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Impact on the characteristics by heating temperature change during
orthodontic wire solder

Gyu-Sun Lee
Department of Dental Technology, Dongnam Health College

[Abstract]

Purpose : To understand the impact on the strength or restoration force by the change of heating temperature when
soldering 18-8 stainless steel round wire which is the chrome-nickel class for dental orthodontic device production.
Methods : The following conclusions were made upon the results from tensile strength test, 3 point bending test,
and 90° bending fatigue test with 24 samples that had been applied with condition 1 (before heat treatment -
natural) and condition 2 (after heat treatment - mooring 30 seconds after heating up to 500°c, 700°C, and 900°C)
to ¢0.4mm, ¢0.7Bum, 18-8 stainless steel round wire (spring hard) by Jinsung Company.

Results : When it was heat-treated at 900°C, both ¢0.4mm and ¢0.7 mm Showed very low tensile strengths compared
to the heat treated cases at 500°C and 700°C Yield strengths of both ¢0.4mm and ¢0.7mm showed very low
compared to the heat treated cases at natural, 500°C, and 700°C, as well. Upon the results of 3 point bending test,
the heat treated case at 900°C showed very low in both ¢0.4mm and ¢0.7 mm, compared to the heat treated cases at
natural, 500°C, and 700°C. Tensile strength of both ¢0.4mm and ¢0.7 mm as well, showed very low compared to the
heat treated cases at natural, 500°C, and 700°C. Upon the results of 90° bending fatigue test, the heat treated case at
900°C showed the highest wave node resistance in both ¢0.4mm and ¢0.7 mm.

Conclusion : This study concluded that heating temperature change during wire soldering impacts on the
characteristics of orthodntic wire.

Key words : orthodontic wire, 18-8 stainless steel wire, heat treatment, tensile strength test, 3 point
bending test
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A1} AR AZE wirers 1940W o] =L} W4
AJo] 43t 18-8 stainless steel wireE Hauptmeyer
7F A G ol ARESHHA] AA7IA| = Wol AREE AL QL
t}. (Richman, 1956)

o|% X} wARA| A2 wirew= ZEF-UAA, 2
E-IEA, ‘47“—‘51‘5}“574] Hetelelg A o= Ao
W3S o]Fo] 2O (0'Brien, and Ryge, 1978), &
A WA AR wires arch wireY spring,
clasp &2 A&kl ARg-E| AL Qlet,

A3t wZZAE A2 o) wire?} wireE 2871+
2 = F59 HWE Ko Eol= A7Pd2Kwelding)
I ARAIZ| AL Bt = iJ 2Lk e o)A
= Y2 (solder metal) S = ax9 J|ARHoR
AN 7]= H2ZHsoldering)©| 0“3}

QHLA © & p—titanium 117§ wire= welder 5= 9|
43 welding 2= FE3 7| AH g 4 ¢ UL
W(Burstone, 1987; A A3} 77, 1990) stainless
steel wirex= welding® th= HZA|E ]88t soldering
o] 73k 7IAA AgdES ¥l kot (H A4,
1993).

solderinge Y =22 Lead—tin alloy solder®} acid
coreE AHE8H= A(260C ©|3h) &5 9lef F& F4
A1} 71A1H AFdES EH R 5h= soft soldermg
1 g-g4lo] A9 a4E 100T A W
alloyS 144 blowpipeZ 7}g3ste] H2letnz A=
7w gl A HAl zkAo] Q4

T,

Qltt. (Craig, 1989)
stainless steel wiret= dHFE S 2 600T A3-2] 4
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=%t hard soldering©]

(silver solder)< furnace, torch,
o(Lyman et al,
1971) & o]-8-3t%] soldering®tATF 7H= AL 7S
o= 500C A%-9] A28 & ARsh= Zlo] Ft.
I} stainless steel wired oj® Wyoz
solderingdl| = Ao A3} A2 FHEA vieo]
™ (Gardiner and Aamodt, 1969) hard soldering A]
stainless steel wireE 677T ©|4F o2 7tdslH Hol&

induction, resistance, salt bath
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Axjel] wha} W2hElo] dAskaol
1989).

A $HCH(O' Brien,

l A3t

wire= EHJeHA 3&—.70}5 5l UH-Or Feljof st
(OBrien and Ryge, 1978; Phillips, 1973), soldering
Soe &Aoo WAy Yehd 5= Q= 540] 44
& ojoF SFHO Brien and Ryge, 1978).

weba] & At A w GG A2 18-8
solderingdl= 79 7149 29
HEP7F wired] A%, A=, BlERI=(EHY), Aol
0|2 kS st gt

stainless steel wireZ

IL.
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1. 937 =5

A AR E AZFE W gas torchE o8] 677
T oo 7tEsto] 18-8 stainless steel wires
soldering®h= 747 =2 o7t =L o242}
of &7t AP o= Qlste] dAst o] WA Ak &
2|7} eHO'Brien, 1989).

WA el olstd 2|3} wAdA] A2 25-YA
Al 18-8 stainless steel round wire:= soldering A]<]
! %Eoﬂ e} 340 A3t Yot ‘—4'—8—“:1 Wireiﬂ &
Ty 5

l

weba, i A BAe At wZHAE AR o
18-8 stainless steel wireS solderingdl= 739 714
250 WPt 5459 ARE EAJof| niX|= Feke Lkl
H1A} oo},

2, AR TE
27 nAAXE AR o] stainless steel round

wireE solderingsh= ¢ wire®| 7149 2%k whe} 2l
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AA @0.4m, @0.7mn, 18-8

A3HTA G wire G4 7HELES] Wsh ABA] v e

2] A —Natura)Zt 27 258 =
900CE G2 ¥ 302 AR)E Holdt
AR Al

stainless steel round wire(spring hard)oll 27 1(84]

Table 1. Conditions of wire sample

- 5007, 700€,
24709 AR A

heat treatment

0 specimens
temperature time(sec)
Natural 374
500C &2 2 30= A= 37K
0.4m _ -
700C 52 30 A7 37
900C &2 F 30= AR 374
Natural 374
500C &2 F 30= AR 37K
0. 7m ——
700°C &2 F 30= AR 374
900C 52 2 30 A= 374
3. A7 B
1) 2IE Al 3) 90" =&l mZAIRADA #4 Hig2s0| g, =
NFEAE vlasly] flste] X7 GolA] Batshs =2 of 27| 5.0kg)
F-YAA 00.4mm, @0.7m, stainless steel round (D AIE AZL:90° 18 T 2AIES $J5te] 2437199

wire(spring hard)E @A 2 HNatural)d} $(500C,
700C, 900C)= o] Zol7t 200m<] 870} AlHZ
ARSI

Jin Sung Corp. ¥ 7I(UTME Aol 4] 500kg2]
load cell, A|¥< % (cross head speed) 5.00 mm/min, wire
9] A ¢(focal distance)= 100.00mm=E A|H 5}k,

.‘—_‘_/\
OE

2)3d =
A=A BlaLsky] ffste] 2471l A Bakshs =2
E-YAA 00.4mn, @0.7mn, stainless steel round
ere(sprmg hard) & g4 2] A(Natural)z (500,
700, 900C)= W0l 4o} 30mn] 8712 AlHE Al
2shelc}

Jin Sung Corp. TFsAH7|(UTM)Z 5kg2] load cell
< 7HAAL 2% 36T, Al®<E(cross head speed) 5.00
mm/min, wire2] ¥E8A 2 (focal distance)= 50.00mm=
A8t

_' A|o‘|

A AYAE 3]'% A&-YZAA @0.4m, GO0.7mm,
stainless steel round wire(spring hard)S 4 * ]
H(NaturaDZH $(500C, 700C, 900T)& o]
Ao]7} 200m<! 8719] AlH-& A2tsk3iTt,
@A =4
a Al = A
b. Cycle time : 253]/min
c. Edge & %M : 0.3R
d. Weight : 5.0kg
B) A1
a. Edge §-¢] 3& 9H4°] 0.3R¢ jigs AX|gtch
ZH)3 A HES Jng HaY3F 3 blo
25mm A A&l 713 31
c. Block & 278 75me] 725 A8kl HhrfZo
5.0kg®] 5 wiete},
d. Edge F%JollA AJHE 90" &
wire7} I & Wj71A] &f 15
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(Natural)¥ $(500T, 700C, 900T)Z Hiro] Algst
A3} 900TE FA g 499 Hdf 552 0. 4me]
A 10.240kgf 283 @0.7mollA 33.090kgf=
Natural(@0.4mm — 23.020kgf, @0.7mm — 71.350kgf),
500C(@0.4mm — 23.720kgf, @0.7mm — 71.010kgf),
700C(@0.4m — 18.640kgf, @0.7Tm — 57.420kgh) =
dA 2] g 7R} - A vebytet

E3F R A A 900CE EAE] 3 A$ @0.4mn

ol| 4] 85.333kgf/mi 123 GO, 7mmol| A 87.079kgf/miE
Natural(@0.4mm — 191,833kgf/mr?, @0, 7mm — 187.763
kgf/mr), 500°C(J0.4mm — 197.667kgf/mr, @0, 7mm —
186.868kgf/mr), T00C(G0.4m — 155.333kgf/mi, @
0.7mm — 151.105kgf/mi) 2 B 2] gk 79K} uf$- W7
LrebgT

ey AAES 900CE EAE g A @0.4mol A
72.80%, 133 G0, TmoY A 78,80%Z= Natural(@0.4mm
= 3.76%, @0.7Tm — 4.98%), 500TC(D0.4m — 3.72%,
@0.Tm — 4.74%), 700C(D0.4mn — 3.72%, 0.7 —
4.06%) %= A9 3 FLE i =A Uesth Ge
ANREIA )

Table 2. Results of tensile strength test by heat treatment temperature

diameter sectienal aheat yield lead Yield maximum Tensile  Displacement clengation
are treatment strength lead Strength of rupture
m i T kef kef /i kef kef /i mm %
Natural 14.620 121.833 23.020 191.833 1.88 3.76
500C 16.830 140.250 23.720 197.667 1.86 3.72
700C 11.780 98,167 18.640 155.333 1.86 3.72
040 0.12 900 6.220 51.833 10.240 85.333 36.40 72.80
Max 16.830 140.250 23.720 197.667 36.40 72.80
Average 12.363 103.021 18.905 157.542 10.50 21.00
Min 6.220 51.833 10.240 85.333 1.86 3.72
Natural 45,080 118.632 71.350 187.763 249 498
500C 44.000 115.790 71.010 186.868 2.37 4.74
700C 35,540 93526 57.420 151,105 2.03 4.06
0.70 0.38 900C 22,080 58.105 33.090 87.079 39.40 78.80
Max 45,080 118.632 71.350 187.763 3940 78.80
Average 36.675 96.513 58218 153.204 1.57 23.15
Min 22,080 58.105 33.090 87.079 2.03 4.06
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A% Yg wire F2A 7HE 2= M3t A5l vlAl= FF

Vg WK M 1R e00  N00 M Ol G0 Wob w0
g e
(Natural — 500C — 700 — 900C =

Fig. 1. Tensile strength test results of @0.4 round wire by heat treatment temperature

Load

HERE

(Natural — 500C — 700C — 900C —

Fig. 2. Tensile strength test results of @0.7 round wire by heat treatment temperature

2. 38 ==Y oh w9 WA reb
3 =SR-S flste AAG7IGelA Aadske T8 TS I A A 900CE B o FF- @0.4mn

YA A stainless steel round wireE EA 7 A oA 2.183kgf/mr 12|31 @0, 7mmol| A 4.113kgf/mr=2
(Natural)Z} $(500C, 7007, 900C)E Yo AlFsh Natural(@0.4mm — 191.833kgf/mr, @0.7mm — 187.763
A7 900T 2 A 3 A9 ) 5152 @0, 4mo]| kgf/mr), 500°C(@0.4mm — 5.600kgf/me, @O.7mm —
A 0.262kgf 1831 @0.Tmmo A 1.563kgfZ Natural 10.839%kgf/mm), 700C(D0.4mm — 4.850kgf/mr, @0, 7mm
(@0.4m - 0.672kgf, @0.7Tm — 4.033kgf), 500C(0 - 9.005kef/m)= S| 3 AT} oo v Uepyt
0.4mm — 0.695kgf, @0.7mm — 4.119kgf), 700C(S0.4mm (G 3, (A" 3 D

- 0.582kgf, @0.7mm — 3.422kgf)2 DA 3 A$R
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Table 3. Results of 3 point bending test by heat treatment temperature

diameter sectienal are EEEL maximum lead el Dl EeEimE O clengatien
treatment Strength rupture
mm m T kef kef /i i %
Natural 0.672 5.600 -0.05 -0.10
500C 0.695 5792 -0.05 -0.10
700C 0.582 4.850 -0.06 -0.12
040 0.12 900T 0.262 2183 -0.06 -0.12
Max 0.695 5792 -0.05 -0.10
Average 0.553 4.606 -0.06 -0.11
Min 0.262 2183 -0.06 -0.12
Natural 4.033 10.613 164 3.28
500C 4119 10.839 1.66 332
700C 3.422 9.005 1.77 354
0.70 0.38 900T 1.563 4113 249 498
Max 4119 10.839 249 498
Average 3.284 8.643 1.89 378
Min 1563 4113 1.64 3.28

(Natural — 500C — 700C — 900C —

Fig. 3. 3 point bending test results of @0.4 round wire by heat treatment temperature
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A3HTA G wire G4 7HELES] Wsh ABA] v e

—— - — =

(Natural — 500C — 700C — 900C —

Fig. 4. 3 point bending test results of @0.7 round wire by heat treatment temperature

3.90" =& LZAIY 21t

90" w3l HRAIFEE fIsto] ZA7IollA atste 2
E-YZAA ?0.4mm, 0.7mm, stainless steel round
wireg EA 9 ANatura)d} (00T, 7007, 900T)
2 o] AR2oA, bending fatigue tester?] Cycle
time 25/Min, Edge +& %7 0.3R, Weight 5.0kg
£ 483 2102 A[FS g A1} 900T oA EAHE

st A7H@0.4mm — 53], 53], 53], @0.7m — 73], 10
3], 8Q s AEke] 7H =940 H, Natural AE{(20.4
m — 33, 33], 33], @0.7m — 63], 43], 53))2} 500T
(©0.4mm — 33], 3%], 3%]. ¥0.7mm — 73], 83], 63)) 1
231 700°C(@0.4m — 33], 33|, 23], @0.7m — 53], 5
3], 53))= 900CNA AP E 3 A9kt upEAgto]
woreh Gt 4

Table 4. Results of 90° bending fatigue test by heat treatment temperature

heat treatment

the radius ef diameter

curvature (r) (@) Natural 500°C 700C 900°C

3 3 3 5

04 3 3 3 5

03 3 3 8 5

6 7 5 7

0.7 4 8 5 10

5 6 5 8

Iv.

Kl
Uk

A3} 1A 7)5-8 18-8 stainless steel wires ©]-8-5}
o] WYX E AZE 0 spring®|y hookd} -2 Hx
52 E7195H| welding 4= soldering S 314 ®T},

A WGFA] A2 wires 249 A2 S0

A3t A+ Hi1=(Craig, 1965; Howe, 1968; Goldberg,
1977; Drake, 1982; Gwinnett, 1982; Hazel, 1984;
Donovan, 1984) 5©°] ¢12™, Gardiner®} Aamodt
(Gardiner and Aamodt, 1969)+ H2F A|7tET 71E &
Loof| whe Aste] ez debiikal skqict,

ARtH 0 & 2|3} w AR E A 2Fst= - gas torch
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£ o]83to] wireE A=t A
propane gas®| 40| 7M=& 2%
AcHPhillips, 1991).

A wZFA A2 Al gas torchE A&t
soldering 3h= ¢ F4F-9] 2%+ 4 700C,
800Co|H B+ 750CE 7FE YL (g F+

o]o} ZHo] 650C oo & 7HHsHH ¢AstaAto] WAYE
i, Yy Al 7t A E T etEE AR
Gardiner®} Aamodt(Gardiner and Aamodt, 1969),
Craig(Craig, 1978) ‘5°l &Jsto] H 1|11 9},

E3F gas torchE ©]&5t 677C ol eR 713}
soldering k= 7% 29| W97t o= Hol A%}
of g7t AP o= Qlste] Astd o] WA Ak &
2= A7kl 3FAEHO Brien, 1989).

& A3} wA-§ AAE 7Hedshe ol F4E A=,
A, HlH|Z e 9] 71} 140 9] T4z solderingdt
= &% annealing WA AE, JAE, vlEdtEE
skl A& F71ghck(Phillips, 1982).

2 AYPAME ZEF-YZAA stainless steel round
wireE g2 ANatural)d} (00T, 700T, 900C)
2 el AR 3% 23AIdE ' 23 900CE
AP o A9 FHdf k52 00.4moll Al 10.240kgf
213 @0, 7oA 33.090kgfZ Natural(@0.4mm —
23.020kgf, @0.7mm — 71.350kgf), 500C(S0.4mm —
23.720kgf, @0.7mn — 71.010kgf), 700C(S0.4mnm —
18.640kgf, @0.7mn — 57.420kgH= 2] 3t AW
o wj-- A Vbt

EgE AT A 900TE A ] & 79 00, 4mol
4] 85.333kgf/m 12]3 @0, TmollA] 87.079kaf/miE
Natural(@0,4mm — 191,833kgf/mr, @0, 7mm — 187,763
kef/md), 500°C(20.4m — 197.667kgf/mt, 0. Tm
186.868kgf/mr), 700C(G0.4m — 155.333kgf/mt, @
0.7mm — 151.105kgf/m) 2 A*|2] gt 7K} v 27|
UFERg T

Natural ZejEth 500CoAA GAg] g 792 714 4]

EAJo] 2431 A2 18-8 stainless steel round wire2]

W7 BolA FE THera sk dol dekd At
= et

i
T
o
=
k1
3&

72 cighxIEt 7|2 oY A

T A4l 900CE EAE g 9 G0, 4mmol A
72.80%, 123 @0, Tmol|A] 78,80%= Natural(@0,4mm
- 3.76%, @0.7Tm — 4.98%), 500C(D0.4mm — 3.72%,
@0.Tm — 4.74%), 700C(D0.4mm — 3.72%, @0.7mm —
4.06%) = AA g ot Ko} uf-e- =4 vebgth

38 FTAIAHAAE 900 CE FA 2 gt 92 2o 5t
22 00.4mmoll A 0.262kgf 1231 @0, Tmmoll A 1.563kgf
2 Natural(@0.4mn — 0.672kgf, @0.7mm — 4.033kgf),
500°C(@0.4mn — 0,695kgf, @0, Tmn — 4.119kgf), T00C
(@0.4mn — 0,582%kgf, @0.Tmn — 3.422kgf)2 A |2] ot
7ot vl WA e e w1 7 A 900TE
A g > @0.4mell A 2.183kgf/m TL2] 3L B0, 7mm
oA 4,113 kgf/mrz Natural(@0.4mm — 191.833kgf/mr’
@0, — 187.763kgf/mr), 500C(D0.4mm — 5.600 kgf/mi,
@0.Tmm — 10.83%gf/m), 700°C(B0.4mm — 4.850kgf/mir,
@0.7m — 9.005kgf/m)= BAE] g+ Z-Hr} o9
Al vrebetet,

90° W& FZAENA 900CE EA & g H7HO
0.4m — 53], 53], 53]) (@0.7mm — 73], 103], 8%]) u}-4
Agro] 71 =9kow Natural AEH(@0.4mm — 33, 3
3], 33]. @0.7mm - 63], 43], 52])¢} 500C(F0.4mm — 3
3, 32], 33]. @0.7mn — 73], 83|, 63]) Z12]aL 700T(Q
0.4mn — 33, 33, 23], @0,7mn - 53], 53], 53] T4
A|go] yhek=g| o] 900T AN A2 E 3 79 A4
o] J&s] S7Feh el Ao = HekE,

W=, 38 FHAIR SollAl 500, 700TC, 900T
o8 AP vt woEeE | Aol S7kske A
18-8 stainless steel wire2] 1AFE 2l 1,400°C) 7}
A &7t 2D o)ttt

ojg % At wAZFA] AA-E wired] A F7H= 93
o7 Fophs IAE Uelle ©dttE, HlEgte,
o #4 5ol Wobd & 3l

A3} 2GR E ARsl=t] AM-E= 18-8 stainless
steel wiret= soldering 2ol 13} A} ¢lo] EHAISHA
oF FEZE o] W9 $3FL(OBrien and Ryge,
1978; Phillips, 1973), A&2 22 elastic memory=S -
At sk AJotols& 93t wA Y-S Vel = Q=

E o] Qlojof SHtHO Brien and Ryge, 1978).

flo [»
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A% Yg wire F2A 7HE 2= M3t A5l vlAl= FF

st 21} wAG7]E-§ wireoll ST EW] sk
= 7l 'dollv A7 SAE | o] 'Hgod Aol ¢
3 wire7} o] e 2 EEoprteal sh=tl, A3
BARE 913 wiredll A E BN A 7L L] el

2 EQsl= ulA oA WA= EeAS B o7 o]
Sstn2 B HR|7F 3 e A o] SUlelER X%
20l WAHL 0] 83k 4= 9)7] wjFolt}

A7 A3} S A W] AFLEE DT, OM,
RM, UT 3|AF] Y2 2848 1A o] 620C A %,
W o] 650T AHAY, 1993)0| 2= 18-8 stainless
steel wireQ] IAH21 1,400TC Hoph= AN e 852
=5 Holal it

18-8 stainless steel wirex Y¥HAH S =2 600TC A5
9 §HE 7 A mFe] 2 (silver solder) furnace,
torch, induction, resistance, salt bat 8510
soldering(Lyman, 1971) k=t &= QI3 wire] A
A7stet AA Y] A (Craig, 1989)2.& /ol A &
A 7|AA dE AstE 2AskA] o= 650T 52
W2 202 2ot A3t w7} ¢ A P =AY wd

w4 9 A4 BRS WY 5 YRS sk A

o1 =

o Az,

ol F= 4

V.8 B

Ak wGFA] AAHE LF-YAA 18-8 stainless
steel round wireZ soldering@ W} 7}€ &% 9] H3l7}
FE o] njAjs JFE dohRat X799
@0.4mm, @0.7mm, 18—8 stainless steel round
wire(spring hard)e] 27 (84 2] A -Natural)¥ =
A 2EAE 3 - 5007T, 700T, 900TE 52 3 30%
74]% Foigk 24709) AlHCe = AR, 3 =3 Al
E, 90" 9% HEARS T AT v 22 AES d

ATt

1. 900T= EA2jstgle W @0.4m, A0.7m E—r
500C, 700CE G| § ARt Y=} S
Al EFE T,

FEZE QA 900TCANA @0.4m, @O0.7m 27
Natural, 500C, 700C= @A ] gt 4$-E} uf$- A
UHERtT

gih M99k A4IE-2 900TAA @0.4mn, G0, Tmm X
% Natural, 500, 700CE2 €47 3 A--Ec} uf$
=A Urebteh

2. 38 EXAIYE g A} 900C=E AT T F9=
@0.4mn, @0.7nn 25 Natural, 500C, 700CZ GA2]
ot 7f-Hot o9 A Uelsiet

o1 7= A] 900 CE AT 3 A @0.4mm, @
0.7mm 25 Natural, 500C, 700CE €A g s H¢H
o} o - A LR,

J

3. 90" &3 HZAES 3 Ay} 900CoA A=

74 ©0.4m, @0.Tmn 25 wPEAFYo] 71 $=9kTt,
o gd

197 5, AR, A
2001.
A, DA L3S et

39k 2AETA}L 342-343,

itanium &= A< A7
Aol {3t A, AR A 17(2), 197
210, 1990.

HAA, A w78 22 J2 o
& AA B gz 4 W A
A HPAREFRl=E, 1993,

Burstone CJ. Welding of TMA wire, Clinical
applications, J Clin Orthod, 21(9), 609-615,
1987,

Craig GG, Restorative dental materials, 8th edition,

417-424, C.V. Mosby Co, St. Louis, 1989,
Craig RG, Slesnick HJ, peyton FA, Application of

1o ox

of
ElT
= R

HJ

17-T precipitation hardenable stainless steel
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Craig RG. Dental materials—a problem—oriented
approach. 222-225, C.V. Mosby Co, St.
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