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Effect of pre-deformation on superelasticity and microstructure of
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Abstract: The effect of the different pre-deformation on superelasticity and microstructure of TiNiCr shape memory
alloy was studied by means of tensile test and optical microscope. The results show that the effect of the pre-deformation
on superelasticity is obvious. The superelasticity becomes better with the growing pre-deformation. When the
deformation reaches 51.4%, the growing rate of superelasticity gets slow. The pre-deformation cannot make TiNiCr
obtain complete non-linear superelasticity, but make a kind of fine and highly deformed martensite in TiNiCr. When the
deformation reaches 48.6%, the martensite grows with the growing deformation, which increases the intensity of
generatrix and the superelasticity of TiNiCr shape memory alloy.
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Table 1 Deformation under different pressures

Sample Pressure/MPa Diamete.r after Deformation/%
No. deformation/mm

1 0 2.20 0

2 5 1.74 20.9
3 10 1.35 38.6
4 13 1.24 43.6
5 16 1.13 48.6
6 18 1.07 51.4
7 20 1.04 52.7

1) Sample 1 is initial sample.

22 AEFAZTRIAT NIiTICr 38489 F2 0

TEARACAZ A & ) M 5 31 00 4 A4k 11 53 1 A
Lo, L2304 E RIS, N — AR i 2 3 I
SIMEFE BT &, XS BRI —
FRREIE RGN A G0N e i i IR 2R AR T
S BTN 5 S ECAARARAR = A T A R T E 1) £
AR I, RSN R R T Rk R A
WA . M EAENORA Y, A ELARTELT TiNi & &bk
AARKIIE o

Bl 1. 2 s M EEAE 5 MPa fil 10 MPa JE 77 F
IR —MN A . I 1. 2 W LR B, kR ROR
EE AR, JEHIL T WM iR 5 AR A
{EALE T 5 MPa, i0FEAE 10 MPa flE 1 T, #ige il

3.0

25r

Tensile stress/kN
- N
Lh o=
T T

=]
T

<
n

0 1 2 3 4
Strain/mm

1 JEJ32 5 MPa IR (08— A% i 2k

Fig.1 Tensile stress—strain curve of sample under 5 MPa
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Fig.2 Tensile stress—strain curve of sample under 10 MPa
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Fig.3 Tensile stress—strain curve of sample under 13 MPa
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Fig.4 Tensile stress—strain curve of sample under 16 MPa
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Fig.5 Tensile stress—strain curve of sample under 18 MPa
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Fig.6 Tensile stress—strain curve of sample under 20 MPa
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Fig.7 Microstructure of sample without treatment

Fig.8 Microstructure of sample under 5 MPa
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Fig11  Microstructure of sample under 16 MPa
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Fig.13 Microstructure of sample under 20 MPa

MHTE %D, TiNi JEAR G A G AE T ) R AR AR {4
B2 58 AUMETEAS, BT SRR 1 TR AR A LS
W, HEFIITEARNAZ JUT % IEFPARAR T )
VA B AR AR 1) 22 1 LA A ) R AR A P T 28 i S T
ia8)77 T, A R s T, R T
Az ARSNGB AL R LU B (1 AR
(5 FGAA, AR b o FOAAAR A 17 A S T B s
EANTR] [ BMETE I AR AR R A AH E B2 o BN 7 A= 1)
— PR N AR . B TINGCr (1) Ag f—8 C, 7E%E
NN A, AR RE A2 A A R R R AR R Y A
R RARSHEZ ) 45 R 2 5 A By ST B BEAR (B FGA4)
KA, AR T HR Y )5 5 B A ) 1 1 M
AR, XM N AR SR A T K

ATLLF H, JRAA AR 7) A7 A5 1 T R AR A4
PO AR, X R B PO BT TINICr 22754 7= (11 7%
HORAEIEPE AR TE TE BT RFEAE S MPa R AR TR,
VAR A AR 22 A /N4 TR HL™ T T AR ) B R AR A
Rk FREEL HBE A, UTEA T (LE S),
XA UL SEAAR AR A EAN BT L 22 o AR T
TEss (LI 9), BT LAY 2 b A 31 T B AR AR (AR 45 5 n 2%

8, WA, 587 ML, XA ARE s
AL H 1S AR AR AT AR A K o X Ui W > s g 4k 2
Hmz 10 MPa i, R RGN R, FINE
2 IS BT FEARI A, AR (10 3 £ 21 5

MHAAFELE 13 MPa FARJEI, 5 AR AR AR
BT, FOAARAAR (1) 7 1o 0 Bt 5 A T S PR 38
AT INEELOLIE 10): R NEl 16 MPa i,
AR R A AR I HIRELE®, R B AR AR AT
WHEAMRROLE 11); MIE i3 nE] 18 MPa, & JE
HIAH] S1.4%0, I AR I ATRGR A, AR
FREE BB (LK 12): R kR R, BIK
ARASAAR R AR S0 W S G, T RARAR AR 1K) J
WG AR T (R 1 I it A2 45 S s ALK 13).

MALAES, BEZEENREmN, R4
(AZ R LR FE B R B K. RS A F TR T,
ATCAG IS RIRRBE A 4, Bl AR TE 38N 3] 48.6%
I, Ty FCAARAR AT FERAS T 485 K 1) (i) B A8 28 R
%o IX UL AR Y SRR T I NS . A
BT IR 3 = T REAH DR, BEAR R R o] DA
BER sk, Ik, TINICr 23S piE AR
T8 (1 18 I 386 0 o

M, B AR S A3 N, TiNiCr [f 3P
TEBHTAR R, X T 5 R P AR KA
FeELIT HBAT T P, IR AR AR 7 A S A AR T4y
BEAH 5 SR (74 I8 B . RIdk, AT LA E TiNiCr #%
{10 48 5 2 DT Ay 398 IR T 5 T LUA R b 5 | N A7 i SR AL
REMH, AR, APETERCC, SRR N, (R4
BRI HRRA RS, P It S AR, XAERT
HI PR g — R AR i 2 v O 49 BIHIESE

3 Zit

1) TiNiCr JEARICIZ G 4 sk 5 1AL T %
IR, Sk B A2 T f 9 18 I ira 348 o

2) AR, KRR N AR B
N 38.6%IN B TR AT W AR s AR
51.4%I0, SRE Il IO, HAS FRRE S AR 36 0
T KT b Tt

3) A AR AN RESE TINICr (3R 1E IR 3 58 4%
(e k.

4) TARTEAE TiNiCr A3 A —Fh 4l /MR 4R B
MU EAR M AR AR, AR TR R 13K E] 16 MPa,
AR E] 48.6%I, 1 FARAR R AAFR A 1 5 45
K, BORHEE T BEARIRI SRS, AT &6 42 & TiNiCr



700 T A g E R 2009 4 4 A
22 [ HE R o [10] HU&ZE, JHUE, Fwfs— MM TiND B
'le/‘EFE’BQ/% [0]. &J82#4R, 2003, 39(6): 617-622.
REFERENCES HE Zhi-rong, ZHOU lJing-en, MIYAZAKI S. Relationship
between transformation behaviors and Ni content in solution-
. . aged Ti-Ni alloys[J]. Acta Metallrugica Sinica, 2003, 39(6):
[1] ZHANG Chun-sheng, ZHAO Lian-cheng. The martensite
617-622.
transformation and shape memory effect of TiNi shape memory N )
o [11] M B, AEDL, B, AR FIERT NIiTi & 52 AH R
alloys[J]. Material Science & Technology, 1994, 2(3): 104—109. -
. . PiftsEmaT]. 42 Jm %4, 2002(2): 185-188.
[2] ZHANG Ting-hua, ZHENG Yu-feng, CAI Wei. The phase
. . . . LIU Wei, ZHENG Yu-gui, RAO Guang-bin. Effect of phase
behavior of TiNi shape memory alloys[J]. Material Science &
transformation pseudo-elasticity on resistance of NiTi alloy to
Technology, 1997, 5(1): 80—85.
) . , N s \ cavitation-abrasion in multiphase flow[J]. Acta Metallrugica
[31 gy, poRFAFRE. JEFINEC T TN JBRICIZ & S s i 2e Sinica, 2002(2): 185188
- o inica, : 185-188.
TEAT A 0], P s Tk K22 223 (B SR B4 AR, 2002, (01): - A o ‘
5550 [12] kR, 45 ff, B R ACEARARIEX Ti-Ni & &4E4%k
o _ TEREBPE T, 00T SRR 1997(5): 24-28.
GONG Jian-ming, TOBUSHI H. Study on superelastic
) ] o ) HUANG Bing-min, CAI Wei, ZHAO Wei. The effect of
deformation behavior of TiNi shape memory alloy under cyclic
. . . . heat-treatment and cold deformation on non-linear
loading[J]. Journal of Nanjing University, 2002, (01): 55-59.
. superelasticity of Ti-Ni alloy[J]. Aerospace Materials &
[4]  BREEZE, RYEZE, dREb. NiTi &40 B2 S rir Technology, 1997(5): 2425
echnology, 1 24-28.
[J]. %)@, 2003(1): 4-7. I %y o I
. . , . [13] 7+ g fRM0%, W 4, BRAK. =J0 Ni-Ti ZRRciZs
CHEN Gui-jun, ZHU Wei-jun, QIANG Shi-kun. Microstructure
. . - _ SMIBTFIVIRE]. #EHPER, 2006, 20(12): 76-79, 97.
and super-elasticity behavior of NiTi alloy[J]. Steel Wire
YIN Yan, XU Yang-tao, SHEN lJie, XIA Tian-dong. Review on
Products, 2003(1): 4-7.
. the research status of ternary NiTi shape memory alloy[J].
(5] R4, 46 T, FUH. NiTi BRI & G Bk T e e zomry% . 97p - alloyl]
aterials Review, , 1 76-79, 97.
RO BG4, 2003, 24(4): 170-174. )
) ) [14] LIU Y, Van HUMBEECK J. Two-way shape memory effect
LI Qi-quan, QI Shan, WANG Shi-dong. Present status of
. .- . developed by martensite deformation in NiTi[J]. Acta Mater,
research of superelastic NiTi shape memory alloy[J]. Shanghai
1999, 47(1): 199-2009.
Nonferrous Metals, 2003, 24(4): 170—-174. GO T A, LI 1 I ] Bk
. s N [15] Bk, TARRK, SRR NIk RS AFXF TiNi JEAR
[6]  Zads, 45 T NiTi RIRIDIZ A Sl e BF SO ). - R ; ;
w0 > 7 I AR oS I W S T
S JRHALTE, 2003, 24(4): 5-9. v v L
. o 2002(6): 23-30.
LI Qi-quan, QI Shan. Research progress of superelastic NiTi
RAO Guang-bin, WANG Jian-qiu, HAN En-hou. State in situ
shape memory alloy[J]. Heat Treatment of Metals Abroad, 2003,
observation of effects of stress induced martensitic
24(4): 5-9.
o e P transformation on fatigue behavior in NiTi shape memory
(7] HEABL ZHRELE, %, NITE BIRICAZ A G M ol R o1 Act Motallmaion Sicn, 20026 2556
. N alloy[J]. Acta Metallrugica Sinica, :23-30.
B[], IR, 2004(3): 24-27. Y e ,
. . . . (161 45 H, SAW, REW. BEARIEX TN G e R
TANG Ren-jian, QIN Gui-hong, YAN Biao. Factors of affecting N )
T _ UMY MoRERLE 5 TE, 2004, 12(1): 12-14.
transformation in NiTi shape memory alloy[J]. Shanghai Steel &
YANG Heng, LU Xi-li, ZHAO Lian-cheng. Effects of
Iron Research, 2004(3): 24-27.
cold-rolling deformation on damping characteristics of TiNi
8] WK 4 B MK NITH BRI A 26 M FE A, sl ; o E “f Y008, (1 1214
) R ) . alloys[J]. Material Science and Technology, s 1 12-14.
(RFCERLT]. ShAEHEL 2005, 36(1): 11-13. ¥ gy
) . . [17] ZHAO Lian-cheng, CAI Wei, ZHENG Yu-feng. Shape memory
GENG Fang, SHI Ping, YANG Da-zhi. Review on the
. . . effect and superelasticity in alloys[M]. Beijing: National
development of NiTi shape memory alloy as a biomaterial[J].
I I of Functional Materials, 2005, 36(1): 11-13 Defence Industry Press, 2002.
ournal of Functional Materials, s : 11-13. = X
o . (%58 FMEE)
[91] DAI K R. Ti-Ni-Mo shape memory alloys for medical

applications[J]. Shape Memory Implant, 1999: 120—121.



