Transactions of KSAE, Vol. 14, No. 5, pp.100-106 (2006)

Copyright © 2006 KSAE
1225-6382/2006/083-14

x (=] = e == = =g =
ZEHY 7SS 123t NiTi 82 FHo| M|/
22F
ANSARZoI7E TEENITE

Finite Element Analysis of NiTi Alloy Tubes
with the Superelastic Behavior

Woojong Kangs'=

Structural Characteristics Engineering Lab., Korea Automotive Technology Institute, Cheonan-si,
Chungnam 330-912, Korea
(Received 1 February 2006 / Accepted 13 March 2006)

Abstract :

NiTi alloy known as its shape memory effect also has superelastic characteristic, which makes it possible to

be clastic under large deformation. Since the tensile strength of the alloy is very high and density is low compared to
carbon steel, it can be applied to lightweight structural design. In order to design structures with shape memory alloy,
finite element analysis is used and a constitutive algorithm based on Aurrichio's model is added to LS-DYNA as a user
subroutine. Explicit time integration and shell element formulation are used to simulate thin-walled structures. The
algorithm uses Drucker-Prager type loading condition to calculate martensite volume fraction during the
transformation. The implemented algorithm is verified in uni-axial loading condition and martensite phase
transformation can be detected well with the algorithm. In this study, as a energy absorbing structure, thin-walled tube
is modeled with finite elements and the deformation behavior is studied. Simulation results has shown that the
martensite transformation was generated in loading condition. After plastic deformation reached, the load decreases

linearly without reverse martensite transformation.
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Fig. 1 Diagram of martensite transformation
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Fig. 2 Stress-strain curve of NiTi alloy

B 7 5e YulE o= ok 2.5%9] gy HEES
Zk7) ool W2 Fokol| A -85 51 gluk

2 AFollMeE 284 ATE Kol gAY
e d TEEY AT S i 5o
A LA a0l SAste] AN BHolA
28 As RS A a2 A8t
71X A B M 9] 28 As Bl AL
7t on M E Sl e ke ndEhx]
&9kt 181} Nemat-Nasser S0l ©]&HH NiTigh=
< WY E S5 A4 &3 HEur T4 B4
ol Z2.8 A% old] tat Teizk v Ba s
Q‘:}_.IZ,U)

vt R Lo E M7 Fol = nfEElA}o] E 9}
2 2HolE 9] A& Bl &(volume fraction)] &
1o] €9, mp2elalo] E9) A2 u) &g 2t 3 W
€] ¥ E(transformation strain)-& w2 ElALO]| E |

Mo} ohgo) WAIE Zhrt

s

e g e,
sl glAbe] = wE7h A s e Bk AR W E

& vhe 3} o] Aoy,

— e tr th
€= €T e ?)

1714 9] 7 g v W BT} W) 8

102 sizx=aizstsli=27 HM4A H5S5, 2006

£ 9 ANAEE ) WE MBS o83
W Wle) Bl THERAE ofele] 4t ¢
o] ZE P B Ao dF XM 2
3 AT Bale] omm A (o] ANFEL T
REEE!

015 = Dyule ) 3)

o471 4] Dy 43k9) B A% WA o] .

AT A& rt2 dafo] E W E) o] Al 25
e 3L7] Y ste] A (4)9} 72o] Drucker-Prager 3l
P48 ol §a1alh 2 el Eol A stz el
olER o] WErl BAstE AL 7EoE FAE
e 3 Sk ok elabe] B4 @ EpolE
2o Gane] A9 E FAF FPoz AAY
) 1;],

3
F=4 Esijsij‘F?)aP— cT “)

A7NA 55 HARSHRAE YEH, Fe
, T2 25 8, o ¢ AREAS UeEd

lo,

ol

E o] 83 492 (1)2] He
AP E o] ek A (5)9} o] vrehutA

oF
=6 5)
Fig. 33} 7o) Ul F-2o A L2 ElAlo| E ¥
R whe) st WEFFE IH e
o) 2719 39 2 RAte £ ezt BAEA 8
o}.
F,>0, F,<0, F >0 (6-1)
o3 7] A,
F,=F+CM, (6-2)
F,=F+CM, (6-3)
ojt}.
vt Aol E A A E ¥ 2xo IR
AT AS A (D 2ol NYEH, A+HY 5

2] thakst A7) 8k (evolution equation)”} )<z

4-6
A=



Finite Element Analysis of NiTi Alloy Tubes with the Superelastic Behavior

Martensite

F, =0
Austenite

M M. Temperature
Fig. 3 Martensite transformation diagram
F
E=(¢-1)— 7 (7-1)
F
¢&=(¢-1) 72
T (7-2)

% AR TRAY, B 2Ee 4
@) Zo] FHEL}
5”—26'(% 4]_6L€tT) ®

) A $e15) S Pel

A ()T e AN
1%*Wu4mwwﬁ24 4oy etsi 4 )
St e BASH | S vk el A A )]
#A7} o 2ch

- 2% ©)
9 i€ OF
(1+6L83 85,--)

4 8o 48317 YA FHeY 208
EA|ACF IR R, B Ao 4= LS-DYNAS] &
B QW*%‘M A 9o gigh HHey =
AL NEF = 28 FANA AL Hestgdn

4. 7B 247 o4

4.1 PAMUNAl0] =

PA}HH A NEFE ASS

e Y] Asel gig f3kas A
t} HA 28 AFS BoF7) 913}
BEE 7MA e FAdUA A Y] A5 S
th2o® A A9E AoZ NiTi §

[«]

o

9'L

4y 2
o2 [
o M
B

2 g
N
lo L

o
o\
ob
oo ¥ ox

_

1

S

&
5

d

L3 TAAYA AL AES
HA NiTig= 4 792 ~5%2] Hv) gy
A, vh=ditel= Wile) Az

Test Material Property

E = 1000MPa, C = 1MPa/°C
e, =10%, 8 =10MPa

M, =10°C; M, =70°C
A, =90°C, A, =130°C

Fig 43 91°] 41X 2 o] &3 4272 e}
A 94 Lol THe) AR SHS 2 2w
2 2AAE AL 910w, A (7)ol ek v}
Zaxlol = WEle] A7) Aol wet s F7}

b depA At welel At B $UsH F7)
5 Q18 ¥ 5 Qe YA oE vhERIALelE
o RAAGTE Lvpto =) Hlshe] 2t o) =
A5k o] 290l BAeA FA AL

Fig. 55 Fig. 49) A= 2842 o] 48 2EA4
AFol M vk RAbo| £ el 7} 93] 5] 7] A

o g #AAAY A% thA] LU ER ¥
w7t A s A mojFm gleh
F'g 62 NiTi 339 15 88 dejolr el &-4-
HYE Aes Ve o, M d el A3
200
- - exponential evalution function
—— Linear evolution function
Sinusoidal evolution function
150
E o
=3
$ 100
|
[
50 4 T v
0 T T T T T T v 1
0.00 0.05 0.10 0.15 0.20 025 0.30

Strain

Fig. 4 Characteristics of evolution equations.
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subjected to uni-axial loading
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Fig. 9 Comparison of deformed shapes: (a) NiTi alloy tube;
(b) 7075 aluminum
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