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Abstract: The conditions for the use of composite materials based on ASC100.29 iron powders 
with an oxide coating in electrical machine devices for stator manufacturing with improved 
performance characteristics are examined in the article. Conditions for increasing the stability of 
electric motor operation based on changes in the thickness of the oxide layer are determined. 
Three-dimensional models of magnetic circuits that make it possible to achieve a force of up to 
4500 N with a torque of 3 to 8 Nm are used in the study; they make it possible to obtain a motor 
power of 100-200 W. In the research, experimental characteristics of dependences µ=F(h), 
H=F(h) and the specific loss power of on the thickness of oxide coating Wyg=F(h) were obtained. 
Methods for measuring the dynamic characteristics of the stator magnetic circuit were 
determined. 

Keywords: soft magnetic composite material, iron powder, electric machine stator, oxide 
coating, cross flow. 

Introduction: Research is devoted to optimizing the rotating torque of electric motors of auxiliary 
units, improving the efficiency of size, weight, and other operational characteristics and 
parameters. Generally, this optimization is related to the need to change the operating modes of 
the engines: with a constant variable velocity or in the start–brake mode. This can be obtained 
using composite materials. These materials have a wide range of properties [1, 4]. The method of 
application of composite materials in the technology of developing electric motors opens up new 
opportunities for their widespread use, both in auxiliary units and in improving their performance 
characteristics. Soft magnetic materials have the following advantages over other hard magnetic 
materials. 

They can easily be magnetized and demagnetized without loss; they are able to ensure the passage 
of maximum flux through a single section of the magnetic circuit, reducing dimensions and weight; 
and provide low losses when operating in alternating fields, which in turn reduces the heating 
temperature and increases efficiency and working induction of the electric motor [2, 3, 5]. These 
materials satisfy the mechanical properties andbility of the electric motor over time at different 
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temperatures. The most promising soft magnetic materials are those made from metal powders, 
the particles of which are coated with a thin layer of insulation. The presence of insulation made 
it possible to reduce electromagnetic losses and increase the quality factor of composites. 
Therefore, the objective of the scientific research is relevant. 

Research method: Research is based on the method of using soft magnetic materials in the form 
of metal - dielectric - metal [M.D.M.] for the development of various electric motors. It is known 
that when the power supply frequency increases, the rotation speed of electric motors increases as 
well [7, 9]. 

A cross-flow motor was developed based on soft magnetic materials (Fig. 1). Three-dimensional 
modeling was used for this electric motor since the magnetic circuits are three-dimensional. This 
system is capable of achieving a force of 4500 N with a torque of 3 to 8 Nm. The power of this 
engine reaches 100-200 W, with a rotation speed of up to 280-300 rpm [8, 9, 13]. 

 

Fig. 1. SMM based engine 

Element of the stator  Inner part of the core 

Coil of circular form Permanent magnet 

Based on magnetic materials, an electric machine with an internal rotor and an axial magnetic flux, 
as well as with a toroidal flux, was developed (Fig. 2) [4, 7, 9, 12]. 

 

Fig. 2. Electrical machines based on composite materials 

a) with internal rotor; b) with toroidal axial flow 

The use of electrical machines based on powder technology (Fig. 2) made it possible to increase 
the electromagnetic force by 3 times, power density by 30%, and achieve power from 100 W to 
100 kW. At the same time, a greater torque of 15 Nm was ensured at a rotation speed of 1500 rpm. 
[3, 8, 11, 14]. Since the speed of electric machines depends on frequency, using powder technology 
with underfrequency, the rotation speed can be5i7nc7reased by 3 times. 
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Results of the experiment. In the research work, the dependence of magnetic permeability µ and 
magnetic induction B on the magnetic field strength H was obtained for the stator; the readings are 
shown in Fig. 3 [7, 12, 14]. 

 

Fig. 3. Dependence of magnetic permeability and magnetic induction on magnetic field strength. 
1 - dependence of magnetic permeability; 2 - dependence of magnetic induction. 

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

 
 

Fig. 4. Dependence of specific magnetic losses on magnetic field strength. 

To determine the dynamic characteristics of the stator magnetic circuit developed, an 
experimental setup was used (Fig. 5). 
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Fig. 5. Experimental setup to determine the dynamic characteristics of the developed stator. 

To determine magnetization reversal losses, a circuit shown in (Fig. 6) was used. 
 
 

Fig. 6. Experimental scheme for determining magnetization reversal losses. 

Based on ASC100.29C powder with an oxide coating from 1 to 20 Hm, the electromagnetic 
characteristics increase; with a further increase in the thickness of coating, electromagnetic 
characteristics begin to decrease [4, 8,15, 17]. Figure 7 shows the dependence of magnetic 
permeability on the thickness of the coating from oxide material [12, 15]. 

 
 
 

      

      
      
      
      
      
      
      

 
 

Fig. 7 Dependence of magnetic permeability on oxide material 

Figure 7 shows the dependence of strength (Fig. 8) and power of specific magnetic losses (Fig. 
9) for ASC100.29 powder material with oxide coatings on its thickness [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 the specific loss power of ASC100.29 powder on the thickness of the 
oxide layer. 

Conclusions: 
1. The composite soft magnetic material developed, based on ASC100.29 powder with an oxide 

layer has good electromagnetic properties and is not inferior to foreign analogs. 
2. Magnetic circuit based on soft magnetic materials has sufficient strength, high dimensional 

efficiency, weight, and other performance characteristics. 
3. Methods for measuring dynamic characteristics and losses due to stator magnetization 

reversal based on powder technology were developed. 
4. The number of turns of the coil depends on the sintering temperature, the higher the 

temperature, the less magnetic field strength, the less the magnetizing force, and the less the number 
of turns. 
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ЦИФРОВАЯ ТРАНСФОРМАЦИЯ ТРАНСПОРТА И ЛОГИСТИКИ ДЛЯ 

УСТОЙЧИВОГО РАЗВИТИЯ ЭКОНОМИКИ 
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Abstract Аннотация Цифровая трансформация любого бизнеса, в том числе и транспортно-
логистических организаций, сегодня является трендом, который способствует как поднятию 
имиджа организации, так и росту эффективности ее деятельности. Однако, чтобы добиться 
эффективности от цифровой трансформации необходимо внедрять ее поэтапно и комплексно. 
Только с учетом принципа этапности можно качественно осуществить цифровизацию 
транспортно-логистической организации, что будет являться гарантом устойчивого развития 
экономики государства. Таким образом, цель работы состоит в разработке механизма 
управления транспортно-логистическими потоками организации в условиях цифровой 
трансформации.  
 
Keywords Ключевые слова Цифровая трансформация ● Транспортно-логистический поток ● 
Процесс ● Механизм ● Устойчивое развитие  
 
JEL Classification JEL-код О1 ● О3 ● R4 
Introduction  
Цифровая трансформация транспорта и логистики в целом – это конечный и обобщающий 
результат совокупности таких экономических показателей как эффективность, скорость и 
оптимизация. Все вышеперечисленные факторы занимают важнейшую и ключевую роль при 
выборе того либо иного транспортного перевозчика. Сегодня для организации качественного 
перевозочного процесса важно использовать инструменты цифровой трансформации, которые 
помогают в управлении транспортно-логистическими потоками, что и позволяет говорить об 
устойчивом развитии экономики государства. 
Methodology Методология 
Управление транспортно-логистическими потоками не может происходить само по себе. 
Процесс «управления» интегрирован с внешней средой, следовательно, он зависим от внешних 
условий или факторов. Сами факторы делят на внешние и внутренние. Так как в 
представленной статье речь идет о внешней среде, соответственно внешние условия оказывают 
существенное влияние при осуществлении управления транспортно-логистическими 
потоками. Из этого следует сделать вывод, что такие факторы подлежат тщательному анализу. 

Среди внешних условий, создающих препятствия для управления транспортно-
логистическими потоками, находятся такие факторы как, политические, экономические, 
социально-демографические и технологические. 

В качестве препятствия для управления потоками создают такие политические 
факторы, как изменение политических отношений и ужесточение внешнеэкономической 
политики Республики Беларусь со странами Европейского союза (ЕС) и США, данные факторы 


