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ABSTRACT 

Ferroelectricity/ferroelasticity is a coupling problem of mechanics and electrostatics. 

For the analyses of linear behaviours in the electro-mechanical problem, conventional 

FEM[1] has been widely used. In the FEM, displacement and electric voltage, scalar 

potential, are chosen as independent variables. On the other hand, for the material-

nonlinear analyses of the ferroelectric/ferroelastic problem, this FEM would not be 

appropriate because of the possibility of numerical or physical instabilities in 

constitutive law level. Various numerical approaches for the material nonlinearity still 

have been studying [2]. 

Recently, an alternative FEM[3] has been proposed to overcome these difficulties. In 

this FEM, displacement and vector potential, instead of the scalar potential in 

conventional one, are chosen as independent variables. Ordinal nodal interpolation is 

used for the discretization of displacement but edge interpolation should be used for the 

discretization of vector potential in 3-D case. Note that in 2-D case nodal interpolation 

is used for both independent variables. These two FEMs are dual each other in terms of 

electrics. In conjunction with the alternative FEM, Landau’s constitutive law models[3] 

based on energetically local minimum potential functions can be utilized for the 

description of the material nonlinearity. In solid-state physics these models are common 

and they are usually used for describing phase transitions phenomenologically. This 

class of the models is well-suited for the alternative FEM. The resulting computational 

procedure is very similar to the one for the bucking analyses of structures like shallow 

arches. 

We present that the combinational approach of the alternative FEM and the Landau’s 

potentials is advantageous to the material-nonlinear analyses in polycrystalline 

ferroelectric/ferroelastic problem. Using a potential in the literature[5] with dielectric 

relaxation, dynamic analyses of polycrystalline BaTiO3 ceramics will be demonstrated. 

For example, Fig. 1 shows the dynamic behaviours of electric remnant polarization in a 

randomly-oriented 2-D polycrystalline in the case that upper and lower faces are 

subjected to electric voltage. 
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Fig. 1  Process of domain switching in 2-D polycrystalline 
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