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I8 1. Schematic illustration of the shape
memory effect.
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a3 2. Schematic illustration of the
superelasticity of a SMA above TTR,
During the loading process, the applied
load changes the parent phase into
stress—induced martensite, which
disappears instantly on unloading.
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Deformation

* Below TTR

12l 3, Shape-memory effect in a SMA suture
needle(Top : cooling the SMA suture

needle below its TTR, middle:
straightening the SMA suture needle
below its TTR, Bottom : recovering the
original shape of the SMA suture
needle above its TTR).
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¥ 1. Some physical and mechanical properties
of nominal 55-Nitinol[24, 251,

Density 6.45g/cm3
Melting point 1310TC
Magnetic permeability coefficient <1.002
Electrical resistivity
20T 80 Ohm-cm
900T 132 Ohm-cm
Thermal expansion 10.4x104/ ¢
Hardness
950°C furnace cooled 89 HRB
950C quenched 89 HRB
Yield strength 103-138 MPa (15-20x103 psi)
UTS. 860 MPa (125x103 psi)
Elongation 60%
Young' s modulus 70 GPa (10.2x106 psi)
Shear modulus 24.8 GPa (3.6x10¢ psi)
Poisson’ s ratio 033
Fatigue (Moore test) stress 107counts 480 MPa (70x10° psi)
Charpy impact
Unnotched (R.T.) 155 ftlb
Unnotched (807C) 160 ftlb
Notched (RT.) 24 ftlb
Notched (80°C) 17 ftlb
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32 4. Phase diagram of a Ti—-Ni alloy and
details between TiNi and TiNi3
phases[26].
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5. BA7IUZY FEHy

Ya-eoletly & 3714 7144 542
o F ez aeha Watd TIR o]t 2
= A Fg7idgol 71 AAA S8 78k vk
ZHAO|ER FHE7L oyt AL FHORE 4

Al AHE7E dofdth 28y TIR o)A 2=
A §8E 715t HfE”IALO| E e} fEE o
F7t2 g2 oUA7F EasA Eol Wiol oA
Hrt o]9} o] 7]AA ] 'do] AEE 279
mebA GEkx e d4E @ (Thermoelasticity)
o2t gt

a2Y5= TTRET &2 2504 YA-
& 7108 AHoR EdEe
of doldl ST AlolcH28]. YutH el S
A 3= th2 A BC B EF3to] EAstE AF 4
A 28 S VEhdch AB7o M= At 7
&3 e a5 BAE o] dojun o U
80| BRlol =E st 5 oy A7} SIM A4
A7) A 2Eete] §3& ZHStE 2t E O ol 5

800
700
600 -

Stress (MPa)

10

4 6
Strain (%)

12 5. Compressive stress—strain curve of a
heat—treated 6—mm-diameter Ni-Ti rod
at 4C. Three distinct stages are
observed on the stress—strain curve(Mf:
stress—-induced martensite finishing
stress, Ms: stress—-induced martensite
starting stress, As: parent phase
starting stress, Af: parent phase
finishing stress)[28].

o] F7kekA] i dAT & FAISHA Het o]¢}
7ol Mzhrt A A= B 9 &3 SIM 71439
(oMs)oletal Fhot. Al&ste] 714 AU M o v A
£ 7FetH SIM A/ o] R E f7hA] §-4 9 Walke
Za4 Z7t8HA =i, SIM A o) F& 5= CHol
TUahd thA] dubE Q) SE-H e A FEHE U
EP A &AW o] A El o] S o) F7Heth &
JH o] o] F o DR ol A %‘%8 & AAsHH
EA7MA] = dRbA Q] g4 3l B o] Yehdtt. 1
fut A& ERFof o] %HJ—P‘*OM A4
A" SIM AAEo] B g HAHE S AlZtsto]
R o7t PRFET] 2ol GEHANHA 7} A A= T2t
T o] fastx) g I & A €
o} o] 23t 38 & WAL3E J) A& H(cAs)o| 2L
sttt A& st 58S AASHE Y EHUA SIM
7} BE BAFo 2 3Eo| 4R E = FY o o] & w7t
Al go] YA gHE FABHHA HF o 3B
ot 2y SIMAA o] B R Fl&Ho| TREEF
Hof o]=2 9 URbAQ 3 H-HY FAFH = T
ol g0 YHA o|2AY FFLHEE
@714 "

1953 Burkart?} Read-=[29] Tl-In &+ 2] SIM 7}
A& (oMs)Tt B3] & 7| Al (cAs)o] 16wt
ol Alg 2= AAAS g A ASS T
Fotqct o] He AW A SEES Agn] W
39} g42A 7F 9l 22 Clausius-Clapeyron

oM, ol

oM, oA,

Stress  em——

Temperature ———

a2 6. The effect of compressive (a) and
tensile (b) loading on martensite
formation and disappearance in 20.7%
TI-In alloy[29].
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e kS AL o] 624l /g 01920 DEC
£ o] 83} /leg;ﬂ o2 ZX3t gho] 6.79 cal/g Y

Busto] e A= g T ko] A7}
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E =74 o} ‘:’Jai Zropd 4= it o] gt
Zo) A 74 7t Sl HE Q) EA W o2
= X* 7)1 A g2 AW 1k Al 2} Y 2 A ¥ (Differential

Scanning Calorimetry : DSC)o] A}-8-% T}28].
DSCE AH&-3tH 3478w ezt
WHAAATE 54 ST & A 2470
DSCE AHg-3o] Adeiel 73:
A8} ato] st 9lek. DSC

Cyiindrical
furnace

fetorence Pan  Sample Pan

&l 7. Schematic illustration of measurement
of the Differential Scanning Calorimetry.

N HE WO g L= o gtk & MEWY T
o= 47143 Al EE Y1 O E &2 vl
T LR AFE Tdke] vhEstd = ME WY
H| g o] ajoloff oate 2= W3t £t tpEA H
ot ol 2gt o] & AFEHZ B4 st mA3etH
T8} 22 YA EEY FTHE 4 =AY
[30].

HEANFA ot AL tEF Ao AR
A2 Pz o|th AHE 7 Al R E = 204 &
7 FA 7] AFst D AT FEREE 2T
oA 52 FAol TuA ek 592 i
A At F s g e walES Vel
o A|HQ Z7)of whaba] gapzich 2o yebd
FARELS A AR 28 255 o]t} DSC
GEAYE A Ho| 21 FH| g o) sk 2
MY E ZHT ¢+ de=FHol

A7NAYE ZAHY o2 AW LEE Z4T A9
R 492 A7 A 571 LEFAPEA| 7

g F

0.2

Heat Flow (w/g)

0.4 -

-0.6 T T
-80 -60 -40 -20 4] 20 40 60 80
Temperaiure (T)

13 8. A cyclic DSC curve of the specific heat
versus temperature for a Ni-Ti alloy
wire from 70 to 70C. The lower and

upper parts of the cyclic curve
represent heating and cooling
processes, respectively(As: shape

recovery starting temperature, Af:
shape recovery finishing temperature,
Ms: martensitic transformation starting
temperature, Mi: martensitic
transformation finishing temperature,
Rs: R phase transformation starting
temperature, Rfi: R phase transformation
finishing temperature)[28].
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}7] 9} Thermostatic Mixing Valve2] 4] 0]
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Ms Heating
* ----- Cooling

DR |
09 ; ¥

. As
s 3 - i i

Electrical Resistivity (102.6 chm m)
=3
E3
—

06

o5

B0 -70 -60 -50 -40 -30 .20 10 O 10 20 30 40 50 60 70 80

Tem perature ('T}

3% 9, The electrical resistivity versus

temperature curve of a 1.89-mm Ni-Ti
alloy wire that was heat treated at 550
31l

a2l 10. Photograph of the Ni-Ti shape memory
alloy coupling[32].
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UA-gtolety 3 P47 AE2 solgy & A
Shojut wf ol AT A FAF0) 42817 uf
2ol oJghA o & Wo] AHE-E| 1 Qlth. Andreasen
284 235 Yehls YA-eolglgHF o R

A B E A& A zksro] Agshd 71E9] 28 ¢

Hot Calddd

Binged spring SMA(Shape Memory Alloy) oolt

38 11. Schematic diagram of the shape
memory alloy thermostatic unit[33].

Y

{b] lel

{Low temperature)

o " /
Ry
" S S W
Oil pockat elodid
"’“g;cs pring SMA spring¥: Driving-gear unlt

38l 12. Application of SMAs to an automatic
oil-level-adjustment device for the
Shinkansen bullet train (a) Photograph
of the Shinkansen Nozomi-700 bullet
train; the inset shows an oil-level-
adjustment device, which consists of a
SMA coil spring and a belt-type bias
spring (b), {c) Structure ot the gear
unit[26].

oH34L ol Y-sro|ehl & WA R
WSS ARt A5 22 95 A=
=72 A5 A3tk 19132
TS ofolol g Agote] AL WY B
BojFE Ao,

FA4 Aguese A§HE Ud-ehojehl
4710183 7HH | Tl Estolol 2R S U
ehi7) o 2of 7129} AdjoleAng Fro|Eofo)
o2k @3t Alglo] §o|5t2 FSoi% At A
BEHYA BR) SAHE AHE HA0Y
% ol AHE Eo] Aol FuiE olr.

Uz-sholehi g HA e E AdEE T31
o} o) @) ool WAste] 7o) Fo}x)
AU ghel Bag oAl 4 glo] Bue ue
7h AR Sle) BB A ste] BB HESHA

K
i<

Uo ox 2 rlo [

32 13. Orthodontic treatment using a Ni-Ti
super—elastic arch wire. (a) Malaligned
teeth before treatment and (b) normally
aligned teeth after the first stage of
treatment[35].
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U Bg3he $ =8 AHgH o] Yo 2EAE
et Ya-stolg g A3 e dal
Me 7, Ao y& Spinal Cage, Bone Plate,
Rod, Clip 5 c}o3t Fefe] 7154 d=71712 7

212 14, Deployment of a commercial Ni-Ti
self-expandable
Medical, Korea)[31].

stent(Taewoong

Spinal coil spring
Coofing water tubes {counter flow} r\

Fier scope

a2 15, Application of SMAs to an active
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