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 
Abstract—This paper presents an identification method of 

the scalar Preisach model to consider the effect of 
reversible magnetization in the process of distribution 
function identification. By reconsidering the identification 
process by stripping the influence of reversible components 
from the measurement data, the Preisach distribution 
function is identified by the pure irreversible components. 
In this way, the simulation accuracy of both limiting 
hysteresis loops and the inner internal symmetrical small 
hysteresis loop is ensured. Furthermore, through a discrete 
Preisach plane with a hybrid discretization method, the 
irreversible magnetic flux density components are 
computed more efficiently through the improved Preisach 
model. Finally, the proposed method results are compared 
with the traditional method and the traditional method 
considering reversible magnetization and validated by the 
laboratory test for the B30P105 electrical steel by Epstein 
frame. 
 

Index Terms—Magnetic material, Preisach distribution 
function, Reversible magnetization, Hybrid discretization 
method. 

I. INTRODUCTION 

CCURATE calculation of the hysteresis properties of the 
magnetic materials is of great significance for the loss 

prediction and efficient optimal design of electrical equipment 
[1].   The Preisach   model and its modification   are one of the  
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most commonly used models for predicting the hysteresis 
behavior of electrical steels for its high simulation accuracy 
[2]-[4]. However, the identification process of the distribution 
function for this model is relatively difficult. Moreover, using 
the first-order reversal curve (FORC) requires a large amount 
of experimental data [5]-[6]. This fact may stem from its 
industrial applications. 

To simplify this process, Biorci and Pescetti et al. proposed 
an improved Preisach–Néel model, which only uses the initial 
magnetization curve combined with a descending saturation 
hysteresis loop [7]. However, it can only ensure the simulation 
accuracy in describing the hysteresis loops under high flux 
density levels [8]. To improve the computing accuracy at lower 
flux densities, the reversible magnetization part versus 
magnetic field strength should be further considered [9]-[10]. 
In 2007, Fanny Beron proposed a method to consider reversible 
magnetization in the FORC diagram [11]. Nevertheless, this 
method is some grade cumbersome. 

In recent years, the centered cycle (CC) methods for 
identifying the Preisach model have been commonly used as 
these methods use symmetric loops that can be easily obtained 
[12]-[14]. Reference [12] proposes an identification method 
base on the ∆H-fixed discrete approach (HFA) for the Preisach 
distribution function identification combined with the CC 
method. However, this method uses uniformly distributed 
C.C.s to discretize the Preisach plane, which decreases 
simulation accuracy. Then, MFA (∆M-fixed approach) based 
on the CC method is proposed, which improves the simulation 
accuracy compared with HFA [13]. However, the calculation 
accuracy of the hysteresis loop near the knee joint is not 
correctly considered in that method. Therefore, a non-uniform 
discretization method based on the CC method is proposed, 
improving the simulation accuracy near the knee point [14]. 

However, these methods do not adequately consider the 
influence of reversible magnetization of the model. Therefore, 
to properly evaluate the effect of reversible components in the 
CC method. Reference [15] proposed a modified scalar 
Preisach model (MSPM), which correctly considers reversible 
magnetization in the CC method. However, the MAPM must 
resolve a bilinear equation system, resulting in an enormous 
computational burden. Further, Reference [16] proposed an 
identification method in which the Preisach distribution 
function is identified using the remanence curve obtained by 
the CC method. However, using the irreversible component to 
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identify the reversible magnetization part is some grade 
complex [16]. 

To explore a more efficient identification method for the 
Preisach distribution function considering the effect of the 
reversible magnetization component of the CC method, this 
paper proposes an improved centered cycle method, in which 
the reversible components are characterized by reversible 
relative permeability, and the Preisach plane of irreversible 
components is discretized by the hybrid discretization method. 
The proposed method's results are compared with the 
traditional method [12] and the traditional method considering 
reversible magnetization and validated by the laboratory test 
for B30P105 electrical steel at 5 Hz. 

II. TRADITIONAL CENTERED CYCLE METHOD 

The classical Preisach model assumes that magnetic 
materials are composed of countless rectangular hysteresis 
operators. The hysteresis effect of magnetic materials is 
expressed as the superposition of all hysteresis operators, and 
the magnetic flux density can be computed as: 

 m( ) ( , ) [ ( )]B t B H t d d
 

     


   (1) 

where the magnetic flux density B(t) is the output, and the 
magnetic field strength H(t) is the input of the model. Bm is the 
corresponding value when the input H reaches the maximum 
value. γαβ[H(t)] is the elementary hysteresis operator of the 
model, which is represented by the rectangular loops with α and 
β as switching values (α > β) and distributed in the Preisach 
triangle. μ(α, β) is the distribution function of the hysteresis 
operator. 

Among them, the distribution function satisfies the following 
conditions on the Preisach plane: 

 m m( , ) 1,d d H H
 

     


     (2) 

where Hm is the maximum value of the input magnetic field 
strength. 

According to the geometric description of the model, the 
Preisach triangle corresponds to the experimental-centered 
cycles described in Fig. 1. The Preisach plane would be 
discretized to n(2n+1) cells by n experimental-centered cycles. 
Assume that the value of the distribution function within each 
small cell is a constant. And the distribution function μ(α, β) in 
the cell is symmetric along the α =−β axis. Therefore, only 
n(n+1) cells need to be determined. 

Using 2k + 1 values of B in the ascending branch of the kth 
loop, 2k linearly independent equations can be established. So, 
there would be exactly n(n+1) equations to solve n(n+1) 
unknowns for n loops. As an example, the equation of the 
second loop can be given by: 

 
5

2 6 2 5 m ( , 2)
2

( ) ( ) 2 i j
i

B H B H B  


    (3) 

where B2 represents the 2th loop. When H changes from H6 to 
H5, the amount of change of S+ and S− in the Preisach triangle 
is μ(i, j), S+ increases by μ(i, j), and S− decreases by μ(i, j), so the 
total change is 2μ(i, j). 

Through the above method, n(n+1) equations are created to 
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Fig. 1.  Correspondence between the Preisach triangle and the hysteresis loops. 

solve for the discrete distribution function values. Then the 
hysteresis loop of the silicon steel sheet at different magnetic 
flux densities is calculated by (4). 

 
2

m
1 1

n i

ij ij
i j

B B p 
 

   (4) 

where pij represents the area in which the cell is located. If the 
cell is in the S+ region, pij=1. If the cell is in the S− region, pij 
=−1. If it is in between, pij is the ratio of the difference between 
the area of the S+ region and the area of the S− region in the cell 
to the whole cell. 

The traditional centered cycle method can easily identify the 
Preisach distribution function, but this method also has some 
drawbacks. Firstly, the traditional method can only identify the 
irreversible distribution function due to the rectangular 
characteristics of the hysteresis operators of the classical 
Preisach model, the influence of reversible magnetization is not 
considered correctly, and the error is significant when 
predicting the inner symmetrical minor loops. Secondly, the 
traditional method uses uniformly distributed centered cycles to 
discretize the Preisach plane, which requires more centered 
cycles to identify the distribution function to ensure the 
simulation's accuracy, resulting in an enormous computational 
burden. 

III. IMPROVED DISTRIBUTION FUNCTION IDENTIFICATION 

METHOD 

To solve the shortcomings of the traditional centered cycle 
method, an improved Preisach distribution function 
identification method is proposed considering the effect of 
reversible magnetization. The basic idea is to divide the 
magnetization process into reversible and irreversible 
components, with the reversible components characterized by 
reversible relative permeability. Then, the Preisach plane of 
irreversible components is discretized by the hybrid 
discretization method. 
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By analyzing the measurement data of the hysteresis loop, it 
can be found that the slope of the hysteresis loop is different 
before and after the turning point. The difference is that the 
change in magnetization before the turning point is attributed to 
reversible and irreversible magnetization. And the 
instantaneous magnetization after the turning point only has the 
reversible component contributing to the magnetization process. 
Therefore, the reversible relative permeability can be obtained 
by calculating the slope dB/dH at the turning point on the 
centered cycles [17]. Then the reversible components can be 
obtained:  

 rev 0 rev0
( )

H
B H dH    (5) 

To ensure the calculation accuracy of the reversible relative 
permeability, the hysteresis loops are experimentally measured 
with appropriate measurement steps to keep the measurement 
data smooth. At the same time, to only consider the hysteresis 
properties of the material itself, it is essential to eliminate the 
influence of dynamic effects on the hysteresis loop, so the 
hysteresis loops of the B30P105 electrical steel at 5 Hz under 
sinusoidal excitation were measured. Then the reversible 
relative permeability was calculated, as shown in Fig. 2. 
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Fig. 2.  Reversible relative permeability curve of the B30P105 electrical steel 
sheet. 

By analyzing the calculated values of reversible relative 
permeability in Fig. 2, it can be observed that the calculated 
value changes sharply at low magnetic field strength. Therefore, 
an exponential function with parameters is constructed to 
describe the reversible relative permeability: 

 2
rev 1

a Ha e   (6) 

where a1 and a2 are the parameters to be determined. 
To get the unknown parameters of (6), the curve fitting 

method is used for the calculated reversible relative 
permeability, and the optimized parameters are tabulated in 
Table Ⅰ. As a result, the reversible relative permeability 
characterization equation can realize the effective simulation of 
the reversible relative permeability of electrical steel B30P105, 
as shown in Fig. 2. 

TABLE I 
REVERSIBLE RELATIVE PERMEABILITY FUNCTION PARAMETER OF THE 

B30P105 ELECTRICAL STEEL 

Parameters a1 a2 

Values 16360 -0.073 

The irreversible component is expressed as (7): 

 irr sm irr ( , ) [ ( )]B B H t d d
 

     


   (7) 

where Bsm is the corresponding irreversible component value 
when input H reaches the maximum value, irr is an irreversible 
distribution function. 

In the process of distribution function identification for the 
irreversible component, it is necessary to modify the measured 
hysteresis loop to obtain the irreversible hysteresis loop, as 
shown in Fig. 3. The modification can be realized by: 
 irr mea rev( ) ( ) ( )B H B H B H   (8) 

where Bmea is the experimental values of magnetic field 
sampling points. 
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Fig. 3.  Measured hysteresis loop and irreversible hysteresis loop. 

To solve the problem of the large computational burden of 
traditional methods, a hybrid discretization method is proposed 
to improve the computational efficiency of the distribution 
function identification process. The remanence curve, which 
can represent the properties of the irreversible magnetization 
component of magnetic materials, is used in the identification 
process. It is derived from the measurement center cycle by 
taking each small center cycle and plotting zero field 
magnetization as a function of the maximum positive magnetic 
field strength, shown in Fig. 4 [16]. The method's main idea is 
that the derivative of the remanence curve determines the 
partition of the Preisach plane. MFA is used to discretize the 
Preisach plane in the region where irreversible magnetization 
changes rapidly, and HFA is used to discretize the Preisach 
plane where irreversible magnetization changes slowly. 
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Fig. 4.  The Remanence curve of B30P105 steel. 

The derivative of the remanence curve is defined as: 
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  (9) 

Taking the derivative of the remanence curve, we can get the 
derivative of the remanence curve shown in Fig. 5. The 
maximum value of the derivative is defined as km. The (Hd, 0.4 
km) to the right of the maximum derivative is selected as the 
boundary point in the region where the remanence changes 
rapidly. S1 and S2 represent regions corresponding to rapid and 
slow changes in the remanence curve. 
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Fig. 5.  Derivative of remanence curve of B30P105 steel. 

After the partitioning strategy, it is necessary to determine 
the number of required centered cycles for each region, which 
is expressed as: 

 
m

d
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n i

k H
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
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




  (10)  

Where n1 and n2 are the number of centered cycles 
corresponding to S1 and S2 regions, n is the total number of 
centered cycles, <x> denotes the rounding operation, and Hd is 
the magnetic field strength corresponding to the boundary 
point. 

By this method, the Preisach plane can be discretized only by 
fewer and more representative hysteresis loops. Therefore, five 
groups of symmetrical hysteresis loops are selected in this 
paper. The number of centered cycles corresponding to each 
region n1=3, n2 =2 is determined by (10). To obtain the 

distribution of centered cycles in each region, the hysteresis 
loop with a magnetic field strength of Hd is selected, and Bd is 
the maximum magnetic flux density of the loop. In this paper, 
Hd=22.5 A/m, Bd=1.2 T, and Hm=81.6 A/m. In the S1 region, the 
distribution of the centered cycle is Bp=Bd/3, 2Bd/3, Bd; In the S2 
region, the distribution of the centered cycle is Hp=(Hd+Hm)/2, 
Hm. The discrete Preisach plane is shown in Fig. 6.  
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Fig. 6.  Correspondence between the Preisach triangle and the irreversible 
hysteresis loops. 

In identifying the irreversible distribution function, the 
distribution function of the two regions needs to be calculated 
separately. In the S1 region, the identification of the irreversible 
distribution function requires n1 centered cycles based on MFA 
distribution. The n1(n1+1) order matrix is constructed through 
n1(n1+1) equations to calculate the discrete cell value. The 
discrete cell of the S2 area is shown in Fig. 7. In the S2 region, 
the identification of the irreversible distribution function 
requires n2+1 centered cycles based on HFA distribution. Since 
the irreversible distribution function in the S1 region is known, 
it only needs to construct a matrix of (n2+1)(n2+2)-2 order 
through (n2+1)(n2+2)-2 equations to calculate the discrete cell 
value. The matrix of the S2 region is as follows: 
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  (11)

Therefore, the proposed method reduces the number of 
constructed equations compared to the traditional centered 

cycle method: 
 2 12 ( 1)n n n    (12) 
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Fig. 7.  The discrete Preisach plane for identifying the S2 region. 

IV. RESULTS AND DISCUSSIONS  

A. Experimental Platform 

To verify the method's validity, the quasi-static hysteresis 
loop of B30P105 electrical steel was measured. In addition, a 
one-dimensional magnetic properties measurement system was 
established according to the IEC60404-2, including the 
AE7224 broadband power amplifier, the Epstein frame, two 
SR560 voltage preamplifiers, the NI-PXI6124 data acquisition 
card, and the LabVIEW software control system, as shown in 
Fig. 8. 

 
Fig. 8.  Hysteresis loops measurement system for B30P105 steel. 

The quasi-static (f=5 Hz) hysteresis loops under different 
peak flux densities of the B30P105 electrical steel are measured 
and presented in Fig. 9. 
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Fig. 9.  The quasi-static hysteresis loops of silicon steel B30P150. 

B. Verification of Calculation Results 

To illustrate the effectiveness of the proposed method, the 
hysteresis loops calculated by the traditional centered cycle 
method and the traditional method considering reversible 
magnetization and the proposed method are compared with the 
measured loops when at Bp=0.3 T and 1.6 T, as shown in Fig. 
10. 

As can be seen from Fig 10, the improved method considers 
the effects of reversible magnetization and the hybrid 
discretization method, which has higher accuracy than the 
traditional method in calculating the inner symmetrical minor 
loop. To further verify the accuracy of the improved method, 
the error of the hysteresis loops obtained by the three methods 
is calculated using the mean absolute percentage error formula 
of (13). The calculation results are shown in Fig. 11. 

 mea cal

1 mea

1
= 100%

N

i

B B

N B





  (13) 

Where Bcal is the calculated values of magnetic field sampling 
points, and N is the number of magnetic field strength sampling 
points in one magnetization cycle. 

It can be seen from Fig. 11 that the maximum error of the 
hysteresis loop obtained by the improved method does not 
exceed 15%. In comparison, the maximum error of the 
traditional method considering reversible magnetization 
exceeds 25% and the traditional method exceeds 45%, which 
means that the proposed method not only ensures the 
simulation accuracy in higher flux density levels but also has 
higher accuracy in predicting hysteresis loops under low flux 
density levels. 

(a) Measured and calculated inner symmetrical minor 
loops with Bp=0.3 T

(b) Measured and calculated limiting hysteresis loops 
with Bp=1.6 T
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Fig. 10.  Comparison between simulated and measured hysteresis. 



356 CES TRANSACTIONS ON ELECTRICAL MACHINES AND SYSTEMS, VOL. 7, NO. 4, DECEMBER 2023 

46.6

49.6

30.6

22.6

15.5

4.5

27.6

19.4

16.6
14.7

12.6

3.9

13.5

6.3

9.8

3.5

10

3.3

0.2 0.3 0.5 0.7 1.1 1.6
0

10

20

30

40

50

M
ea

n 
ab

so
lu

te
 p

er
ce

nt
ag

e 
er

ro
r 

(%
)

Magnetic flux density  (T)

 Traditional method [12]
  Traditional method considering

           reversible magnetization
  Improved method

 
Fig. 11.  Comparing the calculation errors of the three methods. 

V. CONCLUSION 

This paper proposes an identification method of the scalar 
Preisach model to consider the effect of reversible 
magnetization in the distribution function identification process. 
By reconsidering the identification process by stripping the 
influence of reversible components from the measurement data, 
the Preisach plane of irreversible components is discretized by 
five groups of CC selected by a hybrid discretization method, 
which reduces the computational burden of the identification 
process. Obtained results show that the calculation error of the 
hysteresis loop obtained by the improved method does not 
exceed 15%, which has higher calculation accuracy than the 
traditional method, which is essential for the optimal design of 
electrical equipment when using the finite element method. 
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