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Introduction 

Laminate-based approach 
Satisfying the kinematic and polarisation compa-
tibility conditions between ferroelectric 
variants, and with arbitrary volume fractions, 
the multi-rank laminates could form energy 
minimising domain configuration in a single 
crystal ferroelectric. With the volume fraction of 
each variant                          denoted by              , 
the macroscopic transformation strains and 
polarisation of the crystal can be expressed as 

Numerical examples 
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Yen et. al.  [2008] 

Single crystal ferroelectric materials, e.g. barium 
titanate (BaTiO3), have recently been exploited 
to achieve large strain actuation through 
domain switching and material development. 
When subjected to electromechanical loads 
below the Curie temperature, the strains 
obtained in single crystals were observed to be 
of higher magnitude than those obtained with 
commercial polycrystalline ferroelectrics. 

Merz [1954] 

The energetics and kinetics of ferroelectric 
single crystal materials can be modelled by 
considering, e.g., mixture theory, wherein the 
mixture consists of a number of electro-
mechanical phases or variants. 

Instead of weighting the quantities by the   -th 
variant volume fraction  , a representation 
based on the volume fractions of the   -th rank 
laminate                                         with the constr-
aint                     is used; cf. Li and Liu (2004). 

For the sequential laminate-based model, the 
mixed energy-enthalpy is defined as a function 
of the total strains, electric field and the multi-
rank laminate volume fractions, and the rate-
type evolution equation is written in lines with 
the Perzyna-type model. An implicit Euler 
backward scheme along with the Fischer-
Burmeister complementary functions are 
employed to solve the evolution equations. 
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