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Abstract

The dissertation was aimed at developing a model-assisted method for assess-
ing the damage in a sandwich panel with a honeycomb core. For this purpose,
a structural health monitoring technique based on guided wave propagation was
employed. The research offered new insight into modelling the propagation of
elastic waves in a complex structure to determine how damage size affects the
characteristic propagation parameters.

A function of the effect of damage size on wave propagation could be obtained
by experimental investigation or theoretical analysis, but both methods are sub-
ject to certain limitations. Experimental investigation would require many ex-
pensive samples. Theoretical analysis, on the other hand, is restricted to fun-
damental structural elements (such as plates, bars and beams) under specific
boundary conditions. In contrast, numerical modelling provides accurate data
and can be flexibly adapted to different engineering structures without straining
the research budget.

The numerical analysis of guided wave propagation is very time-consuming
and operationally memory-intensive. Therefore, the research employed the time-
domain spectral element method, one of the most accurate and efficient tech-
niques for modelling wave propagation. The time integration algorithm was
vectorised to conduct parallel computation on a multi-core graphics card. Also,
computational efficiency was improved by reducing global degrees of freedom
using two-dimensional elements. Approaches to determining the material prop-
erties of composites are mainly based on the homogenisation process. However,
this method is insufficient for modelling wave propagation in materials with com-
plex structures, such as honeycomb sandwich composites. Therefore, the full core
geometry model of the material structure was developed in the proposed research.




The honeycomb structure was modelled by shell spectral elements for each cell
wall.

The analysis was a multiphysics approach that considered an electromechani-
cal coupling corresponding to using piezoelectric transducers for signal excitation
and sensing. The model was developed taking into account the effect of ambient
temperature. In addition, to join all of the structure’s components, interface
elements were implemented to guarantee the continuity of the displacements of
adjacent elements. A new approach was used to develop an interface based on
Lagrange multipliers using spectral element shape functions to connect two non-
matching grids.

The experimental measurements were conducted for model validation using
(i) the impedance analyser for the piezoelectric transducers model, (ii) the scan-
ning Doppler laser vibrometer for full-field wave propagation analysis and (iii)
the piezoelectric wave acquisition setup for spot analysis of the wave propagation
in the structure.

The literature review on the subject was presented at the beginning of the
dissertation, alongside the description of the methodology adopted to achieve
the stated purpose of the work. Then, a detailed description of the model im-
plementation of wave propagation in a honeycomb sandwich structure using the
spectral element method was presented. Once the model had been validated, a
numerical analysis was provided to determine the model-assisted damage identifi-
cation function considering the varying ambient temperature. Then, parametric
studies were carried out to demonstrate the effect of structural parameters on
wave propagation in a honeycomb core structure. Lastly, the dissertation was
summarised with conclusions arising from the analyses.

The novelty of the research was that it developed a new approach to assessing
the severity of damage and a numerical model with accurate geometry of a hon-
eycomb structure that uses the spectral element method under varying ambient
temperatures. The method that was developed could be a practical compendium
of knowledge for designers of structural health monitoring. In addition, a non-
matching interface was developed to connect the two components in the frame of
the spectral element method, making this technique more flexible when modelling
complex structures.




