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Abstract

Objectives. Knowledge of the dependence of magnetostriction of various ferromagnetic materials on the magnetic
field is important for studying the magnetoelectric effect in composite structures, in particular for calculating
the shape of the field dependence of piezomagnetic moduli and for calculating magnetoelastic characteristics.
However, the typical resolution level of known strain gauge setups for measuring magnetostriction is about 1075,
which is insufficient to obtain detailed information on the piezomagnetic coefficients of the materials under study.
The paper describes the development of an automated setup for the precision measurement of the dependence
of magnetostriction of ferromagnetic plates on a magnetic field in the range of £5 kOe providing an improved strain
resolution order of magnitude.

Methods. The setup uses film strain gauges included in a Wheatstone bridge excited by alternating current. Thanks
to the applied method of signal frequency shift, as well as the use of a low-noise preamplifier and temperature
stabilization of the measuring cell, it was possible to reduce the level of noise referred to the input and zero drift
of the measuring circuit.

Results. The developed setup provides an accuracy of the magnetostriction measurement of ferromagnetic plates
up to 1077 in the range of magnetic fields of +5 kOe, which is an order of magnitude higher than known methods.
The setup also allows measuring the electric and piezoelectric deformation of materials depending on the applied
electrical voltage in the range of +500 V. The measurement results can be used to more accurately calculate the
field dependencies of the piezomagnetic and piezoelectric coefficients of materials, including materials with low
magnetostriction, such as various ferrites, hematite, yttrium iron garnet, etc.

Conclusions. The method of alternating excitation of the measuring bridge in combination with other measures can
be used to increase the deformation resolution to about 1077.
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Pesiome

Llenu. 3HaHMe 3aBMCMMOCTM MarHUTOCTPUKLUM PasfnyHbiX GEPPOMarHMTHbIX MaTepuasoB OT MarHUTHOrO
Nnonsi BaXHO AN UCCe0BaHNS MarHUTO31eKTpMYeckoro addekta B KOMMNO3UTHbIX CTPYKTYpax, B YaCTHOCTHU
Ans pacyeta GOpMbl NONEBOM 3aBUCUMOCTY NbE30MarHUTHbLIX MOAYNEN N pacyeTa MarHUTOYNpyrux xapakre-
pucTuk. Hanbonee pacnpocTpaHeHHbIM METOAOM U3MEPEHUS MArHUTOCTPUKLUMOHHOIO YAJIMHEHUS SIBNSIETCSH
MCMONb30BaHNE TEH30PE3UCTUBHbIX AaT4MKOB. OOHAKO TUMUYHBIA YPOBEHb pPas3peLlleHnss U3BECTHbIX TEH30-
PE3NCTUBHBLIX YCTAHOBOK NS M3MEPEHNS MArHUTOCTPUKLMK cocTasnaeT okono 1078, yTo HepocTaTouHo Ang
NONy4YeHUs AeTanbHOM MHOOPMALMN O NbE3OMArHUTHLIX KOddduUnMeHTax nccnegyemoix matepmanos. Lienb
paboTbl — pa3dpaboTka aBTOMaTU3NPOBAHHOM YCTAHOBKM A1 NPELU3VOHHOIO0 N3MEPEHNS 3aBMCMMOCTM Mar-
HUTOCTPUKLUNM GEePPOMarHUTHbIX MAACTUH OT MAarHUTHOMO NoNg B AuanasoHe £5 k3 ¢ yny4yleHHbIM Ha NopsAoK
paspelieHmem no gedopmaymn.

MeTopabl. B ycTaHOBKE MCMNOJIb30BaHbI NJIEHOYHbIE TEH30PE3UCTMBHbBIE AATYMKM, BKJIKOYEHHbIE B MOCT YUTCTOHA,
BO30OYy>XaeMbIi NePEMEHHBIM TOKOM. Bnaropnapsi npyMeHeHHOMY METOAy MEPEHOCA YacTOThl CUrHana, a Takxke
NPUMEHEHWNIO ManoLUYMSILLLETrO NPEAYCUIUTENS 1 TEMMNEPATYPHOM CTabunmsaumm NU3MepUTENBHON SHENKN, yaanoch
YMEHBLUNTb YPOBEHb NPUBEAEHHbIX KO BXOAY LUYMOB 1 Apeinda Hynst UBMEPUTENbHON CXEMBbI.

PesynbTaTtbl. Co3naHHas yctaHoBka obecrneymBaeT Ha Nopsiaok 60ee BbICOKYIO TOYHOCTb MU3MEPEHUS MarHUTO-
CTPUKLUMM heppOMarHUTHBLIX MAACTUH, YeM n3BecTHble, 40 1077 B AnanasoHe MarHUTHLIX Nonei £5 k3. YcTaHoBka
NO3BOJISET U3MEPSTb TaKXe 3NEKTPO- 1 Nbe3oaedopMaumio MaTepmanos B 3aBUCYMOCTY OT NPUSTIOXKEHHOTO 3N1eK-
TpUYEeCKOro HanpsixeHus B anana3oHe 500 B. Pe3ynbTaTbl USMEPEHUIA A4al0T BO3MOXHOCTb O0Mee TOYHO paccyu-
TaTb NOJIEBbIE 32BUCMMOCTU MbE30OMArHUTHBIX U MbE303NEKTPUYECKMX KOIPDULMEHTOB MaATEPUANOoB, B T.4. Ma-
TEPMANoB C Masol BEIMHMHONM MarHUTOCTPUKLMW, TakNX Kak pasfnyHble GeppuTbl, FEeMaTuT, XeNne30o-nTTprueBbli
rpaHat u ap.

BoeiBoAbl. [pyMeHeHVE MeTOLA NEPEMEHHOIO BO30YXAEHNS N3MEPUTENIBHONO MOCTa B COBOKYMHOCTU C APYrMU
MepamMu NO3BONMAO MNOBLICUTL paspeLleHre no aedopMaLmm, KOTopoe CocTasmuno okono 1077,

KnioueBble cnoBa: MarHUTOCTPUKLUS, TEH30METP, AedopMaLms, MarHUTOIEKTPUYECKA 3PP EKT, KOMMO3UTHAs

CTPYKTYypa

Ana uutupoBanusa: bypouH [.A. IamepeHre MarHNTOCTPUKLLMN TEH3OMETPUYECKUM MOCTOM C NEPEMEHHbIM BO30YX-
neHveM. Russian Technological Journal. 2025;13(4):37-46. https://doi.org/10.32362/2500-316X-2025-13-4-37-46,
https://www.elibrary.ru/\WYJGOZ

Mpo3payHocTb pHAHCOBOW AeATeNbHOCTU: ABTOP HE MMeeT GUHAHCOBOW 3anHTEPECOBAHHOCTU B NPEACTaB/IEH-
HbIX MaTepmanax uam meTogax.

ABTOp 3aaBnseT 0o OTCYTCTBUA KOHCbJ'II/IKTa NHTEepPeCOoB.
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INTRODUCTION

Magnetostriction describes the change in the linear
dimensions of a ferromagnet when its magnetization is
changed. One of the main features of magnetostriction
is the saturation magnetostriction A, which is equal
to the relative elongation of the sample in the magnetic
saturation field H_. However, the dependence of the
relative elongation on the magnetic field A(H) provides
a more thorough description of the magnetostriction
properties. The ability to measure the dependence of
magnetostriction of different ferromagnetic materials
on the magnetic field is important for studies of
magnetoelectric (ME) effects in composite structures
containing ferromagnetic (FM) and piezoelectric (PE)
layers, as well as for the development of new smart
devices [1-3]. ME effects in such structures arise from
the interaction of mechanically bound FM and PE layers
under the influence of external electric and magnetic
fields.

Typical ME structures and their constituent layers
are plates with in-plane dimensions of ~5 x 20 mm
and thicknesses of tens and hundreds of micrometers.

Ni (g, = =30 - 107°), Terfenol-D (A, = 2000 - 1076),
amorphous alloys FeBSiC (A, = 20-30 - 1079),
FeCoV (A, =70 - 1079), and galfenol (A =30-90 - 107%)

are used as materials for FM layers. Recently, the
possibility of creating ME structures with single
crystal layers of ferro- and antiferromagnetic
materials with lower magnetostriction (A, < 1079)
has attracted the interest of researchers. The main
methods for direct measurement of magnetostriction
are strain gauges [4-8] and dilatometers [9].
Dilatometers are divided into capacitive [10, 11]
and optical [12—14] according to the principle of
operation. The most convenient method for studying
the magnetostriction of planar FM samples and
composite structures is the strain gauge method,
where a strain gauge resistor is bonded to the sample
and included in the measuring bridge. This method is
widely used for magnetostriction measurements due
to its low cost and the ease of sample preparation.
However, disadvantages include its limited
applicability for measuring the magnetostriction
of films.

In such systems, the measuring bridge is typically
powered by a constant voltage (current) source, which
imposes restrictions on the minimum resolvable strain
magnitude. Such strain gauges have a typical input noise
spread of (2-5) - 107 [15-17], which is acceptable
for the study of materials with large saturation
magnetostriction A, > 1075, but cannot be used to
study materials having low magnetostriction. In order to
solve this problem, it will be necessary to create a setup
offering a higher resolution.

The aim of this work is to develop a setup for
measuring magnetostriction by the strain gauge method
with a higher resolution (better than 107%). The first part
of the paper describes the design of the setup, followed
by a description of the operating principle and an analysis
of the noise determining the resolution. The final part
of the paper deals with the practical verification of the
achieved level of input noise and the demonstration of
magnetostriction and electrostriction measurements on
real samples.

SETUP DESIGN

The external view of the proposed magnetostriction
measurement setup is shown in Fig. 1. It consists of
three main parts (Fig. 2): magnetic system, measuring
cell, and control and measuring unit (CMU). The
magnetic system used to generate a constant magnetic
field of 0 to 5 kOe represents a laboratory electromagnet
with a measuring cell on a movable base and a probe
with a Hall sensor installed in the magnetic gap. The
movable base of the cell is used for positioning the cell
in the gap of the electromagnet and operative removal of
the sample (board with the sample). The cell is moved
by means of a carriage moving on a rail guide installed
between the poles of the electromagnet.

In order to power the electromagnet, a standard
laboratory power supply fitted with a switching device
for switching the magnetic field polarity is used. The
magnetic field is measured using a Lake Shore 421
laboratory gaussmeter (Lake Shore, USA).

{ - ;
o Lz |
L e e

Fig. 1. External view of the magnetostriction
measurement setup

The sample to be tested is placed on the removable
board of the measuring cell with a strain gauge glued to
its surface. The leads of the strain gauge are soldered to
the contact pads to form a Wheatstone bridge together
with the resistors on this board. Balancing circuits (based
on a wire potentiometer) and a preamplifier are
implemented on the same board.
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Fig. 2. Schematic diagram
of the magnetostriction measurement setup:
1is a measuring cell, 2is a CMU, and 3 is a magnetic
system; PE is a PE element, MB is a measuring bridge,
PA is a preamplifier, LIA is a lock-in amplifier,
HVS is a high voltage power supply, SG is a signal
generator, LPF is a low pass filter,
ADC is an analogue-to-digital converter,
MCU is a microcontroller unit, HS is a Hall sensor,
EM is an electromagnet, GM is a gaussmeter,
CD is a commutation device, PS is a power supply
for an electromagnet, and PC is a personal computer

The cell on the base (the electromagnet is shown in
cross-section) is shown in Fig. 3. The cell body, which
has a cylindrical shape, can be rotated 180° around
the vertical axis using a removable handle, allowing
orientation-dependent measurements. The angle of
the cell orientation is measured on a scale on the
side (cylindrical) surface of its body.

Fig. 3. Cell on the base (construction and external view):
(7) cell, (2) base radiator, (3) cell carriage, (4) base rail,
and (5) removable handle

The removable amplifier board is as shown
in Fig. 4a. The board with the sample is mounted on
top of the Peltier module and connected to the base
board by two small six pin connectors. A thermoelectric
component is used to stabilize the temperature of the
sample plate with an accuracy of 0.01°C. The electrical
cable connecting the cell to the CMU is connected
to the base board and the thermoelectric cell via pins
on the underside of the cell body. The preamplifier is

based on a low noise integrated instrument amplifier
INA849 (Texas Instruments, USA).

The CMU is used to acquire and digitize the
measuring signal, to stabilize the temperature of the
sample plate, to supply the bridge with alternating
voltage at a frequency of 410 Hz and an amplitude of
up to 4 V, and to generate a constant voltage
from —500 to 500 V for the study of electrostriction
and PE samples. The CMU is housed in a table-top case
with dimensions of 300 x 150 x 100 mm. The CMU and
the cell are connected by a 15-pin signal cable.

Fig. 4. Cell design (a)
and external view of removable amplifier board (b):
(7) amplifier board; (2) Peltier module; (3) cell base;
(4) FM sample with strain gauge;
(5) piezoelectric element with strain gauge

STRAIN GAUGE OPERATING PRINCIPLE

The elongation of the sample is measured using
standard strain gauges. A foil strain gauge is a meandering
grid of thin metal foil on a paper or polyimide substrate.
The sensor is bonded to the sample surface taking into
account the direction of sensitivity. The two basic sensor
configurations are shown in Fig. 5.

s1 S1
Uy R / 5 /(a)

. S2 s1 s2
'ﬂ/w)

Y4
Fig. 5. Strain gauge half-bridge:
(a) with one active sensor; (b) with two active sensors

Here, one arm of the bridge is made up of two
resistors of the same resistance R and the other arm is
made up of two strain gauges S1 and S2. In the first
case, only one sensor (S1) is bonded to the sample,
while the second sensor (S2) only complements the
arm of the measuring bridge. This configuration is used
when it is necessary to selectively measure elongation
in one direction. If the deformation is along the side
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of the sample, the second configuration can be used,
in which the reference sensor S2 is bonded to the
sample (on the same or opposite surface) at an angle of
90° to the first.

Figure 6 depicts the functional diagram of
the analogue part of the strain gauge signal path,
consisting of the preamplifier K ompe the demodulator
on the AD630 chip (Analog Devices, Inc., USA), and
the low-pass filter. We consider the conversion of the
signal from the measuring bridge to the ADC input.
The bridge is fed by the harmonic voltage u, with
amplitude U, and frequency w: uy = Ucos(ot), where
t is time. It can be shown that the unbalanced voltage
of the bridge under signal modulated u, =~ = u,0R/4,
where OR is the change in resistance of the strain

gauge.

.a. S.C.
AD630 fio N

Fig. 6. Analogue part of the input measurement path:

Ug .. is the bridge imbalance voltage;

ug 4 is the signal at the demodulator output;
pr. is the low pass filter cut-off frequency;
u . is the signal at the ADC input

.C

Let the periodic deformation € = g,cos(w?) occur at
the frequency < o), with 6R = Ggcos(wt), where g is
the strain amplitude, and G =~ 2 is the strain sensitivity
coefficient of the sensor. Then the bridge imbalance
voltage is as follows:

u,dR U, cos(wyt)Ge, cos(wt)
S.m. ~ 4 = 4 =
1 (D

EUO Ge(cos((wy — w)t) + cos((o + )1))

u

4

Thus, the useful signal, which is proportional to the
change in resistance of the strain gauge on the sample,
modulates the voltage amplitude. As a result, the signal
spectrum is shifted to the frequencies (o, + ®) and
(0, — o) at the right and left sidebands. In the case of
constant strain (o = 0), equation (1) is simplified as
follows:

u ~ U, 6R _ U, cos(o,t)Ge,, . @)
4 4
The signal u is amplified by the preamplifier with
a gain Kamp ~ 1000 and is fed to the input of a lock-in
amplifier, which is realized with AD630 chip. The signal
at the output of lock-in amplifier is as follows:

ug 4 (0)= Kampus.m.(m) cos(wyt) =

_ Kamp

U, cos(wt)Ge, cos? (®?)
4 - 3)

_ KampUOGs

0 (I+2cos(wyt))

=0

This means that the original signal is restored and
there is an additional component with a frequency
of 20,. The third-order low-pass filter (LPF), which
is located after the detector and has a bandwidth of
O, <<, (wl_p_ =~ 14 Hz), cuts off the high-frequency
components of the signal before the analogue-to-digital
conversion. The filter has the following transfer
characteristic:

K= @

As aresult, the signal at the ADC input is as follows:

K ampKl.p.U 0Ge, cos(or) ~
8

&)
_ l: ampKl.p,UOGSO :l
8 ®=0

U o, (©) =

Following digitization, the signal is smoothed using
the simple moving average algorithm. The window size
is set within 1-250 samples, and the sample frequency
is 250 s L.

STRAIN GAUGE AMPLIFIER NOISE ANALYSIS

In the analysis of the electrical noise in the strain
gauge circuit, only the input noise is considered, since the
preamplifier has a high gain (about 1000) and the influence
of the noise in the subsequent stages is negligible. The
possible sources of this noise are considered.

Thermal noise. Thermal noise (Nyquist noise)
is caused by thermal oscillations of charge carriers in
conductors, and it is generated constantly, regardless of
the current flowing. The spectrum of thermal noise is
broadband and uniform, and the power spectral density
of a resistor with resistance R is given by the following
expression [18]:

S, =4KkTR, (6)

where S is the spectral voltage density of the
thermal noise (V/vHz), k = 1.38 - 1023 J/K is
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the Boltzmann constant, and 7' is the absolute temperature.
The thermal noise is characteristic of all resistors
and is marked as the source of S, in the diagram (Fig. 7).

Samp
Kamp

Fig. 7. Main sources of noise in the input circuits.
Samp IS the amplifier noise

Flicker noise (1/f). Flicker noise is characterized
by a specific frequency dependence of the spectral
density, generally described by the following
equation [19]:

_ |CRPIP
VAT

(7

where §; i is the spectral density of the flicker noise
voltage (V/ \/E), while C, B and vy are coefficients,
I is the intensity of the current flowing, and f is the
frequency. For metallic films at relatively low values
of current density, f = 2 and y = 1 can be accepted.
The flicker noise of the conductor is assumed to
be equivalent to the change in its resistance due to
fluctuations in the mobility of the charge carriers
during scattering on the lattice or fluctuations in the
equilibrium temperature [20]. The flicker noise is
denoted by the source S, i in Fig. 7.

Amplifier noise. Amplifier noise is the combined
noise of all sources in an instrument amplifier,
represented as an equivalent noise voltage source at the
ampl.iﬁer input. (Sam.p iq Fig. 7). Since the current noise
density for this chip is approximately l.lpA/ JHz,
it can be neglected given the low impedance of the input
circuits.

The sources of electrical noise in the circuit in Fig. 7
can therefore be divided into 2 types: additive and

multiplicative. Additive noise is voltage and current
noise; as such, it does not modulate the pump signal
and its spectrum does not change. Multiplicative noise,
which comprises fluctuations in the resistances of the
bridge resistors, causes a change in the balance of the
bridge; as a result of amplitude modulation (AM), its
spectral density function is transformed in the same
way as a useful signal. Let S, be the spectral density
of the noise voltage at the amplifier input at a constant
bridge supply voltage; when the bridge is supplied with
an alternating voltage of frequency o, it is transformed

into modulated S, .-

S2 =S2(w)+S2

amp (o) +

AM
+ 512/‘ (@) > 82 oq (@)=

®)

1
= S§(m)+sgmp(m)+zsf/f(mo - o)+

1
+ ZSlz/f((oO + o).

The fact that for a balanced bridge the output noise
is equivalent to the noise of one of the resistors is used
here. It can be shown that the spectral density of the
noise at the demodulator output S, is described by the
following expression:

Sq(@) =Kz %

1 1 1 ©)
x LES,%(Q)+ooo)+ES§mp(co+w0)+ZS12/f(co)j.

The spectral density S; of the noise at the ADC

. K m.conv.
input is as follows:

2 —_ K2
Sin.conv. (0) = Kamp

2
Kl.p.><
1, 1., 1, (10)
X ESn(m+w0)+§Samp(0)+m0)+ZS1/f((D) .

The resolution of the strain gauge can be
estimated by the total noise level. The value of
the noise voltage uy referred to the input (RTI) is
obtained by integrating equation (10) and dividing
by the gain, as follows:

u

'[(91 Sin,conv. ((D)d(x)
ol K -

Lp.
amp 4

o)

o 1 1 1 11
_[ h(Kz _Slz/f(o‘))+Kl?p,ESI%((D—F(00)+K12,p,§S§mp((D+(D0)jd(D' an
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The flicker-noise voltage spectral density S, i of the
1-XY33-6 standard constantan strain gauges measured
in [21] is used in the calculations. Substituting the data
into expression (11) and taking into account (6) and (7),
the level of the mean square noise voltage referred to
the input is uy = 6.7 - 1072 V. Knowing the input noise
level and taking into account expression (1), the mean
square value of the apparent elongation can be expressed
as follows:

_dus 4-1.1-10°8
¢ u,G 1.5:2
=1.46-10"8=0.015-107°.

()

(12)

The following equation can be used to estimate
the noise amplitude value (noise trace width)
Aspp (peak-to-peak):

Ag, =60, =0.888 - 1076 (13)

By the described means, the limits of the
electrical noise on the resolution of the strain gauge
are determined. According to calculations, the main
contribution to the electrical noise level is made by the
flicker noise of the measuring bridge resistor. However,
in addition to the electrical noise, there are a number
of other factors that affect the elongation measurement
result.

Selecting the modulation frequency. From the above
analysis, it is clear that the modulation frequency of the
strain bridge should be selected to provide sufficient
detuning from the low frequency portion of the noise
spectrum of the instrument amplifier. On the other hand,
increasing the modulation frequency will increase the
influence of parasitic reactive elements. Detuning from
the industrial frequency (50 Hz) and its harmonics is also
required. Taking these factors into account, a frequency
of 410 Hz is selected.

Temperature fluctuations and drift. The temperature
of the bridge elements can only be regarded as
approximately uniform and constant. In reality, there are
temperature fluctuations and drifts due to the processes
of power dissipation generated by the strain gauges and
the instrument amplifier, as well as the instability of the
laboratory temperature.

A typical value for the temperature resistance
coefficient (TRC) of a constantan strain gauge is
TRC =10 - 107 1/K. The temperature change causing
the false response to the noise trace width is estimated
as follows:

Ag
AT =—22 —0.009 K. (14)

TRC

It can be seen that the strain gauge circuit is
extremely sensitive to nonuniform temperature changes.
However, equation (14) does not take into account the
effect of the difference between the thermal expansion
coefficients (TEC) of the sample plate and the gauge [15]
ATEC = TECsam.pl. —TEC cauge’ which can increase the
thermal sensitivity several times:

Aapp (15)

T= .
TRC:ATEC-G

In standard strain gauge applications, the
temperature compensation technique is often used,
in which the TRC of the strain gauges is matched
to the TEC of the material, so that the sum in the
denominator of expression (15) tends to zero.
Unfortunately, in the case of a universal strain
gauge, this method is practically inapplicable due
to the sample material may be different and TEC
is generally unknown. In addition, the situation
is complicated by the uncertainty in the value of
the thermal conductivity and thermal mass of the
sample, which affects the process of heat dissipation
generated by the strain gauge. The following
methods were used in the design of the measurement
cell to overcome the parasitic influence of thermal
processes. Firstly, the cell is designed to be closed
to eliminate the influence of convective air currents.
After mounting the sample and balancing the bridge,
a period of time is required for the temperature inside
the cell to equalize. Secondly, there is active precision
temperature stabilization of the amplifier board using
a Peltier module. The design of the cell also allows
for the balanced configuration of the active arm strain
gauges of the bridge, where both resistors are bonded
to the sample, thus compensating to some extent for
the temperature sensitivity.

MEASUREMENT RESULTS

In order to evaluate the strain resolution of the
setup, the time dependence of the strain gauge output
signal in the absence of a magnetic field, H = 0, is
recorded. The sample contains 1000 points and the
recording time is 10 min. The resulting noise trace is
shown in Fig. 8. The value of the standard deviation
in the plot is 6, = 0.016 - 1075, which corresponds to
the amplitude value of the noise, Ae__ = 0.096 - 107°.
This result is in good agreement with the calculation
according to (13).

To demonstrate the advantages of the created
setup, magnetostriction curves of a magnesium ferrite
sample MgFe,O, are measured on an alternating
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Fig. 8. Noise trace of the strain gauge setup
(here, nis the sample number)

excitation strain gauge and on a DC strain gauge [18].
The sample is remagnetized by a limit cycle with
a magnetic field step of 0.3 Oe. The difference in the
noise level of the two setups is as depicted in Fig. 9.
Curve / is much cleaner and shows the hysteresis
during the remagnetization, while curve 2 only gives
a qualitative view of the field dependence of the
sample magnetostriction.

In order to calculate the field characteristics of
ME effects, it is important to know the dependencies
of the piezomagnetic coefficient ¢ = dAdH on the
magnetic field. The dependencies g(H) as calculated by
numerical differentiation of the A(H) curves (Fig. 9) are
shown in Fig. 10. Curve / is obtained using data from
a strain gauge with alternating excitation, while curve 2
is obtained using data from a conventional DC strain
gauge. From the curves, it can be seen that the use of
an alternating excitation of the Wheatstone bridge for
magnetostriction measurements allows for a much more
accurate prediction of the shape of the field dependence
of the linear ME effect.

2.

A-1076

Fig. 9. Dependence of the magnetostriction A
of the MgFe,0, plate on the magnetic field
strength H measured by strain gauge
with alternating current (AC) excitation (7)
and strain gauge with direct current (DC) (2)
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Fig. 10. Calculated dependence of the piezomagnetic
coefficient g on the magnetic field strength H for the
MgFe,0, sample according to the strain gauge data:
(7)AC, (2) DC

Due to the presence of a controlled bipolar high
voltage source (HVS in Fig. 2), the described setup
also allows the measurement of the PE effect and
the investigation of electro- and magneto-acoustic
interactions in composite structures. A constant
voltage U of up to 500 V is applied to the electrodes
of the PE sample to measure the deformation of the
sample. The typically measured dependence of the
elongation of the 5 x 10 x 0.2 mm thick polarized PZT-5
plate (Research Institute “Elpa,” Russia) on the electrical
voltage applied to the electrodes on its surface is shown
in Fig. 11. The value of the piezoelectric module ds,
calculated from the data in Fig. 11 at the point of zero
displacement is approximately 130 pC/N, which is close
to the manufacturer’s specification (d;; = 155 pC/N).
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Fig. 11. Measured dependence of the PE deformation ¢
of the PZT-5 plate on the electrical voltage U
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The table shows the main characteristics of the
created setup (with AC excitation) in comparison to
a strain gauge on a DC bridge [18]. With respect to
the value of the noise referred to the input, it can be
seen that the AC setup significantly outperforms the
DC setup, as well as the standard strain gauge amplifier
DPM911B! (Kyowa Electronic Instruments Co., Japan)
used in [6] (RTI = 2).

Table. The setup main properties

Parameter AC DC[16]
Measured elongation range, pm/m 0-2000 | 0-2000
Noise referred to the input, 0.096 )
pm/m
Maximum sample dimensions, 20%10 | 20 % 10
mm X mm
Maximum magnetic field, G 5000 1500

CONCLUSIONS

The setup is developed for measuring the
dependence of the magnetostrictive elongation of
plate-shaped samples on the magnetic field and that

of the electrostrictive/piezoelectric elongation on
the electric field. It is shown that the AC excitation
of the Wheatstone bridge, the use of synchronous
detection, and the thermostabilization of the sample
and the components of the measuring circuit allow
the noise level to be reduced by almost an order of
magnitude in comparison with conventional devices
using DC excited Wheatstone bridge. The strain
resolution of the setup is ~1077. It is determined that
the main source of noise in the measurement circuit
is the 1/f noise of the strain gauges, which, due to
its nature, is indistinguishable from the useful signal
in terms of signal processing methods. The measured
noise level is in agreement with the calculated noise
level based on published noise characteristics of
film strain gauges. A further improvement of the
resolution of the measurement setup can be achieved
by improving the ratio between the strain sensitivity
coefficient and the flicker noise level of the strain
gauges.
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