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Objective
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Investigate and validate techniques for
modeling structures with surface bonded
plezoel ectric actuators using commercially
available FEM codes.



Approach
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® Develop and validate FEM models of the following structures:
® Aluminum beam testbed
® Composite beam testbed
® Study the following piezoelectric modeling approaches:
® Piezoelectric effect viathermal analogy and Ritz vectors
® Piezoelectric element using NASTRAN dummy element
capability
® ANSY S piezoelectric element



Modeling Approaches
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® Therma Strain Analogy
® Induced strain using thermal load
® 4-node composite quadrilateral element
® Ritz vectors computed to capture local effect

® MRJ piezoeectric elements implemented in User-Modifiable
MSC/NASTRAN

® Piezoelectric induced strains

® Coupled field 4-node composite quadrilateral el ement
® ANSYS

® 3-D Coupled Field Solid element

e Full harmonic analysis



Aluminum Beam Testbed
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Aluminum Beam Testbed
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| nstrumented Aluminum Beam
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Inum Beam Analysis Results
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Composite Box Beam Testbed
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AL Beam Correlation from Various
Analysis Codes
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AL Beam Correlation from Various
Analysis Codes
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Out of Plane Displacement M easurement versus Analysis Correlation
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Results from Thermal Mapping Test
on AL Beam
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Thermal mapping image of actuator
bonded to the aluminum beam



Comparison of Actuator
Effectivenesson AL Beam
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Instrumented Composite
Box Beam Testbed

Proximity
Probe




Composite Box Beam Analysis
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Box Beam Test versus Analysis
Correlation
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Box Beam Test versus Analysis
Correlation
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Concluding Remarks
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® Two testbeds devel oped and tested for validation
of commercia analysistools

e®Freqguency response functions results using three
different analysis approaches provided comparable
test/analysis correlation

® Low frequency resonance predicted within 5 and
13% but antiresonance showed errors of 16%

el mproper bonding of actuators showed reductions
In electrical to mechanical effectiveness of 64 %



