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Construction of function durability improvement technique of shape memory alloy

Yamamoto, Takaei
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The critical stress for slip of Ti-Ni is larger than the critical stress for
inducing martensitic transformation. The critical stress for slip of Ti-Ni heat-treated at 623K is as
same as the critical stress for inducing martensitic transformation, however, the critical stresses for
slip of Ti-Ni-Cu heat-treated at 723K and 773K are smaller than the critical stresses for inducing
martensitic transformation. The superelastic property of Ti-Ni-Cu significantly deteriorates with cycles
compared to Ti-Ni. The cumulative residual strains with cycles of Ti-Ni and Ti-Ni-Cu heat-treated at 773K
are large compared to those at 637K and 723K. The stress amplitude at first cycle can correlate the
failure lives of Ti-Ni and Ti-Ni-Cu.



SMA

SMA
SMA
SMA
Ni
Ni
Ti-Ni
Ti-Ni-Cu
90
100
SMA
100 200
Ti-Ni

Ti-Ni-Cu

Ni

@)

Omax

Omax

)

As

1)

30K

Stress o, MPa

Oppaxf====================----= .

Ni

Ti-Ni  Ti-50.3at%Ni
Ti-Ni-Cu Ti-41.0at%Ni-8.5at%Cu

Omax

(Ar ) 50

Tur = 673K
Ti-Ni
Te=As

thT = 3.6ks
Ti-Ni-Cu

Omax

v
unloading

/

— 8P gR 1

Strain g, %



§ 800

S L

bé 600

? 400¢

v

£

2 200 T = 673K
B try = 3.6ks
8 Te = Ar+30K
E 1 1 1

0 0.05 0.1 0.15 0.z
Plagtic strain &%
2 Ti-Ni
g
=
% 600

& |

1]

S

2 200 Tyr = 673K
= try = 3.6ks

& Te = A+30K
s ‘ ‘ ‘ ‘

0 0.1 0.2 0.3 04
Plagtic strain g%
3 Ti-Ni-Cu

try =36ks QO Ti-Ni
I Te=At30K @ Ti-Ni—Cu

g

Critical gtressfor dip o5, MPa

200
700 750 800
Heat treatment temperature Ty,r, K
4
&p 2 3
Ep
(035
4 Ti-Ni Ti-Ni-Cu
os TtH
Ti-Ni
Ti-Ni-Cu
Ti-Ni Ti-Ni-Cu
Ti-Ni Ti-Ni-Cu

g

Tor = 673K
try = 3.6ks
Te = A+30K
0 005 01 015 02
Recovery gtrain gz %

Maximum stress o, MPa
3 &

5 Ti-Ni
$ 800
=
bé 600"
@ |
bt 400/.._/‘.;——
12)
g
200- Ty = 673K
£ t, = 3.6KkS
8 Te = A+30K
= 0 . . . . X .
0 0.2 04 0.6
Recovery grain gz %
6 Ti-Ni-Cu
800
2g try=36ks O Ti-Ni
Ss | Te=A+30K @ Ti-Ni—Cu
T o600
=8
s
@ ‘é 4(D,
75
@ mZOO'
=8
o~ . .
700 750 800
Heat treatment temperature T K
7
ThT = 673K thr =
3.6ks Ti-Ni
Ti-Ni-Cu Te=Ar 30K
Omax ER
5 6
e 0
oM

7  Ti-Ni Ti-Ni-Cu



700 750 800
Heat treatment temperature Ty, K
8 Ti-Ni

700 750 800

Heat treatment temperature Ty, K
9 Ti-Ni-Cu
1000 . . .
| £,,=5% T =673K, t,,;=3.6ks
6 r S//6® ”,/
g > -
7 - o)
) Tt G
/4 N=2242
N // A
0 1 2 3 4 5 6
Strain g, %
10 Ti-Ni
OR
Tt Ti-Ni
Ti-Ni-Cu
Ti-Ni Ti-Ni-Cu
673K 723K
Ti-Ni
Ti-Ni-Cu

773K

:

b T, r=673K, t,1=3.6ks £p=5% |
Dcr-s L
=
) | $/> _ 7
500¢ z
)
? ' NS /ﬁé/
7 L s ) ]
g
I // & ]
0 ‘ l( / ‘ ‘ Nf?2560
0 1 2 3 4 5 6
Strain g, %
11 Ti-Ni-Cu
Tor £,=5%
Hlo 673K ®
723K
Flo 773K

Cumulativeresidual strain g, %

Number of cycles, N

12 Ti-Ni

Cumulativeresidual strain g, %

Number of cycles, N

13 Ti-Ni-Cu

Ti-Ni Ti-Ni-Cu

Ti-Ni



g

N=1 £p=5%

Ti-Ni
' Ti—Ni.—:.\-

673K ]
| @673K

723K |
O77sK |

A 723K
r 773K

:

8

5

Maximum stress o, MP

g

10"
Failuer life, N;

=
(@]

10

14 1

9 Ti-Ni-Cu

Tth = 673K

723K 773K

(2)
Thr = 673K thr =
3.6ks Ti-Ni
Ti-Ni-Cu Te=Ar 30K
5%
10 11
Ti-Ni Ti-Ni-Cu

Ti-Ni Ti-Ni-Cu
12
13
12 Ti-Ni
673K
723K 773K
13 Ti-Ni-Cu 673K
1

Ti-Ni
673K 723K
773K

1 Ti-Ni
Ti-Ni-Cu
14 14
Ti-Ni
Ti-Ni-Cu 1

Ti-Ni
Ti-Ni-Cu

M. Sakata, T. Yamamoto and T. Sakuma,
Effect of Heat Treatment Temperature on
Functional Degradation Property of
Ti-Ni-Cu Shape Memory Alloy, 24
MRS , 2014

M. Sakata, T. Yamamoto and T. Sakuma,
Effect of Heat Treatment Conditions on
Functional Degradation Properties of Ti-Ni
Shape Memory Alloy, ICOMAT-2014, 2014,
Bilbao, Spain

M. Sakata, T. Yamamoto and T. Sakuma,
Effect of Heat Treatment Conditions on
Transformation and Slip Behavior of Ti-Ni
Shape Memory Alloy, 23 MRS

, 2013

€Y
TAKAEI YAMAMOTO

20295166

@
TOSHIO SAKUMA

10371303



