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YI'OJI HATPY3KHU JIBUT'ATEJIEN C KATAIIUMCS POTOPOM

B cratbe OPUBOAUTHECA MCETOJUKA OIPCACIICHHA PCAJIbHOI0 Yyrja HArpy3kd AIBUIaTCId C KaTAIIUMCIA
POTOPOM € MMOMOIIBKO KOMIIBIOTEPHOT'O MOJACIUPOBAHUA MArHUTHOTO ITOJISA ABHUTATCIIA. I[aHO CPaBHCHHUC 8-
n 0-ma30BOM KOHCTPYKLUMH JBHUIaTeNsi C KaTSAIIUMCS POTOPOM C YYE€TOM HEPAaBHOMEPHOCTH €ro
BO3JYIIHOIO 3a30pa M aHaJU3UpYyeTCs BIMSHHUE ITOTO 3a30pa HAa pealbHBbIA yrojl Harpy3kd MAallWHBI.
[lpuBonsATCS pe3ynbTaThl MOJMYYEHHBIX HCCIEIOBaHUMI B TpapUuecKOM BHIAE U CpPAaBHUBAIOTCS
MaKCHMaJIbHbIE 3HAUECHNUS IOJYYEHHBIX YIJIOB [ 6- U §-11a30BOM MOJENIN ABUTATEIS.

KiroueBble cjioBa: yroia Harpy3kd, JABUraTeslb C KaTSAIIMMCA POTOPOM, HEPaBHOMEPHBIH
BO3AYIIHBIN 3230D.

BBenenue. PaccmarpuBaemblii B JaHHOM HCCIIEIOBAaHUM JIBUTATEND C KATAIIMMCS POTOPOM
(JKP) Tarke OTHOCUTCS K TUITy CHHXPOHHO-PEAKTHUBHBIX MAIIIMH, TaK KaK €r0 POTOp M3TOTOBIICH
u3 GeppoOMarHUTHOTO Mareprana 6e3 oOMOTKH. B HacTosiimee BpeMsi OTCYTCTBYIOT METOIMKH U
MPAKTUYECKUE PEKOMEHIAINY TI0 OTIPEICNICHUIO Iana30Ha U3MEHEHHsI yTIIa HArpy3KH JUTs TIeNei
npoextupoBanus JIKP.

Hean padotbl. Llenpio paboThl ABISETCS ONpENETICHUE W CpaBHEHHUE PE3yIhTaTOB
peabHbIX YIJIOB HAIPY3KH JUIsl IECTH U BOCbMHU-11a30BOM KoHCTpyKuuu JJKP.

Martepuan ucciaenoBanusi. Porop B JIKP B COOTBETCTBMM € TIPUHIIMIIOM JCWCTBUSA
OOKaThIBaeTCS TI0 PacTOYKE CTATOpa, B CBSA3M C YEM B MAIllHE MMEET MECTO HE PaBHOMEPHBIN
BO3MyIIHbIN 3a30p [1]. [IpursbkeHre poTopa K CTaropy pealm3yercs CWION OIHOCTOPOHHETO
mMarautHoro nipuTsokernst (COMII), koTtopast co3aaeTcsi MarHUTHBIM TTOJIEM OOMOTKH CTaTopa.
Dta cua sIBJISIETCSl ICTOYHMKOM Bpatarorero momenta J[KP:

M:QP-%-sine, (@)

rae Q, — pe3yIbTHpYIOIIas CHIa OJHOCTOPOHHETO MarHUTHOIO nputshkeHns (COMIT) oomoTkm
craropa; @ — yron Harpy3ku; Dr — muametp potopa.

COMITI Q npsiMoTIpoTIOpIIHOHATBFHA KBaApaTy MArHUTHOM WHITYKIHH B BO3IYIITHOM 3a30pe€, a
yron Harpy3ku B JIKP pacnionaraercst Mex 1y JTMHUEN KacaHHs poTopa CO CTaTOPOM U BEKTOPOM
pesysbTupytomeil COMIT.

B namem crmydae paccMarpuBarorcst 6-T U 8-MU KaTyllleuHble OOMOTKH, Kak Hanbosee
adexTrBHBIC BapuaHThI [2]. [InTanre 00MOTOK OCYIIECTBIISCTCS MOCISIOBATENTHHO CIICSAIIIMHE
UMITYJIbCAMU OT TIpeoOpa3zoBaTesisi YacToThl, ONaroaps 4eMy Ha MOBEPXHOCTH 3yOIIOB cTaTopa
CO3/1a€TCSl MarHUTHAsI MHIYKIIMSI, KOTOpasi OrpaHu4eHa TOJbKO YPOBHEM HACBIIICHUS MaTepuasa
MarHuTonpoBoza. Ilpu 3toM MakcumanbHas pesyipTupytomias COMII  cosmaerca mpu
OJTHOBPEMEHHOI paboTe KaTylIeK, KOTOpbIe OXBATHIBAIOT 180° BHYTPEHHEN MTOBEPXHOCTH CTATOpA.
JI1st 6-TH KaTyILIEeuHOro cTaTopa 3T0 3 KaTylky, a 4j1st 8-mu — 4. Pesynstrpytoiias COMII B stom
CITy4ae orpe/ieNisieTcsl Kak FeOMETprUYecKasi CyMMa CHIT OTISITBbHBIX paOOTAIOIIMX KaTyIIIEK.

B ympoiieHHOM, WAEaTM3UPOBAHHOM CIIy4ae MPEAToiarajoch, 4To CHjIa MarHUTHOTO
NPUTSDKEHUsT OTIeNbHON Karymiku (Q;) HampaBiieHa TEPICHIUKYSIPHO K CepeluHe 3yOlia, Ha
KOTOPOM PAacIojioXKEHa JIaHHAs KaTyIllka, a €€ BeJIMYMHA OIPEIEIISieTC MarHUTHOM MHAYKLUEH
JUTs1 CPEJTHETO BO3TYLIHOTO 3330pa JaHHOTO 3y011a. B pealbHOCTH, 13-32 HEPaBHOMEPHOCTU
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BO3/YIIHOTO 3a30pa, MMEET MECTO CABWT STOTO BEKTOpa Ha OMpPEICICHHBIA Yroll B CTOPOHY
YMEHBITICHHsI BO3YIITHOTO 3a30pa, a MPOCTOE €ro YCPEIOHEHHWE He O0ECHeUWT TMpaBUIIbHOE
OMpe/ieNICHUE 3HAYEHUSI MArHUTHOM MHTyKIUH.

JInst onpeseneHuss pealbHOTO HAIMpPABICHHS CWI TPUTSDKEHUS OTIEIBHBIX KaTyIIeK |
pesyabtupytomieii COMIT npeyiaraercss METoMKa PaBEeHCTBA IUIOIACH (TIOCKOMapalIe/hbHAS
3amaya) Wi o0beMoB (3D 3amaua) BO3MYITHOTO 3a30pa, KOTOpAs PEAM3YyeTcsl YHCICHHBIM

MOJICIIMPOBAaHUEM (METOJIOM KOHEYHBIX 3JIEMEHTOB) C TIOMOIIBIO mMakera mporpamMm ANSY'S
MAXWELL 3D [3].

0

2332330000000

Puc. 1 — Mogens MarHuTHOTo 1oJIs cTatopa Puc. 2 — Mozienh MAarHMTHOTO 11071 poTopa

Pe3yabTaTrbl ucciaenoBanuii. B xome pacuera Obl1 MPOBEACH CPAaBHUTEIBHBIN
aHanu3 8-1ma30BOM M 6-11a30BOM KOHCTPYKLMM skcniepuMenTanbHbix JJKP, oTnnuaromumxcs
MEXJTy cOO0M KOJIMYECTBOM 3yOLI0B CTaTOpa M BEIMYMHOMN SKCIICHTPUCHUTETA.

Ha nepBoM stane ObUT pacCMOTpEH PEXUM, MPU KOTOPOM 3aIMTAHBI KATYILKH [OJOBUHBI
OOMOTKHM CTaToOpa, MarHUTHOE 0JI€ HETIOBMKHO, HAarpy3Ka Ha Baity oTCyTCcTBYeT (0 =0). Takoi
pexum padotsl JIKP, B oTiMume OT ApYyrux THIOB CHHXPOHHBIX MAIIIH, SBISIETCS aKTyaIbHbIM —
PEXKUM yIEPIKAHUSL.

B xone pacuera, miomaap BO3AYIIHOIO 3a30pa OblIa pa3/iesieHbl Ha JIBE paBHBIE YAaCTH C
nomortipto porpammHoro nakera KOMPAS 1 Ha ocHOBaHMH 3TOT0 OBUTH OMpeiesIeHbl pealbHbIe
HAIIPaBJICHUsI CUJI PUTSHKEHUS OT OTIETIbHBIX KATYILIEK.
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Puc. 3 — PeanbHble HarpaBieHys: CH1 IPUTSKEHNS <wam Fam
KaTyIlIeK 0OMOTKH CTaTopa Puc. 4 —PeaiibHOe 3HaYeHUE yIi1a HATPY3KU

nipu 3kcuenTpucurere (e) 0,35 MM
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Harpy3Ky OT UIEATM3UPOBAHHOTO Opcqs, ¥ ]
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Puc. 6 — PeasmbHOE 3HaYE€HME YIT1a HAPY3KU [IPU
skcueHTpucurerte (e) 0,08 Mmm

(01), UTST 8-MU KaTyIICUHOMN
KOHCTPYKIUH 3KCIIEPUMEHTAILHOTO
oopazma JIKP (e=0,35 mm)

Kak BugHO w3 puc. 3 mpoM3omuio g @upear.
CMEIIICHUE BEKTOPOB OTACNBHBIX CHJI B
CTOPOHY MEHBILIETO BO3IYIIHOTO 3a30pa H,
CNeZIOBAaTeIIbHO,  M3MEHWIACh  BEJIMYMHA
pe3yabtupytomieid COMII.

3areM, IyTeM  MOCIIEOBATEIIBHBIX
CMEIICHMA TOYKM KacaHWs poTopa  CO

CTaTOpPOM M3 KPaHETO HIDKHETO TOJIOXKCHUS
Bi1eBo 10 -90° GbUIM OMpEIeICHBI PealbHBIC

On-xu u0.°
JIbl  HArpy3Ku prareisi  BIUIOTb  JIO

T Py o 8 0 10 20 30 40 50 6 70 80 9 100
MAaKCUMAJIbHOTO 3HAUCHUA I KaXOIO0ro
SKCLICHTPUCHTETA. Puc. 7 — 3aBucUMOCTh peasbHOro yriia

[TommyueHHble  faHHBIE  TOBOPAT O Harpysku oT HACAIM3MPOBAHHOI'O
JIMHEWHOM XapaKTepe 3aBUCUMOCTH PEATTBHOTO Opean.(0u.), I 6-TH KATYIIEYHOM
yIla Harpy3kd OT  WACAIM3HPOBAHHOIO. KOHCTPYKIHH SKCIEPUMCHTAIBHOI'O
PacueTHbie naHHBIC OBLIM IMOATBEPKICHBI o6pasua JIKP (e=0,08 mm)
SKCIIEpUMEHTAMU.

BoiBoabl. Yron narpy3kum JIKP, kak M B KJIAaCCMYECKHX CHHXPOHHO-PEAKTUBHBIX
JNBUTATENIAX OTIWYAeTCsl OT WACaNbHOrO 3HayeHus. OH 3aBUCUT OT BEIUYHUHBI
HKCLEHTPUCUTETA (BO3AYLIHOTO 3a30pa) U MArHUTHOM MHAYKIMHU B BO3YILIHOM 3a30pe€.
Meroauka 3D MoaenupoBaHUs MarHUTHOTO TIOJISE B MAIINHE ABIAEeTCS d)PEKTUBHON st
OIIpPEEIICHUS YTIila HATPY3KH.

Cuncok aurtepatypsl: 1. bepmunos A. M. Dnekrpudeckue aBUratenu ¢ katsmammcs: potopom [Teker] /
bepmunos A.U., Bapneii B.B. // W3nmatenbctBo «Heprusi», r. Mocksa. 1969.-200 c. 2. Hanuii B. B.
3aBUCUMOCTh MaKCUMalbHOTO Bpamatomero momenra JIKP ot konuuecTBa cTaTOpHBIX KaTylleKk IMpU
JTUCKPETHOM MMITy IbcHOM nuTanuu [Texcer] / Hanui B. B., Macrennukos A. M. // Bicauk HanionanbHOTO
TEXHIYHOTO YHIBEPCUTETY «XapKIBCHKUI MOMITEXHIYHUN IHCTUTYT». 301pHUK HAYKOBHUX Ipallb. — XapKiB:
HTY «XIII». 2012. — Ne 28. —167c. — ¢.74-78. 3. Hanuii B. B. BnusiHue HEpaBHOMEPHOCTH BO3AYIIHOTO
3azopa JIKP Ha Benuuuny yria Harpysku [Tekcrt] / Hanuu B. B., [{ynes A. A. // Bicauk HarionaibHOTro
TEXHIYHOTO YHIBEpCUTETY «XapKiBCbKUN MOMITEXHIYHUN 1HCTUTYT». 30ipHUK HAayKOBUX Ipaib. Teopid i

npaktuka. — XapkiB: HTY «XIII». 2012. — Ne 28. —167c¢. — ¢.65-69.
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VY cTarTi HAaBOIUTHCA METOJIUKA BU3HAYEHHS PEaJbHOTO KyTa HABAaHTAXKEHHS JIBUTYHA 3 POTOPOM,
II0 KOTUTHCSA, 32 JIOTIOMOTOI0 KOMIT'IOTEPHOTO MOJENIOBAHHS MAarHiTHOTO TOJs JBUTYHA. JlaHO
NopiBHAHHSA & - 1 6-ma30BOi KOHCTPYKINI JBUTYHAa 3 pOTOPOM, MLIO0 KOTHUTHCA, 3 YpaxyBaHHAM
HEPIBHOMIPHOCTI HOT0 MOBITPSHOTO MPOMIKKY 1 aHAII3y€ThCS BIUIUB I[LOTO MPOMIKKY Ha pealbHUN KyT
HaBaHTA)KEHHS MamuHU. HaBonmATbCs pe3ynbTaTé OTpUMAHUX AOCHIKEHb y TrpadiyHOMY BHIISAL 1
MOPIBHIOIOTHCSI MAKCHUMaJIbH1 3HAUEHHSI OTPUMAaHMUX KYTiB 715 6 - 1 8-11a30BOi MOJIei JBUTYHA.

Kurouosi ci1oBa: KyT HaBaHTa)KEHHS, IBUTYH 3 POTOPOM, L0 KOTUTHCS, HEPIBHOMIPHHM MOBITPSIHUNA
MIPOMIXKOK.

The article presents a comparison 8 - and 6-slot design of motor with a rolling rotor (MRR) subject
to irregular air gap and analyzes the impact of this gap on the real machine load angle. The results of these
researches are graphically presented and maximum values of load angles for 6 - and 8-slot motor models
are compared.

Keywords: the load angle, motor with a rolling rotor, irregular air gap.
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YCOBEPIHIEHCTBOBAHUE METOJA IIOCTPOEHUSI MHOJKECTBA
3HAYEHUMH YCTPOUCTB CUCTEMBI JIEKTPOCHABKEHUA

[Ipennoxxen Meron ompeneneHus 3HAUYE€HUN HKBHUBAJEHTHBIX MAPAMETPOB CUCTEMBI AJIEKTPOCHAOKEHHUS,
Opyu KOTOPBIX HANpsHDKEHHWE Ha HCCIEAYeMOM Y4YacTKe CHUCTEeMbl OyIeT COOTBETCTBOBATH TpeOyemoi
BEJIMUYMHE, TMOO0 OTKJIOHATHCS B 33JaHHOM JlMana3oHe. B MaremaTrueckoil MoJieny peicTaBiIeHa CUCTEMa
anreOpandeckux u nudepeHuanbHbIX YpaBHEHUH, B PE3y/IbTaTe PELICHUST KOTOPBIX MOJIy4eHa 00IacTh
3HaYCHUH PaCCMATPUBACMBIX JJIEKTPOTEXHUYECKUX YCTPOMCTB.

KioueBble cj10Ba: MOJEb CUCTEMBI JIEKTPOCHAOXKEHUSI, SKUBAICHTUPOBAHUE, TTOCTPOEHHE OOIacTen
3HAUYEHUM MapaMeTPOB.

Beenenue. Pa3Butus sHEpreTMuecKoro KOMIUIEKCA YKPauHblI CTABUT CBOEH LIEJBIO
CO3/IaHME€ HAYYHOW METOAOJIOTUM ONTUMH3AMA €ro pa3BUTHS, TO €CThb METOJO0JIOTUU
HAaXOX/ICHUSI HAaWTy4IlIMX MPOINOPLKMI B Pa3BUTUH SHEPTETUUECKOIO CHAOKEHUS, U3yUYEeHHUE U
Hax0XJAeHUE HAMITy4luXx (OpM U METOJOB YHPaBICHUS UM.

DHEpreTHUecKuil KOMIUIEKC OXBaThIBACT CJIOKHEUIIMKA 1O O00BEMY KOMILIEKC
JJIEMEHTOB M CBSi3ed B BHUAC  Pa3HOOOpAa3HEMIIMX  TOTpEOWTENEH  SHEprum,
SHEPrOreHEPUPYIOMMX Npeanpuatui. OnucaTte 3TH Pa3BHBAIOIIMECS AJIEMEHTBI U CBS3U
eIMHOM cUCTeMOW ypaBHEHMH W HEPaBEHCTB JOCTATOYHO CIIOKHO (M3 - 3a pe3Kol ux
pa3zHoTOYHOCTH). Ilo3TOMy cO37aHHE CHCTEMBI DKBUBAICHTHBIX  (3arpyOJIeHHBIX)
MaTEMaTHYECKUX MOJEIIEH N3y4aeMOW CUCTEMBI SIBJISIETCS OJTHOM U3 IJ1aBHBIX 3a]a4.

DTH 3aBUCUMOCTH SIBISIIOTCS HEJTMHEHMHBIMU, PUYEM BHUJ UX HEIMHEUHOCTH TaKOB,
YTO TpPU PEUIEHUH 3aJa4 HAa MHUHHUMYM 3aTpaT OHU HE MOTYT HENOCPEJCTBEHHO
YUYUTBIBATHCS B MOJIEJIH [IPH PACUETE €€ CYNIECTBYOIIMMHU METOAAMH KaK JUHEWHOTIO,
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