Performance assessment of a Duffing-type vibration energy harvester
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Summary: Harvesting vibration energy presents environmental and societal challenges. One of the objectives of the Horizon
2020 Fast-Smart project is the development of vibration energy harvesting systems using lead free piezoelectric ceramics to

1) Efficiently simulate piezoelectric harvesters (both linear and non-]

inear);

2) Determine and characterize the different orbits according to the @

riving frequencies;

FAST and 3) Predict the harvested power as a function of the driving frequency.
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2) Behavior analysis: chaos, phase plan, Poincaré section
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extract energy from ambient vibration using innovative nonlinear oscillators. Duffing bistable piezoelectric generators address
some of these challenges. Their wideband characteristics allow for increased performance when the energy is distributed over a
large frequency band. This poster presents the functionalities of a generic numerical tool that has been developed to :

The Duffing-type bistable mechanical oscillator coupled to a piezo-
electric actuator is modeled by a system of nonlinear differential

xv +Asin(27f;t)

Where A=2.5m.s %, wy =121 rad.s™! and Q = 87.

Numerical temporal solving of the coupled nonlinear differential equations with different initial conditions allow for the detection
of all possible orbits k, for the evaluation of the probability r;, of occurrence of each orbit and for the computation of the average
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3) Probability of occurrence and expectation of the harvested power

The expectation of the harvested power is calculated from the probability of ocurrence of all possible orbits and their corresponding

harvesting powers for a given driving frequency: E[P,] = >, I Pr x

— 100 -

.......................................................................................................................

09
)
]

70

-

o

< :

8 60 ..................................................................................................

— : :

= 5

O 40 ........ ........................................................................................................ .........................................................

G : : :

-

‘_d 20 .......... ,.. ......

O

Ay 0 : : :
E 10 20 30 40 50 60
=

< :
-
Ej-\ 100
=
oy 101 :
= é
a2 T BEp) o Chaos ol SO . SOOI o SO tvoes S SO SSSSsossr: eer SN oo ctoers ¥ 8 P WA
% 10 | =— HIL Y HI1H EXP * '
- — H1H Y HIL EXP
© 103 - SH2L GIHDL, EXID +eereeeereresessenesessensssssshessessssssesesssnssssssnessssssssesnssssessssssesssnessbrnnesssnmnoeme e —— <55 SOV USRI |
an e SH3L, Y SH3H EXP : : f = 2

: : :

So10—4 J = sH3H S smsLEXP S S B % = —
e — |
;q>) 10 20 30 40 50 60
< Driving Frequency, f; [Hz]

Figure 5: Probability of occurrence, orbits’ average harvested powers and expectation of the harvested power as a function of the driving frequency.

Conclusion and perspectives

The proposed approach shows that the expectation of the harvested power is almost constant over the frequency range [ 23 —50] Hz,
which confirm the wideband nature of bistable vibration energy harvesters. Future work will consist in establishing orbit jumping
strategies in order to stay on the most energetic orbit which would lead to a drastic enhancement of the bistable vibration energy

harvesters’ performance.

Figure 4: Phase plane, f; = 50 Hz, first har-
monic periodic and sub-harmonics periodic
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