Chapter One

| ntroduction

1.1 Background

The power system is a dynamic system and it istaotlg being subjected to
disturbances, which cause the generator voltagée angchange. When these
disturbances die out, a new acceptable steady siadeating condition is
reached. It is important that these disturbancesnolodrive the system to
unstable condition. The disturbances may be ofllawade having frequency
range of 0.7 to 2 Hz or of inter area modes haftiegquency range in 0.1 to 0.8
Hz, these swings are due to the poor damping cteaistacs caused by modern
voltage regulators with high gain. A high gain riedor through excitation
control has an important effect of eliminating dyranizing torque but it affects
the damping torque negatively. In order to comptn#ae unwanted effect of
these voltage regulators, additional signal isomiiced in feedback loop of
voltage regulators. The additional signals are Iyoserived from speed
deviation, excitation deviation or accelerating powThis is achieved by
injecting a stabilizing signal into the excitatisystem voltage reference
summing point junction. The device is providingstlsignal is called “power
system stabilizer”. Excitation control is well knovas one of the effective means
to enhance the overall stability of electrical pows/stems. Present day
excitation systems predominantly constitute thet fasting AVRs. A high
response exciter is beneficial in increasing thackyonizing torque, thus
enhancing the transient stability that is to holel ggenerator in synchronism with
power system during large transient fault conditiblfowever, it produces a
negative damping especially at high values of extlesystem reactance and high

generator outputs.



Stability of synchronous generators depends upanbeu of factors such as
setting of automatic voltage regulators (AVR).Th&R\ and generator field
dynamics introduces a phase lag so that resubirgé is out of phase with both
rotor angle and speed deviation. Positive synchnogi torque and negative
damping torque often result, which can cancel thwlls inherent positive

damping torque available, leading to instabilityer@rator excitation controls
have been installed and made faster to improvdlisgalihe Power System
Stabilizer has been added to the excitation systemsprove the oscillatory
instability and it used to provide a supplementsignal to excitation system.
The basic function of the PSS is to extend theilgtalimit by modulating

generator excitation to provide the positive dargpiorque to power swing
modes. The application of power system stabiliZé6S) is to generate a
supplementary signal, which is applied to contoad of the generating unit to
produce a positive damping. The most widely usewentional PSS is lead-lag
PSS where the gain settings are fixed under cevidue which are determined
under particular operating conditions to resultoptimal performance for a
specific condition. However, they give poor perfamoe under different
synchronous generator loading conditions. The Rf#fle damping the rotor
oscillations can cause instability of turbine gemer shaft torsional modes.
Selection of shaft speed pick-up location and ¢oral notch filters are used to
attenuate the torsional mode frequency signals.P3® gain and torsional filter
however, adversely affect the exciter mode dampiago. The use of
accelerating power as input signal for the PSSna#tees the shaft torsional
modes inherently and mitigates the requirementsthef filtering in main

stabilizing path [1].



1.2 Power System Stability

Power system stability is the tendency of a powstesn to develop restoring
forces equal to or greater than the disturbingderto maintain the state of
equilibrium. Since power systems rely on synchr@enamachines for
generation of electrical power, a necessary canditor satisfactory system
operation is that all synchronous machines renmagymnchronism [1].

1.2.1 Steady-state stability

Steady-state stability analysis is the study of @ogystem and its generators in
strictly steady state conditions and trying to amsthe question of what is the
maximum possible generator load that can be tratemniwithout loss of
synchronism of any generator. The maximum powesaited the steady-state
stability limit [2].

1.2.2 Transient stability

Transient stability is the ability of the power ®m to maintain synchronism
when subjected to a sudden and large disturbanbenva small time such as a
fault on transmission facilities, loss of genenatr loss of a large load. The
system response to such disturbances involves laxgarsions of generator
rotor angles, power flows, bus voltages [3].

1.2.3 Dynamic Stability

A system is said to be dynamically stable if theiltagions do not acquire more
than certain amplitude and die out quickly. Dynastability is a concept used
in the study of transient conditions in power sgseAny electrical disturbances
in a power system will cause electromechanicalsieart processes. Besides the
electrical transient phenomena produced, the pdaéance of the generating
units is always disturbed, and thereby mechanisaillations of machine rotors

follow the disturbance [3].



1.3 Power System Stabilizers

Power system stabilizer is control device that useehhance damping of power
system oscillations in order to extend power tranéimits of the system and
maintain reliable operation of the grid. It cangreved that a voltage regulator
in the forward path of the exciter generator systemil introduce a damping
torque and under heavy loading conditions this dagporque becomes
negative. This is a situation where dynamic inditgbimay cause concern.
Further, it has been also pointed out that in tmevdrd path of excitation control
loop, the three time constants introduce a largasehat low frequencies just
above the natural frequency of the excitation systeTo overcome this effect
and improve damping compensating network calledwgrosystem stabilizer
(PSS)” can be introduced [4].

1.4 Problem Statement

Some of the earliest power system stability prolslancluded spontaneous
power system oscillations at low frequencies. THesefrequency oscillations
(LFOs) are related to the small signal stability aofpower system and are
detrimental to the goals of maximum power transfel power system security.
Once the solution of using damper windings on teegator rotors and turbines
to control these oscillations is found to be satgdry, the stability problem is
thereby disregarded for some time. However, as p@ystems began to be
operated closer to their stability limits, the weegs of a synchronizing torque
among the generators is recognized as a major calusgstem instability.
Automatic voltage regulators (AVRS) helped to immrdhe steady-state stability
of the power systems. But with the creation of éarqiterconnected power
systems, another concern is the transfer of lameuats of power across
extremely long transmission lines. The additionac$upplementary controller

into the control loop, such as the introductioncohventional power system



stabilizers (CPSSs) to the AVRs on the generapooyjides the means to reduce

the inhibiting effects of low frequency oscillatgn
1.5 Solution Methodology

To overcome the drawbacks of conventional powetegysstabilizer (CPSS),
numerous techniques have been proposed in thatliter In this Dissertation
work, the conventional PSS's effect on the systamping is compared with a
fuzzy logic based PSS while applied to a single hime infinite bus (SMIB)
power system. For the conventional design stateespepresentation is used
here.

1.6 Objectives of the Dissertation
The objectives of the dissertation are:

» To study the nature of power system stability, &t@n system, automatic
voltage regulator for synchronous generator andgp®ystem stabilizer.

» To develop a fuzzy logic based power system stasiwhich will make
the system quickly stable when fault occurred sngizstem.

» Simulation is used to validate fuzzy logic basedvg@osystem stabilizer
and its performance is compared with conventiooalgy system stabilizer
and without power system stabilizer.

1.7 Dissertation layouts

In addition to chapter one this dissertation caas$ five chapters. Chapter two

gives the mathematical model of single machinenitdi bus and Excitation

system (AVR & Exciter) and type of oscillationspower system. Chapter three
presents the structure and analyzes the powernsystabilizers (PSSs) and

Fuzzy logic controller (FLC).Chapter four discugshs simulation and results.

Finally chapter five gives conclusions and recomaagions of the work.



Chapter Two
Mathematical M odel of Single Machine Infinite Bus

2.1 Introduction

Small-signal oscillations in a synchronous generaparticularly when it is

connected to the power system through a long tressson line, are a matter of
concern since before. As long transmission lindsraonnect geographically
vast areas, it is becoming difficult to maintaimeslgronism between different
parts of the power system. Moreover, long linesicedoad ability of the power
system and make the system weak, which is assdciai¢h Interarea

oscillations during heavy loading. The phenomenérsroall signal or small

disturbance stability of a synchronous machine eoted to an infinite bus
through external reactance has been studied indanmof block diagrams and
frequency response analysis. The objective ofahalysis is to develop insights
into the effects of excitation systems, voltageuftatpr gain, and stabilizing

functions derived from generator speed and workihgpugh the voltage

reference of the voltage regulator. The analysse@an linearization technique
is ideally suitable for investigating problems asated with the small-signal
oscillations. In this technique, the charactersstaf a power system can be
determined through a specific operating point dred dtability of the system is
clearly examined by the system eigenvalues. Thiapten describes the
linearized model of a single-machine infinite bu®&WB) system given by

Heffron and Philips that investigates the local mad oscillations in the range
of frequency 1-3 Hz. Voltage stability or dynamioltage stability can be

analyzed by monitoring the eigenvalues of the lizea power system with

progressive loading. Instability occurs when a pair complex conjugate

eigenvalues crosses the right half of s-plane. Thiseferred to as dynamic

voltage instability, and mathematically, this phewmon is called Hopf
6



bifurcation. The following steps have been adomeduentially to analyze the
small-signal stability performance of an SMIB systb].
1. The differential equations of the flux-decay mbaf the synchronous
machine are linearized and a state-space modehs&racted considering exciter
output Efd as input.
2. From the resulting linearized model, certain stants known as the K
constants
(K—Ke) are derived. They are evaluated by small-pertighaanalysis on the
fundamental synchronous machine equations and teEadenctions of machine
and system impedances and operating point.
3. The model obtained is put in a block diagranmf@nd a fast-acting exciter
between terminal voltaghV, and exciter outpudEfd is introduced in the block
diagram.
4. The real parts of the electromechanical modesssociated with the damping
torque and the imaginary parts contribute to thrclsyonizing torque.
The following assumptions are generally made tolyaeathe small-signal
stability problem in SMIB power system:
1- The mechanical power input remains constant dutimg period of
transient.
2- Damping or asynchronous power is negligible.
3- Stator resistance is equal to zero.
4- The synchronous machine can be represented bystacbwoltage source
(electrically) behind the transient reactance.
5- The mechanical angle of the synchronous machite mmincides with
the electric phase angle of the voltage behindsiesn reactance.
6- No local load is assumed at the generator busjdatal load is fed at the
terminal of the machine, it is to be representeddystant impedance (or

admittance)



2.2 Fundamental Equations

The differential algebraic equations of the synaolergs machine of the flux-
decay model with fast exciter as show in Figure @ah be represented as

follows [5].
dE’ 1
q _ 2 2

dt Ty (B'q + Xa =X 'a)la — Efa (2.1)
as
E =W — Wy (22)
dd w , ,
— =Ty — (E'gly + ((Xg — X a)laly + D(w — @,)] (2.3)
dt 2H
dE Erfq K
o K _

. T + T (Veer —V2) (2.4)

. B ¢S
[{X“, X, + Jrf:.-flu £

Figure 2.1 Dynamic circuits for the flux decay mbafethe machine.

2.3 Stator Equation
The synchronous stator equation is written as b@jw
Vesin(6 — 6) + Rsls — X1,

=0 (2.5)
E'y—Vicos(§ —0) — Rgls — X 4,

=0 (2.6)
As it is assumed stator resistance Rs=0 apdiéviote the magnitude of the
generator terminal voltage, the earlier-mentiorgebéons are reduced to
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Xylq —Vysin(6 —6) = 0 (2.7)

E'y—Vicos(6—0)—X I, =0 (2.8)
Now

(Va+i%)e’*) = per

Hence

Vy+jV, = Vel e7(573) (2.9)

Expansion of the right-hand side results in

Vg +jVy = Ve sin(6 — 0) + jV, cos(6 — 0)
Therefore

Va=Vesin(6 —0) & V; =V;cos(6 —0)
Substitution o; andVjin (2.7) and (2.8) gives
X, +V;=0 (2.10)
Eg—V,—Xy4ly=0 (2.11)
2.4 Network Equation

The equation of the power system network is giviehedow [5]
™) _ V20" =V, 26°

i(6-3
(Ig+1,)e’\° 2 RTX. (2.12)
i(6-3) v, 6°
j(-%) _ (Va +V)e!\" 72 — V2
(Ig+1,)e’\° 2 RTX, (2.13)
IiRe + jIgRe + jlgXe — 1;Xe = (Vo +jV,) — Ve (53 (2.14)

(IgRe — 1,X,) + (IR, + 14X,) = (Vg — V,psind) + j(V, — V,,cos§) (2.15)
(I4Re — 1,X,) = V4 —V, siné (2.16)
(I,Re + 14X,) =V, — V,,cosd (2.17)



2.5 Linearization Process and State-space Model
The linearization model of SMIB is obtained usihg following steps:
Step I: The linearization of the stator algebraic (2.18) &2.11) given

X Al + AV, =0 (2.18)
AE' ; — AV, — X '4Al; =0 (2.19)
Rearranging (2.18) and (2.19) gives
AV, = X, Al (2.20)
AV, = =X 4Al; + AE', (2.21)
Writing (2.20) and (2.21) in matrix form gives
AR A A
—X'; 0
Step I1: The linearization of the load-flow (2.16) and (2).tesults in
(AIR, — AlLX,) = AV, — V, cos 5AS (2.23)
(AILR, + AlyX,) = AV, — V,sindAS (2.24)
Rearranging (2.23) and (2.24) given
AV, = Al4R, — Al X, + V, cos 6AS (2.25)
AV, = Al4R, + AI,R, — V, sin6AS (2.26)

Writing (2.25) and (2.26) in matrix form given

A R g v R e @27)
Step I11: Equating the right-hand side of (2.22) and (24iven

P vem PR IR v Y 8 REES
st B | [ o P [ E
(X, iex'co _(XeRj Xq)] 353] N [Ng'q]+ l’“;;:‘s’fn‘}] A (2:30)
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R, —(X. + Xq)]‘1 _ l[ R, Xe + Xg) 231)
(Xe +X,d) Re A _(Xe +X’d) Re .
Where
Ae=R* + (Xo + X)X + X'3)
Solving forAl,; andl, from (2.30) results in
[Ald] [ ] R, —(Xe + X
AE' ] (X, + X')
— — (X, + X )]
[ |78 (3056 AS. | (Xe q) (2.32)
V. sind (X, +X'p)
[Ald] [ 0 ] R, Xe + X)
B JMAEQl|-(X. +X')  Re
1 —V, cos 6] R, (Xe +X4) (2.33)
A V. siné —X,+X ') R, '
That is
[Ald] (X, +Xq)AE
A.|  R.AE,
1 [-R.Vcos6 + Vsind (X, + X;)
+— , (2.34)
Ag | RV, sind + Vocosé(X, + X 4)
Therefore:
[Ald] X, + Xq) —R,V,.cosb + V, sind (X, + X;) [AE'q] (2.35)
A, R, V,siné + V,cos6(X, + X ) '

Step IV: The linearizations of (2.1)—(2.4) are as followere, the frequency is

normalized ay = Z—throughout our study:

. 1 ' 1 ’
AE'y = ———AE'; — — Xy + X )ALy + —AE ¢4 (2.36)
T do T do T do

AS = w,AV (2.37)
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2 2 2 (X, —X'a) (X = X'a)
= ATy = ZAE gl = E g g = Ayl — = 1l
Do 2.38
2H ( " )
Ty AE'y = —AE ;g + Ky (AVyor — AV,) (2.39)
AE',
%
AV
Lo o], [L&a=Xa) 0
T a0 AE T 4o Al
=0 0 wsffas|t 0 0 A,q]
I_q 0 Dwgl| AV Iq(X\d - Xq) X'q— Xq) _ E‘q
L 2H 2H L 2H 2H 2H.
_ 1 0 -
a0 AEfq
+{ o o ] (2.40)
1 |LATy
0 —_
| 2HA

Step V: Obtain the linearized equations in terms of thec#hstants. The
expressions fofl; andAl, obtained from Equation (2.35) are

1
Mg =5 [(Xe = X)AE ¢ + {—ReVocos6 + (Xo — X' )VsinS}AS]  (241)

e

1 ) .
Al = i [RAE; + {R V. sind + (X — X g)V,,cos63A8] (2.42)

On substitution ofl; and I, in (2.40), the resultant equations relating the

constants K1, K2, K3, and K4 can be expressed as

, 1 . K,
AE', = ————— AE'; — —AS8 + —AE 2.43
0T TR, M T T, 0 T, A (243)
AS = w,AV (2.44)
. K, , Duw 1
AV = ——= AE'; — = AV + =— ATy, (2.45)

2H 2H 2H

12



Step VI: The linearization of generator terminal voltageas follows: The
maghnitude of the generator terminal voltage is

Vit =V 2+ V,° (2.46)
The linearization of (2.46) gives
2V, AV, = 2V,AV, + 2V,AV, (2.47)
Therefore
AV, = EAvd + EAVq (2.48)
Ve Ve
Now, substituting (2.35) into (2.22),
[AVd]
AV,
[ ] [(X +X,) —R.V,cosé +V,sind(X, + Xq)] [AE'Q]
Y 0 R, V,siné + V,cos6(X, + X ;)
[ 0, ] (2.49)
AVd] 1 [ R.X, Xy (R V,sind + V,,(X, + X g)cos6) “AE
AVgl  Ag |-(Xe +Xg)  —X q(—ReVecos8 + V, (X, + X,)sind)
g
q
Therefore
AV, = Aie [ReX,AE 'y + X RV, sind + X V., (X, + X 3)cosSAS] (2.50)
AV,

q
= [-X'a(Xe + Xg)AE § + (X qReVcos8 + X gV (Xe + Xy)sinSAS]

+AE, (2.51)
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Replacing andaVq from (2.50) and (2.51) in (2.48) results in
AV, = KsAS + KGAE (2.52)
2.6 Derivation of K Constants

From (2.36), the expression A)E'q on substitution oAl is [5].

AE',
1

, 1
=m0 - = (Xd+Xd)( [(X — X)AE , + {—R.V,cos8 + (X,
do do

— X )V,sind}AS])
AEg, (2.53)
T do
AE',
_ 1 1+(Xd_X\d)(Xe+Xq) AE
T‘do Ae 1
Vo(Xg+X'g) .
= {(Xe — X)sinS — R,cos6}AS
T do Ae
+ ! 2.54
> (2.54)
AE', = L aE (2.55)
1 KST do - T do T do .
1 (Xd - X d)(Xe + Xq)
—=1 2.56
K, * A, ( )
_ Voo(Xd - X\d) ,
4 = A [(Xe + Xg)sind — R,cosd] (2.57)
e

Again from (2.38), the expression &F on substitution oAl andAl, is

14



AV

1 (X, —X'2)I; 1
——ﬁAE g == [(X + X,)AE', + {—R,V,cosé
+[(X. + X, )V,.sin8}A8] + (¥a— )1 . E|, - — [RGAE'y + {R V,sins
1 2H ¢ 2H A,
S
2H
+ AT 2.58
AV
1

1 12 ’
= ———[I,0. — 1;(X 0 — Xg)(Xe — Xy) — Rela(Xg — X,) + RE ' |AE,
e

V.I
+—L(Xy — X )| (Xe + X,)sind — R,cos8|AS

2HA,
Ve
+A—[{1d(x a—Xq) — E HXe + X )cosb + R,sins}| — H
e
+ 1 AT 2.59
2H M ( " )
This can be written in terms of K constants as
AV
K, K D wq
= ﬁAE —ﬁA(S— SH AV
1
+ ﬁATM (2.60)
K,

1
= A [lqu — I (X\d - Xq)(Xe - Xq) - Reld(X‘d - Xq)
e

+ R.E',] (2.61)
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K

1 . .
=T [Vo1,(X g — Xy)[(Xe + X,)sind — R.cosé|
e

+ V[(Xa — X )Ia — E ][(Xe + X g)cosé
+ R,siné])| (2.62)
On substitution oAV, andAVj in (2.46), it reduces to

Varl . . .
AV =17 [A— {ReX4E ¢ + RoX Viosing + X, V(X g + Xq)cos6A6}]
q e
V;] 1 N 4 N
+— [—{—X a(Xe + X )AE ; + R X 4V,,cos8
Ve LA,
+ X gV (Xe + X,)sinsAS} + AE'q]
Or
1 Vd Vd Vd] ’
AV, = |—]—R. X, ——X (X, + X —|AE
t [Ae{Vt ey, a(Xe + ")}J’Vt q
i|= ﬁxq R.V,sind + V,cos6(X g + X;)
Ae \V,
v
+ —qX‘d(ReVOOcosd
Ve
-V (X4 + Xq)siné)}] AS (2.63)
Therefore, (2.63) can be written in terms of K ¢ants as
AV, = KsAS + KGAE (2.64)
Ks = L ﬁxq R V,sind + V,cos8(X g + X,)
Ae (W

I/q \
+—=X d(ReVoocosé
Vi

-V (X4 + Xq)sin6)} (2.65)
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K —1{VdRX V4
N 7 A

Now, the overall linearized machine differentiabatjons (2.43)—(2.45) and the

v,
X'q(X, + Xq)} + 7"‘ (2.66)
t

linearized exciter equation (2.39) together carmpiein a block diagram shown
in Figure 2.2 In this representation, the dynanhiaracteristics of the system can
be expressed in terms of the K constants. Thesstams (K—Kg) and the block
diagram representation were developed first by ndefPhillips and later by de
Mello to study the synchronous machine stability adfected by local low-

frequency oscillations and its control through &toon system [5].

AV,

- G i)

Exciter & AVR __ Field circuit

'IK' i

\E,,

2Hs + K,

Ad

1 AV,
1+ 5T,

A

ODe—— > |«
r Y
A =

/'y

K:'\

Figure 2.2 Block diagram of the synchronous Macliwe decay model

The K constants presented in the block diagram rEiqi2 are defined as

follows:
K, = % E’, Change in electric torque for a change in rotgi@with constant

flux linkages in the d-axis.

AT,
Kz == £

== 6 Change in electric torque for a change in d-alkis finkages with
q

constant rotor angle.
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_ X g+Xe

3 For the case where the external impedance isearpactanck,.

T Xg+Xe
4 = Kis% Demagnetizing effect of a change in rotor angle.
Ks = % E, Change in terminal voltage with change in rotaglarfor constant
E,
K, = A—‘{tq & Change in terminal voltage with changetiy for constant rotor
angle.

It is evident that the K constants are dependentasious system parameters
such as system loading and the external netwoiktaese (Re) and reactance
(Xe). Generally, the value of the K constants saggr than zero (>0), but under
heavy loading condition (high generator output) &mdhigh value of external
system reactance, K5 might be negative, contrigutinnegative damping and
causing system instability. This phenomenon has beszussed in the following
sections based on state space model [5].

The state-space representation of the synchronaabkine can be obtained when
(2.43)—(2.45) and (2.52) are written together inrmdorm. AssumingAT,, = 0,
the state-space model of the SMIB system withoattexis therefore:

1 Ky oo
AE’“CI K3T\do T\do AE\q
AS | = 0 0 Ws AS
AV K, K, DwS|LAV
2H 2H 2H A
1
T\do N
S (2.67)
0
AE",

AV, =[Ks Ks O0]| As (2.68)

AV
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T\AE ;g = —AErg + Ku(AVyes + AV) (2.69)
AE 1 ag,, —Kaks )5 BaKe AE, +— apv (2.70)
fa =T, e, T, T, '

1 Ky o 1]
- K:Tyo T T 0
AE 3% do do do
|[ ."]| 0 0 w, O Afgq o]
Mg |= K, K Dws av |+ 2 [AVrer 2.71)
lAE J 2H ZH 2H AEfd 4
fd K,Ke  KjKs 0 1 Ty
T, T, T, .

2.7 The Power System Stabilizer in State Matrix

Assume that the damping D in the torque loop is.Z€&he input to the stabilizer
isAV. An extra state equation will add. The washoueffistage is omitted since
its objective is to offset only the DC steady stateor, hence is dose not play

any role in the design. The added stage equatierta@iSS is

1 Kpss T, .
AVPSS _ _T_AVPSS AV + KPSST_AV (272)
2 2 2
AV = K, —2AE K, —2 A8 2.73
~ 2H T4 2H (273)
By substitute (2.73) in (2.72) is gives
AVpgs = —iAvpss + =NV + Kpgs — h ( X2 AR i ﬁAd) (2.74)
T, T, T,\ 2H '% 2H
Therefore
. 1 Kpss K,T, (Kpgs K1T, (Kpgs
AVpce = —— AV —L2 AV — AE;, — AS (2.75
PSS T, pss ¥ T, T, 2H> fa= o, (2 ) (2.75)

19



The state matrix of the system model is

[AE ]
AS
AV
AE¢q
| AVpss.
1 K 1
- S 0 0
K3T g0 T g0 T 40
0 0 O 0 0 AE'q
KK pos o | e |
_ 2H 2H 2H | AV |
KaKe KKs 1 Ka || 2Egy |
TA TA TA TA lAVPSSJ
_K2T1(Kpss) _K1T1(Kpss) Kpss 0 _l
T, \ 2H T, \ 2H T, T,
_ 0 _
0
0
+| Xa |av., (76)
Ta
KPSS
| T,
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Chapter Three

Tuning Method of power System Stabilizer

3.1 Power System Stabilizer

The basic function of a power system stabilizedamping the generator rotor
oscillations by controlling its excitation usingxdiary stabilizing signal(s). To
provide damping, the stabilizer must produce a aorept of electrical torque in
phase with the rotor speed deviations. It is waslabklished that fast acting
exciters with high gain AVR can contribute to oktiry instability in power
systems. This type of instability is characterizsdlow frequency (0.2 to 2.0
Hz) oscillations which can persist (or even growriagnitude) for no apparent
reason. A cost efficient and satisfactory solutiorthe problem of oscillatory
instability is to provide damping for generatoraopscillations.

This is conveniently performed by providing Powsrstém Stabilizers (PSS)
which are supplementary controllers in the exatatsystems. The objective of
designing PSS is to provide additional damping uerqvithout affecting the
synchronizing torque at critical oscillation frequees. It can be generally said
that need for PSS will be felt in situations whenvpr has to be transmitted over
long distances with weak AC ties. Even when PSS nwybe required under
normal operating conditions, they allow satisfagtoperation under unusual or
abnormal conditions which may be encountered agif8].

Thus, PSS has become a standard option with maxdatic exciters and it is
essential for power engineers to use these efdgtiRetrofitting of existing
excitation systems with PSS may also be requirechpoove system stability. If
the exciter transfer function and the generatorstier function betweeaEy and

AT, are pure gains, a direct feedbackAsf, would result in a damping torque
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component. However, in practice both the generatat the exciter exhibit
frequency dependent gain and phase characteristics.

Therefore, the PSS transfer function CPSS shoulk heppropriate phase
compensation circuits to compensate for the phaegdétween the exciter input
and the electrical torque. In the ideal case, withphase characteristic of CPSS
being an exact inverse of the exciter and genegatase characteristics to be
compensated, the PSS would result in a pure dantpmgie at all oscillating
frequencies. The phase compensation block provitesppropriate phase lead
characteristic to compensate for the phase lagdstwthe exciter input and the
generator electrical (air-gap) torque [6].

The figure 3.1 shows a single first-order block.piactice, two or more first-
order blocks may be used to achieve the desiredepbampensation. In some
cases, second-order blocks with complex roots Heeen used. Normally, the
frequency range of interest is 0.1 to 2.0 Hz aredphase- lead network should

provide compensation over this entire frequencgean

V.

smax

T 1
Do . st 1+ S'I;
Inpuﬁ 1 e 1—'" P l + SI"Z VPSS
O

. utput
Gain ‘Washout Led-lag v P
block block block o

Figure 3.1 Block diagram of PSS

The phase characteristic to be compensated chamiffessystem conditions;

therefore a compromise is made and a characteissicceptable for different
system conditions is selected. Generally some uodepensation is desirable
so that the PSS, in addition to significantly irase the damping torque, results
in a slight increase of the synchronizing torquiee Signal washout block serves
as a high-pass filter, with the time constd@thigh enough to allow signals
associated with oscillations i to pass unchanged. Without it, steady changes
in speed would modify the terminal voltage. It alfothe PSS to respond only to
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changes in speed. From the view point of the watshuimetion, the value of,, is
not critical and may be in the range of 1 to 2(Mse€ls.
The main consideration is that it is long enouglpdss stabilizing signals at the
frequencies of interest unchanged, but not so kbiag) it leads to undesirable
generator voltage excursions during system-islandmonditions. The stabilizer
gain determines the amount of damping introducethbyPSS.
The PSS parameters should be such that the coswstém results into the
following. [6].
1- Maximize the damping of the local plant mode ad aglinter-area mode
oscillations without compromising stability of otlraodes.
2- Enhance system transient stability.
3- Not adversely affect system performance during majstem upsets
which cause large frequency excursions
4- Minimize the consequences of excitation system unalion due to
component failure.
3.2 Power System Stabilizer Design
The basic function of a PSS is to add damping ¢ogémnerator rotor oscillations
by controlling its excitation using auxiliary stabing signal. To provide
damping, the stabilizer must produce a componemrtextrical torque in phase
with the rotor speed deviation. For the simpliatgonventional PSS is modeled
by two stage (identical), lead/lag network whiclrepresented by a galfstas
and two time constant§; and T,. This network is connected with a washout
circuit of a time constank,,.
In Figure 3.1 the phase compensation block providesappropriate phase lead
characteristics to compensate for the phase lageeet exciter input and
generator electrical torque. The phase compensaianbe a single first order
block as shown in Figure 3.1 or having two or miist order blocks or second

order blocks with complex roots.
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3.3 Power System Stabilizer Control Methods

The tuning of PSS differs based on the type oftindowever, in general tuning
of PSS consists of the following [4].

3.3.1 Power System Stabilizer Output Limiter

Set output limits so that PSS cannot move genetatarinal voltage beyond a
predetermined value. Typical range of settingsrosnf+5% to +10% of rated
generator terminal voltage. Asymmetrical limits niyemployed.

3.3.2 Protection and Alarms

The PSS output protection should be coordinated thie¢ output limiter. Since
the output limiter provides a wider range of sign#ian can be tolerated in
steady-state operation, several methods may be tosethtain security from
driving the excitation system beyond the normalrapeg limits. These methods
include voltage-sensitive switches, auxiliary tigniaircuits and limiter meters.
The voltage sensitive switch usually measures geémeterminal voltage and
disconnects the PSS signal from the excitatioresysthen the terminal voltage
exceeds a preset limit. The auxiliary timer metlisds a circuit to monitor the
PSS output level, and if the level exceeds a pias#tfor a given time, the PSS
signal is removed from the excitation system. lbtpction removes the PSS
from service an alarm should actuate.

3.3.3 Washout Filter

There is an interrelationship between the phasepeosation and the washout
time constant. Short washout time constants provatiditional phase
compensation in frequency-based PSS at the loweguéncies while
dramatically reducing the gain. A washout time ¢ansof 10 seconds or less is
recommended to quickly remove low frequency comptnébelow 0.1 Hz)
from the PSS output.
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3.3.4 Phase Compensation

Identify inter-area modes of oscillation. Measueagrator and excitation system
response without PSS. Tune PSS to provide as tdogero degrees of phase
shift as possible at the inter-area frequency eguencies. If local stability
concerns require PSS settings resulting in an-sres phase shift other than
zero, the setting shall in no case result in a@lsagt in excess of 30 degrees at
inter-area modes. The PSS provides substantiabptiaft so that the electrical
torque provided by the generator is approximatelghase with speed. The goal
is to eliminate phase lag as possible throughouida range of frequencies of
interest, and then adjust gain as outlined below.

3.3.5Gain Test
A gain as high as practicable is required for besttribution to system

damping.Since the maximum gain that is safely wsal#pends upon many
factors, it is best determined by test. The gast shall be performed under
operating conditions that result in maximum ovesgltem gain so that the true
gain margin is identified. Generally, this occurghwthe unit loaded to at least
80% of full load. If shaft torsionals are of contethe torsionals shall be
monitored during the gain test.
3.3.6 Commissioning Tests
Perform an impulse response by injecting a largaadiinto the AVR (5-10%)
and identify local mode damping. Verify local modscillation damping has
improved, or, at a minimum, has not been degraded.
3.4 Power System Stabilizer Tuning M ethods
The conflicting requirements of local and intereameode damping and stability
under both small signal and transient conditiongehked to many different
approaches for the tuning of PSSs. Methods invastijfor the tuning include

1- Fuzzy logic controller based PSS

2- State-space/frequency domain technigues,
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3- Residue compensation,

4- Phase compensation/root locus of a lead-lag P8totler,

5- Desensitization of a robust controller,

6- Pole-placement for a PID-type controller,

7- Sparsity techniques for a lead-lag controller

8- Strict linearization technique for a linear qudntraontroller.
The diversity of the approaches can be accountedbyothe difficulty of
satisfying the conflicting design goals, and eackthod having its own
advantages and disadvantages. This is the cruxegbrioblem of low frequency
oscillation damping by the application of power teys stabilizers. This
Dissertation is not intended to provide a qualmatanalysis of each of these
techniques, using Fuzzy logic controller based paystem stabilizer [6, 7].
3.5 Fuzzy Logic Controller
Fuzzy logic is a derivative from classical Booldagic and implements soft
linguistic variables on a continuous range of traifues to be defined between
conventional binary that is [0, 1]. It can often bensidered a subset of
conventional set theory. The fuzzy logic is capatdehandle approximate
information in a systematic way and therefore isusted for controlling non-
linear systems and for modeling complex systemsavhe inexact model exists
or systems where ambiguity or vagueness is comihas advantageous to use
fuzzy logic in controller design due to the followireasons:

1- A Simpler and faster Methodology.

2- It reduces the design development cycle.

3- It simplifies design complexity.

4- An alternative solution to non-linear control.

5- Improves the control performance.

6- Simple to implement.

7- Reduces hardware cost.
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FLCs are very useful when an exact mathematicalemnotl the plant is not
available; however, experienced human operatorsasadable for providing
qualitative rules to control the system. Fuzzy ¢pgvhich is the logic on which
fuzzy logic control is based, is much closer inrisgdb human thinking and
natural language than the traditional logic systeBwsically, it provides an
effective mean of capturing the approximate, inexature of our knowledge
about the real world. Viewed in this perspective essential part of the fuzzy
logic controller (FLC) is a set of linguistic coaokrrules related by dual concepts
of fuzzy implication and the compositional ruleioference. In essence, the FLC
provides an algorithm which can convert the lingaisontrol strategy based on
expert knowledge into an automatic control strat€éfgye methodology of the
FLC appears very useful when the processes aredowplex for analysis by
conventional quantitative techniques. The importané fuzzy logic derives
from the fact that most modes of human reasoningespecially common sense
reasoning are approximate in nature. In doing be, ftizzy logic approach
allows the designer to handle efficiently very cdempclosed-loop control
problems. There are many artificial intelligencehi@ques that have been
employed in modern power systems, but fuzzy logas emerged as the
powerful tool for solving challenging problems [8].

3.6 Fuzzy controller Sets

Fuzzy set, as the name implies, is a set withaurtsp boundary. The transition
from "belong to a set" to "not belong to a set"gmdual, and this smooth
transition is characterized by membership functiolse fuzzy set theory is
based on fuzzy logic, where a particular objectdaggree of membership in a
given set that may be anywhere in the range of Q.t®n the other hand,
classical set theory is based on Boolean logic,revtee particular object or

variable is either a member of a given set (logjoL it is not (logic 0) [9].
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3.7 Member ship Functions

A membership function is a curve that defines hiog/alues of a fuzzy variable
in a certain region are mapped to a membershipevalor degree of
membership) between 0 and 1. The MF maps each eterfi¥ to a membership
degree between 0 and 1 (included). Obviously, #fendion of a fuzzy set is a
simple extension of the definition of a classicaligp) set in which the
characteristic function is permitted to have anlgdetween 0 and 1.

If the value of the membership function is resatcto either 0 or 1, thef is
reduced to a classical set. For clarity, we shislb aefer to classical sets as
ordinary sets, crisp sets, non-fuzzy sets, orgess. UsuallyX is referred to as
the universe of discourse, or simply the univeese] it may consist of discrete
(ordered or non-ordered) objects or it can be dimoous space. In practice,
when the universe of discour¥eis a continuous space, we usually partition it
into several fuzzy sets whose MFs covan)a more or less uniform manner.
These fuzzy sets, which usually carry names thaifocm to adjectives

appearing in our daily linguistic usage, such asg#," "medium," or "small,"
are called linguistic values or linguistic label$wus, the universe of discourse X
is often called the linguistic variable.
The fuzzy membership not only provides for a megiuh and powerful
representation of measurement of uncertaintiesalsotprovides the meaningful
representation of vague concepts expressed inahddnguage [8].
3.8 Types of Membership Functions
The various types of membership functions are ghedow:

1- Triangular Membership Function.

2- Gaussian Membership Function.

3- Trapezoidal Membership Function.

4- Sigmoidal Membership Function.

28



5- Generalized bell Membership Function.

3.9 Fuzzy Inference Systems (FIS)

The fuzzy inference system or fuzzy system is aufapcomputing frame-work
based on the concept of fuzzy set theory, fuzzlgef: rules, and fuzzy reasoning
[6].

The fuzzy inference system basically consists @dreulation of the mapping
from a given input set to an output set using FLslaswn in Figure 3.2. The
mapping process provides the basis from whichference or conclusion can
be made. The basic structure of fuzzy inferencdesysconsists of three
conceptual components: a rule base, which contaseection of fuzzy rules; a
data base, which defines the membership functiead in the fuzzy rules; and a
reasoning mechanism which performs the inferencegature upon the rules and

given facts to derive a reasonable output or canmiu

knowledge base
Fuzzy Fuzzy

W Y
Defuzzification interface |- I Decision maling logic -l i Defuzzification mterface
F

- Controlled system (process) :
Control signal Onutput signal

Figure 3.2 Block diagram of Fuzzy logic controller
The fuzzy logic controller comprises of four priplei components: fuzzification
interface, knowledge base, decision making lognd defuzzification interface
[9].
1- Fuzzification: In fuzzification, the values of inpvariables are measured
that is converts the input data into suitable lisgga values.
2- Knowledge base: The knowledge base consists of tabase and

linguistic control rule base. The database providee necessary
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definitions, which are used to define the linguistontrol rules and fuzzy
data manipulation in an FLC. The rule base chariaet the control
policy of domain experts by means of set of lingaisontrol rules.

3- Decision making logic: The decision making logicshthe capability of
stimulating human decision making based on fuzncepts.

4- Defuzzification: The defuzzification performs scaleapping, which
converts the range of values of output variable® icorresponding
universe of discourse. If the output from the defiier is a control action
for a process, then the system is a non-fuzzy ldgaision system. There
are different techniques for defuzzification such maximum method,
height method, and centroid method.

3.10 Design of Fuzzy Logic Based Power System Stabilizer

The basic structure of the fuzzy logic controlleishown in Figure 3.3 Here the
inputs to the fuzzy logic controller are the nonzed values of error 'e' and
change of error 'ce'. Normalization is done to lithe universe of discourse of
the inputs between -1 to 1 such that the contralder be successfully operated
within a wide range of input variation. Helkg and K., are the normalization
factors for error input and change of error inagpectively. For this fuzzy logic
controller design, the normalization factors atetas constants. The output of
the fuzzy logic controller is then multiplied with gain Ko to give the
appropriate control sign&l. The output gain is also taken as a constanthier t

fuzzy logic controller [8].
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Figure 3.3 Basic Structure of Fuzzy Logic Contnolle
The fuzzy controller used in power system stahiligsnormally a two- input and
a single-output component. The two inputs are cean@ngular speed and rate
of change of angular speed whereas output of flagig controller is a voltage
signal.
3.11 Controller Design Procedure
The fuzzy logic controller (FLC) design consistdlué following steps.
1- Identification of input and output variables.
2- Construction of control rules.
3- Establishing the approach for describing sysstate in terms of fuzzy sets,
that is establishing fuzzification method and furzgmbership functions.
4- Selection of the compositional rule of inference
5- Defuzzification method, that is., transformatmfrthe fuzzy control statement
into specific control actions.
The above steps are explained with reference tyflogic based power system
stabilizer in the following section. Thus helps arstand these steps more

objectively.
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3.12 Input/output Variables
The design starts with assigning the mapped vasaibputs/output of the fuzzy

logic controller (FLC). The first input variable tbe FLC is the generator speed
deviation and the second is acceleration. The owprable to the FLC is the
voltage. After choosing proper variables as inpwut autput of fuzzy controller,
it is required to decide on the linguistic variabl@hese variables transform the
numerical values of the input of the fuzzy congolto fuzzy quantities. The
number of linguistic variables describing the fumnpbsets of a variable varies
according to the application. Here seven linguigtinables for each of the input
and output variables are used to describe themeab shows the Membership

functions for fuzzy variables [8].

Table 3.1 Membership functions for fuzzy variables

NB Negative Big

NM Negative Medium
NS Negative Small
ZE Zero

PS Positive Small
PM Positive Medium
PB Positive Big

The triangular membership functions are used toindetthe degree of
membership. Here for each input variable, seveelsahre defined namely, NB,
NM, NS, ZE as shown in Figure 3.4, Figure 3.5 amgufe 3.6, PS, PM and PB.
Each subset is associated with a triangular merhigefgnction to form a set of

seven membership functions for each fuzzy variable.
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Figure 3.4 Membership function for speed deviation
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Figure 3.5 Membership function for acceleration
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Figure 3.6 Membership function for voltage
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The variables are normalized by multiplying witlspective gain&,; K. Ko SO
that their values lie between -1 and +1. In thegstthe input variables speed
deviation and acceleration are processed by tlerente engine that executes
7*7 rules represented in rule Table 3.2 each erftityva in Table 3.2 represent a
rule. The antecedent of each rule conjuncts speedatibn Aw) and
accelerationAa) fuzzy set values.

Table 3.2 Rule base of fuzzy logic controller

Speed Acceleration
deviation| NB NM NS ZE PS PM PB
NB NB NB NB NB NM NM NS

NM NB NM NM NM NS NS ZE
NS NM NM NS NS ZE ZE PS
ZE NM NS NS ZE PS PS PM

PS NS ZE ZE PS PS PM PM
PM ZE PS PS PM PM PM PB
PB PS PM PM PB PB PB PB

The knowledge required to generate the fuzzy rabas be derived from an
offline simulation. Some knowledge can be basedhenunderstanding of the
behavior of the dynamic system under control. Farnotonic systems, a
symmetrical rule table is very appropriate, althougpmetimes it may need
slight adjustment based on the behavior of the iBpexystem. If the system
dynamics are not known or are highly nonlineagl tand error procedures and
experience play an important role in defining tbhkes. An example of the rule
is: If Aw is NS andAa is NM then U is NB which means that if the speed
deviation is negative small and acceleration isatieg medium then the output

of fuzzy controller should be negative big. The gadure for calculating the
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crisp output of the Fuzzy Logic Controller (FLC)rfesome values of input
variables is based on the following three ste[.[6,

Step 1: Determination of degree of firing (DOF) of thdast

The DOF of the rule consequent is a scalar valuehwbquals the minimum of
two antecedent membership degrees. For examplasfRS with a membership
degree of 0.6 andadis PM with a membership degree of 0.4 then the ek=gf
firing of this rule is 0.4.

Step2: Inference Mechanism:

The inference mechanism consists of two processsiduzzy implication and
aggregation. The degree of firing of a rule int&sawith its consequent to
provide the output of the rule, which is a fuzzypset. The formulation used to
determine how the DOF and the consequent fuzzynsatact to form the rule
output is called a fuzzy implication. In fuzzy legtontrol the most commonly
used method for inferring the rule output is Mamduaathod.

Step3: a mechanism called defuzzification is used.

In this example output U is defuzzified accordiogtiie membership functions
shown in Figure 4.10. Here center of gravity (C@A)centroid method is used
to calculate the final fuzzy value.

3.13 Selection of Input and Output Variable

Define input and control variables, that is, deteenwhich states of the process
should be observed and which control actions ateet@onsidered. For FLPSS
design, generator speed deviation and acceleraaonbe observed and have
been chosen as the input signhal of the fuzzy P&8.dynamic performance of
the system could be evaluated by examining theoresp curve of these two

variables. The voltage is taken as the output fifeerfuzzy logic controller.
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Chapter Four

Simulation and Results
4.1 Introduction

Power system operation is characterized by theorandariation of the load
condition, continuous change in generation sched@ad network
interconnection. Moreover, power systems are suligdifferent exogenous
disturbances such as actions of different conmmlleswitching of lines or
increasing such loads in the system. Such distedsarwill initiate low
frequency power system oscillations which shouldtesequently endangering
the overall stability of the system. Ones the lsagtiency oscillations started,
they would continue for a while and disappear, ontiue to grow causing
system separation. In modern power system operdtierlow frequency power
system oscillations initiated by disturbance hagerbone of the major concerns.
The oscillations may sustain and grow to causeesyseparation if adequate
damping is not available [4].

4.2 System Layout

Power system oscillations are a characteristic h&f $ystem and they are
inevitable. Power system oscillations are initiablsdnormal small changes in
system loads and they become much worse followiteyge disturbance. The
AVR can inject negative damping into the systerhigh power loading, leading
power factors and large tie-line reactance. Thisaled negative damping may
be eliminated by introducing a supplementary cortop known as the power
system stabilizer. The basic function of a PS® isxtend the stability limits by
modulating the generator excitation to provide dagor the rotor oscillations
of synchronous machines. The PSS can enhance mhgirdaof power system,

increase the static stability and improve the traasion capability. Two distinct
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types of oscillations are already identified: looade oscillation and inter-area

mode oscillation [3]. The system lay-out is showirigure 4.1.
PSS
FLC

APy

Classical As
flux-decay 0
ref— 7 7 AV

Figure 4.1 block diagram of system model
4.3 Power System Stabilizer (PSS)
The main function of a power system stabilizer (P$S to introduce a
component of electrical torque in the synchronouachime rotor that is
proportional to the deviation of the actual spaednfsynchronous speed. When
the rotor oscillates, this torque acts as a dampangue counter to the low
frequency power system oscillations [8].
The block diagram of power system stabilizer isvaih@n Figure 3.1

Table 4.1 parameters of power system stabilizer

Parameters Numerical Values
T, 0.154
T, 0.033
Tw 1.400
Kstag 20.00
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4.4 Power System Stabilizer Based Fuzzy Logic

The power system stabilizer is used to improvepdgrdormance of synchronous
generator. Therefore, the need for fuzzy logic R8Ses. The fuzzy controller
used in power system stabilizer is normally a tmodt and a single-output
component. It is usually a MISO system. The twauispare change in angular
speed and rate of change of angular speed whengpsit cof fuzzy logic
controller is a voltage signal. A modification @&eddback voltage to excitation
system as a function of accelerating power on & isnused to enhance the

stability of the system [9].

Fuzzy Logic lecati Kin1 Derivative
Controller acceleration
K- du/dt { 1)
Kin In1
K (2D

speed deviation In2

Figure 4.3 Diagram of Fuzzy Logic Based PSS
Table 4.2 Parameters of FLC Based PSS

parameters Numerical Values
Kin1 1.6
Kinz 29.56
Kout 1.06

4.5 Fuzzy Inference System

Fuzzy logic block is prepared using FIS file in MIMB program and the basic
structure of this file is as shown in Figure 4.AisTis implemented using
following FIS (fuzzy Inference System) properties:

And Method: Min

Or Method: Max
Implication: Min
Aggregation: Max
Defuzzification: Centroid
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Figure 4.4 Block diagram of Fuzzy Inference System

For the above FIS system Mamdani type of rule-baselel is used. This
produces output in fuzzified form. Normal systenedhéo produce precise output
which uses a Defuzzification process to convert thierred possibility
distribution of an output variable to a represemgaprecise value. In the given
fuzzy inference system this work is done using €eat Defuzzification
principle. In this min implication together witheglmax aggregation operator is
used. Given FIS is having seven input member fandor both input variables
leading to 7*7 that is 49 rules in table [8].
4.6 Excitation System
The standard IEEE type excitation system model deen considered for the
study and integrated it with the single machinenité bus system. The
excitation system parameters are taken in systedehno table below.

Table 4.4 Excitation system Parameters

Parameters Numerical Values

Ka 300

TR 0.015

39



4.7 K ConstantsValues

The values of ‘K’ constants calculated using maelparameters:

Table 4.5 K constants values

Parameters Numerical Values
K1 1.7299
K2 1.7325
K3 0.1692
K4 2.8543
K5 0.0613
K6 0.3954

4.8 Simulation M odel and Results

The performance of single machine infinite bus eayshas been studied with
field circuit and with AVR only and with conventiahPSS (lead lag) and with
fuzzy logic based PSS. The dynamic models of syimdus machine, excitation
system and conventional PSS are described. Thensyddita is given in Table
4.6.

Table 4.6 system parameters

Parameters Numerical Values
Q 0.3
P 0.9
E 1.0
F 50

X4 1.81
Xq 1.76
XL 0.00
Xe 0.65
R, 0.003
Tdc 8.0
H 3.5
W, 314
Kb 0.00
Tr 0.015
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4.9 System Evaluation with Field Circuit

In this case, the dynamic characteristics of tretesy are expressed in terms
of K constants only that are system is open lodpe d@eviation in machine
speed and angle are shown in Figure 4.5 and F6re

From the response shown in Figure 4.6 it shows ithiat taking very long

time that is more than 25 seconds to settle todgtetate. Therefore, the
performance of the system with excitation systenanslyzed to find the
suitability of the excitation system in removings$e oscillations.

x10° speed performance of the model without control
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Figure 4.5 Speed responses with field circuit

performance of the model without control

Figure 4.6 angle responses with field circuit
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4.10 Performance with Excitation System

The system performance is improved by connectingRAVhe time response
of the angular speed and angular position withtation system has shown in
Figure 4.7 and Figure 4.8.

From Figure 4.8 the response characteristic shdveé tnder damped
oscillations are resulted. The figure shows thaiag positive damping due to

the fact thak, constant is positive.

speed performance of the madel with AVR

system with AVR

speed(rpm)

angle(rad/sec)

0 2 4 [ 3 10 12 14 16 18 20

Figure 4.8 angle responses with AVR
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4.11 Performance with Conventional Power System Stabilizer

Figure 4.9 and figure 4.10 shows the variation rfudar speed and load angle
when PSS (lead-lag) is connected in the system.dkear that from the Figure

4.9 and Figure 4.10 the time response, settlinge tend overshooting are

improved compare to previous conditions. It shdlved the system is stable for
positive value oK constant.

I
H system with CPSS
08 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20
time sec

Figure 4.9 Speed responses with power systemigebil

performance of the model with CPSS
0.25 T T T T T T T
H : H system with CPSS
0 | | | | | | | | |
0 2 4 6 8 10 12 14 16 18 20

Figure 4.10 angle responses with power systemligibi
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4.12 Performance with FL C Based PSS
The model used in Simulink/Matlab to analyze théeaf of fuzzy logic

controller in damping small signal oscillations whanplemented on single
machine infinite bus system is shown in Figure 4.1.
Figure 4.11 and Figure 4.12 show that the loadeaagt speed a particular value

with very few oscillations if thy compared with tdisof Conventional power
system stabilizer.
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Figure 4.11 Speed response with fuzzy controlleedgpower system stabilizer

performance of the model with FLPSS
025 T T T T T T

: : system with FLPSS
= —
@
i}
=
il
=
E
=

I I i i I 1 I i

4 [ &) 10 12 14 16 18 20

Figure 4.12 angle response with fuzzy controllesdolbpower system stabilizer
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4.13 Comparing Performance with FL PSS and PSS

Figure 4.13 and Figure 4.14 shows the variatioangfular speed and load angle

when they compared th€onventional power system stabilizer (CPSS) and

controller based power system stabilizer

speed(rpm)

angle(rad/sec)

performance of model with FLPSS & CPSS
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Figure 4.13 Comparison of angular position betw€B%S and FLPSS
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Figure 4.14 Comparison of speed position betweedSCé#d FLPSS
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From the figure 4.14 in term of settling time thagular speed reduces to zero in
about 2.5 to 3 seconds with conventional poweresysstabilizer (CPSS), but
with fuzzy controller based power system stabilisereduces to zero in about 2
to 2.5seconds.and in term of overshoot the perfocmaf (FLPSS) 1.3rpm is
less than (CPSS) 2.6rpm. It has been seen thhtiload angle between CPSS
and FLPSS in term of overshoot the performancd=bPES) 2.2rad/sec is less
than (CPSS) 2.8rad/sec.

4.14 Response for Different Operating Conditions
Figure 4.15 and Figure 4.16 show the angular prs#it different operating
conditionsthe system without controller, using (AVR), (CP%8) (FLPSS).

performance of the model with AVR & PSS & FLPSS
04
| | \ | | | |

I
system with FLPSS
system with CPSS
system with AVR
system without contr

-------------------------------------------------------------------------------------------------------------------
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0 | | \ | | | | | |
2 4 6 8 10 12 14 16 18
time._sec

Figure 4.15 system angle responses with AVR & PS8 RSS

46



Table 4.7 comparing between shooting and settimg for angular response

Devices Settling time Overshoot
System without controller More than 20second O&kfigec
System with AVR 10 second 0.35 rad/sec
System with CPSS 3 second 0.24 rad/sec
System with FLPSS 2 second 0.22 rad/sec

10 performance of the system with FLPSS & CPSS & AVR
5
[ \ [ [ L
n 5 5 system with FLPSS
: — system with CPSS
S 1t S SR system with AVR
n H — system without control

o
i e !
I ——
e —

speed(rpm)
=
I

J L S N _

8 10 12
time.sec

Figure 4.16 system speed response with AVR & PSR RSS
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Table 4.8 comparing between shooting and settimg for speed response

Devices Settling time Overshoot
System without controller More than 20seconds dddsec
System with AVR 10 seconds 4.8 rad/sec
System with CPSS 3 seconds 2.3 rad/seq
System with FLPSS 2 seconds 1.2 rad/sec

Figure 4.15 and Figure 4.16 show the responseifi@rent operating conditions
is test the system without controller and using RAV(CPSS) and (FLPSS) the
results show that the response is coming out tosthble state with very few

oscillations thus enhancing the stability of a egstTable 4.7 and Table 4.8 are

showing the comparison of the system conditioremmtof overshot and settling

time.
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Chapter Five

Conclusion and Recommendation

1.5 Conclusion

In this dissertation work initially the effectiveseof power system stabilizer in
damping power system stabilizer is reviewed. Tlenftizzy logic based power
system stabilizer is introduced by taking speediadien and acceleration of
synchronous generator as the input signals toukeyfcontroller and voltage as
the output signal. FLPSS shows better control perdmce than power system
stabilizer in terms of settling time and dampindeetf Therefore, it can be
concluded that the performance of FLPSS is bdti@n tonventional PSS. The
choice of membership functions has an importantibgaon the damping of
oscillations. However, the performance of FLPSShwirtangular membership
functions is superior compared to other members$hnetions and using the
triangular membership function.

2.5 Recommendation

Having gone through the study of fuzzy logic ba&&sl5 (FLPSS) for single
machine infinite bus system, the scope of the vi®rk

1. The fuzzy logic based PSS (FLPSS) can be extemdemulti machine

interconnected system having non-linear industaatls which may introduce
phase shift.

2. The fuzzy logic based PSS with frequency as tinparameter can be
investigated because the frequency is highly seasih weak system, which
may offset the controller action on the electricafjue of the machine.

3. Testing using more complex network models caodbaed out.
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