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Abstract: Problem statement: The exact long transmission line model consistsheflump of the
series resistance, reactance and shunt capacit&lvitie the consideration the actual long transmissi
line model, it causes in the difficulty of derivithe mathematical modeRApproach: This study
investigates the transient stability of power systgith consideration the exact long transmissioe li
model. The concept of two-port network is appliedhis study. The generator, transformer and short
transmission line are represented by two-port netsvdNith the combination principles of the series
and shunt connection, the mathematical model isesel in a much simpler way. The proposed
method is tested on the sample system and compara@rious casesresults: The first swing of
rotor angle curve of the faulted system without tbsistance is obviously higher than that of wité t
resistance whereas the second swing of the fasjtsggm without the resistance is slightly less than
that of with the resistance. Thadtical clearing time of the system with the résige is better than that
of with resistanceConclusion: It was found from the simulation results that thsistance of the line
provides the improvement of the first swing but fastthe second swing. It was found from this study
that for practical long line, the resistance isyvienport parameters to determine the critical dhegar
time of the single machine infinite system whershant capacitance insignificantly affects on the
critical clearing time of the single machine infenbus system.
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INTRODUCTION The evaluation of Critical Clearing Time (CCT) of
power system is one of the most important research
Nowadays, the demand of electricity has@reas for power engineers because it indicates the
dramatically increased and a modern power systerffPbustness of the faulted power system. The dynamic
becomes a complex network of transmission line€havior of synchronous generator plays very ingart
interconnecting the generating stations to the majof©l€ {0 determine the CCT of power system.
loads points in the overall power system in order t The transmission line is one of the most important

support the high demand of consumers. It is becgmin.parts in power system components. The transmidsien

increasingly important to fully utilize the exisgn is generally divided into three major categoriesors

. . edium and long model whose distance are about 80
transmission system assets due to enwronmenta]m, above 80-250 km and above 250 km, respectively.

Ieglslatlorj, rights-of-way | 1ssues. and cost of Many previous researches used simple transmissioen |
construction and deregulation policies that int@®l  oqe| by neglecting its resistance or capacitafice.
in recent years. A number of Flexible AC Transnuesi fyly ytilization the existing the transmission etiexact
System (FACTS) controllers, based on the rapidransmission line is needed to studied.
development of power electronics technology, have  This study will investigate the critical clearitige
been proposed for better utilization of the exmtin of the system with the exact long transmission line
transmission systems (Lét al., 2010; Magaji and model. The concept of two-port network is applied t
Mustafa, 2009; Kumkratug, 2010; Ometral., 2010;  simplify the mathematical model of the power system
Padma and Rajaram, 2011; Valarmathi andThe proposed method is tested on sample system and
Chilambuchelvan, 2011; Zarate-Minaeital., 2010). compared on various cases.
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MATERIALSAND METHODS | ; z |
| _-== L1

Mathematical model: The transmission line is Y Y Y Y
considered as long line when its distance is beyidl 2 7 2 2
km. The basic model of long transmission line csissi
of the lump of medium transmission line model with (@)
serialtmodels as shown in Fig. la. )

Its simpler model is represented bytamodel as Z
shown in Fig. 1b Eq. 1 and 2. L
The Z’and Y’are: x Y

Z' =Z_sinhfy)
Y'=2/Z_tanhfy)
Here:

y=+zY

And:

v
Figure 2a shows the single line diagram of power

system consisting of a generator, a transformerfeund £

short transmission lines. Figure 2b shows the edeint v

of Fig. 2a. The generator is represented by a = : 2

synchronous voltage in quadrature axisq(Behind

direct transient reactance X' The 4 is the voltage at

infinite bus.

This study applies the concept of the two-port
network to simplify the equivalent in Fig. 2b. Each
component of power system can be represented the

(1)
)

2 B

Fig. 1: Long transmission line model (a) Basic mode
with the serialt models (b) at model.
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two-port networks (A, B, C and D) as shown in Fg. ST
and given by Eq. 3-8: © Port4 Ports
C
A, =1B,=jX',C,=0,D,=1 3) P.
P Aeq Beq —
. E q<5 Vip<0°
A;=1B,=jX,C,=0,D,=1 (4) | Ceq Deg ¢
A;=A,=A =A g=cosh(y) (5) ()
Fig. 2: Single machine infinite bus system with
B,=B,=B,=B,=Z_sinhy) (6) consideration of the exact short line model (a)
schematic diagram (b) equivalent circuit (c)
1 two-port networks diagram (d) the net two-
C.=C,=G=G=— sinhg (7) port network
It can be seen from the Fig. 2c that some poetsrar
D,=D,=Dy=Dg=coshf) (8)  series and in shunt connection. For example, alpard
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port 2 are in series connection whereas port 3pand4 120 Cove Lo oo 3
are in shunt connection. Thus with the series coatlin 1w b A N -~
of port 1 and port 2, a new port is given by E4.2- g g0 |

=11}

o
A.=AB#+BC, @ =0t

- g 40

B.=AB,+BD, (10) <

2 20
C.,=AC,+C,D, (11) = ol

20 Case 2 and case 4

D,=BC,+DD, (12) 0 05 1 15 2 25 3 35 4 45 5

Similarly, with the shunt combination of port 3dan Time (sec)

port 4, a new port is given by Eq. 13-16: Fig. 3: Rotor angle of the system with various sask

A,=(AB,+AB)/(B ,+B) (13) changing long line parameters fgrt170 m sec
180 —
By = BSB4/ (Bs+ BA) (14) 160 } La—Case 1 and case 3
— s/
g 140 | -~
C,=C,+C,+ (A,-A)D,-D)/(B;+B) (15) %ﬂ 120 | -~ Case 2 and case 4
2 100 |
Dyw=(BD;+BPD)/(B,+B) (16) ?:D 80 |
S 60|
With the above concepts, the net two-port network £ 44 |
diagram is shown in Fig. 2d. Herg ABey, Ceq and R = 20
are the element in net matrix of net two-port netso N Y Y Y
The output electrical power of synchronous machine 0 05 1 15 2 25 3 35 4 45 5
(Pe) is given by Eq. 17: Time (sec)
1\2 ' . . .
p - A(EY €080~ 0 0, - ViE, e 17) Fig. 4: Rotor_angle of _the system with various easef
B, Beq changing long line parameters fgrt191 m sec
HereA, =A ereAe B .=B Qe o Table 1: The damping performance of the system wattious cases
q a- e of changing the long line parameters
The dynamic equation for evaluating critical £3s€ oRoooo Eoooo %fsgdzgree) %ag(iggree)
cleglrlng tine of the system in Fig. 2a is givenHzy 18 5 0.0524 0.0000 104.20 240
and 19: 3 0.0000  0.0020 107.80 -0.63
4 0.0524 0.0020 104.20 -2.40

5=w (18)
1 Thus the impedance (Z) and the admittance (Y) of
w==[P, -PR] (19) the long line at fundamental frequency are Z = 88.5
M j187.09 ohm and Y = 0 + j0.0021 Siemens,
Here 3, w and R, are the rotor angle, speed, fespectively. The percentage of R/X andXBof the
mechanical input power and moment of inertia,line are =10.47 % and.&X = 0.00112 %, respectively.

respectively of synchronous machine. With the given reactance of the line (X) = 0.5 pu,
the per unit of R and Bare 0.0524 and 0.002 pu,
RESULTS respective.
Consider the diagram of sample system is shown in It is considered that three phase fault appedmseat
Fig. 2a. The system data are: 2 near bus m and the fault is cleared by openirauiti
breakers at the end of the line. Figure 3 showsdte
Generator: angle of the system with clearing timg)(for 170 msec
H=5, X, = 0.1 pu, X3 = 0.20 pu, E = 1.22<31.64 pu ;’;rl]n_(lj_atti:li (ietail of the simulation and data is sunmzedr
Transmission line data: Figure 4 shows the rotor angle of the system with
Voltage level 500 kV, 300 km, f = 50 Hz, R = 0.006  5pecent ford= 191msec. Table 1 summarizes the critical
km™, L=0.97 mH km, C = 0.0115uf km™ clearing time () of the system with various R/X.
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2 0.0524 0.000 204-205 10.1109/TIA.2010.2046283

3 0.0000 0.002 190-191  Magaji, N. and M.W. Mustafa, 2009. Optimal thyristo
4 0.0524 0.002 204-205

control series capacitor neuro-controller for
Without the resistance of the long line, the damping oscillations. J. Comput. Sci., 5: 980-987.
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2.40°, respectively. In practical long line, thsistance restorer for voltage sag mitigation. Am. J. Engd an
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clearing time of the system whereas shunt capagitan  10.3844/ajeassp.2010.42.48
would not affect on critical clearing time of singl Padma, S. and M. Rajaram, 2011. Fuzzy logic
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Without resistance, the critical clearing time diet compensator with energy storage system for
system is 190-191 m sec whereas with resistance the transient stability analysis. J. Comput. Sci., 598
critical clearing is increased to around 204-205eu. 864. DOI: 10.3844/jcssp.2011.859.864
With t; = 191 m sec, the system without considerationvalarmathi, R. and A. Chilambuchelvan, 2011.
of line resistance can be considered as unstatléobu Power quality analysis in 6 MW wind turbine using
with line resistance is stable as shown in Fig. 4. static synchronous compensator. Am. J. Applied
Sci., 9: 111-116. DOL:
CONCLUSION 10.3844/ajassp.2012.111.116
) _ ) N - Zarate-Minano, R., T.V. Custsem, F. Milano and A.J.
This study investigated the critical clearing tiofe Conejo, 2010. Securing transient stability using

the system with consideration various parameters of time-domain simulations within an optimal power

long transmission line. The concept of two-port o |EEE Trans. Power Syst., 25; 243-253. DOI:
network is applied to simplify the mathematical rabd 10.1109/TPWRS.2009.2030369
of the power system. The reactance of generator, ' ' '

transformer and exact long line model 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 wasirfd
from this paper that for practical long line, tlesistance
is very import parameters to determine the critical
clearing time of the single machine infinite system
whereas shunt capacitance would not affect oncatiti
clearing time of single machine infinite bsygstem.
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