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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) 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 paper, the effect of STATCOM for
improving the stability of the multi machine power system with
three phase fault and without three phase fault condition is
investigated. The performance and behavior of this shunt
controller is tested in MATLAB/Simulink.
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I. INTRODUCTION
We are facing the problem of below marked availability of
electrical energy. The root causes lie scare city of generation
and supply along with rapidly increasing demand for power
because of developmental activities. Simultaneously there is
increasing the tendency of over exploitation of existing
facilities of generation and supply. This over exploitative
trends have created in stability in power system. So facts are
that power generation rate is lower than power consumption
rate. Transmission network and facilities are also trailing. To
keep maintain the production and development in agriculture
and industrial production there is pressure for making
available more and more power. In such a situation, how can
we coop the existing problems. We try to find help for the
solution to these problems from technology.
As a help, in such a situation, there is idea of quality of
flexibility in power system. The important and basic rule in
power system is that at all the times the value of load and the
amount of power generated must match with in a limit. There
becomes a quality of self-regulation in power system.
In case the amount of generation is less than load demand
there occurs drop in frequency and voltage of the power. Its
effects becomes that the load reduces down and equalize itself
to the generated minus power as losses. But there are only a

few percent margins for such a self-regulation. Hence there is
chance of system collapse. Generator excitation controller
with only excitation control can improve transient stability for
minor faults but it is not sufficient to maintain stability of
system for large faults occur near to generator terminals.
Thus, this requires a review of traditional methods and the
creation of new concepts that emphasize a more efficient use
of already existing power system resources without reduction
in system stability and security. In the late 1980s, the Electric
Power Research Institute (EPRI) introduced a new approach
to solve the problem of designing and operating power
systems; the proposed concept is known as Flexible AC
Transmission Systems (FACTS). The two main objectives of
FACTS are to increase the transmission capacity and control
power flow over designated transmission routes. FACTS are
defined by the IEEE as "a power electronic based system and
other static equipment that provide control of one or more AC
transmission system parameters to enhance controllability and
increase power transfer capability.
Basically, FACTS controllers can be divided into four
categories:
1) Series Controller
2) Shunt Controller
3) Combined series-series Controller
4) Combined series-shunt Controller
Name

Type

Purpose

STATCOM
SVC

Shunt
Shunt

Voltage Control
Voltage Control

SSSC
TCSC

Series
Series

Power Flow Control
Power Flow Control

UPFC

Shunt & Series

TCPAR

Shunt & Series

Voltage & Power Flow
Control
Power Flow Control

Table 1.1: Comparison among FACTS Controllers.
Typical applications of FACTS in power system are:
1) Effective voltage regulation and control.
2) Reduction of temporary overvoltage.
3) Improvement of steady-state power transfer capacity
4) Damping of power system oscillations.
5) Power quality improvement.
II. STATIC SYNCHRONOUS COMPENSATOR
The concept of the STATCOM was proposed by Gyugyi in
1976. According to IEEE a STATCOM can be defined as a
static synchronous generator operated as a shunt-connected
static var compensator whose capacitive or inductive output
current can be controlled independent of the AC system
voltage.
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A STATCOM is a static compensator that it is connected to
the grid in parallel for the compensation of reactive power. It
is able to inject or absorb reactive power in a controlled way
regardless of the grid voltage [1, 2]. The basic element is the
Voltage Source Converter (VSC) which converts an input DC
voltage to an AC voltage at the fundamental frequency with a
given magnitude and a controllable phase. The AC output
voltage is dynamically controlled in order to provide the
required reactive power to the network.

In contrast, if the voltage of the converter is less that the grid
voltage at the PCC, Ust < Ui, the STATCOM absorbs reactive
power (draws lagging current).
However, if the STATCOM is controlled in such a way that
the output voltage of the converter is higher than the PCC
voltage, reactive power is injected into the grid [3].
In practice, it is also necessary to control the active power
exchange of the STATCOM by regulating the phase angle
δi st =δi - δst between the voltage at the VSC Ust = Ust
st
and the voltage at the PCC Ui = Ui st so that the VSC
absorbs active power from the grid to maintain a constant
voltage for the DC-link.

Fig. 3.35 Voltage–current characteristics of the
STATCOM
Fig. 3.34 Equivalent circuit of the Statcom
3.3.1 Mode of Operation
The VSC generates a voltage at the fundamental frequency
Ust = Ust
st with controllable voltage amplitude and phase.
The VSC is connected to the grid Ui = Ui st through an
inductive impedance, Zsh, that represents the coupling
transformer and the connection filters, the equivalent circuit is
as shown in Fig. 3.34.
The interchange of active and reactive power with the grid can
be expressed as follows
Pst = U2i .gsh – Ui Ust [gsh. Cos(δi – δst) + bsh.sin(δi – δst)] (1)
Qst = -U2i .bsh – Ui Ust [gsh. sin(δi – δst) - bsh.sin(δi – δst)] (2)
Where Ysh = 1/Zsh = gsh + jbsh.
The capacity for injecting reactive power into the grid is
limited by the maximum voltage and the maximum current
allowed by the semiconductors, as shown in Fig. 3.35.
The principle of operation of the VSC-based STATCOM
depends on the control strategy for regulating the interchange
of power between the converter and the grid and it depends
also on the output AC voltage of the converter. If the
magnitude of the voltage of the converter is equal to the
voltage of the grid, Ust = Ui , the interchange of reactive power
between the STATCOM and the grid is equal to zero.

Figure 1.2 Operating modes of STATCOM
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3.3.2 Control Techniques
There are various control techniques, as detailed in [4] where
the two listed below are the most typical:
• Voltage local control at the PCC voltage: In this control
strategy, the purpose is to regulate the PCC voltage, Ui, so that
it is maintained constant at its reference value Uiref.
Mathematically, this condition is expressed as a restriction of
operation:
Ui – Uiref = 0

(3)

Reactive Power control at the PCC: In many situations, the
STATCOM is required to inject reactive power into the grid
according to the specifications of the TSO. This form of
control can be applied, for example, when a coordinated
control is required for FACTS devices and wind farms
performing reactive power delivery to the entire grid. When
this mode of operation is desired, it must be expressed as a
restriction of operation as follows:
Qi – Qiref = 0
(4)
3.3.3 Restrictions of Operation
In a STATCOM the maximum reactive power that can be
supplied to the grid depends on the maximum voltages and
currents permitted by the power semi-conductors, so it is
necessary to include the following internal restrictions:
• The VSC output voltage must fall within the allowed limits
of operation:
Ust;min Ust
Ust;max
(5)
where Ust;min and Ust;max are the limiting values of the
minimum and maximum voltages allowed by the
semiconductors, respectively.
• The current injected by the STATCOM, Ist , must be less
than the maximum current allowed by the semiconductors,
Ist;max:

Ist

Ist;max

(6)

Where:
Ist = | Ui – Ust | / Zst

(7)

• In contrast, it is necessary to include external restrictions of
the grid voltage at the PCC. According to the specific
regulations of the grid operator the grid voltage at the PCC
must be maintained within certain allowed limits:
Ui;min

Ui

Ui;max

(8)

III. STABILITY & CONTROL OF POWER SYSTEM
Power system stability is described as “the property of a
power system that enables it to remain in a state of operating
equilibrium under normal operating conditions and to regain
an acceptable state of equilibrium after being subjected to a
disturbance”. Instability occurs depending on the operation
mode and the system configuration. Since power system is
based on synchronous machines for generation of electrical
power, the aspect of stability is influenced by the dynamics of
generator rotor angles and power-angle relationships.
Instability occurs also when a generator is disconnected due
to a line fault, then the system becomes unstable due to
voltage drop. The stability is not only an issue for the

generator synchronism but also on the control of voltage.
Concerning the evaluation of stability of a power system is
what happens when a transient disturbance occurs. The
disturbance can be small or large. Small disturbance can be in
form of load changes and the system must adjust itself to the
changing conditions. The system must also be able to manage
short-circuit on the transmission line, loss of a generator or
load. In this chapter an understanding will be given of the
different definitions and explanation to its occurrence.
3.4.1 The Stability Phenomena
Stability is a condition of equilibrium between opposing
forces. During steady-state conditions there is equilibrium
between the input mechanical torque and the output electrical
torque for each machine. If the systems equilibrium is
changed then this will result in acceleration or deceleration of
the rotors of the machines according to the laws of motion of a
rotating body. If one generator temporarily runs faster, the
angular positions of its rotor relative to that of the slower will
accelerate. The angular difference transfers part of the load
from the slow machine to the fast machine. An increase in the
angular separation is followed by decrease in the power
transfer, this increases the angular separation further and that
leads to instability in the system if some limits (generators)
have been reached.
In the analysis the stability phenomena is separated in two
categories, small-signal (small disturbance) and transient
stability.
3.4.2 Small-signal
The ability of the power system to maintain synchronism
under small disturbances, these disturbances can be small
variations in loads and generation. The instability that may
occur can be of two forms:
• Steady increase in rotor angle due to lack of sufficient
synchronizing torque.
• Rotor oscillations of increasing amplitude due to lack of
sufficient damping torque.
The disturbances depends on different factors such
transmission strength and generators excitations control used.
Small-signal stability is largely a problem of insufficient
damping of the oscillations.
3.4.3 Transient stability
The ability of the power system to maintain synchronism
under different transient disturbances. The instability can be
one phase-to-ground, phase-to-phase-to-ground or three
phase to ground and those can occur in transmission lines,
transformers or bus.
3.4.4 Voltage Stability
The definition of the stability is: “The ability of a power
system to maintain steady acceptable voltages at all buses in
the system under normal operating conditions and after being
subjected to a disturbance” [7]
The power system enters a state of voltage instability when a
disturbance, increase in load demand or also changes in the
system which can cause a voltage drop. The main factor for
instability is that the power system cannot meet the demand
for reactive power. The criterion for voltage stability is if the
bus voltage magnitude increase the reactive power injection
in the same bus is also increased. A system is unstable if one
bus in the system voltage magnitude (V) decrease as the
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reactive power injection (Q) (the same time) is increased. In
shorter term the voltage is stable if V and Q are positive and
unstable if V and Q are negative for at least in one bus.
Voltage instability is essentially a local phenomenon but the
consequence is that it can have a wide effect and suddenly a
whole part can be involved.
Many factors can contribute to voltage instability:
 Strength of transmission system
 Power transfer level
 Load characteristics
 Generator reactive power capability limits
 Characteristics of reactive power compensating devices
3.4.6 Models which interact on the voltage stability
Loads: Loads characteristics can be critical in voltage
stability analysis, it is important to check the voltage and
frequency decency of the loads
Generators: It is necessary to take into account to the droop
characteristics rather than to assume the zero droop. If line
compensation is used it must be represented.
Static Var Systems: When a SVS is operating within the
range the bus voltage can be seen as a slight of droop
characteristics. It is more important to simulate when the SVS
is operating at the reactive power limits.

Figure 4.1: Simulink Model Of Multi Grid Power System
with Statcom

3.4.7 The difference between voltage stability, transient
stability
The terms voltage stability and transient stability are often
used for the same aspect of power system stability
phenomena. The definition for voltage stability was
mentioned above (chapter 1.4), the definition for transient
stability is “the ability of the power system to maintain
synchronism when subjected to a severe disturbance” [7].
These two definitions should not be confused with actual
electromagnetic “transient phenomena” [12]. The focus on
the master thesis will be on voltage stability.
IV. SIMULATION & RESULT
The system consists of a ten bus system as shown in Fig.4.1.
The test system consists of three generators and five load bus.
System consists of the ten buses which is connected to each
other by three phase Pi section transmission line L1, L2, L3,
L4 and L5 . Where L1 = 200 km, L2 = 200 km , L3 = 200km,
L4 = 180km and L5 = 20km . There are three area in the
system in which round rotor generators of different rated are
used. The G1 = 5000 MVA/13.8 kV,G2 = 2200 MVA/13.8
kV,G3 = 1600 MVA/13.8 kV. In this power system different
capacitive and resistive load are connected at different bus
bars. The 868 Mvar & 300 Mvar capacitive load is connected
near the bus 8 and 1500 Mvar is connected in bus 7 as well as
the resistive and capacitive load are also connected with bus
10 of 300 Mvar.
Figure 5.2: Voltage waveform of bus 1 to bus 5 with three
phase fault in power system.
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Figure 5.3: Voltage waveform of bus 6 to bus 10 with three
phase fault in power system

Figure 5.5: Voltage waveform of bus 6 to bus 10 without
three phase fault in power system

Figure 5.4: Voltage waveform of bus 1 to bus 5 without three
phase fault in power system

Figure 5.6: Waveform at three phase fault in power system
(i) voltage and current of line (ii) Reactive power (iii)
Measure and reference voltage (iv)dc voltage of shunt
controller.
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Figure 5.9: THD graph of Power System

Figure 5.7: Waveform at without three phase fault in power
system (i) voltage and current of line (ii) Reactive power (iii)
Measure and reference voltage (iv) DC voltage of shunt
controller.
Figure 5.10: Current Waveform of Statcom

The given results shows that power system under the three
phase fault condtion beconm partially unstable but after 3.5
sec the system comes in stable condition using statcom.the
THD of the system 30.89 %.

V. CONCLUSION
The stability improvement of the multi-machine power
system at three phase fault and without fault condition is
investigated in this paper. When a three-phase fault is
between bus 4 and bus 5 with STATCOM. Due to the fault,
the system goes to in partially instability. But when
three-phase fault not occurring between bus 4 and bus 5 with
STATCOM, then the system shows the stability. i.e. the
Statcom in power system at three phase fault condition get
stable very fast compare without Statcom. The simulation of
multi-machine (3-machine 10-bus) system with STATCOM
FACTS controller has been done using MATLAB/Simulink
software. This simulation can also be extended for multiple
faults system and Complex multi-machine systems
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