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The validity of the Steinmetz law (P = K B™) has been analyzed using the tanh model, by splitting the minor
loops in three or two components, corresponding to different magnetization processes at different excitation levels.
It is shown that the original Steinmetz law with the exponent n = 1.6 is valid only at and above the coercive
field, for intermediate and high induction values, where all the three magnetization processes are present. At small
magnetization levels the exponent is about 3, much higher than the original proposed value.
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1. Introduction

Soon after the discovery of the DC magnetic hysteresis
loss P by Warburg in 1881, formulated as P = § HdB,
Steinmetz [1, 2] found a simple scaling expression of P
versus the magnetic induction B, as P = kB" , where k is
a proportionality factor, depending on the material and
n = 1.6 is supposed to be unique for all soft magnetic
materials. It is interesting, that so far there is no ac-
cepted explanation for this old law, although it is widely
used in practical applications. Today we are facing a re-
vived interest in this [3], and related [4, 5] scaling laws
in magnetization processes.

The DC hysteresis loss has been decreased by more
then two orders of magnitude during the last century,
from 1100 J/m3 at 1.5 T [2] for technically pure iron
sheet, to ~ 5 J/m? for the optimum annealed Finemet
type nanocrystalline alloy. This is why it is of foremost
importance to check the validity of the Steinmetz law
over a large range of hysteresis losses. The order of mag-
nitude of the DC hysteresis loop area can be estimated
as P ~ 4H.(B)B, which compared to the Steinmetz law
gives an estimated value of H.(B) = k'B%5. Therefore
either the exponent of 1.6 for the hysteresis loss, or the
coercivity exponent of 0.6 should be verified experimen-
tally and modeled theoretically. The simple Steinmetz’s
power low was assumed to be valid for the entire magne-
tization region [6] but its validity has not been checked
in the Rayleigh region, at low magnetization levels.

In this paper we investigate the validity of Stein-
metz law from zero to saturation magnetization for the
nanocrystalline Finemet type soft magnetic material hav-
ing a round-type hysteresis loop obtained after normal
heat treatment (540°C/1h) of the amorphous precursor
ribbon.
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2. Experiment

A series of quasi DC hysteresis loops with varying ex-
citation level have been measured by using the experi-
mental arrangement shown in Fig. 1. Before the start of
the measurement the toroidal sample was carefully de-
magnetized. The hysteresis loops were measured with a
triangular excitation of f = 0.01 Hz.

Signal Generator | ¢———— ‘Measurement control
v

and data processing PC

™A ["Storage Osc.
or AD converter

Toroidall —— | Walker integrator/

sample,

[Kepco current supply| | Current probe |

Fig. 1. Setup for hysteresis measurements at very low
frequencies.

3. Results and discussion

A set of minor loops have been recorded for round
(R) type Finemet toroidal samples. The minor loops
are shown in the Fig. 2.only for brevity. The follow-
ing parameters, such as the area, P(B,,), the coercivity,
H.(B,,) and the remanence,
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Fig. 2. Set of minor loops for Finemet sample
nanocrystallized at 540 °C for 1 h (Round type loop).
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The Rayleigh model of magnetization in small fields
shows that the power law exponent near 3 is related to the
reversible magnetization, whereas the exponent near 1.5
is linked to the irreversible magnetization process around
and above the coercive field. Approximating the power
loss as P ~ 4H,, B,,, the corresponding exponents for H,
versus B,,, dependences would be 2 and 0.5, respectively,
see Fig. 3.

The magnetization process in larger fields is supposed
to consists of three overlapping processes: domain wall
motion (DWM), domain wall annihilation and nucleation
(DWAN) and domain rotation (DR). For details see [7].

The equations of the hyperbolic model in normalized

form:
B H+Hepwum

E =Apwwm tanh(aD s )+
H+H
ADWANtanh(an)-&-
Hs
H+H
ADRtanh(aR%),

where Apway + Apwan + Apr = 1.

Figures 4a, 4b and 4c show the loop components for mi-
nor loops, measured with maximal field H,, well above,
around, and below the H,., respectively. The three com-
ponents around and above H, follow the Steinmetz expo-
nent, whereas the remaining two components below the
H_ have an exponent around 3 (see Fig. 5), in accordance
with experimental findings.
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Fig. 5. The Steinmetz power low applied to experi-

mental data and to the loop components, obtained by
splitting the minor loops with the help of tanh model.
Please observe that the DWAN component appears at
large excitations only, whereas the DWM and DR com-
ponents are present down to the lowest excitation avail-
able.

4. Conclusions
Splitting the minor loops in theoretical DWM, DWAN
and DR components, using tanh model, helped us to in-
terpret the larger Steinmetz exponent in Rayleigh region.
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