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Abstract Deformation behavior of nickel-rich Ti-51.5at.%Ni single crystals was investigated over a wide range of
temperatures(77 to 440K} and strain levels(up to 9%) in compression. These alloys combined superior strength with
wide range of pseudoelasticity temperature interval(~200K). The slip deformation in [001] orientation did not occur
due to the prevailing slip system, and consequently, exhibited pseudoelastic deformation at temperatures ranging
from 77 to 283K and 273 fo 440K for the solutionized and over-aged cases, respectively. The critical transformation
stress levels were in the range of 800 to 1800MPa for the solutionized case, and 200 to 1000MPa for the over-aged
case depending on the temperature and specimen orientation. These stress levels are considerably higher com-
pared to these class of alloys having lower Ni contents. The maximum transformation strains, measured from incre-
mental straining experiments in compression, were lower compared to the phenomenological theory with Type Il
twinning. A compound twinning model depending on the successive austenite(B2) to intermediate phase(R) to mar-

tensite(B19") transformation predicts lower transformation strains compared to the Type Il twinning case.
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Fig. 1. Differential scanning calorimetry result for the Ti-
51.5at.%Ni alloy over-aged at 823K for 1.5 hr.
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Fig. 2. The compressive stress-strain response of the Ti-
51.5at.%Ni [001] over-aged case as a function of tem-

perature.
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Fig. 3. The compressive stress-strain response of the Ti-
51.5at.%Ni [001] solutionized case as a function of tem-
perature.
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Fig. 4. Transformation stress (0.2% offset) as a function

of temperature under compression; over-aged case.
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Fig. 5. Transformation stress (0.2% offset) as a function
of temperature under compression; solutionized case.
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Fig. 6. (a) Four variant precipitate structure in the Ti-51.5
at.%Ni (only three variants are visible in this case) show-
ing the undeformed microstructure (b) the dislocation
structure between the precipitates for the [111] over-aged
case after deformation.
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Fig. 7. (a) The precipitate structure and the surrounding
matrix for the [001] compression experiment under 440K
straining (b) the same location at a higher magnification
demonstrating that slip is absent for this orientation.
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Fig. 8. Stress-strain response and the evolution of transformation strains at 293K for the (a) [001], (b) [110], (c) [111],

(d) [122] and (e) [012] over-aged state.
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Fig. 9. Stress-strain response and the evolution of transformation strains at 293K for the (a) [001], () [110], (c) [111],

(d) [122] and (e) [012] solutionized state.

Table 1. Theoretical compressive transformation strains for the type II-1 twinning and the compressive strains for the
compound twinning of B19'. The last two columns are the experimentally determined recoverable strains for the

solutionized and the over-aged cases, respectively.

Crystallographic | TypeII-ltwinning | B2—R—B19'strainof | Experimental recoverable strain (%)
direction (%) compound twinning (%) Solutionized state | Over-aged state
[001] 438 473 3.9 33
(110] 5.06 357 42 3.7
(111 2.98 3.79 12 3.0
[012] 6.23 499 3.7 32
[122) 454 424 08* 23

+Plastic deformation dominates the stress-strain response.
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