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A Study on the Fatigue Properties of Ti-Ni
Shape Memory Alloys

Hwan-Soo Park. Young-sik Kim

Abstract

The term of shape memory allov is applied to the group of
metallic material that demonstrates the ability to retwrn  to
previously defined shape when subjected to the appropriate thermal
procedure. Although a relatively wide varieties of alloy are known
to exhibit the shape memory effect. only those that can recover
substantial amounts of strain or that generate significant force
upon changing shape ave of commercial interest.

A shape memory allov may be further defined as one that vields
a4 thermoelastic martensite. In this case. the alloy undergoes a
martensitic  transformation by  twinning mechanism below  the
transformation temperature. The deformation is then reversed when
the twinned structure reverts upon heating to the parent phase.

And if the material is  loaded above 1ts transformation
temperature,  the stress-induced martensite can  be  generated.
During this procedure. tne strain increases under the constant
stress. Upon unloading. though. the material reverts to the parent
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phase, and the shape recovery occurs without heating procedure.
This effect, which causes the material to be extremely elastic, is
known as superelasticity.

Because of its excellent mechanical properties, the practical use
of the Ti-Ni shape memory alloy has been appraised more than the
Cu-Ti-Ni shape memory alloy or the Fe-Ti-Ni shape memory alloy.
However the fatigue property of the shape memory or superelastic
behavior has not been clarified sufficiently.

In this paper, several tests, such as, DSC, tensile test, fatigue
test were conducted in order to clarify the effect of the
transformation behavior, test temperature, and strain on the
fatigue life of the shape memory alloys.

Main conclusions are obtained as follows.

1. In the stress-strain curve, the stress for inducing martensite
increases with the increasing of the test temperature and
Ni-content.

2. The fatigue life curve of the Ti-Ni shape memory alloy consists
of different straight lines: hence it is divided in short,
middle, and long life zone.

3. The fatigue life of Ti-Ni shape memory alloy decreases with
the increasing of the test temperature and Ni-content.

4. The fracture pattern resulted from the rotary bending fatigue
test has transition from a ductile fracture under low
temperature and small strain to a brittle fracture under high
temperature and large strain.
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Fig 1 Schematic of rotary bending fatigue tester for SMA wire.
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Fig.2 DSC curve measured in

Ti-50.0at%Ni wire

As 1310.5K
2 JAf:3335K
0

A* 1 317.9K

0.99

<
73
<

/'

°

D S C (mcal/s)
= &
8 3

-1.50

300 320 340 360 380 400 420
Temperature (K)

Fig.4 DSC curve measured in

Ti-50.85at%Ni wire
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Fig.6 The Stress-strain curve

in the Ti-50.0at%Ni
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Fig.3 DSC curve measured in

Ti-50.5at%Ni wire
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Fig.5 The Stress-Strain curve in

the Ti-50.5at%Ni
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Fig.7 The Stress-Strain curve in

the Ti-50.5at%Ni
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