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ABSTRACT 

Research in.the past several years has shown that the theory 

of variable structure systems (VSS) provides a powerful approach 

to control system synthesis. Of particular interest is the speci-

fic form of motion - the so-called sliding mode, which is characte-

rized by the motion of the system along the intersection of surfa-

ces containing points of discontinuity of the control functions. 

By introducing sliding mode one can achieve stabilization, dis-

turbance rejection and low sensitivity to plant parameter varia-

tions. 

The present thesis is aimed at providing new results on the 

design and evaluation of power system stabilizer using VSS theory. 

The main objective of the thesis is to study the applicability of 

the stabilizer through extensive digital computer simulation ani 

practical implementation on a laboratory micromachlne using a 

microprocessor. 

The basic theory of variable structure systems is presented 

and the methods for constructing switching surfaces are described. 

The variable structure stabilizer and multivariable variable struc-

ture stabilizer have been designed by a geometric approach using 

linear models of the system. The effectiveness of these stabili-

zers has been evaluated through computer simulation (ICL 2960) 

using a detailed nonlinear model of the power system. The results 

presented in this thesis have shown that the stabilizers designed 



iv 

by the VSS theory provide improved damping of the system oscilla-

tions. The sensitivity studies were also conducted to test the 

parameter insensitivity of the variable structure systems in the 

sliding mode. 

A micromachine system has been developed to implement the 

variable structure stabilizer using en Intel 8085A microprocessor. 

The hardware and software for the instrumentation and control have 

been developed and tested. Microprocessor-based methods have been 

used for the measurement of the rotor angle and machine speed. 

A transmission line fault application unit has also been deve-

loped to simulate disturbances in the system. 

The variable structure stabilizer has been implemented on 

the micromachine system and experiments were conducted by apply-

ing large disturbances such as a three-phase shar‘circuit and 

line switching. The elperimental results obtained are reported 

in this thesis. For the sake of comparison a speed-based stabi-

lizer has also been implemented. It is shown that the system is 

oscillatory with AVR alone, but the oscillations are damped out 

fast with the introduction of stabilizing signals. The rotor 

angle response with variable structure stabilizer is better than 

that obtained using speed-based stabilizer. The terminal voltage 

recovery with variable structure stabilizer is acceptable. 	By 

conducting sensitivity tests, it has been demonstrated that the 

performance of the system is less sensitive to parameter varia-

tions with variable structure stabilizer. The results of the 



experimental studies confirm the theoretical predictions. 

For the sake of completion proper background material, 

review and suggestions for further work in this area are 

included in this thesis. 



CONTENTS 

Certificate' 

Acknowledgement 

Abstract 

Contents 

List of Figures 

List of Principal Symbols 

List of Abbreviations 

CHAPTER I STABILIZATION OF SYNCHRONOUS MACHINES : 
OVERVIEW AND SCOPE OF THESIS 

1.1 Introduction 	 1 

1.2 Stabilizer Design Techniques 	3 

1.2.1 Classical, techniques 	4 

1.2.2 Modern control theory 	5 

1.2.2.1 Linear optimal control (LAC) 5 
1.2.2.2 Multivariable frequency 	6 

response methods 

1.2.3 Adaptive control and self-tuning 	6 
regulators 

1.2.4 Variable structure systems (VSS) 	7 

1.3 Stabilizer Performance Evaluation 	8 

1.3.1 Computer simulation studies 	9 

1.3.2 Implementation studies 	11 

1.4 Scope of the Thesis 	13 

Page 

vi 

vi 

XX 

vi 



vii 

Page 

CHAPTER II VARIABLE STRUCTURE SYSTE4S THEORY : 17 
A. REVIEW 

2.1 Introduction 17 

2.2 Sliding Mode in Variable Structure 18 
Systems 

2.2.1 Fundamental concepts of 18 
VSS theory 

2.2.2 Second-order example 19 

2.3 Existence of the Sliding Mode 23 

2.4 Construction of Switching Hyperpiftes 27 

2.4.1 The method of Utkin and Yong 27 

2.4.2 Projector theory and VSS design 29 

2.4.2.1 Projectors 30 
2.4.2.2 Construction of switching 

hyperplanes using projector 
theory 

31 

2.5 Switching of GEd.nsin a Multi-input VSS 34 

2.6 	Conclusion 35 

CHAPTER III VARIABLE STRUCTURE STABILIZER DESIGN 36 

3.1 Introduction 36 

3.2 Nonlinear System Model 37 

3.3 A Fourth-order State-space Model 40 

3.4 Design of Stabilizers 44 

3.5 Transient Stability Studies 47 

3.5.1 Three-phase short-circuit 49 

3.502 Line switching 52 



Page 

3.6 Mativariable Variable Structure 	52 
Stabilizer 

3.6.1 A turboalternator model with 	57 
exciter and governor inputs 

3.6.2 Design of a multivariable variable 
structure stabilizer 

3.6.3 Simulation results for multivariable 61 
control 

3.7 Conclusion 	 61 

CHAPTER IV HARDWARE DEVELOPMENT FOR INSTRUMENTATION AND 
CONTROL 

4.1 Introduction 	 66 

4.2 Micromachine Systak 	68 

4.2.1 Micromachine 	 68 

4.2.2 Time-constant regulator and 	69 
automatic voltage regulator 

4.2.3 DC motor drive 	 70 

4.3 Transmission Line Model 	 75 

4.4 Instrumentation Hardware 	 79 

4.4.1 Measurement of rotor angle 	79 

4.4.2 Speed measurement 83 

• 4.4.3 Measurement of instantaneous 	84 
voltages and currents 

4.4.4 Digital to analog converter circuit 99 

4.5 Single-Board Microcomputer 	89 

4.6 Performance Tests 	93 

6.7 Conclusion 	 94 



CRAFTER 

Page 

V SOFTWARE FOR INSTRUMENTATION 96 

5.1 	Introduction 96 

5.2 	Program for Data Acquisition 96 

5.2.1 Measurement of voltages and 
currents 

97 

5.2.2 Rotor angle measurement 97 

5.2.3 Speed measurement 99 

5.3 	Computation. of Electrical Quantities 101 

5.3.1 Terminal voltage 	' 103 

5.3.2 Current 103 

5.3.3 Active power 103 

5.3.4 Reactive power 107 

5.4 	Important Secondary Subroutines 1.07 

5.4.1 Signed multiplication 107 

5.4.2 Signed division 110 

5.4.3 Square root of a 16-bit number 1.10.  

5.4.4 First-order filter 112 

5.4.5 Display routine 1.12 

5.5 	Other Subroutines 116 

5.5.1 Initialise subroutine 116 

5.5.2 Wait subroutine 116 

5.5.3 Conversion subroutine ' 116 

5.5.4 Subroutine to get 2's complement 116 

5.5.6 Data acquisition subroutine 117 

5.6 	Conclusion 11? 



REFERENCES 

APPENDIX I 

APPENDIX IT 

APPENDIX III 

APPENDIX IV 

APPENDIX V 

CHAPTER VII 

CHAPTER VI PRACTICAL IMpLEMENTATION OF VARIABLE 
STRUCTURE STABILIZER.  

6.1 Introduction 

6.2 Implementation Software 

6.2.1 The main program 

6.2.2 Stabilizer software 

6.3 Experimental Results and Discussions 

6.3.1 Three-phase short-circuit 

6.3.2 Line switching 

6.3.3 Sensitivity studies 

6.4 Conclusion 

6.2.2.1 Variable structure 
stabilizer 

6.2.2.2 Speed-based stabilizer 

118 

119 

119 

121 

121 

123 

126 

126 

128 

132 

132 

136 

136 

137 

140 

142 

Generator 	155 

157 

160 

Circuits 	161 

166 

SUMMARY AND SUGGESTIONS FOR FURTHER WORK 

7.1 Introduction 

7.2 Summary of Results 

7.3 Suggestions for Further Work 

Page 

118 

Park's Equations of a Synchronous 

Parameters of the Linear Model 

Micromachine System Parameters 

Data of Some Important Integrated 

Software for Arithmetic Operations 


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

