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Fig. 1. A, Schematic drawing of universal testing machine and water bath

setup.

B, Jigs used in this study.

Fig. 2. Load—deflection curve illustrating superelasticity of NiTi

spring.

Fig. 3. Load—deflection curves of NiTi springs.

Fig. 4. Change of transformation threshold point and reverse transformation

finish point according to the amount of spring extension. ——————



ABSTRACT

Load—-deflection characteristics and
plastic deformation of

NiTi closed coil springs

Son, Ah-Young, D.D.S., M.S.D.
Director : Prof. Lim, Sung-Hoon, D.D.S., M.S.D., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

NiTi closed coil springs were reported to have relatively constant unloading
forces (superelasticity). However, the characteristics of NiTi closed coil
springs from various manufacturers have not been elucidated. The purpose of this
study was to compare load-deflection characteristics of various NiTi closed coil
springs and to find out the optimal range of extension. Seven kinds of NiTi
closed coil springs from five manufacturers were tested. Load deflection curves
were obtained at extension ranges from 2 mm to 30 mm. Also, springs were kept
extended during 4 week period, and then load deflection curves were obtained
again. Sentalloy (Tomy) and Jinsung blue (Jinsung) showed superelasticity in
every extension ranges tested and showed plastic deformation less than 1 mm.
Ni-Ti (Ormco) showed superelasticity only after the springs were extended at or
more than 10 mm, thereby meaning that clinicians should extend these springs at
or more than 10 mm to utilize the superelasticity. Orthonol (RMO) and Nitanium
(Ortho Organizers) did not show superelasticity. After 4 week extension, al
springs showed plastic deformation less than 1 mm when the extension was at or
under 25 mm. The superelastic behavior of NiTi closed springs were different
among various NiTi spring products, and some NiTi closed springs failed to show

superelasticity.
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Table 1. NiTi closed coil springs used in this study

K%

B0l CHoHA & OtZ20 X+ of

Spring Manufacture Wire Inner @' Length Force®
Sentalloy blue Tomy Inc, Tokyo, Japan .009" .036" 9 mm 100g
Sentalloy yellow Tomy Inc, Tokyo, Japan .010" .036" 9 mm 150g
Sentalloy red Tomy Inc, Tokyo, Japan .010" .036" 9 mm 200g
Jinsung blue .
] Jinsung, Ewang, Korea .009" .030" 8 mm 100g
(Light)
Ni—-Ti medium Ormco, Glendora, CA .010" .030" 12 mm N/A
Orthonol RMO, Denver, CO .010" .030" 9 mm N/A
L Ortho Organizers Inc,
Nitanium .010" .030" 12 mm N/A

San Marcos, CA

T Inner diameter of the spring

* Force level described by the manufacturer
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Jeiotech, Seoul, Korea) WO @& Al&€E XI1E H=5IY 0 &

0522 MZSHACHFig 1). 10N 229 |oad cel S A6 2MH, 2 mm/ming
cross-head speed® AEHGICH. 37T SHHUAMN 2 ESERE=Z

3
2mm, 5mm, 10mm, 15mm, 20mm, 25mm, 30mmE AIEAIZH OFS-HP 22 S /A2H,
A

Ol AEAIZI Z20I2t S8t 2012 AMEAIZI ZEH0AM 37CHAM 452t FXIAIZ!

=2 o
= OAl M3t SLs LHOZ StS-HRI AIE2 AI&GIALE.

Aluminum jig

A

Fig 1. A, Schematic drawing of universal testing machine and water bath
setup.

B, Jigs used in this study.
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Fig 2. Load-deflection curve illustrating superelasticity of NiTi spring.
Osi - Transformation threshold point
Or - Reverse transformation finish point

PD : Plastic deformation
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= Table 2, Fig 31t ZCt. Sentalloy blue,
Sentalloy yellow, Sentalloy red, Jinsung blueOllAd= 2mmSH 30mmItX L& 4l
& HAMMN Z=EAd BEHA0| EMotACH. Ni-Ti medium= 2mmet 5mm &E Al0l=
Etd HESA0| ZMotAl AA2LE 10m

TEtS mm AMZE AREEH= ZEH HENH0| =THot
A0 Orthonol, Nitaniume =&t ZHELAO| =IHGHA L ULEH.

Table 2. Characteristics of load/deflection curves of NiTi springs at 15 mm

extension
Max. extension . Unloading .
product Loading force(IN)* Superelasticity
force(N) force(IN)=*

Sentalloy blue 2.01 = 0.03 1.56 = 0.02 1.00 = 0.01 Present
Sentalloy yellow 317 £ 0.14 2.24 £ 0.08 1.46 = 0.05 Present
Sentalloy red 402 = 0.26 291 £ 0.11 2.10 £ 0.09 Present
Jinsung blue 2.17 = 0.01 1.62 = 0.02 1.37 = 0.01 Present
Ni-Ti medium 2.57 + 0.08 2.05 + 0.03 1.19 + 0.06 Present
Orthonol 3.17 + 0.04 2.38 + 0.03 193 + 0.02 Absent
Nitanium 348 + 0.26 254 + 0.18 2.03 + 0.17 Absent

xLoading and unload force were measured at 7.5 mm extension from the

load/deflection test to 15 mm extension.
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Fig 3. Load-deflection curves of NiTi springs. X axis: deflection (mm), Y
axis: Load (N)
1 cycle : initial test

2 cycle : after 4 weeks extension

Sentalloy blue, Sentalloy yellow, Sentalloy red, Jinsung bluelA= SHEH
UAHE (Transformation threshold point :  ogw)dt SHEH ZZ&(Reverse
transformation finish point : o0g)0l Y&EGIAH Z2EIYJA2LE, Ni-Ti medium0il M
= AEOIJb 2A0tst M2 LIEILIA 0] 242 H=EWAL & el H&9
OISEEOZ osptt 0g2 HOoIFLD, LIHX A SF2 Y ATHWAME osm
U ogS HEE £ QUUCHFIg 2). osw2 Sentalloy springlAd 0.1 ~ 0.4mm2

©2 UEHS, Jinsung bluediidE= 0.2 ~ 0.4mme &EE
Ol 0.9 ~ IN2Z2 UEIS20, Ni-Ti mediumtilA= 3 ~ 3.4mm2l AMEHOAM 1.6
~ 1.8N2 2 LtEtLEA, Sentalloy2t Jinsung blueOlM= 0.4mm Ol &HQF MEAIHASE

ZEEO0l LIEHLEDL Al& o= B, Ni-Ti mediumOl A= 3mm Ol&t A AIHOF =&
g0l UHEtUsE X222 UERD. osw2 T MEEL R0 2Ee g2 2
I3, op2 AEEO0l SOt [eh St 2 EUCH. BHE SAHZ Y JBHE S
SHO =3& OX i MS0HA 20mm A& AIK= SHE SSE2 Batot 0
OlotRCH. Lt 2ommRH= =20 SH8 HEE

SFACH. Sentalloy blue,
Sentalloy vyellow, Sentalloy red, Jinsung blueiAE=E o0gQ AIEEH2 0.1 -

0.4 HPIZ HOl AWGHASLH AFO| HELZ oS0l ZHHCZ
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T/ Sentalloy spring2 2.INGIA O.2NDMHKl ZAEIA D, Jinsung bluediAdE 1IN
HA 0.6N22 ZAERUCH. Ni-Ti mediumOliMd= ogll MESZ2 1.9mmOIA 3.5mm=2
=30l SNHEA2CH, dt=at2 INKAM 0.6Ne2 2 A& UCHTables 3 and 4, Fig
4). Ni-Ti mediume 2mm, 5mm, 30mm &AI&AIZ! BL0= SHE S2EH0| HEGHA

OF S8 = AL

c
el

Sentalloy blue Sentalloy yellow Sentalloy red
35 35 35
3 3 3
25 25 25
— 4 4 e+
’ ’ e+ ——* : -
15 15 15
- - - . . o~ o
1 1 1
05 — 05 _ 05
A, n A —a—a— & & —= B, 8N
0 0 0
2mm  5mm  10mm 15mm 20mm 25mm 30mm 2mm  5mm 10mm 15mm 20mm 25mm 30mm 2mm  5mm  10mm 15mm 20mm 25mm 30mm
Jinsung blue Ni=Ti medium
35 35
. e
3 3
——3SIM L(N)
25 25
2 2 —=— §SIM E(mm)
15 15 * 8R L(N)
! -~ M ! 8R E(mm)
05 — 05
0 0
2mm  5mm  10mm 15mm 20mm 25mm 30mm 2mm  5mm  10mm 15mm 20mm 25mm 30mm

Fig 4. Change of transformation threshold point (osw) and reverse
transformation finish point (og) according to the amount of spring
extension. X axis: deflection (mm), Y axis: Load (N)

Os L: transformation threshold point load

osim E: transformation threshold point extension

og L: reverse transformation finish point load

or E: reverse transformation finish point extension
* |t was not measured because 2 mm, 5 mm Ogy and 2 mm, 5 mm, 30 mm oy of

NiTi medium was not measured due to its ambiguity.



Table 3. Transformation threshold point (osw) of NiTi springs

Sentalloy . R .
Load(N) Sentalloy blue vellow Sentalloy red Jinsung blue  Ni-Ti medium
2 mm 1.17 + 0.04 1.76 £ 0.04 218 + 0.08 098 + 0.01 -
5 mm 1.19 + 0.03 1.71 £+ 0.04 2.16 + 0.08 097 + 0.01 -
10 mm 1.20 + 0.01 1.75 + 0.01 2.16 + 0.08 097 + 0.02 1.61 + 0.06
15 mm 1.20 + 0.01 1.73 £ 0.06 2.16 + 0.08 096 + 0.02 1.74 + 0.02
20 mm 1.18 + 0.02 1.72 + 0.01 220 + 0.07 098 + 0.04 1.66 + 0.09
25 mm 1.18 + 0.02 1.78 + 0.02 221 + 0.07 098 + 0.02 1.66 + 0.07
30 mm 1.19 + 0.03 1.82 + 0.15 221 + 0.05 0.98 + 0.00 1.71 + 0.07
Extension Sentalloy blue Sentalloy Sentalloy red Jinsung blue  Ni-Ti medium
(mm) yellow
2 mm 023 + 0.04 0.29 + 0.03 0.29 + 0.05 0.20 + 0.03 -
5 mm 021 + 0.02 0.28 + 0.06 0.23 + 0.03 021 + 0.03 -
10 mm 0.23 + 0.07 0.30 + 0.03 025 + 0.04 0.20 + 0.04 3.02 + 0.08
15 mm 027 + 0.04 0.36 + 0.05 0.27 + 0.08 0.23 + 0.03 3.16 £ 0.05
20 mm 0.19 + 0.05 0.34 + 0.08 0.20 + 0.05 035 + 0.15 3.16 + 0.14
25 mm 021 + 0.04 0.34 + 0.10 021 + 0.03 026 + 0.04 333 + 0.25
30 mm 025 + 0.04 0.31 + 0.08 024 + 0.07 0.23 + 0.08 3.33 + 0.06
Table 4. Reverse transformation finish point (og) of NiTi springs
Sental loy . - .
Load(N) Sentalloy blue ye! lon Sentalloy red Jinsung blue  Ni-Ti medium
2 mm 1.08 £ 0.05 1.65 £ 0.05 2.07 £ 0.10 0.97 = 0.01 -
5 mm 1.03 £ 0.04 1.49 +£ 0.04 2.01 £ 0.09 0.95 + 0.01 -
10 mm 0.99 + 0.01 1.46 £ 0.02 197 + 0.04 0.92 £ 0.02 1.00 £ 0.07
15 mm 0.92 £ 0.02 1.33 £ 0.04 1.81 £ 0.06 0.90 = 0.02 0.98 = 0.06
20 mm 0.86 = 0.02 1.15 £ 0.01 1.66 = 0.01 0.86 £ 0.01 0.80 £ 0.04
25 mm 0.73 £ 0.02 0.77 £ 0.01 1.08 £ 0.09 0.78 £ 0.01 0.60 £ 0.07
30mm  0.48 + 0.01 0.23 + 0.04 0.22 + 0.02 0.60 + 0.01 -
Extension Sental loy blue Sental loy Sentalloy red Jinsung blue Ni-Ti medium
(mm) yel low
2 mm 0.27 £ 0.03 0.33 + 0.04 0.32 £ 0.06 0.19 + 0.02 -
5 mm 0.24 £ 0.03 0.32 + 0.07 0.26 £ 0.03 0.22 + 0.03 -
10 mm 0.27 £ 0.05 0.32 £ 0.04 0.27 £ 0.05 0.23 = 0.06 1.96 = 0.03
15 mm 0.35 £ 0.04 0.37 £ 0.08 0.30 £ 0.09 0.26 £ 0.08 2.10 £ 0.16
20 mm 0.28 £ 0.05 0.39 £ 0.04 0.29 £ 0.01 0.30 £ 0.01 2.35 £ 0.18
25 mm 0.36 £ 0.08 0.40 £ 0.00 0.16 £ 0.03 0.33 £ 0.06 3.50 £ 0.17
30 mm 0.35 £ 0.06 0.26 £ 0.05 0.18 £ 0.03 0.30 £ 0.04 -
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2nm AE Al S 012 S A& (hysteresis)2 Hl ZEEX LA, Smm AE Al
Ol= Sentalloy blue, Sentalloy yellow, Sentalloy red, Jinsung blue, Ni-Ti
mediumOllA 0.09 ~ 0.43N2] S 0/Z0| 2FEACH. 10mm &E Al0l= Sental loy
yellowdt Jt& 2 83 012 2% 10 15mm, 20mm &A1& Al0l= Ni-Ti medium0il Al
|120] 2EEZUSOH 25mm, 30mm &&E Al0I= Sentalloy redOlAl Jt

= 0
Z 2 29 0/=80] 2FCACH(Table 5).

Table 5. Hysteresis of NiTi springs (unit: N)
product 2 mm 5 mm 10 mm
Sental loy blue 0.10 =+ 0.01 0.30 = 0.02 0.44 + 0.01
Sentalloy yellow 0.14 + 0.03 0.43 +£ 0.01 0.63 = 0.00
Sentalloy red 0.14 + 0.01 0.39 + 0.02 0.56 + 0.02
Jinsung blue 0.02 =+ 0.01 0.09 = 0.00 0.18 = 0.01
NiTi medium 0.00 =+ 0.01 0.27 = 0.02 0.51 = 0.13
Or thonol 0.01 £ 0.00 0.08 = 0.02 0.27 = 0.01
Nitanium 0.02 + 0.01 0.10 = 0.01 0.32 = 0.01
product 15 mm 20 mm 25 mm 30 mm
Sental loy blue 0.55 £ 0.02 0.68 + 0.05 0.98 + 0.12 1.33 = 0.06
Sentalloy yellow 0.78 £ 0.04 1.09 £ 0.02 1.63 £ 0.16 2.65 + 0.16
Sentalloy red 0.81 £ 0.02 1.24 + 0.11 2.04 + 0.05 3.05 = 0.04
Jinsung blue 0.25 £ 0.01 0.32 £ 0.02 0.52 + 0.02 0.84 + 0.03
NiTi medium 0.85 £ 0.05 1.07 =+ 0.1 1.37 £ 0.07 2.09 £ 0.04
Or thonol 0.46 £ 0.05 0.70 £ 0.01 1.20 £ 0.13 1.95 + 0.32
Nitanium 0.50 £ 0.04 0.80 £ 0.177 1.35 £ 0.15 2.02 £ 0.39
1-2. 432 AT2Z MEAHA SN & Ao 251-HP =4 Hl1
N B of=-8<2 AEE Adst £ ATZZE oIE-B39 AEAIQ Al 2
2 2Z0IZ AMEAMAH 452 XS = ot=5-8H AMES ChAl AI8E Zt= Fig 3
o 20, PE AT ZE HAWAM 4F £2| olE32 H BHM AEAIQ ols
AEC &2 gis EQ0. S0l olsAE0U oS JFE e ol o aAAH &
AE|IJACH. Sentalloy blue, Sentalloy yellow, Sentalloy red= 15mm &A1& AISE
St ALl =240l 2mm, 5mm, 10mm2l SISAl =82 HHL O &2 oS82 LIE
LHA D Jinsung blue, Ni-Ti medium, Orthonol, Nitaniume 20mm Al& AISE of
SAIe =&0| 2mm, 5mm, 10mm, 15mm2 dt=Al =&HE SHOHU H &2 ot=st=

A
LEEHLH AL,

_11_



2. &4 H#Hg

og

HSol ot=-812 AE0A 20mm OILHS Al HMM=E RE AZ
Olotel A4 &0l LIEFR2LE 25mmet 30mm AEAIZRS B2 Ni-Ti
Orthonol, NitaniumOilAl 1mm Ol&tel A4 BEO0| LIEHS20 25mm &
Nitanium, 30mm &I& AlOl= Ni-Ti mediumOl Jt&E 2 A4 BHEsS B
6)

4= SO AT 2O A4 HE ZEE =ZE Z1 25mm OILHY AIE HRAMME
S HAMA 1mm 0I5t A4 HEO0| LIEFS2LE 30mm
NitaniumOl 2t2t 0.97mm, 1.27/mm2 A4 BHEES 20 Ni-Ti mediumOl 4mm<
a2 A4 HEs ERUCHTable 7).

A& A= Orthonol ,

Table 6. Plastic deformation of NiTi springs (unit: mm)
product 15 mm 20 mm 25 mm 30 mm
Sentalloy blue 0.05 £ 0.04 0.01 £0.01 0.02 £ 0.08 0.00 £ 0.00
Sentalloy yellow  0.09 £ 0.04 0.09 £0.08 0.05+0.04 0.00+£0.00
Sentalloy red 0.05 £ 0.06 0.02 £0.02 0.00+0.00 0.01*0.02
Jinsung blue 0.05 £ 0.00 0.22x0.19 0.11x£0.05 0.17 +£0.15
NiTi medium 0.15+£0.02 0.36 £0.13 1.17x0.11 3.92 £ 0.16
Orthonol 0.11 £ 0.06 0.48 £0.09 1.34+0.19 3.61 = 0.66
Nitanium 0.17£0.07 0.75x0.20 2.01 £0.71 3.66 £ 2.08

* Plastic deformations at 2 mm, 5 mm, 10 mm extensions were negligible.

Table 7. Plastic deformation after 4 weeks of extension  (unit: mm)
product 15 mm 20 mm 25 mm 30 mm
Sentalloy blue 0.17 £0.12 0.07 £0.06 0.50*+0.87 0.10 £ 0.17
Sentalloy yellow 0.10 £ 0.10 0.23 £0.06 0.33 £0.06 0.20 £0.17
Sentalloy red 0.10 £ 0.00 0.10 £ 0.10 0.17 £0.15 0.60 £ 0.20
Jinsung blue 0.07 £ 0.12 0.10£0.10 0.10*£ 0.10 0.13 £0.06
NiTi medium 0.177 £0.06 0.30£0.17 0.63*£0.25 4.00+t1.44
Orthonol 0.10 £ 0.00 0.47 £0.12 0.50£0.10 0.97 £0.06
Nitanium 0.17 £0.06 0.40+ 0.00 0.60%x0.10 1.27 £0.15

* Plastic deformations at 2 mm, 5 mm, 10 mm extensions were negligible.

_12_



LIZ-EIEts S32 515-8H UM SR 2BIAS U= ZEH HE22
JXI0Y Ol0 et HeI2fol HaltohE StE2 ol 6Kl %A =0 &3F st
S 0|88 UX 32O HM UFHAN LHE &8 51| sl LIZ-ElEts 2
QU AT20| AIRED UL LEHEOR FEI2 FY 0S8 S8 22 HME
QoA E BEY 150 ~ 200g HEO 80| ZRSHCHD LM U2 Newton 2
BLAGEEE 2 1.5 ~ 2NO| EICH HMI1ARX X & A% IS SF A&2 S5t
Of 20l A0l 2 AZ2g M8 FL, st=019 MHolLitel B2 XotaJ|"s
0I25t0] &2t SEXQ HAXl A2 hookOIA H1H XISl hookDEXI2 =ICH Hel
= 28mm2 HArE £ UCH.® 0 HelolM LIZ-ElEHs AT XA 2015
20| DY ATEo] AMAEQ| =0, A& 20[JF 8m@! Jinsung blue2t 12mm@!

Ni-Ti medium, NitaniumE Mg UHA AZE2 Z0l= 9mm0lE=2 F2tREO0|
ZMoHAl 2=l JIEGINE B3R AZYo MESHE2 16 ~ 20mmZ HSE = U
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