Onekmpomexnuka, 2022, Nel0, cmp.1-1

Conepxanue

Inekmpomexnuka, 2022, NelO, cmp. 2-11

DJleKTpUYeCKHe MAIIIUHBI ¢ BBICOKHM MOKAa3aTejieM yAeJbHO! MOIIHOCTH

MBAHOB H.C., )XYPABJIEB C.B., XAPLKNHA O.A., 3IOPOBA M.B., IINPOKOB A.A.,
AXYHOB M.T., COCOBA ..

VenpHas MOIIHOCTD, OTpeieisieMast Kak OTHOIIICHHE BBIXOIHOM MOIITHOCTH K O0IIeH macce,
SIBJISIETCSL OJTHUM U3 OOIIENPUHSATHIX CPABHUTEIBHBIX TIOKA3aTeNICH IS DIEKTPUISCKUX MAIITHH.
YuuTeiBas BO3pacTaIIUi HHTEPEC K ANEKTPUIECKUM JIETATEIILHBIM armapaTam, pa3paboTuuku
CTaparoTCs MPOAEMOHCTPUPOBATH JIJII CBOMX M3/EJIMIA BRICOKOE 3HAYEHHUE ATOr0 Moka3aress. B
CTaThe MPUBEIEH 0030p MPOCKTOB IEKTPUUECKUX MAIITUH C BHICOKOW YIEITHHOW MOITHOCTBIO,
MPUMEHEHUE KOTOPBIX SBJISETCS MEPCHEKTUBHBIM Ha JIETATENbHBIX allapaTax pa3InyHON
pasmepHocTu. PaccMoTpens! TpoekThl HOTTUHIeMCKOro yHUBEpCUTETa, Y HUBEPCUTETA
Nnnunoiica, kommanuii Siemens, Yasa u apyrux. [IpuBeneH aHanu3 ux TEXHUYECKHUX U
TEXHOJIOTHYECKUX 0COOCHHOCTEMH, MOAXO0A0B K TPOCKTUPOBAHHIO, M3TOTOBJICHUIO 1
HCIILITAHHSIM.

Knrouegvle cnosa: >nexTpuyeckas MallviHa, yAeJbHasi MOIIHOCTh, MArHUTHAS CUCTEMa
Xanpbaxa, 0ceBoe HaMarHu4uBaHue, adpomoomnbHocTh, HPDM-250, SP260D, YASA P400,
YASA 750, EMRAX, Magni350, Magni650.

Specific power, defined as the ratio of output power to total mass, is one of the generally
accepted comparative indicators for electrical machines. Given the growing interest in electric
aircraft, developers are trying to demonstrate a high value of this indicator for their products.This
article provides an overview of the projects of electrical machines with high power density, the
use of which is promising on aircraft of various dimensions. The projects of the University of
Nottingham, the University of Illinois, Siemens, Yasa and others were considered. An analysis of
their technical and technological aspects, approaches to design, manufacture and testing is given.
Key words:electric machine, power density, Halbach magnetic system, axial magnetization, air

mobility, HPDM-250, SP260D, YASA P400, YASA 750, EMRAX, Magni350, Magni650.
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K anann3y MarHuTo3/1eKTpUYeCKUX BEHTHIbHBIX IBUTaTe/ e ¢ leJabIM U IPOOHBIM
YHCJIOM NA30B HA MOJIIOC U a3y

ADOAHACBHEB A.A.

PaccMoTpeHnb! XapaKTepUCTHUKU MarHUTORJIEKTPUUECKUX BEHTHIIbHBIX ABUTATEIeH MOIIHOCTHIO
150 kBt ¢ 0OMOTKaMH, UMEIOIIKUMHU 1I€JI0€ M TPOOHOE YHCII0 Ma30B Ha nooc U ¢a3y. [lokaszano,
YTO NMPU HECUHYCOUAILHOM BO30Y)KJICHMM MAarHUTOB POTOPA BO3HUKAIOT ITYJIbCAIIUH
3JIEKTPOMArHUTHBIX MOMEHTOB 1 DJIC 00MOTOK cTaTopa. DTH MyIbCAIUd UMEIOT MECTO TAKXKE U
MIPU CUHYCOUATFHOM BO30YXKIEHUH POTOPA, €CIIU BhIOpaHa apoOHast 00MOTKa, /Il KOTOPO
xapakTepHo Hanmuyue rapMmoHuku MJIC Huzmux nopsakoB. Cpeau pacCMOTPEHHBIX BApUAHTOB
JIBUTATENE OTAAETCS MPEANOYTEHUE ABUTATENIO ¢ JPOOHONH 0OMOTKOM, TOCKOJBKY Y HETO
OTCYTCTBYIOT 3yOIIOBbIE€ TAPMOHUKH HEBBICOKUX MOPSAIKOB.

Knroueswvie cnoea: BeHTUIbHBIE IBUTATENN, OOMOTKH C LEJIBIM U IPOOHBIM YHCIIOM 1a30B Ha
nojtoc u (azy, rapmonuku MJIC 0OMOTOK, Iybcaluu 3JIEeKTPOMarHUTHBIX MOMeHTOB 1 DJ[C

00OMOTOK.

The characteristics of magnetoelectric valve motors with a power of 150 kW with windings
having an integer and fractional number of slots per pole and phase are considered. It is shown
that with non-sinusoidal excitation of the rotor magnets, pulsations of electromagnetic moments
and EMF of the stator windings occur. These pulsations also occur during sinusoidal excitation
of the rotor, if a fractional winding is selected, which is characterized by the presence of a lower-
order harmonic MDS. Among the considered engine options, preference is given to an engine
with a fractional winding, since it does not have tooth harmonics of low orders.

Key words: valve motors, windings with integer and fractional number of slots per pole and

phase, harmonics of MDS windings, pulsations of electromagnetic moments and EMF windings.
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DJIeKTPONPHUBOAHAS 32CJ0OHKA CUCTEMbI AKTHBHOT0 YIIPABJICHHUS PAANAIbLHBIMH 3230PaMu
JJISl Ta30TYPOMHHOTO IBUTaTeJIs JeTaTeJbHOI0 anmnapara

BABUJIOB B.E., IUCOBUH N.I'., HUKVJIVH JI.A., YPASBAXTHUH U.U., HYPUEBA A.M.
Jlis TypOMHHOM CUCTEMBI JIETATEJIBHOTO anmapara NpeyloKeHa AIeKTPONPUBOIHAS 3aCIOHKa,

npeaHasHauCHHas AJisd MOJTHOT'O MEPECKPLITUA U JPOCCCIMPOBAHUA IOTOKA OXJIAXKAAIOIICTO



BO3/lyXa B CHCTEME yIpaBJICHUS paJlallbHbIMU 3a30paMu. B cocTaB 3aCIOHKU BXOIST
PeryIupyIomuii oprat (JpocceIupyroliee yCTpOHCTBO TUIA 3aCTIOHKA) U AJIEKTPOMEXaHU3M.
Taxast cuctema oGecrieyMBaeT yMEHbIICHUE YACTBHOTO pacXo/1a TOIUINBA, MTOBBIIIICHHE

3¢ pexTUBHOCTH pabOTHI TYPOMHHOM CHCTEMBI JIETATEIHHOTO anmapara B MePEeX0IHBIX PeKUMAX,
a TaKKe JJOTOJTHUTEIFHOE MOBBILICHHE HaJIe)KHOCTH U 0€30MaCHOCTH SKCIUTyaTalluy TypOMHHON
CHCTEMBI B peXHME pabOThI C TIOIHOM Harpy3Kkoil. B mporpaMmmuom kommiekce MATLAB
Simulink mpeioxxena MaremaTuyeckasi MOJIENb IEKTPOIIPUBOHON 3aCIIOHKH,
npeIHa3HaueHHas IS pa3paboTKU aJropyuTMa yrpaBiIeHUs 3IEKTPOIPUBOJIOM U HACTPOIMKHU
KOHTpOJIIepa MPUBOJA.

Knroueswle cnoea: neraTenbHbBIN anmapart, ra30TypOUHHBIN IBUTATElb, 3ACIIOHKA,

3IIEKTPONPUBO/, PaIHaIbHBIN 3a30p, MOJICTMPOBAHUE, SKCIICPUMEHTAJIBHBIN 00pasell.

For the turbine system of the aircraft, an electric drive damper is proposed, designed to
completely block and throttle the cooling air flow in the radial clearance control system. The
valve consists of a regulating body (throttling device of the flap type) and an electromechanism.
Such a system provides a reduction in specific fuel consumption, an increase in the efficiency of
the turbine system of the aircraft in transient modes, as well as an additional increase in the
reliability and safety of the operation of the turbine system in full load mode. In the MATLAB
Simulink software package, a mathematical model of the electric damper drive is proposed,
designed to develop an algorithm for controlling the electric drive and configuring the drive
controller.

Key words: aircraft, gas turbine engine, damper, electric drive, radial clearance, simulation,

experimental sample.
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ITo3nuMOHHBIN 3JIEKTPONIPUBOJ C ABOIHONH 00PATHOM CBA3BIO VIS HU3KONPO(HIBHBIX
NPeU3HOHHBIX MEXaHN3MOB BEPTHKAJIBHOI0 NepeMelleHHs

'’AHHEJIb JI.B.

[IpuBeneHs! TpeOOBaHMU K MEXaHU3MaM BEPTHKAIBHOTO MEPEMEIICHUS. IpeTHa3HAYeHHBIM JIJIs
BBICOKOTOYHOT'O MacIITaOUPOBAHUS MPEIU3UOHHBIX MEXaHU3MOB HHCIEKIIMOHHBIX U

W3MEPHUTENIbHBIX MallliH. PaccMOTpeHa CTpyKTypa ¢ IBOMHOW 00paTHOM CBS3BIO MO TOJIOKEHHIO,



UCHIOJIb3yeMast 1JIsl KIIMHOBOM KOHCTPYKIIUHM TaAKMX MEXaHU3MOB. BrInosHeH noapoOHbIi aHamu3
pexuMa nojjiepKaHus 3alanHoM no3utuu. [IpuBeneHs! pe3yabTaThl HCCIEIOBAHUN METOAA
U3MEPEHUS CKOPOCTH JIBUTATEIIS, MO3BOJISIONIETO CYIIECTBEHHO YIYUIIUTh CTAOUITBEHOCTD
NOJ/IepKaHUs 3aJaHHON NO3ULIUN.

Knroueswvie cnoea: o3UIMOHHBIN AIEKTPONPUBO/, JBOMHASI 0OpaTHAas CBS3b, MEXaHU3M

BCPTUKAJIBHOI'O ICPCMCIUICHUS.

The requirements for vertical movement mechanisms are given. designed for high-precision
scaling of precision mechanisms of inspection and measuring machines. The structure with
double position feedback used for the wedge design of such mechanisms is considered. A
detailed analysis of the mode of maintaining a given position is performed. The results of studies
of the method of measuring the speed of the engine, which allows to significantly improve the
stability of maintaining a given position, are presented.

Keywords: positional electric drive, double feedback, vertical movement mechanism.
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YnpasiieHue aCHHXPOHHBIM JBHraTesieM, MUHUMH3HPYIOIee KHHETHYECKYI0 YJHEPTHI0
YEPHUI'OB B.M.

OCc00EHHOCTHIO TOPOJICKOTO OOIIECTBEHHOTO AIEKTPOTPAHCIIOPTA SBISIETCS] OBICTPBIA HA0OD U
cOpoc KHHETHYECKOW 3HepruM TpancnopTHoro cpeactsa (TC) npu IBUKEHUN MEXKIY
OCTAaHOBKaMH. B CBsI3M ¢ 3THM Ha IMEPBOE MECTO BBHIXOAAT TPEOOBAHMUSI 10 COBEPIICHCTBY
ynpasisieMocTd TC 1 MUHMUMU3AIUKU 3aTpaT JIEKTPOIHEPTUHU. PacCMOTPEHO BEKTOPHOE
yIpaBiieHHUEe aCUHXPOHHBIM TATOBBIM JIBUraTesieM, 00ecreunBarollee COBEPIICHHYIO
ynpasisiemocTs TC. Peanu3zanus npeaesnbHo T10IyCTUMOM JuarpaMMbl YCKOPEHUS U 3aMeJICHUs
TC munuMusupyer 3atpatsl 3Heprun TC Ha pa3roH 10 CKOPOCTH, TapaHTUPYIOILEN
MIPEO0JICHUE PACCTOSHUS MEX]ly OCTAaHOBKaMU 3a TpedyeMoe BpeMsi. [IpuBeneHsl ypaBHEHUS
HanpsH>KEHUH CTaTOPHOM U POTOPHOM LIETH TATOBOTO aCHHXPOHHOTO JIBUTATENs, HA OCHOBE
KOTOPBIX IOCTPOEHBI PETYJIATOPHI KBAAPATYPHBIX KOMIIOHEHT BEKTOpA TOKA. AHAJIIN3UPYIOTCS
3aBHCUMOCTH KUHeTH4ecKoi sueprun TC B GyHKIMN YCKOPEHUS U 3aMeJIeHUs Ui HanOoee
pacIpoCTpaHEHHBIX TPAEKTOPUI: «Pa3rOH — CTAOMIM3AIUS CKOPOCTH — TOPMOKEHHUE» U «PAa3TOH

— BBIOET € 3aMeJJICHHUEM — TOPMOKEHHEY. Y BEIMUCHHE YCKOPEHUS B Pa3TOHE MUHUMU3UPYET



MaKCHUMaJIbHOE 3HaY€HHE CKOPOCTH PAa3roHa, yBEIMUYUBAET BpeMs BbIOEra U TOPMOXKEHHE
BBIIIOJIHAETCS C MEHBIIEH HAYaJIbHOM CKOPOCTH. MUHHUMH3ALUS SHEPTUH, 3aTPAYUBAEMOM Ha
pas3roH U peKynepupyeMoi Ipu TOPMOXKEHUH, TPEOYIOT MUHUMAIbHON €MKOCTH, MacChl U
rabapuToB OOPTOBOr0O HAKOMUTEINS ANEKTpHUecKoi sHeprun. Ha ocHoBe ypaBHEHMS [UIs
MOMEHTHOM COCTaBJIAIONIEH TOKAa aCHHXPOHHOTO MpuBoa npennaraerca [N perynsarop,
o0ecreunBaroIui anepruoAMYECKYI0 PEAKIUIO MO YIPABIISIOUIEMY BO3IECHCTBHIO.
Knroueevie cnoga: ropoJCKON 3JIEKTPOTPAHCIIOPT, ACUHXPOHHBIHN IBUraTelb, BEKTOPHOE
YIPAaBICHUE ACHHXPOHHBIM ITPUBOIOM, KHHETHYECKAsl DHEPT s, MOMEHTHAS COCTAaBIISIOIIAS

BCKTOpa TOKA, TOK HAMarHM4YnuBaHUs, IIOCTOAHHAsA BPEMCHU.

A feature of urban public electric transport is the rapid recruitment and discharge of kinetic
energy of the vehicle when moving between stops. In this regard, the requirements for the
perfection of vehicle controllability and minimization of electricity costs come out in the first
place. The vector control of an asynchronous traction motor is considered, providing perfect
controllability of the vehicle. The implementation of the maximum permissible acceleration and
deceleration diagram of the vehicle minimizes the energy consumption of the vehicle to
accelerate to a speed that guarantees overcoming the distance between stops in the required time.
The voltage equations of the stator and rotor circuits of the traction asynchronous motor are
given, on the basis of which the regulators of the quadrature components of the current vector are
constructed. The dependences of the kinetic energy of the vehicle in the acceleration and
deceleration function for the most common trajectories are analyzed: «acceleration — speed
stabilization — braking» and «acceleration — run-out with deceleration — braking». An increase in
acceleration during acceleration minimizes the maximum acceleration speed, increases the run-
out time and braking is performed at a lower initial speed. Minimizing the energy spent on
acceleration and recovered during braking requires a minimum capacity, weight and dimensions
of the onboard electric energy storage. Based on the equation for the torque component of the
asynchronous drive current, a PI controller is proposed that provides an aperiodic response to the
control action.

Key words: urban electric transport, asynchronous motor, vector control of asynchronous drive,

kinetic energy, torque component of the current vector, magnetization current, time constant.
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Tpex¢aszHble HHBEPTOPHI HANIPSKEHHUS ¢ MATKOH KOMMYTalMel HA CTOPOHE IMOCTOSTHHOI'O
TOKa

BOPOHUH H.I1., BOPOHUH IT.A.

[TpuMmeHeHre MATKOM KOMMYTAIlMM Ha CTOPOHE MEPEMEHHOTO TOKAa B MHOTO(a3HbIX U
MHOT'OYpPOBHEBBIX IIpeoOpa3oBaTelisix TpeOyeT O0IbIIOro KOJTUYECTBA U AKTUBHBIX, U ITACCUBHBIX
JIOTIOJTHUTEIIBHBIX AJIEMEHTOB. DTO MPUBOIUT K YBEIIMUEHUIO MacCOrabapuTHBIX TapaMeTPOB
YCTPOMCTB U POCTY UX cToUMOCTH. [ToaToMy pa3paboTka mpeobpa3oBaTeseil ¢ MIATKOM
KOMMYyTalliel Ha CTOPOHE MOCTOSIHHOTO TOKA, B KOTOPBIX UCIOJIb3YETCs OJJHA 00IIast Il BCeX
IUIeY HHBEPTOPA PEe30HAHCHAS 1IeTh, 00ECIeUrBaloasi CHHXPOHHOE TIEPEKITI0UEeHIE HECKOIbKUX
CHJIOBBIX KIIFOYEH B pa3HbIX (pa3ax MpU HYIEBOM HANpsHKEHUHU WM TOKE, SBISICTCS aKTyalbHON
3amaueit. Takoit crioco0 peanu3yroTcs IpH YIpaBiIeHUH IPeodpa3zoBaTeIeM METOIOM BEKTOPHOM
MUPOTHO-UMNYIbCHON Moayssituu (LLIUM). B mpocTpaHCTBEHHO-BEKTOPHOM MPEACTABICHUH
HYJIEBOM BEKTOP MOXKET ObITh C(HOPMHUPOBAH KaK MpH 00IIeM 3aMBbIKAHUHU KITIOUEH aHOIHOM WK
KaTOJHOM TPYIIIbl HHBEPTOPA HAPSYKEHUS, TAK U C TIOMOIIBIO MCKYCCTBEHHOT'O IIPEPBIBAHUS
TOKa BO BXOJHOW LIENIM MHBEPTOpA. B mocneaHem cirydae MICTOYHUK BXOJIHOTO HAIIPSIKEHUS
COEIMHSIETCS C THBEPTOPOM 4Yepe3 NMPEPhIBATENb TOKA. Y IPABIISIEMbIN KIIFOU B IIPEPHIBATEIIE TOKA
CHa0EH AIIEMEHTaMHU PE30HAHCHOW IEH U MITKO KOMMYTUpPYeTcs 0e3 TMHAMHYECKUX OTEPh
MOIIHOCTH. [IpH BBIKIIIOUEHNH KIIIOYa IPEphIBATENS HAPSYKEHUE BO BXOIHOM LienH
aBTOHOMHOTO MHBepTOpa HanpsokeHus (AH) aBromatnyecku CTaHOBUTCS paBHBIM HYJIIO,
MIOCKOJIBKY TOK Harpy3kv MHBEPTOpPA IPUHYIUTEIBHO pa3psHKaeT BBIXOIHBIE EMKOCTH Ha BCEX
3JIEMEHTax KitoyeBoro 61yoka. Ilpu 3ToM KoMMyTaIuio BeKTOpHbIX cocTossHui B AVH mMoxHO
TaKXe MPOBOAUTH 0€3 AMHAMUYECKUX MOTEPh MOIHOCTH IPH HYJEBBIX HAIMPSDKEHUSIX Ha
OCHOBHBIX KJIF0UYaX UHBEPTOpA. PaccMOTpEeHBI alNrOpuTMbl MITKOM KOMMYTALIMH, P KOTOPBIX
YIPaBIAEMBbII KITIOY MpepbIBATENS] TOKAa KOMMYTHUPYETCS C YaCTOTOM, paBHOM 4acTOTE
KOMMYTalluy CUJIOBBIX Kitoueil ATH, u npu yIBOEHHOM €€ 3HaYeHUH.

Knrouegvie cnoea: iHBEpTOpP HANIPSKEHUS, MATKash KOMMYTAIUs, IPEPbIBATENb TOKA, BEKTOPHAs

[II1M, HyneBoe HaNpsKEHUE.

The use of soft switching on the AC side in multiphase and multi-level converters
requires a large number of both active and passive additional elements. This leads to an increase
in the weight and size parameters of the devices and an increase in their cost. Therefore, the
development of converters with soft switching on the DC side, which use one resonant circuit

common to all the arms of the inverter, providing synchronous switching of several power



switches in different phases at zero voltage or current, is an urgent task. This method is
implemented when controlling the converter by vector pulse width modulation (PWM). In the
space-vector representation, the zero vector can be formed both by the general closure of the
keys of the anode or cathode group of the voltage inverter, and by artificially interrupting the
current in the input circuit of the inverter. In the latter case, the input voltage source is connected
to the inverter via a current interrupter. The controlled key in the current interrupter is equipped
with elements of a resonant circuit and is gently switched without dynamic power loss. When the
breaker key is turned off, the voltage in the input circuit of the autonomous voltage inverter
(AVI) automatically becomes zero, since the load current of the inverter forcibly discharges the
output capacitances on all elements of the key block. At the same time, the switching of vector
states in the AVI can also be carried out without dynamic power losses at zero voltages on the
main keys of the inverter. Soft switching algorithms are considered, in which the controlled
switch of the current interrupter is switched with a frequency equal to the switching frequency of
the AVI power keys, and with its value doubled.

Key words: voltage inverter, soft switching, current interrupter, vector PWM, zero voltage.
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HccaenoBanue 1 pacyeT KOMMYTaTOPHOI0 TPAHC(POPMATOPHO-KOHAEHCATOPHOIO
HMIIYJILCHOT0 TeHepaTopa

HOCOB I'.B., HOCOBA M.T".

Paccmotpen reneparop, npeHa3Haue€HHbIN AJ11 YaCTOTHO-UMITYJIbCHOTO MUTaHUS
BBICOKOBOJIbTHBIX TEXHOJIOTUYECKUX YCTAHOBOK. | €eHepaTop MOAKIIOYAETCS K BHEIIHEMY
UCTOYHUKY C OTHOCUTEJIBHO MaJIbIMH IOCTOSIHHBIM HaNpsKEHUEM U MOIIHOCTbHIO. [ eHeparop
coaepxut kommyTtaTop Ha IGBT—Tpan3ucrope u TpanchopmaTop Kak HAKOMUTETh YHEPTUH C
«00paTHOY MOJKITIOYEHHBIM K BTOPUYHOW 0OMOTKE HOIOM U BBIXOJHBIM KOHJIEHCATOPOM.
DKCTepUMEHTAIBHO MPOBEPEHA PA0OTOCIIOCOOHOCTH MOJIEIH T€HEPATOPa, TIOTYyUEHO
3HAYUTENIbHOE CHIYKEHUE KOMMYTAIIMOHHBIX MEPEHAIPSHKeHUI U HeXKeNaTeNIbHbIX OpOCKOB
TOKOB, YTO YMEHbILIAET BEPOSATHOCTH BBIXOJ]a 000PY0BaHMsI reHepaTopa u3 cTpos. Pazpaborana
METO/IMKa pacuera Mpu OJTHOMMITYJILCHOM 3apsiIKe BBIXOJHOTO KOHAEHCATOpa, TO3BOJISAIONIAs
ONPENIENATh CONPOTUBIICHNUS, UHIYKTUBHOCTH U EMKOCTHU 3JIEMEHTOB I'€HEpaTopa, €ro
HaANPSDKEHUs, TOKH, MOIIHOCTD U 3 (EKTUBHOCTh MPU aKTUBHO-UHIYKTUBHOM XapakTepe

Harpy3ku. Merozuka pacuera MOKeT ObITh HCIIOJIb30BaHA IPU MPOEKTUPOBAHUH F€HEPATOPOB



MOIIHOCTBIO 710 5 KBT 1 yactore cinenoBanus uMnyiabcoB Toka 10 100 ' ¢ aHeprueit ummynbca
10 50 Ix. JlocToBEpHOCTh METOJIMKH pacdeTa MOATBEPKAEHA SKCIIEPUMEHTAIIBHO.
Knroueswle cnosa: nMmynbCHBIN T€HEPATOP, KOMMYTATOp, TpaHchopMaTop, KOHACHCATOD,

pa3psAHUK.

A generator designed for pulse-frequency power supply of high-voltage technological
installations is considered. The generator is connected to an external source with a relatively low
constant voltage and power. The generator contains a switch on an IGBT transistor and a
transformer as an energy storage device with a diode «back» connected to the secondary winding
and an output capacitor. The operability of the generator model has been experimentally tested, a
significant reduction in switching overvoltages and unwanted surges of currents has been
obtained, which reduces the likelihood of generator equipment failure. A calculation method has
been developed for single-pulse charging of the output capacitor, which makes it possible to
determine the resistances, inductances and capacitances of the generator elements, its voltages,
currents, power and efficiency with the active-inductive nature of the load. The calculation
method can be used in the design of generators with a power of up to 5 kW and a pulse repetition
rate of up to 100 Hz with a pulse energy of up to 50 J. The reliability of the calculation method
has been confirmed experimentally.

Key words: pulse generator, switchboard, transformer, capacitor, spark gap.
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JIByHanpaBJ/ieHHbIH MOHMKAIOIIE-TTOBBIIAKINNHA Peodpa3oBaTe/ib HANPAKEHUS JIsI
HU3KOBOJIBTHBIX CHCTEM OecrnepedO0iiHOr0 3JIEKTPOCHAOKEHU

MEHBIINKOB f1.A.

PaccmoTpen npunimn odecrnieyenus 6ecriepeOOHHBIM MTUTAHUEM HU3KOBOJIBTHBIX MTOTpeOUTENIEH
MOCTOSTHHOTO TOKA, a TAK)KE TEXHUYECKOE YCTPOMCTBO, pean3yrollee ITOT IPUHLIUIT —
JIBYHAIpaBJICHHBIN MOBBIIIAIOIIE-TOHUKAIOLTNI TpeoOpa3oBaTeb Haps>KEHUSI.
[IpemnoskeHHBIH TPUHIMIT U TIPEe0Opa30BaTeNb MO3BOJIIOT 00ECIIEYUTh PE3EPBHOE TUTAHNE
HU3KOBOJIBTHBIX OTPEOUTENCH C MUHUMAIIbHBIMU IOTEPAMU OJ1aroapst mpsiMomy
peoOpa3oBaHuIO MOCTOSHHOTO HANPSKEHUS pe3epBHOM 0aTapen B MOCTOSIHHOE HANPSKEHUE

MUTaHU 11e71eBOro ycTpoicTtna. [IpeoOpa3oBarens mpenHa3HaueH Ajs o0ecrieueHus



OecriepeOONHBIM MMTAHUEM HU3KOBOJIBTHBIX YCTPOUCTB, PA0OTAIOIINX MPU HATPSIKEHUN
nuTaHus oT 12 1o 48 B moctostHHOrO TOKA. [IpeobpazoBarens 0HOM CBOEH CTOPOHOM
MOJKJIFOYAETCA K JIMHUY MMUTAHUS 3a1[MIIaEMOI0 YCTPOMCTBA, a IPYroil CTOPOHOM — K pE3EPBHOM
aKKyMYJIATOpHOM OaTapee. B mratHoM pexume 4acTh TOKa U3 JIMHUHM MUTAHUS L[E€JI€BOTO
ycTpoiicTBa 0TOMpaeTcs npeodpa3oBaTesieM U MepeIaeTcs B pe3epBHYI0 OaTapero 1Jis ee
3apsaku. Korga cereBoe muTaHue OTKIIOYAETCS, MPEeoOpa3oBaTeNh OCYLIECTBISET 0OPaTHYIO
nepeaayy 3Hepruu ot 6arapeu B TUHHUIO MMTaHUS LEJIEeBOro ycrpoicTna. [lepexon Ha paboty ot
OaTapen MPOUCXOIUT MIHOBEHHO, 03 MpoBaioB HanpspkeHus. Cuctema 6ecriepe0oitHOTro
MUTaHM, TIOCTPOCHHAs Ha 6a3e MpeCTaBIEHHOTO Mpeodpa3oBaTesis MPOCTa B MOAKIIOYCHUN U
HACTpOHKe, IMEET MaJyl0 CTOMMOCTh M BBICOKYIO 3(hekTuBHOCTE. [IpeobpazoBaTens mo3BoseT
0e3 TUIIHUX 3aTpaT 100aBUTh pe3epPBHOE MUTAHUE B TOM YHUCIIE B T€ CUCTEMbI MTUTAHUS
MOCTOSTHHOTO TOKA, B KOTOPBIX OHO M3HAYAJIBHO HE OBLIO MPEAYCMOTPEHO.

Knrouesvie cnoea: ictounuk 6ecriepeOOHOr0 NMUTaHUS, IBYHAPaBIECHHBIN TpeoOpa3oBaTeb,

AKKyMYJISTOD.

The paper presents the principle of providing uninterrupted power supply to low-voltage DC
consumers, as well as a technical device that implements this principle - a bidirectional step-up
step-down voltage converter. The proposed principle and the converter make it possible to
provide backup power to low-voltage consumers with minimal losses due to direct conversion of
the backup battery DC voltage into the target device DC supply voltage. The converter is
designed to provide uninterrupted power supply to low-voltage devices operating at a supply
voltage of 12 to 48 V DC. One side of the converter is connected to the power supply line of the
protected device, and the other side is connected to the backup battery. In normal mode, part of
the current from the power line of the target device is taken by the converter and transferred to
the backup battery for its charging. When the mains power fails, the converter transfers power
from the battery back to the power line of the target device. Switching to battery operation is
instantaneous, with no voltage dips. The uninterruptible power supply system built on the basis
of the presented converter is easy to connect and configure, has low cost and high efficiency.
The converter allows you to add redundant power at no extra cost, including to those DC power
systems in which it was not originally provided.

Key words: uninterruptible power supply, bidirectional converter, battery.
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OnTuMu3anus reoMeTpUH POTOPa TrMAPOreHepaTopa ¢ ApodHON 01HO3y00BOI1 00MOTKOM
4 II9C u maasix I'C

ITOIIOB N.JI., TOIIOPKOB I.M.

['eHepaTopb! NPUIMBHBIX M MaJbIX TMIPOCTAHLUI 0OBIYHO PabOTaIOT COBMECTHO C
MYJIBTUITMKATOPOM WJIH IIpeodpa3oBareneM 4acToThl. Micnonb3ys ApoOHYI0 01HO3yOIIOBYIO
00MOTKY, MOKHO CO3/1aTh T€HEPaTOp VI HYX/ TaKUX JIEKTPOCTAHLIUH, KOTOPBIH ObI MOT
00x0oauThCs O€3 MYJBTHILUIUKATOPA U TTpeoOpa3oBaTes 4acTOThl. B cTaThe paccMOTpEeHBI
BOIPOCHI TPOEKTUPOBAHUS MIOJIKOCA POTOPA SIBHOIIOIKOCHOIO I'eHepaTopa ¢ IpoOHOM
0JTHO3YO1I0BOM OOMOTKOM sl HY>KI MPUIUBHBIX U Manbix ' DC. PaccMOTpeHsI cyliecTByonue
PEKOMEHAALINY TI0 OIPEACIICHHIO pa3MEPOB MOJII0CA POTOPA AJISl MALIHH C TPAAULUMOHHOM
o0MoTKOH craTopa. IlyTemM uTepaTuBHOr0 MOJEIMPOBAHHSI MATHUTHOTO TOJISI € TIOCIIEYIOLINM
aHAJIM30M IOJyYEHHBIX PE3yJIbTaTOB CHOPMYIMPOBAHBI PEKOMEHAALIUH 110 BBIOOPY TEX JKe
napaMeTpoB, HO JJISl MAallIMH ¢ APOOHON 0THO3YO1I0BOW OOMOTKOIA.

Knwouesvie cnosa: npuniBHbIE 31eKTpocTaHIuy, Maibie I IC, ruaporenepatop, ApoOHas

0JTHO3YOI110Basi 0OMOTKA, TIOJIIOC pOTOpa.

Generators of tidal and small hydroelectric power stations usually work together with a
multiplier or a frequency converter. Using a fractional single-tooth winding, it is possible to
create a generator for the needs of such power plants, which could do without a multiplier and a
frequency converter. The article discusses the issues of designing the rotor pole of a single-pole
generator with a fractional single-tooth winding for the needs of tidal and small hydroelectric
power plants. The existing recommendations for determining the size of the rotor pole for
machines with traditional stator winding are considered. By iterative modeling of the magnetic
field with subsequent analysis of the results obtained, recommendations are formulated for the
selection of the same parameters, but for machines with fractional single-tooth winding.
Keywords: tidal power plants, small hydroelectric power plants, hydrogenerator, fractional

single-tooth winding, rotor pole.
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