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Abstract: Problem statement: Power-Voltage curve provides very important infatimn for voltage
stability analysis. The exact long transmissior Imodel consists of the resistance and the reaetanc
The resistance causes in the active line loss iot easy task to achieve the power-voltage curve
characteristics of power system with the exact Ibng model equipeed with a Thyristor Controlled
Series Capacitor (TCSCApproach: This study applies the concept of the Newton-Raphsethod

to iteratively solve the nonlinear power flow eqaas. The Power-Voltage (P-V) curve charaterisfic o
the system without line loss and with line loss @lidted and compared on various cagasults: It is
found from the study that the resistance of the lidviously provides the negative effects on the
voltage stability. The line loss causes in the eemmt of the critical point. In addition, it is fodi that
the leading power factor can increase the crificaiht of P-V curveConclusion: The exact long line
model should be considered for voltage stabilitglgsis of the system with the long transmissiog.lin

Key words. Thyristor Controlled Series Capacitor (TCSC), PoWeltage (P-V), Critical Clearing
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INTRODUCTION The Thyristor Controlled Series Capacitor (TCSC)
is the series FACTS devices. It consists of thexcipr
Power system stability is classified as rotor angl bank reactor bank and thyristor as shown in Figihe
stability and voltage stability. Voltage stabilitg a  thyristors control the reactance or susceptancé tha
stability in power systems which are heavily loaded gjctates the power flow through a line. The TCS@ ca

distubeanced or have a shortage of reactive powepe applied for improving stability of power system
Nowadays, the demand of electricity has dramaticall (Chakrabortty, 2012).

increased and a modern power system becomes a Tne eyaluation of Critical Clearing Time (CCT) of

complex network of transmission lines interconnegti power system is one of the most important research

the generating stations to the major loads poimthe areas for power engineers because it indicates the

overall power system in or_der to support the .hlghrobustness of the faulted power system. The rotglea
demand of consumers. It is becoming increasingly

important to fully utilize the existing transmissio of the synchronous generator determ|ne§_the Aol
system assets due to environmental legislatiomtsig power  system. '_A‘Ith(_JUQh the  stability Of_ th?
of-way issues and costs of construction andSynchronous machine is used to represent the isabil
deregulation policies that introduced in recenrgea  ©f the power system, all of the power system
number of Flexible AC Transmission System (FACTS)components s_u_ch as transmission line and transforme
controllers, based on the rapid development of poweaffect the stability of the power system.
electronics technology, have been proposed forebett The transmission line is one of the most important
utilization of the existing transmission systemsparts in power system components. Most of the fault
(Gonzalez et al.,, 2010; Sonmezet al., 2012; occurs at the transmission line. The transmissiuib
Thirumalaivasaret al., 2012; Wibowcet al., 2011). generally divided into three major categories; shor

The evaluation of the Power-Votage (P-V) curve ofmedium and long model whose distance are about 80
the power system is one of the most important resea km, above 80-250 km and above 250 km, respectively.
areas for power engineers because it indicates thidlany previous researches used simple transmissien |
maximum power load. If the load is increased beyondnodel by neglecting its resistance or capacitahodully
the maximu value, the voltage will be collapsed andutilization the existing system, the exact transiuis line
then the system is considered as unstable. should be further investigated.

1491



Am. J. Applied Sci., 9 (9): 1491-1495, 2012

Capacitor And:

7= @ (®)

i The ABCD constants of a TCSC in two ports
Thyristor network are given by Eq. 9-12:

AC system

controller
Arcsc=1 (©)

Fig. 1: Schematic diagram of TCSC

This study will investigate the capability of the Brose = 71X resc (10)
TCSC on voltage stability of the SMIB system wikte t
exact long transmission line model. The concept 0fCresc =0 (11)
two-port network is applied to simplify the
mathematical model of the power system. The samplécsc =1 (12)
system consisting the practical long transmissioa ils
used to investigate in this study. The proposecatet With the series combination of a transmission line
is tested on various cases. and TCSC in two ports network as shown in Fig. &b,

successive two ports networks is shown in Fig. it c

MATERIALSAND METHODS its constant parameters are given by Eq. 13-16:

Mathematical mode: Consider the simple system with

the lump of nominait model as shown in Fig. 2a. The A SAA 1esctBE res (13)
generator supplies the active power and reactiveepo
which is transferred through a transmission lingh®  Be =AB 1csct B D rec (14)
load. The voltage, active power and reactive poater
load are represented byzVP: and @, respectively. Cey = AresC i+ CresD (15)

The voltage at generator bus gfVis considered as
constant value. The lump of the nomimalmodel is
represented by a equivalemtmodel as shown in Fig.
2b in two ports network are given Eq. 1-4:

Deg = BresC it DD e (16)

Then the active and reactive power load are dbyen

A=Q1+Y'Z'12) (1) Eq. 17 and 18:
— 7! A V2
B=2 ) P, :% oS0, 3) —%RCOSGB—GA) (17)
C=Y'(1+Y'Z/4) 3) “ e
And:
D=A @
. L A V2
The equivalent Z' is given by: Q. =%sin(65—6) —%RCOSQB—GA) (18)
eq eq
Z' =Z_sinhyl (5)

The objective of this study is to evaluate the
The equivalent Y’ is given by: voltage at load bus @) with various cases of load. This
study applies the Newton-Raphson method to
iteratively solve the nonlinear Eqg. 13 and 14 gitagn

Y' zisinh%I (6)
’ R OR
Here they and Z in Eq. 5 and 6 are given by: {APR }: 9% Ve {AB} (19)
AQz] |9Q:  0Q |[AV
y=ZY /1 7) 06 dVg
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Fig. 2: Single machine infinite bus system with @SIC (a) schematic diagram (b) equivalent circyittye ports
network diagram (d) a successive two-ports network

RESULTS critical point (P, V') of the system without and with a
TCSC for various power factors.
The proposed method is tested on the sample
system consider the diagram of sample system iwrsho Table 1: The maximum and minimum rotor angle ofspstem with a
in Fig. 2. The system supplies power which is TCSC and various parameters of the long transmigisie

transferred through a 40 km transmission line te th Without TCSC With a TCSC
load. The system voltage at the generator busQsk®4 . Tap  PY (W) VS (kv) PE (W) VE (KV)
It is considered that the variable capacitive eraee of a 04 e 307 073 300
TCSC is operated at 20% of the line reactance. The 0.2 996 325 1273 326
comparison of the Power-Voltage (P-V) curve of thes 0.0 1191 352 1514 349
system with and without a TCSC for various power4 -0.2 1418 388 1790 385
factors is shown in Fig. 3-7. Table 1 summarizes th> 0.4 1670 433 2090 426
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Fig. 6: P-V curve of the system without and with a
TCSC for tarp-0.0.2
Fig. 3: P-V curve of the system without and with a

TCSC for unity power facto 600
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0 200 400 GO0 f00 1000 1200 1400 Fig. 7: P-V curve of the system without and with a
P, TCSC for tanp-0.0.4
DISCUSSION

Fig. 4: P-V curve of the system without and with a ]
TCSC for tanp-0.0.2 It can be seen from the Fig. 3-7 and the Tableaha
TCSC can improve voltage stability of the system.
Without a TCSC and unity power, the critical point

600 - - | (PY,vy) is at 1191 W and 352 kV. In this case, it

500 indicates that the maximumum power load is around
1191 W. However, with a TCSC, the maxmum power
load is increased to 1514 W. This study investigdte
effect of power factor on the critical point. Withe
lagging power factor, the crtical point point islueed

400

300

Vi

200 o 1 whereas with the leading power factor, the crtjmaiht
ol _ﬁﬁsﬂ’” | point is _increased. With tap = 0.4 and with a TCSC,
= the maximum power is reduced to 1073 W whereas tan
0 o= ¢ =-0.4 and with a TCSC, the maximum power is
0 200 400 a00n s00 1000 1200 increased to 2090 W.
P

R

CONCLUSION

Fig. 5: P-V curve of the system without and with a This study investigated the effects of the Thyrist
TCSC for tarp-0.0.4 Controlled Series Capacitor (TCSC) on the voltage
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