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ABSTRACT

The Ni-Mn-Ga magnetic shape memory alloy belongs
among the most intensively studied material systems nowa-
days. A particular attention is dedicated to the modulated
structures of Ni-Mn-Ga, as these structures exhibit ex-
tremely high mobility of twin boundaries. According to
the adaptive concept of martensite, the modulated phase
can be represented by a laminate of basic units of non-
modulated martensite (NM), and so the elastic properties
of modulated structures are supposed to be predictable
from NM coefficients. A remarkable influence of Co- and
Cu- doping on magnetic and mechanical properties of NM
martensite has been reported, and the Co- and Cu- doped
alloys are supposed to be the first step to designing new
high-temperature magnetic SMAs with wider operating
temperature interval. This work will present the room tem-
perature elastic coefficients of tetragonal NM martensites
of pure and Co and Cu doped Ni-Mn-Ga alloys determined
using ultrasonic methods. The complete tensor of elastic
coefficients was obtained from resonant ultrasound spec-
troscopy RUS measurement complemented by pulse-echo
longitudinal waves velocities (measured in the directions
perpendicular to the sample faces).
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INTRODUCTION

The remarkable influence of Co- and Cu- doping on
magnetic and mechanical properties of NM martensite has
been reported in [Sozinov, 2017]. With these additions,
NM martensite exhibits highly mobile twin boundaries
comparable with those in 10 M martensite. According to
[Sozinov, 2017], Co nad Cu additives in NiMMnGaCoCu
alloy even decreased the twinning stress of compound twin
boundaries in NM martensite from about 20 MPa, measured
in Ni-Mn-Ga at ambient temperature, to the level of 1
MPa. In this work, the full elasticity of both non-modulated

NiMnGa and NiMnGaCoCu martensite are described and
compared with ab-initio predictions.

EXPERIMENT
NiMnGaCoCu alloy with 4% of Cu and Co dopants was
examined. This alloy has a tetragonal crystal structure with
the c/a ratio equal to 1.14 (i.e. significantly lower than
for pure Ni-Mn-Ga NM, where c/a=1.21). The design of
the used specimens (plate-like rectangular parallelpipeds)
allowed switching between two different tetragonal c-
axis orientations, which significantly improved the accu-
racy and reliability of the resulting elastic constants. The
elastic constants of the sample were determined at room
temperature by Resonant Ultrasound Spectroscopy (RUS)
complemented by pulse-echo ultrasonic measurements of
longitudinal waves velocity in directions perpendicular to
the sample faces. This combination of RUS and pulse-
echo measurements enables reliable determination of all
independent elastic coefficients for an anisotropic material
of any symmetry class [Sedlak, 2014]. The RUS method is
based on measurements of resonant spectra of free elastic
vibrations of the sample; the elastic constants themselves
are then obtained by solving an inverse problem, i.e.
by minimizing the misfit between the measured resonant
frequencies and the resonant frequencies of the same vibra-
tional modes calculated for iteratively refined guesses of the
elastic constants. The pulse-echo results allow to minimize
the misfit between the measured and calculated values of
phase velocity of longitudinal waves in given directions,
and thus increase the accuracy of the determined elastic
coefficients. The experiments were done in zero external
magnetic field.

RESULTS
The examined NiMnGaCoCu alloy exhibits tetragonal elas-
tic anisotropy which is fully described by six independent
elastic constants. These constants are c11, c12, c13, c33, c44
and c66, according to Voigt’s notation. The resulting elastic
constants are listed in Table 1 and compared with ab-initio
predictions for NM NiMnGa martensite [Sedlak, 2017].



NM NiMnGaCoCu NM NiMnGa Ab-initio
NM NiMnGa

c11[GPa] 184.2 197.8 249
c12[GPa] 102.9 60.9 71
c13[GPa 146 143.5 141
c33[GPa] 158.6 189.1 193
c44[GPa] 111 106.2 101
c66[GPa] 96.6 49.7 56

Table I: Tetragonal elastic constants of both non-modulated
NiMnGaCoCu and NiMnGa martensites; experimental re-
sults are compared with theoretical predictions by ab-initio
methods [Sedlak, 2017].

Ab-initio prediction of elastic constants for NM NiMnGa-
CoCu for different Co- Cu- concentrations as well as cor-
responding experimental data will be presented elsewhere.
The first ab-initio study of properties of Co- and Cu- doped
Ni-Mn-Ga alloys is presented in [Zeleny, 2015].

The strong influence of the Co and Cu additives on the
elasticity of the material is clearly seen from phase ve-
locity surfaces of quasi-transversal (qT1, qT2) and quasi-
longitudinal waves (qL), see Figure 1. The material symetry
of both non-modulates martensites remains tetragonal but
the doping decreases the elastic anisotropy as well as c/a
ratio. Therefore the elasticity of measured NiMnGaCoCu
seems to be closer to the cubic elasticity of NiMnGa
austenite, including rotation of soft shearing planes.

Figure 1: Phase velocity surfaces of qT1, qT2 and qL for
NM NiMnGa martensite, NM NiMnGaCoCu martensite and
NiMnGa austenite.

CONCLUSION
The complete set of the room temperature elastic coeffi-
cients of tetragonal NM martensites of pure and Co- Cu-
doped Ni-Mn-Ga alloys was determined using ultrasonic
methods. It was observed that the Co and Cu additives
have a significant influence on the elasticity. The material
remains non-modulated and tetragonal, but the doping
effectively decreases the elastic anisotropy. Even more
importantly, the orientation of soft shearing planes changes
with the doping. This evolution of elasticity with Co and Cu
additions is currently intensively studied and seems to offer
promissnig results including agreement with preliminary
predictions of ab-initio calculations.
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