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Table 1. Summary of wire groups used in present study

round wire rectangular wire
{0.018 inch) (0.019 X 0.025 inch)
non heat treatment A E
furnace heat treatment B F
electric current heat treatment C G
bending after heat treatment D H

: each group consisted of 10 specimens

e,

duld o 2 stainless steel AR+ 300°C
~500°Ce] A2dA 2= AAY BAHEE 57}
A7tk &}, Funk®¥ V-shaped loope] <l
FA el A 850°Foll Al 327k dx2)d 4¢ &
Azt 713 2A FrlEn dFH el A
doldcta  dglth. Backofend} Gales!?,
Kelmer?®, Ingerslev®, Mahler®} Goodwin'®,
Burstone® Baldwin!¥, Lane#} Nikolai'®,
wha §9, @I £19, o], o] Az gk
L 44y Follv A "Bz} BAAY
o] Frlsht BAEL £ Wyt gl B
23t th. HoweS'9L 700°F~900°F o) A,
5~15%7t dAgsd FEA=7t 2A F1H
o 20%~40% A=e o] AAH}IL
319, Goldbergs!"e 1010°C, 5¥-7ke] <
Ao o8 BAEH FEAEs}t FLPEE B
235}, Khier 5'9¢ XA 324-E& ol 83}
o dAg F AAY WE-TF=7F austenitic
phase® W3 AL JIslge A 7|
A A ANz} B A,

2t 40937+9] looped wireoll HEF HA
2l9] oA el 37k Fod 71AA A
A8 AL VA= (elastic stiffness), BA3
Al (elastic limit load), ¥ ®tA Y (elastic
range) &) F7leleh®. ol AAe AR
AAE AAE A8 dAHEE 3T Yo
Y dxzlz 9l elastic memory’t &R
Az A9 e F&F s LA
jo, W7bgd AAlel HE-EHe A% A
A B4R SHAAE AT AL %7‘1

2ol o8] WA= AL Fel| Wzt I
o;]_?_zz,za)t— u'l-;(] oj-;]_ Durr %22,19__ E’.HELE
£ AAA WZ7HEE He AlHe XA
Q= AN AL g9 AL S
E}-‘*H?i‘:]'_l_ .!i’__!_o]’%iq'. Hazel 529 'E“&]
AAA WA ;g e] A 7ke] A el
utaba] 74 len] dA o] o8 oz ¥
o] ZadAo] Weol &P Byt

# A stainless steel AANA Fe) FA F
o deojuE e EUdAFH A g
AR wHEo] BAF AT = FF Hold,
ol Aol g AsA o+ 5‘]°}°l%°ﬂ S |
T7F 98F o2 AgEAY. & A7 A
4 stainless steel A4S W77 }sg— Z oo
v g 5044 G- g st
7] fAste] A=A

(DI - (T}

. g7z ¥ Yy

AT 52 E stainless steel AAAJel 0.018
inch round wire®} 0.019Xx0.025 inch rectan-
gular wire(ORMCO stainless steel wire) &
AH2E e, Al3e 85mm ZHole AA AR
2 AFsdd. 4T F F79 AAA
AxzE Yol =t vdAEE, AVE 9A
2] # (electric furnace heat treatment
group), AfF DA 2] (electric current heat
treatment group), AAz|d AA AAME F
37 (bending after heat treatment group)2>
2 R H(E D).

Lane®} Nikolai'®o}- 2] 3l looped wire2]
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width of two free ends was mea-
sured by caliper
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Fig. 2. Comparison of total width increment
among A, B, C, D group (0.018")
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Fig. 3. Comparison of percent of width incre-
ment among A, B, C, D group in each
time interval (0.018")

Table 2. Width change between two free ends of 0,018 wire {(mm)

Time Group
A C D

baseline 52.72(1.34) 54.02 (0,62) 53.22 (1.43) 59,13 (0.40)
heat treatment 57.66 (0.81) 56,60 {1.09) .

1 hour 53.63 (1.28) 57.64 (0.81) 56.65 (1.06) 59,90 (0.34)
1 day 53,88 (1.34) 57,64 {0,76) 56.63 (1.06) 60.19 (0.35)
1 week 53.99 (1.32) 57.64 (0.80) 56.64 (1.10) 60.28 (0.33)
2 weeks 54,07 (1.34) 57.67 {0.78) 55.66 (1.07) 60.37 (0.34)
3 weeks 54.04 (1.30) 57.65 (0.78) 55.62 (1.03) 60.38 (0.36)
4 weeks 54.07 (1.30} 57.65 (0.79) 55,63 (1.05) 60,40 (0.36)

( ) : standard deviation

61% A7t Yolskerd 17U ol el 949% A
=7 oiget,

A4 AAE 2ANE F FE HEL 24
2% A % B u%T oz 3y
of Qoiskeh. 2et 2 AslE EZuc 2
Vbt

34 Fol 4729 AF2 ANAE F F,
GEAAE WA BAF Aol B
a2 ol Fol BA A3t AL o}
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Table 3, Width increment of 0.018" wire in each time interval (mm)

Time interval Group
A B Cc D
t1 3.64 (100.28)** 2,38 (98.76)**
t2 0.91 (67.41) -0.02 {-0.55) 0.05 (2.07) 0.77 (60.63)**
t3 0.25 (18.51) 0.00 (0.00) -0.02 (-0.82) 0.29 (22.83)
4 011 (8.14) 0.00 (Q.00) 0.01 (0.41) 0.09 (7.09}
jis] 0.08 (5.93) 0.03 (0.83) 0.02 (0.83) 0.09 (7.09)
t6 -0.03 (-2.22) -0.02 (-0.55) -0.04 (-1.66) 0.01 (0.79)
t7 0.03 (2.22) 0.00 (0.00) 0.01 (0.41) 0.02 (1.57)
** p<0.01
{ ): % of total increment

t1 . baseline to after heat treatment in B, C group

t2 : after heat treatment to 1 hour in B, C group, baseline to 1 hour in A, D group

t3: 1 hour to 1 day
t5: 1 week to 2 weeks,
17 . 3 weeks to 4 weeks

3.5
3
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é . N \\§§ N
Mil
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0.5 \§§ \\
ol A\
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Fig. 4. Comparison of total width increment
among E, F, G, H group (0.019 X
0.025")

. 1 ot

aAE A2l 923 austenitic phases}
martensitic phase’} &3 stainless steel

t4: 1 day to 1 week

16 : 2 weeks to 3 weeks
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Fig. 5. Comparison of percent of width incre-
ment among E, F, G, H group in each
time interval (0.019 X 0.025")
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Table 4. Width change between two free ends of 0.019 X 0.025’* wire (mm)

Time Sroup
E F G H
baseline 43.66 (0.85) 43.41 {0.87) 43.41(0.83) 50.55 (1.22
heat treatment 46.73{1.44) 46,26 (1.02) _—
1 hour 44,69 (0.84) 46.76 (1.40) 46.32 (1.00) 51.27 (1.15)
1 day 45.11 (0.83) 46,78 (1.41) 46.32 {1.02) 51.54 (1.15)
1 week 45.24 (0,85) 46,72 (1.38) 46.28 (1.02) 51.68 (1.10)
2 weeks 45.29 (0.84) 46.76 (1.37) 46.30 (1.02) - 61.75(1.10}
3 weeks 45,33 (0.85) 46.76 (1.39) 46,28 (1.01) 51,77 (1.11)
4 weeks 45.34 (0.84) 46.76 (1.39) 46.29 (1.00} 51.78 (1.11)
{ ) : standard deviation
Table 5. Width increment of 0.019 X 0.025" wire in each time interval (mm)
Time interval Group
E F G H

t1 3.32 (99.10)** 2.85 (98.96)**

12 1.03(61.31)* 0.03 (0.90) 0.06 (208) 0.72 (68.54}

t3 0.42 {25,00) 0.02 (0.60) 0.00 (0.00) 0.27 (21.95)

4 0.13 (7.74) -0.06 (-1.79) -0.04 (-1.38) 0.14(11.38)

15 0.05 (2.88) 0.04 (1.19) 0.02 (0.69) 0.07 (56.69)

6 0.04 {2.38) 0.00 (0.00} <0.02 (-0.69) 0.02 (1.63)

17 0.01 {0.60} 0.00 (0.00) 0.01 (0.35) 0.01 (0.81)

*p <005 | ‘

*+= p < 0,01

{ ): % of total increment
t1:
12 :
t3:
t6:
i7

1 hour to 1 .day
1 week 1o 2 weeks,
3 weeks to 4 weeks
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EFFECTS OF LOW-TEMPERATURE HEAT TREATMENT ON ELASTIC
MENORY PROCESS OF COLD WORKED STAINLESS STEEL WIRE
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Soo-Byung Park, D.D.S., M.S.D.

Woo-Sung Son, D.D.S., M.S.D., Ph. D.

Dept. of Orthodontics, College of Dentistry, Pusan National University

The purpose of this study was to evaluate the elastic memory process in cold worked stain-
less steel wire and the effect of heat treatment on it.

0.018 inch round and 0.019 X 0.025 inch rectangular wire (ORMCO stainless wire) were used
in this study. Each wire type had 4 groups: non-heat treatment group, furnace heat treatment
group, electric current heat treatment group, and bending after heat treatment group. Each
group was consisted of 10 specimens. ,

With the Jig, each wire was bent into v-shape uniformly, and width of two free ends of each
v-shaped wire was measured by caliper (to the point of 0.1mm correctly) at time interval of off-
jig, after heat treatment, 1, 2, 3, 4 hours, 1, 2, 3, 4, 5, 6 days, 1, 2, 3, 4 weeks after.

The results were as follows:

1. In non-heat treatment group and bending after heat treatment group, elastic memory process
was occured 60% within 1 hour, and more than 90% within 1 week.

2. In furnace and electric current heat treatment group, almost all elastic memory process was
occured during heat treatment, and then specimen was stabilized dimensionally.

3. Magnitude of deformation by elastic memory was greater in heat treatment group than non
heat treatment group and bending after heat treatment group.

4. There was no remarkable difference in deformation pattern between 0.018 inch round wire
and 0.019 X 0.025 inch rectangular wire.
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