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Abstract:
Recent advances in model- and non-model-based damage detection methods using vibration data
such as natural frequencies and mode shapes are presented. Two major challenges associated
with model-based methods are addressed: accurate modeling of structures and development of a
robust inverse algorithm to detect damage, which are defined as the forward and inverse
problems associated with model-based damage detection methods, respectively. To resolve the
forward problem, new physics-based finite element modeling techniques for fillets in thin-walled
beams and bolted joints are developed, so that complex structures with thin-walled beams and/or
bolted joints can be accurately modeled with a reasonable model size. To resolve the inverse
problem, a robust iterative algorithm that uses Levenberg-Marquardt method is developed to
accurately detect locations and extent of damage using a minimum number of measured natural
frequencies.
Non-model-based methods that use vibration shapes measured from scanning laser vibrometry,
without use of any a priori information of undamaged structures that is usually not available in
practice, are introduced. Curvature vibration shapes are compared with those from polynomial
fits with proper orders to yield curvature damage indices to identify damage. A new multi-scale
differential geometry scheme is developed to calculate curvature vibration shapes. Spatially
detailed vibration shapes can be measured by a continuously scanning laser Doppler vibrometer
system developed in-house in a rapid and accurate manner. Application of the methodology to
detect delaminations in composite plates are demonstrated. Use of operational modal analysis
and digital image correlation to detect damage in membranes is also demonstrated.
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