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In the process of remagnetization of magnetic materials at certain frequencies, there are losses that
reduce their energy expenditure, which are referred to as total losses. These losses include hysteresis
loop losses, eddy current losses, and additional losses. The factor of additional losses is very often
overlooked. Its contribution to total losses is considered to be marginal. Even in the case of materials
showing the minimization of total losses, such as amorphous materials, this loss factor is important and
should not be neglected when studying this phenomenon. The paper presents the results of tests on
remagnetization losses of a ferromagnetic amorphous alloy at frequencies from 50 to 1000 Hz. The share
of additional losses was separated, and their total contribution to total core losses was determined as a
percentage.

topics: bulk amorphous alloys, core losses, additional losses

1. Introduction

Amorphous alloys have di�erent mechanical and
magnetic properties depending on their chemical
composition. Due to their unique properties, they
are often used in many industries. In particular,
materials that exhibit speci�c magnetic proper-
ties (both soft and hard magnetic properties) are
highly desirable [1�4]. Due to the continuous devel-
opment of new technologies in the �eld of electron-
ics and electrical engineering, materials exhibiting
such properties, i.e., materials with an amorphous
structure, are of particular interest. Therefore, con-
tinuous research is being conducted on the design
and production of new amorphous and nanocrys-
talline alloys with new chemical compositions [5�9].
The most characteristic property of magnetic ma-
terials is the nonlinear and ambiguous dependence
of the magnetic �eld induction on the intensity of
the external magnetic �eld. When magnetization
takes place in a closed circuit, the magnetization
curve shows hysteresis. This is caused by energy

losses occurring during irreversible magnetization
processes (irreversible shifting of domain walls and
irreversible rotations of magnetization vectors) [10].
The measure of such losses is the surface area of the
hysteresis loop. The shape and size of the hysteresis
loop depend on many factors, which are divided into
two groups, namely dependent on the properties of
the material and the manufacturing technology and
dependent on the magnetization conditions. In the
�rst case, the manufacturing technology and the
type of material from which the alloy was made
determine the magnetic properties. Soft magnetic
materials are characterized by a narrow magnetic
hysteresis loop, while for hard magnetic materials,
it is very wide.
For amorphous alloys with soft magnetic prop-

erties, the main parameter determining the appli-
cation capacity of the alloy is the remagnetization
losses. For amorphous alloys, three loss com-
ponents are distinguished: those related to the
surface area of the magnetic hysteresis loop, those
related to eddy currents, and the so-called addi-
tional losses.
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Fig. 1. X-ray di�raction patterns for the samples
of the Fe70Y5Nb5B20 alloy.

Fig. 2. Core losses for the samples of the
Fe70Y5Nb5B20 alloy.

The study investigated the phenomenon of addi-
tional losses in the process of remagnetization of an
amorphous alloy with soft magnetic properties. The
aim of the work is to demonstrate the signi�cant
in�uence of additional losses on the total remagne-
tization losses.

2. Experimental procedure

The charge for the production of fast-cooling al-
loys was produced in an arc furnace. A 10 g in-
got was melted from components with a purity of
99.9%. The elements were weighed to the near-
est 0.0001 g. Polycrystalline alloys were produced
in an arc furnace in a cavity on a water-cooled cop-
per plate. The melting process was carried out in an
argon protective atmosphere using a tungsten elec-
trode with a current intensity of 180�300 A. The in-
got was melted 5 times, each time turning it over to
the other side in order to mix the components. This
process was preceded by melting a titanium get-
ter to capture the remaining oxygen in the working
chamber. Bulk rapid-cooled alloys were produced
using the extrusion method at a rapid cooling speed

Fig. 3. Additional losses for the samples of the
Fe70Y5Nb5B20 alloy: (a) for Bmax = 0.2 T, (b) for
Bmax = 0.25 T.

of 103 K/s. The process was carried out in an argon
protective atmosphere. The charge was placed in a
quartz crucible in a 1 mm diameter hole, and the
melting itself was carried out using eddy currents.
The liquid alloy was pressed into a copper mold un-
der argon pressure. Samples were obtained in the
form of 0.5 mm diameter rods. The structure of the
obtained alloys was examined using X-ray di�rac-
tion. A Bruker D8 ADVANCE X-ray di�ractometer
was used. Measurements were taken in the range
of 30�100◦ of the 2θ angle, with a measurement
step of 0.02◦ and an exposure time of 7 s per step.
Losses due to remagnetization were measured with
a ferrometer using the transformer method. Mea-
surements were taken at room temperature in the
magnetizing �eld frequency range of 50�1000 Hz.

3. Results

Figure 1 shows the X-ray di�raction pattern
measured for the Fe70Y5Nb5B20 alloy sample. The
shape of the di�raction pattern is typical for alloys
with an amorphous structure. Only a broad max-
imum is visible in the range of 40�55◦ of the 2θ
angle, indicating the lack of long-range atom order.
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Fig. 4. Additional losses for the samples of the
Fe70Y5Nb5B20 alloy: (a) for Bmax = 0.3 T, (b) for
Bmax = 0.35 T.

Figure 2 shows a graph of the dependence of
losses on the value of the maximum induction.
The losses due to remagnetization increase with the
square of the magnetizing �eld frequency. The mea-
sured values are typical for amorphous materials ex-
hibiting soft magnetic properties. The loss values
are comparable to those for commonly used Fe�Si
sheets [11]. An analysis of losses was carried out de-
pending on the value of the maximum induction.
The results of the analysis are presented in Figs. 3
and 4. Amorphous alloys are characterized by sig-
ni�cantly weaker electrical conductivity compared
to crystalline materials. This limits the formation
of eddy currents. For this reason, the main factor
generating losses due to remagnetization is the area
of the magnetic hysteresis loop. However, as can be
seen in Figs. 3 and 4, losses due to remagnetization
are not a linear function of the square of the mag-
netizing �eld frequency. This di�erence generates
additional losses. The reason for their occurrence
is magnetic delays and �uctuations of the chemical
composition [10]. As it results from the conducted
studies, these factors signi�cantly a�ect the magne-
tization process and magnetic properties of alloys
with amorphous structure.

4. Conclusions

Losses due to remagnetization are one of the most
important operating parameters in the case of ma-
terials with soft magnetic properties. Despite many
studies, the phenomenon of the so-called additional
losses has not been fully explained. In this work,
the share of additional losses was investigated de-
pending on the value of the maximum induction
for a selected alloy with an amorphous structure.
It was shown that additional losses are a signi�cant
component of the total losses and range from 13.7%
to 26.2%. There is a visible relationship between the
value of the maximum induction and the share of
additional losses. The obtained results indicate the
need for further research, especially in the aspect of
changes in the chemical composition and structure
relaxation � it should be assumed that a prop-
erly designed structure relaxation process should
reduce the occurrence of the phenomenon of addi-
tional losses without increasing the value of total
losses.
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