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Establishment of the function deterioration inhibition method of shape memory
alloy and the control system of cloth-shaped actuator using shape memory alloy.

Cho, Hiroki
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For the purpose of actualizing both an increase of output and maintaining
the positioning accuracy of the SMA actuator using resistance feedback control method, a weft
yarn-type SMA actuator was devised and produced. Moreover, the bending operation actuator using this

weft yarn-type SMA element was devised and produced. In this study, the effects of design
conditions of the weft yarn-type SMA element on the bending operating characteristics of the
actuator were investigated. As the result, the optimization of installation condition of the SMA
element was carried out.

Meanwhile, the function deterioration inhibition method of SMA was investigated. As the result, it
was found that function deterioration of the SMA might be inhibited by the 0.7% pre-applied strain.



Ti-Ni (SMA)
SMA 1 SMA
SMA ( )
SMA
SMA
SMA
SMA
SMA
SMA
SUS SMA (1
SMA
SMA
SMA
SMA
SMA
SMA
SMA
SMA
SMA ——— ! Ep—
SMA EREFER SMAAyZa || AAKIEYT .
| = | Cwese 7:"4/”’
« )
2 SMA
(1) SMA
Ti-Ni SMA
Ti-Ni SMA
Ti-Ni
2  SMA
SMA ( 2
SMA
( ) SMA
SMA
(1) SMA
SMA

Ti-Ni-Cu

SMA



600y

600

Sress MPa

N=10000

1000 5000 10000
3
N=1000

0.7 1.0%

0.5%

2 SMA
SMA

SMA

SMA

0.7%

N=50000

Y. ‘
Strain (%)
N N=1 100
SMA
N=5000
XRD
Applied gtrain, &g,
— ®10 Wo7 AO5
YAk ]
05 g f
’ < Thol TTeIneel A
D
@ Tea I
o I A Ilge405
g 20 T - h
% l\\ ° a &7
g e
o <. 10
~®
10° 100 10 100 10 10°
0.7% Thenumber of thermal cycles, N
4
SMA
7K of
SMA
SMA
SMA
2
SMA

0 10 20 30




C SVA
D
C
7 8 Q O
N
- ~—
5 SMA
SMA
PWM
PWM ON-OFF
OFF
SMA ON
SMA
SMA N ™ \ e
20 ( 15mm)
0.15 0.02
E I O 300g = 0 300g
= O 450g = O 450g
a L <& 600g E < 600g
= o =
g 0afF A o
| o & 0
= o 2 o0}
: : g
=5 I ‘S u
S 0.05} o > ot
z 2 @]
I &
O 10 20 30 % 10 20 30
Number of alumitewire Number of alumitewire
10 11
SMA SMA
12 6 SMA
SMA
(PET) PET SMA
reT
SMA PET POM rod | Retainer parts ' POM board
SMA  (f=5mm) DS (with holesto fix the POM rods
to the equal distance)
SMA PET \,
D=5,7.5, 'PET: =
) PET ( P I EPET‘Y‘pIate(t 1.5mm)
PET Clamp par ts ----------------------------- l
SMA N ® @]
SMA > Driving direction
POM B |
SMA m— PC | | Position
Linear gauge |(datalogger)| |control unit
L i T T

12

SMA



(SMA PET )

13 ( ) (
) PET SMA (D)
21 D
( )
(N)
80
N SMA |
£
N E 60r
=
S 50t
8
14 T 4
©
g) 30r
N=6 £
©
( s -O- D=5.0mm
) (Vsr) ( T E D=7.5mm
-~ D=10.0
) Vo Ol T
1 2 3 4 5 6 7 8
Vew D The number of congtraining point, N
Vsc 13
(> )
D I
Z o
£
E
> |
8
1,
S
r -0V,
-0-V,
1 SMA PET s T T e T
Thedistance between PET
plateand SMA wire ,D [mm]
14

5 ,

1) K. Saka, H. Cho, Y. Takeda “The Effect of Constraint Conditions on the Bending Operating
Characteristics of a Weft Yarn-type Shape Memory Alloy Actuator” Transactions of the Materials
Research Society of Japan, (In Press).

2) C. Nakagawa, H. Cho “Effects of Heating and Cooling Cycle on the Shape Memory and
Mechanical Characteristics of Tape-shaped Shape Memory Alloy Element” Transactions of the
Materials Research Society of Japan, 43[1] (2018) 19-22.

3) H. Cho, K. Yamada, T. Okino “New Analytical Method of Interdiffusion Problems” Journal of
Modern Physics, Vol.9 No.2 (2018) 130-144.

4) T. Okino, H. Cho, K. Yamada “Fundamental Concept of Interdiffusion Problems” Journa of
Modern Physics, Vol.8 No.6 (2017) 904-918.

5) C. Nakagawa, H. Fujiki, H. Cho “Effects of Heat-treatment Temperature on Shape Memory
Characteristics of a Tape-shaped Ti-Ni Alloy Element Fabricated by a Centrifugal Casting Method”
Transactions of the Materials Research Society of Japan, 42 [3] (2017) 69-72.

7
1) K. Saka, H. Cho, Y. Takeda “The Effect of Constraint Conditions on the Bending Operating

Characteristics of a Weft Yarn-type Shape Memory Alloy Actuator” 28 MRS
,2018 12 20 , .



2) , ‘

" SMA 2018, 2018 11

29 - ( )
3) , s s “

2018 9 29 . )
4) , s s “

2018(ROBOMEC2018), 2018 6 5
5) s “

2018(ROBOMEC2018), 2018 6 5
6) s “*
" M&M2017 2017 10 8

7) C. Nakagawa, H. Cho “Effects of Heating and Cooling Cycle on the Shape Memory and
Mechanical Characteristics of Tape-shaped Shape Memory Alloy Element” IUMRS-ICAM 2017
(The 15th International Conference on Advanced Materials) Kyoto, Japan (2017) August 28.

1

1) H. Cho, Y. Takeda, T. Sekuma Advances in Shape Memory Materias, Springer (2017) “Fabrication
and Output Power Characteristics of Heat-Engines Using Tape-Shaped SMA Element” pp.1-15.

http://hiroki-cho.jimdo.com/

¢y

@

HOSODA HIDEKI

TAKEDA YUJI



