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ABSTRACT

In the case of complex material structures, such as highly attenuative and anisotropic materials, multi-layer components or bonded structures, a swept-wave ultrasonic spectroscopy method (UltraSpecTM) has proven to be useful where conventional techniques are inadequate. Additionally, materials or layers are not always consistent (i.e. varying localized properties, porous materials, complex bond interfaces), and it is not possible to have a comprehensive set of reference standards with which to compare the results. A requirement for use of the technique for challenging inspections is having clear, human-readable visualizations for point-of-inspection discernment. Without automated processing, the advanced technique produces large amounts of data requiring a high level of skill to interpret, which is unrealistic. Recent work has been done to enable the novice user to interpret complex results with minimal training. Analysis methods are presented that use a baseline of UltraSpec responses as a self-reference to apply advanced signal processing.  The algorithms are contained in the advanced interpretation module (AIM) within the UltraSpec software platform. The self-referencing approach can be applied generically for a specific application even when there is a wide variability in the part-to-part material properties or behavior. Automated processing produces data cube movies in the frequency, resonance and time dimensions as well as “change maps” that highlight locations that differ from the baseline responses. The movies and maps enable the novice user to see levels of change spatially without requiring a high level of spectroscopy analysis expertise. This added enhancement allows insight for material behavior and structure that is normally not obvious with traditional methods. Additional algorithms are being utilized to assess whether a change is due to underlying material variation or potential defect (i.e. delamination, disbond, impact damage). The results presented will include dry-coupled inspections of a representative aircraft sample that contains varying composite thicknesses, tapered regions and stiffeners. The sample has some engineered defects such as delaminations, disbonds and weak bonds. Other application examples of the self-referencing method and advanced algorithms will also be presented and discussed.


