti, 2010; Mehdi Nikzad et al., 2011; Reza
Hemmati et al., 2011; Sayed Mojtaba Shirvani Boroujeni
et al.,, 2011; Hasan Fayazi Boroujeni et al., 2011). The
static synchronous compensator (STATCOM) is one of
the most important FACTS devices and it is based on the
principle that a voltage-source inverter generates a
controllable AC voltage source behind a transformer-
leakage reactance so that the voltage difference across
the reactance produces active and reactive power
exchange between the STATCOM and the transmission
network. The STATCOM is one of the important 'FACTS'
devices and can be used for dynamic compensation of
power systems to provide voltage support and stability
improvement (Gyugyi, 1979; Gyugyi et al, 1990;
Schauder et al., 1993; Mori et al., 1993; Trainner et al.,
1994; Schauder et al.,, 1995; Ekanayake et al., 1995;
Saad-Saoud et al., 1998; Ainsworth et al., 1998; Reza
Hemmati et al., 2011; Sayed Mojtaba Shirvani Boroujeni
et al., 2011).

Wang et al. (1999) studied a unified Phillips-Heffron
model (Heffron et al., 1952) of power systems installed
with a STATCOM. STATCOM has developed from a
switch mode voltage-source converter configuration with
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an energy-storage device (DC capacitor). Also, the
STATCOM can be used for voltage support and transient
stability improvement by damping of low frequency power
system oscillations. Low frequency oscillations (LFO) in
electric power system occur frequently due to
disturbances such as changes in loading conditions or a
loss of a transmission line or a generating unit. These
oscillations need to be controlled to maintain system
stability. In past decays power system stabilizer or PSS
was applied for damping power system oscillations.
Recently new power system controllers like as FACTS
devices are presented as power system stabilizer. Many
in the past have presented lead-Lag type UPFC
stabilizers (Tambey et al., 2003). They are designed for a
specific operating condition using linearized models.
More advanced control schemes such as self-tuning
control (Cheng et al., 1986), Particle-Swarm method (Al-
Awami et al., 2007) and fuzzy logic control (Mishra et al.,
2000; Eldamaty et al., 2005) offer better dynamic
performances than fixed parameter controllers. Fuzzy
control design is attractive because it does not require a
mathematical model of the system under study and it can
cover a wide range of operating conditions and is simple
to implement.

The objective of this paper is to investigate the ability
of Genetic algorithms (GA) for STATCOM supplementary
stabilizer design. A Sigel Machine Infinite Bus (SMIB)
power system installed with a STATCOM is considered
as case study and a STATCOM based stabilizer whose
parameters are tuned using GA is considered as power
system stabilizer. Different load conditions are considered
to show effectiveness of the proposed method.
Simulation results show the validity of proposed method
in LFO damping.
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Illustrative test

Fig. 1. A single-machine infinite-bus power system
installed with STATCOM
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Flg 1 shows the case study system in this paper. The
system is a Single Machine Infinite Bus (SMIB) power
system with STATCOM installed. The system parameters
are presented in appendix.

System modeling
Nonlinear model

A non-linear dynamic model of the system is
derived by disregarding the resistances of all
components of the system (generator, transformer,
transmission line and shunt converter transformer) and
the transients of the transmission lines and transformer
of the STATCOM. The nonlinear dynamic model is given
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Where

AP, = K\ AS + K,AE + K jAv, + K Am +K A5,

AE, = K, A8 + K,AE, + K Avy, + K Amg + K A3,

AV, = K A8 + K AE] + K jAvy, + K Am +K A8,

Fig.2 shows the transfer function model of the system
including STATCOM. The model has constant
parameters which are denoted by K;. These constant
parameters are function of the system parameters and

the initial operating condition. The control vector U in Fig.
2 is defined as (3).

U=[Am. AS.]" ®3)
Where: Amg: Deviation in pulse width modulation index
mg of shunt inverter. By controlling mg, the output

voltage of the shunt converter is controlled.

Adg: Deviation in phase angle of the shunt inverter
voltage. By controlling &g, exchanging active power
between the STATCOM and the power system is
controlled.

It should be noted that K, Kqu, Kw and Kg, in Fig. 2 are
the row vectors and defined as follows:

Kpu :[er ] K _[qu

Kvu :[Kve vbe] K _[Kce
State space model

The dynamic model of the system in state-space form
is obtained as (4). The typical values of system
parameters for nominal operating condition are given in

qée];

Kcée]

pbe

as below (1) (Wang et al., 1999). .
D g ) appendix.
=(P_—-P,.—-Dw)/M e
(Pn =R, )/ As | [ o wo 0 0 0 As | [ o 0 (4)
. . K1 Ko Kpd Kpe Kpse
3=, (0-1) Aw I eI Sal. Sl
y _Ka 4 _Kg 1 Kad / _Kage _Kgse {AmE}
! AEqg |= 7 7 7 ] x| AEg |+ ] ] x
( fd)/Tdo f Tio Tie  Tho Tl 4 T4 T4 ASE
AEfd | |_KAKs _KaKs _ 1 _KaKvd | [AEfg | |_KAKve _KaKuyse
( Vi — ) / T, . TA TA TA TA Avge TA TA
Avdc K7 0 Kg 0 -Kg ] | Kce Kcse
V, = ZC (SIn(S )IEd +cos(8E)IEq) Fig. 2. Transfer function model of the system including STATCOM
dc

Linear model
A linear dynamic model is obtained by
linearising the non-linear model around

nominal operating condition. The
linearised model is given as (2).
AS = W AW

Ad=(-AP, — DAw)/M

AE, = (- AE, +AE)/T;,

AE, =—(YT,)AE, —(K,/T,)AV,

AV, = K A8 + KAE, — KoAvy, + K Amg + K A5,

Wo
S
1 N ka
K, +ST,, = - 1+ST,

(2)
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STATCOM Controllers
The STATCOM control system comprises two controllers:
e DC-voltage regulator
e Power system oscillation-damping controller
DC-voltage regulator

The STATCOM needs to a DC voltage regulator to
regulate DC-link voltage. DC-voltage is regulated by
modulating the phase angle of the shunt converter
voltage. A PI type controller is considered as voltage
regulator here. The parameters of DC-voltage regulator
are considered as follow for this research: K;=39.8 and
Kgp=0.5778.
Supplementary stabilizer

As referred before, in large interconnected power
systems, the damping torque of overall system is neglect
and system need to stabilizer for stability. The basic
function of stabilizer is to add damping torque to the
generator rotor oscillations by controlling its excitation
using auxiliary stabilizing signal. To provide damping, the
stabilizer must produce a component of electrical torque
in phase with the rotor speed deviations. The stabilizer
configuration is given in (5). Where, Aw is the speed
deviation in per unit. This type of stabilizer consists of a
washout filter and a dynamic compensator. The output
signal is fed as a supplementary input signal to the input
of STATCOM. The washout filter, which is a high pass
filter, is used to reset the steady state offset in the
stabilizer output. In this paper the value of the time
constant (Tw) is fixed to 10 s. The dynamic compensator
is made up to two lead-lag stages with time constants,
T1-T4 and an additional gain Kpc.

U=K,. ST,, 1+ST, 1+ST, A6
1+ST,, 1+ST, 1+ST,

The major point in the stabilizer design is to find the
values of Kpc and T1-T4. In this paper GA method is
used to find the values of the proposed parameters.
Where, the robust values of Kpc and the time constants of
T1-T4 are obtained by using GA.
Eigen value analysis

For the nominal operating
condition the eigenvalues of
the system are obtained using
state-space model of the
system presented in (4) and
these eigenvalues are shown
in Table 1. It is clearly seen
that the system is unstable and needs to power system
stabilizer (damping controller) for stability.

Stabilizer controllers design themselves have been a
topic of interest for decades, especially in form of Power
System Stabilizers (PSS). But PSS cannot control power
transmission and also cannot support power system
stability under large disturbances like 3-phase fault at
terminals of generator. For these problems, in this paper
a stabilizer controller based STATCOM is provided to
mitigate power system oscillations. An optimization

()

Table 1.Eigen-values of
the closed-loop system
without stabilizer

-17.1146
+0.0213+3.711i
-0.5401+0.4991i
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method named GA is considered for tuning stabilizer
controller parameters (Shoorangiz Shams Shamsabad
Farahani et al., 2011a,b).
Genetic algorithms

Genetic algorithms (GA) are global search techniques,
based on the operations observed in natural selection
and genetics. They operate on a population of current
approximations-the individuals-initially drawn at random,
from which improvement is sought. Individuals are
encoded as strings (chromosomes) constructed over
some particular alphabet, e.g., the binary alphabet {0.1},
so that chromosomes values are uniquely mapped onto
the decision variable domain. Once the decision variable
domain representation of the current population is
calculated, individual performance is assumed according
to the objective function which characterizes the problem
to be solved. It is also possible to use the variable
parameters directly to represent the chromosomes in the
GA solution. At the reproduction stage, a fitness value is
derived from the raw individual performance measure
given by the objective function and used to bias the
selection process. Highly fit individuals will have
increasing opportunities to pass on genetically important
material to successive generations. In this way, the
genetic algorithms search from many points in the search
space at once and yet continually narrow the focus of the
search to the areas of the observed best performance.
The selected individuals are then modified through the
application of genetic operators. In order to obtain the
next generation Genetic operators manipulate the
characters (genes) that constitute the chromosomes
directly, following the assumption that certain genes
code, on average, for fitter individuals than other genes.
Genetic operators can be divided into three main
categories: Reproduction, crossover and mutation (Randy
& Sue, 2004).
Design methodology

In this section the parameters of the proposed
stabilizer are tuned using GA. Two control parameters of
the STATCOM (mg and &) can be modulated in order to
produce the damping torque. The parameter mg is
modulated to output of stabilizer and speed deviation A®
is also considered as input of stabilizer. The optimum
values of Kpc and Ty - T, which minimize an array of
different performance indexes are accurately computed
using GA. In optimization methods, the first step is to
define a performance index for optimal search. The
objective function (performance index) is presented in the
next subsection.
Performance index

In electric power systems, the unstable poles or lightly
damped stable poles cause the great oscillations and
instability. Therefore, in this paper only the unstable or
lightly damped electromechanical modes of oscillations
are relocated. In this scope, an eigenvalue based multi-
objective function reflecting the combination of damping
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factor and damping ratio is considered as follows

(Shayeghi et al., 2010):

Ja=J;+ad, (6)
Where,
) NP 2
L= ?’:P1 20i>00(0-0 - Uij) andJ, = Z Z(io - 2:Sij)
=1 €28,

The parameters o g;;and §; ¢;;are the real part and
the damping ratio of the iy, eigenvalue of the jy, operating
condition. The parameter “a” is a weighting factor and is
used to offset the weight of J; and J,. Since J, is almost
ten times less than J;, therefore, the value of “a” is
chosen as 10. NP is the total number of operating points
for which the optimization is carried out. The value of o
determines the relative stability in terms of damping factor
margin provided for constraining the placement of
eigenvalues during the process of optimization. When J3
is optimized, the eigenvalues are restricted in the dashed
region as shown in Fig. 3.

Fig. 3. Region of eigenvalue To compute the

location for objective function optimum parameter

values, a 0.1 step

, P change in mechanical

\ ¢ CGojo SN ;

& orque (ATm) is

g = assumed and the

O e performance index is
1:|| 2 L[:- e .

o minimized using GA.

The optimum values of

= Kpoe and T; to Ty

T resulting from

o minimizin th

g e

performance index is

presented in Table 2.
Where, the search area
for parameters is
considered as 1<
Kpe<1000 and 0.01<

Table 2. Optimum values of

stabilizer parameters using GA T<l. In GA case,
Koc 407.55 number of
T1 0.4761 chromosomes,
T2 0.2105 population size,
Ts 0.8133 crossover rate and
Ta 0.3501 mutation rate are set as

5, 48, 0.5 and 0.05.
Simulation results

In this section, the designed GA based stabilizer is
applied to system in order to damping low frequency
oscillations. In order to study and analysis system
performance under system uncertainties (controller
robustness), two operating conditions are considered as
follow: Case 1: Nominal operating condition; Case 2:
Heavy operating condition.The parameters for two cases
are presented in appendix. GA stabilizer has been
designed for the nominal operating condition.

For case 1 the simulation results are shown in Fig. 4.
The simulation results show that applying the
supplementary control signal greatly enhances the

Research article
©Indian Society for Education and Environment (iSee)

“Power system stabilizer”
http://www.indjst.org

1554

Vol. 4 No.11 (Nov 2011) ISSN: 0974- 6846

Fig. 4. Dynamic response Aw for case 1 Solid
(GA stabilizer); Dashed (without stabilizer)
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damping of the generator angle oscillations and therefore
the system becomes more stable. For case 2, the
simulation results are shown in Fig. 5. Under this
condition the GA controller has a stable and robust
performance. Thus, the GA supplementary controller has
suitable parameter adaptation when operating condition
changes.

Fig. 5. Dynamic response Aw for case 2 Solid

(GA stabilizer); Dashed (without stabilizer)
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Conclusions

In this paper Genetic algorithms has been successfully
applied to design stabilizer controller based STATCOM. A
Single Machine Infinite Bus power system installed with a
STATCOM with various load conditions has been
assumed to demonstrate the methods. Simulation results
demonstrated that the designed controllers capable of
guarantying the robust stability and robust performance
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Table 3. System parameters
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12. Mehrdad Ahmadi Kamarposhti (2010) Evaluation of

Generator M=8Mj/MVA | T'4o=5.044s | Xa=1p.u. static synchronous compensator in order to loading
Xq=0.6 p.u. Xd=03pu. |D=0 margin study in power system. Indian J.Sci.Technol. 3

Excitation system Ka=10 T.=0.05s (5), 511-514. Domain site: http://www.indjst.org.
Transformers Xie = 0.1 p.UL. Xspr = 0.1 p.u. 13. Mishra S, Dash PK and Panda G (2000) TS-Fuzzy
Transmission lines X71=1p.u. X72 = 1.25 p.u. controller for UPFC in a multi-machine power system.
DC link parameters Vpc = 2 p.u. Coc=3p.u. IEEE Proc. Generation, Transmission & Distribution.

Table 4. System operating conditions 147(1), .15'22-

Operating condition 1 | P = 1 p.ua. Q=0.2p.u. V;=1.03 p.u. 14. Mori S, Matsuno K, Takgda M and Seto M (1993)
Operating condition 2 | P= 1.1 p.u. Q=035pu. | V,=1.03 p.u. Development of a large static var generator using self-

under a different load conditions. In addition, GA method
has an excellent capability in power system oscillations
damping and power system stability enhancement under
small disturbances.

Appendix

The nominal parameters and nominal operating

condition of the system are listed in Table 3. Also system
operating conditions are defined as Table 4 (Operating
condition 1 is the nominal operating condition).
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