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Thesis Summary

Non-destructive testing (NDT) and structure health monitoring (SHM) are important
engineering techniques for maintaining structures’ safety without breaking them. Ultrasonic guided
waves which can propagate with low damping are expected to develop efficient NDT of long and
large structures. Guided waves have the dispersion property which represents dependence of
propagation velocities on frequencies, and they have plural modes at a single input frequency unlike
bulk waves. Also, nonlinear ultrasonic waves are expected to develop more sensitive NDT for
detecting microscopic cracks and fatigue cracks of early stage. Nonlinear guided waves, called
cumulative guided waves, because of having the merits of both the guided wave method and the
nonlinear ultrasonic method, have been researched actively in recent years. However, previous
researches have not revealed dynamical behaviors of nonlinear guided waves in long propagation
length.

The purpose of this thesis is to reveal the dynamics of nonlinear guided waves propagating
over a long distance by using mode orthogonality and the method of multiple scales (MMS).

Chapter 1 describes research backgrounds and objectives.

Chapter 2 elucidates mode orthogonality of Lamb waves, a type of guided waves, from the
governing equations with the boundary conditions, and further derives the solvability condition for
non-homogeneous problems using the self-adjointness of the differential operators.

In Chapter 3, attenuating guided waves caused by structural damping are analyzed by using
mode orthogonality and MMS. Dispersion curves and attenuation coefficients obtained in this
analysis are validated by the semi-analytical finite element method (SAFE).

In Chapter 4, internally resonant guided waves, which are called cumulative guided waves,
are analyzed by using mode orthogonality and MMS with including damping and nonlinear
couplings to reveal dependence of nonlinear guided wave behaviors on the propagation length.
Obtained results show that there are some difficulties for applying the internally resonant guided
waves to NDT.

In Chapter 5, a new nonlinear guided wave method is proposed to solve the above problems.
The method uses autoparametric resonance to identify material nonlinearities from steady
amplitudes over a long propagation distance caused by nonlinear couplings. Existence of steady
amplitudes is analytically confirmed by using mode orthogonality and MMS. Further, stabilities of
the steady amplitudes are revealed, which shows field-applicability of the proposed method.

Finally, Chapter 6 summarizes the contents of this thesis.




