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ABSTRACT

FACTS technology has considerable applications in power systems, such as; improving the steady state

performance, damping the power system oscillations, controlling the power flow, and etc. STATCOM is one

of the most important FACTS devices used in the parallel compensation, enhancing transient stability and

etc. Since three phase fault is widespread in power systems, in this paper STATCOM is used to improve the

transient stability of power system when three phase fault occurred. Neural Network has been used for
adjusting the gain of the supplementary controller of STATCOM. The simulation performed in MATLAB /
Simulink software. Simulation results showed when STATCOM combines with proposed Neural Network
based supplementary controller; the transient stability of power system improves.
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1. INTRODUCTION

The Stability is main Characteristics and
of the dynamical
Common phenomenon and stability in a
power network divided into two categories,
namely the turbulence intensity and duration
that remain in the system. The first division
including: steady state, dynamic and transient
stability. Steady state stability is stability of
power system under very little disturbances,
transient stability is stability of power system
under large disturbances and dynamic stability
is stability of power system under disturbance
that is resolved via plant controller like
voltage and frequency Controllers. In the

requirements systems.
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second division, the phenomenon of the
power grid is divided according to time
duration remained in the network. There are
many control systems in a power system that
their aim is to supply necessary power to
consumers in the desired Frequency and
voltage. Another role of control systems
eliminates the rapid transient Fluctuations and
create stability in the system when it deals
with disturbances. This control system can be
divided into two categories: Control systems
in a plant and control systems in transmission
lines. The control system of transmission lines
helps to maintain the voltage, frequency level
and control of amount active power and
reactive power [1]. One of the technologies
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that makes optimum use of lines and systems
and maintains power system stability is
FACTS technology. This technology was
introduced in 1986 by the Institute EPRI [2].
STATCOM is one of the FACTS devices
which operate in parallel with the system.
STATCOM is used for voltage control by
compensating an appropriate amount of
reactive power in the early years but in recent
years it has been considered to reduce the
power grid fluctuations. This is done by using
appropriate controller. Some previous studies
showed that wusing an additional control
system is an effective method to reduce
fluctuations. Some of them have been used in
a simple PI controller. Other researchers have
logic for improving the
performance of the controller. The fuzzy
logic calculates the appropriate gain [3-4]. In
this paper, to achieve greater and faster
oscillation damping, the amount gain of
additional controller is calculated by the
neural network. With this controller, the
STATCOM is able to reduce oscillations
quickly when the three-phase to ground fault
occurs in the system. Simulation is done in
MATLAB, for three cases: I-system without
STATCOM, II-system with STATCOM
without additional controller, III- system with
STATCOM  with  additional
Simulation results showed that the system
with STATCOM with additional controller
that its gain was calculated by the neural
network has a faster and better damping.

used fuzzy

controller.

2. TRANSIENT STABILITY

In a power system, transient stability is the ability
of a system to maintain stability, and oscillation
damping after a severe disturbance. Disturbances
in power systems such as the removal of
equipment, changes in load and short circuit lead
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to Increase the generator rotor angle. So system
response is affected by the non-linear relationship
between power and load angle. The relationship
between power and angle in a power system can
be expressed as follows:

p=5e gings)
X

(D

Where V, is Terminal voltage of the
transmitter,Ve Terminal voltage of the
receiver, X is Line impedance, Eyrror!

Bookmark not defined. is angle between the
voltage of the transmthe receiverd voltage of
receiver or load angle. According to equation
(1), the curve of power- angle load is Similar
to Fig. 1:
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Fig.1. Power-angle load without compensator

According to this curve (fig. 1), when the
fault occurs in a synchronous machine,
Electromagnetic torque is suddenly reduced
and the amount transferred power can be
significantly reduced, while the mechanical
power remains constant. So the rotor is
accelerated and load angle increases from &,
to 5, . Generator absorbs energy accelerators
that it is shown with the area A;. After
eliminating the fault in point related to the
angles,, transferred power increased from

Mechanical power and generator begins to
decrease the acceleration. In this case angle 6
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increased more Due to the kinetic energy
stored in the machine and it reaches to the
maximum angle 6,, and established balance
between Energy accelerators and energy
reducing Acceleration. Energy reducing
Acceleration is shown with the area A,. The
area between the curve of power and line of
Mechanical power named Transient stability
margin that shown with Aparein [5]. Parallel
compensation instruments such as
STATCOM With appropriate control in the
connection point can Support the voltage. The
result showed increased Ability of the transfer
system after the fault. Therefore it increases

the transient stability. With parallel
compensation Maximum power will be equal
below:

2V .V,
Pmax :% (2)

Fig. 2 shows the power - angle curve in the

presence a STATCOM.
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Fig.2. Curve of the power- angle
3. STATCOM

The STATCOM is based on a solid state
synchronous voltage source which generates a
balanced set of three sinusoidal voltages at the
fundamental frequency with fast amplitude
and phase angle control. The configuration of
a STATCOM is shown in Fig.1. Basically it
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consists of a voltage source converter (VSC),
a coupling transformer and a DC capacitor.
STATCOM is used for voltage support in a
power system. When the voltage drop occurs
in the system, it caused a rapid adjustment of
the voltage at the connection point with a
reactive power injection. Thus it prevents the
system from instability [6].
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Fig.3. Structure of STATCOM
4. ARTIFICIAL NEURAL NETWORK

Nowadays with the advancement of
technology and use of computer systems in
Complex calculations, intelligent computer
systems and artificial intelligence have a
greater importance. Neural networks have
been devised in accordance with the nervous
system; this means that a neural network is
composed of several elements called neurons.
These neurons communicate with other
neurons; the connections between neurons are
weighted. The weight is considered as
important parameters in neural network
training. Generally neural networks are
trained so that a particular input leads to a
specific output in the output layer neural
network. The multilayer PERCEPTRON
network (MLP) and back propagation network
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approaches have a privileged position in
technology of neural network. The back
propagation method is achieved with training
rules  WIDROW-HOFF
networks and the decision function can be
derived. In this method, input and network
output and desired output are used for
network training until Network output is
closer to the desired output. Multilayer feed
word neural network has the ability to specify
input and output relationships by learning
back propagation algorithm [7]. In this paper a
feed-forward artificial network with online
training is used to calculate the gain of
controller added to the control system of
STATCOM online. This network has two
layers which are shown in Fig. 4.

In  multilayer

Y.

input

d
a (anu)

Fig.4. Model of two-layer neural network

The input network can be the machine
speed changes, frequency changes, angle load
of generator changes.

5. TIME DOMAIN SIMULATION

The one line diagram of the two-machine test
system that is simulated in MATLAB SIMULINK
is shown in Fig.5. Parameters of generators, lines
and STATCOM are parameters used in toolbox
MATLAB. Time domain simulation is performed
on the system with a three phase fault applied at
the sending end of the circuit. Duration time of
this fault is 0.1 s. In this study STATCOM is used
to control reactive power exchange with the
network.
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Fig. 5: The one-line diagram of two-machine
system

Fig. 6 shows the block diagram of the
modulation index control of STATCOM with
additional control loop. This additional
control loop is shown in Fig.7 with three
blocks: The first block is Washout filter, the
second block is a phase compensating and the
third block is the controller gain. This gain
shows the amount of damping of additional
controller which is calculated by two layers
feed forward neural network. This network is
trained with the back propagation method.
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Fig.6. Block diagram of the STATCOM with
additional loop
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Fig.7. The block diagram of the additional
control loop
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The input signal of the additional controller
will be selected from error between desired
and actual load angle of machine 1 (M1), also
in this simulation, to adjust the weights of
neural network we wused the difference
between the reference voltage and bus voltage
of STATKAM as another input of additional
controller. Neural network by adjusting the
inputs calculates the desired gain for an
additional controller. The controller output is
added to the difference between the reference
voltage and bus voltage of STATKAM input.
In this way, Bus voltage of STATCOM is
controlled to help damping
oscillations. In fact when the angle changes
are positive, STATCOM increases voltage of
connection point to grid and when the angle
changes are negative, reduces it. So it causes
an increase in transient stability of the system.
In this paper we used three cases of
simulation; case I: system  without
STATCOM, case II: system whit STATCOM
without additional controller, case III: system
whit STATCOM with additional controller.
Results of system response for each control
mode are shown in Fig.8. Injected Reactive
power by STATCOM in tow case is shown in
Fig.9. According to figures, it is clear that
employing artificial networks to
determine the gain of additional controller
will increase the damping widely.

system

neural

6. CONCLUSIONS

In this paper we have shown that the
STATCOM has a positive effect on transient
stability. Then with wusing an additional
controller that its gain calculated with
artificial neural network, we can see that ANN
improved the performance of STATCOM.
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Fig.8. System response: A: active power of line,
B: speed deviation for generator M1, C: load
angel deviation for generator M1.
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Furthermore Computer simulations showed
the advantage of this method to improve the
STATCOM performance on transient stability
of the power system.

REFRENCES

[1] M. Karrari, “Dynamic and Control Of Power
System,” First Publishing, Tehran, Amirkabir
University Publishing Center, Winter 1382.

[2] M. Najari, A. A. Ghareveysi, M. A. Sadrniya, E.
Ebadi, “Khorasan Network Optimization By Facts
Tools,” 2005.

[3] Raviraj Vsc And Sen Pc, “Comparative Study Of
Proportional-Integral, Sliding Mode, And Fuzzy
Logic Controllers For Power Converters,” IEEE
Transaction On Industry Applications, Pp.18-24,
1997.

[4] J. Lu, M. H. Nehrir, D. A. Pierre, “A Fuzzy Logic
Based Adaptive Damping Controller For Static
VAR Compensator,” Electric Power Systems
Research 68 (2004), 113-118.

[51 N. G. Hyngurany, L. Gayogi, “Introduction With
A Flexible Transmission Network Productivity
Concepts And Technologies, Facts,” First
Publishing, Advisor Engineers Of Qods, Spring
1384.

[6] S.M.Bamasak,”Facts-Based Stabilizers For Power
System Stability Enhancement,” PhD Thesis, King
Fahad University Of Petroleum, 2005.

[7] N. Jamshidi, R.Rasoli, A. Abavi Mehrizi,
“Applied Learning Advanced Topics In Electrical
Engineering With Matlab,” Second Publishing,
Tehran, 1386.

31



