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Fig. 1 Schematic of stress —strain curve of TiNi alloy
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Fig. 2 Schematic of multilinear elastic model
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Table 1 Parameters of four models
Model E/GPa Og/ M Pa Strain of yield point/ % Poisson ratio Er/GPa
Model 1( multilinear elastic model)
Model 2( bilinear isotropic hardening model) 250 500 0.2 0.3 6
Model 3(bilinear isotropic hardening model) 50 500 1 0.3 6
Model 4( bilinear isotropic hardening model) 12.5 500 4 0.3 6




+ 102 ¢ ThEA R AR

200342 H

MBI, IR EF B . F oSO BN,
Wl BARE R RAFRR S, FG J7 AN X H#iEJr
W, FD Jilnoh Y BEJr . L9R &4 DFH %
X B NZE, HI X J7mMy J5m e es
YR SO < i) 1R 4y A AN % NG SR = )= Wyl [0 N E N
T, KR 50 N, FEAEAR B R8T, RISk
Rz #2807 38, AN 807 35 20 i 100 4y, i
100 N RTE, BN ERHK0.5N K.
fil B2 R Y R bk B H 5032

3 HFREIHE

3.1 ZEMEMEREENLMEEREEERRLE
3

K5 FE 6 sl & 4 B2 1) &% K Von

Mises IV 1] 55 K Von Mises 54 W AR i v [n) 28 g

AR IS, A3 T i B O B AR A B KB

N AFERSEAE Von Mises #EN FRAFH) . M 5 Fmf

800

(=)
(=]
<

s — Model 1

Maximum Von Mises
stress/MPa
-
[
<>

200+ ® — Model 2
4 — Model 3
0r v— Model 4

0 10 20 30 40 50
Normal load/N

5 # K Von Mises M.} 4 Aii HH 2k

Fig.5 Maximum Von Mises stress
distributions
0.6
05t B — Model 1
® — Model 4
> 04r  a— Model 3
v— Model 2

03r
0.2}

0.1r
ot

Maximum Von Mises
elastic strain, &

0 10 20 30 40 50
Normal load/N
6 K Von Mises #{LI N AR 73 A1 i £&
Fig. 6 Maximum Von Mises elastic

strain distributions

DA, BEAE I ) B0Ar A I 0, X &5 ) o 4K Y
3 PR B K Von Mises )34 B3 hn, 1 H.
e Bl A B K AR A B ARG, 1 B s 82 2% 3
Ko MRt 2 P s AR, FE IS W1 a6 B B,
Von Mises N Jj 38 A AR PR, (H 4 Zoa7 38 n 21— &
FERES, N AR 218, FHARFAIRT
500 MPa HIZKF, Bt g il 2 #) 5 KN )18 A H)
BN EA R, HA8AE NS —EREE, &
K Von Mises N JJ 8 In#34F #2218 . X 214 1 i A
MRS R P BT D5 1, I it 2 A8 R BT 16 0
N, PR KR S R AR, i HL 1 5 AR 5 0
MREEART R, IXME 6 Al LLEHE B . 8 i
AR ) AT LA I AR B S A, TR
PR SR N AR Ik 2 K, AR A HAE 32 AR A
INf R 8 22 W AR K — 8870 N ), BRIk, ™ ) 88 AR
18 o AERAEAE ] 22 Ze Mh ot AR I, e Ah 3 P
A HR N AR e 4 oM N AR SR R, A A AR 28 A
A, XA TSR A R R B — AL TR
FAEHME R, X5 TiNi & AR KIIZERN .. FR
TiNi &< BAR ARSI R AR B E, HWfH
SR N AR R AT SR FH R 1 5 1) iR A AR TR AN AN AT
DS BT 7 A5 B st I AR, A, ] DU 3 B A ) 9
PENAR(AnE 6, 7 Fros) o FH iz A s 28 m) BLoy A
TiNi & < FO B i B K50 1 A2 T2 B % 7 AR i K
Von Mises 3% W AF & f5: K Von Mises ¥ W A% 1)
M SRE 25 R PTE OM BE RO BEAK ) S e, AL
PRI SAPE R4y, 2 R M SRR SR 0BT TN
BB AN GG, L B Al S o)
Kb, AL fe fl R AR R 5 TiNG JEARIE
& AR Rz .

3.2 3MWMEMFEEMEIMNTESF

3 O e M 5 1 SR A R TR A AN (7] g B0 8 Ay A H
0.06

& — Model 4
0.051 & — Model 3
0.04 - 4— Model 2

003+
002+
0.01¢

ot

Maximum Von Mises plastic
strain, g

0 10 20 30 40 50
Normal load/N
7  $% K Von Mises Y8t I A% 43 A7 il 25
Fig. 7

Maximum Von Mises plastic

strain distributions



ERKES DR

EALR, A AN FEREME AL IR TING & Sk m Al i A R oo + 103 -

THIR BT A B K Von Mises # [ 25 Fil B K
Von Mises 8% A% 53 A th 2 70 51 ILIE 6 AP 7 . A
B rr LU, AR & E T, BEE &K
PR TE ST, A B K Von Mises B WY
AR E N, M AR B K Von Mises Y8 1PE NV AR 14
BN o 3 FIASERY e A SRR T I 1) 2 A B 5 AN AH
[, A B A K 3 AR T S 1A T v 1T 528 T 38
XPPASAY 23 1 4 = Mg A O AR S MR AR TE ) 3 AT
%A 4N . 9NFI25N.

K8, 9, 10 7rnliE 3 Rt A 2 far 4 SON I
P2 i i BT 28 5 AH [R] R JR S JBOK ) Von Miises %31
AR AT . A 3 Sk TR 4 2 8] 4 B AT LA
i, BT AR G R N, E R AR
FENIR BB 0, E7 25 1 de K8 T I AR A 3%
W) XA R O B B K R AR T = B R, A
SNEATIE T, AERE AR B 38 AR T oK 22 f o 7=
IRy, AN R BR E, 7 AR ) R Y AR T DA
WA . BT TiNi A SR & K AR Y &,
o] DA AR AR e ) S N AR, EOAR A R AR T AR
K, AEL A B 5 2 R AR Y By T AR K A L R
OO A B PE RS e FEA R AR K . R, & A K
PAVEARTE B I — D lROR A AT 7 AR 0 9 A Y AR AR
JIN, PR (R R AR XA B A A K B AR T R
BN, W 8 .9 A 10 Fias . LEAE PR # 4
T, FAEMRBEMRBES, EEERSEY
AT DAHE BT b s R R T, N R B A

9 AL 3 (1) Von Mises ¥ 4 1 A% K]
Fig. 9 Von Mises plastic strain of Model 3
(The load is 50 N)

ANIYR 5.5

pEC 13 3001
19:13:22

WOPAL 2CTiTION
TiNe=100
EFFLEQV  (AVG)

BE000C0EN
z

051137

8 AL 2 ) Von Mises ¥4 V.45 &
Fig. 8 Von Mises plastic strain of Model 2
(The load is 50 N)

10 A 4 1) Von Mises Y8 4 NV A% &
Fig. 10 Von Mises plastic strain of Model 4
(The load is 50 N)

o RO YL . T TiNG BRI Z & G B AR m
RRFEARTC R, A AAEARKRE L 2 g A i) B
71, AR I — ROR %A AR N T B 22 2 168 v
BRIEF R B SR TIN5 <05 Sh 8 48047 it I FX) ) 46
BrEs, RAREKINIE(E 1T H8 04 B, AT K
Pl ZN Iy IE BN )75 5 AR AR AR 1)
i U, A A R 1) L R AR AR RO AR, 3 U
PSR KR FEFEAR( B 1 ) AB By, #RHELURH)
SR N AR MR T R I ), DT A BE L e
RYLH LR LR, KPP Rs Ml D TiNG 75 422
HAT € Wi B



© 104 - ThEA R AR

200342 H

3.3 ARTERENKNFRE R

KH Hysitron 2 @] ff] Triboindenter %! 442K J;
2FERED | Berkovich WA 3k, X HA 1.4 mm 1)
B TiNG & G 2 AT IR NSET, JFR A&t
S ) SR AR 0 120 R AT A BR AU, I B A s
AT BRI BB BRI AL 5 B R R i i 11
Jios . WEIFRT LR, A BRJTE: R S5 45 R AR
ZEAK, (HEEMFE B T, HAABRICIES 21
SRAEAS i L S AT B B K — 88 IO RN FE AR
RIMA— RN A AAAE, T7Ef BRocH 7
A I AR L TG R BE BB B, XA R R
B TG &5 R L s 56 45 SR i K . FLBE A B804 IR 1S I, R
Sk A B R RBR A, o T A AT P S 4D R ) R
N, S AR A IR A R BRI .

300 o Rl fiam nanaiidenter
. —
2400 | Result from FEM
Z 1800+
3
S 1200t
600 |

0 3 60 90 120 150 180
Displacement/nm
11 AR ICTT 5 90K ) A 3515 B 1Y
BAT 5 AR % AR i 2
Fig. 11 Curves of load —displacement

gotten from FEM and nanoindenter
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FEM analysis of pseudoelastic TiNi alloy under

normal contact using two material models

WANG Limin', XU Jirjun', YAN Li', GAO Yuzhou',
PAN Ximxiang®, ZHU Xirhe?, LIU Yrmei’
(1. Institute of Material and Technology, Dalian Maritime University, Dalian 116026, China;

2. Marine Engineering College, Dalian Maritime University, Dalian 116026, China)

Abstract: Two different material models( mutilinear elastic model and bilinear isotropic hardening model) were used to carry out the

finite element analysis of TiNi shape memory alloy with pseudoelasticity feature under normal force load. The results show that the

mutilinear elastic model is not appropriate for analyzing the pseudoelasticity of TiNi alloy, but through using the maximum elastic de-

formation (the strain value at the yield point) to simulate the pseudoelasticity of TiNi shape memory alloy, the bilinear isotropic hard-

ening model can describe the relationships betw een the pseudoelasticity of TiNishape memory alloys and strains including elastic strain

and plastic strain. The results gotten from this analysis using the bilinear isotropic hardening model can be used to provide the refer

ence for designing TiNi alloy as smart material and antrwear material. Finally, under the bilinear isotropic hardening model, the rela-

tionship between load and displacement gotten from FEM was compared with that derived from nanoindenter,

they are at close range.

results indicate that

Key words: material model; TiNi shape memory alloys; pseudoelasticity; finite element; smart material; antrwear material
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