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Résumé 

The energy harvesting technology that aims to enable wireless sensor networks to be maintenance-free, is 
recognized as a crucial part for the next generation technology mega-trend: the Internet of Things. Piezoelectric and 
magnetostrictive materials, which can be used in a wide range of energy harvesting systems, have attracted more and 
more interests during the past few years. This thesis focuses on multiphysics finite element modeling of these two 
materials and performing model reduction for resultant systems, based on the Proper Generalized Decomposition.  

Modeling these materials remains challenging although research in this area has been undergoing over decades. A 
multitude of difficulties exist, among which the following three issues are largely recognized. First, mathematically 
describing properties of these materials is complicated, which is particularly true for magnetostrictive materials because 
their properties depend on factors including temperature, stress and magnetic field. Second, coupling effects between 
electromagnetic, elastic, and thermal fields need to be considered, which is beyond the capability of most existing 
simulation tools. Third, as systems becoming highly integrated whole-scale simulations become necessary, which means 
three dimensional numerical models should be employed. 3D models, on the other hand, quickly turns intractable if not 
properly built. The work presented here provides solutions in respond to the above challenges.  

A differential forms based multiphysics FE framework is first established. Within this framework quantities are 
discreted using appropriate Whitney elements. After discretization, the system is solved as a single block, thus avoiding 
iterations between different physics solutions and leading to rapid convergences. Next, the linear piezoelectric, and a 
free energy based nonlinear magnetostrictive constitutive model called Discrete Energy Averaged Model are 
incorporated into the framework. Our implementation describes underlying material behaviors at reasonable numerical 
costs. Eventually, two novel PGD based algorithms for model reduction are proposed. With our algorithms, problem 
size of multiphysics models can be significantly reduced while final results of very good accuracy are obtained. Our 
algorithms also provide means to handle coupling and nonlinearity conveniently. All our methodologies are 
demonstrated and verified via representative examples 
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