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Abstract— This paper analyzed a comparative transient performance includes work on the development of a fuzzy logic
power system stabilizer to enhance the damping of generator oscillations In order to accomplish a stability enhancement.
Speed deviation (Am) and acceleration (Aw) of the rotor synchronous generator were taken as the input to the fuzzy logic
controller. These variables take significant effects on damping the generator shaft mechanical oscillations. The stabilizing
signals were computed using the fuzzy membership function depending on these variables. The performance of the fuzzy
logic power system stabilizer was compared with the conventional power system stabilizer and without power system sta-
bilizer. To achieve good damping characteristics over a wide range of operating conditions, speed deviation and accelera-
tion of a synchronous machine are chosen as the input Signal to the stabilizers. The stabilizing signal is determined from
certain rules for rule-based power system stabilizer. For fuzzy logic based power system stabilizer, the supplementary
stabilizing signal is determined according to the fuzzy membership function depending on the speed and acceleration
states of the generator.

The simulations were tested under different operating conditions and change in reference voltage also tested with different
membership functions. The simulation result shows that the proposed fuzzy logic based power system stabilizer is superi-
or to Conventional Power system stabilizers (CPSSs) due to its lower computation burden and robust performance.

Index Terms— Automatic Generation Control (AGC), Automatic Voltage Regulator (AVR), Conventional Power System

Stabilizer (CPSS), Fuzzy Logic Power System Stabilizer (FLPSS).

1 Introduction : In any power system, oscillations
may arise due to line Faults, bus bar faults or load chang-
es.so it is desirable feature to achieve better frequency con-
stancy. However, both active and reactive power demands
are never steady and they continually change with the ris-
ing or falling trend. The Steam input to turbo-generators
(or water input to hydro-generator) must, therefore, be con-
tinuously regulated to match the active power demand,
failing which the machine speed will vary with consequent
change in frequency which may be highly
Undesirable (maximum permissible change in power
frequency is £0.1%). Also the excitation of generators must
be continuously regulated to match the reactive power
demand with reactive generation, otherwise the voltages at
various system buses may go beyond the prescribed limits.
In modern large interconnected systems, manual regulation
is not feasible and therefore automatic generation and
voltage regulation equipment is installed on each genera-
tor. To ensure the quality of the power supply, we need to
design a load frequency management system that deals
with the management loading of the generator with the

frequency. There has been continuing interest in designing
strategy for load frequency controls has been proposed
since 1970 [1-3]. Concordia and Kirchmayer [4] have stud-
ied the AGC of a hydro-thermal system considering non-
reheat type thermal system neglecting generation rate con-
straints. Kothari, Kaul, Nanda [5] have investigated the
AGC problem of a hydro-thermal system provided with
integral type supplementary controllers. The model uses
continuous mode strategy, where both system and control-
lers are assumed to work in the continuous mode. It is to be
appreciated that in a realistic situation, the system works in
the continuous mode whereas the controllers work in the
discrete mode. Perhaps Nanda, Kothari and Satsangi [6] are
the first to present comprehensive analysis of AGC of an
interconnected hydrothermal system in
discrete mode with classical controllers. In the intercon-

continuous-

nected hydro-thermal system used by them, the thermal
system uses reheat turbine. and the hydro system uses a
mechanical governor. In modern hydro thermal system,
reheat type turbine and electric governor [6] are used.

Generator excitation controls have been installed and made
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faster to improve stability. Power system stabilizers have
been added to the excitation systems to improve oscillatory
instability it is used to provide a supplementary signal to
the excitation system. The basic function of the power sys-
tem stabilizer is to extend the stability limit by modulating
generator excitation to provide positive damping torque to
power swing modes. A. Chatterjee, S.P. Ghosal, and V.
Mukherjee have described a comparative transient perfor-
mance of single-input conventional power system stabilizer
(CPSS) and dual-input power system stabilizer (PSS),
namely PSS4B. Radman and Smaili have proposed the PID
based power system stabilizer and Wu and Hsu [18] have
proposed the self-tuning PID power system stabilizer for a
multi machine power system.
A typical power system stabilizer consists of a phase com-
pensation stage, a signal washout stage and a gain block.
To provide damping, a PSS must provide a component of
electrical torque on the rotor in phase with the speed devia-
tions. Power system stabilizer input signals includes gener-
ator speed, frequency and power. For any input signal, the
transfer function of the PSS must compensate for the gain
and phase characteristics of the excitation system, the gen-
erator and the power system. These collectively determine
the transfer function from the stabilizer output to the com-
ponent of electrical torque which can be modulated via ex-
citation control.
The PSS, while damping the rotor oscillations, can cause
instability of the turbine generator shaft torsional modes.
Selection of shaft speed pick-up location and torsional
notch filters are used to attenuate the torsional mode fre-
quency signals. The PSS gain and torsional filter however,
adversely affects the exciter mode damping ratio. The use
of accelerating power as input signal for the PSS attenuates
the shaft torsional modes inherently, and mitigates the re-
quirements of the filtering in the main stabilizing path

.  SYSTEM UNDER INVESTIGATION
A single machine connected to infinite bus system (SMIB) is
considered [2]. The MATLAB-SIMULINK representation of
SMIB system with AVR, exciter, Synchronous generator, CPSS
loop and FLPSS loop is shown in figure 1.The synchronous gen-
erator with AVR, IEEE STIA thyristor excitation system along
with generator and equivalent transmission line reactance are
represented by a two axis fourth order model. The objectives of
the work are (1) To study the nature of power system stability,
excitation system, automatic voltage regulator for synchronous
machine and power system stabilizer. (2) To develop a fuzzy
logic based power system stabilizer which will make the system
quickly stable when fault occurred in the transmission line. (3)
By using simulation to validate fuzzy logic based power system
stabilizer and its performance is compared with conventional
power system stabilizer and without power system stabilizer.
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II.  SINGLE INPUT CONVENTIONAL POWER SYS-
TEM STABILIZER

The basic function of a PSS is to add damping to the generator
rotor oscillations by controlling its excitation using auxiliary sta-
bilizing signal. To provide damping, the stabilizer must produce a
component of electrical torque in phase with the rotor speed de-
viation. For the simplicity a conventional PSS is modeled by two
stage (identical), lead/lag network which is represented by a gain
Kpss and four time constants Ty, to Tg4. This network is con-
nected with a washout circuit of a time constant Tww as shown in
Figure 1.

Gain Sgnl Washot Phase Compensation

detalr delaVpss

fi [.54]
W al 0
| Lot [ T8+ 1,1 ﬂ

Figure 1. Block Diagram of PSS

In Figure 1 the phase compensation block provides the ap-
propriate phase lead characteristics to compensate for the
phase lag between exciter input and generator electrical
torque. The phase compensation may be a single first order
block as shown in Figure 1 or having two or more first or-
der blocks or second order blocks with complex roots. The
signal washout block serves as high pass filter, with time
constant Tw high enough to allow signals associated with
oscillations in Wr to pass unchanged, which removes d.c.
signals. Without it, steady changes in speed would modify
the terminal voltage. It allows PSS to respond only to
changes in speed.

The stabilizer gain Kpss determines the amount of damping
introduced by PSS. Ideally, the gain should be set at a value
corresponding to maximum damping; however, it is lim-
ited by other consideration.

KF
AE, :[m]Af 1)

Where AE4 is the incremental change in converter voltage;
T4 is the converter time delay, K is the gain of the control
loop and S is the Laplace operator d/dt

III. FUZZY-LOGIC BASED POWER SYSTEM STABILIZER
Power system stabilizers (PSSs) are added to excitation sys-
tem to enhance the damping during low frequency oscilla-
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tions. This paper presents a study of fuzzy logic based PI

controller with power system stabilizer (PSS) for stability
enhancement of a single machine power system. In order
to accomplish the stability enhancement, speed deviation
(A®) and acceleration (Ad) of the rotor of synchronous gen-
erator were taken as the input to the fuzzy logic controller.
These variables take significant effects on damping of the
generator shaft mechanical oscillations. The stabilizing sig-
nals were computed using the fuzzy membership functions
depending on these variables.

The performance of the fuzzy based PI controller is com-
pared with the conventional power system stabilizer
(CPSS) and PI controller. The simulations were tested un-
der different operating condition. In the design of fuzzy-
logic controllers, unlike most conventional methods, a
mathematical model is not required to describe the system
under study. It is based on the implementation of fuzzy
logic technique to PSS to improve system damping. The
effectiveness of the fuzzy logic PSS in a single machine in-
finite bus is demonstrated by the Simulink program
(MATLAB Software). The nonlinear model of single ma-
chine infinite bus system (SMIB) developed using Sim-
ulink. The performance of fuzzy logic PSS is compared
with and without CPSS .The stabilizing signal is introduced
in the excitation system. After choosing proper variables as
input and output of fuzzy controller, it is required to de-
cide on the linguistic variables. These variables transform
the numerical values of the input of the fuzzy controller to
fuzzy quantities. The number of these linguistic variables
specifies the quality of the control which can be achieved
using the fuzzy controller. As the number of the linguistic
variables increases, the Computational time and required
memory increase
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Figure 2: Test System for Proposed Fuzzy Logic Based PSS

Therefore, a compromise between the qualities of control
and computational time is needed to choose the number of
linguistic variables. Decision in table 1 shows the result of
49 rules, where a positive control signal is for the decelera-
tion control and a negative signal is for acceleration control.
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Table 1: Knowledge Base

LN |MN |SN | VS sp MP | LP
LP | VS sp MP | LP LP |LP LP
MP | SN | VS sp MP | MP | LP LP
SP | MN | SN Vs | SP sp MP | LP
VS | MN [MN (SN | VS sp MP | MP
SN |LN |LN |SN |SN |VS |&P MP
MN |LN |LN |MN |MN |[SN |VS sp
LN |LN |LN |LN |LN |MN [SN | VS

IV. SIMULATION RESULTS
The performance of the proposed model is tested on Single
Machine Infinite Bus System (SMIB) as shown in Figure 2.
Then the performance of SMIB system has been studied
without excitation system, with excitation system, with
conventional PSS (lead-lag) and with fuzzy logic based PSS
by using the K constants. The dynamic models of synchro-
nous machine, excitation system, prime mover, governing
system and conventional PSS are consider with Heffron-
Phillip's (Kconstant) model.
The performance of the stabilizers designed by using modi-
fied K-constants is evaluated on a SMIB test system over a
range of operating conditions as shown in table 2. The sys-
tem data is
Given in the Appendix. Conventional PSS is designed fol-
lowing the tuning guidelines [2] for Xe = 0.4p.u.
The PSS data for both the conventional design and the pro-
posed method are also given in the Appendix. The trans-

former reactance X,is 0.Ip.u. The total impedance be-
tween the generator bus and the infinite bus, denoted by
X, varies with system conditions.

Table 2: showing Range of operating Conditions for SMIB

X, (p.u) Active Reactive Power
Power (P,) | Power (Q,) Factor
inp.u inp.u

X,=05 ~-|1 0.2 Lagging

Nominal

X, =0.3- 0.8 0.23 Lagging
Strong

X, =0.9- 1 0.5 Lagging
Weak
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Figure 3 : Comparison of angular speed between CPSS and FLPSS for +ve K5 Figure 4: Comparison of angular speed between CPSS and FLPSS for -ve K5
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Figure 5 : Comparison of angular speed between CPSS and FLPSS for -ve K5 Figure 6: Comparison of angular speed between CPSS and FLPSS for +ve K5
under weak condition under weak condition
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Figure 7: Comparison of angular speed between CPSS and FLPSS

for +ve K5 under Strong condition

Figure 3 to Figure 7 shows the Comparison of angular
speed between CPSS and FLPSS for +ve K5 and -ve K5
under Nominal , weak and Strong condition.

From Figure 3 to Figure 8 it shows that oscillations in
angular speed reduces much faster with fuzzy logic
based PSS (FLPSS) than with conventional PSS (CPSS)
for both cases i.e. for positive and negative value of K5
constant.

As shown in Figure 7 with fuzzy logic based PSS
(FLPSS), the variation in angular speed reduces to zero
in about 2 to 3 seconds but with conventional PSS
(CPSS), it takes about 6 seconds to reach to the final
steady state value and also the oscillations are less pro-
nounced in FLPSS.

V. CONCLUSION

In this paper initially the effectiveness of power system
stabilizer in damping power system stabilizer was re-
viewed then fuzzy logic power system stabilizer was
introduced Speed deviation A@ and acceleration Aa
of synchronous generator were taken as the input sig-
nals to the fuzzy controllers. The performance of the
power system with fuzzy logic power system stabilizer
is better one since it is effective for all test conditions .It
was also shown in the simulation results that the fuzzy
logic power system stabilizer can decrease both manxi-
mum overshoot and settling time the slip. The control

Figure 8: Comparison of angular speed between CPSS and FLPSS for -ve

K5 under Strong condition

Appendix:

M achine Data:

Xd =1.6; Xq =1.55; Xd = 0.32; Tdo = 6; H=5; D =0; f = 50
Hz; EB = 1p.u. Xt = 0.1; Model 1.0 is considered for the syn-
chronous machine.

Exciter data:

Ke =200; Te = 0.05s ; Efdmax = 6p.u.; Efdmin =6p.u.;

CPSS data:

T1=10.078; T2 = 0.026; Kpss = 16; Tw =2;

PSS output limits £ 0.05
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