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YJIOCKOHAJIEHHA TEXHOJIOI'TI BUTOTOBJIEHHS EJEKTPUYHUX MAILIAH
MOCTIMHOI'O CTPYMY 3 BE30EMOTKOBUM POTOPOM

Enexmpuuna mawuna nocmiiinozo cmpymy 3 6ezoomomrosum pomopom (MIICEP) 3nauno 6i0pizHaemucs 810 KIACUUHOT
MAWUHY NOCMIUHO20 CIMPYMY, i MASHIMHA CUCMEMA He MAE CRITbHO20 APMA | CKIA0AEMbCA 3 PAJY MASHIMHO-He38 'a3aHux 3y0yie
ma nasis, GiOkpumux 3 060x 60kie. Cexyii 06MOMKU AKOPA YKIAOAIOMbCA i3 YACMKOBUM 3CYBOM HA BEIUYUHY NOTIOCHO20
po3noodiny t. L{um 3abe3neuyemupcsa 00HOCHPAMOBAHICIb PE3YIbINYI0U020 MASHIMHO20 NOMOKY, WO NPOHUVE CeKYilo 0OMOmMKU
AKOPA, Ma 30epednceHtst eleKmpoMaAcHIMHO20 MOMEHMY 3A0AH020 3HAKY.

Hasienicmo nasis, y akux 6i0CymHe OHo, CMEOPIOE Psi0 NOGIMPSHUX NPOMINCKIS, WO NPU3800UMb 00 3HUNCEHHI MASHIMHOT
NPOBIOHOCMI MACHIMONPOBOOY 8 NONEPEUHOMY HANPSMKY, d Ye, Y C80I0 uepey, npu3800ums 00 NOCLAOACHHS NOSL peaKyii AKops
Dps i 8I0MOBU 6i0 D00AMKOBUX NONIOCIE MA KOMNneHcayiunoi oomomku. Omorce, enutuny pooo4020 NOSIMPSIHO20 NPOMINCKY
MODICHA 3MEHWUMU 00 MIHIMAILHO MOJICIUBOT BEeIUYUHI 3 TNEXHOLO02IUHOI MOUKU 30D) .

Koucmpyxyis MIICEP 0o36onse: pi3ko nociabumu nonepeuny peaxyilo AKops i 008ecmu nepesanmatcy8aibHy
30amuicme no cmpymy KI 0o 5+7; 3suauno (0o 30%) ckopomumu eumpamu oOMomyeansHoi Mioi 3a paxyHoK 6i0CymHOCMi
000amKo8UX NOMOCIE MA KOMNEHCAYIIHOT 0OMOMKU, ICMOMHO NOKPAWUMU YMOBU MeNI08I08e0eHH s, NOIINUWUMU eHepeemuyHi
nokasuuxu. Maca pomopa MIITEP y 3+5 pasig meHwe, HidC y K1ACUYHO20 08USYHA, NPONOPYIIHO 3MEHUUMBCSA | MOMEHM iHepyii.

Texnonozisi 6U2OMOBNEHHS MAKUX eIeKMPULHUX MAUUH 3HAYHO BIOPI3HAEMbCS 8I0 MEXHON02IT 8ULOMOBNIEHHS KAACUYHUX
mawun nocmitinozo cmpymy. OCHOGHY MEXHONOSIUHY CKAAOHICMb Y MAKIll eleKMPUYHIt MAWUHI BUKTUKAE NPOYeC MOHMAICY
cexyitl obmomxu saxops. [s supiuenns yici npobiemu npononyemscs sMiHumu nopsiook 36upants cmamopa MIICBP: cnouamky
00MOMKU, NOMIM MAZHIMHA cCUcCmeMmd.

ObmomKu 30uparomvcs Ha cneyianbHOMy wabaoHi 1 KomnayHoyiomecs. Ilicisa moeo, K 6OHU CMAHYMb MOHOIIMHUMU,
wabnon 36IILHAEMbCS, A HA 11020 Micye 6Ccmaenarmvcs 3yoyi macHimuoi cucmemu. Taxuil nioxio 0036045€ NOGHICTIO
asmomamu3syeamu npoyec ckraoanns MIICBP, ckopomumu yac u2omoeienus maxoi eneKmpuunoi MawiuHu ma cymmeeo
30Lnbwumu il HAOIUHICMb.

Knrouoei cnosa: mexnonoeis 6ueomosients, MauuHa NOCMitlHO20 CIMPYMY, CeKYii 0OMOMKU AKOPs, HAOTUHICMb
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IMPROVEMENT OF TECHNOLOGY OF MANUFACTURING OF ELECTRIC DIRECT CURRENT MACHINES
WITH WINDING-FREE ROTOR

A direct current electric machine with a winding-free rotor (DCWFR) is significantly different from a classic direct current machine,
its magnetic system does not have a common yoke and consists of a series of magnetically uncoupled teeth and grooves, open on both sides. Sections
of the armature winding are laid with a partial shift by the value of the pole distribution t. This ensures the unidirectionality of the resulting
magnetic flux penetrating the section of the armature winding, and the preservation of the electromagnetic moment of the given sign.

The presence of grooves in which there is no bottom creates a number of air gaps, which leads to a decrease in the magnetic conductivity
of the magnetic conductor in the transverse direction, and this, in turn, leads to a weakening of the reaction field of the ®a armature and the
rejection of additional poles and compensation winding. Therefore, the size of the working air gap can be reduced to the minimum possible value
from a technological point of view.

The design of the DCWFR allows: to sharply weaken the transverse reaction of the armature and to bring the current overload capacity
KI up to 5+7; significantly (up to 30%) reduce the cost of winding copper due to the absence of additional poles and compensating winding; to
significantly improve heat removal conditions; improve energy performance. The mass of the DCWFR rotor is 3+5 times less than that of a classic
engine, and the moment of inertia will decrease proportionally.
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The manufacturing technology of such electric machines is significantly different from the manufacturing technology of classical direct
current machines. The main technological complexity in such an electric machine is caused by the installation process of the armature winding
sections. To solve this problem, it is proposed to change the assembly order of the DCWFR stator: first the windings, then the magnetic system.

The windings are assembled on a special template and compounded. After they become monolithic, the template is released, and the
teeth of the magnetic system are inserted in its place. This approach makes it possible to fully automate the assembly process of DCWFR, reduce
the manufacturing time of such an electric machine and significantly increase its reliability.

Key words: manufacturing technology, DC machine, armature winding sections, reliability

ITocranoBka npodJieMu

TexHOJOTisI BUTOTOBJIEHHS MAIlMHU MOCTiHHOTO cTpymy 3 0e300MotkoBuUM poTtopoMm (MIICEP) myxe
MpocTa 3a BHHATKOM OJHI€] omepamii, a camMe YyKJIaJaHHA CeKImii oOMOTku skops. [ 30epexeHHs
€JIEKTPOMArHiTHOTO MOMEHTY 33J1aHOT0 3HaKy ceKuii o0MoTkH sikopst B MIICBP yknanaroTbes 13 4aCTKOBUM 3CYBOM
HAa BEJIUYUHY MOJIOCHOTO PO3MOAUTY T. ABTOMATH3allis Takoi Oomepallii MOKe CIPUYMHHUTH 3HAYHI TEXHOJIOTiIYHI
TPYIHOILII.

Bupimennst miei mpobiemMu 103BOJISIE TOBHICTIO aBTOMaTU3yBaTH nporiec 30upanns MIICBP, ckoporury yac
BUTOTOBJICHHS TAKOi EJIEKTPUYHOT MAIIMHU Ta CYTTEBO 30UIBLINTH ii HaIIHHICTB.

OcHOBHI pe3yJbTaTH

Konctpykuis MIICBP (puc. 1,2) He Mae ciIbHOTO sIpMa i CKIIANAETHCS 3 PSITy MarHITHO-HE3B'sI3aHUX 3yOILIiB
[I-oxi6uoi ¢opmu 1, Mk SKAMH YKIAJEHO CEKIii OOMOTKH SIKOpS 2, 0OMOTOK 30ymKeHHS 3, 6€300MOTKOBUX
noociB 4 i HemarHiTHUX auckiB 5 [1,2,3,4,5]. HasBHicTh BiIKpuTHX 3 000X OOKiB masiB Mix 3yOIsIMH cTaTtopa
CTBOPIOE Psi/I MOBITPSIHUX TPOMIXKKIB, IO MPU3BOAWTE JO 3HIDKCHHS MArHIiTHOI MPOBIAHOCTI MarHiTOMpPOBOIY B
MIOTIEPEYHOMY HAIPSIMKY, [0, ¥ CBOIO Yepry, MPU3BOIUTH IO MOcHalieHHs Mot peakmii skops @ps (puc. 2) i
BIMOBH BiJ JOJATKOBUX ITOIIOCIB Ta KOMIIEHCALIIITHOT 0OMOTKH.

Koncrpykuiss MIICBP no3Bousie:

1. Pi3ko nocnabutyu nomnepevHy peakiiiro SKops i JOBECTH IepeBaHTaXyBalIbHY 31aTHICTh cTpyMy K = Inon
/11 mo 5+7.

2. 3nayHo (10 30%) CKOPOTUTH BUTPATH OOMOTYBAILHOI Mifli 32 PaxXyHOK BiJICYTHOCTI JOAaTKOBHX TIOJIIOCIB
Ta KOMIIEHCALiiHOT 0OMOTKH.

3. [cTOTHO MTOKPAIIXUTH YMOBH TEIUIOBIIBEICHHS .

4. TloninmuTy eHepreTH4Hi MokasHuku. Maca poropa MIITBP y 3+5 pasiB MmeHmIe, HX y KIaCHYHOTO
JIBUTYHA, IPOTIOPLiHHO 3MEHIIUTHCS 1 MOMEHT 1HEepIIi.

1 =

Y

12 3 4 5

Puc. 1. MIICBP no3nos:xHiii po3pi3 Puc. 2. [lociiabienns: mouas peakuii sskopss y MIICBP

Crarop MIICBP cknanaetbest 3 okpemux 3yOriB (puc.3), 3akpilUIeHUX Yy JBOX aJIOMiHIEBHX 3yOIEBHX
rpebinkax 1 (puc.4). 3y6ii MoXyTh OyTH ABOX BHIIB: IPSIMOKYTHI Ta Tparmerienoaioni. binpmr TexHomorivanmy, 3
MEHIIIUM YHCJIOM BiIXOJIB IpH IITaMIyBaHHI € MPsIMOKYTHI 3yOmi. 3yOueBuit makeT popMyeThCs 3 OKPEMUX JIHCTIB
enekTpoTexHiuHOi craii (puc.3,4), mpecyeThes Ta (GiKCY€EThCS 3aKICITKAMH.

YIS

,‘

Puc.3. 3youenii 1uct ejqexrporexniunoi craxi MIICBP Puc. 4. Ctarop MIICBP:1 — 3y6ueBa rpebinka, 2 — 3ydenn
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OOMOTKH 30y/DKEHHS HAMOTYIOTBCSI OKPEMO, 130JIOIOThCA W YKIagaroThes B cTatop. Ilicis ocratogHOTrO
(hopMyBaHHS MarHiTHOI CUCTEMH CTaTOp OaHAAXKYEThCS ANIOMIHIEBUMM CTSDKKaMH, IOTIM ITOYMHAETHCS YKIIAJIKa
0oOMOTKH sIKOpsi 'y mas3u craropa (puc.5). [IpsmokyTHI 3yOui yTBOPIOIOTH TpaneUieno iOHui ma3, y sikoMy noope
¢ikcyerbes ximH. Potop ckiamaeTbes 3 amoMiHieBoro Baja 1 Ta aiqlOMiHIEBUX HONIOCHHX TPEOIHOK 2, y SIKHX
GbikcyroThes cranesi momocu 3 (puc.6).

Puc. 5 Ykiaaaka oﬁMoncil sAKOps
MIICBP

Puc. 6. Porop MIICBP
Binburicts onepauniii o 36upanHio craropa MIICBP MoxyTh OyTH Jierko aBTOMAaTH30BaHi, 32 BUHATKOM
orepartii yKIaaKku 0OMOTKH SIKOPS, AKa MOTPeOye TOTepeTHbOTO 3THHAHHS CEKIliil 0OMOTOK Ha mIabioHi (puc.7).
Ane ¥ g omepariis Moke OyTH aBTOMAaTH30BaHA, SKIIO 3MIHUTH MOpsAHoK 30mpaHHs cratopa MIICEP:
CIOYaTKy OOMOTKH, ITOTIM MarHiTHa cucteMa. OOMOTKH 30MpatoThCs Ha CHELiaIbHOMY HIa0JI0H] i KOMIAYHIYIOThCS
(puc.8). Iicas Toro, SIK BOHW CTAHYTh MOHOJITHUMH, MAGIOH 3BUTLHSETHCS, a HAa HOTO MiCIle BCTABIIAIOTHCS 30Tl
MarHiTHoi cuctemH (puc.9).

-
i

Puc.7. O6moTka sikopst Puc.8. 6M0T|m SIKOPS i 30y/TKeHHS Puc.9. 3youi cratopa

36upannsi MIICBP 3a BIOCKOHAJICHOI0 METOAMKOIO JIO3BOJMJIO CYTTEBO IOJIETHIMTH IPOILEC 30UpaHHS,
CKOPOTHUTH TPYAOBHUTPATH Ta Yac.

BucnoBkn
YIOCKOHAJCHHST TEXHOJIOTIT 30MpaHHS EJICKTPUYHUX MAIIMH MOCTIHHOTO CTpyMy 3 0€300MOTKOBHM
POTOPOM JI03BOJISIE CTBOPUTH MOBHICTIO aBTOMATH30BaHUI IPOIIEC BUTOTOBJICHHS €JICKTPUYHUX MAIIMH JAHOTO THILY,
BHACJIIZIOK YOT'O BAPTICTh MOJIOHUX EIEKTPHYHIX MAIIHH MOXE OyTH CYTTEBO 3HIKCHA.
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