
Table of contents

List of figures xxi

List of tables xxvii

List of symbols xxix

1 Introduction 1

1.1 Motivations behind the work . . . . . . . . . . . . . . . . . . . . . . . . 1

1.2 Scientific contributions of the work . . . . . . . . . . . . . . . . . . . . 2

1.3 Recent trends in off-grid/ distribution generation . . . . . . . . . . . . . 3

1.4 Recent trends in Wind Energy Conversion System (WECS) . . . . . . . . 5

1.4.1 WECS in off-grid . . . . . . . . . . . . . . . . . . . . . . . . . . 6

1.4.2 Application and usage . . . . . . . . . . . . . . . . . . . . . . . 7

1.5 Rooftop Wind Energy Conversion System (RWECS) . . . . . . . . . . . 8

1.5.1 Choices of the Wind Turbine . . . . . . . . . . . . . . . . . . . . 10

1.5.2 Choices of the Wind Generator . . . . . . . . . . . . . . . . . . . 11

1.5.3 Choices of the Power Conditioning Unit . . . . . . . . . . . . . . 24

1.6 Plan for work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33

1.7 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

2 Voltage regulation in the proposed RWECS 35



xviii Table of contents

2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35

2.2 Electrically excited Variable Flux Permanent Magnet Machine (EE VFPM) 39

2.2.1 Series-flux EE VFPM: . . . . . . . . . . . . . . . . . . . . . . . 39

2.2.2 Parallel-flux EE VFPM . . . . . . . . . . . . . . . . . . . . . . . 41

2.3 Mechanical Excited VFPM (ME VFPM) . . . . . . . . . . . . . . . . . . 43

2.3.1 Altering air-gap length . . . . . . . . . . . . . . . . . . . . . . . 44

2.3.2 Misalignment of rotors and stators . . . . . . . . . . . . . . . . . 44

2.3.3 Varying path of leakage flux . . . . . . . . . . . . . . . . . . . . 47

2.4 Selection of field weakening technique in the proposed RWECS . . . . . 49

2.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

3 Fabrication of Dual-Stator Axial-Flux Permanent Magnet Synchronous Gen-

erator 51

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

3.2 Design of Dual-stator Axial-Flux Permanent Magnet Synchronous Gener-

ator (DSAF PMSG) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.2.1 Stator design . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

3.2.2 Rotor design . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

3.2.3 Assembly of the machine . . . . . . . . . . . . . . . . . . . . . . 65

3.3 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

4 Design of the experimental setup of proposed RWECS 69

4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

4.2 Wind Turbine Emulator . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

4.2.1 Modelling of wind turbine emulator . . . . . . . . . . . . . . . . 71

4.2.2 DC-motor drive . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

4.3 Power conditioning unit . . . . . . . . . . . . . . . . . . . . . . . . . . . 78



Table of contents xix

4.4 Generator loading . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

4.5 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 80

5 Stability study of the proposed controller 81

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.2 Transfer function model of proposed RWECS . . . . . . . . . . . . . . . 81

5.3 Time-domain stability analysis . . . . . . . . . . . . . . . . . . . . . . . 88

5.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

6 Experimental results and discussions 91

6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

6.2 Effect of the proposed controller on the performance of the wind generator 92

6.3 Performance of the proposed RWECS under variable wind conditions and

constant load . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

6.4 Performance of the proposed RWECS under constant wind and variable load108

6.5 Low-voltage-ride-through (LVRT) capability of the system . . . . . . . . 112

6.6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 117

7 Solar-Wind hybrid Roof-top wind energy conversion system 121

7.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 121

7.2 Control strategy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123

7.2.1 Case 1: Extracted Wind Power Greater than Load Demand . . . . 126

7.2.2 Case 2: Extracted Wind Power Less than Load Demand . . . . . 127

7.2.3 Case 3: Extracted Wind Power and Solar Power Less Than Load

Demand . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 127

7.3 Results and discussions . . . . . . . . . . . . . . . . . . . . . . . . . . . 128

7.3.1 Extracted wind power higher than load demand . . . . . . . . . . 129

7.3.2 Extracted wind power less than load demand . . . . . . . . . . . 129



xx Table of contents

7.4 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

8 Conclusion and Future Scope 135

8.1 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

8.2 Future Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

References 141

Appendix A Wind turbine emulator 157

A.1 Step-by-step process of DC-motor drive . . . . . . . . . . . . . . . . . . 157

A.2 WTE parameters . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 158

A.2.1 Design parameters of WTE . . . . . . . . . . . . . . . . . . . . . 158

A.2.2 PI Controller Parameters . . . . . . . . . . . . . . . . . . . . . . 158

Appendix B Routh-Hurwitz table 159

Appendix C Solar Energy conversion system 161

Appendix D Publications 163


