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ABSTRACTS-This paper present various causes of voltage problem stability and how this can be mitigate by integration of power electronics
based FACTs technology. FACTs devices are using since 1970 and till date, because of rapid and accurate corrective action for voltage
stability enhancement. This article giving a review of developments of FACTs technology and its application for performance enhancement of
system. Reviewers discuss merits and limitations of numerous FACTs and its integrations in different modes for improvement of voltage
profile at all buses. Authors find UPFC is a most versatile FACTs tool because of its capability to control, all three parameters such as
voltage, impedance and phase angle. Authors demonstrate the different models and their capabilities of UPFC and its application in different

condition.

1. INTRODUCTION

Now a days the demand on power is more in all sectors. In
such condition the power system stability is the main
problem with power players. Many types of generators and
motors, various types of loads, filter circuits are used in the
power sectors which leads to unbalancing the voltage that
induces voltage instability in system. Improvement of voltage
stability in power sectors is a major issue for clearing the
faults in transmission line.

The transmission line capacity should obtaining on higher
limit to find maximum economic returns for the owners. Such
situation the system stability neutralize because of overall
grid reliability and security.

Voltage stability in the power sector is the major problem
where power transfer capability is to improve. Such cases
Shunt and series compensation is used (2-4). Reactive power
compensation used to control the active power demand and
maintain the voltage to its normal value. Line current should
be minimized so that it reduces system losses.
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Power transmission is the function of the line impedance. If
the transmission line having low impedance then the higher
power can be transmitted in transmission line, where as it
falls with higher reactance.
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The power system development leads to riseand controlthe
power transfer capability in a transmission line (1). The

controlling action being performed for achieving the system
healthy condition or power quality control such as:-

Power transfer capability increases.
Improvement in voltage control in lines.
Improvement in power system stability.
Reliability of the system improved.
Transmission line loading capacity increases.
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The FACTS devices are used for voltage variation in steps to
maintain the receiving and sending end voltages within the
permissible limit. The advancement in semiconductor
technology has a major role to use power electronic devices in
power system (2-4).

Number of IEEE standards are written in book ‘5-8" relates to
the modelling issues and the book ‘9-10" relates the voltage
stability problem directly.

Main causes of voltage stability problems

1. The problems due to the improper location of FACTs
devices.

2. Problem associated with multiple FACTs devices

when their coordination is poor.

The higher reactive power consumed by loads.

Cases of problems happening in the future, but can’t

be predicted with certainty.

5. On Load Tap Changer (ONTC) operation in reverse
operating event.

6. When load centres are near to voltage sources.
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7. The voltage stability is adversely affected due to
presents of constant power load in the power system.

8. When reactive power differs in transmission line due
to heavy loads.

Taking action about Voltage Instability

1. Placing a series and shunt capacitor in proper
position.

2. Proper connections of FACTs Controllers in a
transmission line.

3. Proper coordination between all FACTs controllers
must happen.

4. Rescheduling each generation unit in the power
system.

5. Load shedding should happen for under voltage.

6. In reverse operation of transformer no tap change
happening.

7. Installing synchronous condenser in a transmission
system.

2. FACTS Devices

Problem associated with instability in power system can
remove or minimizes by the use of Flexible AC Transmission
Systems (FACTs) devices. Such devices are developed near
past and which having best controlling device for power
system stability in high voltage power transmission. FACTs
providing operating flexibility for
transmission line in power system. Improve the power
system performance for both delivering unit and receiving

controllers” also

unit.

FACTs are high speed semiconductor devices that increases
power system quality by absorbing or delivering reactive
power at light load and heavy load respectively and
simultaneously it can deliver or absorb real power. Main
objectives of FACTs devices are growth of the power transfer
capability of the transmission lines and provides direct
control of power flow.

FACTs controllers are working individually in the power
system or with links to another one to control the series
impedance, shunt impedance, current, voltage, phase angle,
damping. FACTs devices
transmission system to be operated nearby to its thermal limit
without decreasing the system’s consistency.  FACTs
controllers also improve the safety and flexibility in power

oscillation maintain  the

system. There are two type of technologies available in
literature first related to Thyristor-Switched Capacitors and
Reactors with Tap Changing Transformers and the second
group is about Gate Turn Off (GTO), Thyristor-Switched
Converters act like Voltage Source Converters (VSCs). The

first technique is called as Static Var Compensator (SVC),
Thyristor-Controlled Series Capacitor (TCSC) and Thyristor—
Controlled Phase Shifter (TCPS). Secondly, it related to Static
Synchronous Compensator (STATCOM), Static Synchronous
Series Compensator (SSSC), Unified Power Flow Controller
(UPEC) and interline power flow controller (IPFC).
Connection of FACTs devices are vary either in series or in
shunt else combination of both. The SVC and STATCOM are
always placed in shunt connection and the TCSC and SSSC
are placed in series connection. UPFC is hybrid FACTS device
which comprises both connections (series and shunt). These
are classified as like -.

2.1 Series controllers
The damping oscillation present in power system are
controlled by using series controller having variable inductive
and capacitive impedance. This process is achieving the
desired result by inducting a suitable voltage phasor in series
with the line. The series controller absorbs or produce the
reactive power when line voltage is in quadrature to line
current. In other condition the controller can absorb or
produce both real and reactive power. Some of the controller
which are used in such situation are Static Synchronous Series
Compensator (SSSC), Thyristor-Switched Series Capacitor
(TSSC), and Thyristor-Controlled Series Reactor (TCSR).

2.2 Shunt controllers
The functions shunt controllers and series controllers are
similar, but with a difference is that shunt controller can inject
the reactive power into the power system at its location. If the
injected current and line voltage are in phase quadrature,
then variation of power injection is feasible. In other case real
power adjustment is carried out. This is possible with the
help of such FACTs devices, which are as Static Synchronous
(55G), STATCOM  (Static
Compensator), Static Var Compensators (SVC).

Generator Synchronous

Line

rij+jXij

Shunt FACTS
controller
1

2.3 Combined Series-Series controllers

A combined series-series controller are of two types. A series
controller is connected in a transmission line from one side
and other one provide the independent reactive power for
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each line of a multi-line transmission system. All actions are
to be taken by the controllers to control reactive power while
the transfer of real power takes place at the same time. Such
controllers are interline power flow control (IPFC), thus real
and reactive power flows in the lines simultaneously.

FACTS Controller

T DC.Link
FACTS Controller
Operating Corrective FACTs
problem action controllers
Voltage limits:
Low voltage during | Delivering STATCOM,
large demand reactive SVC,
power
High voltage during | Consume STATCOM,
low demand reactive SVC, TCR
power
High voltage due to | Consume STATCOM,
an outage reactive SVC, TCR
power; avoid
overload
Low voltage due to | Delivering STATCOM,
sudden load reactive SvC
power; avoid
overload
Thermal limits:
Transmission circuit | Reduce TCSC,
overload overload SSSC,
UPFC, IPC,
PS
Tripping of parallel | Limit circuit | TCSC,
circuits loading S55SC,
UPFEC, IPC,
PS
Loop flows:
Parallel line load | Adjust series | IPC, SSSC,
sharing reactance UPEC,
TCSC, PS
Post fault power flow | Network IPC, TCSC,
sharing rearrangement | SSSC,
or uses | UPFC, PS
thermal limit
actions
Power flows direction | Phase angle | IPC, SSSC,
reversal Adjustment UPFC, PS

2.4 Combined Series-Shunt controllers

A combined controller are also of two
arrangements like previous combined series-series controller.
The shunt and series controllers operate in a coordinated
manner. The shunt component injects current into the system
and series component inject the voltage. The real power can
be exchanged between these shunt and series component of
controllers via the power line. Such controllers are in the
category of Unified Power Flow Controller (UPFC) and
Thyristor- Controlled Phase-Shifting Transformer (TCPST).
The series-shunt controllers are more effective and can inject
voltage and current without affecting power or current flow
and line voltage control in the system.

series-shunt

series FACTS Controller

I~
T
=T Line

A H

shunt
FACTS Controller

1 r!| Fixay i I

DC.Link

The use of FACTs (Flexible Alternating Current
Transmission Systems) controllers in power system
operation

3. INTEREST ON FACTS IN AC TRANSMISSION
LINE

The survey of the FACTS devices carried on and complied by
two important databases such as IEEE/IEE electronic library
and science direct electronic databases. The database has been
compiled after continuous survey for last 19 years from year
1991 to 2009. This time period can be categorised into three
sub periods such as 1991-1998, 1999-2004 and 2005-2009. Each
publication discuss different power system including record
of each step and its result. Such recorded information are
quite clear about the application of FACTS devices for
different power system studies.

The ability of FACTS devices is to enhance the power system
stability as discussed by Noorozian and Anderson in book 22.
The analysis of damping of power system, electromechanical
oscillation analysis based upon FACTS devices is written by
Wang and Swift in book 29. It describes about the damping
torque related to FACTS devices. Various points of studies
and research are taken about FACTS devices with the use of
simulation and results are compiled.

4. APPLICATION OF FACTS DEVICES
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By the year 1970 thyristor was well developed and used for
application of high voltage application. Modern Static Var
Compensators (SVCs) were developed using thyristor. In
addition thyristor controlled/ switched series capacitors
(TCSCs/TSSCs) and shifter
regulators (TCPSs) were also developed the principle of
thyristor based switching controllers are passive components
used for where compensation
requirement is levelling slowly. Different number of reports
are published for analysis of the FACTS devices effect on
power systems such as SVC, TCSC and TCPS.

A Phillips Heffron model is developed by Wang and swift for
the improvement of SVC/TCSC/TCPS in power system. In
this model the damping torque coefficient is used. The effect
of damping with different loading condition in FACTS
devices is analysed by Abido and Abdel-Magid. This model is
enhancing the power stability by the effectiveness of PSS and
FACTS devices. The Eigen based objective function is used in
this model for development of system damping. The model
optimum stability parameter finds out from GA search
method.

The scientist E.W. Kimbark pointed out that shunt capacitor
should be used at the midpoint of transmission line for
voltage compensation and midpoint is an optimum point for
a transmission line. In this condition twice of the normal
power can be transmitted through the compensation line.
Many types of controlling devices are used in transmission
line such as Thyristor-Controlled Series Capacitor (TCSC) and
Thyristor — Controlled Phase Shifter (TCPS). Secondly, related
to Static Synchronous Compensator (STATCOM), Static
Synchronous Series Compensator (SSSC), Unified Power
Flow Controller (UPFC) and interline power flow controller
(IPFC). We can use this in PWM asynchronous DC line
Thyristor-Controlled Series Capacitor (TCSC) are used for
control action(23-28).

Objective of installing SVC is to increase operation efficiency,
improve service quality and ensure a certain security level.

thyristor controlled phase

enhance its behaviour

The SVC is planned to an optimisation problem where two
stage optimization method is used for such system and
simulated annealing (SA) is used to solve placement location,
in large power system [30-31]. Var compensation is used for
system planning and the attention is focused upon the losses
voltage deviation and expenditure.

The simplest methods used for Svc planning on model
analysis is to define operating point should define in power
system. The Eigenvalue analysis with a system Jacobean
matrix can be used for the identification of buses where
voltage collapse occur.

The SVC shunt compensation component is designed for
voltage compensation in power system. Such devices are
TCSC. Transient stability and damping performance in the

power system can be improved for the above case [32-33].
STATCOM/ STATCON and ASVC /ASVG are used for
reactive power compensation in many rotating machines. A
STATCOM with an energy storing device can control both
active and reactive power to obtain flexible power system
operation. This article deals with the position of a shunt
FACTS device to improve transient stability in long
transmission line and to determine power flow.

Two types of reactive power compensator are used in power
system such as SVC and STATCOM. The performance of
STATCOM is better than SVC in view of continuous
controllability and response time [34]. Real time and off line
simulation tool and three simulation method available in PSB
for efficient technique used for analysis of complex control
system in FACTS devices.

Dynamic performance improvement in power system by
using a UPFC is mentioned in the article [35-40]. The effect of
FACTS devices with series compensation is essential to
improve the dynamic performance of the power system. This
can be achieved by connecting UPFC with different modes of
operation as like impedance control mode, perpendicular
voltage control mode and voltage angel control mode [41].
Perpendicular voltage control with series converter is most
simple and practical mode of operation of a UPFC. Small
disturbances in power system can be improved by damping
and large disturbances bang-bang control is needed.

5. IMPLEMENTATION OF FACTS TECHNOLOLGY

The survey of the FACTS devices carried on and complied by
two important databases such as IEEE/IEE electronic library
and science direct electronic databases. The database has been
compiled after continuous survey for last 19 years from year
1991 to 2009. This time period can be categorized into three
sub periods such as 1991-1998, 1999-2004 and 2005-2009. Each
publication discuss different power system including record
of each step and its result. Such recorded information are
quite clear about the application of FACTS devices for
different power system studies.

The ability of FACTS devices is to enhance the power system
stability as discussed by Noorozian and Anderson in book 22.
The analysis of damping of power system, electromechanical
oscillation analysis based upon FACTS devices is written by
Wang and Swift in book 29. It describes about the damping
torque related to FACTS devices. Various points of studies
and research are taken about FACTS devices with the use of
simulation and results are compiled.

6. UPFC MODELLING
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UPFEC is most complex and versatile FACTS devices which is
a combination of STATCOM and SSSC (1). These equipment
are control the basic power station variables such as
transmission voltage, impedance and phase angle. UPFC
contains two voltage source inverter connected with a DC
link and the coupled transformer is connected to the power
system.

The series converter coupled with the ac system through a
transformer provides the main action. The control of real or
reactive power flow in the transmission line by injecting AC
voltage with proper magnitude and phase angle control.
Second shunt converter transformer can generate or absorb
reactive power and deliver shunt reactive compensation to
control bus voltage at a specified value. DC link is used to
exchange the active power between the two converters (51-
52).

7.  OPERATING MODES OF UPEC

1. Shunt inverter

It is operated to draw a controlled current from the line. One
component of current balance the real power of the series
inverter automatically and the other reactive component of
power is set the desired level of inverter capability.

* Var control mode

To control reactive power a reference input is made which is
inductive and capacitive as per VAR demand. The shunt
converter control interprets the reference input signal into a
shunt current request and adjusts the converter to maintain
the current limit in the circuit. The closed loop arrangement
uses a current feedback signal to achieve the output current of
the shunt converter. Power FACTS IS known by mode of
operation where feedback dc signal is present to safeguard it.
* Automatic voltage control mode

The shunt converter reactive current automatically controls
the transmission line voltage to a desired value at the point of
connection with respect to droop characteristics. Droop
FACTS defines the per unit voltage error w.r.t. per unit
reactive converter current at its existing state. The positive
sequence component of bus voltage is usually used for
voltage feedback signal for automatic voltage control.

2. Series inverter

Series inverter controls the magnitude and angle of the
voltage of the transmission line. The flow of power on the line
is directly proportional to the voltage injection.

* Direct voltage injection mode

The series converter generates the voltage vector (VS). Where
its magnitude and phase angle are calculated based on input.
Special functional applications are used in this case. The
magnitude control is based upon the injected voltage vector

(VS) which is in phase of system voltage or in quadrature
with it.

* Line impedance emulation mode

The magnitude of the injected voltage vector, VS is
maintained in accordance with the magnitude of the line
current. The impedance is taken as reference input and
generally is a complex quantities as combination of resistance
and reactance. Special case of impedance compensation is
resorted when the injected voltage is quadrature with the line
current. This operating mode select the mode of matched
series capacitive line compensation.

* Automatic power flow control mode

The input power plays major role to maintain the value of P
and Q in transmission line although the system changes. The
magnitude and phase angle of injected vector VS is controlled
and it forces the line current vector that to maintain real and
reactive power flow in the line. The series injected voltage
generate automatically and closed loop control system action
takes place. It will manage the suitable P and Q despite power
system changes. In this situation the UPFC is used with
transmission line as a high impedance power source or sink.

* Stand-alone mode

The UPEC offers shunt and series converters independently
which can operate by disconnecting their common DC line
and splitting the capacitor bank. In this case the shunt
converter operates as like STATCOM and series converter as
like SSSC. The reactive power domain is feasible when the
two converters are standalone mode. In this case none of
converter is capable to absorb or generate real power then
reactive power domain is only possible. The injected voltage
controls reactive voltage compensation in power system for
power flow control.

8. UPFC MODEL:

The basic electrical model of UPFC is as shown in figure:

UPFC
I’rmé 9}:1 _____ V./ 8
N A S
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The above fig. represents a lossless UPFC-embedded
transmission line. The line connects node m and k as shown
above. The output of the series voltage source Vs and 0s are
controllable magnitude and angle between the limits Vsmin<
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Vs < Vsmaxand 0 < 0s< 27 respectively and the shunt branch
is equivalent to an ideal current sourcelsh. The variable I sh
of shunt current source also is controllable within Ish <Ishn,
Ishy is current capacity limit of shunt converter. Ish is
decomposed into two components: It and Ig, which are
respectively the real and imaginary controllable components
of ideal shunt current source. It, in-phase components with
respect to Vm, is determined by active power of shunt
converter exchanging with the system and the loss of UPFC.
Iq is in quadrature components with respect toVm, which
provides
maintain bus voltage level where the UPFC is installed [21,
22]. Assuming lossless converter values, the active power
absorbed from the system by shunt converter is equal to that
injected into transmission lines by series converter supplied
to the shunt converter

Vil = Re[Val * 1]

independent shunt reactive compensation to

(1)

This constraint equation shows that the overall active power

exchange between the UPFC and the AC system become zero.

So the active power Prk is equal to the Pmk on the

transmission line.

Foi = (V' +127) G + 2V G cO5 (85 —
+ E mieE in E‘m ;[:]

) =
(2

Qe = _Er.fq'_ L?‘F.:Bmic
— By 0056y ) (3)
B, = FF;':GH’.R — VW (G cos(B, — 8.) — By sin (8, —

Qe = —Vi Gonie + Vi [Grz sin (8, — 8,) —
However, the steady-state model of UPFC are classified into
two main categories: decoupled model and coupled model.

9. CONCLUSION
Research work is going on the FACTS controllers” potential to
improve the system stability. Considering rapid electric
power demand. The FACTS controller are used in power
systems for its reliability and advanced technology. It
improves the operational flexibility and controllability in
power system with considering various power system limits.
It gives most effective solution. The FACTS also used for
better utilization of existing transmission resources. After
review of research literatures about the FACTS devices, it can
be said that these are most convenient device for solving the
voltage stability problem in the power system. Author’s
survey articles of lead researchers for analysis of FACTS
devices in present and past. The decision of the voltage
improvement by FACTS controllers in complex power system
networks are technically suitable and viable.
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