POLLACK PERIODICA

An International Journal for Engineering and Information Sciences
DOI: 10.1556/606.2018.13.2.2

Vol. 13, No. 2, pp. 15-26 (2018)

www.akademiai.com

MEASURING AND SIMULATING MAGNETIC
CHARACTERISTICS USING EPSTEIN FRAME

! Zoltan NEMETH, > Miklos KUCZMANN

12 Department of Automation, Széchenyi Istvan University, Egyetem tér 1
H-9026 Gy6r, Hungary, e-mail: 'nemeth.zoltan@sze.hu, *kuczmann@maxwell.sze.hu

Received 30 August 2017; accepted 16 January 2018

Abstract: The paper discusses the standard of the Epstein frame that has been used to
measure magnetic characteristics of the core made of material M250-35A supplied by different
frequencies between 1-400 Hz. The measuring program has been built in LabVIEW including a
control, filter and data save section as well. COMSOL Multiphysics 4.3b has been chosen as
simulation environment, in which the Jiles-Atherton hysteresis model has been implemented.
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1. Introduction

The objective of this work was to build up an Epstein frame, which has been used to
measure magnetic characteristics of different type of core supplied by current on the
frequency range of 1 Hz - 400 Hz. The frame consists of 4 primary coils with 250 turns
each. The power generator is connected to the primary winding supplied by sinusoidal
current generator. The device has 4 secondary coils as well with 300 turns of each, and
another connection points at 3, 15, 150 turns. Fig. I shows the scheme of the completed
device.

To use the frame properly, a measuring program in LabVIEW has been
implemented. Various parameters have been obtained by the program, for example the
magnetic field and magnetic flux density to display the hysteresis characteristics. It also
has a control mechanism and a data log option after the measurements.
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Fig. 1. The scheme of the Epstein frame [1]

The two most well-known hysteresis identification methods are the Preisach model
and the Jiles-Atherton model. For this work, the Jiles-Atherton model had been chosen
[2]. The advantage of this model is that the implementation of Jiles-Atherton model into
COMSOL Multiphysics 4.3b is easier. The differential equation can be implemented as
a Partial Differential Equation (PDE) and the parameter identification equations had
been defined as variables. From the measurement results the identification of the Jiles
parameters (a, a, ¢, k, M) could be performed. After the Jiles-Atherton model
implementation into COMSOL, the simulation with the same excitation and geometry
could be realized.

2. The Epstein frame

The Epstein frame is used to measure magnetic properties of electrical steels and
strips. The standard says, the steels weight has to be 1 kg, the excitation has to be
sinusoidal voltage, and some other data are already shown in Fig. /.

At the beginning the coil parameters had to be calculated. The overall primary coils
have 1000 turns and the secondary coils have 1200. With these parameters the
measurements between 1-400 Hz can be performed and the magnetic field can be up to
10.000 A/m while the magnetic flux density can reach about 2 T [3], [4].

Unfortunately, in the laboratory only current generator is available, which means
that control section into LabVIEW program had to be implemented to obtain sinusoidal
induced voltage. There can be some difference in the results, because the measurements
were made with only 36 iron sheets with 900 g weight.

In Fig. 2 the completed frame can be seen.
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Fig. 2. The measurement ready Epstein frame

3. The measurement program in LabVIEW

LabVIEW has a graphical programming interface, where Virtual Instruments (VIs)
for any kind of work can be realized. Suitable hardware is needed to can make
measurements, which is represented by the connection between Epstein frame and VI
(51, [6].

The program has been built up by 7 important sections as it is shown in Fig. 3.

| Initialization |
Y

| Excitation |<—
Y

[ oo ]
Y

| Filter

L4

| Calculating characteristics

I Control

|
|
|
| Data log s

Fig. 3. The structure of the measuring program

In the initialization section the physical channels can be setup, variables and plots
are cleared. As it was mentioned in session 2, the excitation current is sinusoidal
between 1 Hz and 400 Hz frequency. The Data Acquisition (DAQ) section contains the
output and input signal processing. One of the most important things in low frequency
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measurement is to remove the noise from the measured data. For this process a Fourier
series expansion of the measured signals has been implemented. The difference between
the measured signal before and after the filtering is shown in Fig. 4 and Fig. 5.
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Fig. 4. Induced voltage without any filter
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Fig. 5. Induced voltage after filtering
After filtering, the program calculates the magnetic field from the excitation and the

magnetic flux density from the induced voltage of the secondary coil. The control
section takes care of the sinusoidal waveform of the magnetic flux density. After the
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measurements, every single waveform and parameter with timestamp can be saved into
a text file. Later on while making documentation, the necessary data have to be
imported into MATLAB or LabVIEW to analyze and compare the results with different
amplitudes and frequency. In Fig. 6 the graphical user interface can be seen while some
measurements are performed at frequency of 5 Hz.
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Fig. 6. The graphical user interface while measuring

4. The Jiles-Atherton hysteresis model
While measuring ferromagnetic materials hysteresis phenomenon can be observed.

The relation between the magnetic flux density B and magnetic field intensity H the
following relation is represented [7], [8]:

B=puy(H+M), (1)

where M is the magnetization of the material, and 4 is the permeability of vacuum.
The Langevin model for paramagnets, if there is no hysteresis loss, can be formulated as

Mg, =Ms[coth(H ]_“] )
a H
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Here M, is the saturation magnetization, and a is a model parameter. Because in

ferromagnetic materials the moments next to each other have an interaction, the Weiss
correction in (2) is usually applied. If (H + aM ) is small enough (2) is modified to

H+oaM

Mgp =M 34

3

where « is another model parameter.

The Jiles-Atherton model says that the magnetization is represented as the sum of a
reversible and an irreversible component, i.e.

M =My + My 4)
where the reversible magnetization can be calculated as

M ey :c(Man_Mirr)' (5)

Here ¢ is the reversible coefficient. The magnetization can be expressed from (4)
and (5) as

M =cM gy + (1 - C)A/[irr : (6)
From the energy balance in the material the following relation can be formulated

dM ;
,UO.[Mirr(H)dHe:ﬂO.[Man(H)dHe_ﬂOJké‘#dHea (7
e

which leads consequently to

dM;
Man(H):Mirr(H)+k5Tws ®)

e

where k is a model parameter; § is a signum function of the derivative magnetic field
and H, = H +aM is the effective field. At last, the differential equation of the Jiles-

Atherton model can be expressed from (6) and (8) after a derivation as

dMan + (1 _ c) dMirr

a  aH, dH, o
CdMan —0{(1 _c)dMirr

dH, dH,
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The mentioned parameters can be defined from the experimental data. To obtain the
values, 5 equations must be taken into iteration [9]:

¢ =2%in (10)
MS
M
azs(lmj, (11)
3 \ Xan
My, (H,) 1+«
k = ani’c , 12
_ dMan(Hc)l—C (12)
e =y
o= k(1-¢) 3 l-c ’ (13)
M, —M g4y M gpn
M
" dH
a=Ms |y Man(Hn) =My, (axm +1)|. (14)

- 3%in kxm

where y;, is the initial normal susceptibility; y,, is the initial anhysteretic
susceptibility; y H, is the differential susceptibility at the coercive point; M, is the
differential susceptibility at remanence; y,, is the maximum differential susceptibility;
M, 1is the remanence magnetization; H, is the coercivity; M, is the maximum
magnetization and H,, is the maximum magnetic field.

The scheme of the used iteration is shown in the Fig. 7 [10], [11].

j
C
lmz) (14)
I
(04

Fig. 7. Iteration for determining model parameters
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As it can be seen, an initial value for & =0.001 has been applied. Using equations
(11), (10), (12) and (13) a new value for a has been obtained. Using (14) and repeating
this calculation until the parameters change. After the iteration completed, the Jiles-
Atherton parameters can be obtained as it is shown in Table I.

Table 1

Values of the model parameters
Parameter Value

a 1425 A/m

a 0.0005

c 0.1

k 255 A/m

M, 1 500 000 A/m

These parameters are constant except k, because it depends on the frequency,
k=255 A/m is used with 1 Hz excitation.

5. Simulation of the Epstein frame by FEM

Since the distribution of the magnetic field in the Epstein frame is near
homogeneous, so the correctness of the hysteresis simulation in computation and
measurements are going to be performed. The COMSOL Multiphysics 4.3b is
numerical based software for modeling and simulating any kind of physics [12]. For
simulation the Epstein frame has been modeled in 2D. The geometry was drawn in
COMSOL using the build in modules. Meshing the geometry is very important because
of the resolution and the precision of the surface plots and simulation time. The
optimized mesh for the simulation is shown in Fig. 8. As it can be seen, the element size
of the core has been set to extremely fine to get exact results at the edges as well. The
complete mesh consists of 17038 domain elements and 1468 boundary elements. The
number of degrees of freedom solved for 279554. The simulation time took 2049
seconds using Intel Core 17-4720HQ processor, which has 4 cores with a maximum of
3.6 GHz frequency. The implementation of the Jiles-Atherton model into COMSOL
will not be described in this paper; it has been shown in detail in [13], [14], [15].

6. Results

The measurement has been performed using material M250-35A produced by
ArceroMittal. Measurements and simulations have been performed applying 7 different
frequencies with 8 different amplitudes. It is too much to represent all of them, so only
the result at frequency of 1 Hz is shown. During measurements sinusoidal current
excitation has been applied with a control mechanism to obtain sinusoidal induced
voltage. Before saving the result the measurement program had been run for 15 periods
long. For measuring the minor curves 8§ different measurement have been applied with
different amplitudes, starting with 0.52 A and exponentially growing until 8.5 A to
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obtain monotonously increasing magnetic flux density from 0.2 T up to 1.6 T. From the
induced voltage signal the first period had been removed before Fast Fourier Transform
(FFT) because of the transient processes, where every harmonic component has been

removed. The result is shown in Fig. 9.
Comparison of measured and simulated results is shown in Fig. /0a and Fig. 10b.
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Fig. 8. Meshed geometry of the Epstein frame
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Fig. 9. Measurement result in 1 Hz frequency
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Fig. 10. Comparison of measured and simulated results

As it can be seen, there is a difference between the two curves, especially in the case
of the higher amplitudes, where the measured curve is completely narrowed. As it can
be seen in Fig. 10b, there is minimal difference when the magnetic induction is close to
zero or its maximum, at the other parts of the curve, there are some difference with a
maximum of 0.049 T. This difference can be caused, maybe, by the control mechanism.

Fig. 11 shows the absolute value of the magnetic flux density at =0.75 s.
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Fig. 11. Simulated absolute value of the magnetic flux density at =0.75 s

Pollack Periodica 13, 2018, 2



MEASURING AND SIMULATING MAGNETIC CHARACTERISTICS 25

The simulation result shows that at the outer edges of the frame the magnetic
induction is minimal, less than 0.2 T and increasingly growing toward the inner corners
up to 2.06 T. At the other parts of the iron the magnetic flux density is evenly
distributed. Using FEM for electromagnetic simulations is highly recommended after
measurements to can confirm that the result is valid.

7. Conclusion

The objective of this work is to introduce the basic knowledge of the Epstein frame,
and to present the own made device, how to build a measuring program for
electromagnetic measurements. The second part of the paper presented the necessary
equations of the Jiles-Atherton model. The simulation environment is COMSOL
Multiphysics 4.3b, where the hysteresis model has been built in, but the implementation
of the model is not presented. At last the measurement result at 1 Hz has been compared
with the simulations.

In the future, the Epstein frame will be useful at measuring different type of
electromagnetic steels and comparing them to each other. The advantage of using
COMSOL Multiphysics 4.3b for simulation is that the implementation of the Jiles-
Atherton model is not complicated; moreover, the simulation gives accurate result. The
only disadvantage of the model is the definition parameters are sometimes cumbersome.
The vector extension of the hysteresis measurement will also be in the focal point of
research.
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