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Abstract 
 

Cu-Al-Ni shape memory alloy exhibits a super-elasticity that shows perfect recovery of plas-
tic deformation. The super-elasticity used in this study results from a perfect reversible marten-
sitic transformation. AE behavior during the stress-induced martensitic transformation has been 
investigated using two types of specimens of Cu-Al-Ni shape-memory alloy single crystal, each 
of which have different stress concentration factor. The rise time of martensitic transformation in 
the early stage during tensile deformation was evaluated using a wavelet transform analysis in-
stead of the frequency-domain slope method of whole waveform. Shorter rise time of AE wave-
form was found in the early stage and associated with the nucleation of the martensite regardless 
of the specimen shape.  
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1. Introduction 
 

Martensitic transformation is known as a transient shear process in materials. The kinetic 
property of the transformation must give important information to study the nature of the trans-
formation [1]. In general, the martensitic transformation proceeds both by nucleation and growth 
of martensite plate [2]. The kinetics of the martensitic transformation phenomenon has been 
measured using transient electrical resistance change in Fe-Ni alloy [3], magnetic permeability 
change in Fe-Ni alloy [4] and AE method in austenitic stainless steel [5, 6]. These results have 
two shortcomings to explain the kinetic behavior of individual martensite plates. One is that 
those included the constraints due to grain boundaries because materials used were polycrystal-
line. Another is that those could not distinguish between the nucleation and growth of martensite 
plates because of difficulty of in-situ measurement. 

 
In this paper, the kinetic properties of the stress-induced martensitic transformation in two 

types of specimens of Cu-Al-Ni shape-memory alloy single crystal were investigated using AE 
waveform generated in the early stage during tensile deformation. The AE waveform analysis 
where the rise time of each martensitic transformation can be obtained due to the fre-
quency-domain slope method has been already conducted in the previous papers [7, 8]. However, 
the rise time was modified due to a wavelet transform in the finite specimens because the analy-
sis can be used only in infinite elastic media. The martensitic transformation used in this study is 
the ß1(DO3 structure)⇔ß1’(18R structure) transformation which can be observed by an optical 
microscope during tensile deformation at room temperature. Therefore, the kinetics of martensite 
plates such as nucleation and growth was examined in detail. 
 



2. Experimental Procedures 
 

Material used was a Cu-14.1mass%Al-4.1mass%Ni alloy for stress-induced martensitic 
transformation. It was melted in argon in a high-frequency induction furnace and cast into a 
plate-shaped copper mold. After casting it was put into a graphite mold. An oriented single crys-
tal of the Cu-Al-Ni alloy was grown using a seed crystal with the Bridgman method at a speed of 
32 mm/h. They were solution-treated at 1273 K for 1 hr. and then quenched into water at room 
temperature in order to keep the ß1 matrix phase (Ms = 250 K, Af = 280 K). Two kinds of speci-
mens which consist of smooth (specimen No. 1, gage size: 12 x 4 x 1.8 mm) and two-side 
90˚-notched (specimen No. 2) specimens to examine the effect of stress concentration on mart-
ensitic transformation dynamics were formed with an electric-discharge machine. These were 
polished mechanically and then electro-polished in a solution of phosphoric acid saturated with 
chromium trioxide. The stress concentration factors in these specimens were 1.01 and 2.65, re-
spectively. The orientation of the single-crystal specimen was determined by the back-reflection 
Laue method. The specimen had the surface orientation of (001) and [100] tensile direction, re-
spectively. Tensile test was carried out with a screw-driven testing machine at a strain rate of 5.6 
x 10-5 s-1. Surface appearance during tensile test was observed and photographed microscopically 
by an optical microscope. 

 
AE measurements were performed using 2-channel AE monitoring system (PAC: MIS-

TRAS-2001). The AE signals were detected by two wideband AE transducers (M5W) that were di-
rectly attached on the grip part of specimen with fast-curing glue. The distance between two trans-
ducers was 20 mm. Detected AE signals were amplified by a 60 dB preamplifier with a band-pass 
filter of 0.1 to 1.2 MHz. AE events and the peak amplitude were obtained and the waveforms re-
corded. Threshold level was 50 dB, which corresponded to 316 µV at the preamplifier input. 
 
3. Results and Discussion 
 
3.1 Stress-elongation curves and surface appearances during loading and unloading  

Relations between load and elongation, in the smooth and notched specimens, during loading 
are shown in Fig. 1 including typical surface appearances under the stress condition indicated by 
arrow. All the specimens exhibited super-elasticity and perfectly recovered the matrix phase after 
unloading due to low Af temperature of the material. The nucleation in both specimens was rec-
ognized to start in the elastic region or in the early stage of the tensile deformation. 
 
3.2 AE activity under the different stress conditions 

The AE activities were explained in detail in the previous paper [9]. Less number of AE events 
in the smooth specimen were detected than those in the notched specimen, but higher amplitude in 
the smooth specimen.  It means that the AE activity is related to nucleation and growth of large 
and not many martensite plates in the smooth specimen and to only nucleation of small and many 
martensite plates in the notched specimen according to these surface appearances in Fig. 1. Here, 
surface appearance at each stress condition indicated by arrow. If the given plastic strain is almost 
only performed due to the martensitic transformation, it is considered that an amount of transfor-
mation is proportional to the given plastic strain energy. So effect of specimen volume on AE ac-
tivity has been examined with all the specimens given the same plastic strain energy per unit vol-
ume and an amount of transformation changed by the specimen volume. Total AE event counts 
tend to decrease with an increase of the specimen volume. There is no specimen volume effect. 
Therefore, AE activity does not seem to depend on all the martensitic transformation of material 
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 (a)

 

(b) 
Fig. 1 Load-elongation curves during loading with surface photographs; (a) Smooth (b) Notched.
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(a) 

 (b) 
Fig. 3  A typical example of (a) wavelet transformation of a detected waveform and (b) the fre-
quency spectrum of the first arrival waveform at 20 µs from the starting point. The estimated rise 
time was 0.604 µs. 
 

The rise time distributions obtained during loading and unloading in both specimens are shown 
in Fig. 4. The waveform analysis was performed in the early stage during tensile deformation 
where the maximum elongation was 0.4 mm. The rise time distribution during loading was 
broader than that during unloading regardless of the specimen shape. Especially no AE wave-
form with the rise time of less than 0.5 µs existed during unloading. The shorter rise time is con-
sidered to be associated with the nucleation of the martensite plates in a single crystal with less 
constraint for the martensitic transformation [10], so the same number of waveforms with the 
rise time of less than 0.5 µs were included during loading in both specimens with the different 
shapes under the different stress conditions. If the nucleation speed is assumed to be 1000 m/s 
[8], the initial scale of martensite plate during loading is likely to be of the order of several hun-
dreds µm.  On the other hand, there was the asymmetry of AE event counts detected between 
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loading and unloading. That is to say, AE event counts during unloading enhanced those during 
loading as shown in Fig. 4. It is expected that the reverse transformation is easy to nucleate or 
operate because of the strain energy stored during loading. The nucleation is important to explain 
the asymmetry between loading and unloading, because the rise time distribution during unload-
ing was at higher level than that during loading. These results show that AE research can play an 
important role in understanding martensitic transformation. 

 
(a) ) smooth specimen. 

 
(b) notched specimen. 

Fig. 4  Rise time distributions during loading (left) and unloading (right) . 
 
4. Conclusions 
 

AE behavior during stress-induced martensitic transformation of Cu-Al-Ni shape-memory 
alloy single crystals that exhibit super-elasticity has been investigated using the smooth and 
notched specimens. Results obtained are as follows: 
(1) There was no effect of specimen shape on acoustic emission activity. 
(2) Time-dependence of AE activities that consisted of the AE event counts, the amplitude and 
the waveforms in the smooth specimen were different from those in the notched specimen be-
cause of different stress concentration. 
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(3) AE method is effective in evaluating such kinetic processes such as nucleation and growth of 
martensitic transformation. 
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