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ABSTRACT

Due to the ever increasing demand for power,
environmental constraints in expansion of transmission
networks and the emerging scenario of restructuring of
power system networks, the transmission lines are
prone to be operated under heavily stressed conditions.
In such a heavily stressed condition, there is a risk of
line outage and the consequent voltage instability. This
necessitates voltage stability limit improvement under
probable line outage contingency conditions to keep the
system under voltage secured conditions. Flexible
Alternating Current Transmission System (FACTYS)
devices are found to be encouraging in improving
voltage stability limit of power systems. In this paper,
optimal location of TCSC and SVC are considered for
reducing line losses and improving voltage stability
limit. Amount of increased reactive power generation
and line losses are taken as indicators of stressed
conditions of a power system. The optimal location and
sizing of TCSC and SVC are identified through
Particle Swarm Optimization (PSO) algorithm. The
proposed method is tested in IEEE 30 bus test system
and results obtained are proving the validity of the
work.

Keywords - FACTS, TCSC, SVC, Contingency, PSO,
Voltage Stability improvement

I. INTRODUCTION

The present day power systems are forced to be
operated much closer to stability limits due to ever
increasing load demand, the environmental constraints in
expansion of transmission networks and transmission open
access in a restructured power market. In such a stressed
condition, the system may enter into voltage instability
problem and it has been found responsible for several
block outs across the world [1]-[2]. A power system needs
to be with sufficient reactive power capability to remain
voltage secured even under highly stressed conditions.

In a deregulated environment, the optimum bidders are
chosen only based on real power cost characteristics and
this results in reactive power shortage and ultimately the
probable voltage instability. Transmission lines, in a
deregulated environment, are operated under heavily
loaded conditions and it results in increased voltage drop
and is in high risks of outages. To ensure uninterrupted
and quality power supply to the consumers the power
system should be stable even under contingency
conditions.

The introduction of Flexible AC Transmission System
(FACTS) controllers [3] are increasingly used to provide
voltage and power flow controls. Insertion of FACTS
devices is found to be highly effective in preventing
voltage instability [4]. However, the benefits and
performance of FACTS controllers are determined by their
location and size [5]. Owing to high cost, the number of
FACTS devices to be used should be minimized and their
benefits may be maximized through efficient optimization
methods [6].

The effect of TCSC and SVC devices on voltage
collapse phenomenon in power systems  to increase
system loadability is studied and the location and size of
the devices are optimized [7]. The maximization of static
voltage stability margin and the reduction of total real
power losses are discussed in [8]. Proper placement of
Static VAR compensator (SVC) and Thyristor Controlled
Series compensator (TCSC) reduces transmission losses,
increases the available transfer capacity, and improves the
voltage profile. Paper [9] presents an optimal placement
of SVC and TCSC to determine SVC and TCSC locations
and control parameters for minimization of transmission
loss. It is well known that voltage stability enhancement
margin is interrelated with real power loss. To improve
voltage stability limit, location and placement of FACTS
devices is a major task. In paper [10], voltage stability
assessment with appropriate representation of SVC and
TCSC is investigated.

In most of the previous works on voltage stability
improvement, only normal operating condition is
considered [11]-[12] but voltage instability is usually
caused by contingencies. Critical contingency is
considered and conventional methods are used to install
FACTS devices for improvement of voltage stability in
some recent works [13]-[15]. In those works, the
contingency severity is done based on the level of loading.
But these methods do not deal with the likelihood of the
occurrence of contingency. In this work, the severity of a
line outage is measured by considering the amount of
reactive power generation, as stressed condition implies
increased reactive power demand. The Fast Voltage
Stability Index (FVSI) [16] is used to assess the voltage
stability. The simple and easy to implement swarm
intelligent algorithm of Particle Swarm Optimization
technique is used to determine the optimal location and
sizing of TCSC and SVC devices. The objective of this
work is improve the voltage stability and reduce the line
losses by providing reactive power support by TCSC and
SVC devices under the most critical line outage
contingency condition.
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Il. VOLTAGE
FORMULATION

Voltage stability can be assessed in a system by
calculating the line based voltage stability index. In this
research work, the voltage stability index derived in [16] is
used. The value of line index shows the voltage stability
of the system. The indicator takes values between 0 and 1.
The value close to unity indicates that the respective
line is close to its stability limit and value much close
to zero indicates light load in the line . This indicator can
be calculated quickly and provides acceptable results.

The voltage stability index developed is derived by first
obtaining the current equation through a line in a two bus
system shown in figure 1.

STABILITY INDEX

V; 20 V26
I R+jX
Pi lj fl
P; Qj
Figure 1: Sample Two bus system

Where
Vi and V; = Sending end and receiving end voltage
magnitudes

0 = The angle difference (9; - 9;)
Pi and P; = Sending end and receiving real powers
Qi and Q;= Sending end and receiving end reactive powers
Considering the sending bus (bus i) as the reference then
the general current equation can be written as;
Vi20 =V, 26
ST REX o
jX

Where R=Resistance of the line and X=Reactance of the
line

R R?
V? - (ESinS + cosa) V.V + (X + 7) Q=0 2

The above one is a quadratic equation in V; and it can be

solved as shown in equation (3)

R
V, = (ESinS + cosS) v, £

\/[G siné + cosc?)Vi]z —4(X + };_z)Qi )

The root is determined by setting the discriminate equal to

or greater than 0 as follows.

47°Q; X
<1
(V))?(Rsiné + Xcosé)

(4)

Normally ¢ = 0; Rsind = 0; and Xcosd=X and hence

472Q;
VZX

I1l. PROBLEM FORMULATION
1. Static model of TCSC

TCSC is a series compensation component which
consists of a series capacitor bank shunted by thyristor
controlled reactor. The basic idea behind power flow
control with the TCSC is to decrease or increase the
overall lines effective series transmission impedance, by
adding a capacitive or inductive  reactance
correspondingly. The TCSC is modeled as variable
reactance shown in figure 2. The equivalent reactance of
line X;j is defined as:

Bus j Busj
Zii = Rji + Xii
= 0 Lix |
| - 11 |
'ch
_jBSh 'sth

Figure 2: Model of TCSC
Xij = —0.8Xpine < Xrese < 0.2Xj, (6)

where, Xjine IS the transmission line reactance, and Xycsc iS
the TCSC reactance. The level of the applied
compensation of the TCSC usually varies between 20%
inductive and 80% capacitive.
2. Static model of SVC

The SVC is modeled as a variable reactive power source
connected to a bus in a system. The effect of SVC is
incorporated in power flow problem as reactive power
generation/absorption. The range of reactive power
generation is limited between maximum and minimum
values of -50 MVAR to +50 MVAR to keep the size
minimum for reducing the cost of SVC.
The reactive power generated by an SVC is given by

Qe < Qsye < QS ™

3. Contingency Ranking

Line outage screening and ranking is carried out in the
system considered to identify the most critical line outage.
All the possible line outages of the system are considered
one at a time. The line whose outage leaves the system
with decreased voltage level and increased reactive power
generation is identified as the most critical line. The step
by step procedure for contingency ranking is given below.

Stepl: Input the system data like number of buses,

number of lines and number of tap changer
transformer etc.
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Step2: Consider the line outages one by one and the
corresponding reactive power generation and
losses are obtained by running load flow.

Step3: The reactive power generation and losses
corresponding different line outages are arranged
in descending order.

Stepd: The most critical line is identified as the line
whose outage results in the highest value of
reactive power generation and losses (highly
stressed condition).

4. Objective Function

The objective function of this work is to find the
optimal rating and location of TCSC and SVC which
minimizes the real power loss, voltage deviation and line
stability index. Hence, the objective function can be
expressed as:

F = Minimize[f, + M fo + A, f5] 3

The term f; represents real power loss as:
Ny

fi= D GelVZ + V2 = 2V, cosils, - &))] ©)
k=1

The term f, represents total voltage deviation (VD) of all

load buses as:

NPQ

fo=VD = W=V (10)
k=1

The term f3 represents fast voltage stability index (FVSI)
as:

Np

fs = FVSI = Z FVSI, (11)
j=1

Where, A; and 1is A, are weighing factor for voltage
deviation and FVSI index and are set to 10.

The minimization problem is subject to the following
equality and inequality constraints

(i) Load Flow Constraints:

Np
PGi_PDi_ZViVinijCOS(é‘ij+Vj_yi):O (12)
=1

Np
Qi — Upi — Z ViV; Yy Sin(5ij +v — ¥i) =0 (13)
=1

(i) Reactive Power Generation Limit of SVCs:

Qsn" < Qsn < Q4™ ;1 € Ny (14)
(iii) Voltage Constraints:

Vimin < Vl < Vimax;l- € NB (15)
(iv) Transmission line flow limit:

SiSSimax;L'ENl (16)

5. Implementation of PSO Algorithm

PSO is an evolutionary computation technique
developed by Eberhart and Kennedy in 1995, and was
inspired by the social behavior of bird flocking and fish
schooling [16]. PSO has its roots in artificial life and
social psychology as well as in engineering and computer
science. It utilizes a population of individuals, called
particles, which fly through the problem hyperspace with
some given initial wvelocities. In each iteration the
velocities of the particles are stochastically adjusted
considering the historical best position of the particles and
their neighborhood best position; where these positions are
determined according to some predefined fitness function.
Then, the movement of each particle naturally evolves to
an optimal or at least near-optimal solution.

Each particle keeps track of its coordinates in the
problem space which are associated with the best solution
(fitness) it has achieved so far. The fitness value is also
stored. This value is called Pyes. When a particle takes all
the population as its topological neighbors, the best value
is a global best and is called Gy After finding the two
best values, the particle updates its velocity and positions
with following equation (17) and (18).

Vik+1 =W * Vik + Cy * rand1 4 (Pbesti - Sik) + G
* randz % (Gbest - Sik) (17)

Sik+1 - Sik + Vik+1 (18)

Where

V= Velocity of agent i at k" iteration

V1= Velocity of agent i at (k +1)" iteration
W = The inertia weight

C. = C, = individual and social acceleration constants (0 to
3)

rand, = rand, = random numbers (0 tol)

S = Current position of agent i at k™ iteration
S;“*1= Position of agent i at (k+1)" iteration
Ppesti = Particle best of agent i

Gpest = Global best of the group

5.1 Particle Definition:

Each particle is defined as a vector containing the SVC
Bus location number and its size.
Particle: [@ @]
Where
@ = the SVC bus location number.
® = the SVC size.

5.2 PSO Parameters:

The performance of the PSO is greatly affected by its
parameter values. Therefore, a way to find a suitable set of
parameters has to be chosen. In this case, the selection of
the PSO parameters follows the strategy of considering
different values for each particular parameter and
evaluating its effect on the PSO performance. The optimal
values for the PSO parameters are shown in Table 1.

5.3 Number of Particles:

There is a trade-off between the number of particles and
the number of iterations of the swarm and each particle
fitness value has to be evaluated using a power flow
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solution at each iteration, thus the number of particles
should not be large because computational effort could
increase dramatically. Swarms of 5 and 25 particles are
chosen as an appropriate population sizes.

5.4 Inertia Weight:

The inertia weight is linearly decreased. The purpose is
to improve the speed of convergence of the results by
reducing the inertia weight from an initial value of 0.9 to
0.1 in even steps over the maximum number of iterations
as shown in equation 19.

iter — 1
W, =09 - 0.8( ) (19)

max iter — 1

Where,

W; = The inertia weight at iteration i.

iter = the iteration number.

maxiter = The maximum number of iterations.

Initialize each particle’s position and velocity

Ye
Is iter < maxiter?

No

Is last particle?

Run NR load flow, Calculate fitness
and Determine  Ppey

v

Determing Gpest aMong Ppeg‘s [«

v

Update position and velocity

Y

Is the position
feasible?

Relocate the particle in the space

Figure 3: Flow chart for the PSO
5.5 Acceleration constants:

A set of three values for the individual acceleration
constants are evaluated to study the effect of giving more
importance to the individual’s best or the swarm’s best: C;
= {15, 2, and 2.5}. The value for the social acceleration
constant is defined as: C, =4 - C;.

5.6 Number of Iterations:

Different numbers of iterations {10, 25, and 50} are
considered in order to evaluate the effect of this parameter
on the PSO performance.

5.7 Values for Maximum velocity:

In this case, for each particle component, values for the
maximum velocity have to be selected. Based on previous
results, a value of 7 is considered as the maximum velocity
for the location line number.

5.8 Feasible Region Definition:

There are several constraints in this problem regarding
the characteristics of the power system and the desired
voltage profile. Each of these constraints represents a limit
in the search space .Therefore the PSO algorithm has to be
programmed so that the particles can only move over the
feasible region. The flow chart is depicted in figure 3.

5.9 Integer PSO:

For this particular application, the position of the
particle is determined by an integer number (Bus number).
Therefore the particles’ movement given by [17] is
approximated to the nearest integer numbers. Additionally,
the location number must not be a generator bus. If the
location is a generator bus, then the particle component
regarding position is changed to the geographically closest
load bus.

5.10 Optimal Parameter Values:

Table 1. Optimal values of PSO parameters

Parameter Optimal Values
Number of particles 20
Inertia weight Linearly decreased
Individual acceleration
25
constant

Social acceleration constant 2.0
No of iterations 50

Velocity bounds {-3,7}
rand; 0.3
rand, 0.2

v SIMULATION
DISCUSSIONS

RESULTS AND

The proposed PSO algorithm is run in the Matlab 7.8
environment using 2.9 GHz Intel Core 2 Duo processor
based PC. The method is tested in the IEEE 30 bus test
system depicted in figure 4. The line data and bus data are
taken from the test case archives [18]. The system has 6
generator buses, 24 load buses and 41 transmission lines.
Contingency is considered by imposing outage of all 41
lines one at a time. Operation of the system under outage
of lines 1, 13, 16 and 34 forces the system into unstable
condition that is when one of those lines is outaged the NR
load flow fails to converge.
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Figure 4: One line diagram of IEEE 30 bus test system

Installations of FACTS devices naturally improve the
voltage stability of a power system. But, keeping in mind,
the cost of FACTS devices and the optimization task, the
number of devices and their sizes are minimized. Taking
corrective actions to keep the system voltage secured under
all possible line outage contingency will not be economical
or it may not be necessary. Therefore, only the  most
critical line outage contingency is considered

The most critical contingency is identified as outage of
line 5 from Table 2 since its outage leaves the system under
highly stressed condition with regard to increased reactive
power generation, voltage drop and line losses. Outage of
other lines has no much impact on the system and therefore
they are not given importance. The lines with next levels of
criticality are also shown in Table 2 with total P loss and Q
generation.

TCSC and SVC are taken for voltage stability
enhancement under contingency condition. Transmission
lines 11, 12, 15, and 36 are with tap changer transformers
and therefore not suitable for positioning of TCSC. Only the
remaining 37 lines are considered as candidate locations.
The network has 6 generator buses and they are not
considered for locating SVC, leaving 24 other possible
locations (load buses) for positioning of SVC. The
effectiveness of TCSC and SVC in voltage stability
enhancement is discussed as three different cases as follows
Case 1: With TCSC only

During the outage of line 5, the global best position for
location of TCSC is found to be line (6-8). When TCSC is

located at this line it results in enhancement of voltage
stability limit by reducing the real power loss, the value of
FVSI and the minimization of voltage deviation at all the
load buses. The voltage profile improvement is illustrated
well in figure 5.

Table 2.Critical lines ranking

Rank O_utage Total Py Total Qgen
Line no (MW) (MVAR)
1 5 74.948 330.629
2 2 59.768 289.547
3 4 58.650 285.712
4 7 45.707 253.859
5 6 44,196 250.920
2 No FACTS TCSC Only
>
*é’ 1.1
2 1
> 09
§0.8IIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
§ 1 35 7 911131517192123252729
Bus Number

Figure 5: Voltage profile improvement with TCSC only
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Table 3: Global best solution, FVSI, Pjgss and Qge, for all cases

Global Line Reactance Sum of Sum of
-II-Dye?/eich Global Best Position Best SI';I\TS(I)f Pioss Qgen
Size Xold Xnew (MW) | (MVAR)
Without - : - : 4.7264 74.948 | 330.629
Device
'I\'/(\égr(]: Line No. 10 (6-8) - 0.0420 0.0152 3.8600 73.947 323.102
\S/\Ctg Bus No.7 25.852 - - 4.1869 73.205 325.451
With TCSC at Line No. 10
TCSCand | (6-8) and SVC at Bus 45,584 0.0420 0.0152 3.6255 71.563 317.332
SVvC No.7

Case 2: With SVC only

Positioning of an SVC at bus 7, during outage of line 5,
minimizes the voltage deviation at all the load buses. This is
illustrated well in figure 6. More weightage is given for
minimization of real power loss than voltage deviation and
therefore the voltage profile improvement is less than the
usual level by SVCs.

®No FACTS = SVC Only

1.15
1.05
0.95
0.85

1357 911131517192123252729

Voltage Magnitude

Bus Number

Figure 6: Voltage profile improvement with SVC only

Case 3: With both TCSC and SVC

For effective voltage stability improvement, all the three
parameters of FVSI, total real power loss and total reactive
power generation are to be controlled. It has been seen that
TCSC is capable in control of FVSI and total reactive power
generation and SVC, the total real power loss. By using a
TCSC and an SVC the voltage stability improvement
goal is well accomplished. The global best position for
location of SVC in the series compensated system is bus
number 7.

= No FACTS TCSC and SVC

11

0.9
0.8

1357 911131517192123252729

Voltage Magnitude

Bus Number

Figure 7: Voltage profile improvement with TCSC and
svC

It can be seen that the position of SVC is consistent
regardless of whether TCSC is included or not. Positioning
of an SVC at the suitable bus improves the voltage stability
limit and minimizes the voltage deviation at all the load
buses. The voltage profile improvement is depicted in figure
7.

The reduction in the sum of FVSI of all the lines, total
real power loss and total reactive power generation due to
the presence of TCSC, SVC and both are shown in Table 3.
The reduction in the value of sum of FVSI is a clear
indication of voltage stability limit enhancement in all cases.
The sum of FVSI values in all cases are depicted in figure 8.

" Sum of FVSI Values in all cases

S 6 47264

= 38600 41869 54555

Q 4

S

[F

5 2

£

2 : :
Without ~ With TCSC ~ With SVC  With TCSC
Device and SVC

Figure 8: Sum of FVSI values in all cases

The insertion of TCSC and SVC devices also reduces the
level of stressed condition of the system by reducing the
total real power loss and reactive power generation. Also the
sum of real power loss and reactive power generation values
in all cases are depicted in figure 9 and figure 10
respectively.

. sumof Real Power Loss (MW)Values in

8 all cases

% . 76 74.948 73.947 73.205

22 74 71.563

o B

E 68 r . .

N Without ~ With TCSC With SVC  With TCSC
Device and SVC

Figure 9: Sum of Real power loss values in all cases
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In case 1 the total real power loss and reactive power
generation are reduced by 1.001 MW and 7.527 MVAR
respectively. The percentages of reduction are 1.34% and
2.28% respectively.

Sum of Reactive Power Generation
(MVAR)Values in all cases

340 1330.629

330 323.102 325.451
220 317.332

310

Sum of Reactive Power
Generation Values

Without
Device

With TCSC With SVC With TCSC
and SVC

Figure 10: Sum of Reactive power generation values in all
Cases
In case 2 the total real power loss and reactive power
generation are reduced by 1.743 MW and 5.178 MVAR
respectively. The percentages of reduction are 2.33% and
1.57% respectively.

In case 3 the total real power loss and reactive power
generation are reduced by 3.385 MW and 13.297 MVAR
respectively. The percentages of reduction are 4.52% and
4.02% respectively.

V. CONCLUSIONS

Installation of TCSC and SVC devices in a power
system improves the system voltage stability limit under line
outage contingencies. Nevertheless, the benefits of TCSC
and SVC devices greatly depend on where the devices are
located. Contingency condition is taken for voltage stability
improvement as voltage instability is triggered mostly by
line outages. In this work, the application of TCSC and SVC
devices to improve the voltage stability limit under most
critical line outage contingency condition is discussed. The
proposed method finds the most suitable locations to install
TCSC and SVC for improving the system voltage stability
limit by reducing the losses and supplying reactive power
during the most critical line outage. The optimization is
done through the PSO algorithm. The algorithm is able to
find the optimal solution with a relatively small number of
iterations and particles, therefore with a reasonable
computational effort.

The simulation carried out on IEEE 30 bus test system
validates the effectiveness of this work. The simulation
results show that by installing TCSC and SVC controllers at
suitable locations, the system can be operated with voltage
security even under severe line outages.

REFERENCES

[1] IEEE publication 90 TH 0358-2 PWR, “Voltage
stability analysis of power systems: Concepts,
analytical tools, and industry experience, ”Report
prepared by IEEE working Group on Voltage
Stability,1990.

[2] CIGRE Task Force 38-0210,”Modelling of voltage
collapse including dynamic phenomena,”CIGRE
Brochure, No 75, 1993.

(3]

[4]

(5]

[6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

N G. Hingorani, L. Gyugyi, Understanding
FACTS: Concepts and Technology of Flexible
AC Transmission Systems, IEEE Press, New-
York, 2000.

N Yorino,E.E. El-Araby,H.sasaki,and Sh Harada,”
A new formulation for FACTS allocation for
security against voltage collapse,”|EEE Trans.
Power Systems, Vol. 18,No.1,pp3-10,February
2003.

M.H. Haque, ”Optimal Location Shunt FACTS
Devices in Long Transmission Linnes, “IEE
Proceedings  Generation,  Transmission and
Distribution,Vol.147,No.4,July-2000,pp 218 -222.
L. J. Cai, L. Erlich, G. Stamtsis, “Optimal choice
and allocation of FACTS devices in deregulated
electricity market using genetic algorithms,” 2004
IEEE/PES Power Systems Conference and
Exposition, vol. 1, Oct. 2004, pp. 201 - 207.

Claudio A. Caiiizares, Zeno T Faur “ Analysis of
SVC and TCSC Controllers in Voltage Collapse”
IEEE Transactions on Power Systems, Vol. 14, No.
1, pp.158-165February 1999

S. Biansoongnern, S.  Chusanapiputt, S.
Chusanapiputt  “Optimal SVC and TCSC
Placement for Minimization of Transmission
Losses” International Conference on Power System
Technology, 2006

R. Benabid, M. Boudour A. Hellal “Non-
dominated Sorting Particle Swarm Optimization
(NSPSO) for Static Voltage Stability using TCSC
and SVC” 4th International Conference on
Computer Integrated Manufacturing CIP’2007 03-
04 November 2007

O. L. Bekri, M.K. Fellah “Optimal Location of

SVC and TCSC for Voltage Stability
Enhancement” The 4th International Power
Engineering and  Optimization  Conference

(PEOCO2010), Shah Alam, Selangor, MALAYSIA.
23-24, June 2010

E. E. El-Araby, N. Yorino, H. Sasaki, “A
comprehensive approach for FACTS devices
optimal allocation to mitigate voltage collapse,”
Proc. of IEEE/PES Transmission and Distribution
Conference, vol. 1, Oct. 2002, pp. 62 — 67.

T. J. Overbye and C. L. DeMarco, "Voltage
security  enhancement using energy based
sensitivity analysis,” IEEE Trans. on Power
System, vol. 6, no. 3, pp. 1196-1202, Aug. 1999.
MaysamJafari,Saced Afsharnia,”Voltage Stability
Enhancement in Contingency Conditions using
Shunt FACTS Devices, “EUROCON The
international conference on “computer as a tool”
Warsaw, Sep 9-12,IEEE,2007.

PK.  Modi,S.P.Singh,and  J.Sharma,”Voltage
stability assessment during single line contingency
using interior point method,” XXXII national
systems  conference,NSC  2008,Decemberl7-
19,2008.

P.S.Venkataramu and  T.Ananthapadmanaba,”

Installation of unified power flow controller for
voltage stability margin enhancement under line

3089 |Page



L.Jebaraj, C.Christober Asir Rajan, S.Sakthivel / International Journal of Engineering Research and

Applications (IJERA)

ISSN: 2248-9622 www.ijera.com

Vol. 2, Issue 3, May-Jun 2012, pp.3083-3090

outage contingencies,” lranian Journal of

Electrical and Computer Engineering, Vol. 5, No.

2, summer-fall 2006

Ismail Musirin, and Titik Khawa Abdul Rahman,

“Novel Fast Voltage Stability Index (FVSI) for

Voltage Stability Analysis in Power Transmission

System” Student Conference on Research and

Development Proceedings, Shah Alam

Malaysia,IEEE 2002.

[17] J. Kennedy, R. Eberhart, "Particle swarm
optimization in,” Proceedings of the IEEE
International Conference on Neural Networks, pp.
1942- 1948 1995.

Power Systems  Test The
University of Washington
Archive,http://www.ee.washington.edu/research/ps
tca/, 2000.

[16]

[18] Case,

BIOGRAPHIES

L. Jebaraj received the Degree in
Electrical and Electronics Engineering
from The Institution of Engineers (India),
Kolkata and Masters Degree (Distn.) in
Power  Systems Engineering  from
Annamalai  University, Chidambaram,
India in 1999 and 2007 respectively. He is
doing the Ph.D., Degree in Electrical Engineering faculty
from Anna University of Technology, Tiruchirappalli, India.
He is working as an Assistant Professor of Electrical and
Electronics Engineering at V.R.S. College of Engineering
and Technology, Villupuram, Tamil Nadu, India. His
research areas of interest are Power System
Optimization Techniques, Power system control, FACTS
and voltage stability studies.

C.Christober Asir Rajan received the
B.E. Degree (Distn.) in Electrical and

Electronics Engineering and Masters
Degree (Distn.) in  Power Systems
Engineering from Kamaraj
University,  Madurai, India in 1991

/ and 1996 respectively.  He received his
Ph.D  Degree in Electrical Engineering faculty from
Anna University, Chennai, India in 2004. He is currently
working as an  Associate Professor in  Electrical and

Electronics Engineering Department at Pondicherry
Engineering  College, Puducherry, India. His area of
interest is power system optimization, operation, planning

and control. He is a member of ISTE and the institution of
engineers (India).

S.Sakthivel received the Degree in
Electrical and Electronics Engineering and
Master Degree in Power Systems
Engineering in 1999 and 2002
respectively. He is doing the Ph.D., Degree
in Electrical Engineering faculty from
Anna  University of  Technology,
Coimbatore, India. He is working as an Assistant Professor

of Electrical and Electronics Engineering at V.R.S.College
of Engineering and Technology, Villupuram, Tamil Nadu,
India. His research areas of interest are Power System
control, Optimization techniques, FACTS and voltage
stability improvement.

3090 | Page



