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Abstract--Nowadays, rotating machines are widely used in
most industries. Because of that, magnetic properties of soft
magnetic material are actively studied under 1-D and 2-D
magnetic flux excitations in order to estimate the total core loss
produced by the material during the magnetization. SOMALOY
700 material, a soft magnetic composite material, is considered
in this paper. 2-D magnetic measurement has been conducted by
controlling magnetic flux densities to be in ellipse shape by using
LabVIEW software. The core loss has been computed by using
MathCAD software. The performance of this material at some
frequencies is compared by plotting the loss curves in the same
graph.

Index Terms—Core
magnetic flux density.
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1. INTRODUCTION

In rotating electric machines, the analytical techniques are
varied and quite different, depending on the type and the
objective of the machine. Generally, in an electrical machine,
there are three important components in operating the
machines such as the stator core, winding coils, and rotor
core.

The stator and rotor cores are made from magnetic material
to aid the production of magnetic flux density. The rotating
magnetic fields are generated when three-phase AC currents
flow through the winding coils. The fields pass through the
air gap and the cores.

To predict the actual core loss that has been produced by
the actual electrical motor, the magnetic properties of
material should be investigated under similar mode of
magnetic flux density propagation which is rotating. Due to
that, the magnetic flux densities are produced to be elliptical
by controlling the magnitude, direction, and phase angle of
individual magnetic field components.

It is very important to properly identify and model the
magnetic properties of material under variation of magnetic
flux densities in order to be employed in designing and
simulation of electric devices. With this valuable information,
the performance of electric devices can be well predicted.

II. MAGNETIC PROPERTY TESTING SYSTEM

The UTS 3-D magnetic property testing system has
successfully been developed by Zhu, ef al. in 2001. This 3-D
tester can magnetize the cubic samples of soft magnetic
materials [1]-[4]. To be operated, the tester is attached to a
feedback control system which contains a control unit and
three-channel power amplifier for generating three different
axes of magnetic fluxes [2]-[6].

The voltage waveforms of magnetic flux density for the
X-, y- and z-components are generated and exported to a
three-channel power amplifier, which feeds the excitation
winding coils of the tester, through three isolated channels of

the A/D and D/A board. The x-, y- and z-components of B
(magnetic flux density) and H (magnetic field strength)
sensing coils generate voltage signals, which are collected by
six independent input channels of the A/D and D/A board.
The signals are used to determine the relationship of B and H
in order to calculate the core loss of the sample. The signals
of B are also used for feedback control of the waveforms [2]-
[7] by using the LabVIEW software.

III. CALIBRATION OF SENSING COILS

To ensure the accuracy in measuring the magnetic
properties of SOMALQOY 700 material, the sensing coils that
are used in detecting the magnetic flux density during the
measurement, are gone through calibration process in the
middle of a long solenoid. The calibration also offers the
consistency with other and repetitive measurements.

The electromotive forces of the sensing coils are induced
inside the solenoid when there is a changing of magnetic flux
as stated by Faraday’s Law. In this experiment, maximum
magnetic field created by a solenoid will be measured. The
magnetic flux density for a long solenoid of many turns is
given as,

N,
B=ﬂ0751 (1)

where B is the flux density which is nearly uniform, N; is the
number of turns, [ is the total length of the solenoid, and / is
the current passing through the solenoid coils. The magnetic
flux over some area A is,

@ =B.A Q)

Faraday’s Law relates the time rate of change of the flux,
d@/dt, to the electromotive force (emf) voltage, € as below,

€ = NgAq i—]f (3)

In (3), the sensing coil is stationary and perpendicular to
the penetration of B. If the AC current in the solenoid has a
frequency f, I=Iysin(wt), then the magnetic flux density at the
center of the solenoid is B= Bysin(wt?). Thus, the sensing coil
induces an emf voltage whose amplitude &, is proportional to
the frequency w and the amplitude B, of the magnetic flux
density.



If the sensing coil is located inside a solenoid and the
induced emf of the coil is given by:

g9 = 2mf NpAp Wo 1 Iy )

where 2nf = o, 1, is the number of turns per unit length of the
solenoid. It can be seen that the emf of the sensing coil is
proportional to both the frequency f and the amplitude 7, of
the AC current in the solenoid.

A circuit diagram of the experiment is shown in Fig. 1. The
AC voltage supply produces a sine-wave voltage which
drives an AC current through the solenoid. The solenoid, with
0.8 m length and 0.11 m diameter, has 939 turns and 13.3 mH
of inductance. The change of magnetic fluxes induces the B
and H sensing voltages in the long solenoid. The operational
amplifiers are needed to amplify the sensing voltages before
being measured by the LabVIEW software.

©
AC source
Solenoid
Voltmgter
0O =
== Sensing coils
———
Ammeter
M
&/
D b
A Computer
U
Q j—
Op-amp —
Digital power
supply

Fig. 1. Circuit diagram of calibration process.

The magnetic flux density B, that is generated by solenoid,
and induced emf of the sensing coil, & will be used in
obtaining the sensing box coefficients, Kz and Kp.

The plotted sensing voltages V, along x, y and z axes versus
alternating currents / that pass through the solenoid, are
described in Fig. 2. It can be seen that the emf of the B and H
sensing coils is directly proportional to amplitude of the AC
current in the solenoid as stated in (5).
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Fig. 2. Induced voltages of B and H coils during the calibration
process.

The results which are obtained by averaging over several
measurements are Kp, = 0.0012, Kz, = 0.0010, Kzz = 0.0009,
K3 =0.0048, Kz, = 0.0042, and Kz. = 0.0043.

IV. EXPERIMENTAL SETUP

The 20 x 20 x 20 mm of 7.5 kg/m* SOMALQY 700 cubic
samples from Hoganas are with six guarding pieces which are
cut to be 2 x 20 x 20 mm.

To obtain the uniformity and high accuracy of magnetic
flux density B, the 0.05 mm diameter of enameled copper
wire is used for both sensing coils. The 200 turns of H sensing
coil are wound around 0.6 mm thickness epoxy resin board.
The round B sensing coil with 6 mm diameter has been
embedded in the center of the H coil, which has been wound
for 60 turns.

Fig. 3 shows the B and H sensing coils which are located
on the surfaces of the cubic sample. The tiny sensing coils are
protected by applying epoxy resin. Epoxy glue coats the coils
to prevent the coils.

Fig. 3. SOMALOY 700 cubic sample with sensing coils.

The sensing box was built to hold the guarding pieces,
sensing coils, and sample together. Fig. 4 shows the sample
of SOMALOQY 700 with its guarding pieces which have been
held by the sensing box.
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Fig. 4. An acrylic sensing box with guarding pieces, holding the sensing
coils to be located on the surfaces of the cubic sample.

V. MAGNETIC PROPERTIES MEASUREMENT

The elliptical B loci are examined by producing major and
minor axis during the measurement. To produce elliptical B
loci that lie in the xoy plane, the magnitudes of B, and B,
should be controlled properly.

DAQ devices from National Instrumentation (NI) have
been used as an interface to generate and control the magnetic
flux density waveforms by using LabVIEW software.

In detail, the magnitudes and phase angle between B, and
B, are controlled in front panel of LabVIEW, which is able to
produce AC voltage waveforms in the x and y- directions.
Then, the waveforms are amplified by using power amplifier
(model: AM3002), which can amplify 63.5 times or 36 dB
before generating the magnetic flux density with the
excitation winding coils in the 3-D tester [8].

Thus, the rotating core loss with elliptical B loci can be
predicted by considering the equation below

P, =Rgh +(1— RB)ZPa (6)

where P is the core loss with an alternating B, P, is the core
loss with a circular B and Rp is the axis ratio that can be
determined by dividing Buin by Bue. In this case, Bug = B, is
the peak value of alternating B.

Elliptical magnetic flux densities are controlled to lie in the
xoy plane at 50 Hz, 100 Hz and 1000 Hz of operating
frequency, respectively. Each measurement under certain
frequency is performed twice for representing the x and y
major. Both measurements are compared by plotting the core
loss curve at each frequency.

VI. EXPERIMENTAL RESULTS

The loci of magnetic flux density vector are controlled to
be elliptical in order to resemble the actual magnetic flux
excitation in rotating electrical machines. The measurement
has been conducted under elliptical magnetic field on the xoy
plane. The B loci at 50 Hz, 100 Hz and 1000 Hz that lie in the
xoy plane are illustrated in Fig. 5. Fig. 5 (a) shows the B loci
with B, as the major axis and B, as the minor axis. Fig. 5 (b)
shows the B loci at three different frequencies with B, as the
major axis and B, as the minor axis.
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Fig. 5. B loci at 50 Hz, 100 Hz and 1000 Hz of operating frequency: a) x-
major, b) y-major

Figs. 5 (a) and (b) show that both B loci for major axes By
and By lie in the same magnetization plane. As can be seen,
the B loci are distorted at high frequency (1000 Hz). It may
be caused by the movement of rotating domain that is
increased during the magnetization which will portray the
anisotropy property when there is involvement of high
magnetic field in different directions [9], [10].

At 1000 Hz of magnetization, the shape of elliptical B loci
becomes shaky due to the coupling between core poles. This
also leads to the noise production but it does not contribute to
the core losses [11].



The corresponding H loci are plotted in Fig. 6, where Fig.
6 (a) illustrates the H loci when By acts as the major axis and
Fig.6 (b) describes the H loci when By is the major axis.
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The performance of the SOMALOY 700 can be
determined by referring to the core loss curve that has been
shown in Fig. 7. It describes the total core loss for elliptical B
loci (x or y major) at 50 Hz, 100 Hz and 1000 Hz.
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Fig. 7. Core loss of SOMALOY 700 material at 50, 100 and 1000 Hz

VII. CONCLUSIONS

The loci of magnetic flux density vector are controlled to
be elliptical in order to resemble the actual magnetic flux
excitation in rotating electrical machines. When there is some
range of frequency, the core loss is higher at 1000 Hz
compared to 50 Hz and 100 Hz due to the rotating domain

particle during the magnetization process. In the future, the
magnetic properties of this material will be measured up to 3-
D of magnetization phenomenon.
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