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Characteristics of Tensile Deformation and Shape Recovery with
Transformation Temperature Change in a Ni-Ti Alloy Wire

Y. G. Choi, M. S. Kim, W. S. Jo*, W. Y. Jang’
Dept. of Metallurgy and Materials Engineering, Chosun University, Gwangju 501-759, Korea
*Shinpoong Co. Ltd., Gwangju 506-500, Korea

Abstract The tensile deformation and shape recovery behaviors were studied in Ni-Ti shape memory wires
showing different transformation characteristics by annealing at 200~600°C. Both R phase — B19' martensitic
transformation at lower temperature and B2 — R phase transformation at higher temperature occurred in the
shape memory wires annealed at 200~500°C. Transformation temperature and heat flow of B19' martensite
increase but those of R phase main almost constant even with increasing annealing temperature. In the case of
wires annealed and then cooled to 20°C, plateau on stress-strain curves in tensile testing can be observed due to
the collapse of R phase variants and the formation of deformation-induced B19' martensite. In the case of wires
annealed and then cooled to -196°C, however, plateau on stress-strain curves does not appear and stress
increases steadily with increasing tensile deformation. Comparing shape recovery rate with cooling temperature
after annealing, shape recovery rate of the wire cooled to 20°C is higher than that of the wire cooled to -196°C
after annealing, and maximum shape recovery rate of 95% appears in the wire annealed at 400°C and then
cooled to 20°C. R, and R;temperatures measured during shape recovery tests are higher than A, and A;temper-
atures measured by DSC tests even at the same annealing temperature.

(Received November 14, 2008, Revised November 19, 2008; Accepted November 24, 2008)

Key words: Ni-Ti SMA wire, Annealing temperature, Deformation characteristics, Recovery rate, Transforma-
tion temperature

LM = Tept 1S =Y 23] 3 P19 A
2

F7NANRAE ol83le] Al AFololHe] 7 WS RoAEE WE SREES Ve 5
F AR F9le] emnis) s d71EAd] o gl WRE 2t Qi Heelle 37193l A
g 7hgol ofsf TEaAlE AEE] wWEel Ve 73S 100 pm ofStR ILvbEsie] A2 ofHe] o
AFollolEell Hlsl iy, 71 B FHe A sirE Wyo] 7k AAE Alele] Y g

c=

& 71 oL 53] AlFe] 29 B AR o @ S, W2 3EE v SHEEE Y
£ g 5 A1 T =AY 712 Muscle wire)ll et
A 7P del ARSEE 7Y akE Aol B wao] aEE AL glT2-4].
0.5~2 mm?] AAE PAUS IZUAZ Fej= A Ty AR Fd71edaaks 4078E 100 um ofs)
23 @71 Y AP oA ofdt 2 A 2 W] Wil 7he & ofg] @Al F1t
He BB o3 woE A S 5 3 ofdie] dasiar e S40] BRehA veht @
7] Wil 24 Tledt 94 2ERS7E & o) dH|(Aspect ratio)t A2 A = Aok OE
Frollole] 7155 SAlell 7ItHE 4= itk st B BIE EAS YR 2o s dvEd.

"E-mail : wyjang@chosun.ac.kr



308 A4 - e

2 A 7o) 100 umE SIEHE Ni-TiA
7194 AE 200~600°CollA] o d&3le] o g
o)) whE st B Hel o] HekE A
R oY 2ol wet Aol B4 + R
Ee B1Y s ke AAE A7 st 4
Hsle)] whe FHIAE 2 BESAI] Hsjel o
ato] Aaisitt.

o

P71 FS B Tokirlol A Ax3sE A&
100 ume] Ni-TA 3 AAE ARSSHATE A7)
ojdy &% w3l wE HejA5S A8 Sl
o] 200, 400 2 600°CollA z+zt 3087 F-A|gk
% 20°Ce] & F= AAEzel] Wz odd
Al ABE WAE] St Aol 250 mme] MRS
Al ¥to g WH3le] 50 mbard] Ar 7R FZE
W= Al EE st

ody) 2% wE e 2 Aguie] A %
HY $o] guE] 2% 58 A8 $Isle] AR
A12=A (DSC: Differential Scanning Calorimeter)=
ol g3l ZidWZbel wE EANIHS FII9th
GEAE AEL 12mge] FAV} HEE FHIsH
—60~150°C &=77klA 10°C/mine] =2 719
riEA ] i \= o

ody &% 9 ofdy Fo] W% (20°C ¥

FA M9l v W2IQl glolA AEAIR S48
on 552 500 No| 2=4S- o] gsle] S7g3lTt.

PPAY $ 3EE Y IELEE S st
Fig. 13 #& LVDT(Linear Variable Differential
Transformer) 2 Gt 2=A1E Z33F S
£ o833t

IEES S5k flsle] ofdd & N E
AA)e] #d ALlFOA 70 mmE Hdsie] Ao
gt £8 IA7]a e §5-S LVDTel| 235k
ot & £o] 949 AAE Al 2ol HAstA
Ao 2HE 120°C7HA] 7FEAIZIHA 718 e
AlHe] 2xof Wsl= KeRQle] EXUIE o83t

S A S

D IO
E B beta man

A : Hot plate B : Qil bath
D : Thermocouple E : Date manager

C : SMA Wire
F:PC

Fig. 1. Schematic diagram of apparatus for shape
recovery measurement.

Z31aL oo} BAlel AUE AlHe] 5] W
sl= LVDTE o|&3te] S433th. g4 2
LVDTAA Ue= Zste] Wl ulolE] 7|EAZ
71831 LSS el o Ll
o ZRE PY3EE ¢ FYIE2=E 2G5t
3. Agda o nE
3.1 o€ 20 mE HElEM
Ni- TiAl 71998 A1) ojdy =0 e
HES/de] ¥iskE AR flste] 200, 400 2
600°CollA ZH2} 3043 F-A1%E $ 20°CY] &l 4=
W3k A|HE] tisle] DSCE o]&alo] IiA A9
< 319em 1 v Fig. 29} 2tk
As-received AE]] AAe] 749 WA 1129
A B24B2) — R e sigshes Hdn=rt, A
20| R — B19 vlZERIo]E Hefjo] sigsh=
G u] g7 FAE|QT) oleigh AdEe] HAE
200°CellA] 307t oJd&si s itiSildle 2
Hal7F fIglo} 400°C ofdiolx= RY 2 B19
nl2eijolE Hel 2= 4531 heat flow A
S7Fhe 73S ®olal ot ofd®y2=7} 600°C
2 53 Ry Helex ko] ozt Ak
SAlo] B19 ml2EIXOlE WEjEE AR 237}
2] 7453l RS wE 2 B19 vlE2HIXoE HE)
o] A2 FHES & 4 At
gukz o 2 nlZElilolE WEelE A} nl=EHIAL

oleo] sat4 AfoliA] D FAH AfendA] 2}



Ni-TiA & Axie] wel e wslel] uhE Qs o 315 54 309

(a)
51.58°C
22.70°C
e — 7\
29.40°C 2.18°C 4574°C  56.70°C
6.276Jig 7.018Jig
(b) 51.72°C
— -2258°C A
o ] \i--
> |s006°c 0.84°C 46.25°C 56,537
= |20 : 25°C sg53°C
— 6.093J/g 6.365Jig
8 54.21°C
uw— | (c) f
£22°C f
- 2448°C_——. /|
- ey - saoe /|
% 6.22°C 56.86°C
11.00J/g 6.751Jig
35.89°C
J'.‘
/ \
(d) 2644°C
aisc
29.2541g
-40 -20 0 20 40 60 80 100

Temperature(T)

Fig. 2. DSC thermograms for forward transformation of
shape memory wire with annealing temperature; (a) as-
received, (b) 200°C x 30 min, (c) 400°C x 30 min and (d)
600°C x 30 min.
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Fig. 3. DSC thermograms for reverse transformation of
shape memory wire with annealing temperature; (a) as-
received, (b) 200°C x 30 min, (c) 400°C x 30 min and (d)
600°C x 30 min.
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Table 1. Each phase exhibited at room temperature with cooling condition after different annealing temperatures

Anneal temp, Cooling temp RT N2 > RT
As-received P + R(Rs = 56.7°C) B19 Ms = 2.2°C)
200°C P + R (Rs = 56.5°C) B19 Ms = 2.3°C)
400°C P + R (Rs = 56.8°C) B19 Ms = 2.5°C)
600°C B19 Ms = 44.5°C) B19 (Ms = 44.5°C)

P; Parent phase, R; R phase and B19; B19' martensite.
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Fig. 4. Stress-strain curve of shape memory wire

annealed at different temperature and then cooled to
20°C.
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Fig. 5. Stress-strain curve of shape memory wire

annealed at different temperature and then cooled to
-196°C.
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