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ABSTRACT

Flexible Alternating Current Transmission System (FACTS)
devices can regulate the active and reactive power
control as well as adaptive to voltage magnitude control
simultaneously, because of their flexibility and fast control
characteristics. Placement of these devices in suitable location
can lead to control in line flow and maintain bus voltages
in desired level and so improve voltage stability margins.
This paper presents an application of Fast Voltage Stability
Index (FVSI) for identifying the critical line which is
considered as the best location for Thyristor Controlled Series
Capacitor for voltage stability improvement. The analysis is
performed on standard IEEE 30-bus test system.
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1. INTRODUCTION

Voltage stability has become an issue of great concern for
both power system planning and operation in recent years, as
a result of a number of major blackouts that have been
experienced in many countries due to voltage stability
problems. This has been mainly due to power systems being
operated closer to their stability limits because of increased
demand for electricity [1, 2]. The main cause of voltage
instability may be due to the shortage of reactive power in
power system [3].

In recent times, Flexible Alternating Current Transmission
System (FACTS) controllers have become essential for
reliable operation of power system. The application of these
devices is a very effective solution to prevent a voltage
instability and voltage collapse due to their fast and very
flexible control. Placement of FACTS devices in suitable
location can lead to control in line flow and maintain bus
voltages in desired level and so improve voltage stability
margins. The best location for reactive power compensation
for the improvement of voltage stability margin is by
considering the identified “weakest buses or lines” of the
system. These critical buses and lines constitute the set of
candidate points for the reinforcement against voltage
stability.

There are many types of voltage indices used to counted
voltage stability limits and to identified weak buses or
transmission lines in power system, such as sensitivity index
[4], maximum loading margin index (MLM) [5], load
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proximity index [6, 7], impedance index [8], Fast Voltage
Stability Index (FVSI) [9], Line stability index [10].

This paper presents an application of Fast VVoltage Stability
Index (FVSI) for identifying the most suitable locations for
FACTS devices. TCSC has been incorporated to observe their
effectiveness to enhance voltage stability limit. The analysis is
performed on standard IEEE 30-bus test system.

This paper is organized as follows: In section 2, the structure
and operation principle of TCSC is introduced. The
application of Fast Voltage Stability Index (FVSI) for
identifying the most suitable locations for TCSC is presented
in section 3. The results obtained for the test system is given
and discussed in section 4.

2. TCSC MODEL

Flexible AC Transmission Systems (FACTS) are controllable
power electronic based devices in electric transmission
systems which allow enhancing controllability and increasing
power transfer capability. FACTS devices can basically be
sub-divided into three categories:

e Shunt devices such as Static Var Compensator
(SVC);

o Series devices such as Thyristor Controlled Series
Capacitors (TCSC);

e Combined series-shunt controllers such as Unified
Power Flow Controller(UPFC)

Series compensation wills [11]:

o Increase power transmission capability.

o Improve system stability.

o Reduce system losses.

o Improve voltage profile of the lines.

e Optimize power flow between parallel lines.

Thyristor Controlled Series Capacitors (TCSC) is a type of
series compensator, can provide many benefits for a power
system including controlling power flow in the line, damping
power oscillations, and improving of voltage stability.

A TCSC is a capacitive reactance compensator, which
consists of a series capacitor bank shunted by a thyristor
controlled reactor in order to provide a smoothly variable
series capacitive reactance [12]. Figure 1 shows a schematic
representation of a TCSC connected in a transmission line
between bus n and m of power system.
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Fig 1: Transmission Line with TCSC Controller

The principle of TCSC in voltage stability enhancement is to
control the transmission line impedance by adjust the TCSC
reactance Xycsc. The equivalent reactance of TCSC being a
function of the firing angle o of the TCR, The firing angles of
the thyristors are controlled to adjust the TCSC reactance
according to the system control algorithm, normally in
response to some system parameter variations. According to
the variation of the thyristor firing angle or conduction angle,
this process can be modeled as a fast switch between
corresponding reactance offered to the power system.
Assuming that the total current passing through the TCSC is
sinusoidal, the equivalent reactance at the fundamental
frequency can be represented as a variable reactance Xycsc.
The TCSC can be controlled to work either in the capacitive
or the inductive zones avoiding steady state resonance [13], as
represented in Figure 2. Thus, impedance characteristics of
TCSC shows, both capacitive and inductive region are
possible though varying firing angle (a):

e Thyristor valve bypass mode (inductive region
operation) : From 90° to o jim ;

e Thyristor valve blocked mode (resonance region for
inhibited operation) : Between oy i, and ogjim ;

e Vernier control mode (capacitive region operation) :
From o j;,, to 180°.
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Fig 2: Impedance Vs firing angle characteristic curve

There exists a steady-state relationship between the firing
angle o and the reactance Xtcsc. This relationship can be
described by the following equation [14]:

Xiese (0!) = m 1)

Volume 72— No.20, June 2013

Where:
T
X =X, — 2
/(@) bz —2a-sina @
With: X, =wL

a is the firing angle, X, is the reactance of the inductor and
X is the effective reactance of the inductor at firing angle.

The effective series transmission impedance is given by:

Xeff :(1_ K)XLine (3)
Where k is the degree of series compensation:

X

K = Z1cse
X

Line

3. IDENTIFICATION OF THE WEAK
LOAD BUSES

Identification of weakest bus is for objective to identify the
best location for reactive power compensation for the
improvement of static voltage stability margin of the system.
In this study a line based voltage stability index called
Fast Voltage Stability Index symbolized (FVSI) proposed
by I. Musirin et al. [9] is utilized as the indicator.

The FVSI can be calculated for any of the lines of the network
and depends, essentially of reactive power. The value of line
index that is closed to the unity indicates that the respective
line is closed to its stability limit.

The calculated FVSI can also be used to determine the
weakest bus [15]. The determination of weakest bus is based
on the maximum reactive power loading. The most critical
bus or the weakest bus in system corresponds to the bus with
smaller maximum reactive power loading.

Figure 3 illustrates a single line of interconnected network
where the FVSI is derived from.
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Fig 3: Model of simple branch for voltage stability
research

By taking the sending bus (bus i) as the reference, the voltage
of receiving end V; can be calculated by [9]:

2
Vl_z_(;sin5+cos()“j\/ivj +(X +|§(ij =0 (5)
In (1), the condition for obtaining the real roots of V; is that
the discriminate must be set greater than or equal to 0, i.e:
2
4_12 Q; X <1
V?(Rsing + X cosd)

Considering the angle difference & is very small, i.e. 0=3,
the index is formulated as:

(6)
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Where: Z is the line impedance, X is the line reactance, V; is

the voltage at the sending end and Q; is the reactive power at
the receiving end.

FVSI =

l<1 7

The value of the index which is closed to unity indicates that
the respective line is closed to its stability limit.

For identifying the weak bus the following steps are
implemented [16]:

1. Run the load flow program for the base case;

2. Evaluate the FVSI value for every line in the
system;

3. Gradually increase the reactive power loading at a
chosen load bus until the load flow solution fails to
give results for the maximum computable FVSI;

4.  Extract the stability index that has the highest value;
5. Choose another load bus and repeat steps 3, 4;

6. Extract the maximum reactive power loading for
the maximum computable FVSI for every load
bus. The maximum reactive power loading is
referred to as the maximum loadability of a
particular bus;

Sort the maximum loadability obtained from step 6 in
ascending order. The smallest maximum loadability is ranked
the highest, implying the weakest bus in the system.

4. RESULTS AND DISCUSSION

The simulation work conducted on the IEEE 30-bus Test
system, which consists of six generators (bus 1 is a slack bus
2,5, 8,11 and 13 are PV buses), 24 loads and 41 lines, ( 6-9,
6-10, 4-12 and 28-27) in which four lines are with the tap
changing transformers. The line parameters and loads are
taken from [17]. Simulation results have been obtained by
using MATLAB software package.

Fig 4: Single line diagram of the IEEE 30-bus system
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4.1 Best Location of TCSC Device

At first, Newton-Raphson load flow analysis is done to obtain
the initial bus voltages and line flows, the margin of reactive
power for IEEE 30-bus test system is given in Figure 5. It
shows that buses 26, 29 and 30 have the lowest margin of
reactive power.

To define the appropriate placement of TCSC, the Fast
Voltage Stability Index (FVSI) is computed and ranked, and
the most ten severe lines according to FVSI values are
recorded in Table 1. The bus 26, 29 and bus 30 are considered
as the best location to provide desired reactive power support.

70 T

3 4 7 10 12 1415161718192021 2324 26 2930
Load bus N°

Fig 5: Margin of reactive power for IEEE 30-bus test
system

Table 1: The highest ranked lines according to FVSI

Lines (From - To) FVSI
25-26 0.9479
27-30 0.9452
27-29 0.8944
29-30 0.6972
28-27 0.5528
14-15 0.4388
24-25 0.3659
15-23 0.3602
15-18 0.3574
25-27 0.3518

To define the most critical line the reactive power demand
(Qg) in the test system was increased gradually at the
following observed busses (bus 26, 29 and 30). Figure 6 gives
the idea of most critical line in the system with respect to a
bus. The line connected between buses 25 and 26 is most
critical with variation in reactive power loading at bus
26 as its FVSI value is close to 1. So, the weakest line 25-
26 is chosen to place TCSC device. Figure 7 shows the FVSI
Index and Bus voltage versus reactive power demand for Bus
26. It can be seen that as reactive power demand is increased,
the FVSI would rise eventually to a value close to 1. However
the bus voltage value reduces gradually as reactive power
demand increases.
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Fig 7: FVSI Index and Bus voltage versus Reactive Power
Demand for Bus 26

The results above validates the expected result, whereby high
reactive power demand will tend to cause a drop in bus
voltage and also increase the branch load level, which in turn
is represented by the FVSI characteristic.

4.2 Effect of TCSC Device

To explore the effect of the TCSC device on voltage stability,
a TCSC can be connected in the weakest line 25 — 26, with a
compensation level of 70%.

Figure 8 and Figure 9 shows the FVSI value variations, and
the voltage magnitudes of bus 26 without and in presence of
TCSC versus reactive power demand increases at the same
bus. From the results, it is clearly shown that the system
voltage magnitudes have been improved, Fast Voltage
Stability Index (FVSI) values are reduced with inclusion
of TCSC in weakest line. It is observed that at Q = 30.7
MVAr, FVSI value is reduced from 0.9479 to 0.7001. At the
same time voltage profile is improved from 0.643 p.u to
0.828 p.u.

Fig 9: Voltage profile versus Reactive Power Demand for
Bus 26 with and without TCSC
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Fig 10: Maximum permissible reactive load on bus 26,
29 and 30 with and without TCSC

Figure 10 shows the Maximum permissible reactive load on
bus 26, 29 and 30 with TCSC between buses 25 and 26 and
without TCSC. It is observed that at bus 26 the maximum
reactive power value is increased from 30.7 MVar to 40.2
MVar with TCSC. Figure 11 shows the voltage values of each
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bus of IEEE 30-bus system without and with insertion of
TCSC. It is clearly shown that the system voltage magnitudes
have been improved in several buses with the insertion of
TCSC.
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Fig 11: Voltage magnitude of buses before and after
placing TCSC

5. CONCLUSION

In this paper, voltage stability assessment of the standard
IEEE 30-bus test system with base case and with Thyristor
Controlled Series Capacitor (TCSC) is studied. Suitable
location of TCSC for voltage stability limit improvement
based on identification of weakest bus using Fast Voltage
Stability Index (FVSI) method is demonstrated.

Fast Voltage Stability Index determine the distance
between the operating point and collapse point in terms of
reactive power loading at the load bus.

From the results, it is concluded that the system performs
better when TCSC is connected. TCSC would help to reduce
the FVSI index hence reducing probability of Voltage
Instability, improving voltage profiles and increasing the
maximum permissible reactive load.

6. REFERENCES

[1] Taylor C.W, “Power System Voltage Stability”, EPRI
Power System Engineering Series, McGraw-Hill, 1993.
ISBN 0-07-063164-0.G. K.

[21 Kundur P, “Power System Stability and Control”, EPRI
Power System Engineering Series, McGraw-Hill, 1994.
ISBN 0-07-035958-X.

[3] U.S.-Canada Power System Outage Task Force, “Final
Report on the August 14, 2003 Blackout in the United
States and Canada Causes and Recommendations” April
2004.

[41 B. Lee and V. Ajjparapu. "Invariant subspace parametric
sensitivity (ISPS) of structure-preserving power system
models, » IEEE Trans. on Power Systems, Vol. 11, pp:
845-850, Feb. 1996.

IJCA™ : www.ijcaonline.org

International Journal of Computer Applications (0975 — 8887)

(5]

(6]

[71

(8]

[

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Volume 72— No.20, June 2013

Arthit Sode-Yome, Nadarajah Mithulananthan, Kwang
Y. Lee, “A Maximum Loading Margin Method for Static
Voltage Stability in Power Systems”, IEEE
TRANSACTIONS ON POWER SYSTEMS, VOL. 21,
NO. 2, MAY 2006

T. Nagao, K. Tanaka and K. Takenaka, "Development of
static and simulation programs for voltage stability
studies of bulk power system," IEEE Trans. on Power
Systems, vol. 12, pp: 273-281, Jan. 1997.

K. Lba, H. Suzuki, M. Egawa, et al. "Calculation of
critical loading condition with nose curve using
homotopy continuation method," IEEE Trans on Power
Systems, vol. 6, pp: 584-593, May. 1991.

Liu Zhuo. "The impedance analyses of heavy load node
in voltage stability studies, » Proceedings of the CSEE,
vol. 20, pp: 35-39, Apr. 2000.

1. Musirin, T.K.A Rahman, “Novel Fast Voltage Stability
Index (FVSI) for Voltage Stability Analysis in Power
Transmission System,” 2002 Student Conference on
Research and Development Proceedings, Shah Alam,
Malaysia, July 2002

Mahmoud Moghavvenni, M.Faruque, “Estimation of
Voltage Collapse From Local measurement of Line
Power Flow and Bus Voltages”, Proc. Of International
conference on Electrical Power Engineering, Budapest,
pp77, February 1999

S. Meikandasivam, Rajesh Kumar Nema, Shailendra
Kumar Jain “Behavioral Study of TCSC Device — A
MATLAB/Simulink Implementation”, World Academy
of Science, Engineering and Technology 21 2008

N. Hingorani and L. Gyugyi, “Understanding FACTS
Concepts and Technology of Flexible AC Transmission
Systems”, Piscataway, NJ: IEEE Press/Wiley, 2000.

Abouzar Samimi, Peyman Naderi, “A New Method for
Optimal Placement of TCSC Based on Sensitivity
Analysis for Congestion Management”, Smart Grid and
Renewable Energy, 2012, 3, 10-16

C. Schaffner and G. Andersson, “Performance of a
TCSC for Congestion Relief,” Proceedings of the
Conference on Power Technology, St. Petersburg, 23-27
June, 2005, pp. 1-3.

I. Musirin, T. K. Abdul Rahman, “Estimating Maximum
loadibility for Weak Bus ldentification Using FVSI”,
IEEE Power Engineering Review, pp. 50-52, November
2002.

S.K.Nandha Kumar, Dr.P .Renuga “FVSI based Reactive
Power Planning using Evolutionary Programming”,
Communication Control and Computing Technologies
(ICCCCT), 2010 IEEE International Conference, 7-9
Oct. 2010, pp. 265-269

E. De Tuglie, S. M. lannone, F. Torelli “A coherency
based method to increase dynamic security in power
systems”, Electric Power Systems Research 78 (2008)
1425 - 1436.

50


http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5654672
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5654672
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5654672

