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Estimating High-Frequency Damping of a Beam through
Electro-Mechanical Signatures of Piezoelectric Wafer Mounted
on the Beam

ABSTRACT

The high-frequency electro-mechanical signatures, which are excited and received by piezoelectric wafers mounted on a beam, are
sensitive to incipient defect in a beam. Predicting the sensing range of the piezoelectric wafers is needed to effectively conduct damage
assessment of a beam through utilizing their advantage. Damping of a beam plays the most important role in determining the sensing
range among other features. This paper has proposed a scheme for estimating high-frequency damping of a beam through
electro-mechanical signatures of piezoelectric wafers mounted on the beam. Considering damping effect while resonance of a beam
evolves, wave perspective is adopted to formulate the electro-mechanical signatures of piezoelectric wafers. The damping of a beam is
estimated through the least squares method minimizing the difference between the calculated and the measured damping ratio function
values which are obtained from formulated and measured electro-mechanical signatures, respectively. The validity of the proposed
scheme has been demonstrated through numerical and experimental examples using an aluminum beam with collocated piezoelectric
wafers.
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Fig. 1. (a) An Infinite Beam with Collocated PZTs; (b) An Idealized Elasto-Dynamic Model of (a); (c) An Infinite Beam Model Representing (b);

(d) Coordinate System and the DOFs in (c) (Park, 2014)
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Fig. 2. (a) A Cantilever Beam Under the Moment Doublet Induced by Collocated PZTs; (b) Illustration of Propagating Flexural waves

Through wave Reflections at Both Supports
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Fig. 5. A Free-Free Beam with Collocated PZTs (Not to Scale)

Table 1. Material Properties of An Aluminum Beam and Collocated PZTs

Aluminum beam

PZT
(PSI-5A4E of PIEZO SYSTEMS INC.) (Piezo 2016)

Elastzc(:} I;l;dulus Poisson ratio Density (k g/m3) Loss factor (%) Elastzc(:} I:;))dulus Relat(l:\;trsl S(iz:fctrlc Plezoelicr::]r/l\c; )constant
70 0.33 2700 0.05,0.1,0.3 66 1800 -190x10™"
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