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Analytical solution for directivities of ultrasonic sources in complex media
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ABSTRACT
Ultrasound testing is a versatile and widely used non-destructive evaluation (NDE) technique employed across various industries including aerospace, manufacturing, oil and gas, due to its ability to accurately detect internal defects, measure thickness, and characterise materials. The directivity, defined as the angle-dependent amplitude of the ultrasonic waves generated by an ultrasonic transducer, is an important element in the design of ultrasonic NDE, for example, to optimise the positioning of the transducers or to maximise the signal-to-noise ratio. 

For conventional piezoelectric devices in contact with isotropic materials, the directivity can be adequately modelled as the superposition of out-of-plane force monopoles on the stress-free surface of an isotropic elastic half-space. However, the directivity needs to be reconsidered for different ultrasound generation mechanisms such as laser ultrasound (LU) in thermoelastic regime, which is an emerging technology for remote inspections. For materials with negligible optical penetration depths, which applies to most metallic samples, the LU source can be represented by an in-plane force dipole on the stress-free surface. For complex materials such as carbon fibre reinforced polymers (CFRP), there are two complications. Firstly, the top resin layer is transparent to the generation laser and the laser is only absorbed at the surface of the first carbon fibre layer, meaning that the elastodynamic representation of the source is a quadrupole under a thin surface layer. Secondly, the bulk material is anisotropic, meaning that the wave propagation is inherently complex. 

Therefore, this paper develops the analytical solution for various ultrasonic sources in generally anisotropic layered media in the form of a general-purpose algorithm [1]. The analytical solution applies the reciprocity theorem, which converts the complex direct problem requiring the diffraction of the beam from a source near the surface of an elastic half-space to be modelled to an easier problem of solving the reflection of a plane wave incident on the surface. The directivities computed using the analytical solution are validated against finite element models for a few representative cases, and compared to experimentally measured directivity for LU source in a CFRP sample. 
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