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ABSTRACT

During past few years, tremendous research efforts have been undertaken for the
integration of smart materials in the fields of bio-mechanics and bio-medical engineering.
Smart materials, being miniature in size and shape and also light weight, are the best
candidates for bio-medical structural health monitoring (BSHM). Development of non-
invasive techniques for long-term and continuous monitoring of critical organs has
recently become a major area of interest to a large number of academic and medical
laboratories. The associated techniques strive to achieve a quick health monitoring of bio-

medical subjects with minimum hazards.

This thesis focuses on developing a new diagnostic technique for non-invasive detection of
fractures and physiological decay such as osteomalecia and osteoporosis using lead
zirconate titanate (PZT) patches in the framework of the electro-mechanical impedance
(EMI) technique in combination with shape memory alloys (SMA). The basic principle
behind the EMI technique is to employ high frequencies (typically >30 kHz), generated by
a surface-bonded PZT patch, to detect changes in the structural drive point impedance
caused by any damage such as internal/ surface cracks, loose connections, delaminations
etc. 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 of the degree of mechanical interaction between the patch and the host structure
over the selected frequency range. The resultant admittance signature, which acts like a
frequency response function (FRF), is employed as a ‘fingerprint’ of the structural system
for the purpose of damage diagnosis. Any changes occurring in the admittance signature

provides an indication of any damage occurring in the host structure.



Despite the undisputed success of the EMI technique for most routine engineering related
structural health monitoring (SHM), the adhesive bonding of the PZT patch on the host
structure has been a major limitation to its full-fledged application for BSHM. Bonding a
piezo patch onto the skin of a live subject is not only a cause of irritation for the subject
but may also result in skin disease and serious injury. In the past, researchers have
successfully demonstrated the effectiveness of bonded piezo patch for crack detection and
healing of bones. Development of suitable experimental methodology for employing PZT
patches in non-bonded mode shall definitely alleviate this major limitation prohibiting the

EMI technique for BSHM.

The main objective of the research work covered in this thesis has been to develop a proof-
of-concept non-bonded piezo sensor (NBPS) configuration apt for EMI technique based
BSHM. To meet this objective, shape memory alloy (SMA) wires have been employed to
secure the NBPS configuration on a live subject in an autonomous fashion so as to
circumvent mechanical clamping. As the first step, experimental investigations on human
hand bone replica made of polyvinyl chloride (PVC) were carried out using mechanical
clamping. The effectiveness of the NBPS was gauged at three different levels of clamp
tightening using jubilee clamps. The requisite circumferential strain was established
through comparison with conductance signatures resulting from directly bonded piezo
sensor (DBPS). Thereafter, physiological damage in the bone was induced and detailed
investigations carried out to correlate the changes in the NBPS based conductance
signature with damage. Two more bone models resembling femur in humans were then
investigated to establish adequacy of the NBPS configuration for diagnosis of
osteoporosis. Experiments also established the feasibility of determining the density/

Young’s modulus of the osteoporotic bone from the current signature, thus circumventing



the necessity of acquiring the baseline signature. The effectiveness of the NBPS
configuration in the presence of skin layer, which is an indispensable requirement, was
successfully carried out using silicon layer over the experimental bone as skin. The

proposed configuration was finally successfully tested on a human subject also.

This mechanical bonding, though improvement over adhesive bonding, could still be a
cause of discomfort and also impose practical limitations. To circumvent this limitation,
proof-of-concept demonstration of automatic reversible clamping using SMAs was finally
established vis-a-vis the mechanically clamped configuration. Parametric evaluation of
bone deterioration based on extracted equivalent stiffness parameter (ESP) was also
successfully established. A numerical model of the NBPS and DBPS based piezo-bone
system was developed using PZFlex finite element modelling (FEM) platform. After
validation with experimental results, the FEM model was employed for parametric

investigations aiming for better application of the NBPS configuration in real-life.

To the candidate’s best knowledge, this is the first ever proof-of-concept experimental
development towards achieving NBPS configuration for EMI technique using SMA in the
field of BSHM. Proposed NBPS configuration and related investigation shall have

significant ramifications in the BSHM sector.
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