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This paper presents the second part of the Honda Memorial Prize Lecture which is reproduced in three serial papers. This

part includes four topics of sections 6.2-6.5 in chapter 6. The four topics are (6.2) research on the R-phase transformation in

Ti-Ni single crystals, (6.3) determination of slip system, (6.4) sputter-deposited shape memory thin films and (6.5) high

temperature shape memory alloys.
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Fig. 19 Electrical resistance vs. temperature curves
of Ti-Ni alloys revealing martensitic trans-
formation and/or R-phase transformation.
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Solid solution  1273K
Fig. 20 Transmission electron micrograph and cor-
responding diffraction pattern of B2 parent

phase in Ti-50 at%Ni solution-treated at 1273

673K

Fig. 21 Transmission electron micrograph and cor-
responding diffraction pattern of R-phase in
Ti—50 at%Ni annealed at 673 K.

Dislocations + Ti3Ni4 in Ti-51at%Ni 673K

Fig. 22 Transmission electron micrograph and cor-
responding diffraction pattern of R—phase in
Ti-51 at%Ni annealed at 673 K.
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Fig. 23 Crystal structures of B2 parent phase and R-
phase.
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Fig. 24 Stress-strain curves showing two-stage
transformation and deformation behavior as-
sociated with R-phase transformation and
martensitic transformation.
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Fig. 25 Orientation dependence of R—-phase transfor-
mation strain measured and calculated in Ti—
Ni single crystals.
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Fig. 26 Schematic stress-strain curves showing
deformation behavior associated with R-
phase transformation and martensitic trans-
formation at various temperatures.
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Fig. 27 Slip lines observed on top and side surfaces of
a Ti-Ni single erystal.
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Fig. 28 Three major difficult problems which have
been solved since 1981 and following develop-
ment of new shape memory alloys.
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Fig. 29 Development of Ti-Ni sputter-deposited thin
films.
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Fig. 30 Crystallization process of Ti—48.2at%Ni
sputter-deposited thin film.
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Fig. 31 Ti-rich precipitates formed after crystalliza-
tion in Ti-48.2 at%Ni sputter-deposited thin

film.
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Fig. 32 A design of diaphragm microactuator consist-
ing of Ti-Ni thin film and SiO, film.
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Fig. 33 A fabricated diaphragm microactuator show-
ing the actuation behavior.
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Fig. 34 Measured height of microactuators made of
Ti-Ni and Ti-Ni-Pd thin films as a function of
frequency.
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Fig. 35 A concept showing different cooling rates for
Ti-Ni and Ti-Ni-Pd thin film microactuators.
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Thin Film Shape
Memory Alloys

| Fipdamentalsand nevice Applicatians

“Thin Film Shape Memory Alloys”,
Ed. By S. Miyazaki, Y.Q. Fu and
‘W.M. Huang,

Cambridge University Press,
England, (2009). 456 pages

Fig. 36 An editted bock on thin film shape memeory al-
loy.
2) BRBIREIEEEDFERE
fEROBATREEDERRES

100

80

60

40

BREMERECC)

P
35C : =
20 |HEARITIY FHUEDER

— 12°Cc
0 e

= = R AR — 53 kY
ETasn (BEERE. HFATH/ITUT NER—LR—J LY ER)

Fig. 37 Present applications used below 80°C.
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Fig. 38 Applications requiring high temperature
shape memory alloys.

Equilibrium phase diagram of Ti-Ni-Zr ternary system
(973K)
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Fig. 39 An equilibrium phase diagram of Ti-Ni-Zr.
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Fig. 40 Microstructures observed in Ti-Ni—-Zr-Nb al-
loys.

Ni B0 a0 AV EICkVET, COFTA4 /I
BoTZr 2 BOT LERBENER LTS, BATE
L6 BHOGSHEMORBZFERL TALRER, W
FTNLEWZD, EEOHENNETT,
Ti-49.5Ni-15Zr {Z Nb ¥Rl TAE Lz, §5 &,
Fig. 400 SEM ZE T4 L 51T, 10, 15, 20% L &0
T5E, EBPAELEDY, 1I5XNbHMTIE, B

204

Ti-Ni-Zr-Nb® ¥ [l [ E fig TE

11l II

=
=3

o
s

w
S

BFE TOETR (%)
ﬂ
B
o

_ N
o oS 23
,ﬂ

Y

10 20 30
Nb-BEE (at%)

Nb f&E

Nb

Fig. 41 Cold workability of Ti-Ni—Zr-Nb alloys.
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Fig. 42 A list of high temperature shape memory al-
loys developed by the author.

“Shape memory and superelastic alloys:

Applications and technologies”

Ed. by K. Yamauchi, I. Ohkata,

K. Tsuchiya and S. Miyazaki
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Fig. 43 An editted book on shape memory and su-
perelastic alloys.
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