
Accepted Manuscript

Title: On the Use of Discontinuous Nonlinear Bistable
Dynamics to Increase the Responsiveness of Energy
Harvesting Devices

Authors: Joshua J. Radice, Phillip J. Ellsworth, Michael A.
Romano, Nathan Lazarus, Sarah S. Bedair

PII: S0093-6413(16)30142-2
DOI: http://dx.doi.org/doi:10.1016/j.mechrescom.2017.06.005
Reference: MRC 3173

To appear in:

Received date: 2-9-2016
Revised date: 3-6-2017
Accepted date: 4-6-2017

Please cite this article as: Radice, Joshua J., Ellsworth, Phillip J., Romano, Michael A.,
Lazarus, Nathan, Bedair, Sarah S., On the Use of Discontinuous Nonlinear Bistable
Dynamics to Increase the Responsiveness of Energy Harvesting Devices.Mechanics
Research Communications http://dx.doi.org/10.1016/j.mechrescom.2017.06.005

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.mechrescom.2017.06.005
http://dx.doi.org/10.1016/j.mechrescom.2017.06.005


 

Mechanics Research Communications. 
2016 

Publication Office:  

Elsevier UK  
 

Editor-in-Chief: A. Rosato   New Jersey Institute of Technology, Newark, New Jersey,  
USA Anthony.Rosato@njit.edu  

 

 

 

 

0093-6413© 2015 The Authors. Published by Elsevier Ltd. 

On the Use of Discontinuous Nonlinear Bistable Dynamics to Increase 
the Responsiveness of Energy Harvesting Devices 

 

Joshua J. RADICE1, Phillip J. ELLSWORTH2, Michael A. ROMANO2, Nathan LAZARUS3,  

Sarah S. BEDAIR3 

 
1Mechanical Engineering Department, United States Naval Academy, 590 Hollway Road, Annapolis, MD, 21402 
2United States Navy 
3Army Research Laboratory, 2800 Powder Mill Rd, Adelphi, MD 20783 

 *Corresponding author radice@usna.edu 

Tel.:1-410-293-6517; fax: 1-410-293-3041 

Accepted: 28 May 2017 

 
Highlights: 

 
• Discontinuous Nonlinear Bistable Devices are investigated with equations of motion 

derived. 
• Behavior of a proxy Discontinuous Nonlinear Bistable system parametrically studied. 
• Discontinuous Nonlinear Bistable structures are shown to require less excitation than 

continuous bistable devices to reach the large-amplitude snap-through motion that is 
preferred for energy harvesting applications. 

• Discontinuous Nonlinear Bistable structures are shown to respond to a broader excitation 
frequency range than continuous bistable devices to reach 
the large-amplitude snap-through motion that is preferred for energy harvesting 
applications. 

 

 

Abstract 

There is promise in the use of bistable devices to transduce ambient vibrations into electrical power.  However, it is critical to sustain the 

relatively large amplitude snap-through motion, or interwell motion, to significantly improve the responsiveness of bistable devices as 

compared to linear resonance-based approaches.  This work posits that relatively stiff structural elements can be placed in the vicinity of the 

equilibria of bistable devices such that the discontinuous change in dynamics will tend to eject an otherwise small amplitude motion into the 

large amplitude interwell orbit that is to be preferred for energy harvesting applications. The discontinuous nonlinear dynamic equations of 

motion are derived and a proxy system parametrically studied.  These numerical studies demonstrate that discontinuous nonlinear bistable 

devices have a significantly broadened frequency range that elicits the large amplitude snap through behavior.  It is also seen that interwell 

motion is achievable at significantly reduced excitation amplitudes through these discontinuous structural elements. 
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