
Table of Content

1. Introduction 1

2. Metamaterial Architecture 4

3. Numerical Model and Validation 7
3.1. Generalized Hamilton’s principle for a piezoelectric energy harvester . . . . . 7
3.2. Finite Element Model for Piezoelectric Beams . . . . . . . . . . . . . . . . . 8
3.3. State space formulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.4. Bloch theorem . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16
3.5. Bandgap identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19
3.6. Numerical Validation Approach . . . . . . . . . . . . . . . . . . . . . . . . . 21

4. Bandgap and its relation with the wave vector 26
4.1. Bandgap Location - Case 1: Types I and IV unit cells . . . . . . . . . . . . . 26
4.2. Bandgap Location - Case 2: Types II and V unit cells . . . . . . . . . . . . . 28
4.3. Bandgap Location - Case 3: Types III and VI unit cells . . . . . . . . . . . . 31

5. Parametric Study 33
5.1. Case 1: Single Resonator . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
5.2. Case 2: Double Resonator . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

6. Effects of the simultaneous variation of parameters on the bandgap 39
6.1. Case 1: Optimize bandgap while maintaining resonator frequency . . . . . . 39
6.2. Case 2: Optimize bandgap regardless of resonator frequency . . . . . . . . . 43

7. FRF for finite panels 46
7.1. Case 1: Panels formed by type I unit cells . . . . . . . . . . . . . . . . . . . 47
7.2. Case 2: Panel formed by type V unit cells . . . . . . . . . . . . . . . . . . . 48

8. Conclusions 50

Bibliography 52

iii


	pbs@ARFix@4: 


