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Iron loss analysis constitutes an important factor in transformer and electrical machine design. Especially, operation under 
distorted grid voltage waveforms and variable speed motors supplied by inverters presents increased iron losses due to 
harmonic frequencies. The paper presents a methodology for determination of harmonic iron losses in laminated iron cores 
under sinusoidal excitation. The method is based on a convenient modification of Jiles-Atherton model enabling to account 
for dynamic effects. The model tuning is performed by using measured hysteresis loops in iron laminations for sinusoidal 
excitation of various frequencies in Epstein device. 
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1. Introduction 
 

Static Jiles-Atherton [1] and Preisach models [2] 
enable accurate representation of magnetic hysteresis in 
iron laminations, in the low frequency range, by using 
parameters derived from experimental data [3], [4], [6]. 
However, for frequencies greater than 100 Hz, such 
models need appropriate modifications [3], [5]. These 
changes involve consideration of the main stages of 
magnetization in ferromagnetic initial reversible 
magnetization, rapid irreversible magnetization and the 
slow approach to saturation [7]. 

A classical description of the process is given by the 
Langevin function with the Weiss correction. Therefore, 
most hysteresis models need additional, physical or 
mathematical, assumptions determining more accurately 
the influence of the external field frequency on the 
magnetic domains inside a ferromagnetic material and 
formation of the loops. The shapes of obtained loops 
provide acceptable accuracy when compared to measured 
ones by the Epstein device, for sinusoidal external field 
time variation. 
 
 

2. Methodology 
 
In the literature convenient modifications of Jiles-

Atherton models [1] are proposed in order to include 
dynamic effects [2]. The equation of hysteresis is most 
simply represented in the form of its two components. 

The reversible and irreversible susceptibilities 
expressed as follows [4]: 
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where Mirr denotes the magnetization irreversible, Mrev the 

magnetization reversible and Man the magnetization 
anhysteretic. In equation (1) κ=k/μ0 is expected as the 
pinning coefficient κ will be in units of A/m, δ is a 
directional parameter and takes the value ±1 according to 
dH /dt sign. 

The Jiles-Atherton hysteresis model is based on the 
magnetization process. Its main advantage is that 
parameter determination is possible by using only one 
measured hysteresis loop, which involves important 
saturation [6] and can be adapted to dynamic phenomena 
consideration [3], [5]. However, it presents important 
drawbacks, such as difficult parameter identification 
processes, unphysical behavior of the model near loop 
tips and sometimes asymmetric and/or open loops at low 
fields [6]. The most important task of the Jiles-Atherton 
algorithm is to find, a theoretical hysteresis curve with 
known generating parameters α, α, c and κ. These 
parameters and the saturation magnetization Ms are the 
five model parameters which have to be determined from 
measured hysteresis characteristics. In the case of dynamic 
phenomena consideration [4], [5] a good compromise 
between calculation effort and precision can be obtained 
by using various differential susceptibilities through the 
following equations: 
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Fig. 1 shows experimentally defined hysteresis loops 

for grain oriented Hi B 103H27 iron laminations under 
sinusoidal excitation of 50 Hz using Epstein device for 
different flux densities B. These curves have been used as 
basis to define parameters for the Jiles-Atherton model 
representation of iron losses.  
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Fig. 1. Hysteresis Loops for the material Hi B 103H27,  
                  under various magnetic flux densities. 
 
Table 1 presents power losses for different flux 

densities from experimental data for oriented Hi B 
103H27. The experimental data were validated 
comparatively with manufacturer’s data sheets. On the 
manufacturer’s data sheets in Fig. 2 the corresponding 
measurement’s points have been placed. The respective 
losses are in good agreement with the ones provided by the 
constructor of the laminations, as shown in Fig. 2.  

 
Table 1. 

 
Flux Density B 

(Tesla) 
Power losses (W/kgr) 

0.85 0.246675532 
1.63 0.866134752 
1.72 1.026374113 
1.83 1.335549645 
1.97 2.090203901 

 
To set up the model, only one measured hysteresis 

loop is necessary in order to reach saturation. The tuning 
of model parameters has been performed by measuring 
iron lamination hysteresis loop under sinusoidal excitation. 
Fig. 3 shows the hysteresis loop with continuous line for 
grain oriented Hi B 103H27 measured for excitation 
frequency of 50 Hz. With dashed line shown the calculated 
loop based on Jiles – Atherton model. The respective 
model parameters are tabulated in Table 2.  

 
 

 
 

Fig. 2. Experimental validation of core power losses with  
                      respect to the constructional data. 

 
 

Fig. 3. Hysteresis loops in iron laminations under 
sinusoidal excitation at 50 Hz     ______ : measured by the 
Epstein device  - - - - : calculated Jiles-Atherton model. 

 
 

Table 2. 
 

α 490 

k 1500 

alpha 0,001 

c 0,05 
 

 
Fig. 4 show the experimental B-H loop for M4 

material at 50 Hz for different flux densities B and in 
Table III the power losses in W/Kgr. 
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Fig. 4. Hysteresis Loops for the material M4, under 
 various magnetic flux densities. 

 
Table 3. 

 
Flux Density B 

(Tesla) 
Power losses (W/kgr) 

0.85 0.246675532 
1.63 0.866134752 
1.72 1.026374113 
1.83 1.335549645 
1.97 2.090203901 
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Fig. 5 show a comparison of power losses between the 
materials HiB and M4 for excitation frequency of 50 Hz. 
We observe that M4 has more power losses than HiB for 
the same flux density. 
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Fig. 5. Comparison of power losses between HiB  
and M4. 

 
Hysteresis loops for the material M4 in various 

frequencies are presented in Fig. 6. Inner loop corresponds 
to 50 Hz, next one stand for 100 Hz measured loop, 
followed by 150 Hz and 250 Hz outer loop. All the 
measurements are for maximum flux density B = 1.7 
Tesla. We observe the enlargement of hysteresis loops 
with the increase of frequency, as well as the increase of 
losses as it appears also in Fig. 7 where is presented a 
comparison of losses concerning the frequency.  
 

 
 

Fig. 6. Hysteresis Loops for the material M4, under 
various frequencies. 
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Fig. 7. Power Losses for M4 material in different 
frequencies. 

3. Conclusions 
 

The model parameters are determined from 
experimental data of hysteresis loops in Epstein device 
under sinusoidal excitation. The parameters variations 
with frequency provide acceptable accuracy in the 
evaluation of the area of hysteresis loops.  

The discrepancy between experimental and theoretical 
data can be attributed to the fact that the maximum 
induction measured at higher frequencies by the Epstein 
device used, was limited due to the supply amplifier 
saturation resulting in a distortion of the imposed voltage 
waveform. It is well-known that Jiles-Atherton model 
gives less accuracy at low field values.  

The respective losses are in good agreement with the 
ones provided by the constructor of the laminations, for 
the material Hi B 103H27and M4. 
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