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Power systems operation becomes more importanthasldad demand
increases all over the world. This rapid increastad demand forces power
systems to operate near critical limits due to eaotinal and environmental
constraints. The objective in power systems opamas to serve energy with
acceptable voltage and frequency to consumers @itrumim cost.This paper
studies the important power system phenomenon altage stability by using
continuation power flow method. Voltage collapsersrio is presented which
can be a serious result of voltage instability atsb the parameters that
affected by voltage collapse are discussed. Inyaimag power system voltage
stability, continuation power flow method is uté@d which consists of
successive load flows.In this paper steady-statelefimy of Static VAR
Compensator (SVC) and Unified Power Flow ControllePPC) and effect of
compensator and variation of line reactance orviiage stability have been
studied andComparison between performance of UPF&4Bdnd installation
shunt capacitor and variation of line reactancarfgrove voltage stability has
been done.Case studies are carried on 11 bus neitwbwik areas. Simulation
is done with PSAT in MATLAB.Continuation Power Flomas implemented
using Newton Raphson method. Simulation results shiw proper
performance of UPFC, SVC, installation shunt capacital variation of line
reactance to improve voltage control and signifilyaimcrease the loadability
margin of power systems.
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1. INTRODUCTION

In recent years, the increase in peak load demadgawer transfers between utilities has elevated
concerns about system voltage security [1]. Powstesns operation becomes more important as the load
demand increases all over the world. This rapideiase in load demand forces power systems to @perat
near critical limits due to economical and enviremal constraints. The objective in power systems
operation is to serve energy with acceptable veltagpd frequency to consumers at minimum cost.
Reliability and security are also importantgraeters for power systems and should be fisatisBy
reliability, it is meant that the system hadequate reserves in the face of changingygmmand. By
security, it is meant that upon occurrence of dingency, the system could recover to its origstate and
supply the same quality service as before. Alléhagjectives can be achieved by proper planningratjpn
and control of power generation and transmissigtesys. Since generation and transmission umdige
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to be operated at critical limits voltage bdlity problems may occur in power systemewhthere is
an increase in load demand. Voltage instabifitpime of the main problems in power systems. Itage
stability problem some or all buses voltages desmehie to insufficient power delivered to loadscdise of
voltage stability problems, serious blackoutsym@ccur in a considerable part of a syst@m [This
can cause severe social and economic problemdnZact, more than 50 cases of voltage instabiity
voltage collapse were reported all over the wodthieen 1965 and 1996. For example, a voltagepsdlin
the North American Western Systems Coordinating ncdusystem on July 2, 1996, resulted in service
interruptions to more than 6 million people [2]. @hthe necessity of electricity to industry and oamity

in all fields of the life is considered, the impamte of a blackout can be understood more eadilgtefore,
special analysis should be performed in order tovéme the voltage stability in power systems [3jenly
way to save the system from voltage collapse i®tluce the reactive power load or add additiorattiee
power prior to reaching the point of voltage coflaf2]. Voltage collapse phenomena in power systeame
become one of the important concerns in the ponaustry over the last two decades, as this has theen
major reason for several major blackouts that haseurred throughout the world [4]. Point of collaps
method and continuation method are used for voltagkapse studies [5]. Of these two techniques
continuation power flow method is used for voltagelysis. These techniques involve the identifisatf
the system equilibrium points or voltage collapsénts where the related power flow Jacobian becomes
singular [6, 7]. The most common methods used itage stability analysis are continuation powemflo
point of collapse, minimum singular value and ojgation methods [3]. With the rapid development of
power system, especially the increased use of rii@sgon facilities due to higher industrial outparnd
deregulation, it becomes necessary to explore newswof maximizing power transfer in existing
transmission facilities, while at the same timemtaining the acceptable levels of the network beliiy and
stability. On the other hand, the fast developnodémiower electronic technology has made FACTS {ffilex
AC Transmission system) promising solution of fetyrower system. FACTS controllers such as Static
Synchronous Compensator (STATCOM), Static VAR Congpgéor (SVC), Thyristor Controlled Series
Compensator (TCSC), Static Synchronous Series Cosapar (SSSC) and Unified Power Flow controller
(UPFC) are able to change the network parametees fast and effective way in order to achieve bette
system performance [8], [9], [10], [11]. These coliers are used for enhancing dynamic performasfce
power systems in terms of voltage/angle stabilibilevimproving the power transfer capability andtage
profile in steady-state conditions [12], [13], [1415], [16].Static VAR Compensator (SVC) is a FAET
controllers based on thyristor controlled reactb€Rs), the first is a shunt compensator used fdiage
regulation which is achieved by controlling the gwotion, absorption and flow of reactive power tigh
the network[17].Unified Power Flow Controller (UP};As the most complete. It is able to control
independently through active and reactive powete UPFC is capable to act over three basic elattric
system parameters: line voltage, line impedancd,drase angle, which determine the transmitted powe
Also Note that among the available FACTS devices,Wnified Power Flow Controller (UPFC) is the most
versatile one that can be used to improve steady stability, dynamic stability and transient dtghb[18].

In this study, continuation power flow method, widased in voltage stability analysis, is utilized
in order to analyze voltage stability of power syss. In section (2) of this paper the concept dfage
stability phenomena is described. Voltage stabdéap be analyzed by using bifurcation theory, sseiction
(3) we focus on bifurcation theory and in sectidh We focus on Continuation Power Flow method, ohe
the methods used in voltage stability analyze andeiction (5) we focus on modeling of two area powe
system.The rest of the sections are organizedllasvio in section (6) modeling of SVC is presengetl in
section (7) modeling of UPFC is presented. The Gdady and simulation result are presented in e¢8)
in the other hand and effects of compensationstrégsion line reactance, SVC and UPFC are preséyted
analyzing bus voltage profiles that show the retahip between power and voltage.Finally conclusson
discussed in section (9).

2. VOLTAGE STABILITY

Power system stability can be divided into two akage stability and rotor angle stability. Rotor
angle stability is the ability of interconnectednsfironous machines of a power system to remain in
synchronism [19]. In this kind of stability, powangle equations are handled since power output of a
synchronous machine varies as its rotor oscill@2gsVoltage stability is the ability of a power stgm to
maintain steady acceptable voltages at all busékeirsystem under normal operating conditions dtet a
being subjected to a disturbance [19]. Voltage iktpbcan be attained by sufficient generation and
transmission of energy. Generation and transomssinits have definite capacities that areupar to
them. These limits should not be exceeded in #Hyepower system. Voltage stability problem arisdwen
the system is heavily loaded that causes to gorgelimitations of power system. A power system ente
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state of voltage instability when a disturbanceréase in load demand power or change in systewitzom
causes a progressive and uncontrollable declineltage. The main factor causing instability is ihability
of the power system to meet the demand for reaptiveer [19].

2.1. Factors Affecting Voltage Stability

The main reason for voltage instability is the lagk sufficient reactive power in a system.
Generator reactive power limits and reactive pomgguirements in transmission lines are the maisesof
insufficient reactive power [20].

2.11. eactive Power Limitsof Generators

Synchronous generators are the main devices fdagelcontrol and reactive power control in
power systems. In voltage stability analysisivac and reactive power capabilities of getwm play an
important role. The active power limits are dudtte design of the turbine and the boiler. Theesfactive
power limits are constant. Reactive power limitgeherators are more complicated than active pbmés.
There are three different causes of reactive pdiwets that are; stator current, over-excitationreat and
under-excitation limits. The generator field cutrén limited by over-excitation limiter in order tavoid
damage in field winding. In fact, reactive powemils are voltage dependent. However, in load flow
programs they are taken to be constant in ordsinplify analysis [20].

2.1.2. Transmission Lines

Transfer of active and reactive power is providgdidansmission lines. Since transmission lines
are generally long, transfer of reactive poweer these lines is very difficult due to sifijgant amount
of reactive power requirement[2].

2.2. Voltage Collapse

Voltage collapse is the process by which the secpi@f events accompanying voltage instability
leads to a low unacceptable voltage profile ingnificant part of system. When a power systes i
subjected to a sudden increase of reactwepdemand, the required demand is met by réaetive
power reserves supplied from generators anchpeosation devices. Most of the time, than de
achieved since there are sufficient reserv@smetimes, it is not possible to meet this rapigase in
demand due to combination of events and systemittmmgl Thus, voltage collapse and a major breakdow
of part or all of the system may occur [19]. Thare some countermeasures that can be taken agaiitagfe
instability. Automatic voltage regulators (AVRs)nder-load tap changers (ULTCs) and compensation
devices are common ways to keep bus voltage matgituacceptable ranges [19].

stable

~y

bifircation poit

™~

>

unstable

Figure 1. Bifurcation diagram for f(x)[3]

3. BIFURCATION THEORY

Bifurcation theory is used to describe changeténqualitative structures of the phase portraitrwhe
certain system parameters change. Local bifurcatman be studied by analyzing the vector diffeegnti
equations near the bifurcation equilibrium poinisltage collapse in power systems can be predibied
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identifying parameter values that lead to saddiéenbifurcations. In order to present the charastieriof
bifurcation, Equation 1 is considered.

F(x,)=x=A—2x? (1)

In differential Equation 1, x is the state varialsled A is a parameter. There is a point called
equilibrium point where”{x,, A,) = 0. For this value of the linearization of (x, })is singular.
Figure 1 is obtained faf (x, 1), ask changes. Wheh = 0 there is a saddlenode point. Fox 0, there is no
equilibrium whereas fak > 0 there are two equilibrium points as stable andalne points[21,22].

4. CONTINUATION POWER FLOW

The conventional power flow has a problem in theob&n matrix which becomes singular at the
voltage stability limit. This problem can be ovem® by using continuation power flow [23]. Figursiws
the predictor—corrector scheme used in the cortiimugower flow.

predictor

- / corrector

Bus Voltage

critical point

Load
Figure 2. The predictor — corrector scheme[23]

From the Newton-Raphson, load flow equations cawiitten as:

N
j=1

N
j=1

The new load flow equations consist of load fa¢iyrare expressed as:

Py = Pro + A(K1iSppase€0SD;) 4)
Qi = Qo + A(KyiSapaseSind;) (5)

Where:

Pyo,,Qr0=0riginal load at bus i, active and reactive povespectively

K;; = multiplier to designate the rate of load chaagbus i a3 changes

Sapase = @ given quantity of apparent power which is @mot® provide appropriate scalingbf
The power flow equations can be written as:

F(8,V,%) =0 (6)
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wheré. denotes the vector of bus voltage angles and \dtderthe vector of bus voltage magnitudes. The
base solution fok =0 is found via a power flow [24].
Then the active power generation term can be neatlif:

Pgi = Pgo(1 + AKg;) (7)
Where:
P;, = The initial value of active power generation
Pg;; = the active power generation at bus i
KG i = the constant of changing rate in generation
To solve the problem, the continuation algorithartstfrom a known solution and uses a predictor-
corrector scheme to find subsequent solutionsfirdit load levels [25].

5. TWO AREA POWER SYSTEM MODEL

Consider a two-area power system (Area-1 & Areavi#h series and shunt FACTS devices and
shunt Capacitor, connected by a single circuit ltnagsmission line as shown in Figure 2 , Figurand
Figure 4. Here, the shunt FACTS device such as 8N shunt capacitor are equipped at bus-8 and the
series FACTS devices such as UPFC (combinationTéfT&® OM and SSSC), is equipped between bus-8
and bus-9. The direction of real power flow is fréwea-1 to Area-2. In the two-area power system ehod
the Area-1 consists of Generator 1 (G1) and Gemefa(G2) and the Area-2 consists of Generator 3) (G
and Generator 4 (G4).Slack bus is located in Area 2

Sending end Bus 1 Bus 8 Bus 3
Area 1 | | Area 2
Receiving end
Real Power

Figure 3. Two-area power system with shunt FACT@ade

Sending
end Bus 1 Bus 8 Bus9 Bus3

Area1 I |

- Receiving end

Real Power

Figure 4. Two-area power system with series FAC&3ad

Bus 1 Bus 8 Bus 3

Sending end
Area 1 | Area 2
- Shunt Receiving end
Real Power Capacitor

Figure 5. Two-area power system with shunt capacito
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6. STATIC VAR COMPENSATOR (SVC)

A static var compensator (or SVC) is an electramlice for providing fast-acting reactive power on
high-voltageelectricitytransmissionnetworks [2&]7]. SVC are part of the Flexible AC transmissigatem
device family, regulating voltage and stabilisihg system [28],[29]. Unlike a synchronous condemgech
is a rotating electrical machine, a "static" VARngzensator has no significant moving parts (othanth
internal switchgear). Prior to the invention of B€C, power factor compensation was the preseriargé
rotating machines such as synchronous condensswgitched capacitor banks[30].The SVC is an autethat
impedance matching device, designed to bring tetesy closer to unity power factor. SVCs are usesvin
main situations:

» Connected to the power system, to regulate thsimasion voltage ("Transmission SVC")
« Connected near large industrial loads, to improwegy quality ("Industrial SVC")

In transmission applications, the SVC is used fjulae the grid voltage. If the power system's
reactive load is capacitive (leading), the SVC wak thyristor controlled reactors to consume ¥ans the
system, lowering the system voltage. Under indectllagging) conditions, the capacitor banks are
automatically switched in, thus providing a higtssistem voltage. By connecting the thyristor-comgabl
reactor, which is continuously variable, along withcapacitor bank step, the net result is contislysu
variable leading or lagging power. In industriapligations, SVCs are typically placed near high eaquidly
varying loads, such as arc furnaces, where theygmoth flicker voltage.

Transmission
Line

Coupling
Transformer

Statit VAR
Compensator

Figure 6. Configuration of SVC

<

Vi
|
L] |

Series
Teansformer

* | I_
dc Terminal
Figure 7. Configuration of UPFC

Shunt
Teansformer ——e—
Ac Terminal

7. UNIFIED POWER FLOW CONTROLLER (UPFC)

A Unified Power Flow Controller (or UPFC) is an eiécal device for providing fast-acting reactive
power compensation on high-voltageelectricitytraissionnetworks. The UPFC combines together the
features of two FACTS devices: the Static Synchusn@Compensator (STATCOM) and the Static
Synchronous Series Compensator (SSSC). The DCralsmof the two underlying VSCs are now coupled,
and this creates a path for active power exchaetyeden the converters. Hence, the active powerlisapp
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to the line by the series converter, can now belgegh by the shunt converter. The UPFC can be tzed
control the flow of active and reactive power thygbhuthe line and to control the amount of reactiosver
supplied to the line at the point of installatidhuses a pair of three-phase controllable bridgegroduce
current that is injected into a transmission lireing a series transformer. The controller can cbtctive
and reactive power flows in a transmission linee THPFC uses solid state devices, which providetiomal
flexibility, generally not attainable by conventanthyristor controlled systems. The UPFC conceps w
described in 1995 by L. Gyugyi of Westinghouse [BAg¢ UPFC allows a secondary but important function

such as stability control to suppress power systsgillations improving the transient stability obveer
system.

8. CASE STUDY AND SIMULATION RESULT

11-bus two area test system is used to assesdsfélotiveeness of capacitor, reactance and placing
SVC and UPFC developed in this paper. Figure 8wsthe single line diagram of system, with 230 kd an
100MVA base has been considered. In this test sydtes3 is chosen as slack bus, bus 1 and busBuesdd
are voltage control Bus and other buses are loadshiBample test system consists of 2 areas thhdsesgs,
4 generators, 8 transmission lines, 4 transformpds4 loads. Continuation power flow method is egupto
sample test system using PSAT program and voltagflgs of 11 buses are obtained. Bus voltages are
plotted with respect to the load parameter in Fegdir As the load parameter is increased, bus \astag
load buses decrease as it is expected. The Cotitinygower flow result given in table 1. Four cases
considered, SVC is connected at bus 8, UPFC coathdxtween bus8-9, capacitor connevted at bus 8 and
variation transmission line reactance.

1 5 6 7 9

M=
2 4

Figure 8. Single line Diagram of 11-Bus Two aregst&m

Table 1. Voltage magnitude and phase angle antir@dion Power flow for test system without SVC and

UPFC
Bus Without FACTS From-to bus Contination Power Flow
Voltage(Pu) Angle(rad) P(pu) Q(pu)
1 1.03 1.208 5-6 8.996 2.6748
2 1.01 0.972 6-7 17.7589 5.1857
3 1.03 -0.118 7-8 3.1675 1.1498
4 1.01 -0.126 8-9 2.9933 -0.46599
5 0.9725 1.057 8-9 2.9933 -0.49405
6 0.9082 0.808 11-10 6.7032 1.9036
7 0.8529 0.583 9-10 -15.284 -1.0001
8 0.7635 0.043 7-8 3.1675 1.1848
9 0.8974 -0.465 1-5 8.996 4.2268
10 0.9408 -0.284 2-6 8.996 6.9042
11 0.9918 -0.109 4-10 8.996 4.9054

When Table 1 is examined it can be seen thatmost reduction in bus voltages occurs in
8,7,9 and 6 buses. It can be concluded from #sslt that bus 8 is the weakest bus in this sasydem.
The bus with the highest voltage sensitiviictor can be thought as the weakest bus isystem.
Weakest bus is more sensitive to load changeghbr evords, the load connected to this bus is tftemore
than other loads in case of an unexpected loadaser Sample system loses its voltage stabilithet
critical point where the load parameter value 2851 as seen in Figure 9 .The critical point camalien as
voltage collapse point. System becomes voltagestable beyond this point and voltage dee%as
rapidly due to requirement of reactive powerha system.Inthenext part, effect of SVC and UPRtaited
and effect of linereactance,compensator on volsiafeility are study.
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14

0 0.2 0.4 0.6 0.8 1 1.2
Loading Parameter A (p.u.)

Figure 9. Voltage profiles of 11-Bus Test System

8.1. Effect of SVC at bus 8 on Voltage Stability

In order toillustrate the effectof SVC in voltagalslity, SVC installed at bus 8(weakest bus) and
continuation power flow is performed. We expecttorease maximum loading parameter. Figure 10 shows
the voltage profiles for buse 8, 9, 7 and 6 in paugtion power flows. It is obviously seen that fmaxm
loading point increases. The new maximum loadinglle this condition iSmax =1.774&.u.

11 T ;
| ]
el
09 —Vassor 1
i 0.8 - VBus 08 d
% VBus 09
% 0.7 .
>
0.6} .
0.5} .
0.4 . . . . . . . . .
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.7748

Loading Parameter 4 (p.u.)

Figure10. PV curves for 11-bus Two area test sysidnSVC at bus 8

Table 2. Contination Power flow for 11-bus Two atest system with UPFC

Line From-To bus Contination Power Flow
P(pu) P(pu)
1 5-6 11.9608 4.8358
2 6-7 23.4287 7.9453
3 7-8 4.8481 0.24331
4 89 43211 1.6104
5 89 -4.1812 1.3194
6 11-10 8.5262 1.9633
7 9-10 20.2903 2.7726
8 7-8 4.8481 0.24331
9 1-5 11.9608 8.1189
10 2-6 11.9608 13.1831
11 4-10 11.9608 5.5831
12 311 1.317 2.689
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8.2. Effect of UPFC between bus 8 and 9 on Voltage Stability

After presenting the effect of Placing SVC, placlWgFC effect on voltage stability is presented by
performing continuation Power flow. In order to Bze the effect of placing UPFC again Choosethe
weakest bus. UPFC installed between bus 8 and 8k@s¢ bus) and continuationpower flow is performed.
We expectto increase maximum loading paramé&igure 11 shows the voltage profiles for buse & and
6 in continuation power flows. It is obviously se#itat maximum loading point increases. The new
maximum loading level in this condition isnax =1.6273 p.u.Table 2 show theContination Povesv for
11-bus Two area test system with UPFC.

1.1

1

0.9

o
)

e
O

Voltage(pu)

e
)

=
n

0.4 : : : : . : : :
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6
Loading Parameter A (p.u.)

Figure 11. PV curves for 11-bus Two area test syaith UPFC between bus 8-9
Real power flow in line 8-9 increased from 299.3%/Nb 432.11 MW with installation UPFC.

8.3. Effect of Compensation on Voltage Stability

In order to illustrate the effect of compensatiin voltage stability, shunt capacitor banks
ranging from 0.1 to 0.5 puin 0.1 pu steps eonnected respectively to bus 8 (weakest bug) an
continuationpower flow is performed for all caskd$sexpected to see the critical point at the bigHoading
level in capacitor bank with 0.5 pu case. Figuresti@ws the voltage profiles for base and other dages of
bus 8 obtained in continuation power flows. lblsviously seen that maximum loading point increases
compensation value increases.

11 . . r . . .

1.0

Vipu)

—+— c=0.5pu
—%— c=0.4pu
—6— c=0.3pu
0.95| c=0.2pu
—H&— c=0.1pu
Base Case

09 ! ! 1 !
0 0.2 0.4 0.6 0.8 1 1.2 14
Loading Parameter . (p.u.)

Figure 12. Voltage profiles of Bus 8 for differemttmpensation cases (0.1pu-0.5pu)
In the base case, load parameter 1.2851 akein 0.5 pu shunt compensation case it

increases to 1.2995. Adding shunt capacitor to p@ystem enhances the voltage stability limits.réfwe,
for some situations it prevents voltage collaps#diAg a shunt capacitor to bus 8 improves toltage
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stability limit not only in bus 8 but also in @hbuses. Table 3 shows the voltage at bus 8 adinig
parameter for the all shunt capacitor cases.

Table 3. Voltage at bus 8 and loading parametethfall shunt capacitor cases
L oading Parameter Volt bus 8(pu)

(p.u.)
Basecase 1.2851 0.7635
Cap=0.1pu 1.288 0.76703
Cap=0.2pu 1.2908 0.77055
Cap=0.3pu 1.2937 0.7741
Cap=0.4pu 1.2966 0.77768
Cap=0.5pu 1.2995 0.78128

When voltage in Table 3 compare with base-cass gelen that voltages in bus 8 increase in all shunt
capacitor cases which shows the enhancement iageofitability.

8.4. Effect of Line Reactance on Voltage Stability

Transmission line reactance effect on voltage ktyabs presented by performing continuation
Power flow for different line reactance values. drder to analyze the effect of transmission lines
reactance, again the weakest bus in the systen8 mushserved by performing continuation powew#o
for different line reactance values between bus@laus 9, X8-9. Similar to compensation cases amly
five continuation power flows are done for X8-98X8-9, 0.6X8-9, 0.4X8-9 and 0.2X8-9 and voltage
profiles of bus 8 are observed for these caseshéise cases, it is expected to see a bettgeoprofile
as line reactance decreases since transmidisiemeactance cause significant amount of reaqtivwer
requirement in systems. Figure 13 shows the volpgéles for different line reactance values fo8-%
which is the line reactance of transmission lineMeen 8 and 9 buses. As it is seen in FigGreltad
parameter in critical point increases as te@ctance X8-9 decreases. Load parameter fori8092¢&ase
is approximately 1.5353. It means that bus 8 itsevoltage stability after this critical point vehi is
greater than the base case.

14 T T T

1.2f .

— 0.6X8-9
— 0.8X89

0.4X8-9
— 0.2X3.9 k
Base Case

0 05 1 15
Loading Parameter 2 (p.u.)

Figure 13. Voltage profiles of Bus 8 for differeefictance cases between bus 8 and 9

Table 4. Voltage at bus 8 and loading parametethforll line reactance cases

L oading Parameter Volt bus 8(pu)
(p.u)
Base-case 1.2851 0.7635
Reac=0.8X 1.3382 0.77724
Reac=0.6X 1.3964 0.79585
Reac=0.4X 1.4597 0.80673
Reac=0.2X 1.5353 0.83269
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Table 4 shows the voltage at bus 8 and loadinghpetex for the all line reactance cases.

Table 5. Loading parameter forl1-bus Two area sietemfor different cases
L oading Parameter (p.u.)

Base Case 1.2851
With SVvC 1.7748
With UPFC 1.6273
Cap=0.5pu 1.2995
Reac=0.2X 1.5353

When voltage in Table 4 compare with base-caseséeén that voltages in bus 8 increase in allrBaetance

cases which shows the enhancement in voltageistabil
Table 5 show, loading parameter for different cames Table 6 show Voltage magnitude for 11-bus Two

area test system.

Table 6. Voltage magnitude for 11-bus Two areaggstem

Bus Without FACTS SVCathus8 UPFC 8-9 Cap=0.5pu at bus8 Reac=0.2X
1 1.03 1.03 1.03 1.03 1.03
2 1.01 1.01 1.01 1.01 1.01
3 1.03 1.03 1.03 1.03 1.03
4 1.01 1.01 1.01 1.01 1.01
5 0.9725 0.919 0.919 0.97292 0.94426
6 0.9082 0.823 0.816 0.90993 0.85813
7 0.8529 0.762 0.744 0.85676 0.78942
8 0.7635 1.03 0.95 0.78128 0.83269
9 0.8974 0.929 0.912 0.90273 0.85183
10 0.9408 0.946 0.938 0.94369 0.91346
11 0.9918 0.989 0.986 0.99299 0.98169
Voltage Magnitude Profile
250 1 1 I I 1 1 1 I I 1 1
B svc
200l [ Ibase case i
Evuprc
[ leap=0.5pu
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Figure 14. Volatage magnitude profile for 11-busoTarea test for different cases
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9. CONCLUSION

In this paper, voltage stability phenomenad agontinuation power flow method, used
voltage stability analysis of power system® presented, alsthis papemresented tt modeling and
simulation of two types of FACTS devi, UPFC and SVC for voltage stabilitfhe presented method
applied to 11Bus two area sample test system. Voltage magniundebus voltagwversus load parameter
curves are obtained for several scenarios by ugsimSAT software which is a one of the toolbox
MATLAB software. The effect of compensation is dissed by adding shunt capacitors in different jpér
values to the bus defined in sample system. observed from voltage piitds and voltage magnitude t
adding shunt capacitor to a bus cause to enhaheegoltage stability of whole buses in sample sys
Since the shunt capacitor injects reactive poweystem. Thus, critical point occurs iigher loading levels
and the magnitudes of bus voltages will be incre@alsethe other hanby installing capacitor at bus 8, at
best extension the bus voltage is increased frome3®. to 0.78128 and maximuloading parameter
increased from 1.2851 th2995 In addition, the effect of variation of line reacta on voltage stability |
studied by performing five continuation power flotesthe proposed system. Voltage profiles for défe
line reactance cases prove the enhancement ingeo#tiabiliy. With decreases of line reactance, reac
power demand decreases and profile of buses vesliagmproved. By variation of line reactance et bes
extensionpus voltage is increased from 0.7635 to 0.83269raaximumloading paramet increased from
1.2851 to 1.5353he Numerical result for the standard 11 bus néiwars been presenthow SVC and
UPFC can be used to increase system stability antigal power systems with the use of simulink ng
The effects on static voltage collapse or rmum loading level are present8idnulation results show th
by installing SVC at bus 8, the bus voltage is@ased from 0.7635 to 1.03 and maximloading parameter
increased from 1.2851 to 1.7748.This mean effe@\WE in the networl UPFC is connecd between bus 8
and bus 9, the objective control is increase thiwapower of that lincreal power flow in line -9 increased
from 299.33 MW to 432.1MW and maximum loading parameter increased from 1.2851.6@7:. This
means the effeadf UPFC in pwer system.The method used Newton Raphson algorithm for Idad
studies It was found that the SVC and UPFC regulatesvtiitage of the bus as well as UPFC regulates
active and reactive power of the buses and the lmihin specifie limits. In theenc wedida comparison
between the four cases studiethcwe find thatinstalling SVC to network have a greater impactvolitage
stability and loadability increasing compared teg-up capacitorstep down the line reactance, install
UPFC.
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