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ABSTRACT

Effects of heat treatment on the load—deflection

properties of nickel-titanium wire

Soo-Ho Chang, D.D.S

Advisor : Prof. Sung-Hoon Lim, D.D.S., M.S.D.
Department of Dentistry, Graduate
School of Chosun University

Nickel-titanium alloy wire possesses excellent spring—back properties,
shape memory and super—elasticity. In order to adapt this wire to clinical
use, it 1s necessary to bend as well as to control its super—elastic force.
The purpose of this study is to evaluate the effects of heat treatment on
the load-deflection properties and transitional temperature range(TTR) of
nickel-titanium wires.

The nickel-titanium wires with different diameter(.016" < .022", .018"
X .025" and .0215" X .028") were used. The samples were divided into 4
groups as follow: group 1 , post segment of wire( 25 mm ) without heat
treatment; group 2, post segment of wire( 25 mm ) with heat treatment
only; group 3, ant segment with bending and heat treatment; group 4, ant
segment with bending and 1 sec over heat treatment. We used three
point bending test to evaluate the change of the load-deflection curve
and took DSC (different scanning calorimetry) to check the change of A;

temperature. The results show that



1. In three point bending test, nickel-titanium wires with heat treatment
only had higher load-deflection curve and loading and unloading plateau
than nickel-titanium wires without heat treatment.

2. Nickel-titanium wires with heat treatment had lower Af temperature
than nickel-titanium wires without heat treatment.

3. Nickel-titanium wires with heat treatment and bending had higher
load—deflection curve than nickel-titanium wires with heat treatment and
nickel-titanium wires without heat treatment. Nickel-titanium with heat
treatment of over 1 sec and bending had the highest load—deflection
curve.

4. Nickel-titanium wires with heat treatment and bending had lower Af
temperature, Nickel-titanium wires with heat treatment of over 1 sec and

bending had the lowest Af temperature.
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II. 9745 €

1. 438 As
UA-gleby oolol= @A Aok ¢l 016" X .022", .018" x .025", .0215" X
028" SENTALLOY®(Tomy Inc, Tokyo, Japan)& A}-&3}4t}.

2. 4@y
2-1. A1H A%

2-1-1. Hx2F07) A1H Az
016" x 022", .018" x .025", .0215" x .028" ¢}olo]& ztz} 1071 Zuli 9o

A 26mm Aol Autsto] Alde Alzbekglar dA e el waE FofshkA] et

2-1-2. A Al A%

7h == Fol glol A ek wH(2w)

016" x .022", .018" x .025", .0215" x .028" ¢}o]o]& 1relA e} Fdgh o
2 oFue ¥, AAGS o8 dAe] FA(MEMORY MAKER®, Forestadent,
Bernhard Forster GmbH, Pforzheim, Germany)E ©]-&3lo] o] Ao Q=
Jarabak Zholo]® z Alfe] weks fFof dAggo ] dxe] F3ko] oF 25mm
dol7b Hes etk Aldel Z7]o wet EA7] A AlZz3]AHForestadent) 7} F
Aot AFakd A Abs 722 st YZA-HERE ¢fololo] :xwol yellow-
gold AAS Hols dAz Z7S Zol continuous modeZE €A E A5t}

(Table 1-2, Fig 1).



Table 1. Heat treatment current intensity and time according to the wire size

Wire size Current intensity (A)
016" X 022" 4-5
.018" x .025" 5-6

Recommendation of Ni—Ti bending machine manufacturer at 30 mm wire span
of heat treatment. The Ni—Ti bending machine manufacturer explains that
ranges stated above may each vary by £ 1A. Heat treatment time was not
specified.

Table 2. Heat treatment current

intensity and time used in this study

Wire size int(e:;g{tifn% A) t{iemglgri(teslgt
016" X 022" 5 7
.018" x .025" 6 7
.0215" X 028" 7 8
At 25 mm wire span of heat treat-
ment Fig 1. Ni-Ti bending machine.

o #=5E Foja dejelA dAel e 2 (G3)

A Ao F ol sl A AEE SUHAR YA-HERE obolofe] Ral-we
ks gobu ] 93] 018" x 025", .0215" X .028"9] 2F59 efolofeA] Z}

710704 B o] A (S AA-AA FeholA] Sl JEHe] A& 25mm =

71= Addstol Als Fulgh §, =S4 gEle] Aol AAo] His FEfololR @

o Folgh AuolA A Mgt

oo =Z5E ol Aol EAE Al Y Abe 12 SR 24

dAgste] dAe] ARFE 3wRY 12 o S7AA A AFskslit A Al 9
e %]

= AL WAy Y dAeE] A

e} o= e}
e 1x0 ZAAAA AHS A 2E



2-2. 3¢ =3 A9

52X A8 7] (LF Plus®, Lloyd Co., Hampshire, UK)E o]&3}¢] 9}o]o]o] o]
w2 Fsks SASOG ARV A Aok 33 FF AP 9 s A ellA|
Aol A FEE & ADA Spec. No. 329 A we} 27 0.1mm W goz
A8 span dolE 12mm7t HEE A2 thFig 2)7”. dAgd e Rah-w
9 Y WgtE Yoty 98 A4 0.1lmme G A1E o]8ste] 1mm/mine
cross—head speed® A|¥Ho] A FYolA Smm7FA WHA7]+= 38 23 A8 2
T3 1070e] Aol Al Attt oju] 2EE FASH] f8 dd wWdTs AA e
ofA™ ks AFetar 22X AorlE dAsloen, AlHe Aol fAA F

37C HEE 58 oY FAN F 31 FF 4gL AAsHavk

N

Fig 2. Upper & lower jigs for three point bending test.

2-3. M AFFEAL HF=A (Differential Scanning Calorimetry, DSC)

A ZFEADEZA71(Q10Y, TA instruments™, New Castle, USA)Z o] &3}o] 016"
X .022", .018" x 025", .0215" x .028" YZA-Elehg gtolejo] dAeE Al &
Q)T Nz Adaustenite finish) 255 AS33lch e 0.0215" X
0.028" UA-HEHr ¢tololE oz F28 Folstuia dAgE Al 4-9(31)
2 oole} FAHA FxE ol el dAelstE dAY AE 1x v SR
A5 A SEE ASe d7IA A ogk dAe Al Al SR 2k

o
dsol 7P A7) WEel AR e 22 doj2 d& F =EF sho] 20g9]



3. BAAE

Tder A7)e] ofolofe Al Aol whE Fa-we] FA wiste] fro)g WIS 9lE
-AAL e 018" x 025", .0215" X 028" <}o]ojoA] FHS K
A AP A9-Bx) R ol FAA FHES Folg ol AA

o 2
QL
R
>
e T

sty dAE AIHE 1x ¢ S/ AU o A4S da LA B
AHEAS AFst Y RE EA AL SPSS ver. 10.1.3 A3 7] A(SPSS  Inc,

Chicago, USA)E o] &3}o] Ald)alod ).

I1I. 9743

I FA8RA &L oA Al e YA-EERE golo] Fa-H9 JA ¥

016" < .022", .018" x .025", .0215" x .028" YA-Elelm 9}oloje] 31 F3 A
oA 13 27 RFolA Fak Al 0.6mm WA= Wolgke] Z7lo] ulel T4
go] =7 BAHYPL o]ToE= ¥ §E37  ul=ZdA}o] E(stress—induced
martensite)7} G E 7] AlZrgke] uwpep =g gde] ofs H3F Al HEr(loading
plateaw)©] 3mm WY 7FA BEE A} (Figs 3-5). €538} A .016" X .022", .018" X
025" gtofololl A= 1.8mm W9 74 Ao FA47 dAavE #FEla 0215" X

Ju
O

028" =719 Al M= 2.2mm W AFA Y F4% Harh FFHAAL ol F
o9 =@ viEdAolEZE e 2ol ER o] HI| A gkl whel g@Rak A
tt9 (unloading plateaw)o] QI 3F9 <9fojo] BFoA] 1] Hl&)] 2wl A
b Aol s Al REk-ie] Aol Aolsstel Foh Al WEEe Bl EREE A
Berdgo]l o =/ #FHAAL 0.2mm Ao 8 A5 o] vluo]x] Fa-we =4

of ofe] BegolA SAH R Fogk Aol7t B E Ak (Figs 3-5).
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wor - P<O,001

7L 79T Zee A wE F3-99 34 W

018" x 025" 18]l .0215" X .028" UA-E g olojor] EE oA H
Al 2 ERE Ao HEFY(loading and unloading plateau)o] & Q11 4570l A

ZEe ek-Re SAdo] yeigtew, olojA 3, 29 1Elal 19 £o® ok
9] FAo] wrolx= Ho g el tHFigs 6 and 7, Tables 3-6). &, 942 & <t
Hubs dAYE Al Agol, At Al Zer Z5E FolshuA
Rk

A% .
ALE AR Ao, el FE RS Al A 12
o ‘



—
<
g o —-+= 0.018" % 0.025" Hi@8s)
g hending
} — = 0.018" X 0.028"H{Fs
. hending =)
0.018" X 0.025" HF s)
. ceeeeeses 018" X 0.025" M
7.00
6.00
FEE Ak KEE kAE KEE kkh KRR AER AAE AEE AEE
5.00
4.00
3.00
2.00 = - -
5 ’ ;;-;,-;k;-n‘--*** *;-* *;—* whE Ahikk FEE
100
Q.00 : : L L L L L L L L L L L L

0 02 04 06 08 1.0 1.2 14 16 1.8 20 22 24 26 28 30

Deflection {mm

Fig 6. Load-deflection curves of .018" X 025" Ni-Ti wires
with increasing heat treatment duration. One way ANOVA. s#+x P<0.001
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Fig 7. Load-deflection curves of .0215" X .028" Ni-Ti wires with increasing
heat treatment duration. One way ANOVA. s##x P<0.001



Table 3. Load values (mean£SD) in loading process of .018" X .025"

Ni-Ti wires with increasing heat treatment duration.

Group 1 Group 2 Group 3 Group 4 p —value

0.2(mm) | 2.58%+0.14 | 2.78+0.10 | 2.81£0.1 | 3.52+£0.42 ns

0.4 3.35%+0.35 | 3.80%£0.11 | 4.01£0.09 | 4.37+0.70 .001

T a a,b b,c C

0.6 3.99£0.19 | 4.35%£0.19 | 4.55+0.17 | 5.29+0.43 .001

T a b b C

0.8 3.94£0.21 | 4.22%£0.20 | 4.54%+0.04 | 5.47+0.66 .001

T a a,b b C

1.0 4.02£0.14 | 4.34%£0.17 | 4.63%x0.15 | 5.57+0.66 .000

T a a,b b C

1.2 4.09+0.17 | 4.41+0.22 | 4.69%£0.32 | 5.68%0.76 .000

T a a,b b C

1.4 4.15+0.18 | 4.48+0.33 | 4.72%£0.47 | 5.79£0.92 .000

T a a a b

1.6 4.20+0.13 | 4.53+0.42 | 4.77%£0.25 | 5.84%0.83 .001

T a a a b

1.8 4.2410.21 | 4.57£0.14 | 4.80x£0.22 | 5.89+0.59 .000

T a a a b

2.0 4.26x£0.24 | 4.58%+0.21 | 4.77£0.56 | 5.91+0.64 .000

T a a a b

2.2 4.26£0.15 | 4.60%£0.33 | 4.81£0.16 | 5.90+0.91 .000

T a a a b

2.4 4.26+0.24 | 4.60+0.51 | 4.80%£0.23 | 5.87£1.14 .001

T a a a b

2.6 4.25+0.31 | 4.57+0.66 | 4.74%0.27 | 5.84£0.82 .000

T a a a b

2.8 4.24+0.51 | 4.53+0.10 | 4.71£0.32 | 5.78+0.32 .000

T a a a b

3.0 4.21£0.29 | 4.51£0.14 | 4.61£0.29 | 5.62+0.23 .000

T a a a b

Statistical significances were tested by one-way ANOVA of variances among groups.
The same letters indicate not-significant difference between groups based on Tukey's
HSD. Group 1, .018" x .025" N; Group 2, .018" < .025" H(7s); Group 3, .018" X
.025"(7s) bending; Group 4, .018" X .025" H(8s) bending.



Table 4. Load values (meantSD) in unloading process of .018" < .025"

Ni-Ti wires with increasing heat treatment duration.

Control Group 2 Group 3 Group 4 p-value

0.2(mm) | 1.79£0.28 | 2.12+0.32 | 2.29+£0.22 | 2.0940.66 ns

0.4 1.62+£0.37 | 1.99£0.25 | 2.224+0.41 | 3.19+0.59 .000

T a a,b b C

0.6 1.66+0.43 | 2.07+0.23 | 2.28+0.37 | 3.37£0.53 .000

T a b b C

0.8 1.71£0.18 | 2.09x0.52 | 2.35£0.48 | 3.39£0.31 .001

T a a,b b C

1.0 1.77£0.61 | 2.15x0.49 | 2.40x0.56 | 3.46x0.24 .000

T a a,b b C

1.2 1.82+0.34 | 2.21+0.23 | 2.46x£0.68 | 3.51£0.52 .001

T a a,b b C

1.4 1.88+0.43 | 2.27+0.37 | 2.51£0.38 | 3.57x0.64 .001

T a a,b b C

1.6 1.94+0.26 | 2.33+0.41 | 2.57x£0.07 | 3.62£0.73 .001

T a a,b b C

1.8 2.02£0.39 | 2.41£0.52 | 2.62%£0.21 | 3.66x0.59 .000

T a a,b b C

2.0 2.18x£0.87 | 2.52%£0.38 | 2.74%£0.18 | 3.73x0.61 .001

T a a,b b C

2.2 2.41£0.66 | 2.74£0.64 | 2.92£0.21 | 3.84x0.43 .003

T a a,b b C

2.4 2.71£0.59 | 3.02%+0.73 | 3.15%£0.43 | 4.05£0.38 .000

T a a a b

2.6 3.04%+0.37 | 3.35+0.81 | 3.45%£0.33 | 4.32£0.24 .001

T a a a b

2.8 3.36£0.51 | 3.64%£0.90 | 3.71£0.83 | 4.70+0.91 .001

T a a a b

3.0 3.87x£0.27 | 4.51£0.17 | 4.61x0.09 | 5.62+1.23 .001

T a a a b

Statistical significances were tested by one-way ANOVA of variances among groups.
The same letters indicate not-significant difference between groups based on Tukey's
HSD. Group 1, .018" x .025" N; Group 2, .018" < .025" H(7s); Group 3, .018" X
.025"(7s) bending; Group 4, .018" X .025" H(8s) bending.
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Table 5. Load values (meantSD) in loading process of .0215" X .028"

Ni-Ti wires with increasing heat treatment duration.

Control Group 2 Group 3 Group 4 p-value

0.2(mm) | 3.77£0.24 | 3.89+0.53 | 4.08+0.35 | 4.23£0.11 ns

0.4 5.60%£0.28 | 5.69£0.45 | 5.71£0.49 | 6.06+0.29 ns

0.6 7.16x£0.17 | 7.18%£0.67 | 7.21x0.42 | 7.62+0.56 ns

0.8 7.60x£0.54 | 7.82%£0.86 | 7.59+0.31 | 8.24+0.54 .001

T a a a,b b

1.0 7.49x£0.61 | 7.67x£0.53 | 7.70x0.23 | 8.14+0.53 .000

T a a a b

1.2 7.72+0.73 | 7.88%+0.37 | 7.91%£0.16 | 8.39£0.75 .001

T a a a b

1.4 7.89%+0.63 | 8.03£0.29 | 8.14%+0.43 | 8.56£0.24 .000

T a a a b

1.6 8.03+0.52 | 8.15%+0.19 | 8.28%0.22 | 8.69£0.36 .000

T a a a b

1.8 8.13x£0.42 | 8.27%£0.11 | 8.42+0.17 | 8.85x0.15 .001

T a a a b

2.0 8.24£0.82 | 8.37%£0.19 | 8.54+0.18 | 8.94+0.35 .000

T a a a b

2.2 8.30x£0.73 | 8.42%£0.21 | 8.61x0.21 | 9.03+0.22 .001

T a a a b

2.4 8.37+0.65 | 8.48%+0.15 | 8.62%+0.17 | 9.11£0.49 .000

T a a a b

2.6 8.39+0.87 | 8.50%£0.13 | 8.72%£0.18 | 9.16£0.57 .001

T a a,b b C

2.8 8.41+0.47 | 8.52+0.52 | 8.74%0.15 | 9.20£0.47 .001

T a a,b b C

3.0 8.30x£0.46 | 8.48%+0.39 | 8.76x0.72 | 9.27+0.28 .000

T a a b C

Statistical significances were tested by one-way ANOVA of variances among groups.
The same letters indicate not-significant difference between groups based on Tukey's
HSD. Group 1, .0215" X .028" N; Group 2, .0215" X .028" H(8s); Group 3, .0215" X
.028"(8s) bending; Group 4, .0215" x .028" H(9s) bending.
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Table 6. Load values (meantSD) in unloading process of .0215" X .028"

Ni-Ti wires with increasing heat treatment duration.

Control Group 2 Group 3 Group 4 p-value

0.2(mm) | 2.88%0.16 | 2.96+0.50 | 2.88+0.28 | 2.994+0.33 ns

0.4 4.15x£0.26 | 4.21£0.41 | 4.19+0.13 | 4.99+0.28 .000

T a a a b

0.6 3.68+0.31 | 3.78%+0.09 | 3.97£0.08 | 4.83£0.54 .001

T a a a b

0.8 3.83x£0.54 | 3.93%£0.07 | 4.09+0.06 | 5.01+0.62 .000

T a a a b

1.0 3.94+0.23 | 4.04%+0.18 | 4.25%£0.12 | 5.15£0.32 .001

T a a a b

1.2 4.07x£0.42 | 4.18+0.28 | 4.43%+0.11 | 5.28+0.49 .000

T a a a b

1.4 4.1920.27 | 4.32+0.28 | 4.48%+0.16 | 5.42%0.51 .001

T a a a b

1.6 4.30£0.43 | 4.45%£0.16 | 4.64+0.17 | 5.54+0.24 .001

T a a a b

1.8 4.44+£0.53 | 4.45%+0.05 | 4.86+0.14 | 5.66+0.38 .000

T a a,b b C

2.0 4.60x£0.61 | 4.79£0.18 | 5.06+0.17 | 5.80+0.48 .001

T a a,b b C

2.2 4.91+0.31 | 5.13+0.09 | 5.29%+0.15 | 6.08+0.54 .001

T a a a b

2.4 5.45+0.41 | 5.65x0.11 | 5.72+0.19 | 6.47%+0.46 .000

T a a a b

2.6 6.14+0.33 | 6.35%+0.37 | 6.55%£0.25 | 7.04£0.37 .001

T a a,b b C

2.8 6.88x£0.56 | 7.14%£0.32 | 7.16+0.43 | 7.68+0.27 .001

T a a a b

3.0 7.60x£0.25 | 7.99£0.25 | 8.76x0.14 | 9.21+0.22 .001

T a b C d

Statistical significances were tested by one-way ANOVA of variances among groups.
The same letters indicate not-significant difference between groups based on Tukey's
HSD. Group 1, .0215" X .028" N; Group 2, .0215" X .028" H(8s); Group 3, .0215" X
.028"(8s) bending; Group 4, .0215" X .028" H(9s) bending.
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AAFALF 274
016" x .022", .018" x .025", .0215" x .028" UA-EHEgm ¢olojor A ==&
gt A3 2709 Ar 227 178G $HA 3= QY (Tables 3 and 4, Figs 8-13).

Table 7. Comparison of A; temperatures before and after heat treatment

Wires Before heat treatment('C) After heat treatment(C)
.016" < 022" 26.03 24.72
.018" < ,025" 26.24 25.84

A

] g 00
% o L 26.03°C _ j % » 24.72°
T \ T \
-0.24 \ -0.2 \
04 04
-40 220 0 20 40 60 80 -40 -20 0 20 40 60 80
Exo Up Temperature (°C) Universal V4. Exo Up Temperature ("C) Universal V4
Fig 8. DSC curve of not—heat Fig 9. DSC curve of heat treated Ni-
treated Ni-Ti. (016" x .022") Ti. (5 A, 7 sec, .016" < .022")
02 02
0.1 0.1i /J\
i \_/—/
g 0.0+ 'g 004 (// /_\
¥ 01 é o 25.84°C
-0.24 -0.2
03 03 .
-20 0 20 40 60 80 -40 -20 0 20 40 60 80
Exo Up Temperature ("C) Universal V4 Exo Up Temperature (°C) Universal V4
Fig 10. DSC curve of not-heat Fig 11. DSC curve of heat treated
treated Ni—-Ti. (018" X .025") Ni-Ti. (6 A, 7 sec, .018" x .025")
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02
: —
S 0.0
g ‘
i \ \
;
I

\/\ 28.87°C
-0.14 —— /
\J
-0.2
-40 -20 0 20 40 60 80
Exo Up Temperature (°C) Universal V4.

Fig 12. DSC curve of not-heat
treated Ni-Ti. (.0215" x .028")

02

0.1+ a

0.0 \

Heat Flow (Wig)

27.58°C
0.1

-0.2

-40 20 0 20 40 60 80
Exo Up Temperature (°C) Universal V4

Fig 13. DSC curve of heat treated
Ni-Ti. (7 A, 8 sec, .0215" x .028")

0215" X 028" A|HA] Y & EFolA AS AL Ax 470A A 2527 73
wrorom oloja] 3, 2 18]l 179 £O08 ALYl ZolAE Ao® et

(Table 4, Figs 12-15).

Table 8. Comparison of A; temperatures of .0215" X .028" wire according to

various heat treatment duration and bending during heat treatment (wire

size, heat Tx time(s))

Wires A(C)
.0215" X< .028" N 28.87
.0215" X 028" H, 8s 27.58
.0215" < .028" H, 8s bending 25.10
.0215" < 028" H, 9s bending 23.91
0.1+ 0.1 P
_ /_’_//\&\/ _ T
H \ g
Z oo Z oo
or] \/\\ 25.10°C —J o 23.91°C
\
E;o. U-:O = ’ Tempe;?ure (C) . * UﬂiVEfSH??M E;ZYLZJ;‘O = 0 Temperi?ure (C) “ * Universa??/ft

Fig 14. DSC curve of heat treated
Ni-Ti.(7 A, 8 sec, .0215" X 028" bending)

Fig 15. DSC curve of heat treated
Ni—Ti.(7 A 9 sec, .0215" X .028" bending)
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IV. T8 % ¢t

WG UA-Hekg gao S 24 2 Ay wel g vk dsd YA-
Elels ¢ (work-hardened NiTi alloy), %%4 Y#ZA-Elels ¢ (superelastic
NiTi alloy) 18]31 2% YA-HEHE Fa(thermoelastic NiTi alloy)o.&2 F&%
T Adrk 7 Astd UA-dHebg bee 1Y UA-HER $e 25 Andreason &
0o e Ag wA Jodol AMEAeH, nEEAlolE AA FxE A Holg)
= g} 8ol M(Martensitic)-NiTigtilE &F9ledl 2E|Qlg27bol nls] $o ey
AFE 7hgon za4o 4L A,

=84 UA-Hebg 952 240 YA-Heg Feo® d2dA LzHUolE A
4 Fx2 AgstEol o] A(Austenite)-NiTiglitke &}=d|, Chinese NiTi%}
Japanese NiTi7} o]ol] Zght}™'? o] g3& M-NiTi9t g8 zedo 44< Ayx
Qe 1990 el 3AIt) YA-EleRy dFol arlEed 49 YA-eE
ghalle akn] Aol 2mrb P Ul 2xef fASEAY 1o o] LR
€

B 7o)

e

UA-HeHg a2 vfEdAfo]Eef o ~E o] ES F TFA] Ae AYal il &
Es U
oA aAEHO g FE& HAow AAH FZ7F wAHmonoclinic), AHAH(triclinic) B+
S (hexagonal) AAF] FEHZ Hol 9la e-AA7) 31-35GPaZ v}, Q2~HL}
OlEL F& XA kA Ho s =
centered cubic)®] PEfE o] o wHAAS
e dolrp dold wf & Aol F3F d@AY Aol yEus A4t
R-2Folgt ate "olA 5 W Al(rhombohedral) T35 A4l ;&ﬂr‘”% S zEfol E 9}
rtEHIALO] B 7Ro] Aol 7E dojur] s e 2k B g WErp dojuol gt

1,21,24)

g zAstol A AE 7ol ARolsl: 534S A3 Yot up2 el

o

& doew A4 727 A4 9 Axkbody

7} 84-95GPa® duld oz =),

¥
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Bafo] WER-QAEUolE F2E hAa glov W
w olatE WAAIE gAY oste] WA o Ful-nl2dAlo]ER W
A Ha(Fig 16-a) Bl o183 7kshAl W we-vi2rito]l ER MeE 5 (Fig
16-b), WE|LE ol oz 7198 31/ W oA Baoz Zol7kA 9 (Fig 16-c)
Zol-vl2 ALl ES tdstol e mao R H9lo] frh del ofdl] wEl-Qo g o] E
o ful-v2 Aol E o HlE-vl2 Al BVl £ nA S AX s old A dv
golekal &t (Fig 16-ac<bec), &% W3t glo] <)ol ofs] Hlet-2 2E o] E o]
Hel-nt2 A ER WS s ddS fadelgta shaiFig 16-d) E4-3HA
Ef-ul 2 RlAlo] E7L wE-e ~E Yol ER WEEe 2 erAolelal 319 (Fig 16-e)

WA JoAoa = 9 axT ek el AL e (superelasticity)o] g al F-2rph??)

B

F-austenite
C Heating
a Cooling
+
I L2t
-
Y
<
b %
F-martensite y-martensite

Fig 16. Phase transformation between auste—
nite and martensite. Adapted from
figure reported in reference No. 1.

dutd o g umlf2ZEAlo]E A o] AlZEE= 2 EE martensite start temperature(Ms),
nf2 g Aol E gAJo] Bl L2 martensite finish temperature(My), 2. AHUo]lE &
Aol A ZE = S E austenite start temperature(d), Q. AHUolE dAo] Eip= &

=% austenite finish temperature(A)e}al st} YA-Elely 52 M; o]5F] &9
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A vzt 7 st JElE =ASD A ol e SEolAE @ to]E7}

A7 Wk Fhgel Rl UEhga doli o] o] dojuiA w
dAtol ER wst) -ﬂv}*”. R-gome] Wehz ghae il wet ez sha o

rlo
N
N

2

WG UA-HEHE 342 oY A5 9ACA AREES Q1A Wy oAb
Zre] Az vl QlojA] okstar A&AQl g Ao} Bl AA Ao A& 5= QA =
ok UA-EEHE g8 242 e W Fe-wg] S A 9lo] agAE 27
wAllA g 2ol it Az BeP(preadjusted bracket) @A & 7hA] Ay
o ArkE L glow, ofate] Aol hxte] Aejol whel Heple] AqwkE AAste] Al
SapARt, Axdd Bepls ARgsieete Skt sivllel ubeh w2 wolzk Qlv] ufiol
MR o8 Aofe] A HE fek F3o] o At Wk 2y xed UA-EE
w ofolols IS Fola|t vl olgl e, FE Folah] HsiAs dAerE Fast
ok Miura 5'9¢ A714 8-S o] 4@ DA27I(DERHT)E o]4ato] UA-Elels gtojofd|
F3g Rolahs WHS 21890, Thomas 52V 23< Yol YA-geky 9folo]
£ glass bead® A% chamber WolA 4 &9 8oz ngsta dAZs%S we 3
b #3(3™ order bend)9] Aol sl AFsle] efololE nAHEY] e GElo] Ee
Aol ¥k ek ==to] 7Hsstivkal Bargh uh ek

2 Ag A9 UA-Hebg gadd dAgE Ade Ag Fok-we] o] Adiels
so] e @bl o ekl glo] Frlelgl e ol Miura 579 deb Al

Hi A%g wioy & 5V umel e ARE wolFYn FHE L@

>

il

t H5-w9] FAM(oad-deflection curve)o] FA #EE QL) Yoneyama 23 Lee

TV UA-EEE e dAe 9 Fxe pold A
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V. 2 &

WAg UA-ElEHE g shololol AAY Aol el Ral-we) FHel wa U
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