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ARTICLE INFORMATION ABSTRACT

Original Research Paper Magnetic shape memory alloys (MSMAs) are a new class of smart materials that exhibit characteristics
Received 03 July 2016 of large recoverable strains and high frequency. These unique characteristics make MSMAs interesting
Accepted 15 October 2016 materials for applications such as actuators, sensors, and energy harvesters. This paper presents a two-

Available Online 19 November 2016 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

'ﬁggﬁi{ﬂs'shape memory alloy reflect the microstructurfil consequences on the material _macro_scopic_ behavior. MqreO\_/er, a stress-
Internal variable dependent thermodynamic force threshold for variant reorientation is introduced which improves the
Two-dimensional modeling model accuracy in multiaxial loadings. Preassumed Kinetic equations for magnetic domain volume
Magneto-mechanical loading fractions, decoupled equations for magnetization unit vectors and appropriate presentation of the limit

Hardening function 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 MSMASs, 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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response for uyH, = 0.0 Tesla

sl cmS mul o sleesls g lagileand o awmlie 13 S
uoH, = 0.0 Tesla

12 o plads 16 055 1395 sidul .y rde CeilSe L tige

[

F— Simulation (This Model)
-e-Experiment (Heczko)
0.5(=="Simulation (LaMaster et al.)

E:
£ 0 1
~N
=
-0.5] b
d
-1 & ]

1

0
"on (Tesla)

Fig. 9 Comparison between simulations and experiment: magnetization
response for g,; = —0.6 MPa

4 (SUgdueblive gl (0,55 sloosls g bgjluand  anlia 9 J&
0,; = —0.6 MPa ;|

[

F—Simulation (Thfs Model)
-e-Experiment (Heczko)
+-=-Simulation (LaMaster et al.)

0 1

”on (Tesla)

Fig. 10 Comparison between simulations and experiment:
magnetization response for ,; = —1.4 MPa

4 (Sagd bblioe guly {025 glaosls 5 bygjludnd o awslis 10 JSC&
0,1, = —1.4 MPa ;|

[

F—Simulation (Thfs Model)
-e-Experiment (Heczko)
+=-Simulation (LaMaster et al.)

1

-1 -0.5

0
'uon (Tesla)

Fig. 11 Comparison between simulations and experiment:
magnetization response for o;; = —3.0 MPa

@ (SVgdmbline ol (05 sodls g bagluand (r anylie 11 JSC0
011 = =30 MPa iyl

WS o ey G 3] el sl ) esSie sl anlp e
e ly 55 5l gl (al 228 ames asilen eoleiiy Joo &SI 50
@ oS (e ik anld adl sl oo (ST S ezl wlB gyt
5o Joe Gl 5o oad eaalie s O pdoe plnl JolS )50
S0 g el G035 (225 (Gt et 4 K08 Je 4 Co
9 JSh 0 o5 wsSilen s A8 gl il sl (Ssbmblise b
D20 o Al Coadly 4y (655505 Slie 4wl Joe ol 9gb g0 cumlie
~14 406 3 ool i mhe aSlEs oole 255 Ful 7 JSs
1095050 s (55L88 i e GRIETL aeo oo LaS ) wilge SRl

&S =ik wld et ln pY (bl Gl (e -1

el Gl

Cowd 4y 8y sLiwly 5 (5eS (6,5 emnbline gl Ll> o -2

Y

Vi by 5 syt o S eSSl amld s -3


https://dorl.net/dor/20.1001.1.10275940.1395.16.12.33.8
https://mme.modares.ac.ir/article-15-4091-en.html

[ Downloaded from mme.modares.ac.ir on 2024-05-18 ]

[ DOR: 20.1001.1.10275940.1395.16.12.33.8 ]

Slggol Jlea 9 sgmwge Ls ) Sexo

uabliso Hl3aladls Sl 3WT (sl Saolis 3505 JU jlw (532393 (5 LB Jdwo S syl

1 =< ~
0.5r 1
B
2 o 1
~N
=
-0.5r—Simulation (This Model) 1
-e-Experiment (Heczko)
-1p-= Simulation (LaMaster et al.) ) ) B

0 1 2 3 4 5 6
o (MPa)

Fig. 18 Comparison between simulations and experiment:
magnetization response for u,H, = 1.1 Tesla

@ (SHgdebline ul (025 slaools 5 bgiludnd o anlis 18 JS&
HoH, = 1.1 Tesla sljl

o el 16 IS5 | o 65 e 25 a8 pmeid (S igd el
S (o0 (St (S Wb mbline 0 (65mi e g0

Sl ¥ G55 et )l Joo lo iy 14 JSS 4 azg L
s ml b w0 calhe V) 4V, 5l ol sumib sl g geyd
3 ot Geized g (Fezil Sl 5 cnl g epdle Lamd g LA
ailen Jae g9 o Sl ZSGo5 a8 4 50 Jae 4 S Joe Gl 5o
Sype 53 NS (oo (St S8 e 5o |y (BT ezl (o2
onl 05 so sanlin 17 S j0 oS wlen 5 (Saigd mebloe fuly
o (oo ) Codly 4 65505 Sl 4 ol Joe

Ol 5l s () (gly wips co 5L 18 915 sla S aS 45sSlan
baglio )0 5 Cosl o & S5 Lyl Jow 99 2 (i bl
ol dyse yo andl ey o Wl Jod BB mls g0 e e
Sll (s )lie lSen 5 Y Jao o (18 JS2) (Sigdpurblice

095 g0 0330 A Ay o

097090 HLid Coxi i |y g 13 JUio -3-4
b oas 0, sl 5o 1) bl sles jo NigMnGa b ) 5 diged
Vy oy 5SS @y sbl, jo 5 S5 o5l 4 g led i Jles!
oalS Gl 0550 U Jlade U 2 Jlade ) e ol ool Sas
8 OSen Ll 500,88 50 8y gliuly o diged Ll pl o abie
G gdce atdls &5 cl —0yy g ,lad 5 a5 sbioles Jl ol
05ige Jlosl 19 IS Bllas & (sliwly )5 (pwgios 5)L23

Slge 4l =0y, g lad ps Jlee! 5 8 asilly S gon,Sy Jl>
OS5l ki Jae st 5 485 I 0 e e Sy
4 JSulKe —9.0 365 —10 b mhe aw gl 4 —&, o,lud

s awlis jshaie a4y res (0098 0 1)1 22 520 la IS jo o 5

02z
1

|:,'> <:1:| ayy: constant

Fig. 19 The super-elasticity under biaxial compressions
0,97090 HLid Co dlpio¥l e 19 JSCh

6 T T T
—Simulation (This Model)

-e-Experiment (Heczko)

--Simulation (LaMaster et al.)

Fig. 14 Comparison between simulations and experiment: strain

response for puoH, = 0.4 Tesla

sl @ cmS mul Lo sleesls § lagileand o awlie 14 S
uoH, = 0.4 Tesla

6f—simulation (This Model)
-e-Experiment (Heczko)
--Simulation (LaMaster et al.)

‘ . . ‘ ‘ ]
&, (%)

Fig. 15 Comparison between simulations and experiment: strain
response for puoH, = 1.1 Tesla

Gl 4 355 Eal e lesls 5 bagiluaned (e anlie 15 5B
uoH, = 1.1 Tesla

17\ T T T T T 4
0.5r ]
g
2 0
o~
=
-0.5r—Simulation (This Model) 1
-e-Experiment (Heczko)
_1,7—Simulation (LaMagter etal.) ‘ ) ) ]

0 1 5 6

3
o, (MPa)
Fig. 16 Comparison between simulations and experiment:
magnetization response for yyH, = 0.0 Tesla

Q4 (S¥sdpmbloe byl g0, Gosls g bagjluas o awlin 16 o
uoH, = 0.0 Tesla l;!

-0.5r—Simulation (This Model) 1
-e-Experiment (Heczko)
-1p-= Simulation (LaMaster et al.) ) ) b

0 1 2 4 5 6

3
o, (MPa)
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