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Abstract: Problem statement: It is becoming increasingly important to fully lite the existing
transmission system assets due to environmentaldégn, rights-of-way issues, costs of constructi
and deregulation policies that introduced in recgrdrs. The Thyristor Controlled Series Capacitor
(TCSC) has been proposed for the better controlepdiew and dynamic performance. The exact
medium transmission line model consists of thestasce and reactance. Most of previous researches
studies transient stability performance of the TGSGSMIB System with neglecting the resistance of
the line. Thus the fully capability of the TCSC wansient stability improvement of power system may
not be applied. The consideration of the resistaaceses in the difficulty of deriving the matheroati
model. Approach: This study investigates the effect of the TCSCransient stability of the power
system with consideration the exact medium trarsionsline mode. The concept of two-port network
is applied to simplify the mathematical model of hower system. The proposed method is tested on
sample system and compared on various cédesilts: The first swing of rotor angle curve of the
faulted system without resistance is obviously bigthan that of with resistance whereas the second
swing of the faulted system without resistancdightly less than that of with resistance. The syst
with a TCSC can improve transient stability of povggstem.Conclusion: It was found from this
study that the TCSC and resistance of the lineicgmove first swing of rotor angle. However, the
resistance of the line provides the negative eftettsecond swing of rotor angle. The simulation
results indicate that for practical medium lineg tlesistance is very import parameters for evaigati
transient stability of power system.
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INTRODUCTION The Thyristor Controlled Series Capacitor (TCSC)
is the series FACTS devices. It consists of theacapr
bank reactor bank and thyristor. The thyristorstamn

the reactance or susceptance that dictates therpowe

Tow through a line as shown in Fig. 1. The TCS@ ca

becomes a complex network of transmission linege applied for improving transient stability of pew
interconnecting the generating stations to the majosystem (Liet al., 2010).

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 existin areas for power engineers because it indicates the
transmission system assets due to environmentdpbustness of the faulted power system.

legislation, rights-of-way issues, costs of condian

and deregulation policies that introduced in recent

years. A number of Flexible AC Transmission System AcC system
(FACTS) controllers, based on the rapid development

of power electronics technology, have been proposed

Nowadays, the demand of electricity has

Capacitor

for better utilization of the existing transmission il ....i Reactor
systems (Magaji and Mustafa, 2009; Prechanon, 2010 ;rohr:l;:ﬁ‘;
Zarate-Minanoet al., 2010; Omart al., 2010; Padma

and Rajaram, 2011). Fig. 1: Schematic diagram of TCSC
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'(;'he rotor hangleb_l(_)f tfhe synchronoui\ I r?er:‘]e:erator Feanstorer L,oom . Infinite bus

etermines the stability of power system. Althou = " =

stability of the sync%ron%us ma)t/chine is used to @ Qe rese 1:

represent the stability of the power system, allthef

power system components such as transmission line (@)

and transformer affect the stability of the powgstem. . S
The transmission line is one of the most important z

parts in power system components. Most of the fault T B v, | v v

occurs at the transmission line. The transmission ik ‘T 1° 475— T 1°?

generally divided into three major categories; shor . z z

medium and long model whose distance are about 8( v v EEAJQ@ v o

km, above 80-250 km and above 250 km, respectively. : 2 ] 2 2 ] 2

Many previous researches used simple transmisgien | (b)

model by neglecting its resistance or capacitafadully
utilization the existing system, the exact transiuois line
should be further investigated.

This study will investigate the capability of the r.s—a
TCSC on transient stability of the SMIB system with
the exact medium transmission line model. The goince
of two-port network is applied to simplify the
mathematical model of the power system. The sample
system consisting the practical medium transmission
line is used to investigate in this study. The jsEd A B.
method is tested on various cases. E' 5 RO - 1 V. 0°

— Ceq qu —0

Arcsc Bresel

VLl 0°

Cresc Drese

MATERIALSAND METHODS

d
Mathematical model: Figure 2a shows the single line (@

diagram of power system consisting of a generaor, g > Single machine infinite bus system with @SC
transformer, four medium transmission lines and CCS (a) schematic diagram (b) equivalent circuit (c)

Figure 2b shows the equivalent of Fig. 2a. The igaoeis two-port networks diagram (d) the net two-port
represented by a synchronous voltage in quadraiise

network
(E'y) behind direct transient reactance§XThe f, is the
voltage at infinite bus. The exact medium transimiskne G cC (-

. . . . C,=C,=C,=C=C=G=C¢C 6
model is represented by the impedang¢ hich consists 1= =666 G ©
of a resistance (R and reactance (X The TCSC can be _
modeled as the variable shunt susceptances{Xas Cresc =0 (7)
shown in Fig. 2b. This study will apply the concepthe o _
two-port network to simplify the equivalent in Figb. D;=D,=D;=D,=Ds=D=Dresc=1 (8)
Each component of power system and a TCSC can be _ _
represented the matrix of two-port networks (ABand It can be seen from the Fig. 2c that some poetsmar
D) as shown in Fig. 2c and given by Eq. 1-8: series and in shunt connection. For example, alpand

port 2 are in series connection whereas port 3pand4
A =A,=A,=A ,=A ,ZA FA |2 (1) are in shunt connection. Thus with the series coatlzn
of port 1 and port 2, a new port is given by EG29-
B =X, @ a=apBC, (9)
B, =X\ ©) B,=AB,+BD, (10)
B;,=B,=Bs=B,=jZ, (4) C,=AC,+C,D, (11)
Brese = 7iX resc %) D,=BC,+DD, (12)
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Similarly, with the shunt combination of port 3dan Generator:

port 4, a new port is given by Eq. 13-16:

A, =(AB,+AB)/(B ;+B) (13)
B,,=BB,/(B,+B) (14)
C,=C,+C,+ (A,-A)D,-D)/(B+B) (15)
D,,=(B,D,+BD)/(B,+B) (16)

H =5, % = 0.1 pu, X;=0.20 pu, E;= 1.22031.64pu

Transmission line data: voltage level 345 kV, 130
km, f =50 Hz, R = 0.03® km ™, L = 0.8 mH knm", C
= 0.0112pF km™. Thus the impedance (Z) and the
admittance (Y) of the medium line at fundamental
frequency are Z = 4.68 + j 32.6726 ohm and Y =0 +
0.000457416 Siemens, respectively. The percenthge o
R/X and B/X of the line are = 14.32 % and/R =
0.0014 %, respectively. With the given reactancthef
line (X) = 0.5 pu, the per unit of R and Bre 0.0716

With the above concepts, the net two-port networkand %10 %u, respective.

diagram is shown in Fig. 2d. HergABe,, Coqand 0

are the element in net matrix of net two-port nekso ne | _ _
The output electrical power of synchronouscircuit breakers at the end of the line. Figureh8ves

machine (B):
A Er 2 V ’
p =2 coop, -0, o E coff, 45 (17)
Beq Beq
Here:

Aeq :A erJ:leAeg eq:B e;le Be

It is considered that three phase fault appears at
line 1 near bus m and the fault is cleared by apgeni

the rotor angle of the system without a TCSC (K)= 0
for clearing time @) for 170 msec. The maximum and
minimum rotor angle with R/X = 0 are 107.80 and -
0.63 degree, respectively. The maximum and minimum
rotor angle with R/X=14.32% are 103.74 and -2.77
degree, respectively. Table 1 shows the rotor anfjle
the system with a TCSC (K=10) and with the
R/X=14.32%.

The critical clearing time of the system without
FACTS devices and with R/X 14.32% are around 209-

The dynamic equation for evaluating critical 210, msec. Figure 4 shows the swing curve of the
clearing tine of the system in Fig. 2a is given by:

system with a various gains of a TCSC equippethén t
exact medium transmission line model. Table 2

d=w (18)  summarizes the values of the maximum and minimum
rotor angles of Fig. 4.
1
W= M[Pm -Rl] (19) Table 1: The maximum and minimum rotor angle ofgigtem with a
TCSC and various parameters of the medium trangmiss
line
Here,d, w and R, as given in Eq. 18-19 are the casg R B Srax (degree)  mm (degree)
rotor angle, speeq, mechanical input power a}nd mbmey 0.0000 0 94.60 12.92
of inertia, respectively of synchronous machinee h 2 0.0716 0 92.48 12.20
is the output electrical power of synchronous aemgi 3 0.0000 ®10° 94.60 12.92
in Eq. 17. 4 0.0716 X10° 92.48 12.20
It can be mentioned here that the variable shunt -
susceptance of the TCSC as given in Eq. 7 is cdange o RX=0 _ -
during the dynami for seabil W e RN AWy A
g the dynamic state for improve the transsgability. ~ 4 AR S 4 N
This study uses the linear control given by Eq. 20: A / \\ (L% o % “ Vo
S 6o \ o\ [ 1 [ 1)
= { \ \ / VoA / \/ \
Xicse =K® (20) _E” 40 jl \ \\ / ” \‘ | ’! V ‘
= \ | / A
. . 2 20} Yy ) \ oy / /
Here K is the constant gain control. E \L A \ ) ,’ JR
Al R i \J "
RX=1432%
RESULTS > o 05 1 15 2 25 3. 4 45

The proposed mathematical model is tested on the

sample system. Consider the diagram of samplemysteFig. 3: The swing curve of the system without FACTS

is shown in Fig. 1a. The system data are:
494

Time (sec)

devices for tcl = 170 m sec




180

Am. J. Applied Sci., 9 (4): 492-495, 2012

160 | !

Rotorangle (degree)

20 e

80 \\ gl ]
60 e PN =N

W\ i 3 TN
" \.\P /'lr\\a"&.:r?'*j e

model was systematically derived by using the cotnoé

N the two-port network. This concept can help uslitaia
v i — mathematical model of the system in the simpler. way
;2 [N Case4 The presented methods were tested and compared

on various cases. It was found from the simulation
results that the TCSC improve the transient stgbili
performance both first swing stability and otheirgys

f | whereas the resistance of the line provides the

Time (sec)

Fig. 4: The swing curve of the system with

improvement of the first swing but not for the sedo
swing. The shunt capacitance doesn't affect ondbar
angle of the SMIB system.

various REFERENCES

gains of a TCSC and with the exact medium

transmission for tcl = 210 m sec

Magaji, M. and M.W. Mustafa, 2009. Optimal thyristo

) o control series capacitor neuro-controller for
Table 2:F'Ii'ghe4maX|mum and minimum rotor angle of system of damping oscillations. J. Comput. Sci., 5: 980-987.
CASE ” Bo (degree) Bun (degree) _ DOI: 10.3844/jcssp.2009.980.987 _
1 0 - - Li, K., J. Zhao, C. Zhang and W.J. Lee, 2010. Dyitam
2 10 113.34 4.28 simulator for thyristor-controlled series capacitor
3 20 100.90 16.21 IEEE Trans. Ind. App., 46: 1096-1102. DOI:
4 30 92.42 24.36 10.1109/TIA.2010.2046283
Omar, R., N.A. Rahim and M. Sulaiman, 2010. New
DISCUSSION control technique applied in dynamic voltage

It can be seen from the Fig. 3 that resistanahef
line provides the improvement of the first swing
stability. However, the resistance of the line leg
the negative effect of the second swing. The shunt
capacitance of the line doesn't affect on the switmgye
whereas the resistance of the line can help thersys
improve the first swing stability of the system.e€Th
the
consideration of the resistance is around 190-1%Een
whereas with the resistance the actual criticahrahg
time is increased to 209-210 m sec.

critical clearing time of

restorer for voltage sag mitigation. Am. J. Eng.
Applied Sci., 3: 42-48. DOI:
10.3844/ajeassp.2010.42.48
Padma, S. and M. Rajaram, 2011. Fuzzy logic
controller  for  static  synchronous  series
compensator with energy storage system for
transient stability analysis. J. Comput. Sci., 598
864. DOI: 10.3844/jcssp.2011.859.864
system without Prechanon, K., 2010. Application of interline power
flow controller to increase transient stability of
power system. J. Comput. Sci., 6: 1490-1493. DOI:
10.3844/jcssp.2010.1490.1493

the power system. It can be observed in the Figna!
Table 2 that without TCSC (K=0) the system for #cl
210 m sec is unstable. However, with K = 10 theesys

Conejo, 2010. Securing transient stability using
time-domain simulations within an optimal power
flow. IEEE Trans. Power Syst., 25: 243-253. DOI:
10.1109/TPWRS.2009.2030369

is stable with the maximum and minimum rotor angle
113.34 and 4.28, respectively. The improvement is
increased as the control gain is increased. With 30,

the maximum and minimum rotor angle are 92.42 and
24.36 respectively.

CONCLUSION

This study investigated the effects of the Thyrist
Controlled Series Capacitor (TCSC) on transient
stability improvement of the Single Machine Infanit
Bus (SMIB) system with the consideration of theaxa
medium transmission line model. The mathematical
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