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OBSERVATION OF MARTENSITE PHASE TRANSFORMATION IN SHAPE
MEMORY ALLOYS USING A COMBINED XRD-DIC TECHNIQUE

Xuyang Chang, Karine Lavernhe-Taillard, Olivier Hubert
LMT (ENS Paris-Saclay / CNRS / Université Paris-Saclay)
61, avenue du Président Wilson F-94235 CACHAN Cedex

Abstract
Shape memory alloys (SMA), Ni-Ti alloy for example,
have widely industrial applications because of their super-
elasticity or shape memory properties. However, the po-
tential coexistence of three principal phases (Austenite,
Martensite, and R phase) depending on the various thermo-
mechanical loading conditions thus exhibiting different
transformation deformation, makes further industrial ap-
plications a difficult task. For any tentative of multi-axial
modeling validation, it appears relevant to get an estimation
of strain field correlated with the local volume fraction
of phases during a mechanical test. Combined DIC-XRD
observation has been carried out for that purpose.

KEYWORDS: Digital Images Correlations, X-ray diffrac-
tion, Shape-Memory Alloys

Introduction
When a quasi static loading is applied to a equiatomic Ni-Ti
alloy strip, phase transformation occurs (Austenite towards
Martensite) in form of localization bands after bypassing
the stress threshold. At increasing loading, either local-
ization bands enlarge or new sets of localizations bands
initialize elsewhere. NiTi alloy is on the other hand well
known to develop a possible R-phase, intermediate between
Austenite an Martensite associated with a different free
transformation strain [1]. Both Digital Images Correlations
(DIC) and X-ray diffraction (XRD) are consequently rele-
vant techniques for an in-situ experimental observation of
phase kinetic during a tensile test. On one hand, DIC grants
us a global and continuous observation of strain field, which
helps us to capture the evolution of localizations bands, and
on the other hand, XRD allows a local evaluation of phase,
that is the inner source of localizations.

Experimental setups
As we can see in Figure 1, 1D strip of the quasi equiatomic
Ni-Ti alloy (with a rectangle form in the center zone -
length L = 10mm, width l = 3mm and thickness h =
0.3mm) is installed in a loading machine placed in the
XRD chamber. The surface of specimen is covered by a
white speckle pattern to provide enough contrast for Digital
Images Correlation analysis. To prevent any perturbation
between the setups of two techniques, a Prism is needed
to send the image of specimen’s surface toward a camera.

Displacement-controlled 1D tensile test is carried out at
T = 300K with a loading speed u̇ = 0001mm.s−1 (corre-
sponding to a longitudinal strain rate ε̇ = 10−4s−1). The
loading have been held at three displacement steps during
the loading (U = 0.3mm, 0.4mm, 0.6mm) and one during
unloading (U = 0.3mm) to perform the XRD measurement.
The corresponding stress / strain1 curve is reported in
Figure 2).
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Part 1: Experimental setups (2)

X-ray generator
<latexit sha1_base64="qkeIT55W9HjNf6cT5zK3LXwyGfc=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXixJLyp4KHjxWMHYQhvKZjtpl252w+5GiKW/xIsHFa/+FW/+G7dtDtr6YODx3gwz86KUM20879spra1vbG6Vtys7u3v7Vffg8EHLTFEIqORSdSKigTMBgWGGQydVQJKIQzsa38z89iMozaS4N3kKYUKGgsWMEmOlvlvtnCuS4yEIUMRI1XdrXt2bA68SvyA1VKDVd796A0mzBIShnGjd9b3UhBOiDKMcppVepiEldEyG0LVUkAR0OJkfPsWnVhngWCpbwuC5+ntiQhKt8ySynQkxI73szcT/vG5m4stwwkSaGRB0sSjOODYSz1LAA6aAGp5bQqhi9lZMR0QRamxWFRuCv/zyKgka9au6f9eoNa+LNMroGJ2gM+SjC9REt6iFAkRRhp7RK3pznpwX5935WLSWnGLmCP2B8/kD5H2SxQ==</latexit><latexit sha1_base64="qkeIT55W9HjNf6cT5zK3LXwyGfc=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXixJLyp4KHjxWMHYQhvKZjtpl252w+5GiKW/xIsHFa/+FW/+G7dtDtr6YODx3gwz86KUM20879spra1vbG6Vtys7u3v7Vffg8EHLTFEIqORSdSKigTMBgWGGQydVQJKIQzsa38z89iMozaS4N3kKYUKGgsWMEmOlvlvtnCuS4yEIUMRI1XdrXt2bA68SvyA1VKDVd796A0mzBIShnGjd9b3UhBOiDKMcppVepiEldEyG0LVUkAR0OJkfPsWnVhngWCpbwuC5+ntiQhKt8ySynQkxI73szcT/vG5m4stwwkSaGRB0sSjOODYSz1LAA6aAGp5bQqhi9lZMR0QRamxWFRuCv/zyKgka9au6f9eoNa+LNMroGJ2gM+SjC9REt6iFAkRRhp7RK3pznpwX5935WLSWnGLmCP2B8/kD5H2SxQ==</latexit><latexit sha1_base64="qkeIT55W9HjNf6cT5zK3LXwyGfc=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXixJLyp4KHjxWMHYQhvKZjtpl252w+5GiKW/xIsHFa/+FW/+G7dtDtr6YODx3gwz86KUM20879spra1vbG6Vtys7u3v7Vffg8EHLTFEIqORSdSKigTMBgWGGQydVQJKIQzsa38z89iMozaS4N3kKYUKGgsWMEmOlvlvtnCuS4yEIUMRI1XdrXt2bA68SvyA1VKDVd796A0mzBIShnGjd9b3UhBOiDKMcppVepiEldEyG0LVUkAR0OJkfPsWnVhngWCpbwuC5+ntiQhKt8ySynQkxI73szcT/vG5m4stwwkSaGRB0sSjOODYSz1LAA6aAGp5bQqhi9lZMR0QRamxWFRuCv/zyKgka9au6f9eoNa+LNMroGJ2gM+SjC9REt6iFAkRRhp7RK3pznpwX5935WLSWnGLmCP2B8/kD5H2SxQ==</latexit><latexit sha1_base64="qkeIT55W9HjNf6cT5zK3LXwyGfc=">AAAB93icbVBNS8NAEN3Ur1o/GvXoZbEIXixJLyp4KHjxWMHYQhvKZjtpl252w+5GiKW/xIsHFa/+FW/+G7dtDtr6YODx3gwz86KUM20879spra1vbG6Vtys7u3v7Vffg8EHLTFEIqORSdSKigTMBgWGGQydVQJKIQzsa38z89iMozaS4N3kKYUKGgsWMEmOlvlvtnCuS4yEIUMRI1XdrXt2bA68SvyA1VKDVd796A0mzBIShnGjd9b3UhBOiDKMcppVepiEldEyG0LVUkAR0OJkfPsWnVhngWCpbwuC5+ntiQhKt8ySynQkxI73szcT/vG5m4stwwkSaGRB0sSjOODYSz1LAA6aAGp5bQqhi9lZMR0QRamxWFRuCv/zyKgka9au6f9eoNa+LNMroGJ2gM+SjC9REt6iFAkRRhp7RK3pznpwX5935WLSWnGLmCP2B8/kD5H2SxQ==</latexit>

Ni-Ti specimen surface
covered with white patterns
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Camera 1
<latexit sha1_base64="AEMmD1i5FnDnzeCv+efPaeNGd64=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxgrGFNpTNdtMu3Wzi7kQooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjB5NkmnGfJTLRnZAaLoXiPgqUvJNqTuNQ8nY4bs789hPXRiTqHicpD2I6VCISjKKVOk0ac02J169U3Zo7B1klXkGqUKDVr3z1BgnLYq6QSWpM13NTDHKqUTDJp+VeZnhK2ZgOeddSZfeYIJ/fOyXnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2obEPwll9eJX69dl3z7urVxk2RRglO4QwuwINLaMAttMAHBhKe4RXenEfnxXl3Phata04xcwJ/4Hz+AJg6jzA=</latexit><latexit sha1_base64="AEMmD1i5FnDnzeCv+efPaeNGd64=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxgrGFNpTNdtMu3Wzi7kQooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjB5NkmnGfJTLRnZAaLoXiPgqUvJNqTuNQ8nY4bs789hPXRiTqHicpD2I6VCISjKKVOk0ac02J169U3Zo7B1klXkGqUKDVr3z1BgnLYq6QSWpM13NTDHKqUTDJp+VeZnhK2ZgOeddSZfeYIJ/fOyXnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2obEPwll9eJX69dl3z7urVxk2RRglO4QwuwINLaMAttMAHBhKe4RXenEfnxXl3Phata04xcwJ/4Hz+AJg6jzA=</latexit><latexit sha1_base64="AEMmD1i5FnDnzeCv+efPaeNGd64=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxgrGFNpTNdtMu3Wzi7kQooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjB5NkmnGfJTLRnZAaLoXiPgqUvJNqTuNQ8nY4bs789hPXRiTqHicpD2I6VCISjKKVOk0ac02J169U3Zo7B1klXkGqUKDVr3z1BgnLYq6QSWpM13NTDHKqUTDJp+VeZnhK2ZgOeddSZfeYIJ/fOyXnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2obEPwll9eJX69dl3z7urVxk2RRglO4QwuwINLaMAttMAHBhKe4RXenEfnxXl3Phata04xcwJ/4Hz+AJg6jzA=</latexit><latexit sha1_base64="AEMmD1i5FnDnzeCv+efPaeNGd64=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxgrGFNpTNdtMu3Wzi7kQooX/CiwcVr/4eb/4bt20O2vpg4PHeDDPzwlQKg6777aytb2xubZd2yrt7+weHlaPjB5NkmnGfJTLRnZAaLoXiPgqUvJNqTuNQ8nY4bs789hPXRiTqHicpD2I6VCISjKKVOk0ac02J169U3Zo7B1klXkGqUKDVr3z1BgnLYq6QSWpM13NTDHKqUTDJp+VeZnhK2ZgOeddSZfeYIJ/fOyXnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfD6CrIhUoz5IotFkWZJJiQ2fNkIDRnKCeWUKaFvZWwEdWUoY2obEPwll9eJX69dl3z7urVxk2RRglO4QwuwINLaMAttMAHBhKe4RXenEfnxXl3Phata04xcwJ/4Hz+AJg6jzA=</latexit>

Ni-Ti strip
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CPS detector
<latexit sha1_base64="/EOdoZhnQNV9dvPPnx+A9chBNi8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxorGFNpTNZtMu3WzC7kQopX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzwkwKg6777aytb2xubZd2yrt7+weHlaPjR5PmmnGfpTLVnZAaLoXiPgqUvJNpTpNQ8nY4as789hPXRqTqAccZDxI6UCIWjKKVes3WPYk4coap7leqbs2dg6wSryBVKNDqV756UcryhCtkkhrT9dwMgwnVKJjk03IvNzyjbEQHvGupogk3wWR+85ScWyUicaptKSRz9ffEhCbGjJPQdiYUh2bZm4n/ed0c46tgIlSWI1dssSjOJcGUzAIgkdD2XTm2hDIt7K2EDammDG1MZRuCt/zyKvHrteuad1evNm6KNEpwCmdwAR5cQgNuoQU+MMjgGV7hzcmdF+fd+Vi0rjnFzAn8gfP5A+XfkR4=</latexit><latexit sha1_base64="/EOdoZhnQNV9dvPPnx+A9chBNi8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxorGFNpTNZtMu3WzC7kQopX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzwkwKg6777aytb2xubZd2yrt7+weHlaPjR5PmmnGfpTLVnZAaLoXiPgqUvJNpTpNQ8nY4as789hPXRqTqAccZDxI6UCIWjKKVes3WPYk4coap7leqbs2dg6wSryBVKNDqV756UcryhCtkkhrT9dwMgwnVKJjk03IvNzyjbEQHvGupogk3wWR+85ScWyUicaptKSRz9ffEhCbGjJPQdiYUh2bZm4n/ed0c46tgIlSWI1dssSjOJcGUzAIgkdD2XTm2hDIt7K2EDammDG1MZRuCt/zyKvHrteuad1evNm6KNEpwCmdwAR5cQgNuoQU+MMjgGV7hzcmdF+fd+Vi0rjnFzAn8gfP5A+XfkR4=</latexit><latexit sha1_base64="/EOdoZhnQNV9dvPPnx+A9chBNi8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxorGFNpTNZtMu3WzC7kQopX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzwkwKg6777aytb2xubZd2yrt7+weHlaPjR5PmmnGfpTLVnZAaLoXiPgqUvJNpTpNQ8nY4as789hPXRqTqAccZDxI6UCIWjKKVes3WPYk4coap7leqbs2dg6wSryBVKNDqV756UcryhCtkkhrT9dwMgwnVKJjk03IvNzyjbEQHvGupogk3wWR+85ScWyUicaptKSRz9ffEhCbGjJPQdiYUh2bZm4n/ed0c46tgIlSWI1dssSjOJcGUzAIgkdD2XTm2hDIt7K2EDammDG1MZRuCt/zyKvHrteuad1evNm6KNEpwCmdwAR5cQgNuoQU+MMjgGV7hzcmdF+fd+Vi0rjnFzAn8gfP5A+XfkR4=</latexit><latexit sha1_base64="/EOdoZhnQNV9dvPPnx+A9chBNi8=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJ4KkkvKngo9OKxorGFNpTNZtMu3WzC7kQopX/DiwcVr/4ab/4bt20O2vpg4PHeDDPzwkwKg6777aytb2xubZd2yrt7+weHlaPjR5PmmnGfpTLVnZAaLoXiPgqUvJNpTpNQ8nY4as789hPXRqTqAccZDxI6UCIWjKKVes3WPYk4coap7leqbs2dg6wSryBVKNDqV756UcryhCtkkhrT9dwMgwnVKJjk03IvNzyjbEQHvGupogk3wWR+85ScWyUicaptKSRz9ffEhCbGjJPQdiYUh2bZm4n/ed0c46tgIlSWI1dssSjOJcGUzAIgkdD2XTm2hDIt7K2EDammDG1MZRuCt/zyKvHrteuad1evNm6KNEpwCmdwAR5cQgNuoQU+MMjgGV7hzcmdF+fd+Vi0rjnFzAn8gfP5A+XfkR4=</latexit>

LED<latexit sha1_base64="cBb5lEELPU9vJeiMxvX9McWYP3I=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCKlhYRPRMIDnC3maSLNnbO3b3hHDkJ9hYqNj6j+z8N26SKzTxwcDjvRlm5oWJ4Nq47reztLyyurZe2Chubm3v7Jb29h91nCqGPotFrJoh1Si4RN9wI7CZKKRRKLARDi8nfuMJleaxfDCjBIOI9iXvcUaNle5vr686pbJbcacgi8TLSRly1Dulr3Y3ZmmE0jBBtW55bmKCjCrDmcBxsZ1qTCgb0j62LJU0Qh1k01PH5NgqXdKLlS1pyFT9PZHRSOtRFNrOiJqBnvcm4n9eKzW9syDjMkkNSjZb1EsFMTGZ/E26XCEzYmQJZYrbWwkbUEWZsekUbQje/MuLxK9WziveXbVcu8jTKMAhHMEJeHAKNbiBOvjAoA/P8ApvjnBenHfnY9a65OQzB/AHzucPKXyNOQ==</latexit><latexit sha1_base64="cBb5lEELPU9vJeiMxvX9McWYP3I=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCKlhYRPRMIDnC3maSLNnbO3b3hHDkJ9hYqNj6j+z8N26SKzTxwcDjvRlm5oWJ4Nq47reztLyyurZe2Chubm3v7Jb29h91nCqGPotFrJoh1Si4RN9wI7CZKKRRKLARDi8nfuMJleaxfDCjBIOI9iXvcUaNle5vr686pbJbcacgi8TLSRly1Dulr3Y3ZmmE0jBBtW55bmKCjCrDmcBxsZ1qTCgb0j62LJU0Qh1k01PH5NgqXdKLlS1pyFT9PZHRSOtRFNrOiJqBnvcm4n9eKzW9syDjMkkNSjZb1EsFMTGZ/E26XCEzYmQJZYrbWwkbUEWZsekUbQje/MuLxK9WziveXbVcu8jTKMAhHMEJeHAKNbiBOvjAoA/P8ApvjnBenHfnY9a65OQzB/AHzucPKXyNOQ==</latexit><latexit sha1_base64="cBb5lEELPU9vJeiMxvX9McWYP3I=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCKlhYRPRMIDnC3maSLNnbO3b3hHDkJ9hYqNj6j+z8N26SKzTxwcDjvRlm5oWJ4Nq47reztLyyurZe2Chubm3v7Jb29h91nCqGPotFrJoh1Si4RN9wI7CZKKRRKLARDi8nfuMJleaxfDCjBIOI9iXvcUaNle5vr686pbJbcacgi8TLSRly1Dulr3Y3ZmmE0jBBtW55bmKCjCrDmcBxsZ1qTCgb0j62LJU0Qh1k01PH5NgqXdKLlS1pyFT9PZHRSOtRFNrOiJqBnvcm4n9eKzW9syDjMkkNSjZb1EsFMTGZ/E26XCEzYmQJZYrbWwkbUEWZsekUbQje/MuLxK9WziveXbVcu8jTKMAhHMEJeHAKNbiBOvjAoA/P8ApvjnBenHfnY9a65OQzB/AHzucPKXyNOQ==</latexit><latexit sha1_base64="cBb5lEELPU9vJeiMxvX9McWYP3I=">AAAB6XicbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCKlhYRPRMIDnC3maSLNnbO3b3hHDkJ9hYqNj6j+z8N26SKzTxwcDjvRlm5oWJ4Nq47reztLyyurZe2Chubm3v7Jb29h91nCqGPotFrJoh1Si4RN9wI7CZKKRRKLARDi8nfuMJleaxfDCjBIOI9iXvcUaNle5vr686pbJbcacgi8TLSRly1Dulr3Y3ZmmE0jBBtW55bmKCjCrDmcBxsZ1qTCgb0j62LJU0Qh1k01PH5NgqXdKLlS1pyFT9PZHRSOtRFNrOiJqBnvcm4n9eKzW9syDjMkkNSjZb1EsFMTGZ/E26XCEzYmQJZYrbWwkbUEWZsekUbQje/MuLxK9WziveXbVcu8jTKMAhHMEJeHAKNbiBOvjAoA/P8ApvjnBenHfnY9a65OQzB/AHzucPKXyNOQ==</latexit>

Prism
<latexit sha1_base64="WWX0gUOKUN0ym7ExtWSurNiXHKk=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCNpYRPBNIjrC3mUuW7O4du3tCCPkNNhYqtv4hO/+Nm+QKTXww8Hhvhpl5cSa4sb7/7a2tb2xubZd2yrt7+weHlaPjR5PmmmHIUpHqdkwNCq4wtNwKbGcaqYwFtuLR7cxvPaE2PFUPdpxhJOlA8YQzap0UNjU3slep+jV/DrJKgoJUoUCzV/nq9lOWS1SWCWpMJ/AzG02otpwJnJa7ucGMshEdYMdRRSWaaDI/dkrOndInSapdKUvm6u+JCZXGjGXsOiW1Q7PszcT/vE5uk6towlWWW1RssSjJBbEpmX1O+lwjs2LsCGWau1sJG1JNmXX5lF0IwfLLqySs165rwX292rgp0ijBKZzBBQRwCQ24gyaEwIDDM7zCm6e8F+/d+1i0rnnFzAn8gff5A0sKjoM=</latexit><latexit sha1_base64="WWX0gUOKUN0ym7ExtWSurNiXHKk=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCNpYRPBNIjrC3mUuW7O4du3tCCPkNNhYqtv4hO/+Nm+QKTXww8Hhvhpl5cSa4sb7/7a2tb2xubZd2yrt7+weHlaPjR5PmmmHIUpHqdkwNCq4wtNwKbGcaqYwFtuLR7cxvPaE2PFUPdpxhJOlA8YQzap0UNjU3slep+jV/DrJKgoJUoUCzV/nq9lOWS1SWCWpMJ/AzG02otpwJnJa7ucGMshEdYMdRRSWaaDI/dkrOndInSapdKUvm6u+JCZXGjGXsOiW1Q7PszcT/vE5uk6towlWWW1RssSjJBbEpmX1O+lwjs2LsCGWau1sJG1JNmXX5lF0IwfLLqySs165rwX292rgp0ijBKZzBBQRwCQ24gyaEwIDDM7zCm6e8F+/d+1i0rnnFzAn8gff5A0sKjoM=</latexit><latexit sha1_base64="WWX0gUOKUN0ym7ExtWSurNiXHKk=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCNpYRPBNIjrC3mUuW7O4du3tCCPkNNhYqtv4hO/+Nm+QKTXww8Hhvhpl5cSa4sb7/7a2tb2xubZd2yrt7+weHlaPjR5PmmmHIUpHqdkwNCq4wtNwKbGcaqYwFtuLR7cxvPaE2PFUPdpxhJOlA8YQzap0UNjU3slep+jV/DrJKgoJUoUCzV/nq9lOWS1SWCWpMJ/AzG02otpwJnJa7ucGMshEdYMdRRSWaaDI/dkrOndInSapdKUvm6u+JCZXGjGXsOiW1Q7PszcT/vE5uk6towlWWW1RssSjJBbEpmX1O+lwjs2LsCGWau1sJG1JNmXX5lF0IwfLLqySs165rwX292rgp0ijBKZzBBQRwCQ24gyaEwIDDM7zCm6e8F+/d+1i0rnnFzAn8gff5A0sKjoM=</latexit><latexit sha1_base64="WWX0gUOKUN0ym7ExtWSurNiXHKk=">AAAB63icbVA9SwNBEJ3zM8avqKXNYhCswl0aFSwCNpYRPBNIjrC3mUuW7O4du3tCCPkNNhYqtv4hO/+Nm+QKTXww8Hhvhpl5cSa4sb7/7a2tb2xubZd2yrt7+weHlaPjR5PmmmHIUpHqdkwNCq4wtNwKbGcaqYwFtuLR7cxvPaE2PFUPdpxhJOlA8YQzap0UNjU3slep+jV/DrJKgoJUoUCzV/nq9lOWS1SWCWpMJ/AzG02otpwJnJa7ucGMshEdYMdRRSWaaDI/dkrOndInSapdKUvm6u+JCZXGjGXsOiW1Q7PszcT/vE5uk6towlWWW1RssSjJBbEpmX1O+lwjs2LsCGWau1sJG1JNmXX5lF0IwfLLqySs165rwX292rgp0ijBKZzBBQRwCQ24gyaEwIDDM7zCm6e8F+/d+1i0rnnFzAn8gff5A0sKjoM=</latexit>

Figure 1: Experimental setups

Figure 2: Quasi-static 1D tensile loading - Stress-
Equivalent strain curve

Experimental observations
Equivalent strain εdev and corresponding strains rate ε̇dev
fields obtained just before the 1st XRD-scan are plotted in
Figure 3 illustrating the band localization. The evolution of

1average Levy-Mises equivalent strain calculated using DIC over the
observable area 10×3mm2



strain rate field indicates the direction of propagation for
phase transformation.
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Figure 3: Equivalent strain εdev (left) and strain rate ε̇dev
(right) fields at the 1st XRD scan

When motors are held, X-ray scans have been carried out
along the center line of Ni-Ti strip. The diffraction spectra
reported in Figure 4 show significant differences between
bands and matrix. Indeed, three different diffraction pat-
terns that belong to Austenite, Martensite, R phase are
identified, proving the co-existence of the three phases
during 1D quasi-static loading (Figure 5).

Figure 4: XRD scans along the strip.

Figure 5: Example of phase identification by powder
diffraction theory.

By adopting proper optimization procedures (detailed else-
where), we calculate the volume fraction distribution of
each phase. Strain field and volume fraction distribution

are compared. From Figure 6, we observe that inside local-
izations bands, Martensite is nearly saturated fM = 100%.
Austenite phase is dominant in the matrix out of the band
and R-phase is concentrated at the interface between matrix
and bands.

Figure 6: Comparison between Volume fraction distribu-
tions (Up) and strain field (Down)

Conclusion
DIC provides continuous global observations for displace-
ment, strain and strain gradient fields during tensile test.
XRD permits to have a local evaluation of different phases
at the same time. The combination of these two differ-
ent experimental techniques states that during the tensile
strengthening of equiatomic Ni-Ti alloy the three possible
phases coexist. More importantly, R phase is concentrated
in the region at the interface between localization bands
and matrix, thus potentially indicates that R phase is
always produced upstream of the Martensite phase. These
observations give insightful informations for the validation
of numerical codes of super-elastic materials.
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