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 Abstract The efficiency of electromagnetic devices, such as e.g. trans-
formers, is influenced by the losses of the applied soft magnetic  
material. Different structured materials are available but choosing the appro-
priate material is not instinctive. A performance factor is evaluated in this 
paper for frequencies up to 10 kHz. The studied application is a medium 
frequency transformer. A semi-physical iron loss model is used to describe 
the measured losses. These results are used to determine the performance 
factor for various boundary conditions. Introduction The iron losses of soft 
magnetic materials are frequency dependent. Different loss components such 
as hysteresis losses and eddy current losses and their individual dependency 
on frequency and flux density determine the total losses of each material. 
The introduction of amorphous and nanocrystalline materials enabled new 
possibilities to design electromagnetic circuits. When compared to standard 
silicon iron, which can be grain and non-grain oriented electrical steel, amor-
phous and nanocrystalline materials benefit from reduced eddy current and 
excess losses due to thin material layers and the absence of grain structures 
with considerable grain sizes [1]. However, choosing for the most appro-
priate material grade is difficult and needs to be examined for each design 
and application. One way to compare different ferromagnetic materials is 
to evaluate a Performance Factor [2]: F = B*f (1.1) The multiplication of 
the peak flux density and the sinusoidal frequency is also present in Fara-
day’s law and can describe the compactness of a magnetic circuit. Under 
the presence of sinusoidal excitation, the cross sectional area of a magnetic 
circuit can be calculated by A = Vrms/(2π/√2*B*f*N) = Vrms/(2π/√2*F*N). 
(1.2) Measurements The measurements are performed with standardized 
Epstein frames or a ring coil testing module according to DIN EN 60404-2 
[3] and DIN EN 60404-6 [4]. All measurement instruments are limited to
a maximum flux density of B = 2.0 T and a maximum frequency of f =
10 kHz. The studied specimens are nanocrystalline, amorphous and silicon
steel based alloys. Quasistatic measurements and sinusoidal measurements
with frequencies up to 10 kHz are performed to identify the required loss
parameters for the IEM-5-Parameter model [5]. PIEM,5 = a1*Bα*f + a2*B2*f2

+ a2*a3*Ba4+2*f2 + a5*B1.5*f1.5 (1.3) Performance Factor A high perfor-
mance factor implies that either a high flux density, a high frequency or both 
can be applied to the material under the limitation of a maximum allowed
loss dissipation. The geometric size, the material mass respectively used
volume can be decreased by choosing a material grade with a high perfor-
mance factor. Typically, the performance factor is calculated over a wide
frequency range per material but is often only valid for one fixed maximum
iron loss dissipation because of a two dimensional consideration (Fig. 1)
[6]. This paper evaluates the performance factor of each studied material
in a third dimension. The IEM-5-Parameter model is used to extract the
required information. The boundary of one fixed maximum loss dissipation
per plot (Fig. 1) is discarded by the introduction of a third dimension respec-
tively axis, which describes different loss limits (Fig. 2). The full paper will
present a detailed overview with all mentioned material grades. Results 
In this digest the results for two different material grades are discussed.
The performance factor is evaluated for a non-grain oriented silicon steel
and an amorphous material grade. In high frequency applications above 
f = 1 kHz, the amorphous material performs better in this comparison. The
critical frequency is loss dependent (Fig. 2). In case of lower loss limita-
tions, the cutoff frequency decreases and the application of the amorphous
material becomes worthwhile for lower frequencies as well. Conclusions
In the full paper, further materials will fulfill the comparison. The different
materials will be introduced and discussed based on material properties and
the IEM-5-Parameter model. A frequency based recommendation for each
material can be expected in the full paper. In addition, the material prices
€/kg can be included into the comparison for an economic based solution
regarding the inset of volume. This may be done because of the direct link
between performance factor and required material weight. In this digest is
shown, that in case of low frequencies below f = 500 Hz, amorphous mate-
rials can perform better than SiFe material. Acknowledgement Funded by
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Fig. 1: Performance Factor evaluated for one fixed loss limit P =12 W/
kg.

Fig. 2: Top view of a three-dimensional evaluation.


