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Vibration energy harvesting:
a realistic technology?
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Do vibration harvesters meet the power demand of
off-the-shelf commercial electronics?
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Vibration energy harvesting vs
power requirements

Do next vibration harvesters meet the power
demand of commercial electronics?
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Available power from other sources

Energy Source Harvested Power

Human 4 pWicm®
Industry 100 pWicm®
Human 25 PW/cm?
Industry 1-10 mWicm?®

Light
Indoor 10 pWiem®
Outckoor 10 mcm?

RF
E5M 0.1 pWicm?
WIFi 0.007 miWcm

Texas Instruments, Energy Harvesting — White paper 2009



Size and performance of VEHs

* VEHSs do not scale proportionally with dimensions!
« Definition of efficiency is still not complete, i.e. frequency bandwidth must be included.
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Real vibrations are variable in time and frequency
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Bistable oscillators vs resonant systems for
vibration energy harvesting
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Bistable oscillators vs resonant systems for
vibration energy harvesting
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Independent research groups validated the superiority of nonlinear bistable
oscillators for vibrations energy harvesting

« Erturk, A. and D. Inman (2010). "Broadband piezoelectric power
generation on high-energy orbits of the bistable Duffing oscillator
with electromechanical coupling.” Journal of Sound and Vibration.

« Arrieta, A., P. Hagedorn, et al. (2010). "A piezoelectric bistable plate
for nonlinear broadband energy harvesting." Applied Physics Letters
97:104102

« Barton, Burrow, et al. (2010). "Energy harvesting from vibrations
with a nonlinear oscillator." Journal of vibration and acoustics 132:

Neodymium Permanent Magnets

021009..
b, * Mann, B. and B. Owens (2010). "Investigations of a nonlinear
energy harvester with a bistable potential well." Journal of Sound
ml H and Vibration 329(9): 1215-1226.
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+ Stanton et al. (2010). "Nonlinear dynamics for broadband energy
harvesting: Investigation of a bistable piezoelectric inertial generator."
Physica D: Nonlinear Phenomena 239(10): 640-653.




Bistable oscillators vs resonant systems for
vibration energy harvesting

Buckled piezoelectric beams
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Buckled piezoelectric beams
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Buckled piezoelectric beams
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Buckled piezoelectric beams

FEA time-dependent simulations with sinusoidal excitation
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contracting the clamping of 0.1mm we induce snap-through bistable response

» F Cottone, PhD Thesis, Nonlinear Piezoelectric Generators for Vibration Energy
Harvesting



Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental apparatus (NiPS Lab. Perugia)
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental test
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental and numerical results
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental and numerical results

Snapping between buckled states
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Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental and numerical results
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Submitted for publication to Smart Materials & Structures journal:
“Piezoelectric buckled beams for random vibrations energy harvesting”
F Cottone, L Gammaitoni, H Vocca, M Ferrari, V Ferrari



Bistable oscillators vs resonant systems for
vibration energy harvesting

Experimental and numerical results
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Buckled beam concept for other
transduction methods
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Buckled beam concept for other
transduction methods
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Conclusions

Bistable harvesters have been confirmed to outperform resonant systems
under random and harmonic vibration source both in terms of frequency
response and voltage amplitude.

A buckled piezoelectric beam has been theoretically modeled, also
considering in-plane stretching effects, and experimentally investigated.

* Numerical results predict in good qualitative agreement the physical
behaviour.

The nonlinear buckled configuration has been demonstrated to be more
efficient in terms of power density and frequency bandwidth. The overall
electrical power results multiplied by more than a factor 3x.

A counterintuitive not decreasing voltage occurs even when the systems
oscillates within one of the two minima at high compression load.
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Future work

Validation of the buckled beam concept is envisaged for other type of
conversion methods: electrostatic, electrodynamic and/or magnetostrictive.

Scaling down to millimetric- and/or micro-scale must be further investigated.

Vibration-driven microgenerator must be tested in real scenarios to assess the
efficacy of the proposed concept. For example by using real vibration
database.

Integrated wireless sensor node system with power aware electronics and
nonlinear vibrational generators are expected to be developed ad validated.
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