Application of modal curvatures for impact-damage detection in composite laminates
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Composite materials, such as carbon-fibre-reinforced polymers, are increasingly being used in the fabrication of high-performance structures. Composite laminates often show considerable advantages of stiffness and strength over homogeneous materials, and this is particularly evident when these properties are considered on a unit weight basis. However, these advantages are counterbalanced by a lower impact-damage tolerance. An impact-induced damage in composite materials may significantly reduce the mechanical properties of composites leading to a sudden and unexpected failure of the component. Therefore structural health monitoring and damage detection in civil, mechanical and aerospace engineering constructions has become one of the most important keys in maintaining the integrity and safety of a structure.

In the present paper a technique for damage detection which utilizes modal curvatures obtained from vibration analysis is proposed for the detection of internal defects arising as a result of low-velocity impacts on composite laminates. The basic idea of the proposed damage detection method is that a damage as a combination of different failure modes in the form of loss of local stiffness in the structure alters its dynamic characteristics, i.e., the modal frequencies, mode shapes, modal curvatures and modal damping. Therefore a change in modal curvatures will indicate a loss of the stiffness and thus it may be considered as an indicator for the damage location. The location and size of damage is estimated by application of the mode shape curvature square magnitude damage index defined as the average summation of damage indices for all modes normalized with the respect to the largest value of each mode
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where w is the transverse displacement, N is the total number of modes considered, i and j denotes the measurement point number in x and y direction, respectively.
_1368350876.unknown

