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Abstract: Problem statement: It is becoming increasingly important to fully lite the existing
transmission system assets due to environmentasldéign, rights-of-way issues and costs of
construction and deregulation policies that intitlin recent years. The Thyristor Controlled Serie
Capacitor (TCSC) has been proposed for the battara power flow and dynamic performance. The
exact long transmission line model consists of thseistance and reactance. Most of previous
researches studies transient stability performaridie TCSC in SMIB System with neglecting the
resistance of the line. Thus the fully capabilifytbe TCSC on transient stability improvement of
power system may not be applied. The consideratiothe resistance causes in the difficulty of
deriving the mathematical modehpproach: This study investigates the effect of the TCSC on
transient stability of the power system with coesation the exact long transmission line mode. The
concept of two-port network is applied to simpliie mathematical model of the power system. The
proposed method is tested on sample system andacechpn various caselesults: The first swing

of rotor angle curve of the faulted system withoesistance is obviously higher than that of with
resistance whereas the second swing of the fasitsgm without resistance is slightly less tharn tha
of with resistance. The system with a TCSC can awertransient stability of power system.
Conclusion: It was found from this study that the TCSC andstasce of the line can improve first
swing of rotor angle. However, the resistance eflthe provides the negative effect on second swing
of rotor angle. The simulation results indicatet iom practical long line, the resistance is vanport
parameters for evaluating transient stability ofvposystem.

Key words: Power system stability, transient stability, caficclearing time, FACTS devices,
resistance, capacitance, transmission line, metf@ansmission line, two ports network

INTRODUCTION The Thyristor Controlled Series Capacitor (TCSC)
is the series FACTS devices. It consists of thexcipr
Nowadays, the demand of electricity hasPank reactor bank and thyristor as shown in Fige
dramatically increased and a modern power systejfy”smrs control the reactance that dictatespbwer
becomes a complex network of transmission linedioW through a line. The TCSC can be applied for
) . X . _Improving transient stability of power system.
interconnecting the generating stations to the majo

load ) in th I : e The evaluation of Critical Clearing Time (CCT) of
oads points In the overall power system in Order t hoyer system is one of the most important research

support the high demand of consumers. It is becgmingreas for power engineers because it indicates the
increasingly important to fully utilize the exisin robustness of the faulted power system. The ratgtea
transmission system assets due to environmentalf the synchronous generator determines the dtabili
legislation, rights-of-way issues and costs ofpower system. Although the stability of the
construction and deregulation policies that intetli  synchronous machine is used to represent the istabil
in recent years. A number of Flexible AC Transnuiesi ©Of the power system, all of the power system
System (FACTS) controllers, based on the rapidc@mponents such as transmission line and transforme
development of power electronics technology, haveaﬁeetghe stability of the plpwer_system. ‘it
been proposed for better utilization of the exigtin . The transmission line is one of the most
transmission systems (Samikannu, R. and Poonamallil/POMaNt parts in power system components. Most
) y : u, R ) Mallyt 'the  fault occurs at the transmission line. st i
2011; Nabhan and Abdallah, 2010; Padma anqienerally divided into three major categories; shor
Rajaram, 2011; Osuwa and Igwiro, 2010; Subrameaini medjum and long model whose distance are about 80
al., 2012; Zarate-Minanet al., 2010). km, above 80-250 km and above 250 km, respectively.
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Many previous researches used simple transmisisien |

fully utilization the existing system, the exact
transmission line should be further investigated.

This study will investigate the capability of the
TCSC on transient stability of the SMIB system with
the exact long transmission line model. The conoépt (b)
two-port network is applied to simplify the R )
mathematical model of the power system. The samplEig. 2:Long transmission line model (a) Basic nlode

S

model by neglecting its resistance or capacitaice. : []

t..alr—(_jl

system consisting the practical long transmissiioe iis with the seriaft models (b) atmodel
used to investigate in this study. The proposechatet
is tested on various cases. The V, is the voltage at infinite bus. The exact long
transmission line model is represented by the
MATERIALSAND METHODS impedance (2 which consists of a resistance JRnd

reactance (X. The TCSC can be modeled as the
variable series reactance§Q as shown in Fig. 3b.
This study will apply the concept of the two-port
network to simplify the equivalent in Fig. 3b.

Each component of power system and a TCSC can
be represented the matrix of two-port networksgAC
and D) as shown in Fig. 3c and given by Eq. 3-14:

Mathematical model: The transmission line is
considered as long line when its distance is beyidtl
km. The basic model of long transmission line csissi
of the lump of medium transmission line model with
serial models as shown in Fig. 2a. Its simpler rmigle
represented by a model as shown in Fig. 2b.

The Z'and Y’ are given in Eq. 1-2 and wriiten by:

A=A, = A= (3)

Z'=Z_sinh(y) Q)
A,=A,=A_=A_=cosh 4
Y'=2/Z tanhf) (2) S T e ¥ @
=iX' 5
Here: B, = 1X4 (5)
B, =jX 6
y=VZY 2 = iX, (6)
And: B, =B, =B,=B,=Z sinhfy) (7
2 _\/? Brese =-1X rese 8)

Ny

C,=C,=0 (9)

Figure 3a shows the single line diagram of power
system consisting of a generator, a transformer fo

long transmission lines and TCSC. Figure 3b showsce,:CFCs:Ce:ZiSi”h(V) (10)
the equivalent of Fig. 3a. The generator is ¢

represented by a synchronous voltage in quadrature

axis (Ep) behind direct transient reactance {X’ Cresc=0 (11)
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Fig. 3: Single machine infinite bus system with @SC (a) schematic diagram (b) equivalent circuitt(@o -port
networks diagram (d) the net two-port network

D,=D, =0 (12) B.=AB,+BD, (16)
D, =D, =D, =D, = cosh{) (13) GFALACD, (17)

D =B +D . 18
DTCSC:]' (14) s SZC sl sp s: ( )

It can be seen from the Fig. 3¢ that some pos ar Similarly, with _the_shunt combination of port 3dan
in series and in shunt connection. For exampleyralp port 4, a new portis given by Eq. 19-22:
and port 2 are in series connection whereas parid3

port 4 are in shunt connection. Thus with the serie An=(AB+ABJII(B.B) (19)
combination of port 1 and port 2, a new port isegiy

Eq. 15-18: B, =BB.,/(B;+B) (20)
A,=AA,+BC, (15) Cyp=Cy+tC,+(A;-A)D,~D/(B,+B) (21)
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D,=(B,D,+BD)/(B,+B) (22) 120

Case 1l and 3

,_A
=
=

)

With the above concepts, the net two-port network
diagram is shown in Fig. 3d. Hereg ABeg, Ceqand Qg
are the element in net matrix of net two-port nekso

The output electrical power of synchronous
machine (B is given by Eq. 23:

degree
oo
(=]

Rotor angle (

A Er 2 V r
Pe = ﬂé CI) COSeBeq_eAeq)_ B'ﬁq co

eq eq

220 R A \ \ . , \ \ \
ﬂ Beq+ 5 (23) 0 05 1 1.5 2 25 3 3.5 445 5

Time (sec)

Here: Fig. 4: Swing curve of the system without FACTS
devices for tcl = 170 m sec
Aeq :AecDeAep eq:B epe Bel

150

The dynamic equation for evaluating critical Case 1

clearing time of the system in Fig. 3a is given by:

Case 2
100

5= @) 3
0= (P, - P (25) :
w=—[P, - z
\/
Here,d, w and R, as given in Eq. 24-25 are the 0 05 1 15 2 25 3 35 4 45 5

rotor angle, speed, mechanical input power and
moment of inertia, respectively of synchronous
machine. The Pis the output electrical power of Fig. 5: Rotor angle of the system with various gaiha
synchronous as given in Eq. 23. TCSC for tcl = 190 m sec

It can be mentioned here that the variable series bie 1: Th ) 4 min . e of et
reactance of the TCSC as given in Eq. 8 is char_1geaa C o ithout TOSO for tol=1 70 m o Cor angie © gystem
during the dynamic state for improve the transient-__

Time (sec)

I . ; . R Bc Omax (degree)  &min (degree)
stability. This study uses the linear control gi\sn 1 0.0000 0000000 94.62 13.07
2 0.0263 0.000000  93.64 12.68
Xrese =Ko (26) 3 0.0000 0.000594  94.62 13.07
4 0.0263 0.000594  93.64 12.68

Here K in Eq. 26 is the constant gain control. The percentage of R/X and/& of the line are = 5.26%

and B/X = 0.001188%, respectively. With the given
RESULTS reactance of the line (X) = 0.5 pu, the per uniRodnd

The proposed method is tested on the samplBcaré 0.0263 and 0.00059 pu, respective.
system Consider the diagram of sample system is It is considered that three phase fault appears at

shown in Fig. 2a. The system data are: line 2 near bus m and the fault is cleared by apgeni
S ' circuit breakers at the end of the line. Figurehdves

Generator: H=5, Xt = 0.1 pu, X'd = 0.20 pu, E'q = the rotor angle of the system without a TCSC (K)= 0
1.22<31.64 pu. for the clearing time of fault { 170 m sec. Table 1

summarizes the maximum and minimum rotor angles
Transmission line data: Voltage level 500 kV, 300 km, (&, 8min) Of Fig. 3.
f = 50 Hz, R = 0.01&/km, L = 0.97 mH/km, C = Figure 5 shows the rotor angle of the system with
0.0115puf/km various gains of a TCSC and with considerationhef t

The series Z' and the shunt admittance Y’ of theexact long transmission line model. Here theig
long line at fundamental frequency areincreased to 198 m sec. Table 2 summarizes the
4.6426+j89.92 and 0 +j0.00109, respedyi maximum and minimum rotor angles of Fig. 5.
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Table 2: The maximum and minimum rotor angle of Hystem REFERENCES
without TCSC for tcl=198 m sec
Case K Onax (degree) Onin (d€gre€)  Naphan, 1. and M. Abdallah, 2010. A novel low-power
% 18 108.52 736 cmos operational amplif_ier yvith high slew rate and
3 20 96.82 18.27 high common-mode rejection ratio. Am. J. Eng.
4 30 88.82 25.69 Applied Sci., 3: 189-192. DOIl:
10.3844/ajeassp.2010.189.192
DISCUSSION Osuwa, J.C. and E.C. Igwiro, 2010. Uninterruptible

power supply using solar rechargeable battery.
Phys. Int., 1: 77-82. DOI: 10.3844/pisp.2010.77.82.
Padma, S. and M. Rajaram, 2011. Fuzzy logic

Without the resistance of the long line, the maximu controller ~ for ~static synchronous —series
and the minimum rotor angle are 94.62 and -13.07 compensator with energy storage system for
degree, respectively whereas with the resistarioe, t transient stability analysis. J. Comput. Sci., 398
maximum and the minimum rotor angle are 93.64 and ~ 864. DOI: 10.3844/jcssp.2011.859.864 _
12.68 degree, respectively. In practical long littee ~ Samikannu, R. and B.A. Poonamallie, 2011. Design of

It can be seen from the Fig. 4 and Table 1 that
resistance of the long line provides the improvenoén
the first swing stability but not for the secondirsgv

resistance is very import parameters to deterrrtiee t synthetic optimizing neuro fuzzy temperature
critical clearing time of the system whereas shunt controller for dual screw profile plastic extruder
capacitance doesn't affect on the damping perfooman using labview. J. Comput. Sci., 7: 671-6DOI:
because in practical lone line the shunt capacitasc 10.3844/jcssp.2011.671.677

very small. The critical clearing time of the systwith ~ Subramani, C., S.S. Dash, V. Kumar and H. Kiran,
exact long transmission line and without FACTS is 2012. Implementation of line stability index for
around 197-198 m sec. As can be seen in Fig. 5 and contingency analysis and screening in power
Table 2, the system without TCSC (K = 0) is  systems. J. Comput. Sci., 8: 585-59DOI:
considered as unstable. However, with the TCSC the = 10.3844/jcssp.2012.585.590
system can be considered as stable and the dampiggrate-Minano, R., T. Van Custsem, F. Milano and. A.
performance is improved as the gain is increased. Conejo, 2010. Sexuring transient stability using
time domain simulations within an optimal power
CONCLUSION flow. IEEE Trans. Power Syst., 5: 243-253, DOI:
This study investigated the effects of The Therist 10.1109/TPWRS.2009.203069.
Controlled Series Capacitor (TCSC) on transient
stability of the Single Machine Infinite Bus (SMIB)
with the consideration of the exact long transmissi
line model. The concept of two-port network is aggbl
to simplify the mathematical model of the systerheT
reactance of generator, transformer exact long line
model and TCSC can be represented by a net two-port
network.
It was found from the simulation results that the
resistance of the line provides the improvementhef
first swing but not for the second swing. It wasirid
from this study that for practical long line, the
resistance is very import parameters to determiige t
critical clearing time of the single machine infai
system whereas shunt capacitance would not affect o
critical clearing time of single machine infiniteud
system. It was also found in this study that theSTC
can enhance transient stability of power system.
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