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Conepxanue

Inekmpomexnuka, 2025, Nel, cmp. 2-8

O moaenu «ckuH-3¢¢GeKTa» B NPOBOJIHUKE NMPH HAJINYNH BHICHINX TAPMOHUK
BEJIOCBETOB A.B., MAHYCOB B.3., OCUIIOB A.C., LIEIIEJIEB A.O.

PaccmoTpens! u nmpoaHaln3upoBaHbl CYHIECTBYIOIINE MOJIETH YUeTa «CKUH-3(pdeKTay B
npoBoaHMKax. PazpaboTana maremMatuueckasi MOJENb, OTINYAIOIIASCS MOBBIILIEHHOW TOUHOCTHIO
Y TIO3BOJISIONIAS ONIPEACTUTH KOI(DPUIIMEHT yBEIUYSHHSI aKTHBHOTO COTIPOTHBIICHHUS T10
OTHONICHHIO K COMTPOTUBJICHHUIO TIOCTOSIHHOMY TOKY K, (f) JJis MPOBOAHUKOB PA3TUIHOTO
CeYeHMs, BKIIIOYAs cTajieaTlloOMUHIEBBIC MpoBoaa Mapku AC. Pa3paborana moiens, OCHOBaHHAs
Ha KyCOYHO-JIMHEWHO anmpoKCUMAaIH 3aBUCUMOCTH k,(f) ¢ y4eTOM cedeHHs MPOBOIHUKOB.
Mogenb Mo3BOJISIET YUUTHIBATH IOMOJIHUTENIbHBIE TOTEPU AKTUBHOM MOIITHOCTH OT BBICIINX
TrapMOHMK IIPY MOBBIIEHUH YacToThl 10 1000 I'm.

Knroueswvie cnoea: akTMBHOE CONMPOTUBIICHHUE MTPOBOAHUKOB, IEPEMEHHBIN TOK, «CKUH-3()PEKT?,
BBICILIME TAPMOHUKH, TOTEPU aKTUBHOI MOLTHOCTH, KO3(PPUIMEHT yBeTUUECHHS] aKTUBHOTO

COIIPOTUBJICHU.

The existing models of accounting for the «skin effect» in conductors are considered and
analyzed. A mathematical model has been developed that is characterized by increased accuracy
and allows determining the coefficient of increase in active resistance relative to direct current
resistance k,(f) for conductors of various cross-sections, including aluminum steel wires of the
AC brand. A model based on a piecewise linear approximation of the ,(f) dependence, taking
into account the cross section of the conductors, has been developed. The model allows you to
take into account additional losses of active power from higher harmonics when the frequency
increases to 1000 Hz.

Key words: active resistance of conductors, alternating current, "skin effect", higher harmonics,

loss of active power, coefficient of increase of active resistance.
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IIpoexkTHpOBaHME U UCTILITAHUS ABMAIIMOHHOIO T'eHEPATOPA MEPEMEHHOI0 TOKA €
YJIy4YIIEeHHBIMH MacCOradapuTHHIMH MOKA3aTeJIAMH

NBAHOB H.C., )KYPABIJIEB C.B., lIMPOKOB A .A., IIMPOKOBA M.B., TPETBAK B.1.,
[TO3EEB A.B., IIABAJIVH JI.H.

PaccmarpuBarotces pazpaboTka v UCTIBITAHHS TPEXMAIIMHHOTO aBUAIIMOHHOTO TeHepaTopa
MoIHOCTBIO 90 KBA. BrinosnHeH pacyeT Tpex KackaJoB reHepaTopa ¢ y4eTOM MCXOJHBIX JaHHBIX
U B3aUMOCBS3eM Mexay Kackagamu. [1Jis poBepKU U yTOUHEHUS aHAJIMTUYECKOTO pacuera B
nporpamme ANSY'S Maxwell nmpoBeeH KOHEUHO-JIEMEHTHBIN aHATN3 KaXKJI0TO KacKaja.
MeTo/10M KOHEUHBIX 3JIEMEHTOB ITPOBEPEHBI CTENEHb HACHIIICHHS KACKaI0B U 3HAYEHUS
MarHUTHOM MHAYKLHMH B PAa3JIMYHBIX YacTAX reHeparopa. [loimyyeHbl BBIXOJHBIE XapaKTEPUCTHKU
kackazoB. [1o pe3ynpraraM pacueTa U3TOTOBJIEHBI J1Ba 00pa3iia TeHEPaTOPOB U MPOBEICHBI
ucnsiTanus. [IpencraBnena yacTe pe3ynbTaToB UCIIBITAHUMN, 8 UMEHHO BHEITHUE
XapaKTePUCTHUKH TTOABO3OYIUTENSI U OCHOBHOTO T€HEPATOPA; BHIMOJIHEHO CPABHEHUE
MoKa3aresiel KauecTBa BIXOJTHOTO HANPSKEHUSI OCHOBHOTO T'€HEepaTopa, MOJyUYEeHHbBIX
9KCIEPUMEHTAILHO U METOJOM KOHEYHO-3JIEMEHTHOTO aHaJN3a.

Knroueevle cnosa: aBUallMOHHBI CHHXPOHHBIA TPEXKACKAIHBIM TreHepaTop, MaccorabapuTHbIE

XapaKTCPUCTHUKU, KOHECUHO-2JIEMCHTHBIM aHaJIn3, MIPOCKTUPOBAHUC, UCIIBITAHUAA.

The development and testing of a three-car aviation generator with a capacity of 90 kVA are
being considered. The calculation of the three cascades of the generator is performed, taking into
account the initial data and the relationships between the cascades. To verify and refine the
analytical calculation in the ANSYS Maxwell program, a finite element analysis of each cascade
was performed. The degree of saturation of the cascades and the values of magnetic induction in
various parts of the generator are verified by the finite element method. The output
characteristics of the cascades are obtained. Based on the calculation results, two samples of
generators were manufactured and tested. A part of the test results is presented, namely, the
external characteristics of the exciter and the main generator; a comparison of the quality
indicators of the output voltage of the main generator obtained experimentally and by the method
of finite element analysis is performed.

Key words: aviation synchronous three-stage generator, weight and size characteristics, finite

element analysis, design, testing.
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AHaJIU3 TEMIIEPATYPHOTO MOJIsI HU3KOCKOPOCTHOTO CHHXPOHHOI'0 TeHepaTopa ¢
MAarHUTOJJIEKTPHUYECKHUM BO30Y:KIeHHUEM /1JIsl BeTPSIHON TYpOMHBI

MBAHHHUKOB 10.H., 3YBKOB 10.B., MAKAPHUYEB 10.A.

AHaM3 TETUIOBOTO COCTOSIHHS DJICKTPUUECKONW MAITMHBI Ha ATAIe €€ MPOCKTUPOBAHUS SIBIIACTCS
HEOTHEMJIEMOH YacThIO H000T0 MpoekTa. [Ipu co3manmu KpymHBIX BBICOKOHATPYKEHHBIX
TeHEePaTOPOB JIOCTOBEPHAs HHPOPMAIUS O TEMIIEPATYPHOM I10JI€ MAIIHMHBI CITY>KUT OCHOBOM
obecrieueHus ee HaJIeKHOM U TOJATOBEUHOM paboThl. OmpeaesieHne MaKCUMAITbHBIX TEMIIePaTyp
TaKuX HanbOoJiee YyBCTBUTEIBHBIX K TIEPETPEBY JIEMEHTOB, KaK U30JISAIUSI OOMOTKH U
MOCTOSIHHBIE MarHUTHI — 33/1a4a, BKJIIOYAIOIAsl ONPEEeIICHHE MOITHOCTH HCTOYHUKOB
TEIJIOBBIIENICHUS, TAPAMETPOB CXEMbI OTBO/IA TEIIA, pacyeTa CUCTEMbl BEHTHIISILIUU U T.I.
[IpencraBineH KOMOMHUPOBAHHBIN MOAXO/] K TPOCKTUPOBAHHUIO U aHAIM3Y CHCTEMbI OXJIXKICHUS
HU3KOCKOPOCTHOT'O BETPOTEHEpATOPpa MPSMOT0 MTPUBO/IA, 3aKITIOYAIOIIUICS B TIOCIE0BATEIIBHOM
pEIICHUN HECKOJIBKUX 3aJ1ad: pacdyeTe MOTepPh B AKTUBHBIX YaCTAX, YUCICHHOM 2D-
MOJICIMPOBAHUH TEIUIOBOTO TOJIS € OIpeieieHueM Haubosee 3pPpeKTUBHOM cUCTeMbI
BEHTWIAIIMH U TETJIOOTBOJIA, YTOYHEHHOM 3 D-TEIIIOBOM pacyere oOpaTHOU 3a1auu JIst
OTIpeIeTICHUS TTapaMETPOB MPOAYBA OXJIAKIAIOMIEH CPEIbl TTO THAPABIMYECKOMY TPAKTY.
Knrouegvle cnosa: BeTpor HEPreTUYECKAsl YCTAHOBKA, CHHXPOHHBIM FeHEpaTop C MOCTOSSHHBIMU

MarHUTaMH, TEeTJIOBOM pacyeT, MOBbIIeHHE Y(P(PEKTUBHOCTH OXJIAKICHHUS.

The analysis of the thermal state of an electric machine at the design stage is an integral part of
any project. When creating large high-load generators, reliable information about the
temperature field of the machine serves as the basis for ensuring its reliable and long-lasting
operation. Determining the maximum temperatures of such elements most sensitive to
overheating as winding insulation and permanent magnets is a task that includes determining the
power of heat sources, parameters of the heat removal circuit, calculation of the ventilation
system, etc. A combined approach to the design and analysis of the cooling system of a low-
speed direct drive wind generator is presented, which consists in sequentially solving several
problems: calculating losses in active parts, numerical 2D modeling of the thermal field with the
determination of the most efficient ventilation and heat sink system, an updated 3D thermal
calculation of the inverse problem to determine the parameters of purging the cooling medium
along the hydraulic tract.

Key words: wind power plant, synchronous generator with permanent magnets, thermal

calculation, improvement of cooling efficiency.
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AHAJINTHYECKHI PacdéT 31eKTPOMEXaHMYeCKUX YCTPOcTB B TpéxMepHOM dopmare B
NPAMOYTI0JIbHBIX KOOPAHHATAX

ADPAHACBEB A A.

PaccmoTtpens penienus ypaBHeHust Jlamnaca aiist mpsiMOYTOJIBHOTO Mapajuiesienumnesna B popmax
NIepBOil U BTOPOW TPaHUYHBIX 3a[ad METOJIOM pa3jeieHus nepeMeHHbIXx @ypbe. Ha 6aze aTux
pELICHNN IPEAIOKEH AaHATUTUIECKUM PACU€ET DIIEKTPOMEXAHUUECKUX YCTPOUCTB € PaIUaIbHBIM
BO3/YIIHBIM 3a30pOM, B KOTOPBIX IPMOBBIE, 3yOI[0BBIE CJIOM M BO3YLIHbII 3a30p aKTUBHOM
00J1aCTH MPECTAaBIISAIOTCS HA00POM MPSIMOYTOJIbHBIX TapaIJIeNIeIUIIEI0B C IUPUHON, paBHON
HOJIIOCHOMY AesieHnto. ConyTcTBYOIIME TOCTOsIHHBIE Dyphbe (1BE U1 3JIEMEHTAPHOTO
napaesienunea) HaxoAaTcsl U3 XapaKTepPUCTUK MArHUTHOTO IOJIS Ha MPaHUIIAX
NapaJuIeJICIUIIEI0B: MAarHATHBIEC TIOTCHIIMAIIBI 1 MATHUTHBIE HHIAYKIIMY OAWHAKOBBI; IIPH
HAXO0XJICHUU Ha TpaHuIlax MarHUTHBIX JTUCTOB (MJIC 00MOTOK) MMEET MECTO CKAYOK
MIOTEHIMaJIa Ha BEJINYMHY TOKAa MarHUTHOTO JIUCTa. [IpennokeHHbIM METOJOM aHAIUTUYECKH
OIpeCIICHbl MATHUTHBIE MHAYKIIUU U 3JIEKTPOMAarHUTHBII MOMEHT CBEPXMUHHUATIOPHOTO
MarHATORJIEKTPUYECKOIO BEHTUIIBHOIO JBUTATENS B IPSMOYTOJIbHBIX KOOPAUHATAX.

Knrouegvie cnoga: >nexTpoMeXaHM4ECKHE YCTPOMCTBA, MArHUTHAs HHYKIIMS,
JIEKTPOMArHUTHBI MOMEHT, AaHAIMTUYECKUM pacyeT, ypaBHeHue Jlamnaca, nocrosiuueie Oypse,

ITpaHUYHbIC YCIOBHUSL.

Solutions of the Laplace equation for a rectangular parallelepiped in the forms of the first and
second boundary value problems by the method of separation of Fourier variables are
considered. Based on these solutions, an analytical calculation of electromechanical devices with
a radial air gap is proposed, in which the yoke, tooth layers and the air gap of the active region
are represented by a set of rectangular parallelepipeds with a width equal to the pole division.
The accompanying Fourier constants (two for an elementary parallelepiped) are found from the
characteristics of the magnetic field at the boundaries of parallelepipeds: magnetic potentials and
magnetic inductions are the same; when located at the boundaries of magnetic sheets (MDS
windings), there is a potential jump by the magnitude of the current of the magnetic sheet. The
proposed method analytically determines the magnetic inductions and the electromagnetic
moment of a superminiature magnetoelectric valve motor in rectangular coordinates.

Key words: electromechanical devices, magnetic induction, electromagnetic moment, analytical

calculation, Laplace equation, Fourier constants, boundary conditions.
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Pa3paborka metoanku pacdyera napamerpoB CL-puiabTpa ceTeBOro peryjsropa
MOIIHOCTH HA OCHOBe Npeodpa3oBaTe/isi TOKA

JIEITAHOB M.T"., KUCEJIEB M.T'., KYPEATOBA E.I1., ATEEB B.A.

PaccmoTtpena pabora TpexdasHoro mpeodpazoBares Toka (HHBEpTOpa TOKa) ¢ BRIXOAHbIM CL-
¢bunbTpoM, 00eCreYnBaIOIero peryIupoBaHie aKTUBHOW MOIIIHOCTH, TEHEPUPYEMOU B CETh
(cereBoro perynsaropa). OCHOBHOE BHUMaHUE yJIEJICHO aHAJIN3Y XapaKTEPUCTUK PHIIbTpa U
npeobpasosarens ¢ [IIUM ynpaBneHnem, Ha OCHOBE KOTOPOTO MPEAI0KEHA METOINKA
oTpesieNIeHUs] TapaMeTPOB AIEMEHTOB BBIXOIHOTO (PMIIBTPA B COOTBETCTBUU C 3aJaHHBIMU
TpeOoBaHusIMU. Pe3ynbTaThl pacuera napameTpoB GUIbTpa MIPOBEPEHBI MOCPEICTBOM
MOJICIIMPOBAHUs YCTpoicTBa B mporpamme SimInTech.

Knrwoueswvie cnosa: npeobpazoBaTenb TOKa, HHBEPTOP TOKA, CETEBOM PErynsiTOp, UHAYKTUBHBIN

HAKOIIUTCJIb, IIUPOTHO-UMITYJIbCHAS MOAYJIALUA.

The operation of a three-phase current converter (current inverter) with an output CL filter
providing regulation of the active power generated into the network (network regulator) is
considered. The main attention is paid to the analysis of the characteristics of the filter and the
PWM-controlled converter, on the basis of which a method for determining the parameters of the
output filter elements in accordance with the specified requirements is proposed. The results of
calculating the filter parameters are verified by simulating the device in the SimInTech program.
Key words: current converter, current inverter, network regulator, inductive storage, pulse width

modulation.
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MeToab! ynpaB/ieHHs1 COCTOSTHHEM MeXaTPOHHBIX CHCTeM 0e3 H3MepeHUsl MOMEHTa
YHPYrocTH MeXxaHH4ecKol 4YacTH

TAPAPBIKUH C.B., AITIOJIOHCKHIA B.B., JIOPOXXKIH M.C.

[Ipu Hanu4YMK yrnpyrux KHHEMAaTHYECKUX 3BEHHEB B MEXaHUUECKOM YaCTH MEXaTPOHHBIX CHCTEM
3¢ PEeKTUBHOE YIPABICHHE YTUMH CUCTEMaMU MOKET OCYIIECTBIIATHCSI HA OCHOBE PETYIIATOPOB
COCTOSIHHS HOJIHOTO Nopsaka. OHAKO TPYJHOCTH U3MEPEHUSI MOMEHTA YIIPYTOCTH HE

IMMO3BOJIAIOT UCITOJIB30BATh BBICOKUC MOTCHIHUAJIBHBIC BO3BMOXKHOCTU TAKUX YITPABJIAIOIINUX



YCTPOWCTB, 00yCIIOBINBAs UX BBIHYKICHHYIO 3aMEHY 0o0Jiee CIIOKHBIMH JHHAMHYECKUMHU
(MTOTMHOMHUATBHBIMU) «BXO/I-BBIXOIHBIMIY» PETYIATOPAMHU WIIH PETYIATOPAMH C
HaOJI01aTeNIMU COCTOSIHUS. B pe3ynbpTare OTCYTCTBHE U3MEPHUTENS TOJIBKO OJHOM KOOPAMHATHI
COCTOSIHMS HE TO3BOJISICT UCITIOJIF30BATh MIOTEHIHATIbHBIE BO3MOKHOCTH BCEX OCTANbHBIX. [Ipn
3TOM COXPAHSIETCS] KOHTPOJIb JIUIIb BEIXOAHOW KOOPAMHATHI OOBEKTA C ONPeIeICHHBIMU
NOTEPSIMU KauecTBa YIpaBieHHUs. B KauecTBe aqbTepHATUBHBIX PEIICHUI MpeiararoTcs
CHCTEMBI, HCTIOJIb3YIOIINE OLIEHKY MOMEHTA YIPYTOCTH MO YPAaBHEHUIO JBMXKEHUS pOTOpa
JIBUTATEIS WIN PAaCIIMPEHHBIH BEKTOP COCTOSIHUS MEXaTPOHHOTO 00bEKTa, MPUBOISAIINH K
BBIHYXX/ICHHOMY BBEJICHHUIO MHTETPAJIBHOM COCTABIISIONICH B alTOPUTM ynpasieHus. B kauectse
JIOTIOJTHUTEIILHBIX MOTYT MCIIOJIb30BaThCsl THOKKE (U hepeHIpyoIue) OTpULaTeIbHbIe
oOpaTHBbIE CBSI3U MO OIPEeIIEHHBIM KOOPIUHATAaM COCTOSTHUS 00bekTa. [Ipu 3ToM BBIOOD
HanOos1ee 3()(HEeKTHBHOTO PEIICHHS OCYIIECTBIIETCS M0 KOMIUIEKCY 3aJJaHHBIX KPUTEPHEB
KadecTBa (poOAaCTHOCTh, MHBAPUAHTHOCTH, TOMEX0YCTONYMBOCTb, CJIIOKHOCTh H JIP.) C YIETOM
0Cc00EHHOCTEH MEXaHWYECKOM YacTH yIpaBsieMoro 00beKTa, COOCTBEHHAs! 4acTOTa KoJeOaHHi
KOTOPOH MOXKET ObITh HI)KE MIIM BBILIE YaCTOTHI Cpe3a CUHTE3UPYEMOM cucTeMbl. BBIBOIBI
TEOPETHYECKUX UCCIICIOBAHUI MTOATBEPKACHBI Pe3yabTaTaMi KOMIBIOTEPHOTO MOJICITHPOBAHS
Y HATYPHBIX UCTIBITAHUH CHHTE3UPOBAHHBIX MEXaTPOHHBIX CHCTEM Ha MHOTO(YHKIIHOHAJIHHOM
HKCIIEPUMEHTATIBHOM CTEHJIE.

Knrwoueswvie cnosa: mexatpoHHasi CUCTEMa, YIPABICHUE COCTOSHUEM, MOMEHT YIPYTOCTH,
KPHUTEpUH Ka4eCTBa, HU3KOYACTOTHAS M BRICOKOYACTOTHASI MEXaHWYECKas 4acTh,

OKCIICPUMCEHTAJIBHBIC UCCIICIOBAHUSA, KOMIIBIOTECPHOEC MOJACIUPOBAHHC.

In the presence of elastic kinematic links in the mechanical part of mechatronic systems,
effective control of these systems can be carried out on the basis of full-order state regulators.
However, the difficulties of measuring the moment of elasticity do not allow using the high
potential capabilities of such control devices, causing their forced replacement with more
complex dynamic (polynomial) «input-output» regulators or regulators with state observers. As a
result, the absence of a meter for only one state coordinate does not allow using the potential of
all the others. At the same time, only the output coordinate of the object remains under control,
with certain losses in control quality. As alternative solutions, systems are proposed that use an
estimate of the moment of elasticity according to the equation of motion of the motor rotor or an
extended state vector of a mechatronic object, leading to the forced introduction of an integral
component into the control algorithm. Flexible (differentiating) negative feedbacks can be used
as additional ones according to certain coordinates of the object's state. At the same time, the

choice of the most effective solution is carried out according to a set of specified quality criteria



(robustness, invariance, noise immunity, complexity, etc.), taking into account the characteristics
of the mechanical part of the controlled object, the natural oscillation frequency of which may be
lower or higher than the cut off frequency of the synthesized system. The conclusions of
theoretical research are confirmed by the results of computer modeling and field tests of
synthesized mechatronic systems on a multifunctional experimental stand.

Key words: mechatronic system, state control, moment of elasticity, quality criteria, low-

frequency and high-frequency mechanical part, experimental studies, computer modeling.
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AJropuT™M 00padoTKHM CUTHAJIOB CETMEHTHPOBAHHOI0 JaTYHKA IOJIOKEHHS C IVIABHBIM
NepeKJIIYeHHEeM MekKAY CerMeHTaMu

TSAIKWH M.I"., TOJICTBIX O.A., PACCYJIOB JI.H., TAIIKVH I'.M., BAJIKOBOM A.I1.

B crartbe paccMOTpEHBI CETMEHTUPOBAHHBIN JIMHEWHBIA JaTYUK ITOJIOKEHUS U alITOPUTM
00paboTKku ero curaanoB. CerMeHTHPOBAHHBIN JATYMK MPUMEHSETCS] B aBTOMAaTH3UPOBAHHBIX
MOAYJBHBIX TPAHCIIOPTHBIX CUCTEMAX, COCTOSIIINUX U3 HETIOABUKHBIX MOIYJIEH U MOJABHKHBIX
KapeTok. HermoaBukHbIe MOy BKJIIOYAIOT B ¢€0s1 CTATOp JTUHEHHON CHHXPOHHOM MaIlIMHbBI U
YYBCTBUTEJIbHBIE IEMEHThHI CETMEHTUPOBAHHOIO JJaTUMKA [10JI0KEeHU. [1oBUKHBIE KapeTKn
HepeMeIaloTCsl MKy HEMOIBMKHBIMH CerMEHTaMHU (MOAYIJISIMU) U BKITIOYAIOT B ce0s
BTOPUYHYIO YaCTh AIEKTPUUECKON MAIIMHBI — MATHUTHBIN [TyTh OTPAHUYEHHOW JUIMHBI, & TAK¥Ke
MU3MEPUTEIIbHYIO IIKaJly CETMEHTUPOBAHHOIO JaTYMKA MOJI0KeHus. /st nu3mepenus
a0COIIIOTHOTO MOJIOKEHHUS KAaPETOK KaXKIbI MOYJIb MIEpeJacT B PEaIbHOM BPEMEHU
uHpopMalrio 00 U3MEPEHHOM ITOJI0KEHUH Ha KOHTPOJIIEP C MPUMEHEHUEM BHICOKOCKOPOCTHON
MPOMBINUICHHOHN ceTh. CrienrualIbHbIN NPOrpaMMHBIA AJITOPUTM, peaIM30BaHHBIN B
[IPOrpaMMHUPYEMOM JIOTUYECKOM KOHTPOJIIEPE, BOCCTAHABIMBAET MOJI0)KEHUE KaPETOK Ha
OCHOBaHUM PE3YyJIbTATOB U3MEPEHUS TIOJIOKEHUS KAXKI0T0 MO U CXEMOM pacloIoKeHus
Monyiseid. OnHOM U3 3a7a4 NOBBILIECHHS KAUE€CTBA YIPABJICHUSI IBUKEHUEM SIBIISIETCA
oOecrnieyeHre TIaBHOW 0OpaTHOM CBSI3M M0 MOJIOXKEHUIO Ha BCEM MHTEpBale ABMKCHUS KapeTKH,
B TOM YHCJIE TIPU [IEPEMEILIEHUH OT OJTHOTO MOAYJs K Apyromy. [Ipencrasien podacTHbIN
ITOPUTM 00paOOTKU CUTHAJIOB, 00ECTIEUNBAIOIINI TUIABHOE MEPEKITIOUEHUE MEXKTY CErMEHTaMH
U3MEPEHUS C MOBBIIIEHHONW TOYHOCTBIO O1arofaps alropuTMy CaMOKOPPEKIIMH, KOTOPbI
ABTOMAaTUYECKH KOMIIEHCUPYET CABUTH MEXIY COCETHUMU CETMEHTAMHU U3MEPEHUS.
OKCIEpUMEHTAJIbHBIE PE3YyJIbTaThl, TOJIYYEHHbIE HA MPOTOTHUIIE MOIYJIBHOW TPAHCIIOPTHOM
CHCTEMBI, TOATBEPAUIH 3(P(HEKTUBHOCTH MPEATIOKEHHOTO MOAX0/IA.

Knroueswie cnoesa: JaTYHUK Xonna, JIMHEeMHas CUHXPOHHAad MallrnHa ¢ MTOCTOAHHBIMU MAarHUTaMU



N CCTMCHTHPOBAHHBIM CTaTOPOM, CCFMGHTHpOBaHHBIﬁ JAaTYHK ITOJOKCHUA, CAMOKOPPEKIIUA

OIIMOOK NAaTYMKA ITOJIOKEHHUS.

The article discusses a segmented linear position sensor and an algorithm for processing its
signals. The segmented sensor is used in automated modular transport systems consisting of
fixed modules and movable carriages. The fixed modules include the stator of a linear
synchronous machine and the sensing elements of a segmented position sensor. Movable
carriages move between fixed segments (modules) and include a secondary part of the electric
machine — a magnetic path of limited length, as well as a measuring scale of a segmented
position sensor. To measure the absolute position of the carriages, each module transmits real-
time information about the measured position to the controller using a high-speed industrial
network. A special software algorithm implemented in a programmable logic controller restores
the position of the carriages based on the results of measuring the position of each module and
the layout of the modules. One of the tasks of improving the quality of motion control is to
ensure smooth position feedback over the entire range of carriage movement, including when
moving from one module to another. A robust signal processing algorithm is presented that
provides smooth switching between measurement segments with increased accuracy due to a
self-correction algorithm that automatically compensates for shifts between adjacent
measurement segments. The experimental results obtained on the prototype of the modular
transport system confirmed the effectiveness of the proposed approach.

Key words: Hall sensor, linear synchronous machine with permanent magnets and segmented

stator, segmented position sensor, self-correction of position sensor errors.
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Mukpo-I'9C ¢ TexHOT0THelH MOUCKA TOYKH MAKCMMAJIbLHOH MOIIHOCTH I'MAPoarperara
JIYKVYTHUH B.B., ITAHJIAPOBA E.b., ITOITOB M.M.

[Tokazanbl BO3MOXXHOCTH paboThl MUKPO-I"DC B TOUKe MaKCUMaJIbHOW T€HEPUPYEMOI
motHoctd (MPPT-texHomorun) ¢ nienpto 0osee MmoTHOro UCTIOIB30BaHMS YHEPTHH BOJOTOKA.
PaspaboTannas ¢pyHKIMOHANBHAA cxeMa HHBEPTOpHOM Mukpo-I' 9C ¢ MPPT-perynstopom
Oayutacta u anroput™ e€ QyHKIIMOHUPOBAHUS anipoOUpPOBaHbl HA UMUTAIIMOHHON MOJIEIH,
peanu3oBanHOU B mporpaMMHoM koMiuiekce MATLAB. JloctaTrouHO BEICOKOE OBICTPOICHCTBHE
npemaiaraeMoit MPPT-TexHOMOTHM TO3BOJIIET MPUMEHSATD €€ MPAKTUYECKH JIJIs JTFOOBIX

MHBEPTOPHBIX MUKPO-I"DC. [IpensnokeHHble CTPYKTYPHBIE CXEMBI U AITOPUTMBI YIIPABICHUS



o0ecIieunBarOT MaKCUMaJIbHO 3(P(PEeKTUBHOE NCTIONF30BAHNE THIPABINIECKON SHEPTHH MaJIOTO
BOJIOTOKA.
Knwueswie cnosa: muxpo-1'9C, sHeprodpPpeKTUBHOCTD, AITOPUTM YIIPABICHHUS,

AKKYMYJIATOPHBIN HAKOMUTEIb 3JIEKTPOIHEPTUH, OaylacTHasl Harpy3Ka.

The possibilities of operation of micro-hydroelectric power plant (HPP) at the point of maximum
generated power (MGP-technologies) in order to more fully utilize the energy of the watercourse
are shown. The developed functional scheme of an inverter micro-HPP with an MGP-ballast
regulator and the algorithm of its operation have been tested on a simulation model implemented
in the MATLAB software package. The sufficiently high performance of the proposed MGP-
technology allows it to be used for almost any inverter micro— HPP. The proposed structural
schemes and control algorithms ensure the most efficient use of the hydraulic energy of a small
watercourse.

Key words: micro-hydroelectric power plant, energy efficiency, control algorithm, electric power

accumulator, ballast load.
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DJIeKTPUYecKasi cXxeMa 3aMellleHHsl AKKYMYJITOpa U MeTO/IMKa oNpe/ieJieHUs ee
napaMeTpoB

BEJIEH B.®., BECEJIOBCKUH K K.

Ha ocHoBe aHain3a 37€KTpOXUMHUYECKUX MPOLIECCOB, IPOTEKAIOLINX B HUKEIIb-JKEIE3HBIX
aKKyMYJISITOpax, 000CHOBaHa AJIEKTPHUYECKas CXeMa 3aMelleHus akkymyinaropa. [Ipemioxena
METOAMKA JUIs ONPENIEIEHUS TApaMETPOB AIEKTPUUECKON CXEMbI 3aMELLCHHS IS
aKKyMYJISITOPOB pa3IMUYHBIX 2JIEKTPOXUMHUECKUX cucTeM. Ha mpumepe HUKeNb-)Kelne3H0ro
akkymysaropa tuna THXKK-Y?2 onpenenensl napamMeTpsl 2JIEKTPUIECKON CXEMBI 3aMELICHMUS:
OMMUYECKOE COIIPOTUBJIEHHE, CONPOTUBIIEHNE U EMKOCTb oJisipu3anuu. Ha ocHOBe pe3ybTaToB
9KCHEPUMEHTAJIBHBIX UCCIIET0BAaHUN MOTY4YEHbl aHAIUTUYECKNE 3aBUCIMOCTH CONIPOTUBIIEHUS U
€MKOCTH MOJISIPU3aLMK OT TOKA paspsAja U CTENEHU 3apsaa aKKyMyJIsTOpa; MOKa3aHo, 4To €
YBEJIMYEHUEM TOKA pa3psijia U CTETNCHHU 3apsijia akKKyMyJIsiTopa X 3HAUCHHS CHIKAIOTCS.

Y cTaHOBIIEHO, UTO C YBEITMUEHHEM TOKA pa3psa J0Js MaJeHUs HANPSHKSHUs HA OMHYECKOM
COIIPOTHBIIEHUH aKKYMYJISITOpa BO3PACTAET, YTO BIUSAET HA HANPSHKEHUE aKKYMYJISTOPHBIX
Oarapeil IpU MX MCIOJIb30BAaHUH B COCTaBE CETEBBIX HAKOIMUTEIEH IEKTPUUECKON IHEPTUU U
AIIEKTPOMOOMIIEH, TOCKOJIBKY B TAKMX CUCTEMaX K OMHUYECKOMY CONPOTUBIICHUIO

AKKyMYJISITOPOB 100ABIISIETCS COMPOTHBIICHHE METAIUIMYECKUX TIEPEMBIYEK U KOHTAKTOB.



Knrwouesnie cnosa: AKKYMYJIATOP, JICKTPHUYICCKAad CXEMa 3aMCIICHU A, ITapaMETpPbl, MCTOAWKA

OIpeIeNICHUs TapaMeTPOB.

Based on the analysis of electrochemical processes occurring in nickel-iron batteries, the
electrical circuit of battery replacement is justified. A method is proposed for determining the
parameters of an electrical replacement circuit for batteries of various electrochemical systems.
Using the example of a nickel-iron battery of the TNZHK-U2 type, the parameters of the
electrical replacement circuit are determined: ohmic resistance, resistance and polarization
capacitance. Based on the results of experimental studies, analytical dependences of the
polarization resistance and capacitance on the discharge current and the degree of charge of the
battery are obtained; it is shown that with an increase in the discharge current and the degree of
charge of the battery, their values decrease. It has been found that with an increase in the
discharge current, the proportion of voltage drop on the ohmic resistance of the battery increases,
which affects the voltage of the batteries when they are used as part of network drives of electric
energy and electric vehicles, since in such systems the resistance of metal jumpers and contacts
is added to the ohmic resistance of the batteries.

Key words: battery, electrical replacement circuit, parameters, method of determining

parameters.
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I'mOpuaHbie JHEProyCTAHOBKH HA 0a3e 3J1eKTPOXMMHUYECKHX FeHePATOPOB JJIsl MOPCKHX
TPAHCHOPTHBIX CPeCTB

JIAMUWUTPUEB b.®., TAJIVIIINH C.41.

PaccmoTpena ruGpuaHas 3HEpreTudeckas yCTaHOBKa MOPCKOT'O TPAHCIIOPTHOTO CPEACTBA Ha
0a3e BOJIOPOA-KHCIOPOIHOTO IIIEKTPOXUMHUIECKOTr0 TeHepaTopa. OnpeneneHbl OCHOBHEIE
NOTPEOUTENHN SIEKTPHUECKON SJHEPTUU, PACCMOTPEHBI ITapaMeTPhl THOPUAHON YHEPTOYCTAHOBKH
Ha OCHOBE OaTapeil TOIUTMBHBIX DJIEMEHTOB M aKKyMYJISATOPHBIX OaTapeil. BeimoaHeH ananu3
CHUCTEMBI YIIpaBJIeHUs JIeKTpoaBmkeHrneM. Oco0oe BHUMaHHE YCICHO BOIIPOCaM
coriacoBaHus pabOTHI AMEKTPOXUMHUIECKOTO TeHepaTopa, aKKyMYJIsSTOPHOU OaTapen u
cymnepKoHaeHcaTopa. J{is pemenus 3Toi mpoOaeMbl IPeI0kKEHO COTIacyIoIIee YCTPOHUCTBO Ha
OCHOBE TOBBIIIAIOIIE-TTOHMKAIOMIEro mpeodpasoBarens. [[puBeneHsl CTpyKTypHas cxema
COTJIACYIOIIETO ITpeoOpa3oBaTes, a TAKKE CXeMa MOBBIIIAOIIC-TTOHUKAIOIIETO
npeoOpaszoBaresi, KOTOpas PEKOMEHIyeTCs B KaUeCTBE COTJIACYIOIIETo YCTpoicTBa. PaccunTansl

SHCPICTUUCCKUC U MaCCOFaGapI/ITHLIe IoKa3aTeJisd CUCTEMbI ((BJIGKTpOXI/IMI/I‘-ICCKI/Iﬁ TeHCpaTop —



COTJIACYIOIIHUH MPeoOpa3oBaTeiby
Knrwoueswvie cnosa: MOpcKoe TPAHCIIOPTHOE CPEICTBO, THOPHIHAS SHEPreTUYeCcKasi yCTaHOBKa,
TOTLJTMBHBIE 3JIEMEHTHI, aKKyMYJISITOpHAst OaTapest, CylepKOHAEeCcaTop, COrIacyrOIui

npeoOpa3oBaTelb, CHCTEMA YIIPABICHUS.

A hybrid power plant of a marine vehicle based on a hydrogen-oxygen electrochemical generator
is considered. The main consumers of electric energy are identified, the parameters of a hybrid
power plant based on fuel cell batteries and rechargeable batteries are considered. An analysis of
the electromotion control system has been performed. Special attention is paid to the issues of
coordinating the operation of an electrochemical generator, an accumulator battery and a
supercapacitor. To solve this problem, a matching device based on a step-up converter is
proposed. The block diagram of the matching converter is given, as well as the circuit of the
step-up converter, which is recommended as a matching device. The energy and mass—
dimensional parameters of the "electrochemical generator - matching converter" system are
calculated.

Key words: marine vehicle, hybrid power plant, fuel cells, rechargeable battery, supercapacitor,

matching converter, control system.
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