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The alloys undergoing thermoelastic martensitic transformations exhibit the superelasticity ef-
fect, which is realized by stress-induced martensitic transformation upon loading, and the reverse
transformation upon unloading. The alloys can be used as energy storage materials, because of
potentially high energy density compared to those of ordinary springs. The purpose of the present
research is to investigate the mechanism of the martensitic transformation including the structure
of the martensite, and the fundamental conditions and mechanisms to improve superelasticity char-
acteristics as energy storage material (i.e, high energy density and energy storage efficiency). We
chose Ti-Ni alloys near equi-atomic composition among many superefastic alloys, because of its
importance as practical alloys. Both single crystals and polycrystals were used for fundamental
and practical purposes, respectively.

The authors succeeded in fabricating the single crystals of Ti-Ni alloy by strain anneal method,
By utilizing the single crystals they determined the crystal structure of the martensite and analyzed
the crystallography of martensitic transformation in the present alloy. By utilizing the single crys-
tal X-ray diffraction method, the atomic parameters reported by Michal and Sinclair were refined
to those with the R-factor of 4.5% (wR=5.7%) with anisotropic temperature factors. All the
crystallographic parameters, such as the habit plane, orientation relationship and shape strain,
characteristics of the martensitic transformation in the present alloy, were measured for the first
time. These data were compared with the results of the phenomenological theoretical analysis,
and consistent results were obtained. This provides a thorough understanding on the mechanism
of the martensitic transformation in the present alloy.

The conditions to improve superelastic characteristics have been extensively studied by tensile
tests by changing Ni content and thermo-mechanical treatments for polycrystalline specimens, and
the following results were found. 1) The superelasticity characteristics were remarkably im-
proved by ageing at 673K after solution treatment at 1273K for alloys with Ni content higher than
50.5at?% Ni. But there is no ageing effect for the alloys with Ni content [ower than 50. 1at% Ni.
2) Higher the Ni content, the more the ageing effect. But the alloys with Ni content higher than
51.0at% is not useful because of low workability. 3) Even for alloys with no ageing effect, the
superelasticity can be remarkably improved by annealing at 673K right after cold work. 4) High
energy density of 42,2 M¥m® was obtained for the Ti-50, 6at% Wi alloy, which was aged at 673K
right after cold work. This energy density is about 40 times higher than that of ordinary springs.

By electron microscopy observation of the above variously thermo-mechanically treated speci-
mens, the improvement of superelasticity characteristics by ageing was found to be due to precipita-
tion hardening by finely dispersed precipitates. The observation also revealed that 673K ageing
gave the finest dispersion of precipitates among various ageing treatments, leading to the highest
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resistance for the dislocation motion. Similarly, the annealing at 673K right after cold work was
found to produce high density of re-arranged dislocations, leading to high resistance for dislocation
motion. Thus the origin for the improvement of the superclasticity characteristics described above
were clarified,

The stability of superelasticity characteristics under cyclic stress was examined, As a result,
it was found that the above special thermo-mechanical treatment also provided stable superelasti-
city characteristics, if the specimens were pretrained several tens of times, Fatigue lives of these
materials were also investigated. Again the above special thermo-mechanical treatment had a
good effect on the fatigue life, but the actual fatigue life was on the order of 4x10¢. For further
improvement of the fatigue life, more study is required,
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# 5 Ti-Ni B4 TERSR Loy v F ORI MEH OB ERE & SLHiE o .

Experimental Theoretical Deviation
a¥ (—0.99992, (.00872, 0.00872) {—0.99971, 0.02134, 0.01109} 0.76°
b* (—0.02258, 0.68520, —0.72800) (0.00683, 0.69404, —0.719%0) 1.83°
c¥ (—0.12489, —0.72880, —0.67323) (—0.14128, --0.71203, —0.68779) 1.56°

& 6 Ti-Ni i\ ~CIBHER Ll A7 Y4 + ORI 2 shape strain OXER LUK

& & OB L SO KR

Experimental Theoretical Deviation
Habit plane (P;) {—0.8602, 0.2768, 0.4284) (—0.88888, 0.21522, 0.40443) 4.1°
Direction of
shape strain (d,) [0.4580, 0.7706, 0.4432] [0.43448, 0.75743, 0.48737] 3.0°
Magnitude .of 0.140 0.13078 6.6%

shape strain (m,)
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(@t %) Heat treatment (MPA) (MITMS) Denax
50.6 1273 K 1Q* 110 8.9 0.18
i ” 1273 K IQ-773 K 1Q 320 15.1 0.40
» 1273 K IQ-673 K 1Q 470 33.3 0.68
” 1273 K 1Q—=573 K 1Q 320 20.5 .50
49.8 1273 K IQ-67T3K 1Q <100 3.8 0.21
@ 50.1 ¥ 230 6.7 0.27
50.6 # 470 33.3 0.68
51.6 w 650 3r.7 0.78
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