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Variation tendencies of shape memory alloys surface
relief as a function of training-cycling parameters
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Lamellar specimens of Cu-Zn-Al Shape Memory Alloy (SMA) were trained in bending under as much as 500 cycles, until
two-way shape memory effect (2WE) was obtained. Trained specimens were further tested by means of a hydraulic
installation where, heating-cooling cycles were performed in oil conditions. Considering that the lower concave surface of
the specimens was kept in compressed state while the upper convex surface was kept in elongated state, this study reveals
the variation tendencies of the width and height of martensite plates as a function of training-cycling parameters, while
considering the effects of different loading modes, namely compression and elongation. The convex and concave regions,
of the Cu-Zn-Al specimens in air-trained or oil-cycled conditions after being subjected to large number of cycles, were
metallographically prepared and analysed by atomic force microscopy (AFM). The study comprised comparative
investigations of 2D and 3D representative profiles corroborated with numerical analysis of large number of recorded data,
in order to reveal the effects of the number of cycles, loading mode and environmental conditions, on the general variation

tendency of the surface relief of martensite plates.
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1. Introduction

Shape memory alloys (SMAs) belong to a class of
shape memory materials (SMMs), which have the ability
to ‘“‘memorise” a previous form, from their
thermomechanical history, when subjected to certain
stimulus [1]. ““Shape memory” is the term used to describe
the main property of SMMs [2]. SMAs have been used in
industrial fields [3] for their one-way shape memory effect
(A1WE) [4], pseudoelasticity (PE) [5] and two-way shape
memory effect 2WE [6]. Any SMA with 1WE can revert
to its original shape once the low temperature stress-
induced martensite phase is heated to As (austenite
transformation finish temperature). Any SMA with 2WE
[7] has the potential to change its shape once the low
temperature martensite phase is heated to the high-
temperature austenite phase, and to revert to its original
shape while being cooled back to martensite.

Many alloys exhibit shape memory effect, but Ni-Ti-
based shape memory alloys, have to date, provided the
best combination of materials properties for most
commercial applications [8]. On the other hand, Cu-Zn-
Al alloys provide a more economical alternative to Ni—Ti.
Shape memory properties in copper-base alloys [9] are
associated  with  the  thermoelastic ~ martensitic
transformation taking place from hard austenite phase (B,)
to soft martensite (B’,) [10]. The transformation occurs
without diffusion [11], and, consequently, martensite

inherits a part of long-range order of the B phase [12]. The
B> CuZnAl phase, at high temperatures, displays a body
centred cubic (bcc) disordered structure [13]. However, in
the interest range of temperatures it exhibits a long-range
ordered structure called B2 [14]. The martensitic product
phase has a 9R structure [15], which can be well described
as an face centred tetragonal (fct) lattice with stacking
faults every three planes. Martensitic transformation can
be induced by cooling [16], spontaneous transformation,
or by applying mechanical stress [17]. During cooling,
transformation starts at a critical temperature Ms and
completes at M; [18], below which, theoretically, the
crystal is purely martensitic. On heating, the reverse
martensitic transformation starts at A temperature and
ends at As. When applying a mechanical stress, such as
tension or compression, at temperature above Ay, stress
induced martensitic transformation starts at a critical stress
level, and ends at almost constant stress, when a critical
deformation is reached [19]. However, this stress-induced
martensite is unstable at temperatures above A; and
therefore reverse phase transformation to austenite occurs,
at a lower stress level, during unloading [20]. Thus, a
hysteretic loop is formed, in cooling/heating cycles [21] as
well as in isothermal loading/unloading cycles [22].

The aim of the present paper is to determine the
general variation tendencies of SMA surface relief as a
function of number of cycles, heating-cooling environment
and loading mode (elongation and compression).
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2. Materials and methods

Cu-15 Zn-6 Al (mass. %) SMA specimens of were hot
rolled [23], heat treated [24] and trained in air during up to
500 cycles, until obtaining 2WE, as previously described
[25]. 2WE air-trained actuators were tested in a hydraulic
installation, where heating-cooling cycles were performed
in oil environment, without exceeding As = 404 K [26].
From the most solicited areas of both air-trained and oil-
cycled specimens, fragments were cut with particular care
to differentiate between convex region which was mostly
subjected to tension and concave region subjected mainly
to compression. These fragments were further
encapsulated, ground and electro-polished using an AX-
D1 electrolytic polisher as described in a previous paper [27].

The specimens were analysed with an Atomic Force
Microscope (AFM) type NanoSurf easyScan, equipped
with silicon SPM cantilevers and easyScope video camera,
at a scanning rate of 2x10" s per line, as previously
detailed [28]. Aiming to perform numerical analysis [29],
on the surface of each specimen under study five
characteristic groups of primary plates with length larger
than 50 um, in different grains, were selected and five
parallel plates within each group were measured [30].

On AFM micrographs, the widths and heights of
martensite plates were measured with nanometre-precision
on elongated (convex) and compressed (concave) surfaces
of the specimens, by means of AFM software.

The obtained values of width and height, for each
surface in part, were used for numerical analysis [31],
performed by means of MATLAB software, using spline
interpolation of surface relief geometrical measurement
data [32].

3. Results and discussion
3.1 Structural analysis by AFM

The typical structure of martensite plates recorded on
analysed specimens in initial state, after hot rolling and
heat treatment but before training, is illustrated in Fig. 1. It
can be noticed that martensite plates are rather coarse, the
average values of measured width and height being 187
and 167 nm, respectively. Fig. 1 will be further used for
and comparative reasons, namely the general aspect for
qualitative comparisons and measured data for quantitative
evaluations.

The qualitative effects of the number of air-training
cycles (100 to 500) and loading mode (elongation or
compression) can be observed by analysing Fig. 2. It is
obvious that there are two variation tendencies, depending
on the number of air-training cycles and loading mode:

e a refining tendency of both heights and widths of
primary martensite plates, with increasing the
number of air-training cycles;

e unlike elongation mode, which contributed to the
diminution of martensite plate widths and heights,
compression mode maintained these surface relief
parameters to rather elevated values.

For this reason, the refining effect of the number of
air-training cycles was more obvious for elongation than
for compression.
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Fig. 1. AFM micrographs illustrating the typical initial
structure of untrained specimens: (a) 2-D image;
(b) 3-D image; (c) surface relief profile.

After oil-cycling, the effects observed in Fig. 2 were
maintained, as illustrated in Fig. 3. However, in this case,
the general structural aspect was altered, due to the
formation of two different systems of martensite plates:

e asystem of large primary plates, which are obviously
larger and more numerous;

e isolated groups of secondary martensites plates, with
smaller dimensions, which have different orientation
as compared to primary plates.

As previously pointed out, the formation of
secondary martensite plate systems could be ascribed to
the so-called temperature memory effect, which was
caused by heating interruption in previous cycle [23].
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Fig. 4. Typical surface relief profiles recorded by AFM,
illustrating the cumulated effects of the number of air-
training cycles and oil-cycling. The upper black profiles
correspond to the surfaces subjected to elongation
(convex) and lower red profiles to compression (concave)

From the evolutions of surface profiles it appears that
martensite plates from compressed areas are less
responsive to the variation of the number of training
cycles, as compared to elongated areas.

In order to evaluate the quantitative effects of the
number of air-training cycles, loading mode, (elongation
or compression) and oil cycling, numerical analysis was
performed, as specified in the following.

3.2 Numerical analysis of AFM data

Table 1 lists the results of numerical analysis of the
3000 data (N) corresponding to air-training. It contains
maximum, minimum and mean values of width and height
as well as standard deviations and errors, together with
lower and upper limits of 95 % confidence interval for the
mean values, for elongation and compression.

Table 1. Descriptive data of air-trained specimens.

std. 95% Confidence
Area N | Mean | Devi- Std. | Interval for Mean Min | Max p
ation Error | Lower | Upper
Bound | Bound
width CuzZnAl x 0 cycles (nm)
elong. |125[187.50| 56.48 | 5.05 | 177.50 | 197.50 [95.00| 330.0 1000
compr. |125)187.51| 56.48 | 5.05 | 177.51 | 197.51 |95.00{330.0| ™’
Total | 250|187.50| 56.37 | 3.56 | 180.48 | 194.53 [95.00| 330.0
height CuZnAl x 0 cycles (nm)
elong. |125[167.97| 49.11 | 4.39 | 159.28 | 176.67 [90.00| 255.0 1,000
compr. |125)167.97| 49.11 | 4.39 | 159.28 | 176.67 [90.00| 255.0| ™
Total | 250|167.97| 49.02 | 3.10 | 161.87 | 174.08 [90.00| 255.0
width CuZnAl x 100 cycles (nm)
elong. |125[184.33| 51.81 | 4.63 | 175.16 | 193.50 [67.00| 298.7 0775
compr. |125)186.55| 69.56 | 6.22 | 174.23 | 198.86 [87.00| 315.0| '
Total | 250(185.44| 61.22 | 3.87 | 177.81 | 193.06 |67.00| 315.0
height CuZnAl x 100 cycles (nm)
elong. | 125 94.85 | 32.32 | 2.89 | 89.13 | 100.57 [63.19| 234.5 0.001
compr. | 125)149.07| 62.59 | 5.60 | 137.99 | 160.15 |83.00| 244.0|
Total | 250 |121.96| 56.65 | 3.58 | 114.90 | 129.02 |63.19| 244.0
width CuZnAl x 200 cycles (nm)
elong. |125[181.30| 39.69 | 3.55 | 174.27 | 188.32 [62.00| 245.0 0753
compr. |125)183.65| 73.57 | 6.58 | 170.63 | 196.68 [80.00| 290.0|
Total | 250|182.47| 59.00 | 3.73 | 175.12 | 189.82 [62.00| 290.0
height CuzZnAl x 200 cycles (nm)
elong. [125]90.10 | 46.94 | 4.20 | 81.79 | 98.41 |43.19|205.0 0.001
compr. |125)144.26| 60.52 | 5.41 | 133.54 | 154.97 |78.00{ 235.0| '
Total |250|117.18| 60.47 | 3.82 | 109.65 | 124.71 |43.19| 235.0
width CuZnAl x 300 cycles (nm)
elong. |125[130.65| 27.99 | 2.50 | 125.70 | 135.61 [60.00| 199.1 0.001
compr. |125)179.41| 63.68 | 5.70 | 168.14 | 190.69 |76.00| 252.0| '
Total | 250 |155.03| 54.83 | 3.47 | 148.20 | 161.86 |60.00| 252.0
height CuzZnAl x 300 cycles (nm)
elong. [125]78.24 | 27.57 | 247 | 73.36 | 83.12 |33.19|165.9 0.001
compr. |125)137.12| 53.84 | 4.82 | 127.58 | 146.65 |70.56|211.0| '
Total |250|107.68| 51.89 | 3.28 | 101.21 | 114.14 |33.19| 211.0
width CuZnAl x 400 cycles (nm)
elong. |125| 91.96 | 32.50 | 2.91 | 86.20 | 97.71 [45.00|150.0 0.001
compr. |125[155.66| 44.68 | 4.00 | 147.75 | 163.57 [70.00{221.9|
Total | 250(123.81| 50.39 | 3.19 | 117.53 | 130.09 |45.00| 221.9
height CuzZnAl x 400 cycles (nm)
elong. [125]68.12 | 36.42 | 3.26 | 61.67 | 74.56 |33.10|131.0 0.001
compr. |125)120.89| 50.80 | 4.54 | 111.90 | 129.88 |63.00| 200.6| '
Total | 250 | 94.50 | 51.42 | 3.25 | 88.10 | 100.91 [33.10| 200.6
width CuZnAl x 500 cycles (nm)
elong. | 125 70.68 | 29.75 | 2.66 | 65.41 | 75.95 [33.19|132.7 0.001
compr. |125[122.73| 42.68 | 3.82 | 115.17 | 130.29 [60.00{200.9 | '
Total | 250 | 96.70 | 45.03 | 2.85 | 91.10 | 102.31 |33.19|200.9
height CuzZnAl x 500 cycles (nm)
elong. [125]53.13 | 19.24 | 1.72 | 49.72 | 56.53 |33.10{ 100.5 0.001
compr. |125)106.41| 45.65 | 4.08 | 98.33 | 114.50 |57.00| 185.0| '
Total | 250 | 79.77 | 43.99 | 2.78 | 74.29 | 85.25 |33.10| 185.0

In initial state no obvious differences exist between
surface relief values measured in elongated and
compressed areas. Width variation range was between 95-
330 nm while height range was 90-225 nm. After 100 air-
training cycles, width variation range became 67-315 nm
with larger values in compressed areas, while height
variation range was 63.1-244 nm. In the same trend, these
intervals become lower and lower, down to 33,1-200.9 nm,
in the case of width and to 33,1-185 nm, in the case of
heights, after 500 air-training cycles.

Oil-cycling cause the occurrence of secondary
martensite populations while the dimensions of primary
martensite plates were influenced, as well. The results of
numerical analysis of the 3000 representative data,
measured after oil-cycling are listed in Table 2, where the
same notations were used. A simple comparison of mean
values allows noticing that oil-cycling also contributed to
moderate diminution of martensite surface relief.
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Table 2. Descriptive data of oil-cycled specimens.
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std. 95% Confidence
Area N Mean | Devi- Std. | Interval for Mean Min | Max p
ation Error | Lower | Upper
Bound | Bound
width CuzZnAl x 0 cycles (nm)
elong. | 125 | 187.50 | 56.48 | 5.05 | 177.50 | 197.50 [95.00 330.0 1.000
compr. | 125 | 187.50 | 56.48 | 5.05 | 177.50 |197.50 [95.00| 330.0 [ ™
Total | 250 | 187.50 | 56.37 | 3.57 | 180.48 |194.52 |95.00] 330.0
height CuZnAl x 0 cycles (nm)
elong. | 125 | 167.97 | 49.11| 4.39 | 159.28 | 176.67 [90.00| 255.0 1.000
compr. | 125 | 167.97 |49.11| 4.39 | 159.28 | 176.67 [90.00| 255.0 | ™"
Total | 250 | 167.97 | 49.02| 3.10 | 161.87 |174.08 [90.00]| 255.0
width CuzZnAl x 100 cycles (nm)
elong. | 125 | 155.07 | 59.80 | 5.35 | 144.48 | 165.65 |79.00| 298.7 0.901
compr. | 125 | 154.12 | 61.43| 5.49 | 143.24 |164.99 [89.00| 309.0 |
Total | 250 | 154.59 | 60.50 | 3.83 | 147.06 | 162.13 |79.00] 309.0
height CuZnAl x 100 cycles (nm)
elong. | 125 | 119.96 [43.44| 3.89 | 112.27 |127.65[73.19 220.0 0.001
compr. | 125 | 149.23 | 57.58 | 5.15 | 139.04 |159.42 [85.00| 220.8 | ™
Total | 250 | 134.60 | 52.97 | 3.35 | 128.00 |141.20|73.19] 220.8
width CuzZnAl x 200 cycles (nm)
elong. | 125 | 123.85 | 48.92| 4.38 | 115.19 |132.51 [68.00| 250.0 0.014
compr. | 125 | 138.87 | 47.19| 4.22 | 130.51 |147.22[79.00| 270.0 |
Total | 250 | 131.36 | 48.55] 3.07 | 125.31 | 137.41|68.00| 270.0
height CuZnAl x 200 cycles (nm)
elong. | 125 | 94.38 |35.96| 3.22 | 88.01 |100.74 |55.00] 208.0 0.001
compr. | 125 | 135.06 |47.42| 4.24 | 126.66 |143.45|71.00| 1959 | ™
Total | 250 | 114.72 | 46.68| 2.95 | 108.90 |120.53 |55.00] 208.0
width CuzZnAl x 300 cycles (nm)
elong. | 125 | 100.14 |35.49| 3.17 | 93.86 |106.42 [57.01] 199.1 0.001
compr. | 125 | 123.03 | 46.61 | 4.17 | 114.77 |131.28 [68.00| 230.0 |
Total | 250 | 111.58 [42.90| 2.71 | 106.24 |116.93 [57.01] 230.0
height CuZnAl x 300 cycles (nm)
elong. | 125 | 79.60 [27.24| 244 | 74.78 | 84.42 [45.00 165.9 0.001
compr. | 125 | 119.41 |46.72| 4.18 | 111.14 |127.68|65.00| 180.0 | ™’
Total | 250 | 99.51 |43.06| 2.72 | 94.14 |104.87 [45.00| 180.0
width CuzZnAl x 400 cycles (nm)
elong. | 125 | 86.10 |39.73| 3.55 | 79.06 | 93.13 [49.00| 170.0 0.001
compr. | 125 | 109.06 | 44.41| 3.97 | 101.20 |116.92 [52.00| 200.0 [
Total | 250 | 97.58 |43.59] 2.76 | 92.15 |103.01 [49.00] 200.0
height CuZnAl x 400 cycles (nm)
elong. | 125 | 67.13 [27.02| 242 | 62.34 | 71.91 [40.00( 140.0 0.001
compr. | 125 | 101.25 |31.32| 2.80 | 95.70 |106.79 [49.00| 160.0 [
Total | 250 | 84.19 |33.83| 2.14 | 79.97 | 88.40 [40.00| 160.0
width CuzZnAl x 500 cycles (nm)
elong. | 125 | 64.37 |32.10| 2.87 | 58.68 | 70.05 [33.19| 132.7 0.001
compr. | 125 | 101.31 |32.69| 2.92 | 9552 |107.10[43.19|132.7 |~
Total | 250 | 82.84 |37.26| 2.36 | 78.20 | 87.48 |33.19]| 132.7
height CuZnAl x 500 cycles (nm)
elong. | 125 | 50.55 |20.30| 1.82 | 46.96 | 54.15 [33.10| 100.5 0.001
compr. | 125 | 8559 |32.70| 2.92 | 79.80 | 91.38 [39.10] 120.0 [
Total | 250 | 68.07 |32.34| 2.05 | 64.05 | 72.10 |33.10|120.00

Based on the data displayed in the two tables, the
continuous variation tendencies of the two different
surface relief characteristics — width and height — were
plotted, by means of spline approximation, as shown in
Figs. 5 and 6, respectively.

The symbols correspond to mean values of the data
measured for initial state and the five different numbers of
air-training cycles.

Referring to Fig.5, the refining tendency of martensite
plate widths is obvious, with increasing the number of air-
training cycles. Conversely, when comparing the data
corresponding to air-training and to oil-cycling it is
evident that the latter were lower, both for elongated and
compressed areas. Spline approximation enables to derive
a general variation tendency of martensite plate width,
which integrates the data for both loading modes and
cycling environment.

Number of cycles

Fig. 5. Continuous variation tendencies of martensite

plate widths for the mean values of elongated areas after

air- training (Wpeq) and oil-cycling (wpeo) and the same

results for compression areas (Wpca and Wpeo,

respectively). Isolated values correspond to measured

data and central solid line displays general variation
tendency of martensite plate widths.
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Fig. 6. Continuous variation tendencies of martensite

plate heights for the mean values of elongated areas after

air- training (hyea) and oil-cycling (hyeo) and the same

results for compression areas (hpnea and hpyeo,

respectively). Isolated values correspond to measured

data and central solid line displays general variation
tendency of martensite plate widths.

By means of spline interpolation, general relationships
were determined for each of the above continuous
variation tendencies of martensite plate widths and
heights, after air-training, oil-cycling, in elongated or
compressed areas [29]:

S(X) = a]- + b](x - X]) + c]-(x - x]-)z + d](x - x]-)3
where x; < x < xj,4;/=0,1,..,n—1

@)
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The values of the above coefficients corresponding to
the variation tendencies of martensite plate width and
height, illustrated in Figs. 5 and 6, both for measured
parameters (dash lines) and general tendency (solid) are
listed in Tables 3 and 4, respectively.

Table 3. Spline coefficients for martensite plate width
variation tendencies, illustrated in Fig. 5.

Environ | Load No of Spline coefficients
ment | mode | cycles x; 3 b; Cj d;
100 187.50 -0.07 0.00 0.36x10°
Elonga- 200 184.33 0.04 1.08><10'3 -1.79><10'45
tion 300 181.30 -0.28 -4.27x10° | 0.20x10"
400 130.65 -0.53 1.75x10° | -0.29x10°
Air- 500 91.96 -0.27 0.87x10° [ 0.28x10°
training 100 187.51 | -0.21x10? 0.00 -0.75x10°
Com- 200 186.55 | -2.47x10° | -0.22x10° | 1.83x10°
pres- 300 183.65 | -1.51x107 | 0.32x10° | -5.95x10°
sion 400 179.41 -0.13 -1.46x10° | 3.80x10°
500 155.66 -0.31 -0.32x10° | 1.08x10°
100 187.50 -0.33 0.00 0.1x107
Elonga- |—200 | 155.07 -0.32 0.21x10:z 1.17x10::
tion 300 123.85 -0.29 0.35><103 1.59x10 .
400 100.14 0.17 0.83x107 | -0.54x10"
Oil- 500 86.10 -0.16 -0.78x10° | 0.26x10°
cycling 100 187.50 -0.38 0.00 0.49x10°
Com- 200 154.12 -0.24 0.15x107 | -0.64x10°
pres- 300 138.87 -0.13 -0.45x10° | 0.20x10°
sion 400 123.03 -0.16 0.15x10° | 0.10x10°
500 109.06 0.11 0.43x10° | -0.14x10°
100 187.5 -0.19 0 0.19x10°
General variation 200 170.02 0.13 0.58><10‘§ 0.53x10’z
tendency 300 156.91 0.17 -o.1x10'3 o.44x10'6
400 133.31 -0.24 0.31x10’ -0.9x10"
500 110.69 0.21 0.47x10% | -0.16x10°

Table 4 Spline coefficients for martensite plate height
variation tendencies, illustrated in Fig. 6.

Environ | Load No of Spline coefficients
ment | mode | cycles x; a b; G d;
100 167.97 -0.92 0.00 0.19x10*
Elonga- 200 94.85 -0.35 i} o.57x10'_22 -0.26x10_':
tion 300 90.10 -0.21x10 -0.22x103 0.10x10
400 78.24 -0.14 0.81x10° [ -0.46x10°
Air- 500 68.12 -0.11 -0.57x10° | 0.19x10°
training 100 167.97 -0.23 0.00 0.38 x10°
Com- 200 149.07 -0.11 0.11x102 | -0.47x10°
pres- 300 144.26 -0.03 -0.29x10° | -0.13x10°
sion 400 137.12 -0.13 -0.69x10° | 0.33x10°
500 120.89 -0.16 0.30x10° [ -0.10x10°
100 167.97 -0.53 0.00 0.53
Elonga- 200 119.96 -0.37 0.16><10'§ -0.41x10'z
tion 300 94.38 -0.18 o.37x10'2 -0.07x10°
400 79.60 -0.12 0.17x102 [ -0.17x10°
Qil- 500 67.13 -0.14 -0.35x107 | 0.12x10°
cycling 100 167.97 -0.20 0.00 0.13x10°
Com- 200 149.23 -0.16 0.38x10° [ -0.18x10°
pres- 300 135.06 -0.14 -0.15x10° | -0.19x10°
sion 400 119.41 -0.18 -0.21x10° | 0.15x10°
500 101.25 -0.17 0.24x10° | -0.80x10°
100 167.97 -0.46 0 -0.73x10°
General variation 22 128.27 -0.25 i 0.21x10'§ -0.91x10:55
tendency 300 115.95 [ -0.87x10" 0.55x10'4 0.19x10"
400 103.59 -0.14 0.21x10° 0.39x10°
500 89.35 -0.14 -0.94x107 | 0.32x10°

These values allow the determination of martensite
plate profile characteristics (width and height) for any
intermediary number of air-training cycles, up to 500, for
both elongated and compressed areas, while considering
the effects of oil-cycling. In addition, the average values of
width and height corresponding to central solid lines in
Figs. 5 and 6 can be calculated.

The deviations of mean measured values of widths
and heights, with reference to the width and height values,
respectively, determined by the general variation
tendencies of these surface profile characteristics were
further calculated. Their evolution is illustrated in Fig.7.
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Fig. 7. Evolutions of the deviations of average measured

values with reference to the values determined by the

general variation tendency of martensite plates: (a)
widths and (b) heights.

In Fig. 7 the values corresponding to elongated areas
after air-training and oil-cycling are designated as ea and
eo, respectively. For compressed areas the corresponding
values were designated as ca and co.

By analysing Fig. 7, it is obvious that the values of
martensite plate profiles measured on compressed areas,
after oil-cycling, co, display the lowest deviations from
general variation tendencies. These deviations are approx.
+ 15 nm for martensite plate widths and 12-20 nm for
heights. For the rest of loading modes and cycling
environments the deviations were larger. However, they
never exceed the range -32, ... +45 nm.
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4. Summary and conclusions

A comparative structural analysis, on the effects of the
number of training cycles, loading mode and environment
on the surface relief profile of martensite plates, was
performed by means of AFM investigations, comprising
the study of 2D and 3D representative profiles. The
qualitative evaluation depicted that martensites plates were
refined with increasing the number of training cycles and
after oil-cycling, mostly as an effect of the occurrence of
secondary martensite population of plates.

From the point of view of the numerical method,
spline interpolation was preferred, taking into account
(among other things) the qualitative aspects concerning the
interpolation error. As it is well known, this error can be
small even when using a spline of a lower degree. Spline
interpolation enabled to develop two relationships for the
general variation tendencies of martensite plate widths and
heights, with increasing the number of training cycles up
to 500.
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