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Phase-field approach (PFA) represents a unique method for simulation of various aspects of 

stress-induced multi-variant martensitic phase transformations (PTs), especially at the nanoscale. 

In this approach, each i
th

 order parameter varies from 0 (corresponding to austenite A) to 1 

(corresponding to martensitic variant ��). However, despite significant progress in the field, a lot 

of fundamental physics is missing in the phase field equations. In the present work, PFA for 

multivariant martensitic PTs is advanced in the following directions: a potential is developed that 

introduces a thermodynamically consistent expression for surface tension, which is consistent 

with a sharp interface limit for a nonequilibrium interface [1-3]; a mixed term of the gradients of 

different order parameters is introduced, which  allows us to control the energy of M-M interface 

[1,4]; a non-contradictory expression for variable surface energy is suggested;  and a model for a 

finite width surface layer is developed and strong, surprising, and multifaceted effects of this 

width and internal stresses on surface-induced pretransformation and phase transformations are 

revealed [5]; large strain formulation is developed [6,7]; potential in hyperspherical order 

parameters is introduced, which allowed us to describe each M-M interface with a single order 

parameter and to introduce interface stresses for it [8]. All theories are utilized for finite element 

simulation of various important problems [1-9], see examples in Figs. 1 and 2. 

PFA to dislocation evolution was developed just during the last decade and it is widely 

used for the understanding of plasticity at the nanoscale. Despite significant success, there are 

still a number of points for essential improvement. In our work [10], a new PFA to dislocation 

evolution is developed.  It leads to a well-posed formulation and mesh-independent solutions and 

is based on fully large-strain formulation. Our local potential is designed to eliminate stress-

dependence of the Burgers vector and to reproduce desired local stress-strain curve, as well as to 

obtain the mesh-independent dislocation height H for any dislocation orientation. The gradient 

energy contains an additional term, which excludes localization of dislocation within height 

smaller than H but disappears at the boundary of dislocation and the rest of the crystal; thus, it 

does not produce interface energy and does not lead to a dislocation widening. Problems for 

nucleation and evolution of multiple dislocations along the multiple slip systems are studied.  

The interaction between PT and dislocations is the most basic problem in the study of 

martensite nucleation and growth. Here, a PFA is developed to a coupled evolution of 

martensitic PTs and dislocations [11], and is applied to study the hysteretic behavior and 

propagation of an A-M interface with incoherency dislocations, the growth and arrest of 
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martensitic plate for temperature-induced PTs, the evolution of phase and dislocation structures 

for stress-induced PTs, and the evolution of dislocations and high pressure phase in a 

nanograined material under pressure and shear [11,12], see examples in Figs. 3 and 4. 

 
 

Fig 1. The stationary solution for the 

nanostructure evolution after barrierless surface-

induced nucleation from the right-hand side of 

the sample. (a) Without surface tension; (b) 

With surface tension [1]. 

 

 
 

Fig. 2. Critical nanostructures for the coupled 

PF and mechanics for a single M1 and some 

values of dimensionless width of the surface 

layer Δ��. Three morphological transitions are 

observed with increasing  Δ�� [5]. 

 
Fig. 3. Coupled evolution of phase (right) and 

dislocation (left) systems under simple shear 

[11]. 

 
 

Fig. 4. Stationary distribution of high pressure 

phase and dislocations in two nanograins 

under prescribed pressure and shear [12]. 
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