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Stress relaxation of TiNi shape memory alloy in subloop loading
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Abstract

The transformation-induced stress relaxation and stress recovery of TiNi shape memory alloy

(SMA) in the stress-controlled subloop loading were investigated based on the local variation in temperature

and transformation band on the surface of the SMA tape in the tension test. The results obtained are

summarized as bellows. (1) In the loading process, temperature increases due to the exothermic martensitic

transformation (MT) till the holding strain under a constant stress rate and thereafter temperature decreases

during holding the strain constant, resulting in stress relaxation due to the MT. (2) In the unloading process,

temperature decreases due to the endothermic reverse transformation till the holding strain under a constant

stress rale and thereafter lemperature increases during holding the strain conslant, resulling in siress recovery

due to the reverse transformation. (3) Stress varies markedly in the initial stage followed by gradual change

during holding the strain constant. (4) If stress rate is high till the holding strain in the loading and unloading

processes, both stress relaxation and stress recovery are large. (5) It is important to take account of these

behaviors in the design of SMA elements since the force of SMA elements can vary under constant strain even

if temperature is kept constant around SMA elements.
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Fig. | Stress-strain diagrams in the subloop strain-controlled
and stress-controlled loadings under different loading
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Fig. 4 Variation in stress and strain with time obtained by the
5 MPa/s till a point H;

followed by holding strain constant till a point H; and

test under a stress rate of do/d =

thereafter unloaded till a point H; followed by holding

strain constant till a point H,

FEREE OIS 6,14 397 MPa Thot. HFERICENT
b, BAOoENTa7 v ¥ —va— bRELS
W, WMAEROBEETZH S ikufﬁﬁmdwr:
-2.34x10" s {2kl LT, SlM%*dﬁ‘zﬁ#m%ﬁ
<Ry, ¢ﬁhﬁjwm'ﬂ£&9.0ﬂﬁﬂﬁﬁﬁmﬂ
%, A AT L, Z0RiEeERe B
. IS TIEEE OS] 6,15 263 MPa Tl -z,

4.1.2 FHEF S

B 3125 L7zt — O B bR o Bz 45 10 55l &
HE~A A7 nAa—7TiRE LEFEEZFOTHIZEL
T 5 ot MahhmOFE I MG aT 508

MEDOT A4 %BICBITABETHS., ZOUT A4 %I
ﬁﬁ7ﬂ§#9bﬁ7$ﬁﬁ,%%m@ﬁﬁ*ﬁgff‘

LIETEDLD, MBOMEE L A —ATF A | (austenite, A)



TiNi FRfRECIE A

4 8 H &
§ I— |

Without

El il el
Leading underdofds =5 MPa’s  Helding Unleading under Holding tinting

strainat dofdr=- 5 MPas's strain

6% 2%
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Fig. 6 Thermograms of temperature distribution on specimen
surface at various strains & during loading under a stress
rate of 5 MPa/s till a point H, (g = 6 %) followed by

holding strain constant till a point H,

600 10
H, O H,: do/dr=5 MPa/s
H, H,: Holding strain constant 4 =
By
= 400 .
- 6
= ]
F—
;ﬂ o
=
£ 4 E
“ 200 E
2
2 g
[_‘
0 1 L 1 1 L n
100 200 300 400 500 600
Time [s]

Fig. 7 Variation in stress ¢ and average temperature change AT
on specimen surface with time during loading under a
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strain constant at £, = 6 % and thereafter unloaded till a

point f1; followed by holding strain constant at & =2 %
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