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Abstract

The article analyzes main directions of development of soft magnetic powder materials. It includes research on certain materials
developed using soft magnetic materials in production of electric motors. The elimination of known shortcomings in production
of electric motors, acceleration of its assembly process is studied. The production of magnetic materials with low energy loss
during magnetization reversal is one of the urgent problems of industry today. Despite the fact that research and development of
such materials has been carried out since the beginning of the last century, studying the mechanism of magnetization reversal
and improving the quality of these materials is still relevant today. This is due to the fact that soft magnetic materials are widely
used in various technical devices (electric generators, electric motors, measuring instruments, inductors, etc.), the quality level
of which is determined by the properties of modern varieties of such materials. The purpose of the study. Acceleration of electric
motor development processes, increase in economic efficiency and study of the performance of electric motors. Results of the
study. During the period of use of the materials, small dimensions of the product are obtained, in which, when the directional
effect of the magnetic fluxes is changed, a reverse change in magnetization is achieved throughout the thickness of the part.
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1. Introduction

The automotive sector plays a significant role in the devel-
opment of transport systems, energy consumption, and urban
infrastructure, making it an important subject of engineering
and applied sciences research. In recent years, Uzbekistan’s
automobile market has experienced notable structural and
quantitative changes influenced by economic conditions, reg-
ulatory measures, and shifts in consumer demand. Short-term
fluctuations in vehicle sales provide valuable insights into
market stability and the dynamics of transport system devel-
opment.

According to an analytical assessment conducted by the
Center for Economic Research and Reforms, the automobile
market in Uzbekistan showed a marked decline in activity in
February. Sales of all categories of vehicles decreased by 20.4%
compared to the previous month and by 6.3% on a year-on-
year basis. Passenger car sales, which constitute the dominant
share of the market, declined by 14% compared to January,
indicating a contraction in consumer demand within a rela-
tively short period.
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Official registration data from the State Traffic Safety In-
spectorate indicate that approximately 115,000 vehicles of all
types were sold in February, representing a substantial reduc-
tion relative to both the previous month and the corresponding
period of the previous year. Passenger car sales amounted to
about 109,700 units, reflecting a 14% month-on-month de-
crease and a 5.6% decline compared to February of the previ-
ous year. These trends were particularly evident in the primary
market, where sales of new passenger cars fell by 16.8% com-
pared to January, despite demonstrating moderate growth on
an annual basis.

Further differentiation of the market reveals contrasting dy-
namics between domestic, foreign, and secondary segments.
While sales of newly produced domestic vehicles and im-
ported foreign cars increased on a year-on-year basis, both cat-
egories experienced significant monthly declines. The second-
ary market also showed a reduction in activity, with used pas-
senger car sales decreasing by more than 13% compared to the
previous month. At the same time, the electric vehicle segment
demonstrated divergent behavior: although monthly demand
declined, annual sales volumes increased substantially, indi-
cating a growing long-term interest in alternative vehicle tech-
nologies.

These observed fluctuations highlight the complexity of the
automotive market in Uzbekistan and underscore the im-
portance of systematic analysis of vehicle sales dynamics. Un-
derstanding such trends is essential for engineering-oriented
studies focused on transport planning, infrastructure develop-
ment, and the assessment of technological transitions within
the automotive sector [1].

As the vehicle fleet grows, so do traffic jams in major cities.
The depletion of oil resources, much of which is used to pro-
duce motor fuel, is forcing the government to fund programs
to explore new deposits and alternative fuels.

Enormous fuel consumption inevitably impacts the coun-
try's air quality. Near highways, air pollution levels are 1.3—
1.5 times higher than in residential areas protected from traffic
by buildings. The frequency of exceeding the average daily
limit for nitrogen dioxide near highways reaches 306 days, or
84% of the year, while in residential areas far from pollution
sources, it occurs no more than 180 days, or 49% of the year
[2, 3].

Suspended particulate matter, its toxic components, and
ozone pose a serious health hazard. According to various esti-
mates, polluted air threatens the health and development of
children and reduces life expectancy by approximately one
year.

In order to reduce vehicle emissions in the European Union,
Regulation No. 443/2009 concerning the limitation of CO2
emissions from new passenger cars of category M1 was
adopted in April 2009. This Regulation sets a target of achiev-
ing average CO; emissions from new passenger cars across
the European Union of 120 g/km by 2012 and 95 g/km after
2020 [4].

In 2011, the decline in CO, emissions was 4.1%, after

which it slowed down somewhat. In 2012, the decrease was
2.1% compared to 2011 [5, 6]. Car manufacturers are set
carbon dioxide emission limits depending on the vehicle's
kerb weight. If the average CO, emission exceeds the
calculated limit, the manufacturer is charged a fine depending
on the amount of the excess. From 2012 to 2018, the fine for
exceeding the CO; limit by up to 1 g/km was €5 per vehicle.
For exceeding the limit by up to 2 g/km, 3 g/km, and more
than 3 g/km, the fine is €15, €25, and €90 per gram per 1 km
driven, respectively. From 2022, the fine will be set at €95 for
each gram of CO, emissions (g/km) exceeding the
manufacturer's calculated standard. This policy encourages
automakers to develop innovative projects in the field of
alternative energy sources.

The use of combined heat and power plants (CHPs) and
electric vehicles has significant potential for reducing carbon
dioxide emissions.

2. Materials and Methods

The problem of environmental pollution from motor vehi-
cles can be addressed in the following ways.

1) Energy conservation:

a) improving vehicle design;

b) reducing vehicle weight;

¢) reducing the number of vehicles;

d) managing traffic and constructing roads to reduce the
likelihood of traffic jams.

e) improving fuel emissions;

f) through engine design;

g) using hybrid powertrains.

2) Transition to electric vehicles.

In 2010, the electric vehicle fleet was split 60% to 40% be-
tween battery electric vehicles (BEVs) and plug-in hybrids
(PHEVs). However, between 2011 and 2022, the share of bat-
tery electric vehicles increased by 13 percentage points and
now exceeds 73%. This indicates a gradual shift toward BEV
dominance.

Statistical data on the dynamics of motorization were ob-
tained from official national and international sources. In par-
ticular, information on changes in the number of registered ve-
hicles in Uzbekistan for the period 2021-2024 was collected
from analytical materials and visual statistics presented by the
State Traffic Inspectorate of the Republic of Uzbekistan in
February 2023 [7]. These data were used to assess trends in
the growth of the vehicle fleet and to characterize the level of
motorization in the country.

In addition, comparative indicators of vehicle ownership
were analyzed using internationally published statistics. Ac-
cording to global datasets, the total number of vehicles has in-
creased by 44.2% over the past eight years, reaching approxi-
mately 50 million units, while the number of passenger cars
worldwide amounted to about 86 million units in 2023. To
evaluate Uzbekistan’s position in the global context, data on
the number of private passenger cars per 1,000 inhabitants
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were examined. In 2023, Uzbekistan ranked 121st globally,
with approximately 104 cars per 1,000 population, indicating
a relatively low level of private car ownership compared to
many other countries [8].

The collected statistical indicators were subsequently used
as input data for analytical comparisons and for identifying
general trends relevant to transport engineering and applied
infrastructure studies.

Currently, the global automobile market is at its peak in
terms of the number of vehicles available to consumers by en-
gine type, but starting in 2025, this choice will become in-
creasingly narrow, as happened once before at the turn of the
19th and 20th centuries, when steam, electric, and gasoline-
powered vehicles competed for market share [9]. Electric ve-
hicles lost the competition back then, but now they have a
much better chance of becoming the dominant mode of
transport globally. Therefore, it is important to study the im-
pact of this process on both the automobile and related mar-
kets.

Government policies supporting markets and production
are crucial for the successful development of the electric ve-
hicle industry. Well-designed financial incentives for consum-
ers at the national and local levels, reduced initial costs of
electric vehicle production, and an increased number of charg-
ing stations not only contribute to the current industry's devel-
opment but also provide automakers and consumers with con-
fidence in future market modernization. Support for battery
and fuel cell production is also having a positive impact on the
market. Battery development costs have fallen significantly in
recent years, thereby lowering the cost barrier to mass produc-
tion of electric vehicles.

In Uzbekistan, the development of the electric vehicle in-
dustry remains an open question. Some institutes and factories
are developing prototypes of electric vehicles, but they have
never been mass-produced.

Initially, electric vehicles used conventional DC or AC mo-
tors—those used for general industrial applications. Recently,
electric motors specifically designed for electric vehicles have
increasingly been used. These include requirements for high
fuel efficiency while maintaining traction characteristics over
a wide speed range, pollution resistance, and simplified
maintenance.

3. Results and Discussion

Due to intense competition, manufacturers are constantly
improving electric cars for children. A wide variety of models
are available.

There are two alternative approaches to optimizing the de-
sign parameters of an electric vehicle. The first involves solv-
ing a direct problem, i.e., using the electric vehicle's design
parameters as the objective or objective functions, which are
then optimized using one of the numerical methods. The sec-
ond involves solving an inverse problem, using the vehicle's
output parameters, specifically traction, speed, energy, and

fuel economy, as the objective functions. Regression equa-
tions are constructed to relate these objective functions to the
electric vehicle's design parameters.

During the optimization of objective functions, the optimal
values of the output parameters and the corresponding design
parameters are determined. In this paper, the design parame-
ters of the electric vehicle traction drive will be determined
based on the solution of an inverse problem. During optimiza-
tion, the assumption is made that all functions of the complex
indicators depend only on the same internal control parame-
ters: the specific energy of the battery, the mass of the battery
pack, and the transmission gear ratio, while other vehicle pa-
rameters-electric motor characteristics, transmission effi-
ciency, drag coefficient, etc. — remain constant.

Electric transport is demonstrating significant scientific and
technological progress in the field of highly efficient electro-
magnetic motors and batteries. Consequently, we can clearly
see how electric vehicles are conquering the global market and
becoming a symbol of innovative development.

One method for producing highly efficient materials for
electrical devices is coating metal powder particles with oxide
shells [10-12].

When applying a thin oxide layer to iron powder particles,
methods such as mechanical deposition of the oxide layer, de-
composition of metal sulfates and nitrides, and formation of
an oxide layer from gaseous oxides result in the formation of
a poor-quality coating [13, 14].

Our proposed method for applying an oxide layer to iron
powder is cost-effective and can be widely used to produce
composites with specified magnetic parameters and electrical
resistance. It can also be used in practice for the production of
MDM (metal-dielectric-metal) alloys with unique magnetic
and electrical properties.

Development of a method for producing a composite soft
magnetic material taking into account the required parameters.
Current methods of encapsulating iron powder with a thin ox-
ide layer, namely mechanical oxide layer deposition, oxide
layer formation by decomposition of metal sulfates and ni-
trides, and oxide layer formation from a gaseous oxide layer,
produce poor-quality coatings and are ineffective.
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Figure 1. Reactor for applying insulating coatings to the surface of
powders [15, 16].

The essence of the method we developed is illustrated in Fig-
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ure 1, which shows a schematic of a soft magnetic material prep-
aration system, including a vacuum pump electric drive 1, a cou-
pling sleeve 2, a vacuum pump 3, a movable vacuum connector
4, a drum containing a soft magnetic composite material 5, a tem-
perature sensor 6, a heater 7, a movable shaft 8, and a reactor
electric drive 9 [15, 16].

The advantage of this method compared to known ones is
the reduction of the lubricant content to 0.01-0.1%, which al-
lows for the subsequent production of a high-quality pressed
product made of a soft magnetic composite material with a
density of 7.5-7.65 g/cm? and, as a consequence, possessing
high magnetic characteristics [17, 18].

To apply phosphorus oxide coatings to the surface of
ABC100.30 particles, the proposed method was modified. The
application method included a pre-mixing step of the original
metal powders with a specified amount of a reagent, which
consisted of an alcohol solution of orthophosphoric acid in a
ratio of 40% H3PO4 + 60% ethyl alcohol.

In the next step, the prepared powder was placed in a reactor
for applying insulating coatings (Figure 2). The powders with
the reactive additive were processed in a reaction drum at a
pressure of 105 to 106 Pa, heated to a temperature of 150—
200°C for 15-30 minutes. As a result, a complex coating of
ferrite compounds and phosphates formed on the surface of
the iron particles. The elemental composition was analyzed
using an Oxford Instruments (England) X-ray spectral ana-
lyzer with a minimum detection limit of 0.5% and a method
error of 3-5 relative percent. The chemical composition of the
oxide coatings is a complex system of iron oxides FeO, Fe,0s,
and phosphorus oxide P,Os. Small amounts of carbon and sil-
icon are also present. The thickness of the insulating layer on
the iron particle depends on the powder processing time and
the concentration of the alcoholic phosphoric acid solution [17,
18].
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Figure 2. Experimental X-ray diffraction spectrum of a composite
based on ABC100.30 iron powder encapsulated with phosphide.

According to the results of researchers Govor,
Zheludkevich, and Demidenko, Figure 2 shows an X-ray dif-
fraction pattern of a composite based on ABC100.30 iron

powder encapsulated in P205. The analysis of the data ob-
tained by X-ray diffraction showed that the sample contains
only one a-Fe phase of pure iron. The composite has a cubic
unit cell of the /m3m space group. The parameter is a =
0.2867+0.0003 nm. In the region of small angles of 25 — 35°,
insignificant diffuse scattering inherent in the amorphous
phase of P,Os is observed. Based on the results of X-ray dif-
fraction determination of the unit cell volume V = a3, the the-
oretical density of the composite materials was calculated. The
calculated value of the theoretical density is approximately 3%
higher than the density value obtained by direct measurement
by hydrostatic weighing (7.7 g/cm?). Thus, the porosity of the
composites is less than 5%.

A study of the properties of sheet molding compound (SMC)
materials based on ultra-pure iron powders revealed that ma-
terials with the lowest carbon content, such as ABC100.30
iron powder, exhibit higher magnetic properties and minimal
losses. A study examining the influence of various types of
insulating coatings on the properties of SMC materials
demonstrated that SMC materials with a titanium oxide coat-
ing exhibit superior performance. The effect of oxide coating
thickness on the reduction of magnetic permeability of SMC
materials was also assessed.

The results of theoretical research and experimental testing
on the development of a children’s mini-electric car have been
analyzed (Figure 3). A pilot model of a motor-wheel based on
composite magnetic materials was developed in collaboration
with a researcher from the State Scientific and Production
Center of the National Academy of Sciences of Belarus for
Materials Science and a researcher from the Namangan State
Technical University.

Figure 3. Photograph of a test stand for an experimental model of a
motor-wheel made of a soft magnetic composite material.

Experimental studies of a sample of a motor-wheel made of
a soft magnetic composite material were carried out on Sep-
tember 23, 2022, by employees of the Laboratory of Physics
of Magnetic Materials of the Scientific and Practical Center of
Materials Science of the National Academy of Sciences of
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Belarus (Minsk, Belarus) and the Namangan Civil Engineer-
ing Institute (Namangan, Uzbekistan).

Experimental hub motor prototypes were manufactured us-
ing the resulting magnetic cores. Design documentation for all
components of the prototype was developed.

4. Conclusions

A comparative analysis of modern soft magnetic powder
materials demonstrates significant improvements in their
properties, making them promising for future use in electric
vehicles.

Thus, the development of in-wheel motors is closely linked
to the improvement of magnetic materials and power sources,
which together determine the efficiency and performance of
mini-electric vehicles. The developed composite magnetic
material outperforms electrical steel due to its lower losses,
high rotation speed, increased power density, and potential for
widespread use in the production of electrical products.

Abbreviations
CHPs Combined Heat and Power Plants
BEVs Battery Electric Vehicles
PHEVs Plug-in Hybrids
AC Alternating Current
DC Direct Current
SMC Sheet Molding Compound
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