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Abstract. Application conditions of composite materials based on 
ASC100.29 iron powders with an oxide coating in electrical machine 
devices as a stator with improved performance are considered in the article. 
The conditions for increasing the stability of the operation of electric 
motors are determined based on changes in the thickness of the oxide 
layer. Three-dimensional models of magnetic circuits were used, which 
made it possible to achieve a force of up to 4500 N with a torque of 3 to 8 
Nm, which made it possible to obtain an engine power of 100-200 W. As a 

result, experimental characteristics of dependences =ƒ(h), H=ƒ(h)) and 
the power of specific losses on the thickness of the oxide coating ωуд=ƒ(h) 

were obtained. Methods for measuring the dynamic characteristics of the 
stator magnetic circuit are determined.  

1 Introduction 

Composite materials with the necessary set of performance characteristics are widely used 

in the nodes of various mechanisms. In any technical applications, certain properties of 

solids are used: electrical, magnetic, optical, thermal, mechanical, corrosion-resistant, etc. 
[4, 6]. The production of magnetic materials with low energy losses during re-

magnetization is one of the urgent problems of the industry today. Despite the fact that 

research and development of such materials have been conducted since the beginning of the 

last century, the study of the mechanism of re-magnetization and improving the quality of 

these materials is still relevant today. This is due to the fact that magnetic materials are 

widely used in various electrical devices (generators, electric motors, measuring 

installations, inductors, etc.) [1, 4, 9, 15]. 

This article focuses on optimizing the torque of auxiliary units of motors, improving the 

efficiency of dimensions, weight and other performance characteristics and parameters. 

Typically, this optimization is associated with the need to change the operating modes of 

the motors: at a constant variable speed or in the start-stop mode. This can be achieved 
using soft magnetic materials (SMM). These materials have a wide range of elements in 

composition and properties [1.4]. The method of using soft magnetic materials in the 

technology of developing electric motors opens up new opportunities for their wide 
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application, both in auxiliary units and improving their performance. Soft magnetic 

materials have the following advantages over other hard magnetic materials. 

They have the ability to be easily magnetized and demagnetized without loss; are able to 

ensure the passage of the maximum flow through a unit cross-section of the magnetic 

circuit, reducing the size and weight; provide low losses when working in alternating fields, 

which in turn reduces the heating temperature, increases efficiency and working induction 

of the electric motor [2, 3, 5]. These materials satisfy the mechanical properties, and the 

stability of the operation of the electric motor over time at different temperatures. The most 

promising soft magnetic materials are materials based on metal powders, the particles of 

which are covered with a thin layer of insulation. The presence of insulation makes it 

possible to reduce electromagnetic losses and increase the quality factor of the composites.  

2 Objects and methods of research 

Research is based on the method of using soft magnetic materials in the form “metal-

dielectric–metal” [M.D.M.] for the development of various electric motors. It is known that 

with an increase in the power frequency, the speed of rotation of electric motors increases 

[7, 9]. 

 

 

Fig. 1. Engine on the base of SMM (soft magnetic materials) 

 

On the basis of soft magnetic materials, a cross-flow engine was developed (Fig. 1). Three-

dimensional modeling was used for this electric motor since the magnetic circuits 

themselves are three-dimensional. This system is capable of reaching a force of 4500 N at a 

torque of 3 to 8 Nm. The power of this engine reaches 100-200 W, at a rotation speed of up 

to 280÷300 rpm [8, 9, 13]. 
On the basis of soft magnetic materials, an electric machine with an internal rotor and 

axial magnetic flux, and with a toroidal flux (Fig. 2) was developed [4, 7, 9, 12]. The use of 

electric machines based on powder technology (Fig. 2) made it possible to increase the 

electromagnetic force by 3 times, the power density by 30%, and reach a power of 100 W 

to 100 kW. At the same time, a greater torque of up to 15 Nm was provided at a rotation 

speed of 1500 rpm [3, 8, 11, 14]. 

Since the speed of electrical machines depends on the frequency, using powder 

technology with increasing frequency, it is possible to increase the rotation speed by 3 

times. 
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Fig. 2. Electric machines based on soft magnetic materials: a) with an internal rotor; b) with toroidal 
axial flow 

 

3 Results and their discussion 

The dependence of the magnetic permeability  and magnetic induction B on the magnetic 

field strength H for the stator was obtained (Fig. 3) [7, 12, 14]. 

 

 

Fig. 3. Dependence of magnetic permeability and magnetic induction on the strength of the magnetic 

field: 1 - dependence of magnetic permeability; 2 - dependence of magnetic induction. 

 

The dependence of magnetic specific losses ωsp on the magnetic field strength was also 
determined (Fig. 4). 
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Fig. 4. Dependence of specific magnetic losses on the magnetic field strength 

 

An experimental setup was used (Fig. 5) to determine the dynamic characteristics of the 

developed stator magnetic circuit. 
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Fig. 5. Experimental setup for determining the dynamic characteristics of the developed stator 

 
To determine the magnetization reversal losses, the circuit shown in Fig. 6 was used. 
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Fig. 6. Experimental circuit for determining magnetization reversal losses 

 
Based on the ASC100.29 powder with an oxide coating from 1 to 20 Nm, the 

electromagnetic characteristics increase, while with a further increase in the coating 

thickness they begin to decrease [4, 8, 15, 17]. Figure 7 shows the dependence of the 

magnetic permeability on the thickness of the oxide coating [12, 15]. 

 

Fig. 7. Dependence of the magnetic permeability of ASC100.29 powder on the thickness of the 
coating with the oxide material 

 

The dependences of the strength (Fig. 8) and the density of specific magnetic losses 

(Fig. 9) for the ASC100.29 powder material with an oxide coating, depending on its 

thickness are shown in Figs. 8 and 9 [16, 17, 18].  
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Fig. 8. Dependence of the magnetic field strength of ASC100.29 powder on the thickness  
of the oxide layer 

 
Fig. 9. Dependence of power of specific loss of the ASC100.29 powder on the thickness  
of the oxide layer 

4 Conclusions 

To reduce hysteresis losses, annealing of the material is usually used. This process relieves 
the stresses of the internal structure of the material, reduces the number of dislocations and 

other defects, and also enlarges the grain somewhat.  

The developed soft magnetic material based on ASC100.29 powder with an oxide layer 

has good electromagnetic properties and is not inferior to foreign analogs. A magnetic 

circuit based on soft magnetic materials has sufficient strength, improved efficiency of 

dimensions, weight, and other performance characteristics. 
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Methods for measuring dynamic characteristics and stator magnetization losses based 

on powder technology were developed. The number of turns of the coil depends on the 

sintering temperature; the higher the temperature the less magnetic field strength, the 

magnetizing force, and the number of turns. 

References 

1. Berdiev, U., Vecher, A., and Khasanov, F. Investigation of the frequency 

characteristics of composite iron powders with insulating oxide coatings. In E3S Web 

of Conferences (Vol. 264, p. 05014). (2021). 

2. Govor, G. A., Vecher, A. K., and Yanushkevich, K. I. Features of the magnetic 

characteristics of new composite materials based on iron powders. Klubovich VV. 
Perspektivnye materialy i tekhnologii, 278-299. (2017). 

3. Geng, K., Xie, Y., Xu, L., and Yan, B. Structure and magnetic properties of ZrO2-

coated Fe powders and Fe/ZrO2 soft magnetic composites. Advanced Powder 

Technology, 28(9), 2015-2022. (2017). 

4. Gapparov, A. U., Govor, G. A., Berdiyev, U. T., Hasanov, F. F., and Kurbanov, A. M. 

Magnetic-soft materials based on iron for electromechanical engineering. In IOP 

Conference Series: Earth and Environmental Science, Vol. 614, No. 1, p. 012048. 

(2020). 

5. Bondar, O. I., Baliichuk, O. Y., Karzova, O. O., Krasnov, R. V., Marenych, O. L., and 

Ustimenko, D. Improvement of energy indicators of conventional electric driving 

asynchronous motors of non-standard technological equipment at the enterprises for 
repair of railway rolling stock through the use of energy-saving motors. (2019). 

6. Berdiev, U., Burkhankhodzhaev, A., Tuychieva, M., Iksar, E., and Usmonov, K. 

Investigation of energy indicators with asymmetry of the voltage of the power source 

of mainline electric locomotives of alternating current. In AIP Conference Proceedings, 

Vol. 2552, No. 1, p. 030018. (2023). 

7. Sustarsic, B., Sirc, A., and Milyavec, D. SMC materials in the design of small electric 

motors for domestic application. Euro PM, 629-635. (2004). 

8. O'handley, R. C. Modern magnetic materials: principles and applications. Wiley. 

(2000). 

9. Dmitrienko, S. G., Kochuk, E. V., Apyari, V. V., Tolmacheva, V. V., and Zolotov, Y. 

A. Recent advances in sample preparation techniques and methods of sulfonamides 
detection–a review. Analytica chimica acta, 850, 6-25. (2014). 

10. Soft Magnetic Composite Technology CMC- update Hoganes AB. Swedes – N2, 2003 

-8 p № 1, 2005 - 4p. 

11. Chen, J., Wang, D., Cheng, S., Wang, Y., Zhu, Y., and Liu, Q. (2015). Modeling of 

temperature effects on magnetic property of nonoriented silicon steel lamination. IEEE 

Transactions on Magnetics, 51(11), 1-4.. 

12. Hultman, L., Höganäs, A. B., Lopes, H., and Brazil, H. Existing and future automotive 

applications for soft magnetic composites. Powder Metallurgy (PM). (2004). 

13. Sarkar K. Pai P.K, Katiyor P.K. Composite coatings from blast furnace pig iron by 

high velocity oxy - fuel (HVOF) process and their electrochemical behavior. Surf. 

Coat. Techol. Vol. 372. pp.72 – 83. (2019). 

14. Timofeev I.A. Electrical materials and products - St. Petersburg; (2012). 
15. Endo, H. Technology Trends In Sintered Structural Part. P/M Science and Technology 

Briefs, 5(2), 21-25. (2003). 

16. Andersson, O., Larsson, M., and Hu, B. Lean Post Processing: Improved Machinability 

by Selection of PM Materials, Additives and Tool Materials. In European Congress 

E3S Web of Conferences 401, 03038 (2023)

CONMECHYDRO - 2023
https://doi.org/10.1051/e3sconf/202340103038

7



and Exhibition on Powder Metallurgy. European PM Conference Proceedings (p. 1). 

The European Powder Metallurgy Association. (2010). 

17. Xu X. Y, Liu W.J., Zhong M.L., Sun H.Q., Chen G.N. Direct laser fabricated in Situ 

Materials Science Vol. 39. pp. 4289-4293. (2004). 

18.  Tyng Ch.M. Features of the formation of a complex of magnetic properties of 

powdered Fe-P material - an analog of technical iron, obtained by hot die forging of a 

porous billet. (2010). 

19. Johnson P. Fracture and stress in powder compacts. University of technology, Sweden, 

(2006). 

20. Perigo, E. A., Weidenfeller, B., Kollár, P., and Füzer, J. Past, present, and future of soft 

magnetic composites. Applied Physics Reviews, 5(3), 031301. (2018). 
21. Maziuk, V. V., Doctarau, V. V., and Rak, A. A. Miniature loop heat pipes with 

noninverted meniscus concept and treatment. International Journal of Low-Carbon 

Technologies, 1(3), 228-235. (2006). 

E3S Web of Conferences 401, 03038 (2023)

CONMECHYDRO - 2023
https://doi.org/10.1051/e3sconf/202340103038

8


