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THREE-PARAMETER FEEDBACK CONTROL
OF AMORPHOUS RIBBON MAGNETIZATION

Oleksandr Stupakov *— Peter Svec ™"

This work describes a specially developed software for controllable magnetic hysteresis measurements of amorphous and
nanocrystalline ribbons. The sophisticated algorithm enables to simplify a hardware design and to suppress an influence of
experimental conditions on the measurement results. The main software feature is a three-stage feedback algorithm, which
accurately adjusts the magnetization conditions: magnetization amplitude, geomagnetic bias and magnetization waveform.
Air flux compensation of the induction signal is also performed by the software using an effective value of the coil cross section
obtained from a calibration measurement without the ribbon. Applicability of the designed setup is illustrated for a series
of nanocrystalline Hitperm ribbons measured at the power-line conditions: 50 Hz frequency and sinusoidal magnetization

waveform.
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1 INTRODUCTION

Iron-based amorphous ribbons prepared by a rapid
melt-spinning solidification demonstrate unique magnetic
properties. Their disordered atomic arrangement does not
prevent the formation of ferromagnetic order with high
permeability and coercivity as low as a few A/m. Electri-
cal resistivity of these glass metals is also 2—3 times higher
than that of their crystalline counterparts. These excel-
lent characteristics make the amorphous magnetic alloys
to be a potential candidate for replacing traditional elec-
trical steels in a range of power devices, eg distribution
transformers. However, at present the amorphous mate-
rials comprise only a few percents of world production of
soft magnetic materials. Complicated preparation tech-
nique, high stress sensitivity of the magnetic properties
and low saturation magnetization impede the implemen-
tation of the amorphous materials into a practice [1-3].
Therefore, a special attention is currently riveted on re-
cently developed alloys with high saturation induction of
up to 1.6-1.8 T [4].

Industrial application of these materials requires a
suitable technique for quality testing. However, the ac-
curate magnetic measurement of the soft amorphous rib-
bons with a tiny cross section and the near-zero coercivity
is not an easy task. There is still no internationally agreed
standard method, simple and reliable in practical use [2].
Tape-wound ring samples are preferable for the physically
accurate measurement in a magnetically closed configu-
ration. However, the tape winding is time consuming and
implies the buildup of stresses, which can considerably
vary the magnetic properties of the amorphous materi-
als [1,3,4]. Therefore, the more practical solution is to
magnetize the ribbons in a solenoid or Helmholtz coils.

magnetic variables measurement, magnetic hysteresis, digital feedback control, amorphous magnetic

This enables to calculate the magnetic field accurately
using the magnetizing current because the demagnetizing
factor of long and slim ribbons is negligible [5]. However,
the measurements in these open magnetic configurations
have some serious drawbacks: weak induction and consid-
erable air flux signals, significant geomagnetic bias and
uncontrollable magnetization waveform [6,7]. Therefore,
to simplify and stabilize the measurement conditions, the
experiments are often performed at a dc regime [5-7] or
with oversaturated field amplitudes [3].

Modern digital methods of measurement and data pro-
cessing afford new opportunities for development of the
magnetic testing systems. Many hardware/analogue com-
ponents can be easily substituted by the digital process-
ing units providing more controllable experimental con-
ditions and higher result accuracy [8-10]. This work de-
scribes such a new setup with a specially designed control-
ling software for the accurate magnetic hysteresis mea-
surement of the amorphous ribbons at the standard con-
ditions of transformer steel operation: 50 Hz sinusoidal
magnetization with fixed amplitude [1, 11]. The developed
measurement software iteratively adjusts the magneti-
zation conditions in three interconnected steps to sym-
metrize the hysteresis loop and to keep the required shape
of the magnetization waveform. The setup is realized by
analogy with our previous system developed for the mea-
surements of bulky sheets of electrical steels in pseudo-
closed magnetic configurations with a simpler two-stage
control of the magnetization conditions [11]. The partic-
ular measuring and technical problems, which are impor-
tant for further development of the field, are discussed in
detail. The setup efficiency is proved by the experimental
data.

* Institute of Physics, Academy of Sciences of the Czech Republic, v.v.i., Na Slovance 2, 182 21 Prague, Czech Republic, stupak@fzu.cz;

** Institute of Physics, Slovak Academy of Sciences, Dibravskd cesta 9, 845 11 Bratislava, Slovakia, peter.svec@savba.sk

DOI: 10.2478/jee-2013-0024,

ISSN 1335-3632 (© 2013 FEI STU



Journal of ELECTRICAL ENGINEERING 64, NO. 3, 2013

16 bit Ven [ Power amplifier | +/-5A
paq | OUPut|+itov [_APEXMP39 [ 5oy
board 1 Vit Variable
nput . resistor
NI Vind SRS amplifier Ruu= 5000
PCI-6251 SIM911,1-100x .
Solenoid
. Vshunt . .
Amplifier | _ I Induction coil
Lab PC coefficients g 1
y control ~H Uina Ribbon
view
software Shunt resistor
GPIB Rghun= 5Q
card =
Fig. 1. Block scheme of the measurement setup
Measurement parameters: End
Jmaxs 5 J(f) waveform, etc. v
Start -
Data files saving
Loop for i ¢ ¢ 4

Jmax amplitude correction:
oo reg il i
until Jiax< ot Vimes=V maxct AV cont
i i { reg i
then Vinax = VinaxKimax(Jmax = Jmax)

v No

Measurement and
data evaluation

Display of BH loop
and parameters

Measurement with
cycle averaging
data evaluation

Teg itl

Jinax—Jimax| < 0.2% Jma

1.

Demagnetization

H,yax Symetry correction: YES
until sign AHpa= sign AHj\ NO
{ Vo = Vit Moo
then Vopr = Ver—Htimax AHma/2
v I

Measurement and
- Measurement and
data evaluation .
data evaluation

v y

[AH/2]<0.2 A/

J(Omax \Y]aveform corr?ction:
Vgen(fg =f [Vgen(t)l]c
=J =110

Fig. 2. Flowchart of the measurement algorithm

2 SETUP DESCRIPTION

The block scheme of the measurement setup is shown
in Fig. 1. The measurements are PC-controlled through
the 16-bit data acquisition board and a GPIB card. The
magnetization voltage Ve, is generated by the acquisi-
tion board and processed by a power amplifier [11]. The
ribbons are magnetized in a solenoid with a 4 £ active re-
sistance. A power film resistor Rgpyunt = 5 2 mounted on
a heat sink is used for the accurate reading of the voltage
Vshunt needed for determination of the ribbon magnetic

field
N N Vshunt
H=— Ima = 7 5
l g l Rshunt

(1)
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where N is the number of turns of the solenoid magne-
tizing winding, ! = 300 mm is the solenoid length and
Imag is the magnetization current. The specific number
of the solenoid N/I = 4650 A/m was also verified by a
commercial Hall-effect gaussmeter. This widely accepted
current field approach supposes that the inside-ribbon
magnetic field is equal to the homogeneous field of empty
solenoid. The demagnetizing factor of ~ 1 m long and
slim ribbons is negligible [5]. An additional variable re-
sistor Ryq =~ 500 is needed for full use of the output
voltage range.

One induction coil of 40 mm length is used for deter-
mination of the ribbon magnetization. A calibration mea-
surement of air flux signal without the sample replaces a
common analogue method of two coil compensation. The
sample was placed into one of these coils connected in
series opposite. However, an additional balance unit was
usually needed for perfect compensation of the air in-
duced signal [6,7]. According to the Faraday’s law [1],
the voltage U,q induced in the coil encircling the ribbon
is equal to

dH dJ
—n | Seoil Ho~gp + Sriba . (2

dB

Umd =-nS di =
where n = 2700 is the number of turns of the induction
winding, B is the magnetic induction, t is time, po =
47107"N A~2 is the permeability of vacuum, J is the
magnetization, S.,; and S,; are the cross sections of
the induction coil and the ribbon, respectively. Numerical
trapezoidal integration of the sampled induction voltage
gives

/ Uinadt = —n[SeoapicH(t) + SeanJ(®)].  (3)

The first air induced component nSeeipoH (t) of (3) is
pre-measured without the sample to determined the ef-
fective coil cross section Seo; = 88 mm? (inner and outer
coil cross-sections are 3 x 10 and 9 x 17mm?). Then the
ribbon magnetization is easily calculated using the for-
mula

N Vshunt (t)

U;nadt Secoi —_—. 4
|:~/ ¢ o tho l Rshunt ( )

-1
J(t) = S

Because of the accommodation effect, the signals are col-
lected and integrated from the fifth measurement cycle.
The constant zero threshold of U;,q is compensated for
by levelling the magnetization amplitudes Jyax, and the
J(t) waveform is symmetrized around zero.

The software was realized in a NI LabVIEW graphi-
cal programming environment; the algorithm flowcharts
are shown in Figs. 2 and 3. The main algorithm feature
is the three-stage feedback control of the magnetization
conditions. At the first stage, the magnetization ampli-
tude Jpax is iteratively adjusted with 0.2 % accuracy by
selecting an appropriate amplitude Vi,.x of the gener-
ated sinusoidal voltage Vgep, . After the Jmax adjustment,
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Fig. 4. Set of the symmetrized hysteresis loops with different mag-

netization amplitudes Jmax . The measurements were performed for

the softest Fego.7Co20.3Nb7B12 ribbon at the conditions of 50 Hz
magnetization without the J(t) waveform control.

the correction coefficient kjmar = dVinax/dJmax describ-
ing the rate of change of the generated voltage amplitude
with respect to the magnetization amplitude is stored for
further J,,qz corrections.

After the symmetrization of the obtained hysteresis
loops J(H) on the coercive force values H,, there is a
substantial asymmetry with respect to the field ampli-
tudes AHyax/2 ~ 10— 20 A/m. This field shift, which is
mostly caused by the Earth’s magnetic field, leads to a
significant distortion of the narrow hysteresis loops with
H. ~ 5-10 A/m. This field distortion is much more sig-
nificant than for the previously considered case of elec-
trical steels measured in quasi-closed magnetic configura-
tions [11]. Therefore, its correction should be performed
on a more serious base, ie it should be realized inside a
main feedback loop. So at the second stage, the field am-
plitudes Hpax are similarly symmetrized with £0.2 A/m
accuracy by selecting an appropriate offset of the gener-
ated voltage waveform, Vie,(t) = Viaxsin(wt) + V.
After the Hy.x symmetrization, the second correction
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coefficient kpmae = dVosr/d(AHmax/2) describing the
rate of change of the voltage offset with respect to the
field amplitude shift is also stored.

The controls of Jyax and AHpyax/2 parameters are
interrelated: the change of magnetization amplitude al-
ters the field symmetry and vice versa. Therefore, for
the simultaneous multi-parameter control, the feedback
loop iterations should be combined with the consecutive
control of each magnetic parameter. After the initial cor-
rections of Jyax amplitude and Hp .y symmetry, such
an iterative feedback loop is initiated. The Jpax ampli-
tude is checked first: if its value differs from the required
one by more than 0.2%, the kj,.. coefficient is used
to correct the Viax level. If J, . is within the tolerance
limit, then the |AHpax/2| parameter is checked to be
less than 0.2 A/m and can be corrected using the kpmax
coeflicient. After each parameter correction, the hystere-
sis loop is remeasured and new Jyax and AHpax/2 pa-
rameters together with the correction coefficients kjnqq
and kpgmaer are recalculated at the end of each feedback
cycle (see Figs. 2 and 3 for more details). After full si-
multaneous adjustment of Jynax and AHpay/2 param-
eters, the final hysteresis measurement is performed in
the “common” way without the J(¢) waveform control
for comparison with the measurement at the standard
operation conditions with the controlled J(t) (gray ar-
row labeled as “Measurement without J(t) control” in
Fig. 2). At these measurement conditions (without the
J(t) control and with high R, used), the resistive part
of the magnetization circuit resistance is dominant over
the inductive part and the open magnetic configuration
of solenoid keeps the field waveform to be practically si-
nusoidal, H(t) ~ Ineg ~ Vgen ~ sin(wt) [3]. Example
of such measurements is shown in Fig. 4 for visual il-
lustration of the efficiency of the used symmetrization
algorithm.

For the measurements with the required magnetiza-
tion waveform J(t), the third control subroutine is added
to the main feedback algorithm (see Fig. 2). If the first
two parameters Jyax and AHp../2 have been adjusted
within the tolerance limits, the measured magnetization
waveform J(t) is compared with the required (sine) wave-
form J(t)"?. For numerical evaluation of the waveform
coincidence, a Pearson’s correlation coefficient [11] is used

55 = (I = (o))
VIS5 = (D2, (5T = (e

kPear = (5)

where the summation is given over the sampled points
j. The acceptable level of waveform convergence is usu-
ally set in the range of kpeqr = 0.9999 — 0.99995, which
corresponds to the form factor of 1.114:0.5 %. If the Pear-
son’s coefficient kpeq,- is lower than the prescribed limit,
a simple routine of the signal amplitude re-sampling is
launched. The routine principle is intuitive: the adjusted
waveform of the generated voltage Ven (t;)7F1 at the next
(14 1)-th iteration step is calculated by time re-sampling
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Fig. 5. (a) — Waveforms of the generated voltage Vyen (left axis) and the corresponding magnetization J (right axis) for the measurements
performed with and without the J waveform control. Principle of the Vyen re-sampling is illustrated by black arrows, (b) — The
corresponding hysteresis loops measured with and without the J waveform control. The loops obtained without the air flux compensation
and without the variable resistor Ryqr = 0  are shown for the case of uncontrolled J waveform. The required sinusoidal waveforms are
shown by round symbols for comparison. The arrows present the region of steep signal changes, which is problematic for the J waveform
adjustment. The measurements were performed for the same softest ribbon at the conditions of 50 Hz magnetization and Jmax =1 T.
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Fig. 6. Convergence of the three-parameter digital feedback algo-
rithm: variations of the magnetization amplitude deviation from
the required value AJmax = Jmax — Jraak (divided by 2 for better
visual presentation), of the field amplitude asymmetry AHmax/2
(left axis) and of the Pearson’s correlation coefficient kpeq,r (right
axis) with the feedback iterations. The measurement was performed
for the same ribbon and the same magnetization conditions.

of the voltage function Vi, (t;)* used at the previous i-th
iteration step the way the corresponding measured mag-
netization waveform J(t;)* is similarly time re-sampled
to a required (sine) function J(¢;)"°? [11,12].

The graphical illustration of this routine is shown in
Fig. 5(a) by black arrows. The figure also demonstrates
the significant offset of the generated voltage waveform
Vors ~ —1.4V applied for the Hpax symmetrization.
However, it should be noted that such a high V,; value
corresponds to the maximal value of the Earth’s magnetic
field of ~ 25 A /m measured by a conventional gaussmeter
along the solenoid axis. These values are in full agree-
ment with (1): Vorr =~ HpertnRuar/2(N/1) = 134V
(2 in denominator is a coefficient of the power ampli-
fier). The dc magnetic bias can be easily decreased up to
~5-10 A/m (Vo5 ~ 0.25-0.5 V) by a suitable position-
ing of the solenoid along the geomagnetic field lines and
a partial shielding of the solenoid side faces. By putting

the solenoid inside a transformer steel box, the level of
dc bias can be further decreased to an almost negligi-
ble value of ~ 1 A/m; however, this construction is not
suitable for on-line industrial testing or quick sample re-
placement. Figure 5(b) presents the corresponding hys-
teresis loops measured with and without the J(t) wave-
form control. It is well seen that the sinusoidal control of
the J(t) waveform gives the considerably narrower loop.
However, the loop shape does not change in the satura-
tion region, where the magnetic permeability is low. The
measurement without the J(¢) control and with mini-
mum active resistance of the magnetization circuit (the
variable resistance R,q. is set to zero) makes the mag-
netization conditions closer to the sinusoidal J(t). How-
ever, it is well seen that the open magnetic configuration
of the solenoid cannot automatically keep the sinusoidal
induction signal U;,q ~ sin at power line magnetization
frequency [11]. The hysteresis loop measured without the
air flux compensation is also shown for comparison.

The described feedback algorithm usually converges
after several tens of cycles. The initial blind adjustments
of Jmax and |AHpyax/2| parameters require approxi-
mately ten iterations each. Then the three-parameter
feedback routine also needs approximately ten cycles for
final accurate adjustment of the magnetization condi-
tions. This is illustrated by Fig. 6: Jnax deviation is
within the tolerance limit of 2 mT (0.2% of Jnax =
1T); the first iteration significantly changes the J(t)
waveform — Kkpeq,r rapidly increases from 0.95524 to
0.99812; the second iteration corrects the Hy,,x symme-
try; the subsequent three iterations gradually adjust the
J(t) waveform to the final kpeqr = 0.99994.

However, there are some important factors, which are
critical for the algorithm convergence. First of all, the
magnetization amplitude should be controlled precisely:
two noticeable stairs in the Ve, (t) waveform are gener-
ated at the next re-sampling iteration if the actual mag-
netization amplitude Jp.x is lower than the required
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Fig. 7. Dependence of the classical hysteresis parameters: (a) — the
hysteresis loss W, and (b) — the remanent magnetization J,., on
the Co content for the tested Hitperm series (left scales). The data
obtained with and without the J waveform control (Jmax = 1T)
are shown for comparison. The corresponding convergence charac-
teristics of the developed feedback algorithm are presented on the
right figure scales: the achievable Pearson’s correlation coefficient:
(a) = kpear, and (b) — the required number of iterations. The error
bars are evaluated as the standard error of three identical tests at
the different positions along the ribbons length.

one [11]. The next convergence problem is related to
the algorithm complexity and high measurement accu-
racy. The magnetization conditions are very sensitive to
the changes of experimental parameters. Therefore, it
is important to control the obtained correction coeffi-
cients kjmaz and kgmaes at each iteration step. Addi-
tional conditional subroutines are developed to correct
the coefficient values in order to avoid uncontrollable sud-
den changes of the magnetization conditions (see Fig. 3).
However, these two problems can be settled. The principal
issue is a general applicability of the used algorithm of the
J(t) adjustment, which is based on a simple correction of
the Viyen (t) signal amplitude only [13]. The main problem
is to convert the vertical pulse of the initial J(t) wave-
form, which is typical for the measurement in the magnet-
ically open solenoid, to the required sinusoidal signal be-
cause this conversion results in a nearly constant Vgen(t)
signal (gray arrows in Fig. 5). For very soft amorphous
ribbons with practically vertical J(¢) pulse, the horizon-
tal step of the Vgen (t) waveform cannot be generated with
the required accuracy. In these local regions of the highest
magnetization rate, it could be impossible to adjust the
J(t) waveform to the sinusoidal shape exactly. To increase
the accuracy of the J(t) waveform adjustment, the vari-
able resistor R,q- = 5002 is used. This significantly in-
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Fig. 8. (a) — Dependence of the classical coercive field H. on the
magnetization amplitude Jmax for the two samples with different
Co content, =z = 20.3 and 60.8 at%. The data obtained with and
without the J waveform control are shown for comparison, (b) —
the corresponding convergence characteristics of the digital feed-
back: the achievable Pearson’s correlation coefficients kpeq, (left
scale) and the required number of iterations (right scale). The mea-
surements were performed at 50 Hz magnetization frequency.

creases the resolution of the adjusted output signal Ve, ;
in addition, the amplitude adjustment algorithm seems to
converge better with higher active resistance of the mag-
netization circuit. The problem could be also solved by
using more sophisticated and time-consuming feedback
algorithms, eg an algorithm with the simultaneous cor-
rections of Ve, amplitude and phase [8, 14].

Before the final measurement with the fitted Ve, (t)
signal, the demagnetization to the obtained geomagnetic
offset V,¢¢ can be performed. The magnetization Vipynt
and the induction U;,q voltages are amplified with the
GPIB adjusted coefficients, acquired through a board
multiplexer at a sampling rate of 100-200kHz and on-
the-fly averaged over adjacent data points to the final
one thousand points for one magnetization cycle. Aver-
aging over the consequent magnetization cycles can be
performed for additional signal smoothing. At the con-
dition of 50 Hz magnetization, the output voltage Viyen
can be generated with the sampling rate of up to 100-
200kHz, which is quite sufficient for a smooth signal.
Data evaluation and saving are also performed by the
software; all classical hysteresis parameters (coercive force
H_, hysteresis loss W, remanent magnetization J,., field
and magnetization amplitudes, Hyax and Jyayx ) are cal-
culated and stored. The measurement results are visu-
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Fig. 9. (a) — Dependence of the classical coercive field H. on the magnetization frequency f for the two samples with different Co

content, z = 20.3 and 60.8 at%. The data obtained with and without the J waveform control are shown for comparison, (b) — the

corresponding convergence characteristics of the digital feedback: the achievable Pearson’s correlation coefficients kpeqr (left scale) and
the required number of iterations (right scale). The measurements were performed with the magnetization amplitude Jmaez = 0.75 T.

ally controlled in the LabVIEW graphic environment (see
Figs. 2 and 3) [11].

3 MEASUREMENT RESULTS

In this section the efficiency of the developed setup is
briefly illustrated and discussed on the basis of the char-
acteristic experimental results. The results were shown
for the series of as-cast nanocrystalline Hitperm ribbons
Feg1—»Co,Nb7B12 (z = 20.3, 27, 40.5, 54, 60.8 and
81 at%) [3]. The ribbons were at least 0.8 m long, 6—
8 mm wide and ~ 10 um thick. All samples were tested
at power line conditions: 50 Hz sinusoidal magnetization
with two different amplitudes Jyax = 0.75 and 1 T. Each
ribbon was measured at three different positions along its
length: in the middle and £0.2 m from it. Two charac-
teristic samples with z = 20.3 and 60.8 at% were also
measured with different magnetization frequencies f and
amplitudes Jiax -

Dependence of the classical hysteresis loss W and re-
manent magnetization .J,. for the tested ribbon series are
shown together with the feedback convergence character-
istics in Fig. 7. For the sake of simplicity, only the data
measured with Jy.x = 1 T are shown; the data obtained
for the lower 0.75 T amplitude demonstrate similar rela-
tions with lower absolute values. Dependence of the co-
ercive force is similar to that of the hysteresis loss; H,.
values are varied in the range of 6-22A/m (not shown
here). The performed experiments have proved that the
developed measurement system can stabilize the magne-
tization conditions of different amorphous ribbons with
a high accuracy. From five to ten iterations are usually
needed to adjust the J(¢) waveform to the required sinu-
soidal shape precisely with kpeq, > 0.9999. The standard
measurement, error of three identical tests for the classi-
cal hysteresis parameters is also relatively low; it is in the
range of 1-2% including the technological error of struc-
ture variations [15]. The J(¢) waveform control is impor-
tant for accurate evaluation of the coercive force and the

hysteresis loss, which are the main industrial parameters
of the soft magnetic materials defining their efficiency to
transfer the magnetic flux [11]. Figure 7(a) clearly demon-
strates that the usual measurement methods without the
accurate J(t) control can give rather overestimated val-
ues of these characteristic parameters (see also Figs. 5(b),
8(a) and 9(a)).

Figures 8(a) and 9(a) present the dependence of the
coercive force H., which is the most sensitive parame-
ter with respect to the J(t) waveform control, on the
magnetization amplitude Jyax and frequency f, respec-
tively. Figures 8(b) and 9(b) show the corresponding con-
vergence parameters of the developed feedback procedure:
the achievable Pearson’s correlation coefficient kpeo, and
the required number of iterations. At low magnetiza-
tion amplitudes and frequencies, the data obtained with
and without the J(¢) control are very similar because
of similar sinusoidal J(t) waveforms and the near quasi-
static magnetization, respectively. However, a weak in-
duction signal makes difficulties for the feedback conver-
gence: kpeqr < 0.9999 and the iteration number tends
to a predetermined limit of 50 cycles. For better con-
vergence, the number of induction coil turns should be
increased or an accurate analogue integrator (fluxmeter)
should be used [6,7]. In addition, the measurements at
low magnetization frequencies are more time-consuming.
At higher magnetization amplitudes and frequencies, the
difference between the data obtained with and without
the J(t) control becomes significant (see Figs. 8(a) and
9(a)). The developed feedback system provides the best
controllable conditions for the region of moderate mag-
netic saturation with well defined Hy,.x peaks, ie for the
region of Jyax = 0.5-1 T in Fig. 8(b). At very high Jy,qx
values, the J(t) waveform degenerates into a nearly con-
stant signal, which leads to the above-mentioned conver-
gence problem of the J(t) adjustment procedure [13]. The
J(t)"? convergence quality becomes worse at high mag-
netization frequencies as well because of increasing in-
ductive part of the magnetization circuit resistance, see
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Fig. 9(b). However, the setup is developed and optimized
exactly for the measurements at power line magnetiza-
tion frequency and industrially applicable magnetization
amplitudes. In this range of standard experimental con-
ditions, the setup does provide new performance capabil-
ities.

4 CONCLUSIONS

The work described a novel setup for ac magnetic
hysteresis measurements of the amorphous ribbons per-
formed at controllable standard magnetization condi-
tions: power line magnetization frequency and industri-
ally applicable magnetization amplitudes. For this pur-
pose, a three-stage controlling algorithm with digital feed-
back was developed. This algorithm sequentially adjusts
three main parameters of the magnetization process: the
magnetization and the field amplitudes together with
the magnetization waveform. All the technical problems
solved during the setup development as well as the soft-
ware algorithm were analyzed in detail. Special atten-
tion was devoted to the question of general applicabil-
ity of the algorithm used for the magnetization wave-
form control. It was shown that this simple method of
signal amplitude adjustment can stabilize the measure-
ments in the required range of the experimental condi-
tions. However, more sophisticated and time-consuming
algorithms should be generally developed and tested for
accurate measurements in whole range of magnetization
frequencies and at high saturation amplitudes. The effi-
ciency of the proposed measurement method was illus-
trated on the series of nanocrystalline Hitperm ribbons
tested at the power line frequency of 50 Hz and the si-
nusoidal magnetization waveform. The outcomes of this
work are important for further unification of the measure-
ment approaches and industrial online techniques.
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