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Recovery stress characteristics of TiNi and
TiNiCu shape memory alloys
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Abstract: The recovery stress characteristics of TiNi binary and TiNiCu temary shape memory alloys were studied. Both the
maximum recovery stresses of TiNi and TiNiCu alloys increase with increasing prestrain level. The recovery stress rate (d 0/ dT) of
the TiNi alloy increases with increasing prestrain level, but that of the TiNiCu alloy decreases with increasing prestrain level. By
comparing the results of differential scanning calorimetry, analysis based on the modified Clausius- Clapeyron equation shows that
the recovery stress characteristics have a close relation to the thermoelastic martensitic transformation characteristics. For TiNi bi-
nary alloys, the transformation temperature interval decreases with increasing prestrain level, resulting in the increase of the recov-
ery stress rate. For TiNiCu ternary alloy, the transformation temperature interval increases with increasing prestrain level, resulting

in the decrease of the recovery stress rate.
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Fig.1 Recovery stress curves of
2.9% prestrained TiNi alloy wire
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Table 1 Recovery stress results of TiNi

alloy wire at different prestrain levels
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Fig.2 Recovery stress curves of

3. 0% prestrained TiNiCu alloy
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Table 2 Recovery stress results of TiNiCu

alloy wires at different prestrain levels

O,
Prestrain/ % ot (MPa*K™ 1) 0, ma(413 K) /MPa

dT |
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EENT ARSI SR . R, 5 TiNi
e AR, TiNiCu &< [E] 5 ) 3R A1 T
AR (8 B

2.2 FHARRRAE

T fERE TiNG & TiNiCu & 4 AR B2 30
A, WO T RIS R AHARRRAE . B 3 BT s oA TiNi
A4 TiNiCu &4 1) DSC #h4k . migkIte b4
L KRR AP 228 e U AAR &, il 3
H7E TiNi 442 ) DSC 12 A% i 5 1F HHAS T 44
FE(M ) FIEEoRIREE (M) « EAHAS T4 R B (AL) A
GERELE (A . WK 3 AT LLE H TiND & 4 A
TiNiCu &4 2 MEEX J: —& TiNi & &M%
i R ( TIT LA 8 S A o A U A A 211 06 TRy U {1 L P
Z5)) ok 34.4 K, & KT TiNiCu & 4RI HAE N 5 iR
JE(15.8 K) . ARATRAN, X EH T2 =I5 Cu A
R . Wk Cu |t — 2238, AR G ks
—3B kN o S ANEE X E TiNi A 4 AR AR L
XA (52 SCh A= A) N 12.2 K, AT TiNiCu &
SO AR EXE (8 1 K). &A1 HmE
SMA P AH 2R ¥ BE DX [H] K/ J e 77 e P 38 5 (AR B

— TiNi alloy A Ag

=== TiNiCu alloy

A

| 1 {
290 310 330 350
Temperature/K

B3 TiNi &4 TiNiCu & 42 DSC ik
Fig.3 DSC results of TiNi alloy and
TiNiCu alloy wires



& 14EH 10

HMEZE, & TiNi & TiNiCu JBIRICIZ & 4 B & S AT

* 1645 -

fEAETREREM 22 L B SMA T B4R A B 9%
BT B R RS, AR 4 AH AR W ETE iR 4 144 F 58
B, Bl A= A, MW T8 tkRe, AT AE
B, AgFlA, Z H I ZMEK . NXAME X L
K, M TiNi ZoEE&TMAE=JCE C, BDT
I AR AF B PR BE . A SCkIRIE, 7 TiNG 0
AN HE S RAERNEER D, ERAEHFTR
SN 2 S LR TE 9 W 22 B 2R AR AEL D) L AR
(R yak > L 22 VH 2R 0 SR AT SRR i SR/, DAL B i
17 B 5 A e /D . X AT BE R A& TiNiCu H 3k
fits BE 9D I R A

H AT BB 2 0E SE T Y. AR X SMA (1) 35 AH 22
THER A E BRI | 5 — 7, AR
X AHARR B X [A] A 5 ), (EAR D AH G HRaE .
BATHIHT B TAERBH, TN AR 46/ TiNi & 4 (1 4H
AR EEX AR R, WAWFR S RE, XIFAR
TiNi =G K =084 — . B4 FiRb Tr
Ni A 4 F1 TiNiCu £ 4 (1) A8 22 ¥ B X (5] 5 T M. AR 2
EHIKRR . NE AT LUE H, TiNi A 4 0 A0 AR i
X 5] B 5 TR T 6 386 b it B ek /DS, X 5 AT A
R TAES B —2 P B, TiINICu &4 AR
FEE X B A1 TR AR (R 3G i 3K . H Rrik s &
TP F S R AR X R 2 5, (EARIEE 3, —
FREL A B RS, Cu TR MIINAEAS D KA
A6 i () f A7 PR BB R 8 T AR, RT S A TR A% i
IR 2 D EEE— DR %R, X
M, TV TP R A 5 e, AL RE AL A 1 A DA

20 ‘

18F \
§ 16 ~ T
S »
= :
[
2l
E
% 121
5 10 -
B = — TiNi alloy

* — TiNiCu alloy
8
1 1 1

0 2 4 6 8
Prestrain/%

Bl 4 TiNi & 480 TiNiCu 4 5 0 10 AH 220 BE X [H]
b5 N AR 2 TA] {55 &
Fig. 4 Relationship between transformation

temperature interval and prestrain level

of TiNi alloy and TiNiCu alloy
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Fig. 5 Calculated recovery stress curves based
on modified Clausius- Clapeyron equation

R 3¢ 55 16 - v 4 3 T RE T AR AE ) d o/ dT
FHARRIR S, A [ ) AN AR T A
TR AR, T B 57 A8 3 S 4 B R U R IOT BRI 4
FAFRA AN . B, BATHEXN w7 B0 5
LTI FERHAT B IE . B 5 th R 4 R m ]
Hihgk, BEAN A, ZIET A HL(ERBHBRLT
RARMERIERIE A LK), FRIFLIRPERR, &
SMA A 5 KA BVEAR ) o BRIBI O 4 FAER —



. 1816 » [ 7 €54 J 2 9

2004 4£ 10 A

MA, WHREN(T, o §, Hr &0 RAAAKR
S EAR PGS RE T, RRE AR AT 5, A
d& 5 AR R ARG ARAR, FEAEEIE 3G do,, 45
REEMEIEIIHA RERC K, FREHD C(T
+dT, o+ do, & df) . B, BITEIRE A ~C
[ RS i# A -~ B FIB - C Wi

B 1HA-B: WEREIN AT, HEARKE
FHAZ, W AZAH — AN HHN N S 3G do, BARXA
V. 345 d o FEAR I L v 5T B e R B R T R, OF
—E KT do, . RS K B(T+ dT, 6+ do,
§ . WEEERR, EENBLRAGETHEIE S
BIEA do, Bt RN 3 m T —AN do, B
KIWME do, Ga2fr=E—ANFUMIFHHELE de

th (2)

AP E ONHPERR .

F2F B-C: REFBEAZ, FRBUIN 5
WA de EIBAE, URFHMEAREM . BR,
WA FER 51 S RARRIIE AN AL, AL RARRIR 7>
Bl AR & dE. BBASPFAERLTE d e EIZN
THERE N I3 do,, WEIR S Al BLERIE

E
do=do- do,= do(1- ) (3)

A E, hEEN R B, (2 AKX
(3), ArCAG2I[EIR 7 B o3 1B ARk 5

do,= CA(L—ég)dT (4)
T 152 9 KO T A s

do, E,

= G- (5)

TR RNZ, BT SMA FAERE, EAEE
PR FFANSE[F] T N & . AR B L ER AR 1
PEEABEAN S R R R, AP ARG e, (HAE
RO RE P RO AR A AR, R R & AR
/N SCHR[ 5) 45 T BN B0 B R A

Ey- E,
E.= T
T- A,
[mM—Arfh'm+]]+Eﬁ (6)

XA EY FED 55k T FC AR R BEA (0 50 R i
Wil i . M6 7T BLE H. Hl 2 &
(A~ A) MEEREBENBRR, (A- A,) BX,
HERBE R . WX (S) TLEH, FEIE S
TR d o/ dT st/ .

HUTHT PR 52 56 11F BH 7308 4% 389 0 TiNiCu [ (A (-
A) B . RAEI(5) M (6) 1T LG IR, TMAR

BER T B, IR/ LR R D KR L X
TTNi 515, NG /DTNGGER(A- A,)
Hife, DIHARTE(5) A (6), TN AR 1 K H (]
HMKHEE AR 1R 2 ATLUEH, X5%%
2R .

3 45ie

1) XFTiNi &4 TNiCu &M s, — iR
JEE T 1 B KR 5200 A B o TR, 2% () 388 K 7 v, {H
2 21 T AR 5k B B dak B KT PR AR TN PR B e
KIFIE I3 SIS

2) X+ TiNi &4, 15 7 B I B 36 K i %
B TIUNY AR ()38 3 o0, 1M TiNiCu & 4 ¥R R A
W Ak 5 8 K 11403 R e T A% () 38 o T /)

3) [R5 7 Bl e 3 K 1 R 5 AR TR S A AR TR
JEX [ B BRI KR . TN AR /NT TiNi &
SRR MR FEIX H], 35K T TiNiCu A 4x B AHAR IR FE
X 18], 43 7 & Bk TiNi 45 2 H1 TiNiCu [F] 5 J7 bl
JE R 1 R I KRG /)

REFERENCES

[1] £ 55, WRAZE, ™ 5L, % AR ALK

TiNi &gk E A A R a i (1. PEA SR
4R, 2003, 13(1): 100~ 105.
WANG Li, XU Jiwrjun, YAN Li, et al. FEM analysis of
pseudoelastic TiNi alloy under normal contact using two mate-
rial models [ J]. The Chinese Journal of Nonferrous Metals,
2003, 13(1): 100 ~105.

[2] WeiZ G, Sandstrom R, Miyazaki S. Review shape memory
materials and hybrid composites for smart systems [ J]. J
Mater Sci, 1998, 33: 3763 — 3783.

[3] & fh, £ 42, EHWM. NN NF50. 4Ti A 4xid
12 822 R B0 B R [J]. M RHIE 5L %4 4, 2000,
14: 573 = 577.

JIN Wei, WANG Jian, CAO Ming zhou. Effects of prestrain
on recovery strain and stress in Nt 50. 4T1 alloy [ J]. Chinese
Journal of Materials Research, 2000, 14: 573 ~ 577.

[4] Wen YH, LiN, TuM J. Effect of quenching temperature on
recovery stress of Fe 18Mir5Sr8Cr4Ni alloy [ J].
Mater, 2001, 44: 1113~ 1116.

[5] MHEZE, #Eiri, K. TiNi BIRICIZ&&B 20
BERL [J]. KB TR 24k, 2000, 40(2): 180 ~182.
7ZHENG Yarr jun, CUI Lrshan, YANG Da zhi. Modelling of

Scirpta

recovery stress of TiNi shape memory alloys [ J]. Journal of

Dalian University of Technology, 2000, 40 (2): 180 ~ 182.



& 14EH 10

HMEZE, & TiNi & TiNiCu JBIRICIZ & 4 B & S AT

* 1647 -

[6]

[11]

[12]

Sittner P, Vokoun D, Dayananda G N. Recovery stress gen-

eration in shape memory Ti5S0Ni45Cu5 thin wires [ J]. Mate-

rials Science and Engineering, 2000, A386: 298 ~311.

& . HUBE S ME TiND BARIEIZ & S LA RS

RS [D]. KiE: KEB TR, 2001.

LI Yan. Constrained transformation behaviors of TiNi shape

memory alloy in smart composite materials [ D]. Dalian:

Dalian University of Technology, 2001.

Vokoun D, Stalmans R. Recovery stress generated by Nil'i
shape memory wires [ J]. Smart Structures and Materials,
1998, 3667: 825 ~ 835.

Tobushi H, Kimura K, Sawada T. Recovery stress associated

with R-phase transformation in TiNi shape memory alloy [ J] .

J SME international Journal Series I, 1994, 37: 138 ~ 142.
Cui L'S, Zheng Y J, Zhu D. The effects of thermal cycling
on the reverse martensitic transformation of prestrained TiNi
alloy fibers embedded in Al matrix [ J].
2000, 19(13): 1115~ 1117.

Zheng Y J, Schrooten J, CuiL S. Constrained thermoelastic

J Mater Sci lett,

martensitic transformation studied by modulated DSC [ J].
Acta Materialia, 2003, 51( 18): 5469 ~ 5477.
Zheng Y J, Cui L' S, Li Y. Separation of the martensite in

TiNi fiber reinforced aluminum matrix composite [ J]. J

[13]

[ 14]

[ 15]

[ 17]

[ 18]

Mater Sci Tech, 2004, 20(4): 390 ~ 3%4.

Zheng Y J, Cui LS, Zhang F. The effects of pre-deforma-
tion on the reverse martensitic transformation of TiNi shape
memory alloy [J]. J Mater Sci Tech, 2000, 16(6): 611~
614.

Salzbrenner R J, Cohen M. On the thermodynamics of ther-
moelastic martensitic transformation [ J]. Acta Metallurgica,
1979, 27: 739 ~748.

Moberly W J, Duerig T W, Proft J L. Twinless martensite
in TiNiCu shape memory alloys [ A]. Muddle B C. Proc I
COMAT-89 [ C]. Sydney: Trans Tech Pub, 1989. 605 ~
609.

Piao M, Otsuka K, Miyazaki S. Mechanism of the A tem-
perature increase by pre-deformation in themoelastic alloys
[J]. Mater Trans JIM, 1993, 34: 919 ~929.

Lin H C, Wu S K, ChouT S. The effects of cold rolling on
the martensitic transformation of an equiatomic TiNi alloy
[J]. Acta Metall Mater, 1991, 39: 2069 ~ 2080.

Liu Y N, Favier D. Stabilisation of martensite due to shear
deformation via variant reorientation in polycrystalline Nili
[JI. Acta Mater, 2000, 48: 3489 ~ 3499.

(W REHR)



