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Introduction Principles

What is Shape memery alloy?? How can shape memory effect occur?




Principles

How can shape memory effect occur?

Principles - Shape.memory. process
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3. Low-temperature shape deformation
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One—way shape memory alloy

s

Remember only the shape memorized at high temperature
After heating at room temperature, it is restored to its original shape

Two—way shape memory alloy

Remember both the shape of the high temperature and the room temperature.

When the heating and cooling are repeated, the two memorized shapes repeatedly appear

TwoO-way. shape memory alloy
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b Increase of dislocation density in shape memory alloy due
to iterative deformation, formation of residual stress field

=) Stress occurs in the direction of returning
to the form on Martensite
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Applications - Micro.actuator

> Actuator : A driving device for converting an energy source such as electric energy
or thermal energy into kinetic energy to move the mechanical device

Antenna wire

A Conventional macro scale actuator
(Motor-Gear type )

A SMA Spring Actuator

SMA Spring Actuator

Enables mechanical action through
contraction and elongation.

1. High output per unit volume

Heated to T <Ms 1 { Heated to 75> A 2. Very simple structure compared to motor
| 3. Easy to control by temperature

4. Easy to miniaturize.

Actuator Wire activated by Flowing Current Appl Icatlons - Micro actuator
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Applications - Micro.actuator

> Seoul National University
Mechanical & Aerospace Eng.

Biorobotics Laboratory
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Applications - Micro.actuator

Applications - Micro.actuator

Rice cooker
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Water faucet / mixing valve for a shower

- Quick Reaction Speed

- Minimal size

- Reduced Number of Assembly
Parts

Cool  Hot
Water Water

Bias spring

Temperature
L Control Knob

Mixed Water

Automatic oil volume adjusting equipment

Applications - pipe joint

> Application of a SMA as a pipe-joint by utilizing the force of shrinkage during shape recovery

> After a shape having a pore diameter smaller than the pipe thickness is stored at room
temperature, it is transformed into martensite under a liquid nitrogen environment
=% After inserting the pipe in a cryogenic environment, heat it by body temp.

= Fast and easy installation that does not require welding equipment

hitp://owmwintrinsicdevices.com/

Shape Memory Pipe Coupling—> Applications for
Oil Industry
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Aerofit Inc.

Applications - Medical device

> Shape Memory Alloy controlled by transformation temperature so that
shape recovery is caused by body temperature (Austenite finish temp. A;
< body temp.) ® Widely used medical application

A SMA stents 4 Staples of SMA A SMA teeth brace

Dental
Archwire




Guidewire \ 1950(1960 19'0‘ 1950 | 1985|1990 1995 1996(1997 1998 [ 1999|2000
Au-Cd (1951) ® Zi;::)stables E (198]) Ti alloys
M O In-Ti (1956) | X ‘ ‘ | Micropctuates @ 2001)
ater. I i @ | (1999)
@ Ti-Ni SME (1963) Sputter-deposited Th High [Temp.
wspy 1 infilms (1992) alloyd (2008)
o 11 coteemaer |
Pipe coupling | Aircond.  Rice cooker Vena cava fil
: Desiccator  Dish sterilizer o ter
SME | | Microwave oven | | |@ Endoscope
1 ovév & Stopcock, @ Hot water stopper
1 Noise stopper, Water purifier ° Camera
1 Bullet train & Bath adapter Bath flow changer
e 1
: Eyeg.as? House ventilation () fire door O Green house window
I limbwire |~ Fishing wire | Fishing wire new type
1 =7 L Girdle | © Dress
1 Eyeglass frame, Brassiere
SE ! @ Headphone |
1 Watchband
\ Cellphone antenna P .
Y cuide wi NT tubing
1 OSyringe Guide wire .
| @ Dental arch ; CNT Dental arch ¥ Stent
Appllcatlons - Aerospace Summary
> Shape m.emory alloy is .used to fabricate an antenna and solar' collector t.hat d?velop 1963 Born in USA (SMA)
automatically by detecting temperature change by solar heat in cryogenic environment
where it is difficult to drive by motor-gear like outer space. .
1982 Stable SME & SE| Grown up in Japan (SEA)

Forming technology
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Growth of market
2002 $ 2.4 billion/Year
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[ Thin film SMA |[High temp. SMA || Ni-free Ti SMA | |

1992~ 2005~ 2001~
2010 $22 billion ?
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4 Solar panel deployment hinge

A Antenna and deployment process using SMA wire hitp/ /v youtube.com/watch?v=FONBGOWTZh

Applications - Aerospace

» During take-off and landing where high Noise control
exhaust pipe temperature is formed, the
fan nozzle is opened so that the outlet
has the maximum cross-sectional area.

> During high altitude cruising, the low
ambient air temperature closes the
nozzle to reduce noise and improve
engine efficiency.

& Rolls-Royce

Unique Idea

Shape memory alloy for presbyopia

A Structure of Serrated Nozzle tip




- _Artificial muscle

Unique ldea- Occurrence of presbyopia
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Unique Idea

Shape memory alloy for presbyopia

A When you look far A When you look close

Unique Idea - Artificial muscle Unique Idea - _Artificial muscle

Shape memory alloy Human muscle

a specific stimulus an electrical signal

{ Recover the shape under ]
Repetitive strain-recovery }

[ Acting in response to ]

Unidirectional contraction -
Relaxation

Unique |dea- Occurrence of presbyopia



