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Abstract. Dual-phase magnetic material - a magnetic material in which, 
by processing, localized non-magnetic areas can be obtained to control the 
direction of the magnetic flux. Such properties can significantly improve 
the output characteristics of a number of topologies of electrical machines, 
as well as neutralize a number of the main disadvantages inherent in 
traditional designs of electrical machines. This paper presents a numerical 
study of the strength characteristics of the rotor of an electric starter-
generator with permanent magnets with a dual-phase magnetic material. 
The optimal boundaries of racks for processing in the non-magnetic phase 
are determined.  

1 Introduction 

The development of the electrical industry has led to a rapid expansion of the use of 
electrical machines and power electronics [1,2] in various industries. At the same time, the 
automotive and aviation industry makes serious demands on the output characteristics of 
electrical machines [3,4]. Every year, the requirements become more stringent, which leads 
to the complication of the design and manufacture of electrical machines [5]. It should also 
be noted that it will become practically impossible to achieve breakthrough results in the 
specific characteristics of electrical machines by traditional means and methods in the near 
future without the use of new approaches to the design and development of new promising 
materials [6, 7]. One of these materials is a dual-phase magnetic material, the local areas of 
which, after a certain treatment, acquire non-magnetic properties, which makes it possible 
to control the direction of the magnetic flux [7]. 

Currently, increased attention is paid to the production of dual-phase magnetic materials 
using nitriding. The bottom line is this: the area, which should retain its magnetic 
properties, is protected from the nitriding process, while the planned non-magnetic area 
remains completely open to diffuse surface changes in a nitrogen-rich environment. For the 
non-magnetic region, there is a significant decrease in magnetic characteristics and a 
significant increase in strength properties. At the same time, in the magnetic region, an 
insignificant drop in electromagnetic properties is observed, but a rather noticeable drop in 
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strength properties, which should be taken into account when designing electrical machines 
with dual-phase magnetic materials [8, 9]. 

This article presents a study of the influence of the boundaries of the location of the 
non-magnetic phase in the rotor legs with internal permanent magnets on the strength 
characteristics of the rotor.  

2 Model under study 

As an object of study, a starter-generator with internal permanent magnets is used. The 
choice of the type of electrical machine is due to the high specific and output characteristics 
of electrical machines of this type [10]. This is confirmed by the works, where a 
comparison was made of electrical machines with permanent magnets with other 
topologies, where electrical machines with internal permanent magnets showed their 
incomparable advantage [11, 12]. 

The case of processing a central non-magnetic rack between permanent magnets is 
considered (Fig. 1).  

 
Fig. 1. Non-magnetic area (red color). 

As a reference point, the result of the calculation of an electrical machine is taken, with 
a rotor speed of 6000 rpm with a rotor made of traditional electrical steel, providing the 
necessary electromechanical characteristics. Then, an electrical machine with a rotor made 
of a dual-phase magnetic material is calculated, its strength characteristics are evaluated at 
various values of the boundaries of the non-magnetic section. The use of a dual-phase 
magnetic material increases the safety factor of the material, which makes it possible to 
increase the rotor speed due to the available safety factor. The study is carried out in 
software using the finite element method. 

3 Strength calculation 

The results of the strength calculation of the rotor of an electrical machine at 6000 rpm 
are shown in Fig. 2. 

 
Fig. 2. Strength calculation results (rotor). 
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As can be seen from a more detailed examination (Fig. 3), the highest stresses are 
observed in the upper region of the rotor and amount to 234.6 MPa. 

 
Fig. 3. Detailed examination of the most loaded area. 

The general results of the calculations performed are summarized in Table 1. 
Table 1. Strength calculation results. 

Parameters Traditional electrical steel 
Yield strength, MPa 344.7 
Maximum stress, MPa 234.57 
Safety factor 1.47 

As can be seen from the calculation results, traditional electrical steel provides the 
necessary safety factor, but at the lower boundary. 

The highest stresses are observed in the area of contact between the edge of the 
permanent magnet and the magnetic core of the rotor: in the area of the transition of the 
magnetic phase into the non-magnetic one. An increase in strength in this area can be 
achieved by using a dual-phase magnetic material, however, it is necessary to determine the 
processing boundaries (Fig. 4) so that the magnetic phase does not fall on the most stressed 
area. 

 
Fig. 4. To the definition of processing boundaries. 

The boundaries of the section with a non-magnetic phase, the stresses in it and the 
safety factor are determined. The assessment is carried out according to the characteristics 
from Table 2. The results of the calculation are summarized in Table 3. 
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Table 2. Characteristics of dual-phase magnetic material [7]. 

Parameters 
Dual-phase magnetic material 

Magnetic phase Non-magnetic phase 
Yield strength, MPa 276 565.4 
Maximum stress, MPa 161.61 233.89 

Table 3. Factors of safety factor depending on the boundaries of material processing. 

Parameters 
Boundaries of non-magnetic area (in angular dimension, 

degree) 
8.4 8.6 8.8 9 9.2 9.4 9.6 

Maximum stress in non-
magnetic phase, MPa 

208.51 208.51 234.57 234.57 234.57 234.57 234.57 

Maximum stress in the 
magnetic phase, MPa 

208.51 234.57 234.57 234.57 208.51 182.45 156.38 

Safety factor (magnetic 
phase) 

1.32 1.18 1.18 1.18 1.32 1.51 1.77 

Safety factor (non-
magnetic phase) 

2.71 2.71 2.41 2.41 2.41 2.41 2.41 

As can be seen from the calculation results, unlike traditional electrical steel, a dual-
phase magnetic material, due to the selection of optimal processing boundaries, withstands 
specified loads with a width (in angular measurement) of a non-magnetic section of 9.4 
degrees or more. It should be noted that even a tenth of the angle when determining the 
boundaries of a dual-phase magnetic material has a significant impact on the strength 
characteristics of an electrical machine. In view of the foregoing, the most optimal for the 
electrical machine under consideration is the size of the boundary of the non-magnetic 
section of 9.6 degrees.  

4 Conclusion 

This article investigates the influence of the boundaries of the non-magnetic phase 
sections of a dual-phase magnetic material in the rotor of an electrical machine with 
internal permanent magnets on the strength characteristics of the rotor. Calculations were 
made for electrical machines with a rotor made of traditional electrical steel and with a 
rotor made of dual-phase magnetic material. The optimal boundaries of non-magnetic 
sections in a rotor made of a two-phase magnetic material are determined, which make it 
possible to obtain an increase in the safety factor of the material in the most loaded section.  
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