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NCCIEAOBAHUE BEHTHUJIBHOI'O 3JIEKTPOABUI'ATEJIA
C BHYTPEHHUMU NIOCTOAHHBIMHU MATI'HUTAMU

Hageoeno nopienanis pe3yibmamie MamemMamuyHo20 ma QisuiHo20 MOOen08anHs npu O0CIONCEHH] GeHMU-
JILHO2O €NeKMPOOBULYHA 3 BHYMPIUHIMU NOCMIUHUMU MAZSHIMAMU.

Ha ceromHsmHuil 1eHb IIporpecc B JIEKTPOMALIMHOCTPOCHUH OIPEAEISIETCS MOABICHUEM
COBPEMEHHBIX YIPaBISEMbIX NIPeoOpazoBaTeneii 3HEPruM, K KOTOPHIM OTHOCSATCS] BEHTUJIbHBIE JIBU-
raTejad ¢ BBICOKOKOIPIMTHUBHBIMU MOCTOSHHBIMH Maruutamu. VcciemoBanue u pa3paboTKa 3THX
ANIEKTpoABHUraTeneil TpedyeT riry0OKOro M3ydeHHs MPOTEKAIOIUX B HUX MPOILIECCOB, YTO B Jajlb-
HEHUIIEM II03BOJISICT ONTUMU3UPOBATH UX KOHCTPYKLUU WIM OTACIIBHBIE XapaKTEPUCTUKU B COOT-
BETCTBHH C (PYHKIIMOHAIHHBIM Ha3HAYCHUEM H YCIOBUAMHU IKCILTyaTalllH.

B [1, 2] npuBeneHsl pe3ybTaThl ONTHMHU3AIMN AKTHBHOM YaCTH BEHTWIBHBIX JIBUTATEICH C
nocrossHabiME Marautamu (BZIIM). Takue BJ/IIIM BBINOJNHEHBI C SIBHOMOJIOCHOW CTPYKTYpO
MarHuTOINPOBOJIa CTATOpa U MarHUTaMH, OIpeNeIeHHBIM 00pa30M 3aKpeIVICHHBIMH Ha MOBEPXHO-
CTU MarHurTonpoBoja poropa (puc. 1 a). B To ke Bpems 4acTo 1O yCIIOBHSIM JKCILTyaTaluu TpeOy-
ercss npuMmeHenue B/IIIM ¢ marautamu, BCTaBIEHHBIMHU B I1a3bl MarHUTOIPOBOJA pOTOpA, T.€. C
BHYTPEHHUMH Marautamu (puc. 1 6).

Puc. 1

B yactHOCTH, B HOMYJISIPHBIX HAa CETOAHSIIHUMA JIeHb THOPUIHBIX aBTOMOOMIISX MPOU3BOJ-
ctBa komnanuu «Tonora» npumenstorcs B/AIIM ¢ BHyTpeHHMMU MarHUTaMH B CBSA3U C TE€M, 4YTO
AJIEKTPOBHUraTeNId pabOTaIOT C BBHICOKOM YIJIOBOH CKOPOCTBIO POTOpa B YCIOBHSIX MOBBIIIEHHOTO
BO3/ICHCTBUS BHEIIHUX BUOpanoHHbIX cui [3]. Cnienudukoit koncrpykuuu B/IIIM ¢ BHyTpeHHH-
MU MarHMTaMH SBJISICTCS TO, YTO JUISl CHIDKEHHS MOTOKA PacCesHHs MOCTOSHHBIX MAarHUTOB, T.C.
YacTH MOTOKA, HE YYaCTBYIOIIETO B Ipolecce MpeoOpa3oBaHusl SHEPTUU U HE CLEIICHHOTO C 00-
MOTKOH CTaTopa, B MECTax KPEIJICHWsS MarHUTOB Ha POTOPE BBINOJHSIOTCS OOKOBBIE BO3AYIIHBIC
nonoctu (cM. pparmenT Ha puc. 1 0).
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B pesynbrate mexnay 3TH-
MU BO3JYIIHBIMU TIOJIOCTSMH U
BHEIIHUM KOHTYpPOM poTopa o0Opa-
3YIOTCSl TOHKHE MarHUTHBIC y4acT-
ku (MocTuku). BpicoTa MarHuTHO-

ro mocrtuka h,. mgomkHa OBITH

JOCTaTOYHOM s obecreueHus
MEXaHMUYECKOW MPOYHOCTU (huKca-
muyu  Marauta 60e3 gedopmanuu
000JIOYKH POTOpA U B TO K€ BpeMs
JOJKHA BBIOMPATHCS KaK MOXKHO
MEHBIIEH C LEJIbI0 CHUXKECHUSA I10-
TOKa paccestHusi MaruuTa (puc. 2).
OueBHIHO, 4YTO CTENEHb
HaCBILLIEHUS! MOCTHKA OKa3bIBaeT
BIIMSIHUE HA XapAaKTEPUCTUKH DJIEK- Puc. 2
TPOMEXaHHUYECKOTo Tpeobdpa3oBa-
TeNsl. YUNThIBasi BBICOKYIO CTETIEHb
HACBIIICHUS MOCTUKA B PEANBHBIX JJIEKTPOABUraTeAX, 3anada pacuyera BJ/IIIM ¢ BHyrpeHHUMH
MarHuTaMH PELIAETCs] HA OCHOBE MOJEIMPOBAHUS MATHUTHOTO MOJIS B HEJIMHEWHON NOCTaHOBKE.
Llenpl0 HACTOAILIETO MCCIIEOBAHUS SBISETCSA OLEHKA aJeKBAaTHOCTH pa3pabOTaHHOW IMOJIEBOM Ma-
temarndeckor moaenu B/IIIM ¢ BHyTpeHHMMU MarHUTaMu.
MopenupoBanue BoinonHsanock a1 BJIIIM ¢ pacyeTHBIM HOMHUHAJIBHBIM MOMEHTOM
0,6 HMm. OcHOBHBIE TaHHBIE IBUTATEIS [IPEJICTABICHBI B TAOIUIIE.

Bennunna 3HaveHue

Bremmnuii tnamerp cratopa, MM 82
BayTpennwmii nuamerp craropa, MM 56,5
Boznymnssiii 3a30p, MM 0,5
JlIlnHa makera ctaropa, MM 25
BricoTa MocTHKa, MM 0,9
Umncno BUTKOB KaTYIIKH OOMOTKHM CTaTopa 50
UYucno 3y0110B cratopa 6
Ymncnno nomocoB poropa 8
Mapka MarHuToB NdFeB

Bricota MocTHKa BBIOMpanach MCXOAS U3 BO3MOXKHOCTEH IOCIIEAYIOIIEr0 H3TOTOBICHUS
HKCIEPUMEHTAIBHOTO IMaKeTa pPOTOpa Ha TEXHOJIOTMYECKOM KOMILIEKCE JIa3epHOM pe3ku U Obuia
npuHsTa paBHO# h,,~ = 0,9 MM. ['eomeTpust MarHMTONPOBOAA CTATOPA COOTBETCTBYET T€OMETPHH,
3aJI0’KCHHOM B BEHTHJILHOM 3JiekTposuratenac PM-108 [4].

MarautHoe IoJie PacCYMTHIBAIOCH METOJOM KOHEUHBIX 3JEMEHTOB B nporpaMmme FEMM
[5]. [To pe3ynpTaTam pacueToB MarHUTHOTO MOJIS OMPEACIIIACh 3aBUCUMOCTh 3yOI[0BOTO 3JIEKTPO-
MarHuTHOro MoMeHTa M, OT MOJ0XKEHHUS POTOpa OTHOCUTENBHO cTatopa © . 3yOLOBBIII MOMEHT
BO3HUKAET OT JCUCTBUS TOJS MOCTOSHHBIX MAarHUTOB MPHU OTCYTCTBUH TOKAa B OOMOTKE CTaTopa.
PacyetHoe 3HaueHue aMIuTyAbl 3yOroBoro Mmomenrta paBHo 0,06 Hm, uto cocraBmsier 10 % ot
HOMHUHaIbHOrO MoMeHTa B/IITM.

JU1st CHUOKEHUsI aMIUIUTYAbl 3yOLoBoro Mmomenta M, Heo0X0AMMO yMEHBLIATh MArHUTHYIO
MIPOBOJIMMOCTB TI0 MYTH 3aMbIKaHUs NOTOKA paccestHud. C 3TOH Lenbio B MOJIEBOH MOJAETH MOCTO-
SIHHBIE MarHUTBI OBUTH CMEIIEHBI K IeHTPY poTtopa Ha 1 mm. IIpu 3TOM BBICOTa MOCTHKA OCTaJach
HEU3MEHHOM.



1:1;;6}1“ S B pesynbrare cMmenieHus

i MArEHTOB yaRN MarHMTOB aMILTUTyJa 3yOLIOBO-

aho _ P \ ro MmomenTa cauzuiaceh 10 0,015

003 - | Tocne cwemenus / LY Hwm (4 % oT HOMHHAJIBHOTO MO-
MACHHTOB / \ MeHTa) (pI/IC 3)

[Tomumo 3y61IOBOTO MO-
MEHTa 10 pe3yJbTaTaM pacueTa
MAaravuTHOI'O IOJIA OHNpCACIIAIICA

202 N\ iz il /| | 8, rpaz, TaK)K€ DJIEKTPOMArHUTHBIA MO-
o N / | | MEHT M, mpu Halu4uM TOKa B
0.04 \ - / : : . obmotke craropa. MJIC obmoT-
0.05 \ / . : KU CTaropa NpPHHHUMANach paB-
0.06 N Hoit 240 A. 3aBucumocTH
E e — — : M, =f(®) na mnomynepmone
Puc. 3 M3MEHEHHs] MOMEHTa IpEeJICTaB-

JIeHbI Ha puc. 4.
p— - - : _ - , [TomyuenHple 3aBUCUMO-
Ho cmewenns /"‘ % IIocme cMeleHBA CTHU OTJIMYAKOTCAd OT CUHYCOUBI,
LE e e ] ' I warsro 1 pUYeM OCHOBHOE OTJIMYHE Ha-
i \/ : 5 \ OmojaeTCsl B 30HE KOMMYTAIIUH
// ' ' \\ npu O, = (15...30) rpany-
0-2 coB. BumHo, uTtOo CcMereHue
i // | | \\ MarHuTOB K LEHTPY poTOpa Impu
l | A1 7 \ 3HAYUTEIHHOM YMEHBIICHUN
0.3 ® FOMM 3yOLIOBOTO MOMEHTa IPHUBOIMT
- / : | \ K HE CTOJIb 3aMETHOMY H3MEHe-
/ / ' ' \\ HUIO CpPEeHEr0 MOMEHTa JIBUTa-
0.1 . . TeJsl Ha MepHoJe KOMMYTAIIHH.
\ CpenHuii  MOMEHT  COCTaBHII
’ 0 5' 170 15 2‘0 Zl‘S 30 3'5 .I;] 6.!‘.;“. 0’704 HM 663 CMCIICHUSA U

0,672 Hm — mipu cMmelieHu, T.e.
Puc. 4 cumsuica Ha 4,5 %. B 1O Xe
BpeMsl MyJAbCAIlMU JJIEKTpOMar-
HUTHOro MoMmeHTa M, Ha me-

puoae KomMmyTaluu cokpatuiuch B 1,3 pasza (¢ 23 no 18 %). 3nech jxe OTMETUM, YTO B CIIydae CH-
HYCOUAATLHOM 3aBUCHMOCTH IMyJIbCAIIMU COCTaBIsAOT 14 %, a Takke TO, YTO BOMPOC MUHUMH3AINH
ypoBHs mynbcaiuii B B/IIIM ¢ BHyTpeHHUMHU NOCTOSIHHBIMHU MarHMTaMH U SIBHOIIOJIFOCHBIM CTaTO-
pPOM B JJaHHOU CTaTh€ JETAJbHO HE pPACCMATPUBAETCS M SIBISETCA TEMOW JalbHEHIIMX HCCIeI0Ba-
HUM.

[To pesynpraraM MpeACTAaBICHHBIX HCCIEAOBAaHUN OBLT M3TOTOBIIEH MAaKETHBIM oOpasery
BZIIIM co cMeLIEeHHBIMU K LIEHTPY BHYTPEHHUMU MOCTOSSHHBIMUA MarHuramu. Ha naHHoM maker-
HOM 00pa3iie BBITIOTHEHBI UCCICOBAHMSI, B TOM YUCIIE U JUIS OIICHKHU aJIEKBATHOCTHU pa3paboTaHHOU
MOJIEBOM MaTeMaTUYEeCKOH MOENH dJIEKTPOMEXaHUYECKOTO MpeoOpa3oBaress ¢ BBICOKUM YpPOBHEM
HACBIIICHUS] YYACTKOB MarHUTHOW LIENU. AJIEKBATHOCTh MOJIEIH OLICHMBAJAach IMyTEM COMOCTaBJe-
HUS BETUYMHBI 3yOII0BOTO MOMEHTA, a TAK)Ke SKCIIEPUMEHTAILHON U PacyeTHON 3aBUCHMOCTEH JIH-
HeitHoit D /[C 06MOTKH cTaTopa Npu HEM3MEHHON YacTOTE BpAIIEHUS pOTOpa.

B skcnepumeHTe BBINOJIHEHO pa3[eleHue CyMMapHOI0 MOMEHTa XOJIOCTOTO XOJia Ha Co-
CTaBJISIFOIIME. MOMEHT TPEHUS B MOJLIMITHUKAX W 3yOIIOBBHIH MOMEHT. MOMEHT TPEHHUSI COCTAaBHII
0,022 Hwm, a ammuintyna 3yonosoro MomenTa — 0,017 Hwm, uto B JocTaTOYHON CTENEHH KOPPEIUPY-
€TCs C pACUETHBIM 3HAUYEHUEM 3TOM aMIUIUTY/bI.

Jluneitnas 3/1C oOMOTKH cTaTopa 3amuchiBaIach Ha MUPPOBOM ocIiuiorpade npu Bparie-
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tor with inner permanent magnets are offered.

HUM poTopa ¢ 4vactotoil 737 006/MuH
(puc. 5) u oOpabaTpIBasach MpU TO-
Mou nudposoro GpuiasTpa.

PacuerHas 3aBUCUMOCTBH U3Me-

Henus JuHeiHoM OJIC B ¢yHKUIUU
BPEMEHHU ONpeAessulach M0 pe3yJibTa-
TaM MOJICIMPOBAHUS MAarHUTHOTO TIOJISA
nyreM audQepeHInpoBaHus MOTOKOC-
LEeIIeHUsI OOMOTKM CTaTropa Io Bpe-
MEHU C JanbHeuIel o0paboTKoN AaH-
HBIX IPU MOMOIIM HU(PPOBOTO (HUIHT-
pa. ComocraBieHHe SKCHEPUMEHTAIb-
HOW M PacyeTHOM 3aBUCHUMOCTEN JIU-
HeriHot DJIC oT mojokeHus poTopa
IpU €ro BpaLIEHMH C 4yacToTod 737
00/MUH MOKa3aHO Ha pucC. 6.

M3 momy4eHHBIX pe3yJabTaToB
clieflyeT, 4YTo pa3paboTaHHas TO-
JeBas MaremMaTHyeckas MOJENb
BJIIM ¢ BHYTpEHHUMH IOCTOSH-
HBIMH MarHUTaMU MOXET HCIIOJIb-
30BaThCsl B JAIbHEHIIUX HCCIIEN0-
BaHUAX, T.K. IOKa3blBaeT JI0CTa-
TOYHO OJIN3KOE COBMAJEHHE C pe-
3yJIbTaTaMU HKCIIEPUMEHTA.

Ilpeocmasneno cpasnenue pe-
3YILMAMO8 MAMEMAMUIECKO20 U Pu3u-
4ecKk020 MOOenUPoBaHUs Npu Uccieoosa-
HUU GEHMUILHO20 DNIeKMPOOBUSAMENS C
BHYMPEHHUMU NOCMOSHHLIMU MASHUMA-
MU.
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the mathematical and physical modeling
on the research of the brushless DC mo-

1. Paoumos U .H., Poimuwa B.B., Yan Txu Txy Xvione u dp. I'eomeTrprdeckrie COOTHOIICHNSI B BEHTIIIFHOM JIBHTA-
Tese ¢ mocrosiHHbIMU Marautamu // EnekrporexHika Ta enexrpomexanika. — 2008. — Ne 5. — C. 26-28.

2. Paoumos U.H., Poimwa B.B., Yan Txu Txy Xvione TIpOEKTHBIN CHHTE3 BEHTHUIILHOTO JBUTATENS C MMOCTOSH-
HBIMHM MarHATaM¥ Ha 0ase IITaMIla CTaTopa peakTHBHON MaruHs! // ExekTpoMammHoOyyBaHHSI Ta eJIeKTPO-
o0annanns. — 2008. — Bum. 71. — C. 32-37.

3. PM Motor Parametric Design Analyses for a Hybrid Electric Vehicle Traction Drive Application / Staunton

R.H., Nelson S.C., Otaduy P.J.

and e.t.c.
http://www.osti.gov/bridge/product.biblio.jsp?osti id=885638.

/I Oak Ridge National

4, http://ukrainemotors.com.
5.  http://mww.femm.info/wiki/HomePage.

Hapinna 25.02.2010

Laboratory, 2004, source:


http://www.osti.gov/bridge/product.biblio.jsp?osti_id=885638.

