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Background & motivation

 Goals

* Design a cantilever vibrational absorber to control the motion of a structure

under base excitation

* Adhere piezoelectric layers to the cantilever absorber to generate useful energy
* Optimize the amount of energy harvested by including amplitude stoppers

* Determine whether mechanical or magnetic stoppers are more optimal
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Reduced-order modeling

Reduced order model developed using the Euler Lagrange equations:
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Reduced-order modeling

= * Energy harvesting absorber mode
Galerkin discretization: w, = Z @;(x)r;(t) shapes @, (x)

i=1 * General coordinate 7;(t)
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Mechanical stopper force representation
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Magnetic stopper force representation

J Dipole-dipole representation is only accurate to a gap of 7 mm
1 An 11t order curve fit to accurate COMSOL data is utilized for gaps smaller than 10 mm
(J The COMSOL data is only available to 1mm, approximations are made for smaller gaps
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Magnetic stopper force representation
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Magnetic stopper force representation

(J Small static gap sizes cause a hardening behavior in the natural frequency of the absorber
J Extremely small gaps will cause the absorber to fail in controlling the primary structure’s

amplitude
Orthogonality conditions: 40!
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Results — Mechanical stoppe
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Results — Magnetic stoppers’ gap effects
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Conclusions

* Mechanical stoppers with a stiffness of 5 * 10° N /m increases the peak
and average energy harvested while maintaining great control of the
primary structure’s amplitude.

» Mechanical stoppers with a stiffness of 5 * 10° N /m has a decrease in
energy harvested, as well as aperiodic regions developing.

* Magnetic stoppers with a gap of 0.05 m sees a small increase in peak
power

* Magnetic stoppers with gaps smaller than 0.05 m have sharp decrease in
peak power and aperiodic regions present

* Magnetic stoppers with a gap of 0.01 m has a shift in the absorber’s
natural frequency, detuning with the primary structure. 12
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