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A magnetization process data acquisition system is presented. The acquisition system is based on measuring the magnetization cur-
rent in the primary coil of an inductor containing the magnetic material and the voltage induced in a secondary coil. The magneti-
zation curves are computed by numerical integration in HysterSoft. Our system allows the measurement of minor and major hys-
teresis loops, power loss, complex magnetization processes such as first-order reversal-curves, and the computation of Everett 
functions and susceptibility and Preisach diagrams. 
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1  INTRODUCTION 

 
 

Inductors and transformers containing cores of high 
permeability magnetic materials are more and more used 
in many engineering applications and, for this reason, 
there is an increasing need for the their accurate charac-
terization and modelling. The electrical and magnetic 
properties of the magnetic materials depend on the micro-
structure of the magnetic cores resulting from manufactur-
ing process as well as on the conditions under which the 
materials are used (e.g. operating frequency, temperature, 
stress, etc.).  

Current developments in the field of characterization 
of magnetic materials lead to new experimental setups and 
to upgrades of the well-known hysteresis-graph apparatus. 
There are many challenges for the development of differ-
ent methods that allow monitoring the magnetization 
processes. For users, such as engineers and physicists, a 
compact and manoeuvrable measuring system is essential. 
The paper presents a personal computer assisted measur-
ing system with the capability to plot various magnetiza-
tion and hysteresis curves. Parameters such as saturation 
and remanent magnetic flux density, coercive magnetic 
field strength, initial permeability, hysteresis and power 
losses can be easily extracted by using HysterSoft [1]. 

There are two ways to measure hysteresis curves. The 
magnetic quantities can be determined either directly by 
using sensors (Hall probe for field strength meters, coils 
with fluxmeter) [2] or indirectly by measuring current-
voltage characteristics [3,4]. The technique presented in 
this paper is based on the second approach. This technique 
has been previously introduced by us in Ref. [5], and then 
upgraded and improved in Refs. [6,7]. 

This article presents our contribution on the software 
designed to interface friendly the measuring system with 
to user. The software is extended by a series of theoretical 
models (Preisach, Hodgdon, Jiles etc. see Ref. [7]) that 
can be use to fit the experimental data. The paper deals 
only with the experimental procedure and is structured as 
follows. In Section 2 we present the experimental setup of 

the data acquisition system. The procedures for the extrac-
tion of the magnetization curves, power loss, dynamic 
hysteresis loops, and first-order reversal-curves are pre-
sented in Section 3, which is followed by Conclusions. 

 
 
 

2  DATA ACQUISITION SYSTEM 
 
 

Figure 1 shows the experimental setup used in our 
measurements. A winding L  is wrapped around the mag-
netic torus under analysis. The inductive winding is in 
series with a resistor R  and an external power source 
which is used to drive the RL circuit. A secondary wind-
ing is connected to an oscilloscope, which is used to 
measure the induced voltage in the circuit. 

  
 

Fig. 1. Experimental setup. 
 
 

The wave generator is a Stanford Research System 
Model DS 345. The waveforms are generated by using the 
Direct Digital Synthesis (DDS) method. The method gives 
good frequency resolution, low frequency switching time, 
and crystal clock-like phase noise. The DDS is intercon-
nected with a computer and assisted by a program generat-
ing all the waveforms desired by the user. These wave-
forms are then amplified by the Power Amplifier and ap-
plied to the primary (excitation) winding. 
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A digital storage oscilloscope (Tektronix TDS 3000B) 
is used to digitize the secondary voltage and primary cur-
rent (voltage drop across the current-sensing resistor R) 
and to transfer the data via Internet. All further calcula-
tions, such as numerical integrations and scaling, are car-
ried out on the personal computer. 

 
 
 

3.  ACQUIRING OF THE MAGNETIZATION CURVES 
 
 

The magnetization curves are extracted by using the 
signal induced in the secondary winding and the current 
through the primary winding. The magnetic induction is 
computed by measuring the voltage induced in the secon-
dary winding, which is integrated numerically by using a 
Runge-Kutta driver with adaptive step size control which 
is implemented in HysterSoft. The magnetic field is com-
puted by measuring the current through the primary wind-
ing and multiplying it with the effective number of turns 
per unit length of the torus. The final accuracy is not in-
fluenced by the parasitic inductance of the current sensing 
resistor, the value of which is thousands time lower than 
the inductance of the transformer realised on the high 
permeability core.  

 
 

3.1  Magnetic flux density 
 
 

The magnetic induction ( )b t  is obtained by using the 

following equation: 
 

 ( ) 0

1
( )S

S

b t b u t dt
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= +
⋅ ∫  (1) 

 

where ( )Su t  is the induced voltage on the secondary coil, 

SN  is the number of turns of the secondary coil and A  is 

the cross-sectional area of the coil. 0b  is an integration 

constant that is computed internally by HysterSoft. It 
should be noted that signal ( )Su t  is measured by using a 

high input-impedance oscilloscope which results in very 
low (practically zero) current in the secondary winding. 
This fact is important because the magnetic field induced 
in the secondary coil in the numerical analysis can be ne-
glected. 

 
 

3.2  Magnetizing field 
 
 

If the value of the current in the secondary winding is 
equal to zero (i.e. for open circuit measurement) the total 
current flowing in the primary winding is the magnetizing 
current. This current is measured by using a current sens-
ing resistor. From Ampere’s law the magnetic field 
strength ( )h t  is: 
 

 ( )( )
( ) Rn PP P
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u t Ni t N
h t
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⋅

 (2) 

 

where ( )Pi t  is the primary current, PN  is the number of 

primary turns, ml  is the mean magnetic path length, and 

( )Rnu t  is the voltage drop across the current-sensing resis-

tor nR . 

3.3  Power loss 
 
 

The dissipated power in the core during a period T  is re-
lated to the primary current and secondary voltage as: 
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HysterSoft uses this equation to compute the power dissi-
pated in the magnetic core during the magnetization proc-
ess. In the following subsections we present same samples 
of experimental results obtained by using HysterSoft (see 
Fig. 2 presenting first order reversible magnetization 
processes in a copper doped ferrite core). 
 

 
 

Fig. 2. HysterSoft framework. 
 
 

3.4  Dynamic magnetization loops 
 
 

Figure 3 presents the computed magnetizing field start-
ing from the measured drop voltage across the resistor for 
a circuit charged with a inductance realized on a toroidal 
barium ferrite core. The frequency of the magnetizing 
current was in this case 3 KHz. 
 

 
 

Fig. 3. Magnetic field calculated from the voltage across the current 
sensing element by using the experimental setup presented in Fig. 1. 
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Fig. 4. First derivative of the magnetic induction as measured by using 
the experimental setup presented in Fig. 1. 

 

 
 

Fig. 5. Magnetic induction obtained by numerical integration of the 
signal presented in Fig. 4. 

 

 
 

Fig. 6. Magnetic hysteresis loop for a barium ferrite core at 3 KHz. 
 
 

The figure 4 presents the signal measured on the sec-
ondary coil. The magnetic field was computed by using 
eq. (2). The magnetic induction was computed by using 

eq. (1) and is represented in figure 5; the dynamic mag-
netic hysteresis loop is represented in figure 6. By using 
HysterSoft one can compute most magnetic parameters of 
interest from the dynamic magnetic hysteresis: saturation 
and remanent magnetic flux density, coercive magnetic 
field strength, initial permeability, hysteresis and power 
losses. 

 
 

4.1  First-order reversal-curve analysis 
 
 

First-order reversal-curves (FORCs) are very impor-
tant for both the magnetic characterisation of magnetic 
materials and for numerical modelling. By using FORCs 
one can compute the Everett function of a given material, 
as well as the susceptibility and Preisach diagrams. These 
diagrams represent “fingerprints” of magnetic materials 
and they are widely used to determine the parameters of 
Preisach-type model of hysteresis. 

final point

M

M
r

HH
r H

M

reversal point

 
 

Fig. 7. FORC experimental determination. 
 
 

FORCs are measured experimentally by using the follow-
ing algorithm (see also Fig. 6): 
1) apply a strong magnetic field in order to saturate 
the material, 
2) apply a magnetic field rH  and measure magnetiza-

tion rM , 

3) apply a magnetic field H  and measure magnetiza-
tion M . 
The Everett function is computed as: 
 

 ( ),r rE H H M M= −  (4) 
 

the susceptibility diagram is computed as: 
 

 ( ),r

M
H H

H
χ ∂=

∂
 (5) 

 

and the FORC diagram is computed by using the follow-
ing equation: 
 

 ( )
21

,
2r

r

M
P H H

H H

∂= −
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 (6) 

 

Equations (4)-(6) are used by HysterSoft to compute the 
Everett function, and the susceptibility and Preisach dia-
grams for any experimental FORCs that are previously 
measured by using the setup presented in Fig. 1. Sample 
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experimental results for a barium ferrite are presented in 
Fig. 7. 

 

 
 

Fig. 7. Experimental first-order reversal-curves (FORCs) and computed 
Everett function, susceptibility and Preisach diagrams, and the reversi-

ble component of the magnetization. 
 
 
 

4.  CONCLUSIONS 
 
 

Magnetization curves can be easily measured by using 
an inductive experimental setup. HysterSoft can be easily 
integrated with the experimental device to compute the 
minor and major hysteresis loops, power losses, magneti-
zation at saturation and remanence, coercitivity, Everett 
function, susceptibility and Preisach diagrams of magnetic 
materials. 

 
 

REFERENCES 
 
 

[1] HYSTERSOFT: Framework for magnetic modelling and measure-
ments, http://ww.eng.fsu.edu/~pandrei/HysterSoft. 
[2] THOTTUVELIL, V. J. – G. WILSON, TH. – OWEN JR., H.A.: 
IEEE Trans. Power Electron, 5 No.1, (1990), pp. 41-44. 
[3] SCHMIDT, N.  – H. GÜLDNER: IEEE Trans. on Magnetism 33, 
No. 2, (1996), pp. 489-4992. 
[4] DEANE, J.H.B.: IEEE Trans. on Magnetism 30 No. 5 (1994), pp. 
2795-2797. 
[5] STANCU, AL. –CALTUN, O. –ANDREI, P: J. Phys. IV France, 
Collq. C1, Suppl. J. Phys. III, (1997), pp. 209-210. 

[6] CALTUN, O. – PAPUSOI, C. – STANCU, AL. – ANDREI, P. – 
KAPPEL, W.: "Studies in Applied Electromagnetics and Mechanics", 
1998 editors V. Kose and J. Sievert, pp. 594-597. 
[7] ANDREI, P. –, AL. STANCU, – CALTUN, O: Preisach Memorial 
Book, Hysterezis Models in Mathematics, Physics and Engineering Ed. 
A. Ivanyi, Budapest, Akademiai Kiado, (2005), pp. 187 – 196. 

 
 

Received 14 November 2006 

 
 

Ovidiu Caltun (Assoc. Prof., PhD), received his M.Sc. degree 
in Plasma Physics from “Al. I. Cuza” University, Iasi, Romania 
in 1981. He received his Ph. D. degree in Magnetism from “Al. 
I. Cuza” University, Iasi, Romania in 1998. At present he is 
Associate Professor in the Department of Solid State and Theo-
retical Physics at “Al. I. Cuza” University, Iasi, Romania. His 
main field of research is on electrical and magnetically charac-
terization of magnetic materials and on modeling the magnetiza-
tion processes in magnetic materials. He coauthored more than 
75 refereed papers and more than 100 conference presentations. 

 

Petru Andrei, (Assist. Prof., PhD) received his PhD degree in 
Electrical and Computer Engineering from the University of 
Maryland, College Park, MS and BS in Physics from University 
Al. I. Cuza, Iasi, Romania. At present he is Assistant Professor 
in the Department of Electrical and Computer Engineering at 
Florida State University and Florida A&M University, FL, USA. 
His main field of research is on the modeling and simulation of 
nanoscale semiconductor devices and magnetic materials, and 
on computational electromagnetics. 

 

Alexandru Stancu (Prof., PhD) received his Ph.D. degree in 
Magnetism from "A. I. Cuza" University Iasi, Romania in 1995. 
He is Professor at the Department of Solid State and Theoretical 
Physics and the Director of the Centre for Applied Research in 
Physics and Advanced Technologies (CARPATH) which was 
accredited as Centre of Excellence in research by the National 
Council of Research for 2006-2011. He is Senior member IEEE, 
Chair of the IEEE Magnetics Society - Romania Chapter and 
member of the IEEE Magnetics Society Technical Committee. 
His main field of research is in magnetism and magnetic materi-
als (recording media, theory of hysteresis, simulation of com-
plex magnetization processes). He is co-author of more than 200 
refereed papers and of more than 300 conference presentations. 
 

 


