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Vibration energy harvesting motivations
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Applications Batteries complement
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Nonlinear Vibration Energy Harvesters (NVEH)
How to improve NVEH performance?
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NVEH: bistable [1]

[1] T. Huguet et al., Orbit jump in bistable energy harvesters through buckling level modification (2019)
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oscillations on low orbits Applying orbit jump strategy 

Analyze: NVEH dynamics when applying an orbit jump strategy

Evaluate: orbit jump strategy based on its energy consumption 
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Bistable VEH forced by a sinusoidal excitation
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xẋ

︸ ︷︷ ︸

Piezoelectric effect

−
1
Cp

i

︸︷︷︸

Harvesting term

Electrical dynamics

C. Saint-Martin July 19, 2022 4/16



Context and issues Electromechanical dynamics NVEH Dynamics adjustment by current injection Conclusion

Bistable VEH forced by a sinusoidal excitation



























Mechanical resonator dynamics
︷ ︸︸ ︷
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NVEH dynamics at fd = 50 Hz

H1H: Harmonic 1 High H1L: Harmonic 1 Low

C. Saint-Martin July 19, 2022 5/16



Context and issues Electromechanical dynamics NVEH Dynamics adjustment by current injection Conclusion

NVEH dynamics at fd = 50 Hz

   SH5H: Subharmonic 5 High   
H1L: Harmonic 1 Low H1H: Harmonic 1 High      SH3L: Subharmonic 3 Low

SH3H: Subharmonic 3 High
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Average harvested power versus vibration frequency

H1H: Harmonic 1 High     H1L: Harmonic 1 Low   SH3H: Subharmonic 3 High
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Average harvested power versus vibration frequency
H1H: Harmonic 1 High     H1L: Harmonic 1 Low   SH3H: Subharmonic 3 High

É the more fd ↗, the more it is interesting to implement orbit jump

É fd < 25 Hz: it is not necessary to implement an orbit jump strategy
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Electrically-induced orbit jump by a current injection iu
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Electrically-induced orbit jump by a current injection iu
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ẍ = −
ω2

0
2

�

x2

x2
0
− 1

�

x −
ω0
Q
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5 orbit jump parameters:

(kt0 ,k∆t , Ie ,ψe ,ωe)

Invested energy:

Einv =

∫ t0+∆t

t0

[v(t).iu(t)− v(t).iL(t)]dt
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Sinusoidal injected current iu: fd = 50 Hz
(kt0 ,k∆t , Ie ,ψe ,ωe) = (0.35,2.5,0.18,1.6π,2ωd )

Einv ' 40 mJ Time to recover the invested energy: 15 Td
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Map: fd = 50 Hz
(kt0 ,k∆t , Ie ,ψe ,ωe) = (0.35,2.5, Ie ,ψe ,2ωd )
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Map: fd = 50 Hz
(kt0 ,k∆t , Ie ,ψe ,ωe) = (0.35,2.5, Ie ,ψe ,2ωd )

40 mJ
15 

2 mJ

0.07 mJ
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Evolutionary Algorithm

stop criterion
   satisfied

Illustrations: http://igm.univ-mlv.fr/~dr/XPOSE2013/tleroux_genetic_algorithm/fonctionnement.html
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Optimized solution: 50 Hz
(kt0 ,k∆t , Ie ,ψe ,ωe) = (0.8,2.08,0.04,2.49,415.34)

Einv ' 2.2 mJ Time to recover the invested energy: 0.85 Td
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Optimal invested energy versus vibration frequency

Very few coexisting
orbits with H1H

H1H no 
longer exist
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Conclusion and perspectives

Analysis tool electrically-induced orbit jump strategies:

É Optimize orbit jump strategy using an evolutionary algorithm
É Simulate orbit jump strategy not specifically electrically-induced

(e.g., buckling jump)

To follow: Consider more complex current injection waveform

É generic injected current with 3N dof:

iu(t/Td) =
N−1
∑

n=0

I (n)e Πk
(n)
∆t

�

t/Td − k
(n)
t0

�

N ≥ 1

É Smooth this generic current with a spline interpolation
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Thank you for your attention!

This project has received funding from the European Union’s Horizon 2020 research and innovation
program under grant agreement No 862289
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