COMPUTATIONAL PROBLEMS OF ELECTRICAL ENGINEERING

Vol. 3, No. 2, 2013

ON MEASUREMENT OF MAGNETIC PERMEABILITY OF
FERROMAGNETIC FLUIDS

Petr Polcar', Miroslav Kubat®
'University of West Bohemia in Pilsen, Faculty of Electrical Engineering, Pilzen, Czech Republic
’ETD TRANSFORMATORY a.s., Pilsen, Czech Republic
paladin@kte.zcu.cz; kubat.mira@gmail.com

© Polcar P., Kubat M., 2013

Abstract: This paper contributes to the measu-
rement of the magnetic permeability of magnetic fluids.
The measurement of ferromagnetic fluids is difficult due
to their liquid state and relatively low values of their
magnetic permeabilities. Methods commonly used to
measure ferromagnetic properties of ferromagnetic
solids usually fail when used for ferromagnetic fluids.
Most common mistakes are explained and numerically
simulated in the paper. An accurate method for the deter-
mination of magnetic properties of fluids is presented.
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1. Introduction

Magnetic fluids represent intelligent materials of
wide industrial applications (see e.g. [1, 2]). Producers of
magnetic fluids usually do not guarantee — and often
even do not publish — the physical characteristics of the
magnetic fluids and designers of these devices are left on
their own measurements. The most important parameters
of magnetic fluids are their magnetic properties and
magneto-viscous characteristics. Measurement methods
for ferromagnetic solids are described in detail (see e.g.
[3]), but these methods cannot be used for ferromagnetic
fluids. The ferromagnetic fluids possess specific
magnetic properties: they have very low relative
magnetic permeability, their hysteresis properties are
negligible, and their magnetic nonlinearity manifests
itself not up to rather high magnetization values.

Fig. 1. Typical structure of magnetic fluid under the influence
of external magnetic field.

A method for quick industrial measurement of
relative magnetic permeability of magnetic fluids was
presented by the authors in [4]. This method was
improved to be able to measure whole magnetization
curves of magnetic fluids.

2. Description of the problem

Most of the methods designed for measuring
magnetic solids characteristics require a closed-loop
sample of the measured material (e.g. Epstein method).
A powering coil generates a magnetic field, the magnetic
flux flows through the measured sample, and a signal is
measured by a measuring coil. A principal scheme of
such an arrangement can be seen in Fig.2.
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Fig. 2. Principal scheme of classical arrangement for
measurement of magnetic permeability of materials.

The magnetic properties of the measured materials
can be counted from the measured signal. This can be
used for solid ferromagnetic materials with relatively
high wvalues of their magnetic permeabilities. An
illustrative measurement configuration was numerically
simulated with the use of the finite element method in
Agros2D software [5], the distribution of the magnetic
field in such a configuration can be seen in Fig. 3.
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Fig. 3. FEM simulation result representing magnetic field lines
in the discussed sample of ferromagnetic material with
4 = 1000 (planar coordinates).

Fig. 4. FEM simulation result representing magnetic field lines
located both inside and outside of the investigated sample
of magnetic fluid with u, = 2 (planar coordinates).
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Fig. 5. A closely located ferromagnetic object (coloured,
4= 1000) corrupts the measurement result; FEM simulation
result representing magnetic field lines (planar coordinates).

On the other hand, the magnetic permeability values
of commonly used ferrofluids and magnetorheological
fluids are very low (depending on the composition of an
actual fluid, the value of relative magnetic permeability
in range u, = 1 ~ 10). As a result of such low values, the
magnetic flux does not confine itself inside the
investigated sample of the magnetic fluid (see the
simulation result in Fig. 4) and thus the data obtained do
not correspond to the magnetic propeties of that sample.

Even worse result can be received if a ferromagnetic
object is located near to the measuring tool. The

magnetic flux then flows through the tool, and its
magnetic permeability influences the measured signal.

Based on our practical experience, we can conclude
that the common methods used for the measurement of
magnetic properties of ferromagnetic solids fail when
used for magnetic fluids. The result of such
measurements is often u, = 1, even if the measured fluid
is clearly ferromagnetic. This is caused by the magnetic
flux flowing through the surrounding air.

3. Principles of measurement

A measurement transformer was proposed - it
consists of two windings (Fig. 6 left), one is powered by
alternating current of a known shape, and a voltage is
measured acrtoss the other one. Magnetic permeability
can be detrminated from these two signals.

Because of low values of magnetic permeability, the
whole transformer is immersed in the measured fluid to
ensure that the magnetic flux confines itself in the fluid
(Fig. 6 right). No other ferromagnetic objects should be
located in the nearby area during performing the
measurement.
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Fig. 6. Proposed measurement probe and FEM
simulation result representing magnetic field lines
when the probe is immersed in the investigated fluid
(axisymmetric coordinates).
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The main disadvantage of the proposed
measurement configuration is the amount of magnetic
fluid required for each measurement. Generally, the
lower magnetic permeability of the sample is expected,
the more sample is required to ensure that the majority of
the magnetic flux is confined to the fluid. The
distribution of the magnetic field can be simply checked
by means of FEM.
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4. Measurement example

A magnetization curve of Ferrotec EFH-1 ferrofluid
has been measured. The measurement transformer and
the container used for fluids can be seen in Fig. 7.

Fig. 7. Measurement transformer without magnetic fluid.

The powering coil of the measurement transformer
was connected to an AC source, the voltage induced in
the measuring coil was measured with the use of an
oscilliscope and voltmeter.

Fig. 8. Measuring installation.
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Fig. 9. Example of measured initial magnetization curve
of Ferrotec EFH-1 ferrofluid.

The magnetization curve of the measured fluid (Fig.
9) has been calculated using the known relations [3].

The number of turns in each winding limits the
values of B/H that may be to received in the course
of measuring experiment. More turns mean the pos-
sibility to measure the magnetic permeability at higher
values of H.

5. Conclusion

Methods developed for measuring permeability of
ferromagnetic solids often fail when wused for
ferromagnetic fluids. Multiple reasons for these failures
were shown with the use of FEM simulations.

A method for the measurement of magnetization
properties of fluids has been presented. Magnetization
curves of magnetic fluids with very low relative
magnetic permeability values (u, < 2) can be measured
using this method.
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BUMIPIOBAHHSI MATHETHOI
MPOHUKHOCTI ®EPOMATHETHHUX
PLIVH

Hetp Hoaunap, Mipocaas Ky6ar

CraTTss omucye MeETOHI BHMIPIOBaHHS MAarHeTHOI Mpo-
HUKHOCTI (hepoMarHeTHHX piauH. BumiproBaHHsS MarHeTHOL
MIPOHUKHOCTI € YCKJIaTHEHUM [T (epOMArHETHUX PiIUH Yepe3
iX arperaTHH# CTaH Ta MOPIBHSHO HHU3bKi 3HAYEHHS MAarHiTHOT
HOPOHUKHOCTI.  MeToa, 10  BHUKOPHCTOBYIOTBCS  JUIs
BUMIPIOBAaHHS MAarHeTHHUX XapakTePUCTHK (epOMArHiTHUX
TBEPAUX T HE € NPUAATHAMH Yy BUMNAAKY (DEepOMAarHiTHHX
piauH.
[IPOBE/IEHO MOJIOBAHHS PO3IOALTY HOJIS [UIs TAKUX BUIAJKIB.
3ampornoHOBaHO METOAWKY BHM3HAYEHHS MAarHiTHHX BJIacTH-

[osicHeHO [OpUYMHY BUHMKHEHHS [OXMOOK Ta

BOCTE#l pilluH, 1110 yCyBa€e BKa3aHi HETOJIKH.
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