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ABSTRACT

As impedance transducers. the piczoclectric ceramic (PZT) patches have emerged as strong
candidates for structural health monitoring (SHM) of structures in the recent years because of
their small size and shape. cost-cftectiveness and casc ol installation. The rescarch for structural
identification and long-term monitoring has recently become an area ot interest for a large
number of academic and commercial laboratorics. The associated techniques aim to cnable
structures and equipment monitor their own structural integrity while in operation. and shall be

useful not only to improve reliability, but also to reduce maintenance and inspection costs.

This thesis is focused on the clectro-mechanical impedance (EMI) technique for SHM. The basic
principle behind this technique is to use high frequencics (typically >50 kHz) generated by
surface-bonded PZT patch to detect changes in structural drive point impedance caused by
internal/ surface cracks. loose connections. delaminations or any other type of damage. The
resultant electro-mechanical interaction. which is characteristic of the particular structure.
modulates the current flowing through the PZT patch. The modulation is a function ol the
mechanical interaction between the PZT patch and the structure over the considered frequency
range. The resultant admittance signature. which acts like a frequency response function (FRE).

is used to detect changes or damages occurring in the host structure,

The bond layer between the PZ1 patch and host structure plays a signilicant role i P/ -
structure interaction in the EMI technique. To understand the mechanism of force transfer
through the adhesive medium (which introduce shear lag effect) more precisely. various models
have been proposed by researchers in the past. Some of those are based on static. dynamic.

effective and simplified interaction through the bond layer. However. these models still lack

i



rigour in terms of considering all governing parameters. especially both shear and inertia terms
simultancously. Understanding shear mechanism phenomena of the adhesive layer is vital for

enhanced applicability of the EMI technique.

The main objective of this research work is to model the shear lag phenomena (between PZT
patch and host structure) analytically. achieving more accurate model. The previous analytical
models have ignored the inertia term. which has been rigorously integrated in this research to
arrive at a new refined shear lag model. The new model considers both shear lag and inertia
clieets simultancously. The predictions of the new model are much better match with
experimental observations as compared to the previous models. Various parametric studies have
also been carried out to study the influence of the piczo and the structural properties on the

admittance signatures.

The research is further extended by considering the inertia effect of the adhesive mass (so far
neglected) in addition to that of the PZT patch. A continuum based admittance approach has
been formulated where the “equivalent and elfective impedance™ terms are replaced by
continuum displacement term developed at interfacial adhesive bond. This model considers the
bond layer’s connection between the patch and structure throughout the sensor length, unlike the
previous models which were restricted o boundary interactions. Parametric studies have
tollowed to support the sustainability and suitability of proposed continuum approach. Finally,
to enhance the efficicncy of the proposed model in real life application on SHM and active
control system. the study of electrical power consumption and energy efficiency has been carried
out. Various encrgy conversion efficiency ratios have been obtained by evaluating the total
cnergy used for mechanical response to the total energy supplied. In overall, the study shows

significant influence of the bond layer on energy efficiency. A modified electro-mechanical



coupling coefficient has been derived from basic strain encrgy relationship taking carc of the
mechanical, dielectric and shcar lag losscs of piezo active control system.

In overall, it is hoped that the outcome of this research will be of significant help SHM bascd on

EMI technique.
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