
Table of Contents

Preface

Names and Affiliations of all the Contributors

Table of Contents

Part I: Fundamentals

CHAPTER 1: ENERGY HARVESTING MATERIALS

1. Brief History of Energy Harvesting 2

2. Basics of Piezo- , Pyro-, and Ferroelectricity 5

3. Materials for Energy Harvesting 16

4. Analysis for the Harvested Power 32

5. Summary 33

References 34

CHAPTER 2: ELECTROMECHANICAL MODELS FOR ENERGY
HARVESTING SYSTEMS

1. Introduction 2. Modeling of Mechanical Structures with Piezoceramics 40

3. Equivalent Circuit Model for Piezoelectric Systems 43

4. Modeling the Electromechanical Coupling of Piezoelectric Bimorphs 46

5. Experimental Parameter Identification 52

6. Conclusions, References 54

Chapter 3: VIBRATION THEORY AND DESIGN OF
PIEOELECTRIC ENERGY HARVESTING STRUCTURES

1. Introduction, 2. Design of Piezoelectric Energy Harvesting Devices 58

3. Theory of Piezoelectric Structural Vibration 60

4. System Governing Equations of the Cantilever Structure 65

5. Results and Analysis for the Piezoelectric Cantilever 70

6. Conclusions 76

References 77

CHAPTER 4: ENERGY FLOW ANALYSIS IN PIEZOELECTRIC
HARVESTING SYSTEMS

1. Background 82

2. Mechanical-to-Mechanical Energy Transfer 85

3. Mechanical-Electrical Energy Transduction 87

4. Electrical-to-Electrical Energy Transfer 95

5. Summary of the Total Energy Flow 98

6. Conclusions,References 99

Energy Harvesting with Piezoelectric and Pyroelectric MaterialsEnergy Harvesting with Piezoelectric and Pyroelectric MaterialsEnergy Harvesting with Piezoelectric and Pyroelectric MaterialsEnergy Harvesting with Piezoelectric and Pyroelectric Materials
ISBN(softcover): 978-0-87849-159-9     ISBN(eBook): 978-3-03813-658-3



CHAPTER 5: CONVERSION ENHANCEMENT FOR ENERGY
HARVESTING

1.Introduction. 2.Modeling and Nonlinear Conversion Enhancement Principles 102

3.Application to Energy Harvesting: SSH Techniques 105

4.Extension of the Nonlinear Energy Harvesting Principles 112

5.Implementation Considerations 116

6.Conclusions References 118

Part II: Applications and Case Studies.

CHAPTER 6: ENERGY HARVESTING FOR SMART
MINIATURIZED SYSTEMS

1. Introduction 2. Principles of Harvesting from Vibrations 122

3. Designs for the Piezoelectric Microharvesting 125

4. Nanomaterials for Piezoelectric Microharvesting 131

5. Examples of Piezoelectrically Powered Smart Systems 135

6. Conclusions References 138

CHAPTER 7: ENERGY HARVESTING FROM A LOW FRQUENCY
POWER SOURCE

1. Background 144

2. Approaches for Low Frequency Energy Harvesting 145

3. Low Frequency Energy Harvesting with PVDF 148

4. Conclusions References 157

CHAPTER 8: WASTE HEAT TO HIGH VOLTAGE ELECTRICITY

1. Introduction 160

2. Pyroelectric Copolymers 161

3. Principle of Pyroelectric Conversion 166

4. Experimental Work 169

5. Economics and Technologies Comparison 189

6. Conclusions 193

7. Appendix 194

References 195

CHAPTER 9: ENERGY HARVESTING PRODUCTS AND
FORECAST

1. Introduction 2. Review of Commercial Devices 198

3. Piezoelectric Energy Harvesters in Research 207

4. Conclusions 213

5. Future of Piezoelectric Energy Harvesting 216



References


	Table of Contents

