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Abstract

The technique of acoustic generation by microwave excitation in structures is applied here to study the in-plane vibration of full or hollowed elliptic plates. The absorption of pulsed microwave irradiations by a material causes a sudden rise of its temperature and the generation of an acoustic wave by thermoelastic effect. A semi-analytic theoretical model is developed to predict the in-plane displacement fields in elliptic thin plates submitted to a uniform temperature rise. It is assumed that the isotropic and viscoelastic plate constitutive material is submitted to a thermoelastic excitation under a plane stress state. The wave quations that govern the Helmholtz displacement potentials are resolved in an elliptic cylindrical system of coordinates by means of infinite angular and radial Mathieu functions series. The displacement field is finally obtained by taking into account the zero stress conditions on the boundaries of the plates. The comparison between the theoretical and the experimental responses of full and hollowed elliptic plates shows a good agreement that permits the validation of the developed model.
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Abstract

The absorption of microwaves by material induces a temperature rise that generates a mechanical deformation in the irradiated structure by thermoelastic effect. As a continuous development of this recent generation technique, the present study investigates the in-plane mechanical vibration of disks and rings submitted to pulsed microwaves in order to develop a contactless evaluation method. The vibration of a disk submitted to microwave irradiations depends on the distribution of the electromagnetic field in the sample. If the irradiation is axisymmetric, the purely radial eigenmode is generated. On the contrary, if the irradiation field is not axisymmetric, the vibration is angular dependent. Consequently, one can choose to use various eigenfrequencies for determining the geometrical properties of a circular plate and the mechanical properties of the material. A semi-analytic model is presented to predict the in-plane vibration eigenfrequencies of thin rings and disks.Wave equations are solved by taking into account the angular dependence in order to estimate the maximum number of disk or ring eigenfrequencies. The model is validated by comparison between the theoretical and the experimental results and applied for the evaluation of rings and disks geometries and their constitutive material properties using the microwave excitation technique.
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Abstract

As an application of ultrasound generation by microwave excitation, a study of piezoelectric material behavior is presented. Piezoelectric bars excited electrically or by microwave irradiation give different resonance frequencies. Piezoelectric materials are subject to a stiffening phenomenon (variation of the apparent Young’s modulus) when the electrical boundary conditions change and, as a result, when the material is dynamically excited, a modification of the natural resonance frequencies occurs. A one-dimensional model, to predict the acoustic waves generated in piezoelectric materials by an unspecified excitation source, is presented and compared to experimental results. This model is used as a nondestructive evaluation method to characterize piezoelectric samples and to highlight the thermoelastic origin of the acoustic generation when the piezoelectric materials are excited by pulsed microwaves.
