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frEel gl MBIRyQl & BEA 77 98l
of2]7}A] F4Kee] springo] HifkEw] FFEHY
types} SREEE §RENslZ] 4l 4o oE F7)9)
BEEES 1A SERKMT FEdcr, B
B BEFELS AN el FRED e
BHE kel ulelA AR HRoZ oy
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Fo g =y BRBESSH K RE
2 gaE 7] AElA B8 b 93, b8
By, BMAY EE ftkol s B BFRSl #ids
et

BIEAKM S BER MRERS Bk
BES B 20470 EoAH HEBMHE
F2 RSl o] Kol RIFR R EBIH
Z ol fE= L.

1900448 Edward H.Angleo] &3] A& FIE
HES WBEEME gold wirerl BIERABRME
AN FEige] vidn BEFel FH3A
e Fo BMAMEC TRl de] #As
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o] 7] e

A ekoko )t Mg ol "Rkt (Eigol A¥
3 ERABAR vl A7t BIERG
M HEE LR o] Fol ol Wyl Zlbsle]
A 195044 Backofeny} Gales'V= Ao~
gt el skibsEIo] o MEHkRFl dfg
MRS, Funk®™ = Zd| el 2ol #ugs
Wl i S, Richman®™2 FEICRRH
o by Bkl BRE F5e-E, Gaston®™
L BIEM 25489 B BT mRE
£E WEY LIk BERRH S 22 kel ©
H ERE

FRRGIEE A Broll 2 Al S8R 7L K
HiF ol wel Howe%?®g |l sl AWt
of B ) e SR AR ol ol 8], Kohl®2 4§IE
RS £BMRoN e, Marcotte®™ = ¥
ol e AR o) HENBREHEER N N BEIR
Eeo} e¥ffio] oHal], Wilkinson'"%-2 #ipiAYS]
fHigzol s, Craig%'92 17257449 #
g 7HA 2ul ]l Bl 28R o T aE Lol of gk
MEE £& BEsc.

a2 iR M e SEWS] BER B
9] resiliency o} 22 Htto] RISt M £
A TMEStg o BB ek REECT WHE
3 adlE — 3 & %444 Elgiloyrl %E Elgin
&itol A BEREsle] BIEREMK BAd ot}
geEmel sifEe] FHMz e Fillmores}t
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1960448, William F.Buehlere] 2]8] &3
EA&&eolgla B+ Nitionligtirl BARES
PAi% Andreasen® Morrow!®, Andreaseny}
Brady®, Andreasen® Hilleman®, Lopez&3®
< Nitionlgg#r o] FHENE, S 3%, MY
Bl il && @isidon g doe o
5 #Hitel 4ol #4413 Chinese Nitinol,
Japanese Nitionl®} & k= B = o EFE
of M glet.

Wl et el e E- AT Sl BREE S ol do] BRI
Holl EHrg 71A S5 Bmel HEiolw wlEl
E| B} 54 kfol]l off 8} 4] &= Burstonez} Goldberg?!s-
), Goldberg®} Burstone? Kusy,
Kusysl Greenberg?%-2 webel ebg-#df o] #§
MY FriE o) BRARAY RMEC 8] 2% st
o}

ol ] &k WMEIE MM = DRERAA EFHE fitfh
HE, BERERY, FEIEAY B RS BORS] 449
MR, MR, RAB Aol Bkifihd BEaa
ok5le] flexibilitye} stiffnessr} [6]pfol] ksl
], main arch wire® {FHE} Hib eyl
wireZ AR, 223 EHEE & wires
BskErl &% chEdo.

o] o} 2L WBIEFMM S EaRey EEM S G
o RS /el E7sta okd AR BN
ol A= HBEAKMY BEE 28 SEE &
#E Eakebviel oot Raysl WA A
9] gle Eiold).

olol] #& 7ol M= BINS HFEIEESFol
Al gol AT Yt EELEBR BEREY
o zEqlalAaR, ZWE—3ER, dF —HE
R Mol e 3Ahd el HA HES WET
BEdul 1 & 1AdEoAd e AU ARg
e R R kTl A SEE wRNE
ERABME &8 i bBRaS oiFsx
WIEAGMS BR RS B3 & Mok
7 ARl s BARE HE FEAsdqlEA
SRS TR B2 Slod ol & e Bk
R, %R, v SRR W MRS £
#stel Ao MRS AUVl HEste vl

II. WEapiit & Hik
1. Waadt

F WRel A" BRiE e SRR
#MEROCKY MOUNTAIN &#te] TRU-
CHROME##9} 7BDENTAURUM &iite)
REMANIUM#&# & gy BHRHS K
frreel #iR2 wed B SKEH S Riges
oo} B D WEEES WM de3] HAGEH
o|ny ite] HER-2 0.40, 0.45, 0.50, 0.60, 0.
70, 0.80, 0.90mmE &K& {#F A HEFES
ety HREA =5 E£FE [, I12 ¥
snsledoh(Fig.1 2R) .

2. BBHE

1) {24l i

B o EEE (bR FFaotasir
| arifrste] mERLEso MREEE BE9
o.

2) REH BYE

AReee 4, 2%, 4245 SHEMRE
S22 AT ArEY fia RS 33
o] RFotRERolA g, #E 4%
drawing, swaging, HHZMEEE 714 @iEL

Sb)

Fig. 1. Various Specimens of Control groups

and Experimental group
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ER 5.5mme] 5 gl REN B
£ R 5.5mme| #HE s S 7
A A ol A & Helch 80% LA L] ¥
Mm-S Eastsl B frEd 'Rl
BmkRES A4 Aol 370mm, EE 0.40mm
(0.016inch), 0.45(0.018), 0.50(0.020), 0.
60(0.024), 0.70(0.028), 0.80(0.032), 0.90(0.
036) 2l 75 EBHHE BiEstATt.

o] 9}7ko] BIYER HERF S &, oMHE, Hl
A o BEE kKT WA REY TH
s BERIlT RIS T3 & Rk REEA
o2 3tdvh.

3) BIEHER

SlRAER-S ZBWmFIEMGEERE 325
RER BEH el 97 284 o] 370mm, HIE
Zeo] 75mm(3.0inch) & 3&lo] HEEES|SRSA B
(4202, Instron Co., U.S.A.)q| %3l = EE
Pefte 53] LUk 5I5REERE §- MR micro—
processoroll K3l BISRIRE, MARGREE, FE{hER
= &% PlEstach(Fig.2 2R).

4) TERERER

WERES BN S 16mmE. YIHrsied vz
elolE2 ofF, 43 ¥ (Fig.3.2R) £H
A dntrlol ] zqdn), elAldabE AR %
el A AFEHBMVK-X, Akashi Co.,
Japan) (Fig.4 2f)o| &3 & BEiGHE 10
3] AL gigsl $a@s ik

Fig. 2. Universal testing machine with micro-
processor

5) v E7 AR

v SRS EEE TR #32
o ASTMe] #tgel oA HEN o Zfa7e]
370mm, FEAolv MMERS 100W 2 3o
vl £ 2] & ER #(Sechang Machinery Co.,
Korea) (Fig.5 2M)cl 97 53L L flszsted
BE%-E e

6) =Y

TURBS HEEHBMEEE 53250
2} 7] span length 75mm, BHE4® 0.5mm, %
£o] 7o) 25mmi 3}e] 90°HEE IS & HE
it 53 LLE MisEstel BES Fahglo).

7) BRTNSRANKLIRER

MEBES ZBAS 15mmE sl 3l
M Feads vladgdelEz s, 4¥g 3
K-S AFAvt7elA zdde}, mlddnlE 7
HA BHREE 1.4A/ar, Ade] HCI 35ml, C,
H;OH 65ml, H,(O, 80drop2} &{4-ol A EFA
gt & & EEEmE (Laborlux 12—ME, Leitz
Co., Germany) (Fig.6 %)l &3] 500 ¥ &
2 i 7 Fobels REsigid.

=gt sichalel #E2 5IRHE ¥ vSHUR

+ 178 Bl A sk S BE st 10mm
2 Uil EHeEEseE (M3X, Wild Co.,
Switz land) (Fig.6 )4 40 wl-¢= gz
shalx, HEMHEAEE DOTITEZ Aguddg g

Fig. 3. Mounted Specimens for hardness test
and microstructure observation



Fig. 6. Metallurgical microscope and projecting
microscope

of gk 3 EEBETEEHE(JSM20, JEOL
Co., Japan) (Fig.7 ZR)ol <A 1,000 vi-&
2 KL Byl

. BB&ER
1. {E2%E8K

LA Table 131 o] BME o HEE
o 4 Cro] 18.00—20.00wt/%, Nio] 8.00—10.
00wt/%ol BEslo 2 giRIRyq)l SUS 3049 <
28| vo] EAl 2ol 240444 AR K E ol
Aedslel EEREE) BB S Cre FELS %
A Ax 8i, P, S¥ £45A el

Fig. 7. Scanning electron mictroscope

2. 5IREREZER

BB LS 49 KoMt 5IREE} £
200kg/mrll O] 2 g el RRRGRREE
E A Vel o} ZEERS Mg dFE HA
vebstet.

BB 739 Hifol A 0.5mm &kt
2lak 203.50+6.06kg/me] ¥ FIREBES
Bh e VoA ERe] ol 25 200kg/
wll T %4 % FIIEEES Jeblz R
PR 0.5mm #ifol Ak 163.64+5.45ke/m
2] %4 & 75 Vbl oA el Al
0.4mmigts & BEilstne 4 v BRIRE
£ veldiddon] EMERS FERIERE o f&R5E
EL heEzsy =4 Vel 0,403 0. 50mmigit ol
A g IEMERS el gl

HERE 739 Mol e BIREES 0.70



Table 1. Chemical compositions of control groups, experimental group and SUS 304

Chemical composition (wt. %)

Wire Cr Ni C Mn Si P ]
Control 1 18.11 8.05 0.075 1.19 0.38 0.024 0.015
Control II 19.36 8.95 0.043 2.25 7 0.61 0.037 0.012
Experiment 18.08 8.76 0.055 1.18 0.74 0.042 0.025
SUS 304 18.00 8.00 0.05 2.00 1.00 0.045 0.030

B 20.00 10.00 max min max max max

mmig il A 201.63+1.41kg/mre] ¢ &
e Jellln Jex] BiZe &kdAde #
180kg/mell £ HEHY 22 BISRFEES el
ol BRIEEA S 0.60mmigifoll Al 148,
96+4.88kg/mre] 714 ¥ %S vehie Un
A ERY gt A = BIEEIRE Al FAME
g e gict.

MEERC A & BITRIBE o BRIBRE L HoEdy
E2 0.60mmigif7t sbd Ae e el
SIRIEE o BRRGRE /L Hakky w2 0.45mmig
#rell Al 5.204.0.57% 2 713 ¥ 38 el
o KIRare] it £4 a3 iR
£ Viehiiglieh

LLEe) 5iRHEERE Ly 5REET &8
Bl A e BRRIBEY HER) 1 MRS %
& HojA & Al SITREE o RRRIEE
= BRI, KR HEEIY o8 24
wrebve] IE(HERE k8o Hime glovt —i
32 g F—3 BoldE fime] —@sla &
skth(Table 2,3, 4 BR).

3. BERBER

HERBEEIAM HAH=ZS 0.45mmigire
596.2+13.66Hv, /73 =32 0.80mmigtte)
507.8+29.88Hvelw 0.70, 0.80, 0.90mmigtt
e MR A gkl $4%A Jebyge.

HBBEI A BAZEE=3L 0.50mmigitel
590.5+20.08Hv, B/ 7 =72 0. 70mmigite)
490.7+9.72Hve|v] HEBE 1M obxirtxn

2 i el A=kl %4 =4 Jely
o}
HRiolA FAAEIS 0.70mmigktol A
563.6+5.35HvE HRHEI, Y BRAAEUY
ot H4 e gholwl H/hA £2H-E 0.80mmigH
A 506.6+17.87THvE ¥REEIITI:E £4
gAuk A frARSHA velvin $EEENS &
MRAEZE e A Vel

it Bl ot & #olAe Hxghe] &
Re HEBEI o B HEEIYGE
A deus] BAAERTS B s3] 28
HEE, HEHI, HRBIY Toz A
elykt} (Table 5 328) .

4. HIERIEBER

HEE A BkelER Aol E4+ 0.45mm
Brtoll A 31.8+2.483), B EHALe|E4
0.90mmigktel A 4.50+0.508 o] Mol 4
&7t B Aol E4E el

EREIANA BRv]|ER- Aol E4< 0.60mm
BAtolA 17.4+4.843], B/ ER- A E4+
0.40mmigiitoll 41 3.4::1.363 )= 0.60mmigt
HE BASIE A BEEY S Mk
By Fe Ao]E4-5 el ch.

HEitl Ao FkvlEH Aol F4-& 0.45mm
BEfol A 24.6+3.043], v ERA | E4E
0.90mm#g#toll 4l 16.3+2.0558 2 ielyked]
B ER a2 Alo|Z49 #AI s A
A Vel (Table 6 2MR).



Table 2. Tensile praperties of control group I

Tensile strength Yield strength Elongation

) (Kg/mm?) (Kg/mm?) (%)

(mm)
Mean S.D. Mean S.D. Mean S.D.
0.40 212.48 8.47 178.84 4.18 2.10 0.19
0.45 219.96 1.62 161.3 10.06 3.06 0.09
0.50 225.08 6.39 195.84 4.19 2.29 0.34
0.60 216.86 0.86 137.24 7.64 3.38 0.27
0.70 189.25 2.55 148.25 © 6.65 3.80 0.42
0.80 192.25 0.65 115.95 3.45 4.60 0.10
0.90 171.40 2.90 109.35 4.45 4,80 0.30
Table 3. Tensile properties of control group II
Tensile strength Yield strength Elongation

0 (Kg/mm?) (Kg/mm?) (%)
(mm) Mean S.D. Mean S.D. Mean S.D.
0.40 184.76 2.58 145.80 3.59 2.32 0.32
045 172.12 0.31 110.82 3.50 4.96 0.20
0.50 203.50 6.06 163.64 5.45 2.42 0.31
0.60 175.40 0.28 120.26 1.30 3.18 0.15
0.70 170.94 0.86 . 116.64 3.43 2.84 1.24
0.80 176.68 0.53 116.94% 5.78 3.56 0.33
0.90 175.46 1.94! 114.68 8.35 3.93 0.56

Table 4. Tensile properties of experimental group

Tensile strength Yield strength Elongation
) (Kg/mm?) (Kg/mm?) (%)

(mm) Mean S.D. Mean $.D. Mean S.D.

0.40 196.38 1.26 138.25 6.37 4.38 0.48

0.45 188.69 0.41 122.16 4.93 5.20 0.57

0.50 197.93 3.49 139.57 5.16 3.67 0.50

0.60 198.25 1.22 148.96 4.88 3.43 0.43

0.70 201.63 1.41 141.42 6.48 3.81 0.46

0.80 187.33 0.84 127.00 3.71 4.60 0.39

0.90 180.70 0.86 125.01 5.34 4.81 0.41




18pie D, Haraness values ol control groups and experimental group
Micro-Vickers Hardness Value (Hv)
é Control I Control II Experiment

(mm) Mean S.D. Mean S.D. Mean S.D.

0.40 561.6 17.21 543.5 16.27 526.3 9.84

0.45 596.2 13.66 512.2 21,72 511.2 6.70

0.50 537.4 20.45 590.5 20.08 545.8 6.54

0.60 562.7 22.99 5§10.2 16.41 562.5 10.53

0.70 532.4 33,76 490.7 9.72 563.6 5.35

0.80 507.8 29.88 506.3 10.07 506.6 17.87

0.90 514.9 20.19 " 504.6 22.82 5142 11.31
Table 6. Torsion test requirements of control groups and experimental greup

Minimum Number of Torsion Cycles

¢ Control 1 Control II Experiment
(mm) Mean S.D. Mean S.D. Mean S.D.
0.40 21.8 4.49 34 1.36 18.6 5.36
0.45 31.8 2.48 4.6 0.49 24.6 3.04
0.50 27.0 5.69 4.0 1.09 17.1 5.71
0.60 10.6 4.92 17.4 4.84 18.4 4.39
0.70 11.0 6.00 - 6.2 2.32 16.9 4.57
0.80 20.5 3.50 5.0 1.26 19.8 3.34
0.90 4.50 0.50 4.4 1.20 16.3 2.05
Table 7. Bendiné test requirements of control groups and experimental group

Minimum Number of Bending Cycles
Control I Control HI Experiment
Mean S.D. Mean S.D. Mean S.D.

0.40 73 0.47 100 082 6.6 0.42
0.45 6.3 0,47 6.3 0.47 6.3 0.46
0.50 9.0 0.00 8.0 0.82 8.0 1.26
0.60 6.7 0.47 8.3 1.25 6.1 0.30
0.70 6.0 0.82 7.3 0.47 3.8 0.40
0.80 4.7 0.47 7.3 0.47 4.4 0.49
0.90 6.7 0.47 6.7 0.47 6.0 0.45




5. SEIHGER

HREE 1 o JBAw Aol £ 0.50mm#gss
o4 9.00+0.003], B/EAlETE 0.80
mmigEiol A 4.7+0.473] 0], HRHIS &
KB E Ao E4-5 0.40mmagitol A 10.010.82
3, FAF Al EF4E 0.45mmiEttel A 6.
3+0.473l0l 1, BB FAkagAlelF
4= 0.50mmigifel Al 8.0+1.263], BT
Aol E4& 3.840.403).2] 0.70mmigfto A %
% Yebxkel(Table 7 /).

6. MARERIEER

1) AR 2

Fig. 8—15¢ ##te] Sxtae Mg 2
A Fig. 8.10.12.14+ #R# 1, Fig. 9.11.13.
15+ HEE, Fig. 8.9% 0.40mm#g#, Fig.
10.11-& 0.50mm#g#5, Fig. 12,138 0.70mm#g
#, Fig. 14.15% 0.90mmiH & &% vebd
Ao BE Ml FL Haoz veld
TriE{bE =)= " Abo] E (work —hardened mart-
ensite) ko] Elm AAYL ekt HE
HIxds BREEAA £4 23 F3&A 4
Epytct.

Fig.16—22¢ HEE#e Sohd e Mo
2 A 0.40mmoll 4 0.90mm#&iH & JEFIE
BiAes RE Mol MIMEY shzal
ol E4BR-S el QlubE Al T LR F
ez oEvo] Efigho] heul ol 23 =
= elongated austeniteififfio] 7 ebytc).

2) vl Eqsicinie] HiER

Fig.23—-25% v & Aol & sigtAA)
sty EEEMNGIeE HRHEI, HEH
I, EEaptel £o2 Jelldl ez v Edgdd
Al BE gt v B mel F47el Hm & &
tel Beiwg slzAe sigto] #ITHJ LR R
B NEel B =t THifpe] FETHMES
olov] gmitEmel tthel EA= 2-& Aol
sk S RIFE Bifets Aledc

_.14_.

3) EEETHMNENE

Fig.26,27¢ vl AP F HEBHEII B
BS EEETEMSEAA 1,000 2 RESG A
o2 BE HtelA mieke it g
2 ssldon] ginte] #17e AAYAE 9
et = AAYNE HAsEA 240 A
2 vyt

Fig.28,29v AAAIF HEBIIS R
9| sietul& EEETEMSEAA 1,000002 8
23 Aoz nE gkl sl B3RS °)
fEfslE Hmez AAYAE e B4R
dimpleBlifke] ®olsln BB R ohe HERRE
ol M %A AA ey},

Fig. 8. Optical micrograph of cross section of
control group I (0.40mm of diameter)

Fig. 9. Optical micrograph of cross section of
(0.40mm of

Ay i Ay

experimental group.
diameter)



A S, i - a! 2

Fig. 10. Optical mic

rograph of cross section of Fig. 13. Optical micrograph of cross section ot
control group I (0,50mm of diameter) . exerpimental group (0.70mm of dia-
meter)

Erolt ek
S0 PR Lot s , g e . -
Fig. 11. Optical micrograph of cross section of Fig. 14. Optical micrograph of cross section of
experimental group (0.50mm of dia- control group I (0.90mm of diameter)
meter)

Fig. 12. Optical micrograph of cross section of Fig. 15. Optical micrograph of cross section of
control group I (0.70mm of diameter) experimental group (0.90mm of dia-
meter)



Fig. 16. Optical micrograph of longitudinal
section of experimental group {0.40mm
of diameter)

Fig. 17. Optical micrograph of longitudinal
section of experimental group (0.45mm
of diameter)

Fig. 18. Optical micrograph of longitud
section of experimental group (0.50mm

inal

of diameter)
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Fig. 19. Optical micrograph of longitudinal.
~ section of experimental group (0.60mm
of diameter)

Fig. 20. Optical micrograph of longitudinal
section of experimental group (0.70mm
of diameter)

Fig. 21. Optical micrograph of longitudinal
section of experimental group (0.80mm
of diameter)



Fig. 22. Optical micrograph of longitudinal
section of experimental group (0.90mm
of diameter)

Fig. 23. Fracture appearance after torsion test
for control group I

Fig. 24. Fracture appearance after torsion test
foe control group II

Fig. 25. Fracture appearance after torsion test

for experimental group

R e M

f- A

Fig. 26, Scanning electron micrograph of frac-
ture surface after torsion test for
control group II (x1000)

.h«. h ir 41746 7, ;‘- . K

Fig. 27. Scanning electron micrograph of frac-

ture surface after torsion test for
experimental group (x1000)
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Fig. 28. Scanning electron micrograph of frac-
ture surface of tensile test specimen
for control group II {(x1000)

¥« BRI i

Fig. 29, Scanning electron micrograph of frac-
ture surface of tensile test specimen
(x1000)

IV. #15 & Z%

BIEHFMM S —fi TEBRMSGE 2o &%
3 ARt ERAREES ERY Waloldg}
ORERel A HAkR), HRN) B M-S Tks)o
FEol EMEIRE, MMM, W RAYA o] Tk
ol BASIolof sloz ol % BESER B
IEA# Y] BESRME sl EE R
HeEHrE 3257 B F1 gon A1
2 low resilience, #4232 high resilience=
ME DI M EH, T Koz g
BRAKGRRE, stiffness®S HExkslz Q).

FEEBR BEABM = Kusy9 Greenberg-
B = BEESrol uhel Table 83 o] 434H3l4d

ov] HoweZ?® e BTH A Qlel A
Table 99} 2ol SUS302, 304, 3169 3iE%A~}
T2 fHA g 3ol

A Bl A HFE 2K Bl safet
Bl SK#trs= 25 SUS304ol %=l on
SUS304#k el el 2%, 499 &8l
BRG] &% 18.00—20.00wt/%, 8,00—
10.00wt/%oll Awstez o|F e MRy
ql 182889429 ~H|lal Attt Als
o}

E SR & HAE 325K A= 2.9deg:
offsethf flexure yield strength® #]13 o)A =
B/ 1, TOOMN/m (173kg /), A28 ol = &
/s 2, 500MN/nr (255kg/m) & 5% BRst Q)
©n] Robert J.Nikolai*®= [fEfgol 4] % IF
BMie EERel #RENS EAS] Sl e
EEY EHS Aok ddzn #ssidn
Drake2F*9-2 MM ME S 5I3E, w3, v &3
Algoll A K& T-5hd ).

BB LM 7539 BMER oB 55EE
e 171.40+2.90~225.08+6.39kg/mr, [k
JEEE 109.35+4.45~195.84+4.19kg/m?, IE
fHERLS 2.1040.19~4.80+0.30% & %% 1}e}
el BB S 5ISRIEEYS 170.94+0.
86~203.50+6.06ke/mr, M{RIBEE 110.82+
3.50~163.64+5.45kg/mr, JEMERE 2.32:+0.
32~4.96+0.20% & el e EEREIA = 5
BEIREE S 180.70+0.86~201.63+1.41kg/mr,
BEtRGRME = 122.16+4.93~148.96+ 4. 88k g/mr,
HEMHERLS 3.4340.43~5.20+0.57% 2 B|3RIR
Bt & BolA s BMREE) i 51
e %4 "olzl= Mol 53R %
MetRIERE = HHAEE 1, BERE, HREIIY <o
2 A4 el EMERE K] fHEe glo
v —sg3l] ekskch(Table 2,3, 4 5:).

A e SlRRES] KR Y 5REE
A2 w4 Jelva BREEs Jmed i
& el =] 8k Kusy 2} Greenberg?®= ~ 8l gl 3|
2] BRI 360x10%psi, Craigs'®
& 0.1%offset MERIRE = 2.17x10°%ps], B]3E5E
i3 2.73x10%psi, Twelftree& 92 (.02%
offset MRIREEE 1460—2610MN/m2, 0.05%

=R
L

1
e
[¢)

L

T



offset ME{RIEE L  1560~2700MN/m, 0.1%
offset BEARIBE L 1670~2830 MN/m, 5|5Ri%

E 2000~3270MN/me, ¥3} $9% 0.01874
ol BRBEY 149.4kg/me, B[ERIRES 208.
8kg/mr, AT} £V Tru—chromeigits] Kk
SREEE 157.5+8.57kg/me, SIBRSREEE 213.4%
7.07kg/mt, EEEENA BEIT E.S.S.#g41e
MetRIBEES  157.0+14.30kg/mr, BIRIBEE:
216.1+8.01kg/me, DrakeZ®e] (.016” (0.45
mm) #ite] 1174+0.04kg/mivhe BiRERE 7}
2oz A4 Jelhvde AL F- MEY
mitel gxlele WEEHl W2 Bty Rt
3} REpFkol %4 th2r] wifelgn Al

o 515RIREE, MRIRGREE, LR —Ed
EES B 4 gl AR sEERelcl Fs
Mo I RS WS E P dta gl
w-Folgta AR F55] HEEI, Hid ¥
ol A 739 Bl B FI A &A1Y
el ZR7 A el [/—3 dhkke i
o] F7loll ujetA] gpiol —E R Aol B B
B EkitEol cl2 ] ol Beo wl=i] Eksls
tEelelne ¥4 fiAw OrERA EgRel
BRIES o ##FE4, e ERYE LllkdAs
¥—3 #tES JHA Bt vk Eiga Als
o}

BMIERBH7T ZFol o8 BB T2 3}
vl GRS #Rde 2 v Fo Eu B
BEpRel R BRI 2o miigmed &
o] A Jeld RERE- BEE o &5y
bk #bfolw MMITAELERS #H80% Lk 4o
3 739 BREHSM T SEREH7T BEXsle
SIRKHMES 23 Bifetn AEs.

WMIESEDS BER BHE T s 2
< B F5HE 4 Ut HESRRY #R
oA 7E4] Mo EHB wE HEHEI &
[ 507.8+29.88~596.2+13.66Hv, %ffE
II& 490.749.72~590.5+20.08Hv, HEE->
506.6+17.87~563.6+5.35HvE FA3 HE
e et e SRS AVAA F A
ol & B 22 HiEte] FHA X8}

=g L 2719 Bl A 3AES sl

Al =e R AVAA A HBel e BIESK
Eel MEE: iRl AHSA Fg¢Ed
el £mol TAS WAL WhEtke 7]
ool W ZAxgto] ExkEw KERREY &
Bt HREL, TXd 4518 A5 2 ¢
< BEEY HAEgeletn Alasw (Table 5 2
R), |3 £Y¢ Tru—chromes| 7 5 3t-2 563.
80Hv, EHSolA %3 E.S.SAA A=y
575.05+15.33Hve} wges] o HEBES 7=
e B4 Ee Ho o] = BREY KR v
A 2 FEA e #Ro| KF Holatn A4
Xt

o] RS BMFERS 1000 Holo ¥
&l v 58 2.3 (torsion torque) & sl 4
#7) 2k w A o] v ERAle] S T A
22 7% HHMER & v EP Aol EL ¥
REE T oA 4.500.50~31.8+2.483), HERE
IIoll A 3.4+1.36~17.4+4.843], RKEEEolAl
16.3+2.05~24.6+3.0431 2 Jehn] SRE
11 2o} BREEIS BREdA X Ao &3]
T7F w1 BEEAA BHER g AlelF
o] 2871 AA Jelsich(Table 6 2).
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Apol 2845 153], 0.31004 0.64mm7=| =
108], 0.65mmpl ko] Bt A= 5318 £& R
et glov HWEEIY TPl EIFE 4.
7140.47~9.00£0.003], HEEIIAME 6.3%
0.47~10.0+0.823], EEHJAH £ 3.8%0.
40~8.0+1.263] 2 £& Jelich, BHEH B
B AL FUY ERE BHRE 4+ o
Aot EFEEIEMGERE $2me RAed
ars] 2 BRI AL T4 BHEdA 0.
70mm ¥ 0.90mm 7 Hge] AEe ¥
RELITA A = 0.40, 0.70, 0.80, 0.90mm#i+t~}
Htgol A%s o KA = 0.80, 0.90mm
Bi7E el AEd ey o ES RlEH
A g0 Bzt glela A ZbEl v BREE T MY
s HREIZE %4 RIFE T3 EA ] v
Uil KRR EEHY BER TY2FE
gho] BEATSIE 0.70~0.90mmigk 7} FTYEA
ol HIFd 7oz Jelxtc}(Table 7 2H).



< AR T #EERs kers 2F
ot 25-HIRZ D SRR
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Bit7t 2F—HER S 71d Holmz
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8~22 BR).

Schwaninger$*9-2 el Z#H e Az
o A ##7} st Aol = i o HAHow g
el sl s Rl A4 H
o 2 sirto] ol i R A = sty
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=
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Tahle 8. General classification of orthodontic wire materials

General Nominal Trademark Product

classification composition (%) name manufacturer

[ron 72Fe, 18Cr, 8Ni Tru-chrome Rocky Mountain
0.2C WILDCAT GAC International

Cobalt 40Co, 20Cr, 15Ni Elgiloy Rocky Mountain
15Fe

Nickel 52Ni, 45Ti, 3Co NITINOL Unitek

Titanium 79Ti, 11Mo, 6Zr TMA American Ormco




Table 9.

Chemical composition for typical stainless steel orthodontic wires

Chemical composition (wt. %)

Type

(SUS) Cr Ni C Mf’l Si P S Mo
max min max max max
302 17.00- 8.00- Q.15 2.00 1.00 0.045 0.030
19.00 10.00
304 18.00- 8.00- 0.05 2.00 1.00 0.045 0.030
20.00 10.00 ’ _
3le 16.00- 10.00- 0.08 2.00 1.00 0.045 0.030 2.00-
18.00 14.00 3.00
V. & e o) Heju| EP Aol E3 4t 0.45mmit ol A
31.842.483), HERBEIE 0.60mmigi ol A
BA S ERARBESSEAA Bo] A= 3 17.4+4.843), BEEIAL 0.45mmsfol A

L
T

e ol 2R R 259 NEE FER
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v B3 ol e ol 4N, S URECl K
TR, SRR KT MRS S5

@she] ohg 22 FHRE 44
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FE= 0.60mmigtol Al 148.96+4.88kg/mr, B
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%% Vel
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2 &% eyt

4, BB v B HEEI 2de
HRET S i A Jehia HREI

24.6+£3.043] 2. &K viElxt).

5. B A gl HRE R
e %4 AR HEE Y A FHAlE
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AE 0.50mmigEFe] 8.0+1.26312 &% b
wtet.
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g T WK .
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7l R kiMoo Itlsglo.

g £ X R
1. Aedd, &4 24§ Avqlz]az) )
o SR Ao e wladT. gz
@As3] ). 15 163—174, 1985.
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B A, dMAH=ER. 3513519,
1985.
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— ABSTRACT —

A STUDY ON DEVELOPMENT AND PHYSICAL PROPERTIES OF
STAINLESS STEEL ORTHODONTIC WIRES MADE IN KOREA

Sung Jae-Hyun*, Kwon Oh-Waon*, Kyung Hee-Moon* and Lee Kee-Dae

*Dept. of Orthodontics, School of Dentistry, Kyungpook National University, Taegu, Korea.

The physical properties of seven sizes of control groups and experimental group in stainless
steel orthodontic wires were studied in tension, hardness, bending, torsion and observation of
microstructure. The wires (0.40-0.90mm dia.) of round type were tested in the as-received con-
dition. The wires of control groups were TRU-CHROME and REMANIUM, and experimental
group was SK wire which was developed by ourselves and made in Korea.

The results were as follows;

1. The chemical compositions of control groups and experimental group were austenite stainless
steel wires of SOS 304.

2. Higher values of tensile and yield strength in tension were control group I, experimental
group, control group 1I. Maximum tensile and yield strength of experimental group were
203.63 = 1.41kg/mm? in 0.70mm diameter and 148.96 * 4.88l(g/mm2 in 0.60mm diameter,
and maximum elongation was 5.20 £ 0.57% in 0.45mm diameter.

3. Hardness values of experimental group were similar to control groups. Maximum hardness

values were 596.2 + 13.66Hv in 0,45mm diameter wire of control group I, 5 90.5 £ 20.08Hv
in 0.50mm diameter wire of control group II, and 563.6 £ 5.35Hv in 0.70mm diameter wire

of experimental group.

4. Torsion properties of experimental group were similar to control group I and more than
control group II. Maximum torsion cycles were 31.8 = 2,48 in 0,45mm diameter of control
group I, 17.4 + 4 84 in 0.60mm diameter of control group II, and 24.6 £ 3.04 in 0.45mm
diameter of experimental group.

5. Maximum bending cycles of experimental group were smaller than control groups. Maximum
bending cycles were 9.00 £ 0.00 in 0.50mm diameter wire of control group I, 10.0 £ 0.82 in
0.40mm diameter wire of control group II, and 8.0 £ 1,26 in 0.50mm diameter wire of
experimental group.

6. Microstructures of experimental and control groups co-existed with martensited austenite
structure and elongated austenite structure.

7. The direction of wire fracture was propagated parallel to torsion direction typically and there
was no probability showing wire fracture at inclusions and surface scratches.

8. The type of wire fracture was brittle fracture at initiation site and ductile fracture at core.
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