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Outline
Introduction to Piezoelectric Materials

Piezoelectric Materials – Overview 

PZT Monoclinic Structure

Atomistic Elasticity Tensor 

Variational Multiscale Approach
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Introduction

Booster Piezo Fuse Gunpowder Flash Nitro Propellant

Smart controllable rotor twist research at the 

University of Maryland’s Glen L. Martin wind tunnel. 
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Introduction

Piezoelectric research at USMA conducted 

by cadets using piezoelectric boards in an 

attempt to generate electricity using the 

natural gait of a soldier’s step.
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PZT Monoclinic Structure

Figures from  www.nature.com

Perovskite Structure ABO3
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Constitutive Equation
(Solid Mechanics – Continuum)

Hooke’s Law

Stress Strain

Elasticity Tensor
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Atomistic Position Vectors
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Atomistic Elasticity Tensor
Elasticity Tensor

( Chain Rule )

Cauchy-Born RulePotential Function



United States Military Academy  – Army Research Laboratory

Duty, Honor, Country

Multiscale Deformation
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Multiscale Deformation
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Multiscale Kinematics
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Pertinent Equations

Gauss’s Law

Newton’s 2nd Law

Coulomb’s LawHooke’s Law

Lagrange
Strain

Conservation of
Linear 

Momentum



United States Military Academy  – Army Research Laboratory

Duty, Honor, Country

Continuum

Atomistic

Charges and Electric Field
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Variational Multiscale Equations

Unknowns

Unknowns

Unknowns
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Questions?


