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METHODS FOR NEW TECHNOLOGICAL DEVELOPMENTS OF ELECTRIC
MOTORS BASED ON COMPOSITE MATERIALS

Berdiev U.T., Cand. Tech. Sci., Professor, lksar Y.V., Tuychieva M.N., Amanlikova N.R
Associate Professor, Berdiyorov U.N. - Lecturer.
(Tashkent State Transport University)
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 u=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].
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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 begpgreased by 3 times.
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Results of the experiment. In the research work, the dependence of magnetic permeability x 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].
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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).
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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.
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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].
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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.
Wy, , Br/kr
1,2
1
0,8 ®
0,6 @
®
04 s—* S
0,2 b e
0" f—2—p
0 20 40 60 80 100 120 Hm

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.

References

1. Sustarsic B, Sirc A, Vilyavec D. SMS materials in the design of small electric motors for
domestic application // EURO PM 2004 Proc Conf. Functional materials 2004 - 4 p. 629 — 635.

2. O’Handley R.C. Modern magnetic materials principals and applications/ O’Handley
— NY: John Wiley Sons, 2000. 347 p.

3. Dmitrienko S .B , Kochuk E.V Apyazi V.V , Tolmacheva V.V Zolotov Y.U Recent advance
in sample preparation techniques and methods of sulfonamides detection and review // Anal. Chim
Acta 2014 V.850. 25 p.

o571



4. Usan Berdiev, Abitkhodja Burkhankhodzhaev, Malika Tuychieva, Elena Iksar, Komil
Usmonov, Investigation of energy indicators vsigbasymmetry of the voltage of the power source

of mainline electric locomotives of alternating current, AIP Conference Proceedings 2552, 030018
(2023); https://doi.org/10.1063/5.01318309.

5.Soft magnetic composite Technology CMC- update Hoganes AB. Swedes — N2, 2003 -8 p
No 162005 -4 p.

6. U.T.Berdiev, A.K. Vecher, F.F.Khasanov, Investigation of the frequency characteristics of
composite iron powders with insulating oxide coatings. «Construction Mechanics, Hydraulics and
Water Resources Engineering» (CONMECHYDRO - 2021), April 1 — 3, Tashkent, Uzbekistan.

7. Kolesnikov, 1., Yaronova, N., Ametova, A. Building a “Smart” Electric Network Using 5G
and Unmanned Aircraft AIP Conference Proceedings, 2022, 2432, 030037

8 Existing & Future automatic applications for soft magnetic composites / Lars Hultman,
Henrigue Lopes // 1 workshop sobre Inovagoes nos materials Magnetic para a Industria
Avtomobilistica Actual as percpectives dos Carros hibrido. 30 Julno 2008 — Sao Paolo, Brazil.

9. A.U.Gapparov, G. A. Govor, U. T. Berdiev, F. F. Khasanov, and A. M. Kurbanov. Magnetic-
soft materials based on iron for electromechanical
engineering, IOP Conf. Series: Earth and Environmental Science 614 (2020) 012048.

10 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. 2019.
No. 372. p72 — 83 DO1: 10.1016/j. surfcoat. 2019.05 /25

11. Timofeev I.A. Electrical materials and products - St. Petersburg; Publishing house "Lan"
2012. 272 p.

12. Endo H. Technology Trends in Sintered Structural Parts //Hitachi Powdered metals
Technical Report-2002-V1-P3-8

13. Improved Machinability by Selection of PM Materials, Additives and Tool Materials / Olof
Andersson, Mats Larsson Bo Ha // Proceeding of PM 2010 Powder Metallurgy World Congress &
Exhibition, Florence 10-14 October 2010, Vol 2, p. 379-384.

14. Xu X. Y, Liuw J., Zhong M.L., Sun H.Q., Chen G.N. Direct laser fabricated in Situ
Materials Science 2004-No 39-P4289-4293

15. Tung M. Features of the formation of a complex of magnetic properties of powdered Fe- P
material - an analog of technical iron, obtained by hot volumetric stamping of a porous workpiece.
Abstract of the Dissertation, Rostov-on-Don, 2010 27 p.

16. Johnson P. Fracture and stress in powder compacts (text) doctoral thesis Lulea University
of Technology, Sweden 2006. 163 p.

17.J.S. Fayzullaev. “Improvement of functional diagnostics of asynchronous motors” in AIP
Conference Proceedings, 2612, 050034 (2023).

18. Maziuk V.V. Miniature loop neat pipes with noninverted meniscus concept and
technologies — Manchester, 2006 - Ne 1/3 —p. 228 — 235.

19. R. Mirsaatov, S. Khudoyberganov, A. Akhmedov; Uncertainty estimation in
determination of Cocoons silkiness by thickness of their shell. AIP Conference Proceedings 15
March 2023; 2612 (1): 050010. https://doi.org/10.1063/5.0114683

20. Ravshanbek Mirsaatov, Sardorbek Khudoyberganov; Development of a non-destructive
method determination of the maturity of Mulberry cocoons. AIP Conf. Proc. 16 June 2022; 2432
(1): 040018. https://doi.org/10.1063/5.0089646

21. Abduraxman Akhmedov, Galina Sauchuk, Natallia Yurkevich, Sardorbek
Khudoyberganov, Mahammatyakub Bazarov, Karimberdi Karshiev; The influence of production

572



conditions on the electrophysical parameters of piezoceramics for different applications. E3S Web
Conf. 264 04020 (2021), DOI: 10.1051/e3sconf/202126404020

22. Burkhanov, S.D., Mirsaatov, R.M., Khudoyberganov, S.B., Kadyrov, B.H. Relationship of
parameters that characterize the quality of live cocoons. IOP Conference Series: Earth and
Environmental Science, 2021, 677(4), 042032. DOI 10.1088/1755-1315/677/4/042032

23. Halina  Sauchuk,Natallia ~ Yurkevich, Abduraxman Akhmedov, Sardorbek
Khudoyberganov, Sayfulla Kayumov and Ulmasbek Berdiyarov. Dielectric and microwave

properties of ceramics of the Bi-Ti-O system. E3S Web of Conf., 401 (2023) 05076. DOI:
https://doi.org/10.1051/e3sconf/202340105076

OUPPOBAS TPAHCOOPMALUA TPAHCIIOPTA U JIOTUCTUKH JJIAA
YCTOMYUBOTI'O PA3BUTHSA SKOHOMUKHA

Eugeny A. Semashko, Polina I. Lapkovskaya
(Belarusian national technical university, Minsk, Belarus)

Abstract Aunorauus I{udposas Tpancopmanus 1060ro Ou3Heca, B TOM YUCIE M TPAHCIOPTHO-
JIOTUCTHYECKUX OPTaHU3AIHMA, CETOHS SBISETCS TPEHIOM, KOTOPBIM CIIOCOOCTBYET KaK MOJHSATUIO
UMHUJIKA OpPTaHM3aIlid, TaK U PocTy 3P GeKTHBHOCTH ee aesTeNbHOCTH. OaHAaK0, YTOOBI TOOUTHCS
s dekTuBHOCTH OT U(POBOI TpaHCHOPMAITUN HEOOXOAMMO BHEIIPSTH €€ TOITAITHO U KOMILJIEKCHO.
TonpkO € ydYeToM MpPHHIUIA ATAMHOCTA MOXHO KA4eCTBEHHO OCYIIECTBHTH IH()POBH3ALNIO
TPAHCTIOPTHO-JIOTUCTUIECKOW OPTaHU3AINK, YTO OYIET SIBIATHCS FApaHTOM YCTOWYUBOTO PA3BUTHS
SKOHOMHUKH ToCymapcTBa. Takum o0pa3oMm, yeribp pabOThI COCTOMT B pa3paboTKe MeXaHHW3Ma
YOpaBIEHUSI TPAHCIIOPTHO-TOTUCTUYECKHUMH IOTOKAMH OpTraHM3allMk B YCIOBUSX MH(PPOBOIA
TpaHchopMaIuu.

Keywords KiroueBnbie cioBa I{udposas tpanchopmars @ TpaHCIIOPTHO-TOTUCTHYCCKHI TOTOK ®
IIponiecc ® MexaHu3m @ YCTONYUBOE pa3BUTHE

JEL Classification JEL-kox O1 e O3 e R4
Introduction
Hudposas Tparncopmalysi TpaHCIOPTa M JOTUCTHKU B IEJIOM — 3TO KOHEYHBIA M 000OMIAIOIHIA
pe3ynbTaT COBOKYMHOCTH TaKUX IKOHOMUYECKHX IMOKazarened kak 3()(eKTUBHOCTb, CKOPOCTb U
ontumm3anys. Bee BelienepedncienHbie (PakTopbl 3aHUMAIOT BaXKHEUIIIYIO M KIIOUEBYIO POJb IPU
BBIOOpE TOTO JIMOO MHOTO TPAHCIIOPTHOTO MepeBo3unKka. CeromHs A OpraHn3alui KayeCTBEHHOTO
MEPEBO30YHOIO MPOIIEcca BAXKHO UCTIOIB30BaTh HHCTPYMEHTHI IM(PPOBOM TpaHCPOopMaIH, KOTOpPhIE
MIOMOTAIOT B YNPABJICHUH TPAHCTIOPTHO-JOTHCTUYECKUMHU MTOTOKAMH, YTO U TO3BOJISIET TOBOPUTH 00
YCTOWYMBOM Pa3BUTHUU YIKOHOMUKH T'OCYAapCTBa.
Methodology MeTtomoJiorus
VYmpaBieHrue TPaHCIOPTHO-TOTUCTUYECKUMH TIOTOKAaMU HE MOXKET MPOMCXOIUTh caMo Mo cele.
[Iponecc «ymnpaBieHus» HHTETPUPOBAH C BHEIIHEH CPeIOH, CIIeIOBATEIBHO, OH 3aBHCUM OT BHEIITHUX
ycinoBuii unu  (aktopoB. Camu (axkTopsl AensST Ha BHEIIHME M BHYTpeHHHE. Tak Kak B
NPECTaBICHHON CTaThe PEYb UET O BHEIIHEH CpeJie, COOTBETCTBEHHO BHEIITHUE YCIOBHUS OKa3bIBAIOT
CYIIECTBEHHOE BIMSHUE TPU OCYIISCTBICHUM YIPABICHUS TPAHCIOPTHO-TOTUCTHUYCCKIUMHU
norokamu. M3 3Toro cienyer caenaTh BEIBOJ, YTO Takue (aKTOPHI MOAJIEKAT TIIATEILHOMY aHAIU3Y.
Cpenu BHEIIHUX YCIOBHUH, CO3JAIONMIMX NPEMATCTBUS [Js yHpPaBIEHUS TPAHCIOPTHO-
JOTHCTUYECKAMHU TIOTOKAMH, HAaXOIATCS Takue (AKTOPHl KaK, MOJUTHYECKHE, HSKOHOMHUYECKHE,
COLIMANbHO-JIeMOrpauecKre U TEXHOIOTUYECKUE.
B kauecTBe MpEmATCTBHS IS YIPABICHUS TOTOKAMH CO3JAIOT TAKHE NOAUMUYECKUe
¢axmopwi, Kak U3MEHEHUE TOJUTHYECKHX OTHOIICHHH M YKECTOYEHHE BHEITHEIKOHOMUYECKOM
nonutuku Pecrry6nmku benapycs co crpanamu EBpomneiickoro coroza (EC) u CIIA, nanabie hakTopsI
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