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AnHHoOTamHs: PaccMaTpUBalOTCA paziiMuHble THIMBI MArHUTHBIX CHCTEM Ha OCHOBE pOMOOBHIHON M
cTpenoBUAHOH 0OMOTOK. ["abapHThl SNEKTPUYECKOH MALIMHBI B 3HAYUTENBLHOM CTENEHH 3aBUCAT OT Ma-
pamMeTpoB OOMOTKH M TeXHOJIOrHH €€ opMupoBatus, 4To TpeOyeT obecriedyeHns! BCeCTOPOHHETO aHa-
JIW3a ellle HA HadallkHOM 9tane npoexktupoBanus. C TOUKM 3peHus 00wied KOHUENIMM MUHUMU3ALIAH
MaccorabapUTHBIX NMOKa3aTe/leit MOJKHO OTMETHTD Psijl TEXHUYECKMX PELUEHUH, NTO3BOJISIFOIIMX CHU3HTh
aKCHaJIbHBIE pa3MepHhl JIEKTPOABUraTess, 0OMOTKa KOTOPOIro MOCTPOeHa Mo TeXHOJIOTHH Oecrna3oBeiX
MHOIOCeKLIHOHHBIX KaTyluek. Haubonee spkiMH npuMepaMy TakUX pellieHH SBISIOTCS paccMaTpyBa-
¢MbIe OOMOTKH, OJTHAKO JAHHBIA TEXHUYECKHI 0OJMK MArHMTHOM CHMCTEMbI UCKIIOYAET BO3MOIKHOCTh
pasneneHus 0OMOTKM Ha aKTHBHYIO H JIOOOBBIE YAaCTH BBHY TOTO, HTO BCE YKA3aHHbIE YacTH (hOpMHU-
pytor MJIC. C uensto onpeaenenus 3¢heKTHBHOCTH 0OMOTOK MPOBOJMTCA aHAIM3 METOJOM KOHEeu-
HBIX 3JIEMEHTOB Ha OCHOBE NMPOCTPAHCTBEHHBIX TpeXMepHBIX Mozeiei. Jlna obecneveHus: elUHCTBA
M3MEPEHHUH MpuHATa o0Imas i BceX paccMaTpUBacMbIX MozelieH 6a30Bast KOHCTPYKIMS 3/1eKTPOIBH-
rareliss Ha OCHOBE MHYKTOpPA € MOCTOSHHBIM MAarHMTOM MPH KOHCTPYKTHBHOW BapHaTHBHOCTH 0OMO-
Tok. OlLleHKa kauecTBa npeoOpa30BaHUs SHEPTMM MPOBOMIIACH C TOYKHM 3PEHHS MOAC/IMPOBAHHS CH-
CTEMbI B '€HEepaTOpHOM peXHME 10 KpuTepuio aeicTyrowero sHadenus DJIC, a Taike Mnoiny4eHHOMH
KpUBOH — B 4acTH my.ibcaunid. IlpejicraBieHHble TEXHMYECKHE PELLIEHMS HALLIM NIPUMEHEHHE TP CO-
3AHAM MCTIOJIHUTENLHBIX MEXaHU3MOB PaziM4HOIO pojia MaHMITYJSIHMOHHBIX MHOIOKOOPIWHATHBIX
cucTeM obecreueH s IBHIKeHHS.

KnrwoueBble c10Ba: OeCKOHTAKTHEIA 3NEKTpOJABUraTens, oOMOTKa, CTpeloBHAHAA, POMOOBHI-
Hasl, MPUBOJ MAHMITYIATOpA, MarHUTHAs CUCTEMA.
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Abstract: Various types of magnetic systems based on rhomboid and arrow-shaped windings
are considered. The dimensions of an electric machine largely depend on the parameters of the
winding and the technology of its formation, which requires a comprehensive analysis at the initial
design stage. From the point of view of the general concept of minimization of weight and size in-
dicators, a number of technical solutions can be noted that make it possible to reduce the axial di-
mensions of an electric motor, the winding of which is built using the technology of slotless multi-
section coils. The most striking examples of such solutions are the considered windings, however,
this technical design of the magnetic system excludes the possibility of dividing the winding into
active and frontal parts due to the fact that all these parts are involved in the formation of the MDS.
In order to determine the efficiency of the windings, a finite element analysis is carried out on the
basis of spatial three-dimensional models. To ensure the uniformity of measurements, the basic de-
sign of an electric motor based on a permanent magnet inductor with a constructive variability of
the windings was adopted for all the models under consideration. The evaluation of the quality of
energy conversion was carried out from the point of view of modeling the system in the generator
mode according to the criterion of the effective value of the EMF, as well as the obtained curve — in
terms of pulsations. The presented technical solutions have found application in the creation of ac-
tuating mechanisms for various manipulation multi-axis systems for ensuring movement.

Keywords: brushless electric motor, winding, arrow-shaped, diamond-shaped manipulator drive,
magnetic system.
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BBEAEHHE

beckoHTakTHBIE DAEKTPOABMraTeNld TMOCTO-
sunoro toka (bBJIIIT) asnatores Haubonee pac-
MPOCTPaHEHHBIMH 3JIEKTPOMEXaHUYECKUMH
npeobpazoBare/iiMU B CaMbIX pa3HOOOpa3HBIX
obnacTaX TeXHWKH. BBICOKas HaAeKHOCTb M
IHPOKMHA Mana3oH peryiMpoBaHUs YacTOThl
BpALLEHHA TO3BOJIAIOT MCIO/B30BaTh JaHHEIE
MallWHBl HE TOJBKO B BBEICOKOOTBETCTBEHHBIX
npubopax, HO U B OOOPYAOBAaHHH MAcCOBOTO
notpebnenus [1].

OpHako B 007macTH 3MEKTPOMALIHHOCTPOE-
HHUA, TIOMHMO TaKHX OCHOBOIIOJIaralpoliux Xa-
paktepuctuk, Kak KIIJ[, MoMeHT W 4actora
BpallEHHUs, HEMAJIOBAXKHYIO pOJib MIpaeT mac-
corabapHTHEIH NoKa3artens.

BBuay 3TOr0 10BOJIBHO 4acTo HWHKEeHepaM,
pa3pabaTeIBalOIMM HOBEIE MAIIWHEL, MPHXO-
auTes aubo yaydiarh 3JeKTPOMEeXaHHYECKHE
XapaKTepUCTUKH, B CTPOTO OrpPaHUYEHHOM IO
rabapuTHOMY TIOKa3aTe/Il0 auanasoHe, Jubo,
yMeHbluass rabapuThl, COXpPaHATh SJICKTPOMe-
XaHHWYECKHE MOKA3aTEIH Ha NIPEAKHEM YPOBHE.

Co3nanue dneKTpU4Yeckod MamWHBI — 10
CYTH MHOPOKpUTEpHalbHasd 3afaya, 3a4yacTyro
HEe UMeoLIasg WACATbHOIO peleHus. B cessm ¢
OTUM  HHXEHepaM TNPUXOAUTCS  BbIOMpaTh

HauboJsiee BasKkHBIE JUIS TOTO MJIA MHOI'O M3Je-
JIUA XapakKTEPHUCTHKH.

Ha cerogHsaluHMiA AeHb OTCYTCTBHEM HeEHa-
JACHKHOI0 WETOYHOro-KOMNEKTOPHOrO KOHTAKTa B
37IeKTpU4ecKod MawuHe (M) yke HEBO3MOXKHO
HHMKOTO YIHBHTb, B PE3Y/bTATE /IS MOBBILICHHS
YACIbHBIX rokasareneil H ONTHMH3alUHH Mac-
corabapuTHbIX napamerpoe OM Tpebyrorcs Ka-
YECTBCHHO HOBBIC HECTaHOAPTHBIC pPCINCHHASA.
CTOHMT OTMETHTB, UTO B pamKax OOLIEH TeHIeH-
UHH K MHHHMHM3ALKMH HCIOJHHUTEIBHBIX MEXa-
HH3MOB HOOBOJIEHO pacnpocTpaHEHHBIM  CTaJI0
MPHMEHEHHE HETPAaIMUIHOHHBIX THIIOB 0OMOTOK
H KOHC’I‘pyI{J_lHﬁ MArHUTHBIX CHCTEM B LICJIOM.
HUckmoyeHueM He cTaad H NpUBOJEblI CHCTEM
HanpasieHHoro nepemerienusi [2, 3]. JloBosbHO
APKO 3TO HElGI[}O,ElaETCH B MaHHMITYTALIMOHHBIX
NpHBOAax CIIEHHAIBHOIO Ha3HAYCHWA, NPHMCHA-
eMBIX B YC/IOBUSIX arpeCcCHBHBIX Cpell.

TEOPHUSA BOITPOCA

O,HHHM M3 MEPBLIX LIArOoB K MCNONB30BAHHKD
CJIOKHBIX HETPaAHUIHOHHBIX MAarHMTHLIX CHCTEM
cTan ckoc nasoB. Takoe KOHCTPYKTHBHOE periie-
HHE B CBOC BPEMsl MO3BOJIKIIO 3HAYUTENIBHO CHH-
3HTE ITYJBCAUMH TOKd, a BCJIECACTBHE 3TOr0 H
nyJabCallHH 3JICKTPOMarHHTHOT'O MOMEHTA.
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