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ABSTRACT: Voltage    stability   analysis  in   an existing  long transmission  line,  plays  a   essential  role  in   power
system area. This  paper  employs the  shunt  connected compensation (SVC) based  FACTS  device  for the control of
voltage ,active power, reactive power and  power damping oscillations in long distance transmission line. Here also
deals with determination of the optimal location of  shunt  flexible  a.c. Transmission system  (FACTS)  devices  for
a  long   transmission  line   for voltage and power  transfer improvement. The  results  also show  that optimal
location depends upon  voltage magnitude and  the  line loading  and  system initial operating conditions. In this
paper  the two machine 4-bus test system is simulated using MATLAB Simulink environment.
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I. INTRODUCTION

In   modern  era  the  applications  of  the  power electronics
devices in power systems are very much  bigger. It is an
urgent  need  to  control  the power flow, in  a long distance
transmission line. The FACTS devices are  introduced  in
the power system transmission for the reduction of the
transmission line losses and also to increase the transfer
capability[1]. The flexible AC transmission system(FACTS)
are   now  recognized  as  a  viable  solution for  controlling
transmission voltage, power flow, dynamic response, etc.
and represent a  new era  for  transmission systems. It uses
high current  power  electronic  devices  to  control  the
voltage, power flow, etc. of a  transmission  system. FACTS
devices are  very  effective  and  capable  of   increasing  the
power transfer  capability  of  a  line, if  the  thermal  limit
permits, while maintaining  the  same  degree  of   stability
[2]. Tan, et al [3] have demonstrated the effectiveness of
SVC and  STATCOM  of  same  rating  for  the
enhancement of power flow. Shunt compensation
enhance the real power handling capacity of line at a
much lower cost than the building a second transmission
line of the same capacity. Shunt FACTS devices are
recognized as smooth control of reactive power over a wide
range to support transmission line [2, 6].

Today's power systems are widely interconnected
to take advantage of diversity  of   loads,  availability  of
resources and fuel prices, in order to supply electricity to the
loads at minimum cost with a required reliability. Transmis
-sion is often an alternative to new generation and less
transmission capability means a requirement for more

generation resources. The cost as well as difficulties
encountered in building new transmission lines, limits the
transfer of available power. In many cases economic energy
or reserve sharing is constrained by the transmission
capacity. Flexible AC transmission system (FACTS)
technology opens up new opportunities for controlling
power flow and enhancing the usable capacity of present
transmission lines. FACTS device control the interrelated
parameters that govern the operation of a transmission
system , thus enabling the line to carry power close to its
thermal rating. The analytical method is used  here  to find
out the optimal location of FACTS devices, in which
first system model simulated, and after simulation observe
the voltage   magnitude   and   reactive power  consumption
at all buses. Now select the lowest voltage magnitude
and highest reactive power consumption bus, for
considerable voltage and power transfer capability this
lowest voltage magnitude and highest reactive power
consumption bus is the optimal location to install FACTS
devices.

It has been observed that shunt FACTS devices give
maximum benefit from their stabilized voltage support
when sited at the optimal location of the transmission line.
The proof of maximum increase in power transfer capability
is based on a simplified model of the line that neglects the
resistance and capacitance, which is a reasonable
assumption for short transmission lines. However, for long
transmission lines, when the accurate model of the line is
considered, the results may deviate significantly from
those found for the simplified model especially with
respect to stability improvement [5,7].
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II. POWER SYSTEM STABILITY

A. Definition of Stability of a System
The stability of  a system is defined as the  tendency and
ability of the power system to develop restoring forces equal
to or greater than the disturbing forces to maintain  the  state
of equilibrium[2]. Let a system be in some equilibrium
state. If  upon  an  occurrence of  a disturbance  and  the
system is still able to achieve the equilibrium position, it is
considered to be stable. The system  is also considered to be
stable If it  converges to another equilibrium position  in
the proximity of  initial  equilibrium  point .If the physical
state of the  system differs such that certain  physical
variable  increases   with respect to time, the system is
considered to be unstable.              Therefore , the system is
said to remain stable when the    forces tending to hold
the machines in synchronism with one another are
enough to overcome  the disturbances. The system stability
that is of  most concern is the characteristic  and the
behavior of  the power system after a disturbance [2].

B. Need for power system stability
The power system industry is a field where there are
constant changes . Power industries are restructured to  cater
to more users at lower prices and better power efficiency.
Power systems are becoming more complex as they become
inter-connected. Load demand also  increases  linearly with
the increase in users. Since stability phenomena limits the
transfer capability of  the system , there  is a need  to ensure
stability and reliability of the power system due to economic
reasons. Different types of  power system stability have
been  classified into  rotor angle stability ,frequency
stability and voltage stability. Fig. 1 shows the
classification of power system stability.

Fig. 1. Classification of power system stability.

III. PROBLEM FORMULATION

The problem formulation for total  power  transfer
capability  with   FACTS  devices   including   transmission
power loss is used to determine  the maximum  power  that

can be transferred from a specific set of generators in source
area to  loads  in sink area  within  real  and  reactive  power
generation limits, line flow limits, voltage   limits, stability
limits, and FACTS devices operation limits.SVC is used to
enhance the load ability of the transmission line. SVC is
used to control bus voltage, reactive power injection,
stability control, oscillation damping and unbalanced
compensation.
The equations for system flow and stability are given as:

…(1)

…(2)
…(3)

…(4)

…(5)

…(6)

…(7)

…(8)
Where,
PGi, QGi : real and reactive power generations at bus i ,

PDi, QDi : real and reactive loads at bus i ,
Vi , Vj : voltage magnitudes at bus i and j ,

: injected real power of FACTS device at
bus i ,

injected reactive power of FACTS device
at bus i ,
SLi : ith line or transformer loading,
N:  total number of buses,

:  voltage angles of bus i and j ,
: magnitude of the ijth element in bus admittance matrix,
:  angle of the ijth element in bus admittance matrix,

And the equations for power transmission are given as:

... (9)
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... (10)
... (11)

... (12)

where, P is Active power in p.u.
Q is Reactive power in p.u.
Vs is Sending end voltage in p.u.
Vr is Receiving end voltage in p.u.
XL is Line reactance in p.u.
δs is Voltage angle at sending end.
δr is Voltage angle at receiving end.

IV. FACTS DEVICES IN POWER SYSTEM

Shunt compensation is used to influence the natural
electrical characteristics of the transmission lines by
generating the reactive power. There are two distinctly
different approaches to controllable VAR generation. The
first group employs   reactive impedances  with thyristor
switches as controlled-elements (e.g. SVC); while the
second group uses self-commutated static converters as
controlled voltage sources (e.g STATCOM). Extensive
elaborations on FACTS devices can be found in the
literature.

A. Static VAR Compensator (SVC)
SVC is basically a shunt connected static VAr
generator whose out-put is adjusted to exchange capacitive
or  inductive current so as to  maintain or control  specific
power system variables. Fig. 2 shows the single-line
diagram of an SVC and a simplified block diagram of its
control system. The control system consists of the following
main components:
* A measurement system measuring the positive –
sequence voltage to be controlled.

Fig.2. Single-line diagram of an svc and its control system
block diagram.

* A voltage regulator that uses the voltage error (difference
between the measured voltage Vm and the reference voltage
Vref) to  determine  the  SVC susceptance   needed  to  keep
the system voltage constant.
* A distribution unit that determines the Thyristor Switched
Capacitors (TSCs) that must be switched in and out, and
computes the firing angle a of Thyristor Controlled Reactors
(TCRs).
* A synchronizing system using a Phase-Locked Loop(PLL)
synchronized on  the secondary voltages.
* A pulse  generator that sends appropriate pulses to the
thyristors.

V. FOUR BUS TEST SYSTEM

The  system  described in  this   section  illustrates
modeling  of  a  simple  transmission system containing  two
hydraulic power plants. The FACTS device (SVC)and
power  system   stabilizers  (PSS)  are   used   to  improve
voltages   stability and  power oscillation damping of  the
system. The power  system   illustrated   in  this  paper  is
quite  simple. However,  the phasor simulation  method
allows simulating  more complex power grids.

A. Description of Transmission System
The single line diagram shown below represents (four bus
systems) a simple 400 KV transmission system.  This
system which has been made in  ring  mode  consisting of
buses (B1 to B4) connected  to each other  through three
phase  transmission  lines L1,  L2-1, L2-2  and  L3 with the
length of  280,150,150 and 150 km   respectively. And the
four loads are connected of 250MW ,100MW, 50MW and
a  dynamic   load as shown in Fig.4 System has been
supplied by two power plants with the phase -to- phase
voltage equal to 11 KV. Active and  reactive powers
injected by power plants1 and  2 to the  power  system  are
presented  in per  unit  by  using base parameters  Sb = 2100
MVA and Vb= 400KV, the power plants 1 (M1) and
plants 2 (M2)  generated 2100 MVA  and  1400 MVA in
per unit, respectively.

To maintain system stability with respect to loading ,
the transmission line is shunt compensated at by  FACTS
device SVC. The two machines are equipped with a
hydraulic turbine and governor (HTG), excitation system,
and power system stabilizer (PSS). The dynamic load is
connected at bus B3.We can  use   it  to  program  different
types  of  faults  on  the 400 KV systems and observe the
impact of the FACTS on system stability and   power
transfer capability.
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Fig. 3. The single line diagram of 4-bus 400  kV
transmission test system.

VI. SIMULATION AND RESULT

A. System analysis with-out FACTS
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Fig. 4. Profiles at buses B1, B2, B3, B4 with-out FACT
Device, (a) Reactive power (b) Active power (c) Voltage.

Table.1. Active, Reactive power & voltages with-out
FACTS.

BUS P(MW) Q(MVar) S(MVA) V(KV)
B1 768.4 1274 1487.7 296.8
B2 154.6 725.2 741.4 296.8
B3 -545.4 -342.6 664.08 195.4
B4 530.8 304.4 611.8 239.1

B. Impact of SVC
The impact of the SVC for  stabilizing  the  network during
a severe contingency. First put the two PSS in service.
Verify that the SVC is in fixed susceptance  mode  with
Bref = 0. The rating of the SVC is +/-1000 MVA, Start
simulation. The  SVC will now try to  support  the voltage
by  injecting reactive power on  the  line when  the voltage
is lower than   the  reference  voltage (1.0 pu). The chosen
SVC reference voltage corresponds to  the bus  voltage
with  the SVC out of service. In steady state the SVC will
therefore be floating   and waiting for voltage compensation
when voltage departs   from its reference set point. We
installed SVC at bus 3, because the voltage at bus-3 is
lower as seen with-out FACT analysis. The simulation
results for  test  system  with  SVC are given below. The
data for different parameters are given  in table 2.



Pateriya  and Saxena 5

The simulation study has been divided into various
sections for the sake of clarity. At first the optimal location
of shunt FACTS devices was determined  for  a given
operating condition. Unlike previous works in this area ,
we have considered the actual line model, which
affects the optimal location for a long line. The next section
discusses how the optimal location changes with the
different  power  generation  by  the  two  generators  while
keeping the line flow for test system. Finally, the effect of
different line flows for test system  is studied ,while keeping
the   generator  loadings   in   for   test system   constant
and dynamically changes.

C. System Analysis with SVC
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Fig. 5. Profiles at buses B1, B2, B3, B4 with SVC, (a)
Voltage,  (b) Active Power, (c) Reactive Power.

Table. 2. Active, Reactive power & voltages with SVC.
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Fig. 6. SVC voltage and reactive power profiles at bus B3.

Bus P
(MW)

Q
(MVar)

S
(MVA)

V (k
volts)

SVC data
V (pu) Q (pu)

B1 1028 1010 1441.14 301.5 - -
B2 243 518.7 572.799 301.5 - -
B3 -723.7 -37.3 724.66 221.8 0.6792 0.2416
B4 685.8 137.2 699.39 249.5 - -
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Table. 3. Transfer capacity.

VII    CONCLUSTION

This  paper  deals  with  applications  of  the  SVC. The
detailed models  of  the  SVC  was  implemented  and
tested  in MATLAB/simulink environment .The  model
are  applicable for  voltage stability analysis, and cover
broader  range  of  power  transfer capability.

The   effects   of SVC installed  in power transmission
path  are  analyzed   in this  paper,  and the conclusions
are as follow:
(1) The FACTS can  improve  voltage stability  limit
observably, and  FACTS give better  performance for
power  transfer capability for 4-bus system transmission
capacity increased 67.27 MVA.

(2) The power losses in system without FACT is more
as  compared when  used FACTS  devices. The  loading
capacity with SVC is increased, the reactive  power
compensated  form-342.6 MVAR(no FACTS) to -37.3
MVAR (SVC) and voltage injected from 195.4 (no
FACTS) to 221.8 KV (SVC) at bus-3 for 4-bus system.

(3) As has been  discussed  above   it  has been observed
system  performance improved by introducing the FACTS
Devices, the best performance has been obtained by
introducing FACTS devices such as SVC and STATCOM
which compensate reactive power (MVAR), voltage
injected (KV) and increased  power transfer capability
(MVA). It’s concluded that by introducing FACTS device
system performance, voltage stability and transmission
capability improves considerably.
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Device Transmitted
Power
(MVA)

Transmission
Capacity
Increased
(MVA)

Transmission
Capacity
Increased at
B3 (MVA)

NO
FACT

3437.99 .... ....

SVC 3505.26 67.27 60.58


