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Piezoelectricity

Direct Piezoelectric Effect
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Piezoelectric constitutive relations (IEEE standard, 1987)Piezoelectric constitutive relations (IEEE standard, 1987)
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Theoretical AnalysisTheoretical Analysis
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PZT

Modeling of PZT TransducerModeling of PZT Transducer
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EM admittance of PZT transducersEM admittance of PZT transducers
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Cylindrical shell with a pair of PZT patchesCylindrical shell with a pair of PZT patches
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Classical Theory of Thin Shell
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Strain-displacement relations Stress-strain relations
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Comparison of Theoretical Results for 
Damaged and Undamaged Shell Specimen
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EM admittance of PZT bonded to plate (Xu, et al. 2004)



SummarySummary

Theoretical Analysis

Modeling of PZT transducers
(2-D generic impedance 
model)
Modeling of host structure 
(Ritz method, polynomial shape 
functions, Hamilton Principle)



• Homogeneous and isotropic material
• Thin shell model
• The center plane is stress free
• The in-plane displacements of the center 

plane are neglected 
• The line perpendicular to the center plane  

remains perpendicular to the center plane 
after deformation.

AssumptionsAssumptions
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Stiffness and mass matrices for undamaged shell
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Stiffness and mass matrices for damaged shellStiffness and mass matrices for damaged shell
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