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The paper presents the results of the comparison of magnetoelastic properties of selected amorphous
and ceramic materials under the influence of shear stress resulting from the applied torque. The objects
of the research were toroidal cores made of magnetically soft materials, such as ferrite and amorphous
iron-based alloy. The ferrite core was made by pressing and sintering powdered material. The amorphous
core was wound from amorphous material in the form of a ribbon. The comparison shows similarities

and differences between both materials.
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1. Introduction

The influence of stress, both from compressive
forces and from torsional moments, on the magnetic
properties of magnetic materials is significant. This
is important not only because of the possibility of
using these materials as sensors [1], but also be-
cause of the stabilizing magnetic properties of trans-
former cores and other electronic components con-
taining cores made of soft magnetic materials [2].
Incorrect assembly can lead to a change in the pa-
rameters of a given element, and consequently to
destabilization of the entire system. For this reason,
these studies are important for the entire electronics
industry.

The influence of compressive and tensile stress on
magnetic materials with a crystalline structure, e.g.,
ceramic ferrites and amorphous structure [3, 4], is
already well known and documented in many publi-
cations [5]. However, the influence of stress from an
applied torque on such materials is not sufficiently
known. There are a few publications documenting
such experiments [6]. The effect of torque on the in-
vestigated element combines compressive and ten-
sile stress. Therefore, the analysis of the impact of
the acting stress on the magnetic properties is more
complicated than in the case of the classical Villari
effect.

2. Measurement methodology

In order to select the simplest possible sys-
tem for analysis, where compressive and tensile
stresses with a strictly defined distribution will oc-
cur, toroidal samples were selected. For the amor-
phous material, this is a thin ring wound from an
amorphous ribbon. The dimensions of the ring are

Fig. 1.

Mechanical system for applying the uni-
form torsional, axial shearing stress to the ring-
shaped core: 1 — ring-shaped core under investiga-
tion, 2 — magnetizing and sensing windings, 3 —
nonmagnetic backings with grooves.
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Fig. 2. Research methodology;
H — magnetic field.

torque,

Fig. 3. Stresses distribution on the elementary
fragment of material under the influence of torque.

an inner diameter of 25 mm, an outer diameter
of 30 mmm and a height of 10 mm. For the fer-
rite material, there is a ring with the dimensions:
inner diameter of 16 mm, outer diameter of 26 mm,
and height of 15 mm.

The research methodology was as follows. The
mechanical system is shown in Fig. 1. The torque
My is applied to the ring along the axis, generating
defined stresses.

The toroidal cores were also chosen for reasons
related to the measurement of magnetic properties,
as they provide a closed magnetic path for the mag-
netizing field strength H generated in the core. A
closed magnetic circuit allows the demagnetization
field in the core to be minimized, which facilitates
the analysis of measurement results. The method-
ology is presented in Fig. 2.

The shear stress introduced by the applied torque
can be considered as a simultaneous action of com-
pressive —o and tensile stress o on an elemen-
tary [7] fragment of the investigated core presented
in Fig. 3.

The average stress can be determined from

M
7= 27T 0 (1)
where o and —o are tensile and compressive
stress [MPa], respectively; § — ring wall thick-
ness [m], r,, — average ring radius.

3. Results of investigation

The study focuses on comparing the results of
the effect of stress from torque acting on rings of
amorphous iron-based alloy and nickel—zinc ferrite.
The amorphous alloy was investigated in two states,

616

200

Ni-Zn ferrite 1B [mT] ONm
150 - 6,1 Nm
100/,
H[A/m]
-40 20 40

-200

Fig. 4. Characteristic B(H) under the influence of
torque on a ring-shaped core made of Ni—Zn ferrite.
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Fig. 5. Magnetoelastic characteristics By, (M) for

a ring core made of Ni—Zn ferrite.

i.e., as-cast and after thermal relaxation at 365°C
for 1 h. All samples were ring-shaped and the torque
was applied along their axis.

The following methodology was used to compare
the results. The tested cores were magnetized with a
magnetizing field strength that was a multiple of the
coercive field H, for each material. The comparison
was carried out in the same range of stress.

The change in the shape of the hysteresis loop
B(H) for the Ni-Zn ferrite under the influence of
torque is presented in Fig. 4.

The influence of torque on the maximum mag-
netic flux density B, for a core made of nickel-zinc
ferrite is shown in Fig. 5. The results are for the
values of 0.8H., 1H,., 1.5H, and 5H., which corre-
spond to the magnetizing field values of 16, 20, 30,
and 100 A/m, respectively.

The change in the shape of the hysteresis loop
B(H) for an iron-based amorphous alloy in an as-
cast state under the influence of torque is shown
in Fig. 6.

The influence of torque on the maximum mag-
netic flux density B,, for a core made of an
iron-based amorphous alloy in an as-cast state is
shown in Fig. 7. The results are for the values
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Fig. 6. Characteristic of B(H) under the influence

of torque on a ring-shaped core made of iron-based
amorphous alloy in an as-cast state.

of 0.8H., 1H., 1.5 H., and 5H., which corre-
spond to the magnetizing field values of 6.5, 8, 12,
and 40 A /m, respectively.

The torque influence on the shape of the hystere-
sis loop B(H) for an iron-based amorphous alloy af-
ter thermal relaxation at 365°C for 1 h is presented
in Fig. 8.

The influence of torque on maximum magnetic
flux density B,, for a core made of an iron-based
amorphous alloy after thermal relaxation at 365°C
for one hour is presented in Fig. 9. The results are
for the values of 0.8 H., 1H,., 1.5H. and 5H,., which
correspond to the magnetizing field values of 3.2, 4,
6, and 20 A /m, respectively.

The obtained results indicate that all tested
materials exhibit magnetoelastic sensitivity in the
range of acting torsional moments.

4. Discussion

The study of the effect of torque on the mag-
netic properties of selected soft magnetic materials
shows that their magnetoelastic sensitivity is diver-
sified. This sensitivity depends on the state of the
material, whether it is in the raw state — as-cast or
after thermal relaxation, as well as on the material
itself, whether it is a ceramic ferrite material or an
amorphous alloy. It can also be seen that soft mag-
netic materials, previously not considered in torque
sensing applications like ferrites, also exhibit signifi-
cant magnetoelastic sensitivity under the operation
of torque.

For cores made of amorphous alloy, in the as-cast
state and after thermal relaxation, the values of the
applied torque ranged from 0 to 4 Nm. However, for
the core made of Ni—Zn ferrite, the applied torque
value was within the range of 0 to 6 Nm. This differ-
ence results from the fact that the ferrite core had
different dimensions, and the same torque generated
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Fig. 7. Magnetoelastic characteristics By, (M) for

a ring core made of iron-based amorphous alloy in
an as-cast state.
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Fig. 8. Characteristic of B(H) under the influence
of torque on a ring-shaped core made of iron-based

amorphous alloy after thermal relaxation at 365°C
for 1 h.
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Fig. 9. Magnetoelastic characteristics By, (M) for

a ring core made of iron-based amorphous alloy af-
ter thermal relaxation at 365°C for 1 h.

different stresses within the material. Therefore, the
ranges of the applied torque were selected in a way
that allowed for the obtaining of similar changes in
generated shear stresses for each investigated core.
The magnetoelastic torque sensitivities of the ma-
terials investigated in such conditions are compared
in Table I.



J. Salach

TABLE I

Magnetoelastic torque sensitivity of investigated soft
magnetic materials.

The value of the maximum

. magnetizing field with
Core material A
respect to coercive field H.

0.8H.|1H. |1.5H.| 5H,.
Ni-Zn ferrite 27% [18% | 13% | 1.5%
Fe7gsB13Sig as-cast 11% | 5% | 4% | 0.9%
Fe7gSii13Bg at 365°C for 1 h | 72% |47% | 30% 13%

The analysis shows that all materials exhibit sig-
nificantly higher relative sensitivity for low magne-
tizing field strength, while the sensitivity decreases
with increasing magnetizing field strength values.
The highest magnetoelastic sensitivity is shown by
the amorphous material after thermal relaxation,
FezgSii13Bg at 365°C for 1 h. This sensitivity changes
by 72% when the core is magnetized with a mag-
netizing field strength of 0.8 H.. On the other hand,
the lowest sensitivity is shown by the same material
in the raw state, Fe;gB13Sig as-cast, which is 11%
for an analogous magnetizing field strength value at
similar stress. A core made of ferrite material based
on nickel and zinc showed a sensitivity of 27% for
comparable stresses.

5. Conclusions

The results presented in the paper indicate that
soft magnetic materials exhibit significant mag-
netoelastic sensitivity under shear stress resulting
from the applied torque. For the first time, the
torque sensing application involves the Ni—Zn fer-
rite. The material exhibits relatively high sensi-
tivity, significantly exceeding the iron-based amor-
phous alloy in an as-quenched state. However, ther-
mal relaxation favors amorphous alloy over ferrite,
as its sensitivity drastically increases as the effect
of relieving internal stress. On the other hand, ad-
ditional thermal processing may increase the cost
of the potential torque sensor, so ferrite exhibiting
significant sensitivity without any additional pro-
cessing seems to be a promising material as well.
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The relation between all the sensitivity of all
three cores is consistent in all considered magnetiz-
ing fields. The sensitivity of ferrites always exceeds
that of as-cast amorphous alloy, yet it is lower than
the sensitivity of amorphous material after thermal
relaxation. However, it should be noted that for
each material obtained, the sensitivity was highest
in the lowest value of the magnetizing field. This
allows us to assume that further lowering of the
magnetizing field could positively affect the magne-
toelastic sensitivity of soft magnetic materials un-
der torque operation. Therefore, the magnetoelastic
properties of soft magnetic materials in low mag-
netizing fields should be the subject of further re-
search.
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