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ABSTRACT
Materials with stimulus-dependent electrical conductivity have been widely studied for embedded sensing and integrated nondestructive evaluation (NDE). For example, conductivity changes have been used for sensing deformation and damage in polymeric nano-, continuous carbon fiber, cementitious, and ceramic composites; pH (or chemical condition) in nanocomposites; moisture flow in cementitious materials, and UV exposure in nanocomposites. Electrical impedance tomography (EIT) is one method of characterizing domain conductivity from voltage measurements on the boundary. This method can map damage to traditional structural materials that demonstrate stimulant-responsive conductivity, such as unidirectional ply or woven polymer-matrix composites (PMCs). Conductivity mapping is achieved by application of leads and electrodes to the structure for current injection and voltage measurement. These measurements are then used to solve the inverse problem relating boundary measurements to a change in internal conductivity.

New manufacturing methods, such as additive manufacturing (AM), can also produce PMC structures. These novel materials have different properties compared to PMCs created via traditional methods and can often be printed in more complex shapes. For example, chopped fiber PMCs are created from an epoxy/short carbon fiber mixture with unique properties. In this work, we extend an EIT damage sensing capability originally developed for traditionally-manufactured PMC structures to an additively manufactured (AM) long chopped fiber PMC with a complex shape. Specifically, an AM PMC truss is printed and prepared with electrodes for EIT. A baseline of EIT measurements is established in the undamaged state. Then, notches are made in several truss ligaments, and new EIT measurements are made. By applying difference imaging in the solution of the inverse problem, in combination with the use of a mixed prior and the implementation of the L1 norm, we demonstrate the ability to localize damage to those regions. This result paves the way for future EIT measurements made on more realistic structure.
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