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The paper presents a novel method of measurements of tensile stress dependence of the magnetic char-

acteristics of ring-shaped cores made of soft amorphous alloys.

In the presented method, the uniform tensile

stress was applied perpendicularly to the magnetizing field direction. Magnetoelastic core with closed magnetic
circuit was fixed on the non-magnetic backings enabling the conversion of compressive force into tensile stresses
as well as it enables the core to be winded by magnetizing and sensing windings. Magnetoelastic characteristics
measured under tensile stress, for FeasNis5Si10B1o alloy annealed in temperature 350°C for 1 h, are presented
in this paper. The presented results indicate high tensile stress sensitivity of FeasNissSi10Bi1o alloy. Moreover,
together with magnetoelastic characteristics for compressive stresses (presented previously in the literature), the de-
scribes results create possibility of further development of models of the magnetoelastic effects in amorphous alloys.

PACS numbers: 75.80.+q, 75.50.Kj

1. Introduction

Knowledge about the magnetostrictive and magneto-
elastic properties of soft amorphous alloys is very impor-
tant from both practical and theoretical points of view.
Changes of the length of the sample during the mag-
netization process (magnetostriction) causes increase of
core losses as well as noise generation [1]. Thermody-
namically reverse effect connected with the influence of
external stresses on the magnetic properties of the alloy
(so-called magnetoelastic Villari effect [2]) has also sig-
nificant, technical consequences. External forces may be
applied to the core during the process of component as-
sembling or due to thermal expansion of the magnetic
material. Then Villari effect causes changes of functional
properties of the magnetic core [3|, which may lead to
malfunction of electronic device with inductive compo-
nents [4].

From theoretical point of view both magnetostrictive
properties [5] as well as influence of compressive stresses
on magnetic characteristics [6] have been intensively in-
vestigated. On the base of results of these investiga-
tions, models of magnetization process have been devel-
oped [7]. On the other hand, results of the influence of
tensile stresses on the characteristics of magnetic cores
with closed magnetic circuit were not presented in the
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literature. Lack of such data is a barrier in further de-
velopment of the models of magneto-mechanical proper-
ties of magnetic materials. This paper presents a novel
methodology which fills this gap and opens possibility of
step forward in the area of modelling the magnetome-
chanical characteristics of amorphous alloys subjected to
both compressive and tensile stresses.

2. Method of investigation

For proper testing of the magnetoelastic properties of
magnetic materials two conditions should be achieved:
(a) samples with closed magnetic circuit should be used
and (b) uniform distribution of stresses in the tested sam-
ple should be obtained. As a result in case of strip-shaped
samples, due to the appearance of demagnetization en-
ergy in total free energy of the sample, results of investi-
gation were connected with dimensions of the sample. On
the other hand, when ring-shaped samples are loaded in
the direction of diameter [8], the distribution of stresses
in sample is highly non-uniform.

The principle of novel method of the applying the com-
pressive stress to the ring-shaped sample is presented in
Fig. 1a. The tensile force F' is applied to the ring-shaped
sample perpendicularly to its bases. In such case uni-
form, tensile stress o can be reached on the whole length
of the magnetic circuit of the sample. It should be indi-
cated that this methodology allows to test all commer-
cially available, ring shaped cores made of soft ferrites,
amorphous and nanocrystalline alloys.
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Fig. 1. Method of application of tensile stresses to the
ring-shaped sample: (a) idea of the method, (b) device
for practical realization of this idea: 1 — main shaft, 2
— upper backing, 3 — ring-shaped core under investi-
gation, 4 — steel ball, 5 — core backings, 6 — lower
backing, 7 — tube.

Device for practical realization of developed method-
ology is presented in Fig. 1b. Tested core (3) is fixed to
core backings (5). These core backings are fixed to upper
backing (2) and lower backing (6). In backings (5) and
(6) special holes were drilled, to enable core to be wound
by magnetizing and sensing windings. Compressive force
F generated by oil press is transferred by shaft (1) and
ball (2) to the lower backing (6). As a result, compressive
force F' generates uniform tensile stresses in the core (4).
The magnetic properties of the samples, as well as the
changes of these properties as a function of compressive
stresses, were measured by digitally controlled measuring
system [8].

3. Results

Influence of uniform tensile stresses o on the shape of
hysteresis loop B(H), for the ring-shaped core made of
FessNis5Sii0B1g amorphous alloy is presented in Fig. 2.
Investigated core has outside diameter 32 mm, inside di-
ameter 25 mm and height 8 mm. Moreover, the core
was annealed in temperature 350°C for 1 h in presence
of magnetic field 3 kA/m applied in the direction of
the ribbon. Such thermomagnetic annealing generates
anisotropy in the amorphous alloy, which increases mag-
netic permeability of the sample and may change its sat-
uration magnetostriction Ay (As for as quenched sample
was about 8 pum/m). Under the tensile stresses up to
3 MPa, value of maximum flux density B decreases from
805 mT to 405 mT, whereas coercive field H. slightly
decreases.

The influence of tensile stress ¢ on the maximum flux
density B in F€25Ni55SiloB10 amorphous alloy is pre-
sented in Fig. 3. The measurements were performed at
the constant values of amplitude of magnetizing field H,,.
It should be indicated that B(H,,), characteristics are
monotonous, which is especially important from the point
of view of sensors development. Moreover, stress sensi-
tivity I%b, H,, increases with the decrease of value of
magnetizing field Hy,. The highest value of stress sensi-
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Fig. 2.
hysteresis loop B(H).
amorphous alloy annealed in temperature 350 °C for 1 h.
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Fig. 3. The influence of tensile stress ¢ on the maxi-

mum flux density B in the FezsNis5SiioB1o amorphous
alloy annealed in temperature 350 °C for 1 h, for con-
stant values of amplitude of magnetizing field Hy,.

tivity was above 150% and was observed for magnetizing
field Hy, = 4.5 A/m.

4. Conclusion

The presented methodology of applying the tensile
stress to the ring cores enables achieving the uniform dis-
tribution of stresses at the whole length of the magnetic
circuit of the sample. This method made possible both
fundamental research on influence of tensile stresses on
magnetic characteristics of amorphous alloys as well as
may be useful for construction of magnetoelastic tensile
stress sensors. These possibilities of utilization amor-
phous alloys were not presented before.

The described results of the investigation on the in-
fluence of the tensile stress on the magnetic properties
of amorphous alloys confirm their high stress sensitivity.
Moreover, this sensitivity increases with the decrease of
amplitude of magnetizing field H,,. This phenomenon is
connected with the increase of participation of magneto-
elastic energy in the total free energy of the sample, due
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to the decrease of magnetostatic energy, for lower values
of the magnetizing field Hy,.
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