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ABSTRACT

The present day power system is a large complexdotnected network that consists of thousandusé$dand
hundreds of generators. The network is increasimgyeay with the increase in demand and to mest @ither new
installation of power generating stations and tnaission lines is required or the existing infrastwie operation has to be
extended to limits. The laying of new lines or altion of new generating stations imposes manyrenmental and
economical constraints. As a result the existiaggmission lines are more heavily stressed thantmfere and which in
turn can leave power system exposed to instalilitiéoltage instability is of the phenomena whickule in a major
blackout. Moreover, with the fast development dftmecturing, the problem of voltage instability Hascome a major
concern in deregulated power systems. To maintgnrgy of such systems, it is desirable to plamable measures to
improve power system security and increase vol&gbility margins. FACTS devices can regulate actwd reactive
power control as well as adaptive to voltage-mamgigtcontrol simultaneously because of their flditipand fast control

characteristics.

In this paper the effect of two FACTS controllerS¥C and STATCOM on voltage stability are studigtie
IEEE-6bus system is simulated with continuation poflow feature of PSAT (Power system Analysis kiplsoftware.
The advantage of this simulated method is to dgvelessimple, fast and convenient procedure which lwarapplied

effectively to enhance the voltage stability.
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INTRODUCTION

Power System Stability is defined as the abilityagpower system that enables it to remain in stalplerating
equilibrium under normal operating conditions anddgain an acceptable state of equilibrium aftndp subjected to a
disturbance (1).A criteria of voltage stabilitytise ability of a system to maintain steady accdptabltages at all the
buses in the system at all conditions. The abitityransfer reactive power from production souednsumption areas
during steady state operating conditions is a majoblem of voltage stability. A system mainly asta state of voltage
instability when a disturbance, increase in loadnaed or change in system condition cause a prdgeesnd

uncontrollable decline in voltage.

Voltage instability (2) can be avoided by a) agpiate load shedding on Consumer Network, b) onl Itzep

changers and c) reactive compensation (Series &tphu

A key contributing factor in voltage collapse fetrapid and progressive loss of voltage contriitgldue to

reactive limit violations.
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There are two types of voltage stability basedhentime frame of simulation: static voltage stapitind dynamic

voltage stability (7). The voltage stability protvieean be analyzed with the conventional PV or QK/es.

The recent development and use of Flexible AlténgaCurrent Transmission Systems (FACTS) in thekbul
power transmission system has led to many applicatihere these devices are not only able to ingptioe voltage and

angle stability but are also able to provide fléxibperation capabilities. (8).

This paper mentions the application of two such FAGlevices that are more used for voltage stahglibplem.
SVC & STATCOM are used for this purpose along witintinuation power flow method in the environmehtPGAT

software.
STEADY STATE VOLTAGE STABILITY

Steady State Voltage Stability and Dynamic Volt&gability are two types of voltage stability defihbased on
the time frame of simulation (7). Since the steathte analysis only involves the solution of algébrquations it is
computationally less extensive than dynamic ansly8iow variations in the power system that evdhyti@ad to voltage
collapse is analyzed in the steady state voltaggysfThis can be seen from the plot of the poweh the voltage at the
bus also known as the “P-V curve” or “nose” cutiviggure 8 is a typical P-V curve plot. It can bers&®@m the figure that
as the power transferred increases, the voltageeateceiving end decreases, eventually reachimgse point where any
further increase in the power transfer leads tadralecline in voltage magnitude. The region abdwe mose point is

referred to as the stable region and region betave unstable region.

The voltage reduction can be improved by eitherefsing the reactive load or by increasing thetreapower
supply before voltage collapse point. Flexible coh&nd operation of various FACTS devices canflectvely used for
this purpose. Of various existing FACTS devices paper addresses the improvement by installingT€0OM & SVC

at the weakest buses
Continuation Power Flow

The conventional power flow has a problem in theobaan matrix which becomes singular at the voltage
stability limit. This problem can be overcome byngsContinuation power flow (2). Figure 1show thedictor-corrector
scheme used in Continuation power flow.

Bus Voltage

£ i
Predictor

Corrector

A

e |

R — L. ¥ ViVicos(8; — 8 — 05) = 0
Qi — EjL: Yy ViVisin(6i — 6 — 8;) = 0

Figure 1: The Predictor-Corrector Scheme

The new load flow equations consists of load fatpare expressed as:
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PLi = PLot A (Kii Sa baseCOSpi)

Qui =QLo + A (Kii SabaseSingi)

Where R,,Q. .= original load at bus i, active and reactive povespectively

K= multiplier to designate the rate of load changeus i as. changes

Savase= @ given quantity of apparent power which is emo® provide appropriate scalinglof

The power flow equations can be written a$,P{, ) = 0Then the active power generation term can bdifiad

to
Pai = Poo(1+ AKg)
Where
Pso= the initial value of active power generation
Psi= the active power generation at bus i
Kgi = the constant of changing rate in generation

To solve the problem, the continuation algorithrartst from a known solution and uses a predictorembor

scheme to find subsequent solutions at differead levels.
VOLTAGE STABILITY IMPROVEMENT AND CONTROL

Reactive power compensation is the most effectie¢hod to improve both voltage stability and poweansfer
capability of the system. The control of voltages bevel is accomplished by controlling the generatiabsorption and
flow of reactive power. Voltage stability and loability of a bus in the power system is mainly degeon the reactive
power support that the bus can receive. When teesyapproaches the maximum loading point themethleand reactive
power losses are increasing rapidly. Thereforesthfficient reactive power supports have to be git@maintain the

voltage stability.
FACTS DEVICES

FACTS devices mentioned in the introduction hawrtbwn characteristics and limitations. This sattjives a

brief introduction to each of these devices.
Static VAR Compensator (SVC)

Static VAR compensator (SVC) is a shunt connectiadicsvar generator /load, whose output is adjusted
according the required capacitive or inductive entr The basic structure of SVC is shown in fig2rét can be seen that
the model of a SVC is represented by a controllabéetor and fixed capacitor. Through a suitablerdimation of the
capacitors and the controlled reactors the bugiveapower injected (or absorbed) by the SVC cardrginually varied
in order to control the voltage or to maintain thesirable power flow in the transmission networther over normal

operating or under disturbances conditions. Fadstestate analysis, SVC is represented as a claftimksusceptance.
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Figure 2: Basic Structure of SVC
Static Synchronous Compensator (STATCOM)

STATCOM is a static synchronous generator opera®da shunt connected static var compensator whose
capacitive or inductive output current can be aulgd independent of the ac system voltage. STATG®bhe of the key
FACTS controllers. A STATCOM is a controlled reaetipower source. It provides voltage support byegating or
absorbing capacitor banks. It regulates the volttges terminals by compensating the amount aétrea power in or out

from power system. Figure 3 shows the basic strectu

Filiar

Figure 3: Basic Structure of STATCOM

STATCOM exhibits constant current characteristideew the voltage is low / high, under /over the firfihis

allows STATCOM to deliver constant reactive powethe system.

Reactive power absorbed or supplied by STATCOMui®matically adjusted so as to maintain voltagethef
buses to which they are connected. The advantdg8$ATCOM are small size, lower costs & flexiblegtdation from

capacitive range to inductive range.

SIMULATION RESULTS AND DISCUSSION

A 6 — bus test system as shown in figure 4 is digethis paper. The test system consists of theetors &
three PQ bus (or load bus). The simulation usesTPS/ulation software. PSAT is power system analysiftware,
which has many features including power flow andticmation power flow. Using continuation powervildeature of

PSAT, voltage stability of the test system is irigeged.
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Figure 4: Six Bus Test System

Base Case

The continuation power flow analysis using PSATuUa for the test system shown in figure 6 and thkage

profile and “NOSE” curve for bus 4, 5, 6 withoutydRACTS devices is obtained as shown in figure Bfurfe 8

Voltage Magnitude Profile
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Figure 5: Voltage Profile
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Figure 6: P-V Curve

Figure 7 shows the voltage profile for bus 4, ith FACTS device such as SVC inserted at respediiuses.
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Voltage Magnitude Profile
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Figure 7: Voltage Magnitude Profile

With SVC: - Next insert the SVC at bus 4 and themeat to create PV curve and voltage profile agajare 8 &
9 .Repeat the same at bus 5 (figure 10&11).
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Figure 8: PV Curve (bus 4)
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Figure 9: Voltage Profile
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P-V Curve
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Figure 10: PV Curve (busb)
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Figure 11: Voltage Profile

With STATCOM: - Then remove SVC, and insert STATCOM at bus 5 & atpke simulation. Respective PV

curves & voltage profile is shown in figure 12& 13.
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Figure 12: PV Curve
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Figure 13: Voltage Profile
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COMPARISON OF SVC & STATCOM

Next insert SVC at bus 4 & STATCOM at bus 5 & refpise simulation. Respective PV curve & voltagefieo
is shown in Figure 14 & 15. Comparison of both shakat voltage profile has been improved by us8TATCOM

Voltage in p.u

Figure 14: PV Curve

Voltage Magnitude Profile

Vipu]

Bus #

Figure 15: Voltage Profile

CONCLUSIONS

A comparison study of SVC & STATCOM in static vag&stability margin enhancement is presented. SMLC a
STATCOM increase static voltage stability margird ggower transfer capability. In this paper adequatelels for the
SVC & STATCOM in the steady state studies are priegskand thoroughly discussed. The results of sitituls on 6 bus
test system in the environment of PSAT have cleahgwn that how SVC and STATCOM devices Increabesbus
voltage & power limits of the network. The resutissimulations also show that with the insertionASTOM, steady

state stability of the system is more than the gdsen the SVC is inserted in the system.
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