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The improvements of temperature-response of shape memory alloy and
the trial manufacture of the three-dimensional positioning system.
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It is effective for improving the temperature response of SMA
actuator to raise the heat treatment temperature of the SMA elements or to give long-term
low temperature aging treatment of elements. And the ribbon shaped element with large
superficial area is more effective for improving temperature response than wire element.
The resistance feedback control system using the method of setting off-time has proposed
that positioning can be set and retained at an arbitrary position. The effect of
positioning characteristics on control distance and external loads are investigated.
Furthermore, the new resistance control system without setting off-time has proposed.
This new system can be controlled position with accuracy less than 10um. New kinetics
and constitutive equations which are available to plastic deformation region and the heat
transfer model in consideration with ambient temperature and phase transformation latent
heat have proposed and the displacement with time is simulated by these equations and
model. The calculation results coincide with those of experiments well. The
three-dimensional positioning system using these techniques was produced and its
operability and controllability were inspected.

2007 600,000 180,000 780,000
2008 2,000,000 600,000 2,600,000
2009 700,000 210,000 910,000

3,300,000 990,000 4,290,000




SMA
SMA
SMA
SMA
-Ni SMA
SMA
SMA
SMA
SMA
SMA
SMA
PID
SMA
SMA

OFF

SMA

SMA

SMA

Ti

20

SMA

SMA

SMA
OFF

SMA

(1) SMA

Ti-Ni Cu
Ti-Ni
Ti-Ni-Cu

@

(3) SMA

*

SMA
SMA

1/3

SMA

SMA



€Y)

SMA
SMA
®)
OFF
3
(1) SMA
()
(i)
Af AS
(iii)SMA
Ms
1.5%
120
CW 10% 40%
100 | DSC VvV Vv
&=1% O @
80 3% O W
%
;Fw 60 |
< 40 L
20
O 1 L 1 L 1 .
600 650 700 750 800

Heat treatment temperature [K]

Af AS
Ms
@
M
30
Ti-Ni-Cu
10%
4%
C 2
(3) Ti-Ni-Cu
3
2,
£ 2r MRS
S gy
w /
> ’ O & =2%
(6 max
$ 1 I;ll @ O Emax:‘r’%
S ! O g =1.5%
= , A g =10%
10O
0 1 1 1 1
0 2 4 6 8 10
Plastic strain (%)
SMA
SMA
Ti-Ni-Cu M
M



800
© L
o
=,600
2 & O
[<5]
Faop
;E; I o CW=10%
38 200 - Experiment —
' & L Calculation o
O{T' 1 2 3 4
Pre-strain [%6]
1] e
O]
4
—_ SMA
S3t
c
s Heating SMA
%2 F \ SMA
g Coolin@ s
3
sir
@
0 L L 1
9 10 11 12 13
Resistance[ €]
3 Ti-Ni-Cu SMA
M
®)
Magee SMA
« )
5
CW10% Experiment s
€pr=5% Calculation mams 15
= Experiment e
= IS Calculation e
< —
S, =10
£ 5
£ g
n &
é— 5
2
250 300 350 400 450 500 Time [s]
Temperature [K]
[ _J L J




20um

SMA

10

| Function generator |

SMAwire (1)

OFF

Coefficient of variation [%0]

i Position control unit |

'—I

Potentiometer _

SMAwire (2)

Constant mass
(External load)

OFF

OFF
10
SMA
SMA
(¢0.15)
1=0.27A 1=0.30A
Pi=15mn O N
Pi=6mm @ a
N
A o g
5,_.:,;;—_-%-:;:3;:;‘;8___ﬁ___;__ e
. L I
0.05 0.1 0.15
Off time [s]

OFF

0.012mm

10
3
«c )

100
@ e
R
S, 80} /

= \ A
> 60| o ;
? | \\__/
© 40 _e--TTTs N
§ i /’//’ - /'
o 201 A R
— | ,/ “ /,’
@ 0 . I@ w 1 . |~’/ 1

0 1 2..--°3 4 5
Control distance, AL [%0]
SMA
3
10
SMA
SMA

10

=
T
1
Iy
i !
| -
I
1
1
1
1
g\




17
(1)T. Yamamoto, M. Kanda, H. Cho, T.Sak
uma, Effect of Heat Treatment Temperatu
re on Thermomechanical Properties of Ti
-Ni Shape Memory Alloy, Trans. MRSJ(in
print)
(2)H. Cho, K. Mutoh, Y. Takeda, T. Yama
moto, T. Sakuma, Effect of Aging Treatm
ent on Transformation Temperature Diffe
rence and Temperature Hystelisis of Ti-
Ni-Cu Shape Memory Alloy after Pre-Defo
rming, Trans. MRSJ(in print)

(5)Y. Takeda, T. Yamamoto, M. Uegaki, H.

Cho, T. Sakuma, A. Suzuki, Transformat
ion/Deformation Behavior and its Consti
tutive Equation for Ti-Ni-Cu Shape Memo
ry Alloy, Advances in Science and Techn
ology, Vol. 59 (2008), 129-134.

(6)Y. Takeda, H. Cho, T. Yamamoto, T. S
akuma, A. Suzuki, Control Characteristi
cs of Shape Memory Alloy Actuator Using
Resistance Feedback Control Method, Adv
ances in Science and Technology, Vol.59
(2008), 178-183.

(7)Y. Takeda, Y. Kudo, T. Yamamoto, T.
Sakuma, Position Control Characteristic
s of Antagonism Type SMA Actuator Based
on Resistance Feedback Control, Trans.
MRSJ, 33[4](2008), 877-880.

(8)T. Takeda, T. Yamamoto, A. Goto, T.
Sakuma, Effect of Thermomechanical Cycl
ic Loading Condition on Two-Way Strain
in Ti-Ni-Cu Shape Memory Alloy, Trans.
MRSJ, 33[4](2008), 869-872.

(9)Y. Takeda, T. Yamamoto, A. Goto, T.
Sakuma, Effect of Heat Treatment on Tem
perature Response and Recovery Stress
of Ti-Ni-Cu Shape Memory Alloy after Pr
e-Deforming, Transactions of the Materi
als Research Society of Japan, 33[4] (2
008), 873-876.

(10)Y. Takeda, T. Yamamoto, A. Goto, T.
Sakuma, Thermomechanical Behavior and
Electric Characteristics of Ti-Ni-Cu
Shape Memory Alloy, Trans. MRSJ, 32[3]
(2007), 627-630.

(11)Y. Takeda, T. Yamamoto, T. Sakuma,
Effect of Bias Load on Positionig Chara
cteristics of Shape Memory Alloy Actuat
or Based on Resistance Feedback Control,
Trans. MRSJ, 32[3] (2007), 635-638.

30

@ Ti-Ni-Cu
2009
2009 9 14
@ SMA
19 MRS

2009 12 8

(3)H. Cho, Dynamic Behavior and Position
Stability of SMA Actuator Using Resistance
Feedback Control, 3rd International
Symposium on Advanced Fluid/Solid Science and
Technology in Experimental Mechanics, 2008

12 9 , Taiwan
(4)T. Yamamoto, ConstitutiveEquation fo
r Deformation Behavior of Ti-Ni-Cu Shap
e Memory Alloy under Unrestrained Strai
n Condition after Pre-Deforming, 3rd Int
ernational Symposium on Advanced Fluid/Soli
d Science and Technology in Experimental Me
chanics, 2008 12 10 , Taiwan
(5)T. Yamamoto, Effect of Aging on
Thermomechanical and Electric
Characteristics of Ti-Ni-Cu Shape Memory
Alloy, International Conference on Shape
Memory and Superelastic Technologies,
2007 12 4
(6) T. Sakuma, Position Control
Characteristics of Shape Memory Alloy
Actuator Using Resistance Feedback
Control Method, International Conference
on Shape Memory and Superelastic
Technologies, 2007 12 4

http://www2_hwe.oita-u.ac.jp/~sakumalab/

€Y)
TOSHIO SAKUMA

10371303
@
TAKAEL YAMAMOTO
20295166

HIROKI CHO

00435421



