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ABSTRACT

Power system stability is primarily divided into two categories of rotor angle
stability and voltage stability. The former type of stability basically deals with the
ability of power system and its related controls to maintain its state of equilibrium
under normal condition and to remain within some margin of equilibrium under
disturbed conditions of the system. The low frequency oscillations which are
witnessed following any perturbed system condition in the form of small or large
disturbances can be suitably damped with the help of excitation control. The damping
performance can be further improved if the auxiliary control signals derived through
Power System Stabilizer (PSS) are added to the excitation system. However, proper
tuning of PSS is necessary for obtaining a good damping performance. Due to
limitations of conventional tuning methods, more recently intelligent optimization
methods like Genetic Algorithm (GA), Tabu Search, Particle Swarm Optimization
(PSO) etc are applied for tuning the controller parameters of several PSS present in
multimachine power systems. In this thesis, a recently proposed global search
algorithm known as Bacterial Foraging Algorithm (BFA), based on the principle of
foraging patterns of E.coli bacteria inside human intestine, is applied to tune the
parameters of nine numbers of PSS present in the 10 machine, New England power
system. Both in terms of optimization accuracy and damping performance, the BFA
tuned PSS was found out to be better than conventionally tuned and GA tuned PSS.

With the advent of Flexible AC Transmission systems (FACTs) devices,
considerable research has been made on their applicability for improving power

system stability. Thyristor Controlled Series Capacitor (TCSC), a series connected
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FACTs device has been found to give good damping performance to the power
system oscillations, particularly to the low frequency inter-area modes. However,
when both TCSC and PSS are simultaneously operating, their damping controllers
should act in unison instead of interacting adversely with each other. For this purpose,
this work focuses on tuning their respective controller parameters in a coordinated
manner with a common objective of improving the overall damping to the system.
Recently, a hybrid algorithm known as Bacterial Swarm Optimization Algorithm
(BSOA) which combines the swarming strategy adopted in PSO is proposed to
improve the optimization accuracy compared to BFA. In this thesis, BSOA is applied
for tuning the parameters of PSS and TCSC, the damping scheme so obtained was
found to be giving better damping performance compared to BFA tuned PSS and
TCSC controllers.

This thesis also focuses on optimal allocation of the steady state settings of its
reactive power sources like On Load Tap Changing (OLTC) transformer taps, PV-bus
voltages and TCSC reactance with an aim to improve the Voltage Stability Limit
(VSL) of the system with reduced real power loss. At these tuned settings the
damping controllers of PSS and TCSC are tuned so that the overall damping of the
system can be improved along with the additional advantage of having improved
VSL.

Another aspect of stability which deals with the oscillatory kind and explained by
Bifurcation Theory is also addressed in this thesis. One or more of the critical modes
of the power system may witness a kind of bifurcation known as Hopf Bifurcation,
when there is a slow increase in the load or any other parameter of the system. It has

been reported in some literature that, such oscillatory instability can also occur due
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improper settings of the generators’ excitation system. This thesis, tunes the
parameters of PSS and TCSC by optimizing a properly formulated objective function
to maximize the load in the system before HB is witnessed. For the purpose of
optimization, BFA is applied and it was found that the tuned PSS and TCSC
controllers improve the margin before HB is seen.

To address the issues of limitations of tuned fixed gain controllers in its
performance with change of operating conditions, this thesis also proposes a novel
Interval Type-2 Fuzzy Logic controlled TCSC (IT2TCSC). The Type-2 fuzzy control
system is a novel fuzzy control system where the members of consequent set are
interval sets (vary in a range) instead of being crisp control action as in the case of
conventional fuzzy control systems. This uniqueness of Interval Type-2 fuzzy control
systems resolves the problem of rule uncertainties found in the case of conventional
type-1 fuzzy control systems. Unlike all the fixed gain damping schemes, the
proposed IT2TCSC controller has been found to stabilize the oscillations in the

system even when the system is operating at stressed condition.

v



CONTENTS

LIST OF FIGURES

1. INTRODUCTION

1.1  GENERAL
1.1.1 Definition of Power System Stability
1.1.1.1 Rotor Angle Stability
1.1.1.2  Voltage Stability
1.1.2  Power System Modeling for Stability Analysis
1.1.2.1 The Generator and Excitation system Model
1.1.2.2 Power System Stabilizer
1.1.3  Flexible AC Transmission Systems Devices
1.1.4 Stability Analysis of Power Systems
1.1.4.1 Large perturbation Analysis
1.1.4.2 Small perturbation Analysis
1.2 LITERATURE REVIEW
1.3 OBJECTIVE OF THE PROPOSED WORK

1.4 ORGANIZATION OF THE THESIS

2. TUNING OF POWER SYSTEM STABILIZERS (PSS)
TO IMPROVE POWER OSCILLATION DAMPING IN
MULTIMACHINE POWER SYSTEM

2.1 INTRODUCTION

Page No.

(i-1x)

11

12

12

15

19

20

30

2.2 MULTIMACHINE POWER SYSTEM STABILITY ANALYSIS 31



23

24

2.5

2.6

2.7

221

222

223

224

SMALL SIGNAL STABILITY OF PSS BASED TEST SYSTEM

Multimachine Power System Stability
Dynamics of multimachine power system with PSS
Structure of PSS

Test System

PROBLEM FORMULATION

OPTIMIZATION METHODS

2.5.1

252

253

254

Bacterial Foraging Algorithm: Overview
Bacterial Foraging Algorithm: The Flowchart
Genetic Algorithm

Successive Linear Programming

SIMULATION AND RESULTS

2.6.1

2.6.2

2.63

2.64

2.6.5

2.6.6

2.6.7

Preliminary Test

Tuning of PSS with Successive Linear Programming
Tuning of PSS with Genetic Algorithm

Tuning of PSS with Bacterial Foraging Algorithm
Nonlinear Time Domain Simulations

2.6.5.1 Small Perturbations created in the system
2.6.5.2 Large Perturbations created in the system
PSS Tuning with DC1A Excitation system

Time domain simulation with BFNPSS

DISCUSSION

32

35

37

37

38

41

44

44

46

49

50

51

51

53

54

58

61

66

82

83

86



COORDINATED TUNING OF POWER SYSTEM STABILIZER
WITH THYRISTOR CONTROLLED SERIES CAPACITOR
(TCSC) TO IMPROVE DAMPING OF MULTIMACHINE
POWER SYSTEMS

3.1 INTRODUCTION 87
3.2 BACTERIAL SWARM OPTIMIZATION ALGORITHM (BSOA) 89
3.3 PROBLEM FORMULATION 93
3.4  COORDINATED TUNING OF PSS AND TCSC
CONTROLLERS 94
3.4.1 TCSC Structure and its Model 94

3.4.2  Incorporation of TCSC in the dynamics of Power system 98

3.5 SIMULATION AND RESULTS 100
3.5.1 Tuning of PSS with BSOA (BSPSS) 100

3.5.2  Damping Performance of BSPSS 101

3.5.3  Simultaneous tuning of PSS and TCSC with BSOA 103

3.5.4  Time domain performance of BSPSSTCSC 106

3.5.4.1 Small Perturbations created in the system 107

3.5.4.2 Large Perturbations created in the system 109

3.5.5 PSS and TCSC Tuning with DC1A Excitation system 123
3.5.6  Time domain simulation with BSNPSSTCSC 124

3.6  DISCUSSION 126

COORDINATED TUNING OF PSS AND TCSC TO IMPROVE
DAMPING IN MULTIMACHINE POWER SYSTEM WITH
OPTIMIZED STEADY STATE REQUIREMENT

4.1 INTRODUCTION 127

42  OPTIMAL POWER FLOW PROBLEM FORMULATION 129

A1



4.3

4.4

4.5

4.6

4.7

OPF FORMULATION CONSIDERING VOLTAGE STABILITY
LIMIT

CONTINUATION POWER FLOW: A BRIEF OVERVIEW
4.4.1 Predictor Step

442  Corrector Step

METHODOLOGY FOR TEST SYSTEM

4.5.1 Optimizing the settings of OLTC taps, PV-bus voltage
and TCSC reactance

4.5.2  Optimizing the controller parameters of PSS and TCSC
SIMULATION AND RESULTS

4.6.1 Optimization of OLTC taps, PV-bus voltages
and TCSC Reactance

4.6.2  Tuning of PSS and TCSC damping controllers

4,63  Performance of different controllers through
time domain simulations

4.6.3.1 Small Perturbations created in the system
4.6.3.2 Large Perturbations created in the system

4.6.4 PSS and TCSC controller tuning with
DCI1A Excitation system

4.6.4.1 Tuning of PSS parameters at optimized steady
state settings of OLTC taps and PV-bus voltages

4.6.4.2 Tuning of PSS parameters at optimized steady
state settings of OLTC taps and PV-bus voltages
and TCSC reactance

4.6.4.3 Time domain simulations with
PSSPN and PSSTCSCPN

DISCUSSION

VI

129

131

131

133

134

134

135

135

136

143

145

145

149

156

156

156

158

161



COORDINATED TUNING OF PSS AND TCSC TO IMPROVE
HOPF BIFURCATION MARGIN IN MULTIMACHINE POWER
SYSTEM

5.1 INTRODUCTION 162
52  BIFURCATION IN POWER SYSTEM 163
5.2.1 Saddle Node Bifurcation 164
5.2.2  Limit Induced Bifurcation 164
5.23  Hopf Bifurcation 164
5.3  MODELING OF AVR FOR BIFURCATION STUDIES 166

54  THE OPTIMIZATION PROBLEM AND METHODOLOGY 168

5.4.1 Formulation of the Objective Function 168
5.4.2 Methodology of optimization 169
5.5  SIMULATION AND RESULTS 170
5.5.1  Tuning of controller parameters of PSS (BFBPSS) 170

5.52  Tuning of PSS and TCSC controllers (BFBPSSTCSC) 172
5.5.3 Time domain analysis of different PSS and TCSC schemes178

5.6  DISCUSSION 184

DESIGN OF NON-LINEAR IT2 FUZZY CONTROLLER FOR
TCSC TO IMPROVE DYNAMIC AND TRANSIENT
STABILITY OF POWER SYSTEM

6.1 INTRODUCTION 185
6.2 FUZZY CONTROL SYSTEM 187

6.2.1 Fuzzification 188



6.2.2  Rule Creation and Inferences
6.2.3  Defuzzification
6.3 INTERVAL TYPE-II FUZZY CONTROL SYSTEM
6.4  UNCERTAINTY BOUND TYPE REDUCTION: PROOF
6.5 IT2FUZZY CONTROL SYSTEM FOR TCSC
6.6 PERFORMANCE OF IT2TCSC
6.6.1 Small Perturbation Cases
6.6.2  Large Perturbation Cases

6.7  DISCUSSION

7. CONCLUSIONS

REFERENCES
APPENDIX

LIST OF PUBLICATIONS

BIO-DATA

188

190

190

195

205

206

206

210

223

224

227

241

242

243



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13

