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A Study on the Development of Shape Memory Alloys
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SUMMARY

I. Title

A study on the development of shape memory alloys.

II. Objects and Importance of Research

The major objects of this research are developing the tech
nology of fabrication and application of shape memory alloys.
Ni1-Ti alloy, which has the most superior memory property among
30 kinds of shape memory alloys, has been widely used to variou
industries, such as electonics machinary and biomedical appli-
ance. Recently, in our country, there are many companies which
have interest in application of shape memory alloys. However,
they should import the alloys at high price and have no techno-
logy of applying the alloys. And expectation of great amount
of application to automobile, home appliance and machinary in

the near future leads to the necessity of this research.

III. Scopes and Contents

The major contents of this research are as follows.
1. Increasing the transiormation temperature.

In order to apply the Ni-Ti alloy to stream trap,



1V.

transformation temperature above 100°C should be obtained.
We have succeeded in obtaining At about 100°be adjusting
Ti, by substituting B for N1 or constraint aging.
Discovering reversible shape memory effect in Ti-rich alloy

Reversible shape memory effect was discovered in Ti-
rich Ni-Ti alloy by constraining aging. This effect make
the structure of parts simpler when the alloy is applied
as thermal actuator.
Cycling effect

Cycling effect which is one of the major problem in
application was studied and characterized. This study 1is
believed to play a good guide in fabrication and applica-
tion. And the method of preventing the cycling effect was

proposed by clarafication of detorioration mechanism during

cycling use.

The effect of stress on the transformation behavior

In most cases, shape memory alloy is used under load,
so the change in transformation behavior 1s expected.
Data, useful for application, were presented by observing

the change in transform temperature under tensile load.

Results and Recommendations

This report, mainly on fabrication and application of



Ni-Ti alloy, is believed to be useful for domestic indu-
stic industries which hope to fabrcate or apply it.
Especially, application field is expected to get wider by
the development of Ni-Ti alloy for high temperature use

and reversible shape memory effect will leads to simplica-
tion of the structure because bias spring is not necessary.
Study on the cycling effect and transformation behavior
under load will be a good guide for fablication and appli-

cation.
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Fig. 22. Macroscopic shape changes 1n 49Ni-Ti alloy after solution

treated at 1273 K for 2 hr (The shape above Af temperature

is not the same as that constrained)
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Fig. 26. Transmission electron microscopy of compression
side specimen with RSME
(a) dark field (x100,000)

(b) electron diffraction pattern
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Fig. 36. Change in strain with the number of cycles under

constant stress
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08

(a) as-quenched

Fig. 37. Transmission electron micrographs of Ti-48.5 at.% Ni, 500 C:
(a) as-quenched (b) After 100 cycles

(b) After 1 cycle (b) After 1,000 cycles
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(a) as-quenched

(c)

Fig. 38. Transmission electron micrographs of Ti-48.5 at.% Ni, 800 T:
(a) bright field image of martensite  (c¢) bright field image of austenite

(b) diffraction pattern of (a) (b) diffraction pattern of (c)
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Fig. 39. The effect of stress on electrical-resistance curves

for specimen A
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Fig. 41. The effect of stress on'transformation temperatures
for specimen A
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Fig. 42. The effect of stress on AT(Ms ~Mf) for specimen A
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Fig. 45. The effect of stress on strain curves for specimen B
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Fig. 46. The effect of stress on transformation temperatures

for specimen B
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