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Abstract:
The use of composite materials in the aerospace industry has been growing 
considerably in recent years. To ensure the reliability required by this sector, 
both the mechanical characterization and the ability to predict failures in 
structures are needed. Among the range of composites that can be created, 
combinations of carbon fibers with epoxy resins predominate in the production of 
structural parts to aeronautics and space applications. Acoustoelastic theory 
applied to stress measurement in metals is already well established. Thus, since the 
speed of a longitudinal wave that propagates in a metallic media is known, a linear 
relationship can be obtained between applied stress and time-of-flight variation of 
the Lcr (Longitudinal Critically Refracted) waves. In a metal, usually considered 
isotropic, this velocity is well determined. On the other hand, the phase velocity 
of an ultrasonic wave in a laminate can vary according to the orientation of its 
fibers. In this work, the material under analysis is an unidirectional laminate 
obtained with the prepreg 8552/AS4 from Hexcel®. The result is a single and thick 
ply oriented in just one direction, which can be considered orthotropic and 
macroscopically homogeneous (uniform distribution of reinforcement through the 
matrix). The objective is to characterize the speed of a longitudinal wave on the 
material in different orientations of the fiber, and also analyze the propagation of 
Lcr waves in the material under different conditions. The methodology involved the 
design and manufacturing of a 24-sided polygon shape specimen, allowing the 
measurement of the speed in steps of 15 degrees. Then, it's possible to calculate 
the critical angles of incidence (so that the refracted waves travel at 90º to 
normal) for the generation of Lcr waves that propagate in the material surface. By 
changing the transducers orientation over a plate shaped specimen it's investigated 
how Lcr waves propagate in different fiber orientations, studying characteristics 
such as waveform and signal attenuation. Even if it's not plausible to use the 
acoustoelastic equations in an orthotropic material without changing its 
formulation, this work could be a starting point for creating new models from 
experimental data, and to enable future tensile tests in this kind of laminates 
applying the Lcr technique.
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