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ABSTRACT 

Sensorless speed control in induction motor drives is a new emerging field offering 

many benefits over traditional methods. The thesis examines a method of improving 

the performance of sensorless speed control systems using a double algorithm 

approach. The rotor slot harmonics are used to determine the speed of an induction 

motor. This is possible as the rotor slots produce slot harmonics in the airgap field, 

which modulate the stator flux linkage at a frequency proportional to the rotor speed. 

This method, however, has limitations, at low revolutions the harmonics cannot be 

detected. An empirically derived formula is used to determine the speed of rotation in 

the speed range where the rotor slot harmonics cannot be used. The rotor slot 

harmonics are located and the empirical formula determined for a given 0.33HP 

induction motor. The final proposed system uses both mentioned methods and is 

simulated to determine the theoretical performance. The speed detection algorithm 

using the rotor slot harmonics is also implemented, with good results. 



DECLARATION 

I declare that this is my own work. It is being submitted for the degree of master of 

technology in information engineering at Massey University. It has not been submitted 

before for any degree in any other university. 

11 



I would like to dedicate this thesis to the Lord, who has given me inspiration and 

direction throughout the project. Also to my wife, Kaaren, who has supported me all 

the way. 

111 



PREFACE 

The research was undertaken in order to fulfill the requirements for the master of 

technology degree in information engineering. The research undertaken was aimed at 

finding methods of improving on existing sensorless speed control techniques. I wish 

to thank the Eastern Institute of Technology for funding the research undertaken, as 

well as the supervisors Ibrahim Al-Bahadly and Subhas Mukopadhyay who contributed 

towards the completion of the research. 

IV 



CHAPTER! 

INTRODUCTION 

CHAPTER2 

SIGNIFICANT PRIOR RESEARCH 

CONTENTS 

1 

2. Speed Estimation Methods Investigated 3 

2.1 Speed Measurement Using Machine Harmonics 3 

2.2 Spectral Analyses 7 

2.3 Signal Injection Techniques 7 

2.4 Model Reference Adaptive Systems (MRAS) 8 

2.5 Observer Based Systems 10 

(I) Adaptive Observers 10 

(II) Sliding Observers 11 

2.6 Kalman Filter 12 

2.7 Neural Network Based Speed Estimation 12 

2.8 Conclusion 13 

CHAPTER3 

RESEARCH METHODOLOGY 

3. Summary 

3 .1 Introduction 

3 .2 Rotor Slot Harmonic Theory 

3.3 Equipment and Procedures 

3 .4 Oscilloscope Measurements 

3.5 Experimental Methodology 

3.5.1 Empirical Formula 

3.5.2 Harmonic Isolation Method 

3.6 Parameter Variations and Accuracy 

V 

15 

15 

16 

17 

18 

18 

18 

19 

21 



CHAPTER4 

EXPERIMENT AL RES UL TS 

4. Empirical Results 

4.1 Speed Equation 

4.2 Rotor Slot Harmonic Results 

4.3 Low Speed Rotor Harmonics 

4.4 Speed Calculation 

4.5 Conclusion 

CHAPTERS 

SIMULATION 

5. Introduction 

5 .1 Harmonic Detection 

5 .1.1 Phase Locked Loop Principle 

5 .1.2 Phase Locked Loop Design 

5.1.3 Phase Locked Loop Simulation 

5.1.4 Phase Locked Loop Results 

5 .2 Speed Estimation Algorithm 

5.2.1 Frequency Counter 

5.3 Empirical Formula 

5.4 System Model 

5.5 Conclusion 

CHAPTER6 

IMPLEMENTATION 

6. Summary 

6.1 Phase Locked Loop 

6.2 Basic Stamp 2 

6.3 Results 

6.4 Harmonic Detection Circuit 

6.5 Basic Stamp 

6.6 Conclusion 

VI 

22 

23 

25 

26 

27 

28 

29 

29 

29 

30 

31 

33 

33 

34 

35 

35 

36 

37 

37 

38 

38 

39 

40 

41 



CHAPTER 7 

DISCUSSION AND CONCLUSIONS 43 

REFERENCES 45 

APPENDIX A 48 

APPENDIXB 50 

vii 




