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Abstract

This paper analyzes the possible influence of the
size and geometry of the magnetic core on the
determination of volume losses under identical
excitation conditions. Three types of cores made
of the same material are evaluated over a wide
range of frequencies using an experimental test
bench built for this purpose.

Introduction

Magnetic components are essential elements in
power electronics designs. They are commonly used
for galvanic insulation, regulation tasks, resonant
converters, etc. Making the proper design of these
devices is necessary to achieve optimal performance
and efficiency. However, designing a magnetic
component is a complex task due to insufficient data
provided by manufacturers.

Typically, much attention has been given to core
excitation waveforms [1-3], thermal conditions [4] or
material selection [5], but the influence of core
geometry and size is often underestimated. This
paper gives a reference to designers on how these
parameters affect the behaviour of core losses by
testing multiple sizes and geometries of the same
material in different operation points.

Measurement Setup

The measurement setup consists of a H-bridge power
stage, a Tektronix DPO7104 oscilloscope, two EA
PS-2084 programmable power supplies, each
providing up to 84 V and 10 A with a maximum
power of 320 W and a Picolog TC-08 data logger for
temperature measurements. An image of the
complete setup is shown in Figure 1.

The H-bridge enables precise control over the desired
control variables, which are: the bias magnetic field
strength Hpc, the magnetic field density excursion
AB, the frequency, and the duty cycle.

The excitaction voltage is applied to the primary
winding of the core under test (CUT). Voltage
measurements are taken across a secondary winding
while operating under no-load condition to ensure
that parasitic resistances of the wire used do not
affect the results. The waveforms of the voltage in
each winding and the current in the primary winding
are sampled by means of the oscilloscope and
transferred to a PC, where they are processed in
MATLAB to obtain the magnetic field density B and
magnetic field strength H waveforms using modified
versions of Faraday (1) and Ampére’s (2) laws. An
example of some waveforms can be seen in Figure 2.

B do B dB (1)
V=Nge=Neg
Ni = Hl, )

For this study, three N87 cores from TDK are tested.
Two toroid cores with significantly different sizes
(R50 and R102) are used to evaluate the influence of
core size, while an EE 80/38/20 core was included to
compare the influence of geometry.

Results

As an illustrative example, Figure 2 shows the
voltage waveform in the secondary winding and the
current waveform in the primary winding at a
frequency of 200 kHz.

Based on the evaluation of waveforms similar to
those in Figure 2, Figure 3 presents the B-H
characteristics of the three cores for a maximum
magnetic flux density of 50 mT at 200 kHz.

Volumetric losses associated with these B-H loops
were evaluated over a frequency range of 20 to 200
kHz. The results are illustrated in Figure 4.

A priori, from a qualitative perspective, the
relationship between core geometry and volumetric
losses does not appear to be very significant, even at
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higher and lower frequencies, where greater
differences can be observed.

However, given the small volume of cores typically
used in power electronics topologies, evaluating
losses in absolute terms (W) rather than per volume
(kW/m?) reveals how these differences become more
significant.

Conclusions

This work has experimentally demonstrated that both
size and geometry of magnetic cores can influence
core lossess. Although material and winding
conditions were kept constant, variations in physical
dimensions led to measurable differences in energy
dissipation.
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FIGURES

Figure 1. Measurement setup used for experimental tests.
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Figure 2. Voltage and current waveforms from the
oscilloscope.
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Figure 3. B-H loops for three different cores for a maximum
magnetic flux density of 50 mT at 200 kHz and 25 °C.
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Figure 4. Losses per volumen as a function of frecuency for a
maximum magnetic flux density of 50 mT at 200 kHz and
25°C.
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