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MHoOroaucuMIINHAPHOE MPOEeKTHPOBAHNE M HA3eMHbIe HCIIBITAHHUS CTapTepa-reHepaTopa
A5 JIETATeJIbHOI0 annapaTa MaJioii aBuanum

BABWJIOB B.E., UCMATMJIOB ®.P., DUHKEJIBBEPI J.A., KOCTIOYEHKOB A .H.,
CASXOB N.O.

[IpencTaBneHsl pe3ynbTaThl MPOSKTUPOBAHUS M UCTIBITAHUN aBHALMOHHOTO CTapTepa-
reHepaTopa JUIs JIETaTeIbHOTO amnapara MaJIod aBHAIllMi HA OCHOBE MHOTOIUCIIUIUIMHAPHOTO
QITOPUTMA, BKIIIOYAIOMIETO B ce0s1 MapauieIbHbIe 3JIeKTPOMAarHUTHBIC, TETJIOBBIC U
MeXaHUuecKue pacueTsl. Ha ocHOBaHMU pe3ysbTaTOB YHCICHHOTO pacyeTa CO3/1aH OMBITHBIN
o0paser| ctapTepa-reHepaTropa, IpomeInii SKCIepIMEHTAIbHbBIEC UCTIBITAaHHUS B COCTABE C
aBHAIMOHHBIM JBUraTe’aeM. Paznmyust Mexay SKCIIepUMEHTAIbHBIMH Pe3yIbTaTaMH 1
pacueTHBIMH JAHHBIMH COCTaBWIIN MeHee 5%, TO MOATBEPKIAeT BO3MOKHOCTh 3(h(peKTHBHOTO
UCIIOJIb30BAaHUS CTapTepa-reHepaTopa B COCTaBE C ABUALMOHHBIM JIBUTATEIIEM.

Knroueswvie cnoea: Manas aBualysi, craprep-reHeparop, MHOTOAUCHUIUTMHAPHBINA aJrOPUTM.

The results of the design and testing of an aircraft starter-generator for a small aircraft based on a
multidisciplinary algorithm that includes parallel electromagnetic, thermal and mechanical
calculations are presented. Based on the results of numerical calculation, a prototype starter-
generator has been created, which has passed experimental tests in the composition with an
aircraft engine. The differences between the experimental results and the calculated data were

less than 5%, which confirms the possibility of effective use of the starter-generator in the



composition with an aircraft engine.

Key words: small aircraft, starter generator, multidisciplinary algorithm.
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3aBHCHMMOCTD 3JIEKTPUYECKOI MPOYHOCTH BO3AyXAa OT BJAKHOCTH M KOHIEHTPALMU 030HA
OXOTHHUKOB M.B., UCMATUJIOB ®.P., MAKCYJIOB JI.B.

[IpencraBneHsl pe3ynbTaThl UCCIAEAOBAHUN 3aBUCUMOCTH JIEKTPUUYECKON MMPOYHOCTH BO3/TyXa OT
BJIQYKHOCTH M KOHIICHTpAIMK 030HA. [IpuBeIeHbI pe3yIbTaThl MATEMATHUYECKOTO MOJICITUPOBAHUS
AIIEKTPUIECKOTO MPOOOsI ISl MHOTOKOMITOHEHTHOM ra30BOi CMeCH, TIO3BOJISIONINE YCTAHOBHUTH
3aBUCHUMOCTH HaNPSDKEHUS Po00s OT ee cocTaBa (MOJIBHBIX JIOJICH €€ KOMIIOHEHTOB).
Pe3ynbTaThl MOIETUPOBAHUS TTPEACKA3BIBAIOT POCT DJICKTPUUECKOU MPOYHOCTH BO3IyXa C
POCTOM KOHIIEHTPAIMK B HEM 030HA WJIM TTaPOB BOJIBI. BBITIOIHEHBI 2KCIIEPUMEHTATbHbIE
MU3MEPEHHUSI DJIEKTPUUECKON MMPOUYHOCTH BO3yXa MPHU PATUUYHBIX 3HAYECHUSX KOHIIEHTPAIIU
030HA U OTHOCUTENILHOU BlaxxHOCTH. [IpoBeieHa cratrucTuueckas o0paboTka pe3yabTaToB
M3MEPECHHI U OTIPECIICHBI TPAHUIIBI JOBEPUTEIBHBIX HHTEPBATIOB. [l0Ka3aHo, 4TO 3aBUCUMOCTH
AJICKTPUUYECKON TPOYHOCTH BO3AyXa OT BIAKHOCTH M KOHIIEHTPAIIMH 030HA B HCCIICTIOBAHHBIX
MHTEpPBAJIaX SBIISIOTCS BO3PACTAIOIIMMH (DYHKIIHSIMU, 9TO MOATBEPKIAAET PE3yIbTaThI
MaTEeMaTUYeCKOro MOJEIUPOBAHMUS.

Knroueevle cnosa: >nexTpudeckas MPOYHOCTh BO3/1yXa, KOHIICHTPAILIUS 030HA, BIAKHOCTD

BO3/yXa, SKCIIEPUMEHT.

The results of studies of the dependence of the electrical strength of air on humidity and ozone
concentration are presented. The results of mathematical modeling of electrical breakdown for a
multicomponent gas mixture are presented, which make it possible to establish the dependence
of the breakdown voltage on its composition (molar fractions of its components). The simulation
results predict an increase in the electrical strength of air with an increase in the concentration of
ozone or water vapour in it. Experimental measurements of the electrical strength of air at
different values of ozone concentration and relative humidity were performed. Statistical
processing of measurement results was carried out and the boundaries of confidence intervals
were determined. It is shown that the dependences of the electrical strength of air on humidity
and ozone concentration in the studied intervals are increasing functions, which confirms the

results of mathematical modeling.



Key words: electrical strength of air, ozone concentration, air humidity, experiment.
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DJIeKTprYecKHe XapaKTepPUCTHKHU aITUTHUBHBIX 00MOTOK M3 AJIIOMHHHMEBOI0 MOPOLIKA NMPHU
A00aBJIeHMH YIJIEPOAHBIX HAHOTPYOOK

3AMHATYTAVHOBA 3.1., BABUJIOB B.E., [IOJI'Y30B A.A.

[TpencraBieHsl pe3yabTaThl UCCIEAOBAHUS FIEKTPUUECKUX XapAKTEPUCTUK OOMOTOK,
W3TOTOBJICHHBIX MPHU MOMOIIY aJIUTUBHBIX TEXHOJIOTUI HA OCHOBE aJIIOMUHHUEBOIO MOPOILIKA
npu A00aBICHUN YIIIEPOAHBIX HAHOTPYOOK. Y CTAaHOBJICHO, YTO NMPH 100ABICHUH YIIIEPOIHBIX
HAHOTPYOOK HAOI0IaeTCs 3HAYUTEIHHOE YBEIIMUCHNE TIOPUCTOCTH HAalleYaTaHHOH OOMOTKH
(Oonee ueM B ceMb pa3), a TAKXKE YXYIAIICHUE JICKTPUUECKUX XapaKTEPUCTHK:
3JIEKTPOINPOBOIHOCTh YMEHbIIMIACh B 1,53—1,54 pasza, conpoTuBieHHE YBEIUYMIOCh B 1,51—
1,56 pa3a.

Knrwoueswie cnosa: aiIuTUBHBIE TEXHOJIOTHH, ATIOMUHUEBBIE OOMOTKH, YTIIEPOIHBIC

HaHOTPYOKH.

The results of the study of changes in the electrical characteristics of windings manufactured
using additive technologies based on aluminum powder with the addition of carbon nanotubes
are presented. It was found that when carbon nanotubes were added, there was a significant
increase in the porosity of the printed winding (more than seven times), and there was also a
deterioration in electrical characteristics: electrical conductivity decreased by 1,53—1,54 times,
resistance increased by 1,51-1,56 times.

Key words: additive technologies, aluminum windings, carbon nanotubes.
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CoBMecTHOE MPOEKTHPOBAHNE ABUALIMOHHOT0 CHHXPOHHOI'0 TeHepaTopa ¢ NOCTOSIHHBIMU
MArHUTAMH U CTA0MIU3ATOPOM HANIPSIZKEHUS

SIMAJIOB .., BAPABAHOB K.A., AIOITIOB HN.A.

[IpencraBneHsl pe3ynbTaThl MPOCKTUPOBAHUS aBUAIIMOHHOTO CHHXPOHHOTO T€HEPATOpa C
BBITIPSIMUTEJIEM HANPsDKEHHUST HA OCHOBE MHOTOIMUCIIMIUIMHAPHOTO alropuT™Ma. TaKou Mmoaxo/n
MO3BOJIAJ IOCTHYb TPeOyEeMbIX MacCOrabapuTHBIX TIOKa3aTeNeH, a TaKKe MOTyYUTh

IMOJTHOLICHHOC MOHUMAHUEC MMPOUCXOAAIIUX IJICKTPOMAIrHUTHLBIX, TCIIJIOBBIX 1 MCXAaHUYCCKUX



nporueccoB. Ha ocHoBaHUM pe3yinbTaToOB MOJICIMPOBAHUS CO3/IaHbl MAKETHBIE 00pas3iibl, KOTOPbIE
MPOILLIN KCIIEPUMEHTAIbHbIE UCTIBITAHUSA. OTINUMS MEXTY pe3yJIbTaTaMH 3KCIIEPUMEHTOB U
MOJIETIMPOBAHUS HE MPEBBILAOT 5%.

Kniouegvie cnoga: aBualiuoHHBINM FeHEPATOP, BBIIPSIMUTENb HANPSKECHHUS,

MHOTOIUCITATIIIMHAPHBIA aJITOPUTM.

The results of designing an aviation synchronous generator with a voltage rectifier based on a
multidisciplinary algorithm are presented. This approach made it possible to achieve the required
weight and size indicators, as well as to gain a full understanding of the electromagnetic, thermal
and mechanical processes taking place. Based on the simulation results, mock-up samples have
been created that have passed experimental tests. The differences between the experimental and
simulation results do not exceed 5%.

Key words: aviation generator, voltage rectifier, multidisciplinary algorithm.
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IIpoexTHpOBaHHE MHTETPHPOBAHHBIX CTAPTEP-TeHEPATOPOB AJsl IBYXKOHTYPHBIX
TypOOpeaKTHUBHBIX IBUraTeei

YPA3BBAXTHH P. P., XAUPYJUIMH U.X., )KAPKOB E.O.

PaccmaTpurBaroTcst OCHOBHBIE BOTIPOCHI MPOEKTUPOBAHUS HHTETPUPOBAHHOTO CTapTepa-
reHepaTopa JAjs AByXKOHTYPHOI0 TypOOpeakTUBHOTO BUraTesis. BoeiOpaHa 30Ha pa3mMernieHus,
npuBeIeH 0030p BBICOKOTEMITEPATYPHBIX MaTepHalioB. [Ipe/yioskeHbl BapUaHThI CUCTEMBI
KUJKOCTHOTO OXJIaXAeHHs. PACCMOTpEeHO MPOEKTUPOBAHNE UHTETPUPOBAHHOTO CTapTEpa-
reHepaTopa B IeJIsX MOATBEPKACHUS Te3HCa O BO3SMOXKHOCTH €r0 CO3/1aHuUs.

Knroueevle cnosa: netaTenbHBIN anmapar, IBYXKOHTYPHBIM TypOOpPEaKTUBHBIN IBUTATEIb,
MHTETrPUPOBAHHBIN CTapTEpP-TE€HEPATOP, BHICOKOTEMIIEPATYpPHBIE MaTepHalIbl, CUCTEMA

OXJIaXKACHUA.

The main issues of designing an integrated starter-generator for a two-circuit turbojet engine are
considered. The placement zone is selected, an overview of high-temperature materials is given.
Variants of the liquid cooling system are proposed. The design of an integrated starter-generator
is considered in order to confirm the thesis about the possibility of its creation.

Key words: aircraft, dual-circuit turbojet engine, integrated starter generator, high-temperature

materials, cooling system.
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O npodaemax pa3padoTku AByX(pa3HbIX MATHUTHBIX MATEPHAJIOB HA OCHOBE KPEMHMCTOM
3JIEKTPOTEXHUYECKOIl CTAH, 0JYy4aeMbIX PH MOMOIIH A30THPOBAHUS

NCMAT'MJIOB @©.P., BABUJIOB B.E., )KEPEBLIOB A.A.

Hcnonb3oBanne nByx(a3HBIX MATHUTHBIX MATEPUAIIOB B DJIEKTPHUUESCKUX MAIIUHAX MOXKET
byHIaMeHTaIbHO U3MEHUTH MOJAXOAbl K KOHCTPYHPOBAHUIO AJIEKTPUUECKUX MAIIUH, PEIIUTh
MHOTHE COBPEMEHHbIE IPOOJIEMBI OTAEIBHBIX TUIIOB ATEKTPUUECKUX MAIIUH, a TAKXKE OTKPBITH
HOBBIE BO3MOKHOCTH JIJIs TPOEKTUpoBaHUA. OTHAKO MMOJIHOLIEHHOE OCBEIIEHUE MPodiieM
noJTydeHus: ABYyX(a3HbIX MArHUTHBIX MaTEPHAJIOB B HAYYHO-TEXHUYECKOU TUTEpAType
OTCYTCTBYET. B cTaTbe paccMOTpEHbI NPUHIUITHAIBHBIE TPOOIEMBI OJTyUYEHUs ABYX (a3HbIX
MarHUTHBIX MaTEPUAJIOB IyTEM a30TUPOBAHUS HA OCHOBE KPEMHHUCTOM 3JIEKTPOTEXHUUECKOM
CTaJIH.

Knrwoueswvie cnosa: nByx(da3Hple MarHUTHbIE MaTEPHAJIb, JCKTPUUECKHE MAITUHBI, KPEMHHUCTas

OJICKTPOTEXHUYECKAA CTallb, a30TUPOBAHUC.

The use of two-phase magnetic materials in electric machines can fundamentally change the
approaches to the design of electric machines, solve many modern problems of individual types
of electric machines, as well as open up new design opportunities. However, there is no full
coverage of the problems of obtaining two-phase magnetic materials in the scientific and
technical literature. The article discusses the fundamental problems of obtaining two-phase
magnetic materials by nitriding based on siliceous electrical steel.

Key words: two-phase magnetic materials, electric machines, siliceous electrical steel, nitriding.
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HcciienoBanus 3J1eKTPOMATHUTHBIX XaPAKTEPUCTUK KOJIbIEBbIX 00pa31[0B MATHUTHOM
¢a3bl A1ByX(pa3HOro MArHUTHOT0 MaTEPUAJIa HA OCHOBE KeJI1e30K00a1bTOBOM CTAaIN
KEPEBIIOB A.A., ACBUUIBAEB A.B., MEJIHOB A.A.

[IpencraBieHsl pe3yabTaThl UCCIECIOBAHUS SJIEKTPOMArHUTHBIX XapAKTEPUCTUK MAarHUTHOU
¢a3bl AByX(hazHOro MarHUTHOTO MaTepHaia Ha OCHOBE )KeJle30Kk00ambToBOM cTaym. CoriacHo
MIPOBEJICHHBIM U3MEPEHUSIM HHIYKIUSI HACBIIIEHHUs] MAarHUTHOU (ha3bl ociie 00paboTKu
cocTaBisieT 0KoJIo 2 Ti, YTO HECKOIBKO MEHbIIIE HHAYKIUHU KIACCHUECKOM Kene30K00aIbTOBOM

CTaJIi, HO BbIIIC MHAYKIIUW HACBIICHUSA IJIA O0OBIYHOI erMHI/ICTOI\/'I BHGKTpOTCXHHHGCKOfI CTaJin.



Knroueevie cnosa: nByxpa3Hbiii MAarHUTHBIA MaTepua, )KeIe30K00anbTOBas CTallb, 00padoTKa

CTallu.

The results of the study of the electromagnetic characteristics of the magnetic phase of a two-
phase magnetic material based on ferro-cobalt steel are presented. According to the
measurements, the saturation induction of the magnetic phase after processing is about 2 T,
which is slightly less than the induction of classical iron-cobalt steel, but higher than the
saturation induction for conventional silicon electrical steel.

Key words: two-phase magnetic material, ferro-cobalt steel, steel processing.
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Conep:xxanue aycTeHUTHOM (pa3bl ABYX(a3HOro MArHUTHOTO MAaTePHAJIa HA OCHOBE
KPEeMHHCTOM CTA/IU NPU U3MEHEHHH COCTAaBa ra3oBoil cMecH

HUKOJIAEB A.A., ACBUJIBAEB A.B., DAPPAXOBA P.A., [TPOHUH E.A, ECUIIOB P.C.
PaccmoTpeHo n3mMeHeHue coqiep:kanus ayCTeHUTHOM (pa3bl ABYX(a3HOr0 MarHUTHOTO
Marepualia Ha OCHOBE KPEMHUCTOM CTall MPU U3MEHEHUH COCTaBa ra3oBoi cMecu. OTMEUEHO,
YTO J0 ONPEEIEHHOT0O MOMEHTA MOBBIILIEHUE COAEPKAaHUSA BOJIOPOAA B Fa30BOM cMeCU
NPUBOJUT K 3HAUNUTEIILHOMY YBEJIIMUECHUIO COJIEpKaHUs ayCTeHUTHOH (a3bl. JlanbHeliee
YBEJIMYEHHUE COACPkKaHUs BOJOPOIa MPUBOIUT K OoJblIel TITyOuHE a30TUPOBAHUS 00pa3IioB,
OJTHAKO COJIEP)KaHKNE ayCTEeHUTHOM (Da3bl CHIKAETCS, TOBEPXHOCTHBIN CIIOW CTAHOBUTCS
XPYIKUM, BO3HUKAIOT MUKPOTPELIVHBI ¥ pa3pyLIEHUs] IPUITOBEPXHOCTHOM 30HBI CJIOS.
Knrwouesvie cnosa: nByxa3Hplii MAarHUTHBIN MaTeprall, KpeMHUCTas AJIEKTPOTEXHUYECKas

CTaJlb, MOHHO-IUIa3MCHHOC a30TUPOBAHUC.

The change in the content of the austenitic phase of a two-phase magnetic material based on
siliceous steel with a change in the composition of the gas mixture is considered. It is noted that
up to a certain point, an increase in the hydrogen content in the gas mixture leads to a significant
increase in the content of the austenitic phase. A further increase in the hydrogen content leads to
a greater depth of nitriding of the samples, however, the content of the austenitic phase
decreases, the surface layer becomes brittle, microcracks and destruction of the near-surface
zone of the layer occur.

Key words: two-phase magnetic material, siliceous electrical steel, ion-plasma nitriding.
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Cradnau3anusi BLIXOAHOTO HANIPSI’KEHUS] AaBTOHOMHOI'0 ACHHXPOHHOI'0 FeHepaTopa
BETPOIHEPreTHYeCKOM YCTAHOBKH

ADPAHACLBEB 10.B., ITAITAJIA 1.10., IOIIKOBA O.A.

B aBTOHOMHBIX HCTOYHHUKAX JIEKTPUYECKON SHEPTUH C IPUBOJOM OT JBUTATEICH BHYTPECHHETO
CropaHusi, BeTpa WIM r'ApOJABUraTeIe IPUMEHSIIOTCS AaCHHXPOHHBIE TEHEPATOPBI, KOTOPbIE KAK
NpaBUiIo, TPEOYIOT PEryIUPOBaHUS BHIXOJHOTO HANPSIKEHUS, TaK KaK CUJIOBBIM IIPUBOIOM 3TO
o0ecrneunTh BecbMa CI0KHO. B BeTposHepreTHueckrux yCcTaHOBKaX HaNpsDKEHUE HA 3aKUMax
reHepaTopa MpU JOCTaTOYHOW CHJIE BETPa B OCHOBHOM 3aBUCHUT OT BEJIMYUHBI HATPY3KHU.
Pacmmpenne ¢pyHKIMOHATBHBIX BO3MOKHOCTEH aCHHXPOHHOT'O TEHEPATOpa U CaMo €ro
IIPUMEHEHUE YaCTO HAIIPSIMYIO 3aBUCUT OT BO3MOKHOCTH PETYJIMPOBAHMS BBIXOJHOTO
HanpsbkeHus. CTabminzanus 1 peryJaupoBaHue HANPSHDKEHUS] aCHHXPOHHOTO T'eHepaTopa, Kak
IIPABUJIO, OCYHIECTBIIACTCA ITyTEM NU3MEHEHN MarHUTHOTO IIOTOKA 33 CYET U3MEHEHUS EMKOCTH
KOHJIEHCATOPOB, MOJKIIOYEHHBIX K 0OMOTKaM cTaTopa (K Gpa3zHoro poropa),
[IOJAMAarHM4YMBAHUEM CEPJICYHUKA CTATOPA, U3MEHEHUEM HAIIPSDKEHUs HAa KOHJIEHCAaTopax U T.11. B
CTaThe MPEAJIOKEH OPUTHHAIBHBIN C1I0CO0 CTA0OMIIN3ALUY BBIXOAHOTO HAIPSXKEHUS
aBTOHOMHOTI'O aCHHXPOHHOI'O T'€HEepaTopa BETPOIHEPIeTUUECKOM yCTaHOBKH, pabOTaIOIIEro B
0COOBIX yCIOBUSAX. ACHHXPOHHBII FeHepaTop COACPKUT T€HEPUPYIOIIYIO U PETyIUPYIOIIYIO
YacCTH, pa3Ac/ICHHbIE TEPMETUYHON NIeperopoakon. IIpenmaraemas KOHCTpYKIUS [T03BOJISAET
perynupoBaTh BBIXOJHOE HAIIPSLDKEHHE IIPU U3MEHEHNN HArpy3KH IF'eHepaTopa IIyTeM
HOJIPYKUHEHHOTO IOBOPOTA CEPJIEYHNKA C OOMOTKOM, KOTOpasi MUTAET Harpys3Ky,
OTHOCHUTEJILHO HEMOBIKHOTO K HEMY cepieuHHKa ¢ 0OMOTKOM cTaTopa reHeparopa.
Knrouegvie cnoga: BeTpo3HEpPreTHYECKasi yCTaHOBKA, aBTOHOMHBINM aCUHXPOHHBIN I'€HEPATOoD,

cTadouIn3 anus, BBIXOOHOC HAIIPSXKCHUC.

In autonomous sources of electrical energy driven by internal combustion engines, wind or
hydraulic motors, asynchronous generators are used, which, as a rule, require regulation of the
output voltage, since it is very difficult to provide this with a power drive. In wind power
installations, the voltage at the generator terminals with sufficient wind strength mainly depends
on the magnitude of the load. The expansion of the functionality of an asynchronous generator
and its very use often directly depends on the ability to regulate the output voltage. Stabilization
and regulation of the voltage of an asynchronous generator is usually carried out by changing the
magnetic flux by changing the capacitance of the capacitors connected to the stator (or phase
rotor) windings, by magnetizing the stator core, by changing the voltage on the capacitors, etc.

The article proposes an original way to stabilize the output voltage of an autonomous



asynchronous generator of a wind power plant operating in special conditions. The asynchronous
generator contains generating and regulating parts separated by a hermetic partition. The
proposed design allows to stabilize the output voltage when the generator load changes by
turning the toothed core with the winding that feeds the load relative to the core with the
generator stator winding that is stationary to it.

Key words: wind power plant, autonomous asynchronous generator, stabilization, output voltage,

aggressive environment.
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Pa3paGoTka u MoJeJMpOBaHNe MOAYJILHOI0 BHICOKOMOMEHTHOI0 0e3pelyKTOPHOI0
3J1eKTPONPHUBO/IA /ISl ABUALIMOHHOTO MPUMEHEeHUs

BAPABAHOB K.A., DAPPAXOB JI.P., XAUPYJIUIUH U.X, YPASBAXTUH W.1.
Beinosnnena pa3zpaboTka U MOAEIMPOBAHUE MOJYIBHOIO BBICOKOMOMEHTHOIO 0€3pe1yKTOPHOIO
AIIEKTPONPUBO/IA, HAIIPABICHHOTO Ha YMEHBIIIEHUE BHEITHETO AMaMeTpa MPUBOJIA 32 CUET
MOIYIbHOCTH. OCOOCHHOCTD YIpaBJICHHS 3aKII0YACTCS B TAPMOHMYECKOM U3MEHEHHMH MOMEHTA
BO BpeMsl pabOThI MOAYJIA. DTUM JOCTUTaeTCs Majas 4acToTa BpAIllEHUs Bajla IIPU MAJIOM YHUCIIe
nap HOJKCOB MOJYJIeH. BBINOJIHEHO NPOEKTUPOBAHNE MOAYJIA U UMUTALMOHHOE
MOJICIIMPOBAaHKE B IPOTpaMMHBIX KoMIiekcax AnsysRMxprt u Matlab Simulimk.

Knrwoueswvie cnosa: MOTyTbHBIN 3IIEKTPOIPUBO]I, CHHXPOHHAS! MALIMHA C TIOCTOSTHHBIMU

MarHuTaMmu, 6e3peTyKTOPHbIA BHICOKOMOMEHTHBIN MPUBOJ], KOMIIBIOTEPHOE MOJIEIHUPOBAHUE.

The development and modeling of a modular high-torque gearless electric drive aimed at
reducing the external diameter of the drive due to modularity has been carried out. The
peculiarity of the control is the harmonic change of the moment during the operation of the
module. This achieves a low shaft rotation speed with a small number of pairs of module poles.
Module design and simulation modeling in Ansys RMxprt and MATLAB Simulimk software
complexes were performed.

Key words: modular electric drive, permanent magnet synchronous machine, gearless high-

torque drive, computer simulation.
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DJIEKTPOABHUIaTe/b TOINIMBHOI0 HACOCA HA OCHOBE 0TKA30yCTOMYMBOM CHHXPOHHOM
3JIEKTPHUYECKOM MaIlIUHbI

CAAXOB N.@., BAPIOXHWH A.H., OBIUEHKO M.A., ATPAEBA T.P.

PaccMOTpeHBI OCHOBHBIE aCIIEKTHI MPOCKTUPOBAHUSA OTKa30yCTOMYNBOTO CHHXPOHHOTO
AIIEKTPOABHUraTENs ISl TOIIMBHOTO HAcOCa JIETaTeNIbHOTO amrapara, orucana pabora
AIIEKTPUUYECKON MAIIMHBI PU PA3IMYHBIX BApHAHTaX OTKA30B: OOPHIB (a3bl (0TKA3 HHBEPTOPA),
(a3zHOE KOPOTKOE 3aMbIKaHUE, MEXKBUTKOBOE KOPOTKOE 3aMbIKaHUE, & TAKXKE ONUCAHBI AEHCTBUS,
HalpaBJIEHHbIE HA MUHUMM3ALHIO ylepOa OT HEUCIIPaBHOCTH.
Knrouegvie cnoea: ciHXpoHHas 3JEKTpUUECKas MalllMHa, 0TKa30yCTOMUNBOCTD, IOCTOSIHHBIE

MAarHuThl, TOIUTMBHBIN HACOC.

This paper describes the main aspects of designing a fault-tolerant synchronous electric motor
for an aircraft fuel pump, describes the operation of an electric machine with various failure
options: phase failure (inverter failure), phase short circuit, interturn short circuit, and also
describes actions aimed at minimizing damage from malfunction.

Key words: synchronous electric machine, fault tolerance, permanent magnets, fuel pump.
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MojespoBaHue YpeCKOKHOI 0eCPOBOIHOI MepeaaYu SHEPruM JAJIsl MUTAHUSA
HMILIAHTHPYEMbIX MeIUIIHHCKUX MPUOOPOB

OAPPAXOBA P.A., DAPPAXOB JI.P., XABUPOBA 4.®., LIEMEJIMH JI.1.

B craTthe onucan noaxos K MOJEIUPOBAHUIO CUCTEM C MATHUTHO-PE30HAHCHBIMH LIETISIMH TSI
MUTaHUS UMIUTAHTUPYEMbBIX MEIMIMHCKUX MpuOopoB. [TokazaHno, yTo mpu nomoinu
nepeaaToyHoN (PYHKIIMU 3JIEKTPOMArHUTHOM YacTH CUCTEMBI OECITPOBOIHON Mepeaau SHEPTHH
MOYKHO OCYILIECTBUTDH BBIOOp M ONTUMU3AIUIO TAPAMETPOB PE30HAHCHBIX KOHTYPOB C IIEITBIO
noBbIIICHHS 3G (HEKTUBHOCTH TIepeiadu Ha BeIOpaHHON yacToTe. [Ipeanaraemerii MeTo
MO3BOJIUT UCTIOIb30BaTh OECIIPOBOAHYIO MEepeiady SHEPrUuM IJsl MUTaHUS MEAUIIMHCKUX
UMILIAHTUPYEMBIX YCTPOMCTB.

Knrwoueswvie cnosa: uMIIIaHTHPYEMBIE YCTPOHCTBA, PE30HAHCHBIE CXEMBI, OECIIPOBOIHAS

nepeaaya SHEPTrHH.



The article describes an approach to modeling systems with magnetic resonance circuits for
powering implantable medical devices. It is shown that using the transfer function of the
electromagnetic part of the wireless power transmission system, it is possible to select and
optimize the parameters of resonant circuits in order to increase the transmission efficiency at the
selected frequency. The proposed method will allow the use of wireless energy transmission to
power medical implantable devices.

Key words: implantable devices, resonant circuits, wireless power transmission.
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O nMarHocTHKe JIeKTPUYECKUX MALIMH € MOCTOSTHHBIMM MATHUTAMH 110 KAPTHHE
BHEIIIHEr0 MATHUTHOIO MOJIst

[TAIITAJIA J1.1O., FOIIKOBA O.A., )KEPEBILIOB A.A., CAJXOB N.®., MEJIHOB A A.,
KAPKOB E.O.

[oBblenue TpeOOBaHMN K HAICKHOCTH AJIEKTPOMEXaHNUECKUX MTpeodpa3oBarTeneil 3JHepruu
(OMIID) npuBOIUT K HEOOXOJMMOCTH OLIEHKH TEXHUYECKOTO COCTOSIHUSA, KaK BCETO YCTPOUCTBA,
TaK M €r0 KOMIIOHEHTOB. AKTyaJIbHOW Hay9HO-TEXHUYECKOM 3aaueii siBsieTCsl pa3paboTka
METOJIOB U CPEACTB 0 obecnedeHuto decrepedboiinon padbotel IMIID, cokparnieHuto 3aTpar Ha
IUIaHOBO-TIPEAYTPEAUTEIbHBIE PEMOHTHI, 0OHAPYKEHUIO 1e(DEeKTOB Ha paHHEH CTaJAuu Pa3BUTHUS
U OLIGHKE CTerneHU pa3BuThs nehekToB. OeHKa TeXHUYeCKoro coctosiaus DMIID
OCYLIECTBIISAETCSA PA3IMYHBIMU METOJIAMH, B YACTHOCTH 3JIEKTPUYECKUMHU, TEINIOBBIMU,
BUOpaLIMOHHBIMU. [lepCrieKTUBHBIM SBISETCS METO JUATHOCTUKH 110 KapTHHE BHELTHETO
MarHUTHOTO TOJIsL, KOTOPBI He TpeOyeT BMEIIaTEeIbCTBA B KOHCTPYKIIMIO OCHOBHBIX Y3JI0B
OMIID 1 MokeT OBITH UCIIOJIB30BAaH B TOM YHCIIE B TEXHOJIIOTHYECKOM IIpOIecce Ha
3aBepLIAIOIIEH CTaAUMK U3TOTOBJIEHUS, a TAK)KE B IPOLIECCE IKCILTyaTalluH, KaK IIPH dKCIIpeCC-
JIMArHOCTHUKE, TaK U TP MOHUTOPHUHTE TeXHUYECKOro cocTosiHus OMIID. B craThe nokazana
BO3MOKHOCTb JUArHOCTUKH JIEKTPUYECKUX MAIIUH C TOCTOSHHBIMA MAarHUTAMHU 10 KapTUHE
BHEIIIHETO MAarHUTHOTO TOJISI.

Knrouegvie cnoga: 3nekTpuyeckas MalllHA ¢ IOCTOSSHHBIMA MarHUTaMHU, BHEIITHEE MAarHUTHOE

II0JIC, JMarHOCTHKa.

Increasing requirements for the reliability of electromechanical energy converters (EMEC) leads
to the need to assess the technical condition of both the entire device and its components. An
urgent scientific and technical task is to develop methods and tools to ensure the smooth

operation of the EMEC, reduce the cost of scheduled preventive repairs, detect defects at an



early stage of development and assess the degree of development of defects. The assessment of
the technical condition of the EMEC is carried out by various methods, in particular electrical,
thermal, vibration. The method of diagnostics based on the picture of an external magnetic field
is promising, which does not require intervention in the design of the main components of the
EMEC and can be used, including in the technological process at the final stage of manufacture,
as well as during operation, both in express diagnostics and in monitoring the technical condition
of the EMEC. The article shows the possibility of diagnostics of electric machines with
permanent magnets based on the picture of an external magnetic field.

Key words: electric machine with permanent magnets, external magnetic field, diagnostics.
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O BbIOOpE TOMOJIOTHM HHTETPUPOBAHHOIO CTAPTEP-TeHepaTopa AJisi ABYXKOHTYPHOI' O
TypOOpeaKTUBHOTIO IBUTATeJIs

YPA3BAXTUH P. P., JAJOSH P. T'., CIIUPAKHWHA 4. B., XAJIMYJUJINH P 4.

PaccMoTpeHsI TOOIOTHSI HHTETPUPOBAHHOTO CTapTEp-TeHepaTopa It ABYXKOHTYPHOTO
TypOOPEaKTUBHOTO ABUTATEN M BO3MOXXHOCTH pa3MEIICHHS CTapTep-TeHepaTopa Ha pOTOpax HU3KOTO U
BBICOKOT'O JIaBJICHHsI. BBITIOJTHEHBI aHATUTUYECKHE pacueThl, KOHEYHO-3JIEMEHTHOE MOJICTIMPOBaHHE,
TETUIOBBIE PacueThl M PACUEThl TETUIOBBIX PACIIMPEHUN B CTOPOHY YMEHBIIICHHUS BO3YITHOTO 3a30pa I
[IECTH BapUAHTOB TOTIOJIOTMH MHTETPUPOBAHHOTO cTapTepa-reHeparopa. Ha ocHoBaHMM TIPOBEACHHBIX
pacueToB U MOJIETMPOBAHNS BEIOpaHa ONTUMANbHAS TOTIOJIIOTHS HHTETPUPOBAHHOTO CTapTEp-TeHepaTopa.
[IpuBenens! ob1IMe peKOMEHJAINH IO BEIOOPY TOMOJIOTHH HHTETPUPOBAHHOTO CTapTepa-reHepaTopa ajs
KOHKPETHOTO JBYXKOHTYPHOTO TypOOpEaKTHBHOTO ABUTATEIIS.

Knrouesvie cnosa: neratenbHbIN annapaTt, ABYXKOHTYPHBINA TypOOpeaKkTUBHBII JBUTaTENb,

I/IHTCFpHpOBaHHI:Iﬁ CTapTCPp-reHCPaATOP, KOHCUHO-DJICMCHTHOC MOACTIMPOBAHUC, TCILIOBBIC PACYCTHI.

The topology of an integrated starter generator for a dual-circuit turbojet engine and the
possibility of placing a starter generator on low- and high-pressure rotors are considered.
Analytical calculations, finite element modeling, thermal calculations and calculations of thermal
expansions in the direction of reducing the air gap for six variants of the integrated starter-
generator topology are performed. Based on the calculations and modeling, the optimal topology
of the integrated starter generator was selected. General recommendations are given for choosing
the topology of an integrated starter-generator for a specific two-circuit turbojet engine.
Key words: aircraft, bypass turbojet engine, integrated starter-generator, finite element modeling,

heat transfer calculations.
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O Bo3aeiicTBUM aTMOC(EPHOTO0 FJIEKTPUYECTBA HA JATYMKH U IPUEMHO-TIePeIaloIIne
YCTPOMCTBA C AMIJIEKTPUYECKUMU 000J109KAMH

TEMHMKOB A.T'., BEJIOBA O.C., YEPHEHCKM JI.JI., OPJIOB A.B., JIICOB H.IO.
DKCTepUMEHTAIBHO HCCIIEA0BAHO BIUSHHUE MTAPAMETPOB Pab0OYHX IJIEMEHTOB TaTYMKOB U
AQHTEHHBIX PUEMHO-TIEPEIAIOIINX YCTPONCTB, 3AIUILEHHBIX TUAJIEKTPUUECKUMHU KOJIITaKaMu, Ha
MHTECHCUBHOCTh BO3/ICHCTBHSI HA HUX aTMOC(EpHOTO 3ekTpruuecTBa. [lokazaHo, 4to Ha
MPOTSHKEHHBIX AJICKTPOJaX UCKyCcCTBeHHAs Tpo3oBast siueiika (M) uaaynupyer 6osiee MOITHBIE
CTPUMEPHBIE BCIIBIIIKH, YEM Ha COCPEIOTOYCHHBIX CTEPKHEBBIX IEKTPOIAX; AJIs PEBEPCHBIX
paspsa0B HaOIrOaeTCsl OOpaTHAs 3aKOHOMEPHOCTD, YTO MOKET OBITh CBSI3aHO C TIOMIAIBIO
HAKOIUICHHUS 3apsijia Ha BHYTPEHHEH MOBEPXHOCTH IUAIEKTPUYECKOTO KOJIaKa. Y CTaHOBJICHA
CBSI3b MEXY XapaKTEPOM M MHTEHCUBHOCTHIO Bo3aercTBus NI Ha Mojenn 7aTYMKOB M aHTEHH
U PaILyCOM IIWUIMHAPUYECKOTO IEKTPO]Ia WU PATUYCOM Kpasl INIOCKOT'O TUCKOBOTO 3JIEKTPO/A.
YcTaHOBIEHO, YTO C YBEJIMYEHUEM TUIOIIA U TOBEPXHOCTH AIIEKTPOIA, MOJIETUPYIOIIETO
paboune 37IeMEeHThI JaTYMKa WM aHTEHHOT'O IPUEMHO-TIEPEAAIOIIEro YCTPOCTBa, B
perucTpupyemMom o0IIEM TOKE CYIIECTBEHHO BO3pacTaeT BKJaJl TOKOB cMenleHus. [lokasaHo,
YTO TapaMeTpbl UMITYIBCOB TOKA, (POPMUPYEMBIX Ha 3AIIHUIIEHHBIX JIEMEHTAX, 3aBUCAT OT
pazMepoB u Hopmbl paboueit 00IaCTH ITHX AIIEMEHTOB U OT MECTa U TUIOIIAIN HAKOTIIICHUS
3aps70B Ha BHYTPEHHEH MOBEPXHOCTH TUAJIEKTPUUECKOIO KOJIMaKa.

Knrouesvie cnoea: ickyccTBeHHas rpo30Basi sueiika, aTMOCPepHOe IJIEKTPUUECTBO, MOJTHUS,
CTpUMEpHasi KOPOHA, PEBEPCHBIN pa3psi, TUIEKTpUUecKast 000JI04YKa, TOBEPXHOCTHBIN 3apsij,

9JICKTPOAHAs CUCTEMaA.

The influence of the parameters of the working elements of sensors and antenna receiving and
transmitting devices protected by dielectric caps on the intensity of exposure to atmospheric
electricity is experimentally investigated. It is shown that on extended electrodes, an artificial
lightning cell induces more powerful streamer flashes than on concentrated rod electrodes; for
reverse discharges, an inverse pattern is observed, which may be related to the area of charge
accumulation on the inner surface of the dielectric cap. A relationship has been established
between the nature and intensity of the IGN effect on sensor and antenna models and the radius
of a cylindrical electrode or the radius of the edge of a flat disk electrode. It is established that
with an increase in the surface area of the electrode modeling the working elements of the sensor
or antenna receiving and transmitting device, the contribution of bias currents in the recorded

total current increases significantly. It is shown that the parameters of the current pulses



generated on the protected elements depend on the size and shape of the working area of these
elements and on the location and area of charge accumulation on the inner surface of the
dielectric cap.

Key words: artificial thunderstorm cell, atmospheric electricity, lightning, streamer corona,

reverse discharge, dielectric shell, surface charge, electrode system.

Inekmpomexnuka, 2022, Nel2, cmp.58-62

BinsiHne mapaMeTpoB JATYHKOB U NPHEMHO-IIEPeJal0IIMX YCTPOHCTB ¢
AUIEKTPHUYECKMMH 000/I0YKAMH HA CIIEKTPAJIbHbIE XAPAKTePUCTUKH CUTHAJIOB,
HHAYUUPYEMbIX HCKYCCTBEHHOM I'PO30BOH A4eHKOMI

BEJIOBA O.C., TEMHUKOB A.T'., YEPHEHCKMWI JI.JI., KUBIIAP T.K., KOBAJIEB JI.1.
OKCIEpUMEHTAIBHO MCCIIEA0BAHO BIMSAHHUE TAPAMETPOB JaTYMKOB U MPUEMHO-TIEPEJAOIINX
YCTPOMCTB € AUAIEKTPUUIECKUMHU 000I0UKaMU Ha CIIEKTPAJIbHBIC XapaKTEPUCTHUKU CUTHAJIOB,
MHAYLUPYEMBIX UICKYCCTBEHHOM rpo3oBoi sueiikoi (MI'41). Ha ocHOBe BeliBIEeTHOTrO aHAIN3a
curHainos, nHaynupyeMsix MI'Sl, yctaHOBIEHO pa3nuyus CIIEKTPaIbHBIX XapaKTEPUCTHK T10
CPAaBHEHHIO CO CTEPKHEBBIMH MIEKTPOAAMH. PacCMOTPEHBI YETBIPE CUCTEMBI DIIEKTPOIOB C
JURJIEKTPUUYECKMMHU KOJIIIaKaMU, OIIPEIEIEHbl XapaKTEPHbIE CIIEKTPaIbHbIE AUAa30HbI,
COOTBETCTBYIOIIUE (POPMUPOBAHUIO C MOJICIBHOTO 3JIEKTPO/Ia BCIIBIIIEK MOI0KHUTEIBHON
CTPUMEPHON KOPOHBI H OTPULATEIIBHBIX PEBEPCHBIX PA3PAN0B. Y CTAHOBJICHO, YTO ¢ POCTOM
paanyca KpUBU3HBI pa00YMX 3JIEMEHTOB JaTUMKOB U AHTEHHBIX YCTPONCTB B CIIEKTPE
MMITYJIbCOB TOKA CTPUMEPHONW KOPOHBI U OTPULIATENIBHOTO PEBEPCHOIO pa3psiia MOKHO OXKHUAAThH
0oJiee BBICOKMX XapaKTepHBIX yacTOT. OTMEUYEHO, YTO HalICHHbIE XapaKTepHbIE YaCTOTHBIE
JMana3oHbl B CIIEKTPAX UMITYJIbCA TOKA MOJIOKUTEIBHON CTPUMEPHON KOPOHBI U
OTPHULATEIIEHOTO PEBEPCHOTO pa3psiiia, MOryT IIPUCYTCTBOBATh B CUTHAJIAX, HABOJAUMBIX B
I'PO30BBIX YCIOBMSIX HA AATYMKAX U MPUEMHO-IPEJAIONINX YCTPOUCTBAX, UMEIOLIUX IJIOCKUE U
NPOTSKEHHBIE paboyure 3JIEMEHTBI, YTO MOKET BBI3BIBATh JIOXKHbIE CpadaThIBAaHUS U COOH B
paboTe 1aTYMKOB, aHAJIOTO-IIM(POBBIX MPeoOpa30BaTENCH U YCTPOUCTB Mepeadu HHGOpMAaIUH.
Knrouegvie cnoea: ickycCTBEHHas rp0O30Bas TYCHKa, CTPUMEPHAs BCIBIIIKA, PEBEPCHBINA pa3psi,
BEUBJICTHBIN aHAJIN3, UMITYJIbC TOKA, HHIYLUPYEMbIN CUTHAJI, MOACIIBHBIN JIIEKTPOL,

I[I/IBJIGKTpI/I‘-IGCKI/Iﬁ KOJIIIakK, CIICKTPAJIbHBIC XapaKTCPUCTHUKU, JaTUUK, AHTCHHA.

The influence of the parameters of sensors and receiving and transmitting devices with dielectric
shells on the spectral characteristics of signals induced by an artificial lightning cell (IGN) has

been experimentally investigated. Based on the wavelet analysis of the signals induced by the



IGN, differences in spectral characteristics compared with rod electrodes were established. Four
systems of electrodes with dielectric caps are considered, characteristic spectral ranges
corresponding to the formation of flashes of positive streamer corona and negative reverse
discharges from the model electrode are determined. It is established that with an increase in the
radius of curvature of the working elements of sensors and antenna devices, higher characteristic
frequencies can be expected in the spectrum of current pulses of the streamer corona and
negative reverse discharge. It is noted that the characteristic frequency ranges found in the
spectra of the current pulse of the positive streamer corona and negative reverse discharge may
be present in signals induced in thunderstorm conditions on sensors and receiving-transmitting
devices having flat and extended working elements, which can cause false alarms and
malfunctions of sensors, analog-to-digital converters and devices transmission of information.
Keywords: artificial lightning cell, streamer flash, reverse discharge, wavelet analysis, current

pulse, induced signal, model electrode, dielectric cap, spectral characteristics, sensor, antenna.
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