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Abstract- The idea of power system stabilizer (PSS) or supp-
lementary excitation control is to apply a signal through the
excitation system to produce additional damping torque of the
generator in a power system at all operating and system
conditions. In this paper the study of the dynamic behavior and
transient stability of the single-machine infinite-bus (SMIB) with
used the eigenvalue analysis is presented. Finally, the simulation
results of system dynamic performance response for PSS
parameters variation is achieved and discussed.

I. INTRODUCTION

An important application area for the synchronous machine
is used almost exclusively in power systems as a source of
electrical energy. Keeping voltage within certain limits help to
reduce energy losses and improves voltage regulation. Voltage
control is a difficult task because voltages are strongly influenced
by dynamic load fluctuations. Power system is a complicate
nonlinear system which structure, parameter and running
mode usually change. The study of the linearized system is
necessary for some purposes, such as control loop design. The
most common disturbance is load variations, but parameter
variations are also common, and the closed loop control
system is used to compensate for such variations.

Low or negative damping in a power system can lead to
spontaneous appearance of large power oscillations. Several
methods for increasing the damping in a power system are
available such as static voltage condenser (SVC), high
voltage direct current (HVDC) and power system stabilizer
(PSS). Operating conditions of a power system are continuall-
y changing due to load patterns, electric generation variations,
disturbances, transmission topology and line switching [1].
The enhance system damping; the generators are equipped
with power system stabilizers that provide supplementary
feedback stabilizing signals in the excitation systems [2]. The
control strategy should be capable of manipulating the PSS
effectively, robustness, valid in a wide range of operating
conditions, easy to implement, improvement in transient
stability, the developing time and the cost [1]. Various
topologies and many control methods have been proposed for
PSS design with good performance and used in power system
stability control and successfully improve system damping,
such as adaptive controller [3], robust controller [4, 5],
extended integral controller [6], state feedback controller [7],
fuzzy logic controller [8] and variable structure controller
[9]. In [10] an adaptive fuzzy synchronous machine PSS that
behaves like a PID controller for faster stabilization of the

frequency error signal and less dependency on expert
knowledge is proposed. In [11], an indirect adaptive PSS is
designed using two input signals, the speed deviation and the
power deviation to a neural network controller.

Reactive power increases transmission system losses, reduc-
es power transmission capabilities, and may cause large amp-
litude variations in the receiving-end voltages. The balance of
reactive power in the system implies that constant of the
voltage. The AVR maintains the terminal voltage by
regulation of the excitation field of the synchronous machines
and in turn controls the reactive power output. Maintaining
stability during a fault condition is a secondary for the AVR
[12]. A number of publications have been reported on AVR
modeling and control [13, 14]. A PID controller based on a
neural network and adaptive control theory for the
synchronous generator system is presented in [15]. In [16] a
novel approach to the design of the optimal excitation control
strategy for a synchronous generator system is proposed, based
on Lyapunov's direct method. In [17] the dynamic behavior
and transient stability of AVR system with PID controller and
stabilizer with parameters variation is presented. A comparati-
ve study of digital AVR for use on engine generator between
H... control and direct design PID control proposed in [18].

The small signal analysis is justified for studying the system
response for small perturbations. This paper provides an eigen-
value analysis of the dynamic performance of one machine
infinite bus system with PSS under different system condition
and operating loads. The remainder of this paper can be outli-
ned as follows. In section II the plant model of the system is
described. Identification of a state space model of a generator
for multi-input multi-output PSS as also different transfer
functions is introduced in section III. Finally, various simulat-
ion results using Matlab are shown under parameters variation
in section IV and discussed in section V.

II. DESCRIPTION OF THE PLANT MODEL

The reaction of the AVR in front of the terminal voltage
oscillate is to force field current changes in the generator. This
so-called negative damping may be eliminated by introducing a
supplementary control loop, known as the power system
stabilizer. The basic function of a PSS is to extend the stability
limits by modulating the generator excitation to provide
damping for the rotor oscillations of synchronous machines.
The PSS can enhance the damping of power system, increase
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the static stability and improve the transmission capability. The
PSS output is added to the difference between reference and
actual value of the terminal voltage. Usual input signal for the
PSS are the rotor speed deviations, the accelerating power,
active power output or the system frequency. A diagram
illustrating the principle mode of operation of a PSS is given
in Fig.1, where the generator speed deviation (Awy) from that
synchronous frequency is input signal. The automatic voltage
regulator of the generator and the voltage transducer are
represented by simple first order function Gg(s) with the time
constant Tr and the gain Ky and Gg(s) with the time constant
Tg and the gain Kg,

The task of the PSS is to add an additional signal Us (output
from the PSS) into the control loop, which compensates for the
voltage oscillations and provides a damping component that is
in phase. The washout block is a high-pass filter with a time
constant high enough to allow signals associated with the
speed oscillations to pass through unchanged [16]. The
washout time constant Ty is usually fixed between 5 and 20
seconds [7]. The lead-lag network is a lead compensation to
improve the phase lag through the system [19]. The stabilizer
gain Kp determines the size of that contribution. That constant
should of course not be chosen lager than necessary to obtain
the needed damping, since this could lead to undesired side
effects [20]. The time constants Ty, T, and T, are usually
prespecified. The remaining parameters, namely time
constants T, and T; and stabilizer gain Kp are assumed to be
adjustable parameters. The PSS frequency characteristic is
adjusted by varying the time constant of system.

III. EQUATION SYSTEM

Modern power systems are highly complex and strong
nonlinearity and their operating conditions can vary over a
wide range. Synchronous generator excitation control is one
of the most important measures to enhance power system
stability and to guarantee the quality of electrical power it
provides [21]. Also, that is one of the important factors in the
transient study of power system analysis. The synchronous
generator is driven by a turbine with a governor and excited
by an external AVR and a PSS. A generator is normally
equipped with an exciter for primary control and a governor
for frequency control as shown in Fig. 2. The excitation and
governing controls of the generator play an important role in
improving the dynamic and transient stability of the power
system. The load bus is modeled as an infinite bus, which is

power system stabilizer

normally used to replace a stiff large system with constant
voltage magnitude and angle.

The first step in the analysis and design of control systems
is mathematical modeling of the system. The two most
common methods are the transfer function approach and the
state equation approach. In order to use the transfer function
and linear state equations, the system must first be linearized.
In this study, a single machine connected to infinite bus
through a transmission line, and operating at different loading
conditions, is considered. The model is shown in Fig.3.

The major function of the excitation systems is to control
the field winding current of the synchronous machine so as to
regulate terminal voltage of the machine. There are many
different types of excitation systems available. Power source
used, including dc excitation systems, ac excitation systems
and static excitation systems [22]. Typically the excitation
system is a fast response system where the time constant is
small. A simplified schematic picture of a generator with
excitation system is depicted in Fig. 4. Two alternate
excitation control schemes were considered, one with and the
other without transient reduction (TGR) [23]. TGR is used for
obtaining the desired transient gain. The cylindrical rotor
machine is simulated by seven first order differential equation
in the dq frame. The field circuit is represented by simple first
order function Gg(s) with the time constant T; and the gain
K;.

Power system is a typical dynamic system. By linearizing
about an output point, the total linearized system model
including AVR and PSS can be represent by the following
equation:

%AX=AAX+BAU

AY =CAX+DAU

where AX is the state vector, AY is the output vector, AU is
the input vector, A is the state matrix, B is the control or input
matrix, C is the output matrix and D is the feed forward
matrix.
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Fig.1: Schematic diagram of single machine infinite bus (SMIB) system
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Fig.2: Block diagram of a PSS

168 ~



International Conference on Intelligent and Advanced Systems 2007

The natural modes of system response are related to the

eigenvalue. Analysis of the eigenvalue properties of A
provides valuable information about the system stability for
small perturbations that occur in the system. The complete
system to be simulated contains three separate blocks: mecha-
nical loop, electrical loop and PSS. The small perturbation
transfer function block diagram of one machine infinite bus
system with PSS is shown in Fig.5. By defining the state
vector and input vector as follow as:

)
2

X=[A®w, AS AA; AU, AE; AUg AUy J"
U=[aT, AU

the state equation governing the power system with ignored
of the Ts, Ty, Ts and T of the lead-lag network in the PSS are
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whered, H, Kp and T, are rotor angle, inertia constant,
damping coefficient and mechanical load torque, respectively.
The six parameters K, K, K3, K4 K5 and K, are obtained in

terms of the main power system parameters.

IV. EFFECT OF PARAMETER VARIATION ON
DYNAMIC RESPONSE

Without computer simulation it would not be easy to
examine the effects of system physical parameters on dynami-

given by: ¢ response in terms of system variation. In this section by
d K K K 1 using state equations, SMIB system response with PSS and
d—A = 21_;) Aw, + 2Hl Ad+ 5 Hz Al +EI_AT'" 3) AVR in terms of input variation for the system values is
t , S gl obtained as shown in table I. In each part with variation of
an i a3 b parameters, the effects of each one on frequency response and
d(ad) _ step response is examined.
— =0, A® 4) . )
dt - For the present study, the gain Kp and time constants have
d _K.K 2]_1 K been varied and the time response have been computed for
— ANy =—2—2 A8+ —AL; +—-AE, ) SMIB at a normal operating of P=0.9, Q=0.3, Rg=0 and
dt \_T}__, Il ?Ti, Xg=0.2 with system parameters are given in Table I.
a32 a33 32
K5 K K¢ K i
d Up =K Kr 5, Ko Kr AM-L AU, 6) A. washout time constant (Ty)
dt Tx Tx Tx
as2 an; as4 The Tw shpuld bf’ high enough to pass stabilizing signals at
d -1 K K K the frequencies of interest relatively unchanged [23].
—AEp = —AEp +—L5 AU + —E AU +—EAUR (7)
dt T Tg Tg Tg TABLEI
—— —— —— —— SYSYTEM PARAMETERS
ass asq asg bs, Parameter | Nominal value | Parameter | Nominal value
d Ki 0.7643 Tr 0.02
—AUy, =Kpay Ao, +Kpay Ad+Kpay; Adg K> 0.8649 H 35
dt —— —— —
361 ag2 a63 K3 0.3230 Kp 0
_l 1 K4 1.4187 Tw 1.4 sec
+—AUy, +—AT, ®) Ks -0.1463 T, 0.154 sec
Tw ilj Ks 04168 T, 0.033 sec
——
5 T, 2365 Ke 9.5
d T - T X T e > K 1
—AU, =—La, Aw, +—Lag AS+—Lag AX, Ke 200
dt T, T, T,
— — —
a7y an an
2 Kl g AT‘
KQ K) K2
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voltage tanducer
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Fig.3: Linearised small perturbation model of synchronous generator
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The roots of characteristic equation for three different values
of Tw are given in table II. Figure 6 shows the step response
for changing of Tw.

B. stabilizer gain (Kp)

The PSS gain should be set a value corresponding to the
desired damping. The roots of characteristic equation for
three different values of the Kp are given in table III. Figure 7
shows the step response for changing of Kp. From the results,
we see that the Kp variation affects the peak of the curve,
settling time and overshoot, but has no effect on the final
values of motor speed in a stable system.

CHARACTERISTIC EQUATION ROOTS ;?)I)Il(eslll\llB SYSTEM IN TERMS OF DIFFERENT
VALUES OF Ty
Twy=5 Tw=10 Tw=20
-39.06 -39.06 -39.05
-19.774j12.67 | -19.76£12.64 | -19.76+12.63
-1.0646.71 -1.074j6.74 1.084j6.75
-0.20 -0.10 -0.05
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T T
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Fig.4: Speed motor and load angle step response for SMIB system in terms of
Tw

Table III: Characteristic equation roots for SMIB system in terms of different
values of Kp

Kp=10 Kp=30 Kp=50
-39.23 -42.34 -43.82
-19.661j13.15 -16.70+23.13 -15.67+29.88
-1.0746.56 -2.4514.46 2.694j2.95
-0.74 -0.81 -0.90

icad angle
T

0 0.6 1 16 2 25 3 35 4 a6 5
time (sec)

motor speed
r

time (sec)
Fig.5: Speed motor and load angle step response for SMIB system in terms of
Kp

V. CONCLUSION

Power system stabilizer (PSS) is a supplementary controller
to damped low frequency oscillations and to improve
dynamic performance of the generating unit. The use of eige-
nvalue analysis to study of the PSS in exciter control system
working at various operating conditions is investigated in this
paper. Finally, the SMIB system is simulated and the effects
of some parameters are investigated.
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