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ABSTRACT

This book introduces a new topology, yet simple and
efficient, for a grid-connected wind-photovoltaic (PV)
cogeneration system. A permanent magnet synchronous
generator-based full scale wind turbine is interfaced to
the utility-grid via back-to-back (BtB) voltage-source
converters (VSCs). A PV solar generator is directly
connected tothe dc-link capacitor of the BtB VSCs. No
dc/dc conversion stages are required, and hence the
system efficiency is maximized. The proposed topology
features an independent maximum power point tracking
for both the wind and the PV generators to maximize the
extraction of the renewable energy. The regulation of the
VSCs is achieved via the vector control scheme in the
rotating reference frame. The detailed small signal
models for the system components are developed to
investigate the overall stability. The influence of the
utility-grid faults on the performance of the proposed
system 1s also evaluated. Nonlinear time-domain
simulation results under different operating conditions
are presented to validate the effectiveness of the
proposed topology.






CONTENTS

CHAPTER 1: INTRODUCTION......cccvrrrnrrrssrnnnsnssssnnesananns 1
1.1, LITERATURE SURVEY .....ccovrrerrnrerrnnetnnesessssssssssssssssssssssssenes 3
1.2, OUTLINE OF THE PROJECT .....coetrunrrenrrensrnnnsnssssnnssnsssnsssenns 28

CHAPTER 2: BLOCK DIAGRAM AND COMPONENTS. 30

2.1. SOLAR PANEL ....ccovviinntriiiiinsssnnnienennssnnnnsssesnsssssssssseenssnes 30
2.2, MAXIMUM POWER POINT TRACKING .......cccovumrnerrrnicsssannnnens 49
2.3. INTRODUCTION TO WIND ENERGY .....ccceevriiinnnnnneennssssssnnnnnnns 58
2.4, PERMANENT MAGNET SYNCHRONOUS MACHINE (PMSM).... 61
2.5. BACK-TO-BACK CONVERTERS .......cccccumreirriisiinnnnneennssssssnnnnnens 64
2.6. FILTERS.....cottiiittiniiiiinisnnnniinenssssnnnssesesssssssssssssssssssssssssens 70
2.7. CONTROL UNIT...cuuuiiiiiiiriiisssnnnninesnnssssssnsnseennsssssssssssssssssssssnns 72
CHAPTER 3: MODELLING .......ccsmnmnmmsnmsnmsnssssssssssssssnsans 80
3.1. WIND GENERATOR......cettiiriiiinnnniinininsnnnniseesnsssssssseeesees 81
3.2, MACHINE-SIDE VOLTAGE SOURCE RECTIFIER (VSR)............... 82
3.3. PHOTOVOLTAIC GENERATOR .......cuuuumrieieinisisnnnnneennsssssnnnnnens 83
3.4. GRID-SIDE VOLTAGE SOURCE INVERTER (VSI).....cccocerrrueeruneen. 84
3.5. DC-LINK VOLTAGE CONTROL .......ccccvuumminierniiissnnnnneennssssssannnnens 86
3.6. REGULATION OF THE PCC UTILITY-GRID VOLTAGE................. 87

CHAPTER 4: DEVELOPMENT OF

SIMULINK MODEL .......cconrrirninnsnnmnnsssssssssssssssssasssssasans 89
4.1.  SIMULINK MODEL DEVELOPMENT..........ccovuerrunrrnnssnnnsnansens 89
4.2.  MPPT ALGORITHM......ccoetrertrenrrentnsssensssssssssssssnssssssssssssees 91

CHAPTER 5: SIMULATION RESULTS
AND ANALYSIS ..o 95

CHAPTER 6: ADVANTAGES........csmsmmsmnmsnmsnmsemssnssnssnnsens 98
CHAPTER 7: CONCLUSION ....ccccnmnmmmmmsmmmmnmsssssnssssssnsns 99



CHAPTER 8: REFERENCES..........conmnmnmiminmsnnnsnnnnnns
CHAPTER 9: APPENDIX.....cccocmnmnmmmmsnmsmnsnnsssnsssssssssnsinns



