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Abstract: Problem statement: It is becoming increasingly important to fully lige the existing
transmission system assets due to environmentasldégn, rights-of-way issues and costs of
construction and deregulation policies that intiatli in recent years. The Static Var Compensator
(SVC) has been proposed for the better control pder and dynamic performance. The exact short
transmission line model consists of the resistaarm reactance. Most of previous researches studies
transient stability performance of SVC in SMIB Systwith neglecting the resistance of the line. Thus
the fully capability of the SVC on transient stélgiimprovement of power system may not be applied.
The consideration of the resistance causes in iffieutty of deriving the mathematical model.
Approach: This study investigates the effect of the SVC @mgient stability of the power system
with consideration the exact short transmissioa lmode. The concept of two-port network is applied
to simplify the mathematical model of the powertsgs The proposed method is tested on sample
system and compared on various caBesults: The first swing of rotor angle curve of the faulted
system without resistance is obviously higher ttieat of with resistance whereas the second swing
of the faulted system without resistance is slighdks than that of with resistance. The systerh wit
a SVC can improve transient stability of power eystConclusion: It was found from this study
that the SVC and resistance of the line can impfoseswing of rotor angle. However, the resis&nc
of the line provides the negative effect on secewihg of rotor angle. The simulation results indéca
that for practical short line, the resistance ig)nimport parameters for evaluating transient ditstoof
power system.

Key words. Static Var Compensator (SVC), Critical Clearing €ifCCT), Single Machine Infinite
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INTRODUCTION The Static Var Compensator (SVC) is the series
FACTS devices. It consists of the capacitor bank
Nowadays, the demand of electricity hasreactor bank and thyristor. The thyristors contioe
dramatically increased and a modern power systemeactance or susceptance that dictates the powower fl
becomes a complex network of transmission lineghrough a line. The SVC can be applied for imprgvin
interconnecting the generating stations to the majotransient stability of power system.
loads points in the overall power system in order t The evaluation of Critical Clearing Time (CCT) of
support the high demand of consumers. It is becgminpower system is one of the most important research
increasingly important to fully utilize the exigin areas for power engineers because it indicates the
transmission system assets due to environmentabbustness of the faulted power system. The ratgltea
legislation, rights-of-way issues and costs of tomon  of the synchronous generator determines the dtabili
and deregulation policies that introduced in regeats. A power system. Although the stability of the
number of Flexible AC Transmission System (FACTS)synchronous machine is used to represent the igfabil
controllers, based on the rapid development of poweof the power system, all of the power system
electronics technology, have been proposed foretbett components such as transmission line and transforme
utilization of the existing transmission systema&dfa  affect the stability of the power system.
and Rajaram, 2011; Orcay and Ustundag, 2011; The transmission line is one of the most important
Dominguezet al., 2010; Osuwa and Igwiro, 2010; Zarate- parts in power system components. Most of the fault
Minanoet al., 2010). occurs at the transmission line.
468



Am. J. Applied Sci., 9 (4): 468-471, 2012

m Infinite bus
AC system [ransformer 1 Line 1 Line 3
Line 2 Line 4
SvVC
Thyristor J_
controller i : . =
I - i=—= Capacitor (a)
Reactor 7 m 7y Infinite bus
L v

Fig. 1: Schematic diagram of SVC
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It is generally divided into three major categorigsort,

medium and long model whose distance are about €~ =5

km, above 80-250 km and above 250 km, respectively i

Many previous researches used simple transmissien | S AuBo

model by neglecting its resistance or capacitahodully B Coe Do A

utilization the existing system, the exact transiuis line — J—

should be further investigated. C5D6
This study will investigate the capability of the (©)

SVC on transient stability of the SMIB system wiitie

exact short transmission line model (Fig. 1). The

concept of two-port network is applied to simplifye o— AqBe |—e
mathematical model of the power system. The sample E'<§_ | CeqDeq [ Vp<0°
system consisting the practical short transmiskianis

used to investigate in this study. The proposechatet (d)

is tested on various cases.

Fig. 2: Single machine infinite bus system with\&Cqa)
MATERIALSAND METHODS schematic diagram (b) equivalent circuit (c) two -

t networks di d) th t two-port network
Mathematical mode: Figure 2a shows the single line port networks diagram (d) the net two-port networ

diagram of power system consisting of a generator,

transformer, four short transmission lines and SE@ure B, = X4 (2)
2b shows the equivalent of Fig. 2a. The generator i
represented by a synchronous voltage in quadrakise B, = jx/, (3)

(E'y) behind direct transient reactance§XThe f, is the
voltage at infinite bus. The exact short transroisdine
model is represented by the impedang¢ hich consists
of a resistance (iR and reactance (X The SVC can be
modeled as the variable shunt susceptancgclBas  Bg,c =0 (5)
shown in Fig. 2b. This study will apply the concepthe

two-port network to simplify the equivalent in Figb. e (=

Each component of power system and a SVC can beCl C=G=G=G=G= ©)
represented the matrix of two-port networks (ABand

D) as shown in Fig. 2c and given by Eq. 1-8: Csve = Bswe (7)

B;=B,=Bs=B=jZ, 4)

A=A, =A,=A ,=A ,=A ,ZA 44 (1) D,=D,=D,=D,=D.=D,=D.=1 (8)
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It can be seen from the Fig. 2c that some poetsnar
series and in shunt connection. For example, alpand
port 2 are in series connection whereas port 3pand4
are in shunt connection. Thus with the series coatlin
of port 1 and port 2, a new port is given by EG29-

It can be mentioned here that the variable shunt
susceptance of the SVC as given in Eq. 7 is changed
during the dynamic state for improve the transient
stability. This study uses the linear control gi\mn

B, =Ko 20
A =AAL+BC, ) e (20)
B.=AB,+BD, (10) Here K in Eq. 20 is the constant gain control.
RESULTS
C.,=ALC,+C,D, (11)
Consider the diagram of sample system is shown in
D, =B,C,+DD, (12) Fig. 2. The system data are:

Similarly, with the shunt combination of port 3dan
port 4, a new port is given by Eq. 13-16:

H =05, X%=0.1pu, X3=0.20 pu, X;= 0.5 pu, X, =
0.5 pu, X3= 0.5 pu, X4 = 0.5 pu, E= 1.22<31.64pu,
V=1 pu

Aa=(AB+AB/(B+B) (13) It is considered that three phase fault appears at
line 1 near bus m and the fault is cleared by ameni
B, =BB,/(B;+B) (14)  circuit breakers at the end of the line. FigurehBves
the rotor angle of the system without a SVC (K #db)
C,,=C,+C,+ (A,-A)(D,~D)/(B+B) (15)  the clearing time {) 191 m sec. Figure 4 shows the
rotor angle of the system with a SVC (K = 10). The
D, =(B,D,+BD)/(B,+B) (16) break line represents the rotor angle of the system

With the above concepts, the net two-port networ
diagram is shown in Fig. 2d. HergABe,, Coqand 0
are the element in net matrix of net two-port netso

The output electrical power of synchronous
machine (B is given by Eq. 17:

without consideration of line resistance (R/X 0)

QNhereas the dash line represents the rotor anglkeof

system with R/X = 5%. Table 1 shows the comparisons
of the system with R/X = 0 and R/X = 5%. In thisea
the constant gain control is changed. Table 2 suiresa
the maximum and minimum rotor angle of the system
(Omax Omix) With various R/X ratio for K = 35.

A (E)? V E'
p=2eEd oso. 0,y Bﬁq coflotd  (17) DISCUSSION
“ - It can be seen from the Fig. 3 that resistance of
Here: the line provides the improvement of the firsiirsgv

Aeq :A queAenﬁ eq:B epe Be

stability. With the R/X = 0, the system is consiger
as unstable whereas with the consideration of R/X =
5%, the system is stable. However, the resistalice o

_ _ . ~ the line provides the negative effect of the second
The dynamic equation for evaluating critical swing as can be seen in Fig. 4 and the Table 1.
clearing time of the system in Fig. 2a is given by: With K =30, thedm, of the system with R/X =

. 0 and 5% are -2.89 and -4.85, retpely.
d=w (18)
Table 1: The maximum and minimum rotor angle ofgkstem with
1 various gains of SVC
W= M[|:>m -P] (29) Omax(degree) Omix (degree)
Case K R/IX=0 RIX=5% RIX=0 R/X=5%
Here,d, w and R, as given in Eq. 18-19 are the ; 18 12536 112f66§6 80 '7-4625
rotor ar_wgle, speeql, mechanical input power e_md mome 5 20 11724 113.08 0.56 207
of inertia, respectively of synchronous machinee a4 30 112.95 109.99 3.71 0.54
is the output electrical power of synchronous agmi 5 40 109.18 107.34 6.40 3.06
6 50 106.08 104.75 9.12 5.22

in Eq. 15.
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Table 2: The maximum and minimum rotor angle of ghigtem with
various R/X ratio for K = 35

Case 1 R/X (%) Omax (degree) Omix (degree)
1 0 110.83 5.15
2 5 108.66 1.80
3 10 107.26 -1.10
4 15 106.21 -3.68
5 20 105.87 -6.15
6 25 105.62 -8.06
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Fig. 3: Swing curve of the system without FACTS

devices and R/X = 0 and R/X = 5% fgr+t 191
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Fig. 4: The rotor angle for tcl = 191, with K = 1R/X=
0,R/X =5%

The effect of various ratios R/X and a SVC (K = 8h)
transient stability improvement is summarized obl§&.

It can observe from the Table that the better ivgmoent
results are increased as the percent of R/X gatsase.

CONCLUSION

This study investigated the effects of the Stec

This concept can help us to obtain mathematicalahod
of the system in the simpler way.
The presented methods were tested and compared on
various cases. It was found from the simulationultss
that the SVC improve the transient stability parfance
both first swing stability and other swings wheréas
resistance of the line provides the improvementhef
first swing but not for the second swing.
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