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ABSTRACT

Contingency analysis in power system security is an important tasks in emerging energy management systems.
Contingency ranking using the performance index value is a method for the line outages in a system, which ranks the
first highest performance index line and proceeds in a descending manner based on the calculated P1 values for all the
line outages. Contingencies results in voltage limit violations and overloading of lines. FACTS devices are used to
enhance the security of power system by minimizing or eliminating the number of lines overloaded and violating the
bus voltage limit. It is necessary to optimally locate these devices in the power system because of the high capital
investment cost. In this paper, single contingency analysis for the considered test system has been performed, based
on which the contingency ranking is done. Based on contingency ranking, locations of TCSC and SVC are chosen,
and the effects of these FACTS devices after contingency condition have been studied. The effect of the proposed
controller has been tested on Modified IEEE 30 bus system using MATPOWER 5.1.
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INTRODUCTION

The ability of power system to operate in normal state even with occurrence of specified contingencies is called
power system security [23]. Power system consists of more of electrical based devices and is a complex circuit
network in itself. Failure in any of these devices during operating condition hampers the continuity of operation,
security, safety and thus leads to line outages, thus take into security of power system. Thus power system security
is a main part of power system. The most important aspect is evaluation of contingency, which leads to bus limit
violations, transmission line overloads during the operating conditions. Critical contingencies must be identified
firstly and fast to ensure secure, consistent and endless operation. As a key and main part of power system
security, operational engineers need to study the effect of transmission line outages and contingency taking place
power system in terms of severity.

Flexible Alternating Current Transmission System (FACTS) devices are solid-state converters [16] that have the
capability of control of different electrical parameters in transmission circuits [10] [6]. FACTS devices contain
Thyristor controlled series compensator (TCSC), static VAR compensator (SVC), unified power flow controller
(UPFC), static compensator (STATCOM), etc. TCSC is connected in series with the transmission line conductor
to reimburse for the inductive reactance of the line. The SVC can be made to generate or absorb reactive power
by way of thyristor [12] controlled elements. These devices are controlling the power flows in the network helps
in reducing the flows in heavily loaded lines, resulting increased system load ability, fewer system loss and
enhance security of the system.

Optimal location of several types of FACTS devices in the power system has been attempted using Contingency
analysis and ranking process determine the highest transmission line outage contingencies, considering
transmission lines overloaded and bus voltage limit violations by means of a performance index, is performed.
The best optimal location of FACTS devices in order to reduce the production cost along with the device’s cost
using performance index Contingency ranking using the performance index is a method for the transmission line
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outages in a power system, which line ranks the highest performance index value first and proceeds in a
descending manner based on the calculated Pl for all the line outages. This helps to take the precaution to keep
the system secure. In the existing work the Newton Raphson load flow method [8] [5] is used for the power
system contingency ranking for the line outage based on the performance index. The use of power flow solution
in contingency analysis is that it gives active, reactive power flows and magnitudes of bus voltage. In power
system contingency ranking approach, line outage case has been considered and the ranking is given based on the
severity measured using the performance index. These indices are calculated using the load flow (Newton
Raphson Method) for each contingency. Based on the performance index gained the contingencies are ranked
with the highest value of P1. The highest value of Pl got first rank. The FACTS devices such as TCSC and SVC
located at which line has highest value of PI.

MODEL OF FACTS DEVICES
Obijectives for optimal location of FACTS devices
1. Minimize the overloaded lines and excess power flow
2. Increase the power transfer capability.
3. Improvement in voltage level.
4. Reduce the transmission line severity

Model of TCSC

TCSC (Thyristor controlled series compensator) is the series connected FACTS device. In this FACTS device a
capacitor is inserted directly in series with the transmission line to be compensated and a Thyristor-controlled inductor
is coupled in parallel with the capacitor [14]
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Fig 1.Model of TCSC
10 percentage of compensation means,
Xc =10 percentage of X

Xnew = X, — 10% of X,
Xnew = X (1-0.1)
Xnew =0.9 X,
Where

XL - Transmission line reactance
Some of the advantages [19] of TCSC include:
1. It reduces the overloaded condition.
2. Improvement in voltage level.

Model of SVC
Static Var Compensator (SVC) [14] is a parallel connected static var generator or absorber whose output is adjusted
to exchange capacitive or inductive current to maintain or control specific parameters of the electrical power system
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Fig 2. Before placing of SVC
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Fig 3. After placing of SVC

During low voltage at heavy load condition, SVC supplies reactive power and during high voltage at low load
condition, SVC absorbs reactive power [10] [12]. When high voltage following an outage it absorbs reactive power
and prevent overloaded condition, during low voltage following an outage it supplies reactive power and prevent the
overloaded condition. When reactive power limit of the static var compensator varies from -100Mvar to
100Mvar.Some advantage of SVC as follows

It can regulate active and reactive power flow.

It reduce power losses and improve voltage profile.

It can remove transmission overloading.

It can improve the stability of the network and support the voltage.

It have fast and flexible control characteristics.

It possess continuous compensating capability.
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PROBLEM FORMULATION

Different FACTS devices and their different location have varying advantages. The optimization of location of FACTS
devices depends on the amount of local load, the location of the devices, their types, their sizes, improvement stability,
the line loading and system initial operating conditions. There are several methods for finding optimal locations of
FACTS devices. For optimal placement of TCSC, single line outage contingencies are simulated in the sample power
system and to evaluate the severity of a contingency, Performance Index (P1) has been used.
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Performance index
NB W 2m
Performance index = Z%H\/inew _Vibase|/AVilim]
i=1

Where,
Vinew - VOItage at after contingency
Vipase - VOltage at before contingency
A|Vilim| - value set by the utility engineers indicating how much they wish to limit a bus voltage from changing on
outage case
W - Weighting factor =1
NB - number of buses.
m -Penalty function=1

FACTS devices constraints
1. -0.8 XL<XTCSC<0.5X,
2. -100 MVAR<QSVC<100MVAR
TCSC reactance are varies from -0.8 X, to 0.5 X;and reactive power of SVC varies from -100 MVAR to 100MVAR

RESULTS AND DISCUSSION

MATPOWER

MATPOWER is a simulation tool within MATLARB. It is simply to use and modify [15]. MATPOWER consists of a
multitude of m-files, each of these designed for a different purpose. MATPOWER has a number of possibilities which
can be changed by modifying the m-file. These options vary the performance and characteristics of MATPOWER to
suit the needs of the user. The standard method used is Newton’s method.

Modified IEEE 30 Bus System

The modified IEEE 30 bus [15] [23] system consists of 30 buses, 41 transmission lines. Slack bus is taken as a
reference  bus. Five  generator  buses such as 2, 13, 22, 23,27.load bus 3,
4,5,6,7,8,9,10,11,12,14,15,16,17,18,19,20,21,24,25,26,27,28,29,30. The contingency ranking is done in the order of
their severities which uses the performance index (PI). The computation of performance indices are calculated based
on the load flow analysis carried out using conventional method Newton Raphson method [8] under MATALB in
MATPOWER environment
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Fig 4. Modified IEEE 30 bus system
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The solutions for optimal location of FACTS devices to minimize the severity of transmission line and improve the

voltage level closer to 1 p.u. The simulation studies were carried MATPOWER environment. Test system is
considered as a modified IEEE 30 bus system
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Fig 5. Contingency ranking before Placing of FACTS devices

Figure 5 shows that the transmission line 29 has highest performance index value and line number 29 got first rank.
The transmission lines were arranged by descending manner corresponding to their performance index value
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Fig 6. Contingency ranking after Placing of TCSC
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Fig 7. Bus voltage level of different FACTS devices
When TCSC had placed in rank 1, the performance index value little bit reduced and does not changes in voltage
level. Then TCSC has placed in rank 2,3,4,5 there is no changes in PI value and voltage level. After the TCSC had
placed in rank 6, the performance index value reduced to 0.961 in figure 6
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Fig 8. Contingency ranking after Placing of SVC

The line number 29 has connected between bus number 21 and 22.SVC is connected at bus only especially from bus.
SVC is connected at bus 21. The highest PI value of the line number 29 was 1.0732 before placing the SVC device
and this has been reduced to 0.8688 after placing the SVC in figure 6.

Figure 7 shows that voltage level for without FACTS, with TCSC, with SVC. TCSC is placed in line 16. The bus
voltage has been improved in many number of buses. The voltage at bus number 12, 14, 16, 18, 20, 21 has been
improved to 0.994 p.u from the value 0.991 p.u.

CONCLUSION

In this work, single contingency analysis for the considered test system has been performed, based on which the
contingency ranking is done. Based on contingency ranking, locations of TCSC and SVC are chosen, and the effects
of these FACTS devices after contingency condition have been studied. Modified IEEE 30 bus system is considered
as test system.
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TCSC is placed in line 16. The highest Pl value of the line number 29 was 1.0732 before placing the TCSC and this
has been reduced to 0.961 after placing the FACTS devices. The bus voltage has been improved in many number of
buses. The voltage at bus number 12, 14, 16, 18, 20, 21 has been improved to 0.994 p.u from the value 0.991 p.u SVC
is connected at bus 21. The highest Pl value of the line number 29 was 1.0732 before placing the SVVC device and this
has been reduced to 0.8688 after placing the SVC. The bus voltage has been improved in many number of buses. The
voltage at bus number 16, 17, 18, 20, 21 has been improved to 1.002 p.u from the value 0.991 p.u.

The result exhibit the effectiveness of FACTS in terms of improved system voltage after contingency condition.
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