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Abstract

A power system at a given operating state and subjected to a given
disturbance is voltage stable if the voltages near loads approach post-
disturbance equilibrium values. by using the energy function that maps
the energy variation of the system, the effect of the slow chance of the
system is analyzed and thus the system’s energy level changes that the
stored energy measure is an indicator of the closeness of the operating
point to the instability region of the system. With constraints on data
availability and for study of power system stability it is adequate to
model the synchronous generator with field circuit and one equivalent
damper on g-axis known as the model 1.1. This paper presents a
systematic procedure for modelling and simulation of a single-machine
infinite-bus power system installed with a thyristor controlled series
compensator (TCSC) where the synchronous generator is represented
by model 1.1, so that impact of TCSC on power system stability can be
more reasonably evaluated.

Thyristor controlled series
compensator.

1. Introduction

Traditionally, for the small signal stability studies
of a single-machine infinite-bus (SMIB) power
system, the linear model of Phillips-Heffron has been
used for years, providing reliable results. It has also
been successfully used for designing and tuning the
classical power system stabilizers (PSS). Although the
model is a linear model, it is quite accurate for
studying low frequency oscillations and stability of
power systems. With the advent of Flexible AC
controlled series compensator (TCSC), static
synchronous compensator (STATCOM) and unified
power flow controller (UPFC), the unified model of
SMIB power system installed with a TCSC,
STATCOM and a UPFC have been developed. These
models are the popular tools amongst power engineers
for studying the dynamic behaviour of synchronous
generators, with a view to design control equipment.
However, the model only takes into account the
generator main field winding and hence these models
may not always yield a realistic dynamic assessment
of the SMIB power system with FACTS because the
generator damping winding in g-axis is not accounted
for. Further, liner methods cannot properly capture
complex dynamics of the system, especially during
major disturbances. The electric power system
stability has been considered as an important problem
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in terms of reliable system operation. The concept of
voltage stability is expressed as the ability of keeping
voltages’ magnitudes of load buses, under both in
steady state voltage stability and transient voltage
stability conditions, within the specific operating
limitations. In the cases of not making voltage control
and increase the load due to disabling, for any reason,
the elements such as generator, line, transformer, bus
etc if an uncontrolled voltage drop occurs, then there
appears power system instability. The main reason of
the voltage instability is that in the overloaded
systems the system can not ensure the reactive energy
needed by the system to keep voltage values in a
certain amount. Other reasons are generator reactive
power limits, load characteristics, characteristics of
load tap changer transformers, characteristics of
reactive power compensation devices and behaviour
of voltage control devices. Voltage stability and
collapses began to play a significant role in power
system analysis.

The deregulation and competitive environment in
the contemporary power networks will imply a new
scenario in terms of load and power flow condition
and so causing problems of line transmission
capability. it's tough to vary this structure of
transmission system. So, the requirement for brand
new power flow controllers capable of increasing
transmission capacity and controlling power flows
through  predefined transmission  corridors s
increased. For this reason, as well known in recent
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years a new class of controllers, Flexible AC
Transmission System (FACTS) controllers have
speedily met with favour. Indeed, the 2 main
objectives of FACTS technology are to control power
flow and increase the transmission capacity over an
existing transmission line.

2. Power System under Study

The model of synchronous machine in
SIMULINK and MATLAB. The system of study is
the one machine connected to infinite bus system
through a transmission line having resistance (re) and
inductance (xe) shown in Figure 1. The generator is
modeled by transient model, according to the
following equations. All system data can be found in
Appendix.

E
— t I le Xe Eb
\_
infinite
bus

Figure 1: One machine to infinite bus system

2.1 Stator winding equations

gy 5 P g 1
v, = —Tyly — x4tg + E/ D
Vg = —Tsig + 2,1, + By )
Where

rs is the stator winding resistance
xd’ is the d-axis transient resistance
xq’ is the g-axis transient resistance
Eq is the g-axis transient voltage
Ed’ is the d-axis transient voltage

2.3. Rotor equation

dw
QHE - -T'.mech - I—ei' — Tdarnp (6)
-Tldaﬂlp = DAw (7)
Where

Tmech 1S the mechanical torque, which is constant in
this model

Tel is the electrical torque

Taamp is the damping torque

D is the damping coefficient.

These blocks represent the transformation of the
synchronously rotating reference input value to the
reference frame rotating with the rotor, and vice versa.
The transformation matrices are:

cosd —smd
smo cosd

—sind cosd

d T_l_{cosﬁ s

(8)
Where & is the rotor angle?

The investigation of the behavior of the generator
is done in two ways. In the first case the inputs are the
infinite bus voltage, transformed into rotating frame,
the field voltage and the mechanical torque, The
machine terminal and infinite bus voltages in terms of
the d and g components are

By = va+Jjvg (9)

Ey = Epg + jEp, (10)
E:: — Eb T [ﬂf + j-ve)
(Ud + jl-‘q) = (Ebd -I-_}qu) + (re T jTe)('lld + ]Zq)

(11)

Rotor winding equations: o ] (12)
JE Resolving into d and q components gives
TdarT: + B =Ef — (x4 — zd)ia ) . . (13)
. Vg = Telg — Telg + Epg
. dEy L _ . - s , 14
L g0 BETI Ey = (z, Yo la Ud = Telg + Telg + qu (14)
Where Where
Tdo'is the d-axis open circuit transient time constant
Tqo' is the g-axis open circuit transient time constant
Ef isthe field voltage
2.2 Torque equation:
Tef = Eq,"-iq T Ed;'lld + (l?qf — .?_le)?,'d'llq
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Rotor angle of synchronous generator i radians

Rotor speed deviation in rad/sec

by

Generator slipm pu
Initial operating slip m p.u
H Inertia constant
D Damping coefficient

Mechanical power mnput m p.u.

o

Electrical power output mn p.u.

e
I

xcitation system voltage m p.u
T do Open circuit d-axis tume constant in sec

T go Open circuit g-axis time constant in sec

x4  d-axis synchronous reactance m p.u.

r

X4  d-axis transient reactance m p.u.

Xg axis synchronous reactance in p.u.

r

x g  Q-aus iransient reactance mpu.

X Nominal reactance of the fixed capacitor C
Xp Inductive reactance of mductor L comnected m

parallel with C.
o Conduction angle of TCSC

o Finng angle of TCSC

k Compensation ratio, k=,/X¢ /X p

3. Problem Formulation
3.1 Structure of the TCSC Controller

The structure of TCSC-based damping controller,
to modulate the reactance offered by the TCSC, Xtcsc
(o) is shown in fig: 2 The input signal of the proposed
controllers is the speed deviation (Aw), and the output
signal is the reactance offered by the TCSC, Xtcsc
(a). The structure consists of a gain block with gain
Kr, a signal washout block and two-stage phase
compensation blocks. The signal washout block
serves as a high-pass filter, with the time constant
Twr, high enough to allow signals associated with
oscillations in input signal to pass unchanged.

Max.

op ,—~ %ptde I Yreoe(a@)
) | Yrese
— Y

§ =/ I+sTrese ———*

+ Output
Ao

Min.
1+5Br | |14 i Aw
L = i =T <+ K1 |4
Isyp |7 |1+sTp | |1+5TjT Tnput

Two stage Washowt  (ain
lead-lag Block Block  Block

Fig: 2. Structure of TCSC-based controller
3.2 Problem Formulation

In the present study, a washout time constant of
Twr =10s is used. The controller gain Ky and the time
constants Tyy, Tor, T3T and T,y are to be determined.
During steady state conditions Ac and o 0 are
constant. During dynamic conditions, conduction
angle (o) and hence Xrcsc (o) is modulated to improve
power system stability. The desired value of
compensation is obtained through the change in the
conduction angle (Ac ), according to the variation in
Aw . The effective conduction angle o during dynamic
conditions is given by:

0 =0 g +As
3.3 Output feed back

The feature of a sliding mode control system is
that the controller is switched between distinctive
control structures and the system trajectory is forced
to reach the sliding surface and to slip on it. Once the
states of the system enter the sliding mode,the
dynamics of the system are determined by the
selection of sliding surface and are independent of
uncertainties and disturbances. As a result, the sliding
mode control is a robust control method and it has
found broad applications. Considering the sliding
mode control with multirate feedback, some studies
and analysis were undertaken. In real management
applications, totally different management signal rates
and device output rates area unit typically used. Such
type of system is called as multirate system. The
continuous time sliding mode controller is robust to
disturbances but the discrete-time controller is
sensitive to output measuring error, as a result of a
shift perform is enclosed within the controller. The
state of the sliding mode controller is complete by
combining the use of multirate output feedback and
past plant outputs, then the management gains
embrace extra style parameters. As a result,
management performance is improved. The multirate
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output feedback also guarantees closed loop system
stability.

(b)

Fig:-3 Rotor Angle Stability (a) WITHOUT
UPFC & (B) WITH UPFC

4. Simulation Results
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Appendix

The generator parameters in per unit are as follows:
Xd=1:79 Xq=1:66 X’d=0:355 X’q=0:57
Rs = 0:0048

T°d0=7:9s T’q0=0:41s H=3:77 Dw=2
Tmech = 0:8s

The exciter parameters in per unit are as follows:
KA=50 TA=0:06s TE=0:052s KE=-
0:0465

TF=1:0s KF=0:0832 AE =0:0012 BE = 1:264
VmaxR=1 VminR=-1

The external line parameters are: re=0:2
xe=0
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