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Abstract: Transmission networks of modern power
systems are becoming increasingly stressed
because of growing demand and restrictions on
building new lines. One of the consequences of
such a stressed system is the threat of losing
stability following a disturbance. Flexible ac
transmission system (FACTS) devices are found to
be very effective in a transmission network for
better utilization of its existing facilities without
sacrificing the desired stability margin. Flexible
AC Transmission System (FACTS) such as Static
Synchronous Compensator (STATCOM) and
Static VAR Compensator (SVC), employ the latest
technology of power electronic switching devices
in electric power transmission systems to control
voltage and power flow. A static synchronous
compensator (STATCOM) is a shunt device of the
flexible AC transmission systems (FACTS) family.
The STATCOM regulates voltage at its terminal
by controlling the amount of reactive power
injected into or absorbed from power system.
When system voltage is low, STATCOM generates
reactive power and when system voltage is high it
absorbs reactive power. In this research work,
STATCOM controller based on Genetic algorithm
is proposed in single machine infinite bus system
(SMIB). Proposed controller is implemented
under MATLAB/SIMULNK environment.
Keywords: FACTS, STATCOM, Genetic
Algorithm, TCSC, SVC.

I. INTRODUCTION

The Static Synchronous Compensator (STATCOM)
is a shunt connected reactive compensation
equipment which is capable of generating and/or
absorbing reactive power whose output can be varied
so as to maintain control of specific parameters of the
electric power system [9] [10] [11]. The STATCOM
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provides operating characteristics similar to a rotating
synchronous compensator without the mechanical
inertia, due to the STATCOM employ solid state
power switching devices it provides rapid
controllability of the three phase voltages, both in
magnitude and phase angle. The STATCOM
basically consists of a step-down transformer with a
leakage reactance, a three-phase GTO or IGBT
voltage source inverter (VSI), and a DC capacitor.
The AC voltage difference across the leakage
reactance produces reactive power exchange between
the STATCOM and the power system, such that the
AC voltage at the bus bar can be regulated to
improve the voltage profile of the power system,
which is the primary duty of the STATCOM.
However, for instance, a secondary damping function
can be added into the STATCOM for enhancing
power system oscillation stability. A STATCOM can
be used for voltage regulation in a power system,
having as an ultimate goal the increase in
transmittable power, and improvements of steady-
state transmission characteristics and of the overall
stability of the system [12] [13]. Under light load
conditions, the controller is used to minimize or
completely diminish line over voltage; on the other
hand, it can be also used to maintain certain voltage
levels under heavy loading conditions.

During fault conditions a constant value of source
voltage magnitude may cause a very high value of
current drawn from the STATCOM. For this, a
maximum limit is set for the STATCOM current. For
a practical system, this current limit is decided by the
rating of the STATCOM. When the current reaches
the limit, STATCOM behaves like a constant current
source [14]. To include this feature in the simulation,
Ve is kept constant at the pre-specified value when
Isc. But, whenever the value of I exceeds Ivax, the
value of V. is adjusted such that Isc becomes equal to
max value. The STATCOM is used to control power
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flow of power system by injecting appropriate
reactive power during dynamic state.

The STATCOM is a voltage-sourced-converter
(VSC)-based shunt-connected device. By injecting a
current of variable magnitude in quadrature with the
line voltage, the STATCOM can inject reactive
power into the power system. The STATCOM does
not employ capacitor or reactor banks to produce
reactive power as does the SVC, but instead uses a
capacitor to maintain a constant dc voltage for the
inverter operation.

STATCOM con [15] [16] troller plays a main roll in
stability control in condition of fault when rotor is
deviated and power angle is deviate. Controllers have
a gain value which has to be optimized because
improper gain may take much time to control the
stability.

I1. SINGLE MACHINE INFINITE BUS

Modelling of SMIB consists of the generator,
excitation system, AC network etc. A SMIB power
system model as shown in Fig. 1 is used to obtain the
Modified Heffron-Phillip’s model parameters [6] [7].
This is a simplified representation of a generator is
connected to the load through a transmission line.
IEEE Model 1.0 is used to model the synchronous
generator.
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Figure 1: Single Machine Infinite Bus

For the study of single machine infinite bus system a
Heffron Phillips model can be obtained by linearizing
the system equations around an operating condition.
The obtained Heffron model is as in figure and the
parameters are K; = 0.5320, K; = 0.7858, K3 =
0.4494, K4 = 1.0184,Ks = -0.0597, K¢ = 0.5746, Ka =
20,M=7.
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Figure 2: Heffron Phillips model — SMIB

Parameters of STATCOM are fed to genetic
algorithm for the enhanced results [8].

k,, - Active power controller gain (proportional)

kype Active power DC controller gain
(proportional)

kq- Active power controller gain (derivative)

k,,,- Voltage controller gain

ke, - DC controller gain

kq- - Reactive power controller gain (proportional)
kqpe Reactive power DC controller gain
(proportional)

K, - Proportional gain of controller

K; - Integral gain of controller

1. LITERATURE REVIEW

The critical clearing time provides very important
role of the robustness in power system. The Static
Synchronous Compensator (STATCOM) has been
accepted to be equipped in modern power system.
Kumkratug P. [1] presents the method to evaluate the
Critical Clearing Time (CCT) of the system equipped
with  a  Static  Synchronous = Compensator
(STATCOM).The parameter on STATCOM is
modelled in energy function. The presented energy
function is applied to determine CCT of the system.
The verification of the proposed method is tested on
sample system. The maximum generator rotor angle
of the faulted system without a STATCOM is
continuously oscillation and the maximum value is
much  more than the system with a
STATCOM.STATCOM  based the proposed
nonlinear control can damp power system oscillation
[1]. Kumkratug P. [2] presents the selection of
control law of a static synchronous compensator
(STATCOM) to improve damping of a simple power
system. The control law of the STATCOM is derived
from the basis of Lyapunov’s stability criterion and is
found to be a non-linear function of machine angle
and speed. A technique of estimating the machine
angle and speed from some local measurements at the
STATCOM bus is also described in the paper. The
effectiveness of STATCOM on  damping
improvement is investigated on a single machine
infinite bus system and the results found are
systematically described [2].

Three-phase power flows and modal analysis are
employed to the voltage stability margin calculation
by means of the P-V curves for different power



IJDACR

IJDACR
ISSN: 2319-4863

O International Journal Of Digital Application & Contemporary Research

International Journal of Digital Application & Contemporary research
Website: www.ijdacr.com (Volume 2, Issue 10, May 2014)

systems' operating conditions. In works of Murillo-
Perez J. L. [3], a static synchronous compensator
(STATCOM) is included with the purpose of
analysing its behaviour on the improvement of
voltage stability margins. The study is made on a
three-phase "abc" reference frame; taking into
account balanced and unbalanced conditions. This
allows realizing that some phases may be closer than
other ones to voltage collapse [3]. A detailed account
is presented of analytical work carried out by Kundur
P. et al. [4] to determine the parameters of power
system stabilizers for a large generating station.
Small-signal and transient stability studies are
reported which demonstrate the effectiveness of the
stabilizers in enhancing the stability of inter area as
well as local plant models of oscillation. The
performances of two alternative schemes, one with
and the other without any transient exciter gain
reduction, are investigated [4].

Power system stability enhancement via a power
system stabilizer (PSS) and FACTS-based stabilizers
is thoroughly investigated in this paper. The design
problem of PSS and different FACTS controllers is
formulated as an optimization problem. An
eigenvalue-based objective function to increase the
system damping and improve the system response is
proposed. Then, a real-coded genetic algorithm
(RCGA) is employed to search for optimal controller
parameters. In addition, Abido M. A. and Abdel-
Magid Y.L. [5] presented a singular value
decomposition (SVD) based approach to assess and
measure the controllability of the poorly damped
electromechanical modes by different inputs. The
damping characteristics of the proposed schemes are
also evaluated in terms of the damping torque
coefficient with different loading conditions for
better understanding of the coordination problem
requirements. The proposed stabilizers are tested on a
weekly connected power system with different
loading conditions. The nonlinear simulation results
and eigenvalue analysis show the effectiveness and
robustness of the proposed control schemes over a
wide range of loading conditions [5].

IV.PROPOSED ARCHITECTURE
A. STATCOM
Basically a voltage-sourced converter based

STATCOM generates ac voltage from a dc voltage.
With a voltage sourced converter, the magnitude, the

phase angle and the frequency of the output voltage
can be controlled [13].

A phase shift between the two voltages, d, allows real
power to flow and thus can be used to regulate the dc
bus voltage, as in (1).In addition, the reactive current
or power can be controlled by adjusting the relative
voltage of the converter output voltage, as in (2).

VPCCVst

P(8) = =55 SING . (1)

2
pcc — VpecVsecoss

X

%4

QVse) = - (2)
According to mathematical model of STATCOM, the
dynamic model of STATCOM can be described as in
equation (2)
dlabc

L dt

+ Rlabc = Uabc - Vabc FETICT T TR (3)

Equations (3) can be transformed to synchronously
rotating reference frame wusing the Park’s
transformation, as in (4)

f8y = T(O)fape e e e o (4)

Where T (0) is the matrix of converting three-phase
abc frame into the synchronous reference frame
involved with the d an d g components when it is not
considered the zero components.

) cos 6 cos (9 —gn) cos (9 +§7T)

T(9) = =
3|—sing —cos (9 —gn) —cos (9 +§7t)
®)
The power balance equation of the converter is
dUg.

So, the state equation for STATCOM is
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B. Genetic Algorithm

This probabilistic search algorithm computationally
mimics natural evolution process by alternating a
population of candidate solutions to generate best

optimal output.

Population
Alteration Selection
(Mutation &
Crossover)

!

Discarded Solutions

Figure 3: Genetic Algorithm Evolutionary Cycle

The chromosome (series of smallest unit ‘gene’) is
the first possible solution of problem. Application
dependent is coding technique of transforming
unigue solution to bit string. The approach of genetic
algorithm is scaled in three steps depicted in terms of
Selection, Crossover and Mutation.

Selection

Selection of fittest candidate to generate a succeeding
possible solution is a mimic of nature’s reproduction
algorithm and candidates claim their fitness based on
proportion to fitness proportional selection.

Crossover

At a point of crossover, chromosomes from two
different solutions are artificially mated and swapped
the slice part to generate a new solution. The genes of
fittest candidates mate with genes of similar category
(with distinct properties) generate better solution
known as new chromosome.

Mutation

Crossover limits its functionality to generate new
chromosomes based on parents’ properties. Mutation
is random adjustment of these to avail new
composition of properties that was not possible only
with crossover step.

The steps in the typical GA for finding a solution to a
problem are listed below:

1. Generate an initial solution population of a
certain size randomly.

2. Calculate each solution in the current
generation and assign it a fitness value.

3. Select “good” solutions based on fitness
value and discard the rest.

4. If satisfactory solution(s) found in the
current generation or maximum number of
generations is exceeded then stops.

5. Change the solution population using
crossover and mutation to create a new
generation of solutions.

6. Gotostep 2.

V. SIMULATION & RESULTS

Proposed work is modelled in MATLAB/SIMULINK
R2009b and simulated.
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Figure 4: SIMULINK model for SMIB
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Figure 5: SIMULINK model for SMIB with installed
STATCOM

The test system for SMIB is a Heffron Phillip model
of SMIB which feeding by a signal with disturbance
and the results when no STATCOM is installed:
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Figure 6: Rotor angle deviation in SMIB with no
controller

Same signal is feed to after the STATCOM is
installed with Genetic algorithm and the rotor angle
deviation is as shown in figure 5.

x 107 Rotar Angle Deviation in SMIB with GA Optimized STATCOM
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Figure 7: Rotor angle deviation in SMIB with GA
optimized STATCOM
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Figure 8: Convergence graph for Genetic Algorithm
VI.CONCLUSION

In this paper, dynamic behaviour of single machine
system installed with STATCOM is investigated
under 3-phase fault using genetic algorithm.
STATCOM is designed to improve the transient
stability of the given system. Proposed work is
implemented using MATLAB/SIMULINK. The
STATCOM s used to control power flow of power
system by injecting appropriate reactive power
during dynamic state. Simulation results show that
STATCOM not only considerably improves transient
stability but also compensates the reactive power in
steady state. Therefore STATCOM can increase
reliability and capability of AC transmission system.
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It is quite clear that before compensating a power
system with FACTS device to improve transient
stability, we need to assess the system stability
conditions for different locations of the fault and the
compensator and also with different amounts of
compensation. The transient stability improvement of
the single machine power system at different fault
condition is investigated in this work.

The future work could be directed on:

The arrangement rules with evolutionary
algorithm to obtain the better power
oscillation damping effects.

The study can be extended by using larger
power system that contains a number of
FACTS-based stabilizers.
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