
P R E S E N T E D  B Y

Sandia National Laboratories is a multimission 
laboratory managed and operated by National 
Technology & Engineering Solutions of Sandia, 
LLC, a wholly owned subsidiary of Honeywell 
International Inc., for the U.S. Department of 

Energy’s National Nuclear Security 
Administration under contract DE-NA0003525.

Optimization-based Designs for 
Communicating Through 
Barriers with Mechanical Waves

1

Collaborators:  Volkan Akcelik, Tim Walsh (Sandia National Laboratories)

ASA2022
December 8, 2022

Chandler  B  Smith

SAND2022-16682CThis paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed in
the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.

Sandia National Laboratories is a multimission laboratory managed and operated by National Technology & Engineering Solutions of Sandia, LLC, a wholly owned
subsidiary of Honeywell International Inc., for the U.S. Department of Energy's National Nuclear Security Administration under contract DE-NA0003525.



Piezoelectric-based Megasonic Communication
2

Estimate System 

Challenge: Communication channel creates 
unwanted modification to signal

◦ Acoustic multipath
◦ Ringing
◦ Reflections 

Motivation:  High bit rate communication 
across barrier without wires, feedthroughs 
or penetrations

Approach: Use piezoelectric transducers to 
transmit electrical signals via megasonic 
mechanical transduction
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Existing Methods:  Advanced signal processing (OFDM), backing materials 
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Resonances distort channel

Proposed Approach: Optimize backing properties and thicknesses using a Finite 
Element Model to achieve desired channel characteristics



PDE-Constrained Optimization 4

Governing PDEs to FE Helmholtz 

Electrostatics

Elastodynamics

Helmholtz

High Order Polynomial Elements
•  Mitigate pollution effect
•  Faster mesh convergence than linear elements



Optimization Results: One MHz Bandwidth5

Alternating Directions / Discretization: 
Sequentially refine mesh and change 
optimization parameter



Optimization Results: Two MHz Bandwidth6

Alternating Directions / Discretization: 
Sequentially refine mesh and change 
optimization parameter



Conclusions

Optimization successfully improves channel characteristics for 
communication

 Not enough parameters to optimize wider bandwidths

Alternating optimization methods is suboptimal, but meets the goal 
of driving the objective down

Future work needed to reduce computational time
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