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Course Description

With the help of adequate sound field simulations, it is not only possible to develop customized ultrasonic
transducers, but also to derive new ultrasonic measurement methods that exploit the sound field characteristics of
the specific set-up. This lecture intends to increase awareness and give proof of the fact that the reflected sound
waves comprise much more information than the time of flight between ultrasonic transducer and reflector.

Special attention will be given to the following topics:

¢ Development of application-specific ultrasonic transducers
Focusing transducers, single element transducers, transmit-receive-transducers, arrays with line elements,
annular arrays, characterization of arrays with sound field measurements, optimization of array excitation
and measurement set-up

e Development of novel measurement techniques for NDT, process measurement technology and medical
diagnostics by exploitation of the information comprised in the reflected sound field (signal information on
the different array elements, variation of the sending sound field by focus variation)

Examples: Non-invasive non-scanning method for curvature measurements, non-invasive method for
combined measurement of distances and sound velocity (not using the bottom-echo)

e Improvement of resolution by exploiting the directivity of the reflected sound (lateral direction) and by
separating the interfering signals in multi-layered structures as often needed in ultrasonic microscopy with
interface layers being smaller than the signal length (axial direction)

Complementary to numerical calculations of sound fields in fluids or elastodynamic wave fields in solids, the
precise and non-disturbing measurement of these fields gives additional information about the system in question.
The direct comparison of measurement and simulation of the same situation is often important. A very elegant
method for non-disturbing measurements is the contactless laser vibrometric detection, which will be illustrated by
the following examples:

e Wave propagation in strongly heterogeneous materials, as for example concrete: by direct comparison of
modeling and sound field measurements, a strong contribution of cracks and delaminations to the
ultrasound attenuation is predicted.

e Wave propagation in strongly anisotropic inhomogeneous materials: austenitic and bimetallic welds in thick
walled components are examples of high industrial importance; it is very interesting that the grain structure
at the measurement cross section can be visualized with the elastodynamic field measurement data.

e Numerical simulation of sound field generation and propagation is essential in the understanding and
interpretation of measured effects such as: acoustic waves generated by high energy ion beam cancer
therapy or laser excitation of acoustic pulses in ophthalmology for presbyopia treatment.

e Interferometric measurements of the full displacement vector at the surface of solids are possible; this
gives access to new measurement quantities like the excentricity of guided waves. Also, the plate waves
(Lamb waves) used in Structural Health Monitoring applications and the Lamb wave defect interaction can
be understood much better.
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