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Abstract—The hysteresis motor operation mode has been 

studied for a long time. From its early developments, analytical 

models using the circuit equivalent method have carried out most 

of the attempts to incur in a better understanding of its behavior 

and as a direction on proper design. This work starts with a brief 

presentation over one of the most abroad approaches used -- the 

one where magnetic hysteresis is modeled by an elliptical way. 

Afterwards, the procedure is applied for the case of a two-phase 

hysteresis motor where some specific problems are pointed out. 

Finally, the results of the whole process using this approach are 

displayed and discussed. 

I. INTRODUCTION 

 Throughout the years, several ways to represent the 

hysteresis effect in a circuit equivalent model have been 

proposed, generally varying from an elliptical approach [1]-[3] 

to a parallelogram [4]. Nowadays, much of the developments 

in this field are still strongly based on these early works even 

though they are not restricted to the analytical case, being also 

used as a step in the analyses of situations where more complex 

tools like the finite element method are used [5]. 

 The way this method is described in its classical presentation 

[3] demands some considerations: the stator windings are 

sinusoidal distributed and its material has infinite permeability, 

the air gap is uniform, the flux is circumferential around the 

rotor, its material has a constant complex permeability and the 

edge effect is neglected. Basically all these assumptions 

simplify the problem, but the consideration of the rotor 

complex permeability diverges if compared with the analysis  

of  different types of motors. 

A. Ellipse representation of the hysteresis loop 

The complex permeability (µ) might be represented as a 
relation between the magnetic induction (B) and the magnetic 
field (H): 

 B     (1) 

 And in its complex form: 

 
je      (2) 

Where “ρ” represents the lag angle between the induction 
and the field. One way of considering the hysteresis loop is 
through the use of an ellipse modelling as can be seen in Fig. 1. 

 The values of “ρ” and “µ” are fundamental to perform the 
calculations of the motor and must be determined with enough 
accuracy. Both parameters are given by (3) and (4), 
respectively. 
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 where Hmax and Bmax stand for the maximum values of the 
magnetic field and induction, respectively, and Sh is the loop 
area. 

 

Figure 1 - Ellipse  representation of the measured hysteresis loop. Extracted 

from [3]. 

 In this work is performed a modeling of a real hysteresis 
motor so the material characterization must be performed. For 
the case studied, a workbench Brockhaus MPG 100 from the 
manufacturer Brockhaus Messtechnik was used to acquire the 
values for a FeCo 17% sheet. In Fig. 2 the hysteresis loops for 
several induction values are available, whereas on Table 1 
there are some data for specific induction (0,8T) and frequency. 
The values found for “ρ” and “µ” using equations 3 and 4 are 
0,5674 and 0,0001225, respectively. 

 

Figure 2 - Hysteresis loop for FeCo 17% for several induction values. 
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TABLE 1 - FeCo 17% Data  

Frequency (Hz) 3 

B (T) 0,8 

Hc (A/m) 4160,6 

Hmax (A/m) 6829,6 

Resistivity (µΩcm) 28 

 

B. Equivalent Circuit of the Hysteresis Motor 

An equivalent circuit model per phase of the hysteresis 
motor based on Miyairi (1966) is shown in Fig (3). 

 

Figure 3 - Equivalent circuit model per phase of the hysteresis motor based on 

[3]. 

 
In Fig. (3) "Vs" is the source voltage, "Rx" is the stator 

resistance, "Xls" is the stator leakage inductance, "Xg" is the 
magnetizing inductance, "Rx1" is the resistance from the eddy-
current loss in the rotor, "Rx2" is the resistance from the eddy-
current which produces useful torque, "Ry1" is the resistance 
that represents the hysteresis loss whereas "Ry2" represents the 
element responsible for the useful hysteresis torque. 
 The values found on the section I-A for “µ” and “ρ” are 
fundamental for the calculation of the equivalent circuit 
elements located on the rotor side. All these elements and their 
relationship with the slip (s) might be found on the equations 
from (5) to (8). 
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Equations (7) and (8) are typical for asynchronous motors, 
but equations (5) and (6) carry the main feature of the 
hysteresis motor: the constant torque in despite of speed 
variation. A two-phase, 6-pole, 80W hysteresis motor was 
tested for several amounts of load as can be seen on Fig. 4. 

 

Figure 4 - Hysteresis motor operating with load. 

 
 The measured and calculated results for the output torque 
are presented in Fig. 5.  

 

Figure 5 - Calculated and measured torque versus speed in RPM. 

C. Preliminar results 

 The measured results are different from the calculated ones 
especially on regions of low speed where the eddy-current 
torque have a prominent function. The laminations of this kind 
of material are generally thick in comparison with regular 
sheets of steel (in the order of ten times) and the values found 
for the material characterization should be corrected since the 
eddy-current losses increase under this condition. Also, the 
simplifications of session I create some need for tolerance. 
 In despite of this matter, the differences have varied from 
5,2% in the regions where there was higher eddy-current effect 
to 4,3% in the nominal speed area. Some parameters have 
shown good results as power factor, efficiency whereas others 
as torque need to be better evaluated. It must be said about the 
last case that, in despite of complete agreement in terms of 
values, the shape of these curves are corrects and the results 
agree with the theory. 

II. CONCLUSION 

 A hysteresis motor has been modeled using conventional 
method of the equivalent circuit approach. The results are 
promising although the differences between the measured and 
calculated couple. Those differences can be explained based on 
the simplifications mentioned on section I-A and the in view of 
the high difficulty on acquiring experimental data for the 
material characterization. More studies about the subject are 
being conducted in order to improve the model. 
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