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Information about magnetoelastic properties of newly developed amorphous magnetic alloys is very important
from practical point of view, especially in the case of high permeability materials such as the Feg1Co19Si5B1s
amorphous alloy. In the case of such materials, effect connected with the influence of external stresses on the
magnetic properties of the alloy should be tested. This paper presents experimental results of the magnetoelastic
properties investigation of the Fes; Co19SisB1s amorphous alloy, annealed without magnetic field as well as in the
magnetic field. Such thermo-magnetic treatment generated anisotropy has significant influence on the total free
energy of magnetic material. In the magnetoelastic investigation, the compressive stress was applied to the ring
shaped core, perpendicularly to the magnetizing field direction. Due to the fact, that cores with closed magnetic
circuits were used, demagnetization did not change the balance of total free energy in the material.
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1. Introduction

The magnetoelastic effect may be observed as the
changes of flux density B in the material (induced for the
given value of magnetizing field H,,) under the influence
of mechanical stresses o, caused by external force F'. The
B(c)gm characteristics describe magnetoelastic proper-
ties of the material [1]. Sometimes the extreme on the
B(0) im characteristic may be observed. This extreme is
known as the Villari point [2]. It was confirmed that for
compressive stress o corresponding to the Villari point,
magnetostriction A of the material changes its sign [3].

Iron-rich amorphous alloys [4], such as Feg; Co19Si5B15
alloy, show high permeability and low value of coercive
force. As a result, such alloys are used as the cores of in-
ductive components of switching mode power supplies [5],
as well as cores of the power and current transformers [6].
Moreover, the magnetic characteristics of iron-rich amor-
phous alloys change significantly under the influence of
mechanical stresses [7]. These changes may be so high
due to the fact that amorphous alloys do not have a
crystalline structure. As a result, in the total balance
of free energy of amorphous alloy sample, the energy of
magnetocrystalline anisotropy is absent. This leads to a
high stress sensitivity connected with the fact that signif-
icant changes of magnetic properties are caused by even
relatively small stress induced magnetoelastic anisotropy
energy.
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This paper presents the results of experimental inves-
tigation focused on the influence of compressive stresses
on properties of the Feg; Co19Si5B15 amorphous alloy in
as-quenched and annealed state.

2. Experimental method

Investigation of influence of the thermomagnetic treat-
ment on the magnetoelastic characteristics requires
the methodology enabling obtainment of the uniform
stresses ¢ distribution in the ring shaped amorphous core.
Moreover, the investigated core has to be wound by a
magnetizing and sensing winding, to measure the mag-
netic hysteresis loop. Method enabling magnetoelastic
tests of the ring-shaped amorphous alloy cores was de-
veloped previously [8]. Device for practical realization of
magnetoelastic investigation is presented in Fig. 1.

3 2a; 2 1
Fig. 1. Schematic diagram of the device for applying
the uniform compressive stress to the ring core . 1 —

investigated ring core, 2 — nonmagnetic cylindrical fix-
ture, 2a — grooves for windings, 3 — base backings.

The compressive force I’ is applied to the investi-
gated ring-shaped core (1) through base backings (3).
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Measuring and magnetizing windings are placed in
grooves (2a) of the special, nonmagnetic cylindrical
fixtures (2).

This method allows measurement of magnetoelastic
characteristics of both bulk material rings and ribbon
ring cores. It should be highlighted that device based on
the idea presented in Fig. 1 enables application of uni-
form compressive stresses to the ring-shaped cores.

One possible example of furnace capable of transver-
sal field annealing of ring-shaped magnetic circuits from
rapidly quenched ribbons is a two-piece furnace with flat
circular heaters made of the non-magnetic heating wires
(Nicrothal). Ring-shaped core to be annealed is placed
between the heaters containing a set of several thermo-
couples to control thermal gradient in the heated zone
and the entire assembly is placed in a water-cooled gas-
tight container in order to ensure a suitable annealing
atmosphere (typically inert gas).

Fig. 2. Device for thermal annealing of ring-shaped
cores in transversal magnetic field: 1, 2 — electromag-
net poles, 3 — furnace with ring-shaped core.

The height of such assembly can be as low as 80 mm
and can be placed between the poles of a suitable electro-
magnet which can apply a field of up to 0.5 T. Figure 2
shows the realization of such a device capable of anneal-
ing of ring-shaped cores with outer diameter of up to
130 mm and up to 25 mm height.

The experiment was performed on the two ring-shaped
Feg1Co19SisB15 amorphous ribbon cores. Amorphous
structure of material was confirmed by X-ray diffrac-
tion. The thickness of the ribbon was about 25 ym. One
core was in as quenched state. Both cores were an-
nealed in 410°C with and without perpendicular mag-
netic field, respectively. Value of applied magnetic flux

density was 0.3 T. The outside diameter of all sam-
ples was 32 mm, inside diameter was 25 mm and
height was 8 mm. Measurements of the magnetoelas-
tic characteristics were performed in temperatures 20°C
for all samples.

3. Results

Figure 3 shows the influence of compressive stresses o
on the shape of B(H, hysteresis loops of Feg; Co19SisBi5s
amorphous alloy. Under the compressive stresses o of up
to 10 MPa, value of flux density B increased, and the
value of coercive field H. does not change [9].
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Fig. 3. The influence of the compressive stress ¢ on

the magnetic hysteresis loop B(H )o of Feg1Co019Si5B1s
amorphous alloy cores: (a) in as quenched state (b) an-
nealed in 410 °C without magnetic flux density (c) an-
nealed in 410 °C in 0.3 T magnetic field.

The magnetoelastic B(o) gy, characteristics of cores
made of Feg; Co19Si5B15 amorphous alloy are presented
in Fig. 4. Under the influence of compressive stresses,
the value of maximal flux density B decreases. Based on
these results the magnetoelastic sensitivity can be deter-
mined. Sensitivity was calculated as the relative change
in the flux density of the sample for the full load range
of 0 to 10 MPa. For core in as-quenched state, the mag-
netoelastic sensitivity is equal to 10%. For core annealed
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in 410°C for one hour, the magnetoelastic sensitivity is
equal to 15%. For core annealed in 410°C for one hour
in magnetic field, the magnetoelastic sensitivity is equal
to 60.5%.
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Fig. 4. The influence of the compressive stress o on the
flux density B achieved for the given value of magne-
tizing field Hy, B(o)Hm of Feg1Co19SisB1s amorphous
alloy cores: (a) in as quenched state, (b) annealed in
410 °C without magnetic field, (c) annealed in 410 °C in
magnetic flux density of 0.3 T.

4. Conclusions

Presented results indicate, that the FegiCo19Si5B1s
amorphous alloy exhibit significant stress sensitivity,
both when subjected to thermo-magnetic treatment as
well as subjected to annealing without magnetic field.
This significant stress sensitivity is caused by the lack
of magnetocrystalline anisotropy in amorphous alloys.
As a result, magnetoelastic energy have significant in-
fluence on total free energy of amorphous alloys [10, 11].
As it was expected, the thermo-magnetic heat treatment
changes magnetic and magnetoelastic characteristics due
to changes in the total free energy of the sample.

It was observed that the magnetoelastic sensitivity
changes with the thermal annealing of the amorphous
alloy sample. The highest value was obtained after an-
nealing in 410°C for 1 h. However, for the remaining
cores, the magnetoelastic sensitivity was also very high.

Presented results confirm that the amorphous
Feg1Co19SisB15 alloy can be used in the development of
magnetoelastic sensors of the compressive stresses 0. Due
to the high magnetoelastic sensitivity such sensors can be
used in industrial applications, mechatronic systems, and
civil engineering.
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