Abstract
Structural Health Monitoring of Composite Structures Using Magnetostrictive Sensors and Actuators.
Fiber reinforced composite materials are widely used in aerospace, mechanical, civil and other industries because of their high strength-to-weight and stiffness-to-weight ratios. However, composite structures are highly prone to impact damage. Existing traditional non-destructive inspection techniques are typically based on a schedule rather than based on the condition of the structure. Therefore, there is a need to develop a cost-effective, in-service, diagnostic system for monitoring structural integrity in composite structures. The applications of smart materials have drawn much attention in aerospace, civil, mechanical and even bioengineering. Non contact sensing and actuation with high coupling factor, along with other properties such as large bandwidth and less voltage requirement, make magnetostrictive materials increasingly popular as potential candidates for sensors and actuators in structural health monitoring (SHM). This concept is addressed in three different parts. The first is to develop the constitutive relationship for magnetostrictive sensor and actuator suitable for structural analysis. In the second part, response for both damaged and healthy structures are obtained. And finally, damage, impact force and material property identification is performed from these responses.
Linear, nonlinear, coupled and uncoupled constitutive relationships of magnetostrictive materials are studied and the elastic modulus and magnetostrictive constant are evaluated from the experimental results reported in the literature. In uncoupled model, magnetic field for actuator is considered as coil constant times coil current. The coupled model is studied without assuming any explicit direct relationship with magnetic field. In linear model, the elastic modulus, the permeability and magnetostrictive coupling are assumed as constant. In nonlinear-coupled model, the nonlinearity is decoupled and solved separately for the magnetic domain and mechanical domain.
Different finite element formulations for composite structures with embedded magnetostrictive patches are studied. Both mechanical and magnetic degrees of freedoms are considered in the formulation to bring out the requirement of coupled analysis for SHM when magnetostrictive sensor and actuator are used. For the specific cases of beam elements, super convergent finite element formulation for composite beam with embedded magnetostrictive patches is introduced for their specific advantages in having superior convergence. Frequency domain analysis is performed using spectrally formulated beam elements. The formulated elements consider deformation due to both shear and lateral contraction, and numerical experiments are performed to highlight the higher order effects, especially at high frequencies. 
Finally developed elements are used for solving inverse problems such as, material property identification, impact force identification, detection and identification of delamination in composite structure. Neural network is applied to get structural damage status from the finite element response using its mapping feature, which requires output uniqueness. To overcome the loss of output uniqueness due to the dimension reduction, damage space is divided into different overlapped zones and then different networks are trained for these zones. Committee machine is used to coordinate among these networks. A five-stage hierarchy of networks is used to consider partitioning of damage space, where different dimension reduction algorithms and different partitioning between training and testing samples are used for better mapping for the identification procedure. 
