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A

AC-DC rectification, 124

acceleration profiles, 121

active diodes, 118

active eEHs, 128

active full-wave (AFW)
rectifier, 126

aging, 31

all-fire event detection circuitry, 120

all-fire event, 121

all-fire voltage level, 121

aluminum nitride (AIN), 20

amorphous metallic glass
Metglas, 28

B

back electromotive force, 112

bandwidth of vibration-based
energy-harvesting devices, 83

barium titanate, 12

Beam-vibration-mode, 16

bidirectional flyback
converter, 131

bidirectional transistors, 131

bismuth sodium titanate, 19

bistable, 80

BNT, 19

broadband excitation, 118

buffer circuit, 113, 116

C
cantilever vibrating beam, 60
cantilevered beam, 59
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cantilevered type, 66
cantilevered vibration harvesting
generator, 147
capacitive loads, 109-110
CC circuit, 140
ceramic composites, 17
charge balance, 12
charge-collecting electrodes, 14
charge-constrained cycle, 130
charge-constrained mode, 23
charge/discharge phases, 129
charge—voltage diagrams, 130
charging voltage, 116
collection and conditioning (CC)
circuit, 102
collection and storage
circuit, 124
collection circuit, 109
collection circuits, 106, 111
collection process, 109
compliance coefficient, 14
compliance coefficients, 16
composite structures, 17
compression, 120
compressive loading, 120
compressive preloading, 66
conditioning circuit, 113
constant-voltage-cycle conditioning
circuit, 130
constitutive equations of
piezoelectric materials, 13
continuous and narrowband, 140
continuous oscillatory motions, 63
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Index

continuous periodic multiple-
harmonic oscillatory motion, 63

continuous periodic simple
harmonic oscillatory motions, 63

continuous random oscillatory
motions, 63

continuous rotation, 58

cross-coupled transistor
rectifier, 126

Curie temperature, 19

Curie temperatures, 18

D

damping, 54

DC voltage multiplication, 132

DC-DC boost circuit, 124

DC-DC charge pumps, 127

DC-to-DC buck-boost, 113

DC-to-DC converter, 105

DC-to-DC regulator, 114

delayed-switching, 120

depolarization, 12

depoling, 31

detection, 150

dielectric permittivity, 14-15

dipole polarization, 26

domain walls, 12

double synchronized switch
harvesting, 119

Dynamos, 138

E

effective mass, 82

effective stiffness, 82

effective volume of piezoelectric
material, 113

efficiency, 65

efficient operation, 113

elastic deformation, 54

electret, 26, 127, 145

electret-based design, 127

electret-based devices, 129

electret-based eEHs, 126

electret-based electrostatic
transducer, 145
electret-based electrostatic
transducers, 26
electret-free design, 127
electric displacement
(flux density), 14
electric field component, 14
electrical energy upon target
impact, 147
electrical generators, 52
electrical potential energy,
16, 106
electromagnetic and
magnetostrictive transducers, 106
electromagnetic energy
harvester, 132
electromagnetic energy, 4
electromagnetic induction
generator, 21
electromagnetic induction, 124
electromagnetic transducer, 145
electromagnetic transducers,
88, 125
electromagnetic transduction,
138, 141
electromechanical coupling, 17
electromechanical figure of merit,
113, 117
electromechanical figures of
merit, 119
electromotive force, 20, 124
electronic switching devices, 129
electrostatic energy harvesters, 145
electrostatic field, 112
electrostatic forces, 61
electrostatic transducer, 127
electrostatic transducers, 23, 127
electret-based eEHs, 127
electret-based energy
harvesters, 127
electret-based harvesters, 127
electret-free eEHs, 129
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electromagnetic, 30

electromagnetic generator, 20

electromagnetic induction
transducers, 20

electronic loads, 102

electrostatic, 30

electrostatic energy harvesters, 126

electrostatic transducers, 23, 26

emergency-event-detection and
warning systems, 146

energy demands, 140

energy transfer, 119

energy transfer time, 109

energy-harvesting cycle, 108, 131

energy-harvesting device, 54, 149

energy-harvesting devices, 120

energy-harvesting process, 109

equation of motion, 68

event detection, 120, 122

event detection circuit, 124

event-detection sensors, 120

event-driven alerts, 146

extremum values, 119

extremum voltage points, 113

F

fatigue failure, 31

ferroelectric ceramic, 12

fibrous composites, 17

figure of merit, 119

firing accelerations, 148

flux-shaping method, 125

flyback capacitor, 129

flyback conditioning circuits, 128

flyback transformer, 105, 113, 116

flywheel, 58

force, 109

forcing function, 69

four-diode bridge rectifier, 114

frequency-doubling interfacing
mechanism, 76

friction, 54

full wave rectifier, 118

G

generated charges, 109

gravitational field, 54

GravityLight, 52

gun-fired in munitions, 140

gun-fired munitions, 120, 140,
147-148

H

half-wave rectifier, 118

harvested energy, 109

hard PZT, 12

high-G-hardened piezoelectric-
based energy-harvesting power
sources, 150

High-frequency oscillatory
motions, 63

high-temperature stability, 19

host system, 7, 52, 140, 143

host, 52

human activity, 4

human locomotion, 5

I

ICs for collection and
conditioning, 142

IEEE Standard, 13

impact, 84

impact-event-detection sensors, 147

impact-generating stops, 78

impact-type loading, 120

implanted charge stability, 26

impulse events, 57

impulsive loading, 84, 92

in-parallel design, 61

in-series design, 61

induced emf, 124

inductive switching, 118

inductor switching, 114

initiation and switching, 120

initiator circuitry, 152

integrated system, 55

interacting magnets, 79
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interfacing mechanism, 7, 52, 74
interfacing mechanisms, 57, 140
interfacing methods, 54
intermittent engagement, 78
internal damping, 19, 54, 78, 150
inverse magnetostrictive, 28
inverse piezoelectric effect, 10

K
kinematic nonlinearity, 74, 78
kinetic energy, 7, 52, 55

L

lead zirconate titanate (PZT), 12

lead-free materials, 18

leakage, 122

living joints, 78

load, 109

low-frequency, 67

low-power circuitry, 152

“Low-frequency” continuous
oscillatory motions, 63

M
magnetic circuit, 129
magnetic field, 22
magnetic flux, 20
magnetic force (magnetic
drag), 22
magnetically induced current, 125
magnetoelastic, 28
magnetomechanical, 28
magnetostrictive, 30
magnetostrictive energy
harvester, 132
magnetostrictive-material-based
transducers, 28
mass—spring element, 147, 150
mass—spring interfacing, 148
mass—spring system, 52, 86
matching network, 104
maximum energy collection, 109
maximum power transfer, 116

mechanical energy from in-flight
vibration and oscillatory
motions, 147

mechanical energy, 7

mechanical energy to be
harvested, 140

mechanical potential energy, 16

mechanical resonator, 145

mechanical shocks and impacts, 117

mechanical stress, 15

mechanical-to-electrical energy
conversion, 107

MEMS, 145

MEMS-based devices, 118, 127

MEMS-based vibrational energy
harvesting, 146

micro-electromagnetic energy
harvesters, 124

micro-energy harvesters, 122

micro-generators, 21, 124

mistuning, 120

mode, 14

modes of vibration, 59

monocrystal, 11

MOSFET switch, 116

motion constraints, 69, 78

motion-doubling linkage
mechanisms, 74

munitions firing, 120

N

narrowband frequency
spectrum, 117

natural frequency, 52, 82

no-fire conditions, 121

no-fire events, 121

nonlinear behavior, 57

nonlinear kinematics, 69

nonresonant applied strain, 116

(0]
one-shot energy-harvesting power
sources, 84
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one-shot harvesting, 122

one-shot piezoelectric generators, 120

one-shot power sources, 120

open-circuit, 116

open-circuit voltage, 14, 107

operational life, 30

oscillatory motion frequency-
increasing, 70

oscillatory motion, 56

P
passive circuit, 122
passive circuitry, 152
pendulum-type mechanism, 73
performance degradation, 31
periodic oscillatory motion, 66-67
periodic oscillatory motions, 56
permanent magnet, 20
perovskite ferroelectric, 19
photovoltaic devices, 4
piezoelectric, 30
piezoelectric and electrostatic
harvesters, 106
piezoelectric-based, 151
piezoelectric-based energy
harvesters, 148
piezoelectric capacitance, 109
piezoelectric ceramics, 17
piezoelectric constant, 14-15
piezoelectric creep, 31
piezoelectric effect, 10, 12
piezoelectric element, 114
piezoelectric—magnetostrictive
composites, 29
piezoelectric polymers, 17
piezoelectric stack, 150
piezoelectric transducer, 107,
120, 147
piezoelectric transducers, 10, 58, 106
piezoelectric voltage, 116, 119
piezoelectricity, 10, 13
PMN-PT, 17
PMNT, 17

polar axis, 11

polarity reversal, 111

polarization, 12

polarized, 12

poled piezoelectric, 10

polycrystalline PZT-5A, 17

polycrystals, 11

polyvinylidence fluoride, 17

potential electrical energy, 15

potential energy to electrical
energy, 58

potential energy, 7, 52, 54, 55

power harvested, 119

progressive degradation, 31

pulsed loading, 120

pulsed operation, 117

push-button piezoelectric
igniters, 138

PZN-PT single crystals, 17

PZNT, 17

PZT-polymer composites, 20

PZT, 17

PZT-5H ceramics, 17

Q
quartz, 12

quasi-permanent electric charge, 26

R

random input forcing functions, 83
rectifier diode bridge, 105
rectifying circuitry, 106
regenerative braking system, 138
regenerative braking, 52
relaxor-based single crystals, 17
relaxor-PT crystals, 18

remote sensing, 145

resistive load, 111

resonance, 64

resonance condition, 119
resonant structures, 117

reverse saturation current, 126
Rochelle salt, 12
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rotary or linear kinetic energy, 124

rotary-type electromagnetic
transducers, 58

rotating electromagnetic
transducers, 126

S

safety and all-fire detection
circuitry, 151-152

safety and event-detection
circuitry, 154

Schottky diodes, 132

secondary vibrating elements, 59, 72

self-powered, 150

self-powered conditioning
circuits, 120

self-powered electrical
initiation, 147

self-powered event-detection sensor,
153-154

self-powered event-detection
sensors, 138

self-powered shock-loading event
detection, 140

self-powered wireless sensor, 145

self-start feature, 126

series SSHI, 115

shelf life, 30

shock loading, 84, 153

shock-loading event, 122, 150

shock-loading event detection
logic, 120

shock-loading-event detection
sensor, 151

shock-loading-event-detection
switching device, 153

short-duration impulse, 56

short-duration pulsed loading, 124

silicon-dioxide-based electrets, 27

single-crystal PMN-PZT, 17

sinusoidal strain, 107

sinusoidal strain profile, 113

smoothing capacitor, 114

soft PZT, 12

solar energy, 4

solar harvester, 143

split-capacitor rectification, 125

SSHI-MR collection circuit, 118

standard AC-to-DC circuit, 113

standard circuit, 117

standard circuit design, 104

standard energy-harvesting
circuit, 105

step-down buck converters, 128

stiffness, 15

storage capacitor, 124

strain, 14-15, 58

stress, 14

switch inductor, 114

switched inductive element, 112

switched-mode operation, 126

synchronization, 120

synchronized energy exchange, 114

synchronized switch harvesting on
inductor, 114

synchronized switch harvesting, 117

synchronous electric charge
extraction, 116

synchronous electric-charge
extraction (SECE), 105

synchronous magnetic flux
extraction, 124

synchronous-switched-for-
harvesting (SSH) technique, 105

T

tank circuit, 114, 123
Teflon, 26

Terfenol-D, 28

textured piezoelectric, 20
thermal effects, 31
thermoelectric effect, 3
tire-pressure-monitoring, 140
tire pressure monitoring systems, 143
tourmaline, 12

transducer, 7
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transducers, 52

tristable, 80

two-stage device, 74

two-stage interfacing mechanism,
62, 70, 89

two-stage interfacing mechanisms,
59, 71, 73

U
unloaded open-circuit voltage, 108
unloaded voltage/strain

response, 108

\Y%

variable-capacitance capacitor, 25

vibration energy harvesters, 140

vibration energy-harvesting power
sources, 140

vibration-based energy-harvesting
device, 66, 82

vibration-based harvesters, 65

vibration-based sources of
mechanical energy, 125

vibration-based types, 88

vibratory mass and spring
element, 142

Villari effects, 28

voltage doublers/quadruplers, 124

voltage extremum, 111

voltage-constrained cycle, 130

voltage-constrained mode, 23, 25

Z
zig-zag structure, 82
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