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ABSTRACT

Effects of Bending with
Direct Electric Resistance Heat Treatment
on Load-Deflection Characteristics

of Superelastic NiTi Orthodontic Wires

Kwan-Joong, Kim, D.D.S., M.S.D.

Advisor : Prof. Kwang—Won, Kim,
D.D.S., M.S.D., Ph.D.

Department of Dentistry

Graduate School, Chosun University

In order to investigate the effects of bending with direct electric
resistance heat treatment (hereafter DERHT) on the load-deflection
characteristics of superelastic NiTi alloy orthodontic wires, bilateral
step bends were formed using DERHT, and then the step bends were
removed by unbending using DERHT. .016" x .022" and .018" x .025"
Sentalloy and L&H Titan wires were used in this study. The
load-deflection characteristics were examined using three point

bending tests. The results were as follows.

1. Bending step bends with DERHT significantly lowered loading and

unloading plateau forces of the load—-deflection curves of NiTi



wires except .016" x .022" Sentalloy. The forces decreased
because the step bends increased the amount of wires placed
between the wire supports of lower jigs. The patterns of
superelastic plateaus of the load—deflection curves were largely
unchanged.

2. Unbending the step bends with DERHT caused recovery of
loading and unloading plateau forces of load deflection curves to
the force levels of unbent NiTi wires (control group), but the
loading force of .018" x .025" Sentalloy was significantly less
than the control, and the unloading force was significantly greater
than the control.

3. Bending step bends and unbending the step bends with DERHT
both increased the amount permanent deformation after three
point bending test. This indicates that the bending with DERHT
decreased the spring—back of NiTi wires.

4. Differential Scaning Calorimetry showed decreased heat flow of

peaks, indicating decreased transformation characteristics.

In conclusion, bending NiTi wires with DERHT deteriorated
spring—back property and transformation characteristics, but largely
did not deteriorate the superelastic characteristics of load-deflection
curves, When bending NiTi wires, slight overbending is recommended

to compensate the decreased spring—back.
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A ATF A=

NiTi o] 2+ 0167 x 022" 2 018" x .025" 7742 Sentalloy ¥ L&H
Titan(°]% Tomy Inc, Tokyo, Japan)Z A}83F3th Sentalloyol= o =
71l whEl Al 7HA] FR7F e, B dFdAE olE F S AR F
138k Sentalloy Medium(yellow)2 AF833th 9folo] FHEZ FY

batch®] TAWFS Ao ALL35}9

o

= =
olo] T T 8/MAY THES A AbEetdtt. AP thA] step-bend
T3 unbende &2 UFQ =1, step-bendt ol = DERHTE o] &3} step
bendE H 93182, unbendTol A+ step-bendi™®] ffo]ojo A ThA
DERHTE o] &3t step bends A A4 e 3| E5AHTE oo ujz}
2T, step-bendw, unbende -2 Z}Z 9folo] FHFEZE g AlHoZ
T4 = Aot

B-2. Step bend ¥ 2 A A

NiTi ¢folojo] ==& Holdt= A9 A= 4F E5Fol4 DERHT
£ o]£3l= NiTi bending machine(Memory Maker, Bernhard Forster
GmbH, Pforzheim, Germany)& AF&3F3tH(Fig 1). o] FXol= Aol A4
¥ bird beak plier 3 %o] F&Xo] QlojAl o] plierZ £olojE T dA

galHA F3& BT & JdrE Ho dth(Fig 2). Step-bend ol A= A
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o= AAQ step bendE Foldte
AEE M8t A AA F 19 step bendE FoldtH o, oju e
step bend Atole] A7t 4 mm7t HEE o, & 719 step bendE ©

FoEAT ALelY] ATt 2 mmyb HEE shal, o] F97F efojo] A4
ol el 45°7F HEE Stk olw) Zao] Jhed 2 F9lel AA FA
HEE 7] Y 9eloE A= T oplier Aol AT HAVF HEE

t}. NiTi bending machine AlZ3AtolA AFe= AF'"E Table 13}
Zo ol 9 30 mm FAZFA S ¢tolojE AA T o HWAHAFOE step
bendE FoI5t7] & WS FL2 FHol dAYstE Ao AL E Y
Aol dth webA] 2 Aol A= dn] A HAA AlH] F
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Table 1. Recommended DERHT current intensity for wires up to
30 mm long

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

Recommendation of NiTi bending machine (Memory Maker)
manufacturer'?. The manufacturer explains that the ranges stated above
may vary by = 1 A. Heat treatment time was not specified.



Table 2. DERHT current intensity and time used in this study

. . Current Heat treatment
Product name Wire size intensity (A) time (sec)
016" X .022" 17 3
Sentalloy
.018" X .025" 19 3
) 016" x .022" 15 3
L&H Titan
.018" X .025" 17 3

Fig 1. NiTi bending machine used in this study. A, Two pliers are
connected to the NiTi bending machine; B, Formation of step bend at
15A.

B-3. 338 =341 ¥
uh=2 A A8 7] (LF Plus®, Lloyd Co., Hampshire, UK)Z o] &3d}¢] ¢}o]o]
o] Wglo mE 3tz WHIE SASAY. AP AHE A2e 3" = A

A& 9@ sk A2elA AlHel HFHHE AAXFE ADA Spec. No. 32'79]
TR we A4 01 mm WHEPow AFsPgar e AL g9 gto]o
A A Aol o] ol 12 mm7b HES SHATH(Fig 2). A% Aas =W

shol e A1 4% ARE Hxster) A8 Hegoz AddE A7 7



Ao Ao B BRI AZAE Y oW, temperature chamberol A A g
g 717} loadcelldll e ¥ = A& HA3bel7] 9a] A5 A1e] ZolE 28 cm
2 ZF83 Z2AsAY. 2 kg %9 load cellE A3 o™, 0.5 mm/min®
cross-head speed® 2 &3 HA zF A]Hol A 3.0 mm7FA HYA 7 F
Al FY XA 71 38 FFA P S temperature chamberE 37°2 HA4 A 71
BEiol A Al ofmf Al A Lol IAAIZ §F 37C AEHE 5% ]

A4 HAAD F 34 23 Ade Adsdr.

Fig 2. Upper and lower jigs for three—point bending test.

B-4. N&ARAFA14E % =A (Differential Scanning Calorimetry: DSC)

A 2pFALE ZA)(Q10, TA Instruments, New Castle, DE)E o] &3}l 7z} ¢
ool FHHERE AAFAIEHFS SAIANLH, o]Z2HEH A; As(Austenite
start), M(Martensite start), M¢(Martensite finish) +=Z AZ=3Jt}t. 338
Fa3A IS 3 9Fo]ojo A step-bendi 2} unbendol E A E YU}
FEFEEE 3to] o 20 mgo A|HE F4H|E¢ar, ADA spec No. 320 u}et
AaFALE E FA Al 189 10T £EWs7t o] Fojx s 519 i, 100T
2HH A ZFste] —40C7HA WAAIZL & vA] 100C = 7Fdste] Wk, 7hd

Aol Aol: wase.



C. TAAHY

9}olo] F=FHE one-way ANOVAZR = Yoo w2 WH3Z AAF A
o™, Levene?d] T4 HAA T EALS] AAH FdEHo A= Tukey®, &
iAol 7172bEl @ E o A= Tamhane T2Z AFS HAS A dste] #37He
=98 ZAsA. e TA £4& SPSS ver. 10.1.3 T A7 A (SPSS
Inc, Chicago, USA)E o] &3}o] Al sl s}t
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A. 38 23AF

Sentalloy$} L&H Titan $}olojEo] 38 =FA 2] 15mm W A HA
W3ets go Harg wastd, 0167 x 022" 2o]ofo A= Sentalloyel H]
8 L&H Titan 23 N 1 32 291 ¢No 35 A P} 21 N o =& 177
cNe| &atg Al ds vEor, dyHom &8 ofHile L&H Titanol A
44 cN © 2 114 cNoJdth. 018" x .025" ¢fo]oje A=
Sentalloy©°ll Hl & L&H Titan®] 87 ¢cN U Y& 393 cNoJlom &35 A] &
2 15 cN ¢ w2 224 cNoJglom, &8 olgztd 71 ¢N ] 22 170 cNo]
A thH(Tables 3-6).

Step-bendi % unbendw EFolA dF/HY FAANY xwrA FHegiR
(superelastic plateau)= FAFS S0z YElY oY step-bendT ol A&
016" x 022" Sentalloy® Al es FAXNOZE FostA stFA & &%
Al ZEA F7Ee o] AastE Ao R e tH(Figs 3-6, Tables 3-6).
Unbendw ol A= & a3 A 28k 09 P& Hdor 018"
x 025" Sentallloy®] stsAle] ASol= o] FoatA st omn, 016"
x .022" L&H Titan® @59 Agol= o] FoatA 571 st =

FEA P

B

g g8 o]lHzgko] 2o] A step-bendi 9 Sentalloyol A& o] & gko] 9] 35}A
ZAastd o, step-bend ¢ L&H Titanol A& o]e] 3k o=@ gk 747 &
2= %] okt (Tables 3-6).

3" =FFAYE T zE WHYF(IFREG ) doJA = step-bendw T
unbendw- o] ZTHT Fo3HA4A o & JF+HIHFS B A, step-bendi
unbendw 9] WY FS WuwsH 016”7 x 022" SentalloyE Al&sta=
unbendioll A o ¥ HFo]  F oy step-bendi ¥ unbendt AFol o] o
Wk apol= o] 7FA] ffolo] RFoA FAIAORE FostA @ skth(Tables
3-6).
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Control
Step-bend
Unbend

Load (N)

-1 D 1 2 3 4

Deflection (mm)

Fig 3. Load-deflection curves of .016" x .022" Sentalloy.

Table 3. Load/deflection characteristics of .016" x .022" Sentalloy with

the inter—group rank

Loading Unloading Hysteresis Rank Deformation Rank
(cN) (cN) (cN) (nm)
Control 314+7 156+6 158+3 b 10£5 a
Step-bend 296+20 152+18 143+3 a 74+16 b
Unbend 308+7 15543 153+5 b 63+31 b
p-value NS NS <.001 <.001

Means * standard deviations were shown. NS: Not statistically significant.
a: lowest rank; b: highest rank.

Variables with the same rank are not significantly different.



Control
Step—-bend
= Unbend

Load (N)

-1 1 2 3 4

Deflection (mm)

Fig 4. Load-deflection curves of .016" x .022" L&H Titan.

Table 4. Load/deflection characteristics of .016" x .022" L&H Titan

with the inter—group rank

checll(ili)ng Rank Unl(cc);d)ing Rank Hys(tCeNr)esis Def?;?lnz)ltion Rank
Control 291+3 b 1773 b 114£2 9t4 a
Step-bend 276x6 a 162+8 a 115+3 45+14 b
Unbend 29617 b 185+3 c 1115 50+14 b
p—value <.001 <.001 NS <.001

Means * standard deviations were shown. NS: Not statistically significant.

a: lowest rank; c: highest rank.

Variables with the same rank are not significantly different.
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Control
Step—-bend
Unbend

Load (N)

Deflection (mm)

Fig 5. Load-deflection curves of .018" x .025" Sentalloy.

Table 5. Load/deflection characteristics of .018" x .025" Sentalloy with

the inter—group rank

L(zile? € Rank Unl(cc)la\ld)ing Rank Hys(‘zeNr)esis Rank Def?;ﬁ?tion Rank
Control 48010 ¢ 23917 b 241x4 c 8x5 a
Step—bend 439+13 a 219x10 a 220x6 a 65x15 b
Unbend 462%£10 b 234%8 b 228+10 b 83x39 b
p-value <.001 <.001 <.001 <.001

Means * standard deviations were shown. NS: Not statistically significant.

a: lowest rank; c: highest rank.

Variables with the same rank are not significantly different.
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Control
Step—bend
= Unbend

Load (N)

Deflection (mm)

Fig 6. Load-deflection curves of .018" x .025" L&H Titan.

Table 6. Load/deflection characteristics of .018" x .025" L&H Titan

with the inter—group rank

L(zzl(ili)ng Rank Unl((zla\ld)ing Rank Hys(tcel\rl)esis Def(zlrlﬁe)ltion Rank
Control 393x10 b 22416 b 1708 617 a
Step-bend 371+£16 a 207x12 a 165+8 4616 b
Unbend 40926 b 225x10 b 184+20 76132 b
p-value .003 .002 NS <.001

Means * standard deviations were shown. NS: Not statistically significant.

a: lowest rank; b: highest rank.

Variables with the same rank are not significantly different.

- 12 -



B. N AFAEF 54

A xFALE S &4 A3 016”7 x 022" Sentalloy9t L&H Titanol A& Wz
ol wla] A ¥ (step-bend ¥ unbendit)oll Al W EfA] I A9 heat flow7}
adte Aoz Yeigton 0167 x 022" L&H Titan® 7% step-bendi
of ¥]3d] unbend ol Al ¥ heat flow7} B2 A3 TH 0167 x 022"
9folojo] Aol LW 9(transition temperature range)ol JojAHE
Sentalloy®} L&H Titan EFolA thxa3 A3 Alolo] & o]zl gl&=
Ao 2 Yelwth(Table 7, Figs 7, 8). .018” x .025" ¢fo]ojolAl= 016" x
0227 9folofo H]3 Sentalloy®} L&H Titan EFolA izl vl AT
o WAl 929 heat flow7} Bl @A 3] Haste Aoz vetut. 018"
x 025" ¢fojoje] Aol EMW 9o 9lojAl= Sentalloy®t L&H Titank 7ol
A el 2= B WA= Ao w yEuit(Tables 8, Figs 9, 10).

Table 7. Transformation temperature ranges of .016"” x .022" wires

Unit: C

Heating Cooling

NiTi wire

R Rt Ay Ag Rs Ri M M
Control - - 207 260 - - 212 157
Sentalloy = Step-bend - - 18.3 26.7 - - 225 143
Unbend - - 183 26.7 - - 234 145
Control - - 314 354 - - 313 248
L&H Titan Step-bend - - 315 37.1 - - 316 21.3
Unbend - - 314 370 - - 318 258

Agl Austenite Start temperature; Af: Austenite Finish temperature;

Ms: Martensite Finish temperature; My Martensite Finish temperature.

- 13 -
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Fig 7. DSC thermograms of .016" x .022" Sentalloy. Top, Forward

transformation
(heating phase).

(cooling phase);
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Bottom, Reverse transformation
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A ® (016"x.022" L&H control
/¢ 0.016"%.022" L&H step-bend
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L&H Titan. Top, Forward

Bottom, Reverse transformation



Table 8. Transformation temperature ranges of .018" x .025" wires

Unit: C

Heating Cooling

NiTi wire

R Rt Ay Ag Rs Ri M M;
Control - - 201 256 - - 209 154
Sentalloy  Step-bend - - 125 296 - - 279 137
Unbend - - 16.2 287 - - 224 149
Control 94 216 354 39.0 - - 344 289
L&H Titan Step-bend 16.7 22.1 348 44.1 - - 37.0 26.2
Unbend -6.9 108 349 40.1 - - 344 271

As Austenite Start temperature; Af: Austenite Finish temperature,
Ms: Martensite Finish temperature; My Martensite Finish temperature.

- 16 -



0.3

® 018"x.025" sentalloy control
O .018"x. 025" sentalloy step-bend
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Fig 9. DSC thermograms of .018" x .025" Sentalloy. Top, Forward

transformation (cooling phase); Bottom, Reverse transformation
(heating phase).
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0.3

® 018"x.025" L&H control
0O 018"x.025" L&H step-bend
+ .018"x.025" L&H unbend
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Fig 10. DSC thermograms of .018" x .025" L&H Titan. Top, Forward

transformation (cooling phase);
(heating phase).
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o]@e] A3V A= DERHTZ #34< ¥olgk NiTi sboloje} #3t
thE 29l sholojEe] HF-we 5L vwHAe B FHS Foldy] Ao
NiTi ¢folojef ==& Fog NiTi &ololE HustA = Zstied, 1 olf+
23 Bolo] we Yol vyl Fot AW AARANA AP way >

7] wEolth webA E Ao AE WA DERHTE o] &3] step bend=

A. @A = glo] NiTi gtolojoll =x& Fost= 73

Miura %' DERHTZ NiTi gtolojol 90° F3H& HoJalgle
spring—back A @ o] vhmA A ko) three beak plier® 90° #F35< ol aS
wjoll = spring-back o] #A8] vmHL mustct o] SV W o]
g Wi7be& Ad9l(dislocation) MEE =olAl M, M9 ¥EY FUl= ste-

W9 el 284S dee £ P9 BAEE B wEwE oy
A

B. 848 &%

19861 Miura 5”& w44 ZerA NiTi(Japanese NiTi: Sentalloy)?] 7]7%
RS WAEA 7] 7] $18) nitrate salt bathE ©]43 A2 E A Pst= HHS &
ANkl 300C olstelA dAed Agole 74 A4 Wyt glom,
400C 2 500ColA A 4 Foe= Exgl Alzko] SitollA] 12002 ZHold
TE e e Pol s, 600TCHAA DA A= 5Ezte] @A v
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% ¥4 3} spring-back A Zo] vwhRtia 319

oo} §AMEA ¥ 592 Sentalloy$t #4F NiTi ¢he] o] (ORTHOLLOY, %
A, A, s A712E o]g38ke] 400T, 500C oA 10% ~30% 7 &g
A zeA 2o gol wobgon A el s Pol S WopHo

L, 600Col M= 10230 EAg 2 Z2eAdo] AdE AT 5?‘31—0—“%, o] &
Rt

skl o, 550C ol A
= EE NITI AAelAd o7 Fe] yeds Haustgiow, ol
M(Martensite start temperature)®t As(Austenite start temperature)’} 35
0C= dA- A= =olxl i, 4507TC, 550 C = A Ao+ Solxitha 3§19
t}. ®= 8 Sachdeva 5% 350C, 450°C, 550C =2 AT A A &% 5o A
nt2dAbol E WE 7 AAEE d Zag dASH (critical  stress  for
inducing martensite)?} SWHE7} A == dH Q3 JA-SH(critical stress
for inducing reverse transformation)¢] Z4AstHow E3] dxz X7

o Aol o wol gastdcy s

C. A8 A DSC 5439 W3l
B A Fo A= Sentalloy®t L&H Titan EFoll A thxatol] nvls] 23 o
Agd, Bd 1539 heat flow’l #HA4ste Aoz YElWYEd(Tables 7, 8§,
Figs 7-10), o]+ <E=W3lo] wE WHe] dAo] 4TS YeEls Aoz,
o] A% Z2etA EAo YmAE Aoz B 5 9dth 53] 018" x 025" 9o
ool = Aol A =7t vropAA Aol 2=RILZE HWolAA W
ol @ T A vElgoern R 018 x 025" 9tolojol A DERHTE o©] &
= R 2v4d 5AS o FEeA dAET B a9 1
Ag Ade ol d AaFAIG Y F4 Adete T2 A 2w
A Aol B Ao AAsAY 3mm7hA o] M E FeleA o
WAl e Aom veytow, @i o] ALl tgi
016”7 x .022" 9Folojo] w3 018" x .025" £}olojoll A of F g wFo] H A

I
3T

- 20 -



o
fr
rlr
rl

A H 2 Aoz Bof AgToA YEhUE AAFAIEHF =
A% A7 NiTi ¢holof9 sts-®¥9 SEAS dAT] &4
7k # o},

dA g Aol DSC A gtel Wsgs Hagh »f g+
dl, Yoneyama 593 Lee ©7¢ NiTi @30 9
$-o DSC ZAA9 A} My 257} wropxttn stgonv Gil 5739 % 5
v 2 M, £%57F Folxta stk =@ o] 5V NiTi gholefd|
DERHTE o] 43l 902 3 Folgde o M, 2E& 20T~69TC, A,
5+ 01TCT~06TC F7Fstval atglon, o] ofa A Aol £:27F 5
7belte ol fre =S T =% F9Y 2AA 727 WEkA Hed =54
S go] ntREIALEAS PSS =T

2 5
of stEdAlERS WEE EeFum, wdE A AUl
al

N
2 22 o
&orr Lo
&
o2 b
T
2
Z
3
1o

ME,
oy
1p
o
4z
£
rot
o

o
T

Fusas Ausolol dd 23 FH9 AT odF JHHE W
adlo] 8 & Q7] WEolgm FAHUG EE o5& 2F FolAd DSC
$oIA gl B FE, wAFe] padA e muAYE, ot F B

250 W7bE F A00CANA ofdd AANT 4% whEaAlels W wol
Aol e 4947t w5

D. DERHTE o] &3 =3 H oA AFga dA7 Az
Miura 5”& 1988'd DERHTE o]43}o] NiTi 9}o]ojo] =g Rojsii= v}
M 2/0SEA NITI stolole] 25 ol Ssiae A4 Ao 252 2
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Frgkol Ztopxw, gfojoj o] TV} HAaTFE FAT AFgho]l Zopxltt
L skdvk EF NiTi ¢kolojo] =5 Folsty] 9sf Zad dAFgtel A
AlZbol 1225 H 3x= S7HE wWAe 548 #asiy, A48 AlRtol =
238 W FE s dAg AlZre] Frtstol e &
BolFolrt ol AFE nigom 2 Ao
Al dAe] AR 3R AAESeH, ol AAl A =ae Fog
AR ZEedE 2Ed Aodnh B Aol Ab8¥ NiTi  bending
machine(Memory Maker)2] A ZAHBernhard Forster GmbH)ol A= 2F 30 mm
7hA 9] gfolo] Zolo A dAAelA] gtololo] F7le WE A HAFe dWsta
Slow(Table 1), A2l AlZtell dolM = ¢ko]oj7} gold-yellow A4S B
74, & pulsed modeE A&t A& 9olojE I & plierol 7FA]
= ouhtgol ad ozkx dAE AREES Agsn Aok ® o2 NiTi
bending machine(Bender Soarer-1I)9] A|2FAHTomy Inc)olA= 3~5 mm <2}o]
of ZoJolA 3~5x3F AT A& AAstL o, oojojrt d& A (light
brown) A4S HolA W At Adavtn Adetn i o)z d )&
= & Al ARSE A S A VE R AREE] e oelwol Slo] &
Aol A e dH] AP Fsto] 3279 dAe] ARbel A kB =5 YA
7 A st 2R S EAATIA e A AREE TAbsto] old wep A

g3} A tH(Table 2).

B Ao+ NiTi bending machineo] QA Z2%¥ F /19 plier® #3< ¥
st d ZRd HA HFH o= NiTi golojE Fa 15-17A9 =2 AFF
o7 3%3 dAgsgEd o % 5ol e =79 Sentalloy oo
A1 25 mm Ao EAHYA AFEF ARkl 5~6ART EA E=L Ao
U, dxe Azre g 5We] A4 e 72w &S Aolglth. DERHTE o] &
g A A BAEE D2 Akl wldet, A3 9fo]oj o Holrl Ao
A-E o AAEZ 2 AFo e o] m¢ F2 AgelAes Ao i
sto] W gfo] arEa 2 Ao AMgHE =& ARFge =T 2= A
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E. DERHT BAYA &4 F3+e 3 W3
15 mm ¥H A (S e L dxae] A5 sl ¥ L&H

Titanol A © wgtoy geFA FL 016”7 x 022791 93] L&H Titanodl
Ao 2 Ae® yeigth &9 olg kel dojA = L&H Titanol A a5 A o
ZA e

Miura 5”& NiTi ¢ o] o]

53] =5s FostdA o
Tl & Aoz olFstda, DSC oA WHeo e a3 2 4y
o] Haste] v Ado] vt B st

2 oA A3 step-bendoll A E A 1o XA A Alolo] YAt ¢ho]o] 9
dol7b F7hekAl Hol 'A 3] Yol vrobx 01 unbendi ol A= A
T Hxcd Bl P92 Hol dxge] mE Jo WErh FEleA Fdn

(Tables 3-6, Figs 4-7). oleld Az 3 5ol mms} o] dAg 7} o
F0]% step bendE FA = ul e FaFAAY P2 FUFEU T shY
gt o] H7F vl F& WA WEol 12 mm A2l e ¢fololef shF-
WY TS agx H3EA|7]R] Ee A wiEoz AZHEY. v unbendd 9
018" x .025” Sentallloy®] 3st5 A9 & FostAl AP ow, 0167 x
022" L&H Titan® &A1 T2 FostA F7istsled, o2
Sentalloy ¢} L&H Titanoll Al tha Zolgt /o] YElY= F & Sentalloy
Agoll= AxzAANA 500CAA & At dHefstl i, L&H Titan®] 7
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(

ol WA 600COIA 587 ARG F thA] 280TeNA 347 Fok AA
G5k o WA GAUWYe Agdel AxsAs] Gl FAHA A
of We @ Wsk Pl tha "ok Aow Yz,

F. DERHT EAZA 38 2IAE & JF+uygF w3

o] 5o mEfagE o] &ste] WFAEA AT A 550C = A
o= 2= NiTi ¢folojellA 3% ==A18 F 7w o] TS O,
350C, 450C = dAYaAE well= 259 NiTi koo
Aetger sk ol 550CE IAYA 3 FIANE F G T
3 AL NiTi §52 500C ooz dxglA] AZAA37 dojrr] wiolm,
ANAAR sl s w1 (slip)ell e A SHol AstEo] HA FFHIATG
3 3tk ol 9 fAFEHAl Otsubo™ % 530C o] 4oz dAe e 3w 24WF
o] dojwtria & w} it

B AFAE FFS Fold Aol 38 FIAFE T o P Fo] F748Y
T, ol DERHTE °]43 dAz Aol AZA7E doAtAY TisNuet 2-&

NETo] AAHYY] MEYow AZEH, ot &L AZHES dAst] P

2 Rojatur ske AS$dE 87 olEe EAdoez Agdn, wek Iy
Ale] Asrel Alzbe] whekgk 2gkel floid 53] diE wEa Abe dAE T
7FAZIHR spring-back A 9] 43} glo] @& Fo@ 4 & Aom oy

v, shube] 2 Aol A ARES A 2 FFA 9 step bendE F-olshr] 9130
A U Jhe A E o] &3 =30 & o]
o]’49] step bendE HosHAl HE A7
o AZF dAgsis WHES 9

Sachdeva %'"& NiTi 9}olole] &sls el mpxut whAlo A mwA o]
A FFE olst e HA o]stR WolAE wAE Aty $ste] ~HAH A=A
¥} zFo] spring-backe] FA| 25 HEF ARl efojojol A AqHAA A Fo] &

°]oJE overbend(Z 23 Ao} o] FHHT ¥ Wo] wxg Folsts A)E Fo T

AL 223 v} 9}, Sachdeva 579 FA3 o] dAEE X 2E NiTiol
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A% overbend”} vl SHA|RE 58] DERHTE °o]83 EAzg Fof Ao Ay
¥ &= spring-back AZAY 3= FEFY] Y= Aol overbendE H-¢]
e Aol nigA e Aow Ayztdn B Ao X2 Abole] Zol7) 12 mmY

W 3% ==xAEE 3 mm WMAZEA] A Fo g 018 x 022"

TH 2 A, 28 dAE 77 Zolo] wrE DERHTE o] &3k =3 Fo]A
o] AAF AFgI Iy A FASaL, olu) Fojd Fao] do3k Fo
Fefetg Aol gl E ZAsE Aol vighAsioh I dRkgow s Ho

Ml

3

o
ftl
o,
)
it}
v
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V. 4%

DERHTE ©°]&3to] NiTi golofel ws Fofd F59 sts-we 54
WM3tE zAbelz] 98kl 0167 x 0227 2 018" x .025"¢] Sentalloy®t L&H
Titanol 5/ DERHTZ o] &3lo] $=03= step bendE F o3 o+ @ Rojg
step bendE tAl DERHTE o] &3te] A w9 atF-¥9 5% 30 =3
A Fo g Eds ol AYE A €2 dxay vud 4y o

w3 2e AES 3k

oAM= AL A A A Abolel A ek gfo]o] o] Aol
7F F7FekAl o] 016”7 x .022" SentalloyE A &3 ZE 9}olojo A of
Zao] Hl& steAl B Eets Al Fo] 5 AT

2. DERHTE ©°]&3to] step bends vl ¥ ol i dzast &
A3 32 BYP oy 018 x 025" Sentallloyd 3stFA TdL 7HAdA o
v, 016" x .022” L&H Titan®] @3tz A 3 F7Fs 9t

3. 3" EFFAY ¢ AgFHY G| 3o]A step bendE H oI I step
bendE TAl A w2 dExTHT o F AFHYFEFES HYon o=
spring-backe] A&t ¥ & e

4. NAFAIEF 54 A3 DERHTE ol§3te] Za4S Fojdt 3 thA
A oA e A 339 heat flow7F HAasle] WE 5
o2 Ueytt

=l

wWebd 9l4belx DERHTE o] &8t NiTi sfolojo] 23& Yolsie &
Ao Y AL ARAZ F ot NiTi ehojoje] sE-ug = )
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