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Magnetic shape memory alloys (MSMAs) are a new class of smart materials that exhibit characteristics 
of large recoverable strains and high frequency. These unique characteristics make MSMAs interesting 
materials for applications such as actuators, sensors, and energy harvesters. This paper presents a two-
dimensional phenomenological constitutive model for MSMAs, developed within the framework of 
irreversible continuum thermodynamics. To this end, a proper set of internal variables is introduced to 
reflect the microstructural consequences on the material macroscopic behavior. Moreover, a stress-
dependent thermodynamic force threshold for variant reorientation is introduced which improves the 
model accuracy in multiaxial loadings. Preassumed kinetic equations for magnetic domain volume 
fractions, decoupled equations for magnetization unit vectors and appropriate presentation of the limit 
function for martensite variant reorientation lead to a simple formulation of the proposed constitutive 
model. To investigate the proposed model capability in predicting the behaviors of MSMAs, several 
numerical examples are solved and compared with available experimental data as well as constitutive 
models in the literature. Demonstrating good agreement with experimental data besides possessing 
computational advantages, the proposed constitutive model can be used for analysis of MSMA-based 
smart structures. 
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Fig. 1 Crystal structure of austenite phase and two types of martensite 
variants with magnetic easy axis in each variant  
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Fig. 2 Internal variables in the proposed constitutive model 
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Fig. 3 A qualitative magnetization curve along the magnetic easy axis 
and approximation of magnetic domain volume fractions 

3             
            
  



    

     

  

6  13951612  

   I(1 )[1 ( )2] 

)22(   , i = 1, 2 

  )23(    

)23(  
 

=
( )

= 0, = 0
0, 0 , i = 1, 2 

     
) 24 (:  

)24(    
 

-1 )25( 
  

)25(   = + 0 

) 1 ()26( 
   

)26(   =  

) 26 (-) 25) (27 (
   

)27(   = ( ) 0 

 
) 28 (

:  

)28(  
 0 

) 24)   (28( 
) 27 (-

 .2 ) 29 (  :  

)29(   = = 0 

  
 

    .     
   )30(     :  

)30(  
 

= + [exp
( )

1]( ) 

      .( )  3 
)   .30 ( 

 
  

3 -   
  .

[0, ]  [ ( ), ( )] 
  .( , , , ± , ) ( ) 

( ) 

1 Clausius-Duhem inequality 
2 Limit function 
3 Principal invariant

     
( ) 

) 16)  (31 (    

=

1
2 +

( )

2 , ( ) <

1
2 +

1
2 sign ( ) , ( )

, i = 1, 2 

)31(   

 )  21 (
) 32 (    

   [ +
( +1)

+
( +1)]{ 0

sat ( +1)
 

   +2 [ ] ( )} = 0, i = 1, 2 
   [ ( +1) ( +1)]{ 0

sat ( +1)
 

)32(   +2 [ ] ( )} = 0, i = 1, 2 

 )  32 (
  .    

           
  
    
  . 

 . 
   .

  
 )  .33  :  (  

)33( 
( ) ( ) = ( )

( ) + ( ) = 1
 

    
) 4)   (5) (6)   (7 (

  .  

4 -    

   .
 

 ]17[ 
 .
   

 
   .

][22 Ni2MnGa  .
1  .

   
  .

 
) 34 (  

)34( , [ ] = 0 



    

     

13951612  7  

1    
Table 1 Identified material parameters for numerical examples 
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Fig.  6 Comparison between simulations and experiment: strain 
response for 0.6 MPa 
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Fig.  7 Comparison between simulations and experiment: strain 
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Fig.  8 Comparison between simulations and experiment: strain 
response for 3.0 MPa 
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Fig.  4 Experimental stress-strain curve for simple uniaxial 
compression test in Heczko [22]  and the proposed model prediction 
based on identified material parameters from curve fitting 
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Fig. 9 Comparison between simulations and experiment: magnetization 
response for 0.6 MPa 
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Fig. 10 Comparison between simulations and experiment: 
magnetization response for 1.4 MPa 
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Fig. 11 Comparison between simulations and experiment: 
magnetization response for 3.0 MPa 
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Fig. 13 Comparison between simulations and experiment: strain 
response for = 0.0 Tesla 
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Fig. 12 The magnetic field-assisted super-elasticity 
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Fig. 14 Comparison between simulations and experiment: strain 
response for  = 0.4 Tesla 

14     :  
  = 0.4 Tesla     

 
Fig. 15 Comparison between simulations and experiment: strain 
response for  = 1.1 Tesla 
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Fig. 16 Comparison between simulations and experiment: 
magnetization response for = 0.0 Tesla 
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Fig. 17 Comparison between simulations and experiment: 
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Fig. 18 Comparison between simulations and experiment: 
magnetization response for = 1.1 Tesla 
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Fig. 19   The super-elasticity under biaxial compressions 
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Fig. 20 comparison between simulations and experiment: strain 
response for 1.0 MPa 
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Fig. 21 comparison between simulations and experiment: strain 
response for 6.5 MPa 
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Fig. 22 comparison between simulations and experiment: strain 
response for 9.0 MPa 
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Fig. 23 Martensite variant reorientation induced by a rotating magnetic 
field 
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Fig. 24  the proposed model prediction of strain response for  =
2.0 Tesla 
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