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ABSTRACT

The thermomechanical behaviors of the shape memory alloy were conducted through the finite element analysis
of ABAQUS with UMAT user subroutine. The unified thermomechanical constitutive equation suggested by Lagoudas
was adapted mto the UMAT user subroutine to investigate the characteristics of the shape memory alloy. The three
cases were solved fo investigate the thermomechanical characteristics of the shape memory alloy. The material
properties  for the analysis were obtained by DBC and DMA techniques. According to the results, the
thermomechanical characterisiics, such as a shape memory effect and a pseudoelastic effect, could be oblained
through the finite element analysis and the analysis results were revealed to agree well with the experimental results.
Therefore, the finite element analysis using UMAT user subreutine is onc of prominent analysis techniques to
investigate the thermomechnical behaviors of the shape memory alloy quantitatively.

Key Words Shape memoty alloy, Thermomechanical behaviors, Fmite element analysis, Unified thermomechanical
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Table 1 Matenal properties used for FE analysis

item | unit value ilem | unit value
Ea GPa 70.0 A T 110.0
Em GPa 40.0 As T 96.0
i} - 0.33 M T 74.0
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£ pan - 008 Cy [MP2/TC| 130
3. wete a4 o &2
31 2FE 2rotel HY ofF HF
Ao A2 B JHE Ho] gloen E En
S AN OE & o A9sFE 847
T A%E neEyrh Ao REHE £ ¢
st s FRE deElels A giata] Fa5hs)
grhrl 2R GHZE EFA s A4S e
o AR @4 e C3D82] gEFow H 3 ol

) zio)t}

a3 leE 89 5153 REd giE AHe
W} SH.WEE A=7) vfelt gl ol £
= oA eE gl =g ey} 58 120058
B 2AHUclE Wil AP 06 TAAE -
#Hslar) o7lolA 2H e ~gitelE Wske] 8
#£EHT AFdE 279 22dye|ER 5
ol g AIFF 7} 5HF Frbd wet A 59 o
7] rtEdAle|ER Halsle] 2 WEgo] A
a2 FEE 2R BEAE JElE gel gl
+3 ol7] mhE Al E FEe] HI
& 2719 eaxvelzg A WEETD o2 94
AlHe WS ES A7) geth 3 LU E
HEe| 2RLERT g ¢ 2HPelE e A
FEERT 2 AL &5 F7 wEt 27
2] e2gubelEr}l 32 oky] viEadAilo]ER W
HAg glEe FaaRd ek Hap 279 g
UelER wikdd Teh) d8S dR dAAAR
SAE Vo2 el 2rarnc A JHY &%
o] 7R HHZ Hrjex vi2dale|Eg] 4yt
EA&HA =o] AWe) AR AFELS EA 8
At

oy 20l = FHgd

oo

jun -

Z} A=

ST G" [‘q'

=

st F A7) Fgel



H4E rh=rdels AR g W e Qo

1400
1200
1000

800

stiess (MPa)

Fip. I Stress-strain relations under loading and
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Fig. 2 Variation of martensile volume fraction with
respect to applied load under uniform temperature
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Fig. 3 Variation of displacement and martensite
volume fraction without applied force
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Fig. 4 Variation of martensite volume fraction with
temperature sweep by varying apphed loads
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(a) Configuration of bending specimen

(b) Finite element model

Fig. § Configuration of bending specimen and finite
element madel
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Fig. 6 Comparison of results for finite element
analysis and DMA experiment
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