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Abstract— The power system is a dynamic system and it is
constantly being subjected to disturbances. It is important that
these disturbances do not drive the system to unstable conditions.
For this purpose, additional signal derived from deviation,
excitation deviation and accelerating power are injected into
voltage regulators. The device to provide these signalsisreferred
aspower system stabilizer.

The use of power system stabilizer has become very
common in operation of large electric power systems. The
conventional PSS which uses lead-lag compensation, where gain
setting designed for specific operating conditions, is giving poor
performance under different loading conditions. Therefore, it is
very difficult to design a stabilizer that could present good
performancein all operating points of electric power systems. In
an attempt to cover a wide range of operating conditions, Fuzzy
logic control has been suggested as a possible solution to
overcome this problem, thereby using linguist information and
avoiding a complex system mathematical model, while giving
good performance under different operating conditions.

Keywords- Generator Excitation System, Synchronous
Machine Model, Automatic Voltage Regulator (AVR), Power
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l. INTRODUCTION

The power system is a dynamic system. It is coristéaeing
subjected to disturbances, according to whgdnerator
voltage angle changes. When these disturbancesvesma
new corrective steady state operating conditioeashed. It is
important that these disturbances do not drivesystem to
unstable condition. The disturbances may be ofllauade
having frequency range of 0.7 to 2 Hz or of intezaamodes
having frequency range in 0.1 to 0.8 Hz, these gwiare due
to the poor damping characteristics caused by nmodeltage
regulators with high gain. A high gain regulatbrough
excitation control has an important effect eliminating
synchronizing torque but it affects the damgpitorque
negatively. To compensate the redundant effechefvbltage
regulators in the excitation system, additlos@nals are
proposed as a input signal in the feedback forvitieage
regulators. The additional signals are mostly defifrom
excitation system deviation, speed deviation orebating
power. This is accomplished by inserting a stainigizsignal
into the excitation system voltage reference sumgnuint
junction. The device arrangement is to provide shgmnal is
called “power system stabilizer”.
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Excitation control is well known as one of the
effective means to enhance the overall stabilityelefctrical
power systems. Present day excitation systems priedotly
constitute the fast acting AVRs. A highly resporeseitation
system is useful in increasing the synchronizingjue, thus
improving the transient stability of the system te hold the
generator in synchronism with power system duriaigyé
transient fault condition. However, it produces egative
damping especially at high values of external systeactance
and high generator outputs. Generator excitatigrirots have
been installed and made faster to improve stabityS have
been added to the excitation systems to improvescélatory
instability it is used to provide a supplementaignal to
excitation system. The basic function of PSS igxtend the
stability limit by modulating generator excitatida provide
the positive damping torque to power swing modes.

I. SYSTEM MODELING

The Mathematical Models needed for small signalyais of

Synchronous Machines, Excitation System and legdstaver
system stabilizer are briefly reviewed. The Guide$ for the
selection of Power System Stabilizer paransetare also
presented.

A. Synchronous Machine Model

The synchronous machine is vital for power systgmration.
The general system configuration of synchronous himac
connected to infinite bus through transmission oekwcan be
represented as the mathematical models needednfalt s
signal analysis of synchronous machine; excitasigstem and
the lead-lag power system stabilizer are briefljieeed. The
guidelines for the selection of power systetabilizer
parameters are also presented. The Thevenin's/a&qui
circuit shown in Fig. 1.1
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Fig. 1.1The equivalent circuit of synchronous maehconnected to infinite
bus.

B. Classical System Mode/
The generator is represented as the voltage Ehbdetd' as
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shown in Fig. 1.2. The magnitude of E' is assunwedetmain
constant at the pre-disturbance value. Let d beatigle by

which E' leads the infinite bus voltagge.Bhe d changes with

rotor oscillation. The line current is expressed as

B E/Z0 -E,/ -8 E —(Ezcosb—jsind)
' X

Xz

X [

Fig. 1.2: Classical model of generator

EF, sinc?_kj_ E(E —E,cosd)

X, X
With stator resistance neglected, the air-gap padiRe) is
equal to the terminal power (P). In per unit, tirvegap torque
is equal to the air gap power.

S=P+ jO=

The above equation to describe small-signal peréoce is
represented in schematic Fig. 1.3.
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Fig. 1.3: Block diagram of single machine infindas system with classical
model
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From the block diagram we have:
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Solving the block diagram we get the charactegstiguation:
sty B ., Bolh . g
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Comparing it with general form, the undampedtural
frequency] ,and damping ratio! are expressed as -

K. m,

I"l. POWERSYSTEM STABILISER

The basic function of power system stabilizerto add
damping to the generator rotor oscillations by owlfing its
excitation using auxiliary stabilizing signal&or provide
damping signal the stabilizer must produce a corapbiof
electrical torque in phase with rotor speed deoratiThe
Power System Stabilizer with the aid of block deagras
shown in Fig. 1.4
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Fig. 1.4: Block diagram representation with AVR &f8S

Since the purpose of PSS is to introduce a damfngue
component. A logical signal is use for controlliggnerator
excitation is the speed deviatioii, The PSS transfer
function GPSS(s), should have appropriate Gain, hblais
signals and Phase Compensation circuits to compefsathe
phase lag between exciter input and electricaluerdhe
following is a brief description of the basis foretPSS
configuration and consideration in selection ofgmagters.
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Fig. 1.5: Thyristor excitation system with AVR aR&S

Il. Fuzzy CONTROLLER

The fuzzy control systems are rule-based systemghich a
set of fuzzy rules represent a control decision latsm to
adjust the effects of certain system stimuli. Witle help of
effective rule base, fuzzy control systems canaepla skilled
human operator. The fuzzy logic controlleroygdes an
algorithm which can convert the linguistic contsitategy
based on expert knowledge into an automatic costrategy.
The Fig. 1.6 illustrates the schematic design @lizzy logic
controller which consists of a fuzzificatiomterface, a
knowledge base, control system (process), decisiaking
logic, and a defuzzification interface.
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Fig. 1.6: The principle design of fuzzy logic canker

214



IV. SMULATION MODEL AND RESULT 4 [For canstani fieid vellage o [=/ES

The performance of single machine infinite bus eysthas
been studiedl) Without Excitation System. (2) With
Excitation System. (3) With Conventional PSS (k=g) and

(4) with Fuzzy Logic based Power System Htzdy.
Schematic Models of Synchronous Machingxcitation
System and Conventional PSS are described. The ineach
data is taken from

AbLéxn

TABLE- |
Parametres Numerical values

P 0.9

Q 0.3

E: 1.0

F 50

xd 181 Fig 1.8: System response for a 5% change in mecdlanput

Xq 1.76 . L

A A B. Performance with Excitation System only-

XL 0

Xe 0.65 K

Ra 0.003 /
Tdol 5.0 Vel ¢

H 3.5 L

Q0 314 03231 1 314

Kp 0 - —p - n —

Ta 0.02 2.367st1 7s s
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Ri 0006 Qd Excilerwih AVR o
L 0.153 hange in Mechanical input

K 0.8401

Ky 0.8401 Volge Trrsuee >
Ksar 0.434 1

Eal 0434 %4

Asat 0.031 00zst1

Bsat 6.93 K

i, 038

By G ORI s Bl 10 Fig 1.9: Simulink model for simulation of single ofidne infinite bus system
with AVR only
A. Performance with constant field voltage- The standard IEEE type ST1A excitation system mduei

The model used in the simulink to study the respoofsthe been considered for the study and integrated h tie single
system with constant field voltage is shown in figuln this machine infinite bus system. Correspondingly, theusink
representation the dynamic characteristics areessgmted in model is shown in Fig 1.9. The excitation systemapeeters
terms of K constant. The values of K constantscateulated are taken as K = 200 and TR = 0.02.

using above parameters are- i .
9 P The values of ‘K’ constants calculated using abpaemeters:

K,=0.7635, K=0.8643, k=0.3230, K=1.4188 K,;=0.7635, K=0.8643, K=0.3230, K=1.4188, K = -0.1462,
Ke=0.4166

Ka

J with excitation system

1 314

s s
Transfer Fon2 Transfer Fen

h 4

[m

Fig 1.7: Simulink model for simulation of single chane infinite bus System Fig 1.10: System response for a 5% change in mégdlanput with Ks
with constant field voltage. negative
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Fig 1.11: System response for a 5% change in mézdianput with K s
positive

C. Performance with Conventional PSS lead-lag -

The simulink model of lead-lag power system stabiliis
shown in Fig. 1.12
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Fig 1.12 Simulink Model with AVR and PSS

The variation of angular position and angular speéH time
for 0.05 pu increase in torque for negative andtpasvalue
of K5 are shown in Fig 1.13 and Fig.1.14 respectivelye T
system is coming out to be stable in both the casewever,
the transients are more with negative Whereas the higher
angular position is attained with positive. K

) wariations with Lead-Lag PSS

B Lrre AEE P aEaSw

Fig 1.13: Variation of angular speed, angular pasiind torque when
PSS (lead-lag) is applied withsiKegative.

Fig 1.14: Variation of angular speed and angulaitipm and torque when
PSS (lead-lag) is applied withs gositive

D. Performance with Fuzzy Logic Based PSS-

The Model used in Simulink/Matlab to analyze théef of
fuzzy logic controller in damping small signal diions
when implemented on single machine infinite bustesysis
shown below in Fig.1.15 and the details of the juzantroller

are shown in Fig. 1.16. As shown in Fig. 1.16, filnezy logic
controller block consists of fuzzy logic Block asdaling
factors. scaling factors inputs are two & one facteinput and
one scaling factor for output which determine théent to
which controlling effect is produced by the Fuziygic

controller. Performance of Fuzzy Logic controllerstudied
for the scaling factors having the values Kg=1.62,
Kin2=29.58, K,,=1.08.
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Fig 1.15: Simulink model with fuzzy logic based PSS
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Fig 1.16: Fuzzy logic based PSS
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V. FUZZY INFERENCE SYSTEM

Fuzzy logic block is prepared using FIS file Matlab
7.8.0.347(R2009a) and the basic structure of th& éditor
file as shown in Fig 1.17. This is implemented gsfallowing

FIS (Fuzzy Inference System) properties:

And Method: Min

Or Method: Max
Implication:  Min
Aggregation: Max
Defuzzification: Centroid

-) [FIS Editor: MANISH1

File Edit View

MANISHT

(mamdaniy

output

| FIS Mame: TANISHT FIS Type: mamdani ‘
And method i | || Gurrert varisbie
Or method e i< il
implication min T~
— || Range
Aggregation mas ~
Defuzzification certroid = ‘ Help | Close | ‘

System "MANISHI" 2 inputs, 1 output, and 16 rules

FIg T.17  FUZZy Mierence syseem

o]

Membership function plots -~ plot poits: | 41|
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Fig. 1.19(b) Membership functions for acceleration
Membership function plots ot points: | 181
M NS ' P PM B
't o -
05}
] = - T T -
-3 = o 0 { 2 3

output variahle “voltage"

=peed Acceleration
deviati
on NB NM NS PS PM PB
NB NB 0 0 0 0 0
NM 0 0 0 0 0 0
NS 0 0 0 0 0 0
PS NM NS 0 PM PB PB
PM NS 0 PS PB PB PB
PB 0 PS PM PB PB PB
Fig 1.18: Rule Base for Fuzzy Logic Controller
Membership functionplots plot points: | 41|
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Fig. 1.19(a) Membership functions for speed deafati

Fig. 1.19(c) Membership functions for voltage
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Fig 1.20: Rule Viewer of Fuzzy Controller
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<) Surface Viewer: MANISH1
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VI. SIMULATIO MODEL OF AVR WITH PSS
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Fig 1.21: Surface Viewer of Fuzzy Controller

Scope

Transfer Fen of SRMY

Step

For the above FIS system Mamdani type of rule-lmasdel is
used result of which we get the output in fuzziffedm.
Precise output is produced by the Normal Systenthvbses a
defuzzification process to convert the infdrrpossibility
distribution of an output variable to a represamtaPrecise
Value. In the above given Fuzzy Inference Systeisiwlork is

03231 1
[ t [ - 314
23567501 13 —
L ; L L s
Transfer Fen of SRM7 Gain? Transfer Fen of SRM8.
tep2

st

Gaing

done using centroid Defuzzification Principle Medhdn this
system minimum implication together with theaximum

E!Q»

Transfer Fen of SRM10

aggregation operator is used.

[’m o SR TP 2

Congtant Field Vollage
o S e e B N B

Fig 1.22: Simulation Result of Variation of angulpeed when system with
Fuzzy Logic Based PSS

Corgtant Field Yokage

Fig 1.23: Simulation Result of Variation of angusgreed, angular position
and torque when system with Fuzzy Logic Based PSS

Fig. 1.25 Simulation Result of AVR with PSS
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VII. COMPARISON OF RESULTS

To compare the performance of lead-lag PSS andyfiozic
based PSS, the step response are shown in Figaddbig.
1.27 for angular speed for the negative and thé&ipes/alues
of K.
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Fig 1.26: Comparison of angular position for a S8armge in mechanical input
with conventional PSS (lead-lag) and fuzzy logisdshPSS with K5 negative.

_ respence with
romierzenal PSS wnth
TS positve

n1

responce with fuzzy lepic

008 " hased PR KO posite

0.0g

0.0 f

ooz

Fig 1.27: Comparison of angular position for a 38armge in mechanical input
with conventional PSS (lead-lag) and fuzzy logisdshPSS with K5 positive

These results are for 5% change in mechanical érgmom
Fig. 1.26 and Figl1.27 it can be perceived that with the
application of fuzzy logic the rise time and thétlggg time of
the system decreases due to which system reachsge#dy
state value much earlier with Fuzzy Logic Powert&ys
Stabilizer compared to conventional power systeabibter
with negative K and with the positive value ofsKthe sluggish
response (over damped response) characteriseésisted and
the settling time remains largely unchanged.

The step response characteristics for angularipodior both
lead-lag PSS and fuzzy logic based PSS are comjafed.
1.28 and Fig. 1.29 for negative and positive vahfes;.

resporee witk: lead lag
( " P32 with ¥ 5 nagativ=

b

tesponce with fuzzy logic
basec P35 with K5
negative

Time.

Fig 1.28: Comparison of angular speed for a 5% ghan mechanical input
with conventional PSS (lead-lag) and fuzzy logisdgthPSS with K5 negative.

From relative plots it can be retrieved that oatitins in
angular speed reduces much faster with fuzzy Ipgiger
system stabilizer than with conventionpbwer system
stabilizer for both the conditions i.e. wheg Bositive and K
negative. The result is shown in Fig. 1.29 withzlyiogic the
variation in angular speed reduces to zero forcd@s, but in
case of conventional power system stabilizer ietakbout 6
seconds to reach to final steady state value amdthés
oscillations are less pronounced in fuzzy logiceub®SS.
Similar is the case with fpositive.

respunze with ead leg P28 wath
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XY,
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Fig 1.29: Comparison of angular speed for a 5% ghan mechanical input
with conventional PSS (lead-lag) and fuzzy logisdgthPSS with K5 positive.

Therefore, it can inferred that the fuzzy controliimes not
require any complex mathematical support and tepaese is
much improved than with conventional PSS.
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