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MAGNETIC HYSTERESISDYNAMIC M ODEL : VARIABLE FREQUENCY PARAMETERS ADJUST.
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AbstractO It is proposed dynamical model to describe the magnetic hysteresis with two state variables: the intensity magnetic
field H and the polarization fieldM; and two non-linear function, the first responsible for the characterization of the an-
hysteretic curvé(H*), and the other responsible for the characterization of the Barkhauseng(ligisdt is made a discussion

about the adhesion properties of this model to observed behavior of the hysteretic magnetic curve, it is also presented a compari-
son between the predictions and the experimental data in four different frequencies 5mHz, 50 mHz, 20 Hz and 60 Hz.
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Let's present the dynamical equations set proposed
to describe the MxH relation.
. Magnetic density leakage field

This work propses a dynamical approach to w= H(t)+ M(t) [A/m] (D)
describe the magnetic hysteresis. It is a second order 0
model, being tf]j_ek?p'\rﬂ)arent magnet_icbflieldr and the|t's the total magnetic field within the material,
magnetization fie its state variables. Two non- _ -7
linear functions f(.), the an-hysterical magnetization andi, = 47110 [T/CAm)].
curve, and g(.),the Barkhausen noise, complete the * Effective intensity magnetic field
model. Ht)=H(t)-7, H({) wm @

A parameter fitness is obtained for different ex-
citation frequencies: 5, 50mHz for 1,5T and 20, 60
Hz for 1,7T and 1,5 T respectively. The data used
refer to one single iron-siliceous material used in
Epstein Square calibration..

1 Introduction

H. is the applied intensity magnetic field, created
by the current @ssing the coil. The derivative term is
due to the Foucault (eddy) macro-current. These cur-
rents there exist also in non-magnetic materials, since
they are electrical conducting materials.

» Magnetic polarization field
2 Model Assumptions M (t) = f (|—| D)— 7, .M (t) Am]  (3)

It's the polarization field created by the material
due to the domain wall movement. The derivative

The electromagnetic apparatus is very simple aterm is due to the Foucault (eddy) micro-current,
cooper coil turned around a magnetic nucleus torusthese currents there exist opposing to the domain wall
feed by an alternating voltage generator, seeing inmovementf is an empirical function that fits the an-
figure la. Its electrical circuit is shown in figure 1b.  hysterical curve, here we suggest:

f(Hu):ﬂ/gata{

0

2.1 Physical Model

';j+(1—,8)atarE:::;H @

M
and also: Y = FoVsat ang 0< L=<l
772
TheH; andH, parametes describe the magnetiza-
tion at two diferent moments: the first one is the

) ) domain wall movement and the second one the atoms
Fig. 1a — Toruphysical scheme. rotation.

mj It is convenient to define an auxiliary variable the
L L o . -
= By polarization phas8 as: 8(t) = p,.M (t)/ x

cu

- do reit Rewriting the egations according to the state
w space description we obtain the varialiéy and
1) T &t) as a function of the applied fiektk (t).

r,H=H_-H )

Fig. 1b — Toruelectrical scheme
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_ H* H* of the ferromagnetic core; the time constapt due
Ty 0= ,Batar{Hj + ( + ,3) ata’{Hj -6 (6 to the micro-currents, depends also on the material
1 2 electrical resistivity and the grain size.
Finally thea,c parameters are related to the aver-
 Liquid intensity magnetic field age magnetic gain created by the domain wall move-
H' (t) = H(t)+ a.g(9) (7)  ment that produces the Barkhausen noise. Experi-
ments focused to its detection will present data

It is responsible for the induction of the material '
o N ' enough to the necessary parameter fitness [4]. The
polarization. The proposal for this field was firstly .
other parameters have also been discussed.

made by Jiles [2] and differs to the present due to the

g(8 term that represents the Barkhausen noise [3]. . _
An appropriate choice for this function allows us to 3 Parameter s adjustment based on hysteresis

obtain innumerous distinct equilibrium points. This curves

feature is not present at the linear forng(#). Four figure sets are shown, figures 1 to 4, for four
_ different frequencies: 5 and 50 mHz, at 1.5T satura-

2.2 Barkhausen Noise tion field; and 20 and 60 Hz, at 1.7T and 1.5T re-

spectively. Each set contains four graphics; the supe-

The role ofg(é) function is to induce the Barkhau-  rior graphics present the experimental and theoretical
sen noise, and is given by: curves for Bxt and BxH. The inferior graphics pre-

g(@) = Sin(O'ﬂ) 8) sent the magnetic energy stocked by the macro and

micro currents. These energy were calculated as:

One carsee that for small values ofthis function _f I-L.Hdtand_fHE.M.dt . both added give the

approaches to a linear, becoming likely the Jiles

model. For practice we can defipeas: B
total mergyIHE_—,dt . One can observe that the
UE(4k+].).Hsa/9rem; and k as being an integer Ho
numberproportional to the domains quantity. micro-aurrent energy is increasing each cycle, alt-
hough the macro-current energy is almost constant.

The possible equilibrium points, for null intensity  rpg"ratio petween their amplitudes is about one thou-

magnetic field, must obey to: sand.

0. =pata a’.sn(a.@eun +( 1—,8)ata a‘SIr(O-'eequ' The last graphic is Hxt andgkt, there is no appar-
equi H, H, ent diference between both for low frequencies
(mHz) while a small delay can be shown for high
©) frequencies (60 Hz).

The las equilibrium point will be called the mate- The parameters fithess was obtained searching the
rial's remnant field; this value allows us to obtain the minimum squared error between the theoretical en
value forB as: experimental data for the superior figures to all stud-

a ied frequencies.
6., — atan| — _ _
B = ( H, ) Table 1 — Parameters fitness: equations (9) and (10).

B N T 2,1600

atan[aJ - atan(aJ (10) Bou —» x| [T]
H, H, B — B | [T] 1,0434

A stablity study at these points shows an alterna- H, [A/m] | 4.0276e+01
tion between stable an unstable points. This property H [A/m] 1.1452e+04

2

implies that there exists a minimum necessary level

TR . . T [s] 2.1088e -05
of magnetization field to jump from one stable point H
to another neighborhood. Iy [s] 1.0644e -05
a [A/m] | 7.4952e+01
2.3 Dynamic model parameters k-o # 20

The parameters set to be adjusted may be divided T_o finalize the analysis two graphics are pres_ented
in pairs according to the physical phenomenon asso-N figure 5, they represent the Barkhouse noise as
ciated with it, so the pa(p(,ﬁ) is related to the say- dM/dt x t-and also dM/dt x H. An histogram was

. . L . computed, based on this figure, to compare with the
ration and remnant magnetic density fields; the pair Barkhausen noise in [4]. For each dH(A/m) interval

(Hl'HZ) to the an-hysterical function; the the edges were counted. The following table was
pair (a,a) to the Barkhausen noise; and the pair extracted and compered with [4], the similarity gave

(TH,TM) to the Foulcault (eddy) currents. The time us the clue to relate the g(.) function with the Bark-

hausen noise.
constan 7y, due to the macro-currents, depends on
the maerial electrical resistivity and the shelf width
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Table 2 — Histogram: events number of Barkhausen
noise versus Induction magnetic field H.

From  Until # of
events
-250 -200 1
-200 -150 0
-150 -100 1
-100 -50 2
-50 0 3
0 50 10
50 100 21
100 150 10
150 200 3
200 250 2
4 Conclusion

The present model was able to represent well the
magnetic hysteresis curve from low (mHz) to high
(Hz) frequencies. The remnant and saturation field
fit well and the number of parameters (6) is not too
much when seeing the phenomenon complexity.

A particular feature of this model if compared to
others [5], is the Foucault current presence that are
entirely responsible for the material losses. Even at
low frequencies due to the sinusoidal feed-back term,
the system becomes locally unstable and the losses
can be explained by this term.
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Fig. 2— Hysteresis curve at 50 mHzand 1,5 T.
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Fig. 3- Hysteresis curve at 60 Hz and 1,5 T.
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Fig. 4 — Hysteresis curve at 20 Hzand 1,7 T.
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Fig. 5 — Barkhausen noise (20 Hz at 1,7 T)

© 2013 SBMAC

010003-6

DOI: 10.5540/03.2013.001.01.0003


http://dx.doi.org/10.5540/03.2013.001.01.0003



