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Abstract—We have performed experimental and theoretical investigation of the anomalous form of the com-
pression diagrams and shape memory restoration curves in NiygFe 3Ga,;Cog alloy crystals deformed by uni-
axial compression along the [011] 4 crystallographic direction (4-austenite) in the temperature range of 200—
350 K. It is found that in the investigated temperature range, all compression diagrams contain anomalous
segments of smooth and sharp decrease in deforming stresses. It is shown that the segments of a smooth
decrease in stress are associated with peculiarities in martensite reaction L1, — 14M, while segments of a
sharp drop are due to instability of martensite reactions 14M — L1, and L1, — L1,,. A possible source of reac-
tion instability is associated with interfacial stresses at the interfaces between the martensite and austenite
phases (lamellas) due to different elastic moduli of contacting phases. The magnitude of these stresses is sig-
nificant in the case of 14M — L1, and L1, — L1, transformations, which induces a sharp drop of the deform-
ing stress, while the restoration of the shape memory effect is of a burst nature. It is established that the con-
tribution of interfacial stresses to the free energy of martensite transformation is smaller than the dissipative
(entropy) contribution to this energy; however, interfacial stresses higher than a certain threshold strongly
affect transformation kinetics and, hence, determine the strongly anomalous shape of pseudoelastic defor-

mation curves and burst restoration of the shape memory effect.

DOI: 10.1134/S1063784219060124

INTRODUCTION

After the discovery of the magnetic shape memory
effect in ferromagnetic Ni,MnGa alloy [1], alloys of
this type have invariably attracted attention of
researchers [2—4]. These materials induced interest
not only as objects of fundamental theoretical
research, but also as promising materials for con-
structing high-speed technical devices based on the
magnetic shape memory effect. Recent experiments
on deforming the multicomponent NiyFe ;Ga,;Coq
alloy have revealed several new phenomena that have
not been the focus of researchers’ interest so far [5—8].
We are speaking of the anomalous shape of pseu-
doelastic deformation curves of these alloy crystals
under uniaxial compression along the [011] , crystallo-
graphic axis. It was found in [5] that pseudoelastic
stress—strain curves for this alloy contain two signifi-
cant segments of deforming stress decay, viz., a
smooth (almost from the beginning of straining)
decrease and a sharp drop at the end of the compres-
sion diagram. Since compression diagrams of a Ni—
Fe—Ga—Co crystal compressed in the direction of the
[001] 4 axis usually have the shape of monotonically

ascending curves [5, 6], the presence of anomalous
stress decays under its compression along the [011]
axis indicates anisotropy in deformation properties of
the crystal. It should be noted above all that such
anomalies on stress—strain diagrams were also
observed for other crystals with the shape memory
effect (SME). Such anomalies were detected, for
example, during the compression of Cu—Al—Ni alloy
single crystals along the [001] direction [9—11]. The
recovery of this deformation under reverse martensite
transformation also occurs unusually in the ultrasonic
temperature interval (~1073 K) [5, 6, 12].

This is manifested visually in the fact that a crystal
resting on a solid support and heated at a constant rate
jumps above the support due to its response to a height
of about 20 m at a velocity of separation of the crystal
from the support exceeding 20 m/s. However, the rate
of shape restoration of the crystal deformed in the
direction of the [001], axis does not exceed 20 wm/s
and develops in the temperature interval of about 4 K.
Analysis based on preset partial shape memory strains
shows [12] that the burst restoration of shape memory
in alloy crystals is associated with the second (sharp)
decrease of stress on the compression diagram of this

819



820

crystal deformed along the [011] , axis. These peculiar-
ities of NiyFe 3Ga,;Cog alloy crystals were considered
in[7, 8].

The available data on deformation by compression
of the Nis,Fe yGa,; alloy with close composition show
[13, 14] that the stress—strain diagram for compression
in the [011], direction has a normal form. Diagrams
for compression of ternary and four-component alloys
along the [001], axis behave analogously, i.e., have a
form typical of 6—e diagrams with smoothly increas-
ing deforming stress ¢ [5, 6, 14]. It was proposed in [7]
that the emergence of two stress decay segments on the
pseudoelastic deformation curve for a Ni—Fe—Ga—
Co alloy compressed along the [011], axis and the
burst-like form of shape memory strain restoration in
this alloy are due to the fact that the presence of 6 at %
Co in the alloy leads to a strong increase in the inter-
facial stress level and induces instability of the follow-
ing martensite transformations: fcc austenite L2, —
modulated (twinned) 14M martensite — tetragonal
L1, martensite.

This article is aimed at detailed analysis of anoma-
lies on pseudoelastic deformation curves and subse-
quent high-speed (burst) restoration of the shape
memory strain in NigFe ;Ga,,Cog crystals in the tem-
perature range from 200 to 350 K. These effects have
not been studied so far in such a wide temperature
interval, and the level of interfacial stresses in this alloy
and its influence on the kinetics and deformation
energy parameters of the alloy have not been deter-
mined experimentally. The theoretical foundation of
analysis of the observed strain anomalies is the theory
of diffuse martensitic transformations [15, 16].

1. EXPERIMENTAL

Samples of NiyFe 3Ga,;Cog crystals 4 X 4 X 9 mm
in size with [011] orientation in the austenite phase
were cut on an electrospark discharge machine, held at
a temperature of 1423 K for 1 h in evacuated quartz
ampoules, and quenched in water. The phase state of
initial quenched crystals was determined using a Met-
tler-DSCR822¢ differential calorimeter at a tempera-
ture scanning rate of 10 K/min.

The crystal was compressed in an Istron 1342 test-
ing machine at a strain rate of 5 x 10~* s~ ! at eight dif-
ferent temperatures in the range 200—350 K. After
unloading, crystals were placed into a special setup for
measuring the rate of shape memory strain restoration
[17, 18], in which samples were heated at a constant
rate of 1-2 K/min. Shape restoration rate V of the
crystal in the range 107°—10~* m/s was determined
using a laser interferometer. At high rates, video
recording was used for estimating the temperature at
which crystal shape restoration becomes unstable
(burst-like), and the crystal leaps up above the support
due to its response. To match the velocity of crystal
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separation from the support with temporal and spatial
resolution limits of the video camera, the sample being
heated was loaded by an additional weight with a mass
of 690 g. The velocity of crystal separation from the
support was calculated from the results of video
recording that fixed the maximal lifting height H of the

sample with a load. Velocity V; of separation of the
sample—weight system was determined from its maxi-

mal lift height as V; = (2gH)'/?. The velocity of the
sample without a load was calculated by formula V;, =

(1 + M/m)'?V;, where m = 1.0 g is the crystal mass
and M is the mass of extra weight. In calculating V;, we
assumed that the entire volume of the crystal is
involved in burst-like martensitic transformation.

1. 1. Compression Diagrams

Figure 1 shows the diagrams of compression of
NigFe 3Ga,;Cog alloy crystals in the direction of the
[011], axis at eight temperatures from the interval
200—350 K. Their peculiarity lies in two descending
segments of deforming stress, one smooth in a strain
interval of 2—4% and another sharp in the strain inter-
val of 4—6%, as well as a segment of elastic increase of
stress between these segments. As noted above, the
compression diagrams of this alloy crystal in the [001] 4
direction have a conventional shape (increase mono-
tonically with strain) and are of a one-stage form [5, 6].
In the absence of Co, compression diagrams of ternary
alloy NissFe3Ga,; in the [001] and [011] directions
also have a conventional (ascending) form according
to [13, 14]. These diagrams have one stage for straining
along the [001] direction and two stages for compres-
sion along the [011] axis.

The two-stage nature of direct and reverse marten-
sitic transformations in the NiyFe ;Ga,;Cog alloy also
follows from the calorimetric data shown in Fig. 2.
Relatively broad peak M, recorded under cooling can
be identified as the L2; — 14M transformation, while
narrower peak M, can be attributed to the 14M — L1,
transformation, where 14M is twinned and LI, is
untwinned tetragonal martensite. During heating, the
reverse sequence of transformations is observed. The
final result is the transformation of tetragonal marten-
site into fcc austenite. The values of heat ¢ and tem-
peratures of direct (M; /) and reverse (4, ,) transfor-
mations, as well as characteristic temperatures 7, cor-
responding to peaks on the curves for heat release and
absorption in the crystal during phase transformations
are given in Table 1. The total heat of two-stage mar-
tensitic transformation is 4.69 J/g for cooling and
4.56 J /g for heating, which indicates a high reversibil-
ity of the given martensitic transformation.

For analyzing the experimental diagrams in Fig. 1,
we chose the following characteristic parameters of
0—¢ curves, which are shown schematically in Fig. 3:
Vol. 64 No. 6
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Fig. 1. Diagram of compression of NiygFe 3Ga,;Cog alloy single crystals in the direction of the [011] 4 crystallographic axis at
temperatures 213—337 K.
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Fig. 2. Calorimetric curves for NisgFe 3Ga,;Coq alloy
crystals for direct and reverse martensitic transformations.

local maxima 6,and minima G; of stresses, strains €; on
the characteristic segment of stress decay €;, and elas-
tic moduli ;. Figure 4 shows the dependence of these
moduli on characteristic segments of the diagram on
temperature 7, of crystal compression. Modulus £ in
the temperature interval up to about 295 J has an aver-
age value of about 3.2 GPa and corresponds to
homogenization of variants of martensite 14M, and
above 295 K, it corresponds to elastic modulus E\ 4 =
6 GPa of its homogenized variant. Modulus F, (filled
triangles) at temperatures above 295 K also tends to
this value. Elastic modulus E; for unloading (filled
squares) characterizes the elasticity of tetragonal L1,

martensite, £y, =~ 14 GPa, and is almost independent
of the temperature of crystal compression. Figure 4
also shows the dependences of strains €; and &, corre-
sponding to the first and second stages of pseudoelas-
tic deformation of the alloy, as well as its strain €; =
6.2% during unloading, on temperature 7. It can be
seen that strain €; is almost independent of the com-
pression temperature, while the strain at the first stage
(filled circles) increases with temperature. At tem-

Table 1. Parameters of martensitic transformations in
NiygFe 3Ga,;Coq alloy according to differential scanning
calorimetry data

Parameters L2, - 14M 14M — LI,
q,3/q 3.02%/—=2.59** 1.67*/—1.97**
T.K 307*/312%* 268*/284**
M, K 322 278
Mg K 299 262
A, K 309 277
A, K 336 293

* Corresponds to cooling and ** to heating.
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Fig. 3. Diagram for calculating elastic moduli £, ultimate

stresses 6, and o}, and strains €; of the 6—¢ diagrams
shown in Fig. 1.

peratures higher than 295 K, the strain approaches a
value of about 4%, while the strain at the second stage
(triangles), conversely, decreases from this value and
tends to about 2%.

Figure 5 shows the temperature dependences of
stresses 0, and G, corresponding to maximal stresses at
the first (filled circles) and second (triangles) stages of
compression diagrams in Fig. 1. These dependences
are weak up to a temperature of 295 K and become
substantially stronger above this temperature. For
stress ©;, the slope of dashed curve I corresponds to
Clausius—Clapeyron coefficient do/dT = 4 MPa/K,
while for stress ©,, it corresponds to coefficient
3.3 MPa/K. According to [14], coefficient 4 MPa/K
for ternary alloy Nis,Fe,yGa,; corresponds to the reac-
tion of formation of 14M martensite under compres-
sion of samples of this alloy along the [011] axis at tem-
peratures above 295 K, while coefficient 2.6 MPa/K at
temperatures above 317 K corresponds to martensitic
reaction L2, — LI, (i.e., to the direct transformation
of austenite into tetragonal martensite). In the case of
the NiyFe 3Ga,;Cog alloy, this coefficient (dot-and-
dash curve 2) has a higher value of 3.3 MPa/K.

If we assume that the stress drops on pseudoelastic
deformation curves in Fig. 1 are due to relaxation of
interfacial stresses [7], the values of these stresses can
be estimated in the first approximation as difference of

stresses 0, — o, and G, — O, at the first and second
stages of pseudoelastic deformation curves, respec-
tively (see diagram in Fig. 3). The dependence of these
differences on crystal compression temperature of the
crystal is shown in Fig. 6. It can be seen that these dif-
ferences are relatively small up to 295 K. Above this
temperature, the differences strongly increase and are
stabilized at a level of about 90 MPa at temperatures
above 317 K. According to [14], temperatures of 295
and 317 K correspond to the beginning of twinning of
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Fig. 4. Dependences of elastic moduli £y, E5, and E3 and
strains €, €,, and €5 on three segments of the 6—¢ diagram
on temperature 7, of compression deformation of crystals.

L1, martensite and direct transformation of austenite
into L1, martensite in crystals of a Ni—Fe—Ga alloy
under its compression in the [110] , direction. The low
level of interfacial stresses up to 295 K is obviously due
to low values for the L2, — 14M transformation. At
temperatures above 295 K, L1, martensite becomes
heterophase as a result of twinning, which elevates the
level of interfacial stresses in it. For direct transforma-
tion of austenite into L1, martensite, interfacial stresses
attain their maximal values beginning from 317 K.

It would also be interesting to analyze the energy
parameters of these transformations upon an increase
in the crystal compression temperature. Figure 7
shows the results of integration over strain € (see Fig. 1) of
the entire compression diagram (A4;) and its first (4,)
and second (A4,) stages separately. The results of inte-
gration are given in joules per gram. It can be seen that
up to a straining temperature of 295 K, the work done
for deforming the alloy is almost independent of the
compression temperature, while above 295 K, it rap-
idly increases with this temperature. Straight lines /—
3 in Fig. 7 above 295 K have slopes of 2.6, 2.33, and
4.6 J/g, respectively. These values should be compared
with the values of energy ¢ in Table 1, which were
obtained from the processing of the calorimetric data
for this alloy. The value of energy (enthalpy) of com-
plete L2, — 14M — L1, martensitic transformation
under a stress of 4.6 J/g agrees with total specific
energy g4 = qu, + qy, = 4.56—4.69 J/g of direct and
reverse transformations (see Table 1). Temperatures of
277 and 283/284 K (extrapolation of the dotted line to
the temperature axis) correspond to the characteristic
temperatures of direct and reverse 14M — L1, trans-
formations given in Table 1. Regarding 4, and 4, spent
for formation of 14M martensite in the temperature
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range up to 295 K, the averaged value of these quanti-
ties is 0.19 J/g.

1.2. Burst Restoration of Crystal Shape

The experiments on preset shape memory strains
at room temperature show [12] that the effect of
burst realization of shape memory deformation in
NigFe 3Ga,;Cog crystals deformed by compression in
the direction of the [011], axis is observed only after
setting strains corresponding to the second decay of
stress on pseudoelastic deformation curves. Figure 8
shows the dependence of initial velocity V;, of elevation
of a crystal above the support from temperature 7, at
which burst restoration of the shape memory strain
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Fig. 6. Dependences of the difference in the stresses corre-
sponding to the maxima and minima on the compression
curves for the crystals on temperature 7; of compression
deformation in accordance with the diagram in Fig. 3
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Fig. 7. Dependences of the work for compression of
NiggFe 3Ga,;Cog alloy crystals at the first (4;) and second
(4,) stages of the pseudoelastic deformation curves and
their sum on temperature 7, of compression deformation
of crystals.

occurred upon heating. The sample was deformed up
to three values of particle shape memory strain indi-
cated in Fig. 8. At partial strains (smaller than 4.8%),
the motion of the sample during the bounce from the
support was not manifested clearly, its jitter on the
support was observed, which was associated with
sequential small steps of shape memory strain resto-
ration.

In this study, the effect of burst restoration of shape
memory deformation in NigFe 3Ga,,Cog crystals is
studied in a wide range of temperatures 7 of prelimi-
nary compression of a crystal. Figure 9 shows the
dependence of the velocity of detachment of a crystal
from a solid support on the compression temperature.
It can be seen from the data in Fig. 9 that burst-like
restoration of the crystal shape was observed at all
investigated temperatures. Up to 295 K, the velocity of
detachment was almost independent of temperature
T, (line 1), while above this temperature, this velocity
noticeably increases with temperature (line 2).

2. DISCUSSION OF RESULTS

The above results of experiments on compression
of NigFe 3Ga,;Coq alloy crystals along the [011] ; axis
and burst recovery of shape memory strain in them
indicate a peculiar evolution of martensitic transfor-
mations in the crystals in question. It was proposed in
[7] that the reason for the peculiar shape of pseudode-
formation curves for the alloy doped with 6 at % Co
are interfacial stresses. Their magnitude depends to a
considerable extent on crystal orientation relative to its
compression axis as well as on the form of martensitic
reaction. Interfacial stresses are higher for martensitic
reactions 14M — L1, and L2, — L1, and are notice-
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Fig. 8. Parametric dependences of the relative velocity of
crystal detachment from the support in temperature inter-
val 270—330 K for three values of relative interfacial
stresses a = 6,/G,,: a = 0 (1), 0.17 (2), and 0.4 (3). The
scale of relative velocities of detachment of the crystal from
the support for lines 7 and 2 is magnified tenfold.

ably lower for the L2, — 14M reaction; twinning
appreciably reduces the value of these stresses in 14M
martensite.

Available data on the effect of concentrations of Co
atoms exceeding 3 at % on parameters of martensitic
transformations in Ni—Fe—Ga—Co alloy crystals can
be described as follows. An increase in the cobalt con-
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Fig. 9. Dependence of the initial velocity of detachment of
the NiggFe3Gay;Cog alloy crystal from the support on
temperature 7T}, of the burst-like martensitic transforma-
tion for three values of compressive strain indicated in Fig. 8,
corresponding to the second stage of the pseudoelastic
deformation curve for the alloy at 7;; = 293 K.
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centration in the alloy by substitution of Ni or Fe
atoms induces a shift in martensitic transformation
temperatures towards their increase [4] and also
increases the Curie temperature and magnetic anisot-
ropy of the alloy [2]. It has been established that cobalt
also leads to deformation anisotropy under compres-
sion of NiyFe 3Ga,;Cog crystals along the [001]
and [011] axes [5], which is not observed for the
Nis,Fe ¢Ga,; alloy [13, 14]. According to [2—4], Co
atoms induce an increase in the lattice tetragonality,
which is accompanied by additional structural defor-
mations and, hence, with the emergence of interfacial
stresses in the alloy.

According to the theory of diffuse martensitic
transformations (DMTs), relative crystal volume @y
occupied by martensite with temperature 7 and stress
o in the one-stage martensitic transformation is
given by
_ 1

1+exp(AU/KT)
where AU = wAu is the change in the free energy of the
alloy due to the formation of a new phase nucleus of

volume o in it, Au is the volume density of free energy
of the phase transition,

(1a)

Onm

Au=qt=te ¢ ciw,, (1b)

c
where q is the heat of transition, €,, is the lattice strain
in its structural rearrangement, 7, is the characteristic
temperature of transformation, k is the Boltzmann
constant, W, = ¢,ey(0y) is the elastic energy associ-
ated with phase transition,

Em(Pm) = €,0m(1 — Oy), (Ic)

where €,, are interfacial strains, o, is the interfacial
stress, and €, is the strain of the martensitic transfor-
mation. Equations (1a)—(1c) describe the equilibrium
of austenite and martensite phases in a crystal depend-
ing on temperature, stress, and interfacial stresses.
Equation (1c¢) implies that in one-phase states, where
¢y = 0 (austenite) and @y = 1 (martensite), interfacial
strains and interfacial energy

Wa(Py) = 6.8, 0m1 — @) ()

vanish, while for @y, = 1/2, these quantities attain their
maximal values. The value of interfacial stresses G,
depends on the assumption concerning their sources.
This can be the difference between the elastic moduli
of austenite and martensite phases in form 6, = (Ey; —
E))e,, [12] or the difference in elastic energies of the
phases, W, = [(Ey — EA)/2EyEA]02, where © is the
stress applied to the crystal. In the former case, it is
assumed that interfacial stresses exist even in the
absence of an external stress applied to the crystal; in
the latter case, it is assumed that these stresses are gen-
erated by it. Here, we consider only the former
assumption.
TECHNICAL PHYSICS  Vol. 64

No.6 2019

825

Substituting Eq. (2) into (1b) and (1b) into (1a) and
solving the latter equation for stress ¢, we obtain its
dependence on temperature, interfacial stresses, and
martensitic strain € = €,,Qy; of a crystal:

T-T,
0=0, c_g L& | kT, &/, . (3a)
T, €, e,) og \l-g/g,

where 6,, = g/¢,,and a = 6,/G,,. Equation (3a) implies
that for a certain value of parameter a, which deter-
mines the relative value of interfacial stresses G,, mar-
tensite strain-hardening coefficient 6 = do/de, which
is given by

(3b)

o=|£L 1 —o,(-2¢/e,)
we,, ) —¢/g,)e/eE,

may become negative, which means that a segment
with decreasing stress appears on the compression
diagram.

Work A done by the external force for compressing
a crystal from zero to ultimate martensite strain €,, is
given (in accordance with relation (3a)) by

r-r._ 8(588,,,. 4)
It contains two parts, dissipative and elastic, which is
associated with interfacial stresses ©,. In accordance
with Eq. (4), interfacial stresses reduce the work done
on deforming a crystal by 4, = ¢,¢,,/6. The dissipative
part of the study is independent of crystal orientation
and is determined by the temperature and heat of the
martensitic transformation per unit mass of the crys-
tal. According to results shown in Fig. 7, the interfacial
stress in the studied crystal at 288 K amount to
approximately 30 MPa, while the martensitic transfor-
mation strain is €,, = €, = 2% (see Fig. 4). Substituting
these values into relation 4, = G,€,,/6 and considering
that in this alloy the specific density of about 9 X
106 g/m? is equivalent to 9 J/m?® (i.e., 9 MPa), we
obtain an estimate on the order of 0.01 J/g for contri-
bution A, of interfacial stresses to the total work of
compression of a crystal of the given alloy. According
to the results depicted in Fig. 7, the work done for
sample compression at room temperature is 4, = 0.2 J /g,
i.e., is an order of magnitude higher. The absence of an
appreciable effect of interfacial stresses on the energy
parameters of martensite deformation indicates that
interfacial stresses mainly affect kinetics of martensitic
transformation, as a result of which segments of an
anomalous drop of the deforming stress are observed
on compression diagrams of crystals with the shape
memory effect (see Fig. 1).

This also follows from the anomalous burst-like
form of the restoration of crystal shape upon its heat-
ing after compression. During heating, the height of a
compression-deformed crystal resting on a solid sup-
port increases in accordance with relation 2 = (1 —

&,
AT, G,) = IGdE:qT 1
0

c
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Fig. 10. Dependences of the velocity of detachment of the
crystal from the support on temperature 7 of compression
deformation of crystals for total shape memory strain. Cir-
cles correspond to experiment and curves / and 2 are cal-
culated theoretically.

€,,On)h, upon a transformation of martensite into aus-
tenite, where 4, is the initial height prior to deforma-
tion. The rate of shape recovery of the crystal heated at

constant rate 7',

V =dh/dt = hyd(e,,Q)dt = he, Tdey/dT, (5a)
is determined by the rate of martensitic transformation
Td(pM/d T. Differentiating relation (1a) with respect to
temperature at ¢ = 0 and considering the interfacial

stresses, we obtain the temperature dependence of the
shape (height) recovery rate for a crystal:

Oy — ) —
1- agxp(l —9)(1 -20) (5b)
v, = Ot g
4T,

c

where ® = wg/kT, a®d = 6,¢,0/k1,, V,,= 20 um/s is the
maximal rate of crystal shape restoration for ¢ = 1/2
and a stable form of transformation [5] (i.e., in the
absence of interfacial stresses, a = 0). The curves in
Fig. 10 demonstrate temperature dependences of rela-
tive rate V(@)/V,, of crystal shape restoration,

nw=n®+mm—@—%mﬂiﬂ} ()
o \U-0

for three values of parameter a = 6,/G,,: a =0 (1), 0.17
(2),and 0.4 (3) at T, = 295 K and ® = 60. In accor-
dance with relation (3), temperature is parametrically
connected with relation (5b) for ¢ = 0 in terms of ¢. In
the absence of interfacial stresses, the denominator of
formula (5b) is independent of temperature 7(Q).
When parameter a = 0.17, it vanishes at temperature
310 K, and the crystal shape restoration rate turns to
infinity (curve 2 in Fig. 10). This means that the mar-
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tensitic transformation loses stability at temperature
310 K. For values of parameter a higher than 0.17,
instability is manifested at a higher temperature (curve
3 in Fig. 10). With increasing temperature T, =
() of martensitic transformation stability loss, the
velocity of crystal detachment from the support
increases (see Fig. 8).

The results shown in Fig. 7 (curves I, 2) show that
the work of compression of a crystal of mass 1.0 g at
room temperature is W= 0.2 J. Assuming that in the
case of reverse martensitic transformation this stored

energy is converted into kinetic energy (1 /2)mV02 of
the crystal leap during its detachment from the sup-
port, we obtain estimate V, = 2W/m)'/? = (24)'/? for
the initial velocity of the leap, where A is the energy per
unit mass of the crystal. Considering further that 1 J/g
is equivalent to 103 m?/s?, energy A = 0.2 J/g is suffi-
cient for imparting an initial velocity of 20 m/s to a

crystal and to raise it to height H= VO2 /2g=A/g=20m,
where g is the acceleration due to gravity. Curve / in
Fig. 9 demonstrates the calculated dependence of
velocity V;, on temperature 7, of crystal compression
not higher than 295 K in the case when energy A,
according to the results shown in Fig. 7, is almost
independent of the temperature of crystal compres-
sion. Curve 2 in Fig. 9 demonstrates the dependence
of velocity V, = (24,(T,))"/? for energy A, approxi-
mated by equation 4,(7) = 2.33(7,/284 — 1) (curve 2
in Fig. 7).

CONCLUSIONS

Analysis of the role of interfacial stresses in
the emergence of anomalies on pseudoelastic defor-
mation curves and shape memory strain recovery in
NiyFe sGa,;,Coq alloy crystals leads to the following
conclusions.

1. Such anomalies are observed in a wide tempera-
ture range in the emergence of noticeable decrease in
stresses on the pseudoelastic deformation curves fol-
lowed by burst-like restoration of the shape memory
strain in these alloy crystals compressed along the
[011] 4 axis.

2. The most probable reason for these anomalies is
interfacial stresses emerging due to the difference in
elastic moduli of the martensite and austenite phases.

3. The interfacial stresses are relatively small for the
L2, — 14M martensitic transformation and large for
14M — L1, and L2, — L1, transformations.

4. Interfacial stresses do not significantly affect the
energy parameters of martensitic transformations, but
strongly influence their kinetics. As a result, martensi-
tic transformations become unstable, which deter-
mines the anomalous shape of pseudoelastic deforma-
tion curves and the burst-like restoration of the shape
memory strain.
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