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The paper describes an automated setup for measurement of magnetostrictive strain in ferromagnetic
plates and films. The setup uses standard foil strain-gauges and allows the strain measurement in the
range 1–2000 ppm at magnetic field up to 2 kOe. Temperature of the sample under test is stabilized with
0.05oС accuracy and can be varied from 10oС to 80oС. The sample can be rotated, settling the angle
between its axis and magnetic field direction in the range 0o − 90oC. The setup was used to measure
magnetostriction vs. magnetic field dependences for metglas, nickel, and permendur plates. The magne-
tostriction over field derivatives were calculated, which are important for study of magnetoelectric effect
in composite structures.
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Introduction

Magnetostriction is a property of ferromagnetic materials that results in changes in their
shape or dimensions during the process of magnetization [1]. The magnetostriction arises due
to anisotropic interaction between magnetic atoms and crystalline electric field. Investigation of
magnetostriction plays important role in the research of new magnetic materials and mechanisms
of their magnetization.

The magnetostriction is observed in a large number of magnetic materials and is characterized
by a relative elongation of the sample λ = ∆l/l, where l is the length of the sample. The most
common magnetostrictive materials are Ni, Fe, Co, NiFe, FePt, FeCo, and other alloys. The
magnetostriction coefficient for these materials is in the range λ ∼ (10− 100)× 10−6. Extremely
high magnetostriction up λ ∼ 10−3 was observed in rare-earth metals and their alloys, such as
Tb, Dy, TbFe2, DyFe2, Tb3Fe5O12, and the others [2]. At present the magnetostriction is used in
various devices such as acoustic emitters and receivers, filters, frequency stabilizers, delay lines,
microactuators etc. [3].

The magnetostriction gives rise to magnetoelectric (ME) effect in composite structures con-
taining ferromagnetic and piezoelectric layers [4]. The ME effect in such structures is due to
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combination of magnetostriction of the ferromagnetic layer and piezoelectric effect in the piezo-
electric layer and results in generation of electrical voltage across the sample in external magnetic
field. It was shown, both theoretically and experimentally, that efficiency of ME interaction is
determined by the magnetostriction coefficient, saturation magnetic field of the ferromagnetic
layer, and is proportional to the piezomagnetic coefficient q(1) = dλ/dH. The ME effect is used
to design ultrasensitive dc and ac magnetic field sensors, energy harvesting devices, new types
of magnetic memory, tunable microwave devices, and other solid-state devices which have to
operate in a wide range of magnetic fields and temperatures [5].

It follows, that study of magnetostriction vs. magnetic field dependences for ferromagnetic
materials is of great scientific and practical interest. However, there were no commercially avail-
able installations allowing fast and accurate measurements of magnetostriction until now. This
paper describes an automated setup which allows precise measurement of magnetostriction of
ferromagnetic plates and ribbons for various direction of magnetic field at different temperatures.
Capabilities of the installation were demonstrated by measuring the magnetic field, angular, and
temperature dependences of magnetostriction of metglas, nickel, and permendur samples.

1. Experimental set-up

A block-diagram of the installation and its appearance are shown in Fig. 1. The installation
consists of a magnetic system, control module, computer, and power supply. The strain gauge
method was used to measure the magnetic field induced strain. A metal-film strain gauge was
bonded on the sample with fast dry epoxy glue and connected into the bridge. The change of
the sample size under magnetic field resulted in a change of the strain gauge resistance. The
bridge misbalance voltage, which is proportional to the field induced deformation, was registered.
A LabView based program was used to control the measurement and for data processing.

Fig. 1. Block-scheme and photo of the set up

The installation allowed measurements of magnetostriction of magnetic plates and ribbons
with in-plane dimensions up to ∼ 2 cm and thickness from ∼ 20 µm to 1 mm. The dc field H up to
2 kOe could be directed in arbitrary direction with respect to the strain gauge axis by rotating
the sample. A thermoelectric module was used to set and maintain the sample temperature
with accuracy of ∼ 0.05oC in order to minimize temperature-induced voltage and to measure
temperature dependences of magnetostriction in the range of 10o−80oC. The installation allowed
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measurements of magnetostriction in the range of λ ≈ (1 − 2000) × 10−6 with accuracy better
than δλ ∼ 1× 10−6. Power consumption of the installation was under 300 W.

2. Experimental results

The measurements have been carried out for three samples: the metglas ribbon 2605S3A
(FeBSiC), Ni plate, and permendur plate (Fe0.49Co0.49V0.02) with dimensions of 20 × 10 ×
0.02 mm3, 20 × 10 × 0.2 mm3, and 20 × 10 × 0.4 mm3, respectively. The sample was placed
between the poles of electromagnet so that the H field was directed in the plane of the sample.
The angle between the long side of the sample (strain gauge axis) and H field direction was
varied in the range of ϕ = 0− 90o by rotating the sample.

Fig. 2 shows measured dependences λ(H) for all three materials for the field H applied parallel
to the long side of the sample. It is seen that permendur demonstrates the highest saturation
magnetostriction λs = 85 × 10−6. Values for Ni λs = −30 × 10−6 metglas λs = 24 × 10−6 are
almost equal and differ only by the sign, which is in agreement with the literature data. The
Fig. 2 also shows that metglas has the smallest saturation field HS ∼ 40 Oe, nickel has the
intermediate field HS ∼ 600 Oe, and permendur posses the highest field HS ∼ 1.5 kOe.

Further, angular dependences of λ(H) have been measured for all three samples. As an
example, Fig. 3 shows dependences λ(H) for metglas ribbon for different angles between the field
H and the long side of the sample. It is seen, that an increase in angle ϕ from 0o to 90o results
in a decrease of the saturation magnetostriction from λS ∼ 24 × 10−6 to λS ∼ −10 × 10−6.
Simultaneously, the saturation field HS ≈ 40 Oe practically does not change for different angles.
The angular dependences of the magnetostriction for other samples had similar form and differ
only in the value of saturation magnetostriction and saturation field.

Fig. 2. The distribution of radial stress Fig. 3. The distribution of the angular stress

The precise measurements of the magnetostriction λ(H) is required for calculation of nonlin-
ear characteristics of ME effect in composite structures. It was shown [6], that nonlinearity of
the λ(H) dependence at high amplitude of ac magnetic field results in generation of the voltage
harmonics. Amplitudes of the harmonics are proportional to the derivatives of the magnetostric-
tion over the field: λ(1) = dλ/dH, λ(2) = d2λ/dH2, and λ(3) = d3λ/dH3. The field dependences
of the coefficients λ(1)(H), λ(2)(H), and λ(3)(H) can be calculated by numerical differentiation
of the curve λ(H), which should be measured with high accuracy for this purpose.
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Fig. 4a shows, as an example, the 1st, 2d, and the 3d derivatives of the λ(H) for the metglas
plate, obtained by the described method. The 2d and the 3d derivatives are multiplied by a
factor of 5 and 20, respectively. The measured field dependences of the harmonics amplitudes
u1, u2, and u3 for the metglas - lead zirconate titanate (PZT) structure are shown in Fig. 4b [6].
It can be seen, that the curves in Fig. 4a and Fig. 4b are coincide qualitatively. The maxima of
the derivatives and maxima of the harmonics are placed at nearly same fields. The minima in
the ME voltage corresponds to zero values of the derivatives.

Fig. 4. Magnetic field dependences of: (a) coefficients λ(1)(H), λ(2)(H), and λ(3)(H) for the
metglas layer; (b) ME harmonics u1 ∼ λ(1), u2 ∼ λ(2), and u3 ∼ λ(3) for the metglas-PZT
structure

Fig. 5 demonstrates variation of the metglas ribbon magnetostriction with temperature in
the temperature range of 10o − 80oC. It is seen, that saturation magnetostriction decreases from
λS ∼ 24×10−6 to ∼ 18×10−6 with increase in the temperature, while the saturation field does not
change. Similar results have been obtained for two other samples. Temperature dependences of
the magnetostriction can be used to explain temperature dependences of the amplitude of the ME
voltage, generated by a composite structure, including those for nonlinear ME effect. Knowledge
of the temperature dependences is important for design of thermally stable ME devices.

Fig. 5. Magnetostriction curves for metglas at different temperatures T

3. Conclusion

Thus, an automated installation for precise measurements of the magnetic field, angular, and
temperature dependences of magnetostriction of ferromagnetic plates was designed and tested.
The magnetostriction characteristics of the metglas, nickel, and permendur samples were inves-
tigated in magnetic fields up to 1.5 kOe in the temperature range from 10oC to 80oC. It was
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shown that high accuracy measurements of the magnetostriction provided by the installation
may be used to find derivatives of the magnetostriction, which are important for investigation of
nonlinear ME effects in composite structures and for development of various new ME devices.

The work was supported by the Ministry of Education and Science of Russia (project MK-
8.1183.2017) and the Russian Foundation for Basic Research (grant 16-32-14017).
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Россия

В работе описана автоматизированная установка для измерения магнитострикции пластин и
пленок ферромагнитных материалов. В основе работы установки лежит тензометрический ме-
тод с использованием стандартных пленочных тензодатчиков. Диапазон измеряемых деформа-
ций составляет 1–2000 ppm в полях до 2 кЭ. Температура образца стабилизирована и может
поддерживаться с точностью 0.05oС в диапазоне 10 − 80oС. Предусмотрен поворот образца в
пределах 0− 90oC. С помощью описанной установки были измерены полевые зависимости магни-
тострикции метгласа, никеля и пермендюра. Рассчитаны производные от магнитострикции по
полю, необходимые для исследования магнитоэлектрического эффекта в композитных структу-
рах.

Ключевые слова: магнитострикция, магнитоэлектрический эффект, измерительная установка,
тензометрия, ферромагнетик.
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