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OpnecbkHil HaI[iOHATIBHUM MOJITEXHIYHUH YHIBEPCUTET

KOHCTPYKIII EJEKTPUYHUX MAIIIUH
MOCTIMHOI'O CTPYMY 3 BE30BMOTKOBUM POTOPOM JIJIsI BACOKHX 1
HU3bKUX HIBUJIKOCTEA OGEPTAHHA

Aas 6yde-akoi enekmpuuHoi MAWUHU OCHOBHUMU € 084 NOKA3HUKU: MIHimym macu U makcumym KK/ Jas
BHCOKOOOEPTOBUX i HU3bKOOOEPTOBUX MAWUH NOCMIHO20 cmpyMy 3 6e306MOMK08UM pOMOPOM Yi d8a NOKAZHUKU
docsearombcs pisHuMu 3acobamu. Y nepuwiomy eunadky yiabHuli cmamop i3 3a2aAbHUM APMOM | ceameHmosaHuii pomop. Y
dpyzomy eunadky - ceameHmosaHuli cmamop i yiabHuli pomop. 3aedsku makomy nioxody docsizaemubcsi  3HA4YHe
NnoAINWeHHA psidy NUMOMUX NOKA3HUKIG | 3HUMCEHHs sumpam e/leKmpu4Hoi eHepeaii 8 cmamu4Hux i OUHAMIYHUX pexcumMax
pobomu esekmponpugoda.
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DC ELECTRIC MACHINES CONSTRUCTIONS WITH A WINDLESS
ROTOR FOR HIGH AND LOW ROTATION SPEEDS

The appearance on the electrical market of high-energy permanent magnets NdFeB, patented in 1983 by Sumitomo Special
Metals, has led to significant changes in the electrical industry. Today, the use of magnetoelectric excitation in adjustable drive motors has
become the de facto standard.

However, in recent years, interest in electric machines with electromagnetic excitation has begun to revive. Synchronous jet
engines, valve-induction motors, in the construction of which permanent magnets are not used, are actively developing such giants as
Siemens and ABB.

This interest is largely due to the high cost of permanent magnets, which, according to experts, is from 30 to 60% of the total cost
of active materials of the motor. According to a number of forecasts, it is expected that in the coming years the cost of permanent magnets
will only increase.

Unfortunately, only types of synchronous machines are considered as electric machines with electromagnetic excitation today,
classic DC machines are not included in this list. The classic DC machine has several advantages: providing a constant torque in a wide range
of speeds; high overload capacity; simple rheostatic regulation; wide possibilities for excitation regulation (parallel, serial); possibility of
power supply from an alternating current network with the cheap scheme of regulation on the basis of the thyristor rectifier. Unfortunately,
it has a number of disadvantages: the presence of an unreliable collector unit, high cost, large mass of active materials do not allow it to take
a worthy place among modern high-tech electric machines. The new design of the DC machine solves this problem.

For any electric machine, the main two indicators are minimum mass and maximum efficiency. For high-speed and low-speed DC
machines with the windless rotor, these two values are achieved in different ways. In the first case, a one-piece stator with a common yoke
and a segmented winding-free rotor. In the second case, a segmented stator and a one-piece rotor. Thanks to this approach, a significant
improvement in a number of specific indicators and a decrease in the consumption of electrical energy in static and dynamic modes of
operation of the electric drive are achieved.

Keywords: rotor, stator, armature winding, magnetic system, iron losses.

IMocTanoBKa npo6JeMu

[TosiBa Ha eNEKTPOTEXHIYHOMY PHHKY BUCOKOGHEPTeTHYHMX NocTiiHuX MarHiTiB NdFeB, 3amarenToBanmnx
B 1983 p. Sumitomo Special Metals [1], mpu3Beno m0 3HaYHUX 3MiH B EIEKTPOTEXHIUHIN Tamy3i. ChoromHi
3aCTOCYBaHHSl MAarHITOGJNIEKTPUYHOrO 30Yy/DKeHHS  y JBHMI'YHAaX pEryJbOBaHOTO TIPUBONY Je-(paKTo CTajo
CTaHJIAPTOM.

OnHak B OCTaHHI POKHM IiHTEpEC IO CISKTPUYHUX MAIIWH 3 EICKTPOMATHITHUM 30y/DKCHHsS 3HOBY CTaB
BiJpo/pKyBaTHcss. CHHXPOHHI pPEakTHUBHI JBUTYHH, BEHTHJIBHO-IHAYKTOPHI JBUTYHH, B KOHCTPYKI[SIX SKUX HE
BHKOPHCTOBYIOTHCS MTOCTii{HI MarHiTH, akTUBHO PO30yAOBYIOTh Taki riranTu sk Siemens i ABB [2, 3].

Barato B 4oMy Taka 3aliKaBJICHHICTh IOSICHIOETHCS BHCOKOIO BapTICTIO INOCTIHHMX MAarHiTiB, sika 3a
OIIIHKaMH eKCIIepTiB, cTaHOBUTH Bif 30 mo 60% yciei BapTOCTi akTUBHUX MaTepiamiB enekTpoaBuryHa [4, 5]. 3a
PpsIOM TIPOTHO3IB [6, 7] 0UiKyeThCs, 110 B HAHOIMKYI POKH BapTIiCTh IMMOCTIHHNX MarHiTiB Oy/e TUIBKH 3pOCTaTH.

Ha sxanp, y SIKOCTI €NEKTPHUYHHMX MAIIWH 3 €JIeKTPOMArHiTHUM 30Y/DKEHHSM ChOTOJIIHI PO3IIISIAIOTHCS
JMLIE PI3HOBUIM CHHXPOHHHX MallWH, KJIACHYHI MallHHU NOCTIHHOIO CTPYyMY B Liei CIIMCOK He BXoasaTh. KilacnuHa
MalllMHa MOCTIHHOTO CTPYMY Ma€ JeKijbKa repeBar: 3a0e3redeHHs MMOCTIfHOr0O MOMEHTY B IMPOKOMY Jiarna3oHi
IIBU/IKOCTEH; BUCOKAa NEPEBaHTAXYBaJbHA 3[aTHICTh; IIPOCTE PEOCTATHE PEryJIOBAaHHS; LIMPOKI MOXJIMBOCTI I10
peryiroBaHHIO 30y/pKeHHs (TapajeibHe, MOCIHiZOBHE);, MOXIMBICTh JKHMBJICHHS BiJi MEpeXi 3MIHHOTO CTpyMy 3
JIEIIEBOI0 CXEMOI0 PEeryiioBaHHSA Ha 0a3i THpHCTOpHOTO BHIpsiMisda. Ha jkanp, BOHa Mae i psii HEMOIIKIB:
HasIBHICTh HEHAJIITHOTO KOJIEKTOPHOTO BY3J1a, BUCOKA BapTiCTh, BEJIMKA Maca aKTUBHHUX MaTrepialliB HE JI03BOJIAIOTh
iif 3alfHATH TiIHE Miclle cepel] Cy4aCHUX BHCOKOTEXHOJIOTTUHHX eNIEKTPUYHHUX MalinH. HoBa KOHCTPYKIIisS MalllMHA
HOCTIHHOTO CTPYMY JO3BOJISIE PO3B'SI3aTH LIIO TIPOOIEMY .
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OcHOBHI pe3yabTaTn

Enextpnuna mMammHa moctifHOro ctpymy 3 6e3oomMorkosuM potopom (EMIICEP) Brano crnosygae B cobi
TiHOCTI, IK CHHXPOHHHX MAIllMH, TaK 1 MaIllMH IMOCTIHHOTO CTPyMYy.

MarhiTHa cHCTEMa OIHOIHIYKTOPHOI ENEKTPUYHOI MAIIMHH MOCTIHHOrO CTPyMy 3 0e300MOTKOBUM
cerMeHToBaHUM poTtopoMm (puc. 1) [8] ckmameThcs 3 kopmycy l, makera craropa 2, oOMOTKH siKops 3, 0OMOTKH
30ymKeHHs 4, CSTMEHTOBAHUX IOJIIOCIB 5, HEMarHIiTHOI BTYJIKH poTopa 6 Ta Baiy 7.

MarHiTHa cucTeMa OiiHIYKTOPHOI €JICKTPUYHOI MAIIUHU MOCTIHHOTO CTPyMy 3 0€300MOTKOBHM POTOPOM
Ta CerMEHTOBaHMM cTatopoM (puc. 2) [9] He Mae CHIIBHOrO SpMa 1 CKIAMAETHCSA 3 PSAAY MarHiTHO-HE3B'SI3aHHX
3youiB III — moxiObHoi dopmu 1, MDK SKUMH YKIaJEHO CeKIii OOMOTKH sKOpst 2, O0OMOTOK 30ymKeHHsS 3,

0e300MOTKOBUX NOJIFOCIB 4 1 HEMAr"HiTHUX JUCKIB 5.
A-A A

Puc. 1. KoncTpyKkuisi 0lHOIHAYKTOPHOI €J1eKTPHYHOI MALIMHYU NOCTIiiHOro cTPyMy 3 6€300MOTKOBHM POTOPOM Ta CETMEHTOBAHUM
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Puc. 2. Koncrpykuist 6iiHIyKTOPHOI eJIeKTPUYHOT MAIUMHHU NOCTIHHOTO cTPYMY 3 6€300MOTKOBHM POTOPOM Ta CerMeHTOBAHUM
cTaTopoM

HasBHicTh BigkpuTHX 3 000X OOKIB Ma3iB Mix 3yOIsaMu ctaropa (puc. 2) ab0 CEerMEeHTOBAaHOTO POTOpa
(puc. 1) cTBOpIOE psII TOBITPSHUX NPOMDKKIB, IO NPU3BOAWUTH JO 3HIKEHHS MAarHiTHOI MPOBiAHOCTI
MarHiTOIpPOBOJY B IONEPEYHOMY HANPSIMKY, 1110, Y CBOIO Yepry, MPU3BOAUTH JI0 MOCIA0ICHHS OIS Peakuil SKops
@, 1 BITMOBH BiJ JOAATKOBUX TIOJIFOCIB Ta KOMIIEHCAIIIHOT 0OMOTKH.

Y EMIICEP 000X KOHCTpYKIIii Bci 0OMOTKH HEPYXOMi, @ 3MiHa MarHiTHOTO HOTOKY, 1110 IIPOHU3Y€E OOMOTKY

SIKOps1, BIIOYBA€ThCS 32 paxyHOK MepeMillieHHs (hepoMarHiTHUX MOIIOCiB 6e300MOTKOBOTO poTopa (puc. 3).
It 2t 3t 4t It 3

@ 4
Eﬂ
u @ : @ ‘.e :

[eTéTéT8]

jt:{
o L___

a 0
Puc. 3. 3mina noroko3uenyieHHs1 B Yaci B 0lHOIHAYKTOPHOII Ta OiingykTopuoii EMIICBP

r4444
%R
=
S
m—

BicHuk XMeAbHUYbK020 HaYioHaabHO20 yHisepcumemy, Ne5, 2020 (289) 219



Technical sciences ISSN 2307-5732

Y EMIICBP, sx i B iHOYKTOpHIH MamIWHi, BEIMYMHA MArHITHOI IHOYKOii B poOOYOMY MPOMIXKKY
3MIHFOETBCS TITBKH 332 BEIHMYMHOIO, 3aJUIIAIOYMCh HE3MIHHOIO 3a HampsmMkoM. lle mospossie BBakatu EMIICBP
000X KOHCTPYKIIIH MalllMHAMU TOCTIHHOT'O CTPYMYy 1HIYKTOPHOTO THITY. SIK 1 y 1HAYKTOPHIN €JeKTPUYHIA MAalllvHi,
y EMIICBP e gactka OOMOTKH SIKOPSI IPHMAE y4acTh y MePeTBOPEHHI EHEPrii.

VY onnoinaykTopHomy Bapianti EMIICBP y nmeperBopenHi eHeprii npuiimae ydactb 50% 0OMOTKH sIKOpst
IIPH 9acTOTi epeMarHiqyBaHss f=V/(2-7) (puc. 3,a). Y Giingykropaomy Bapianti EMIICEP y neperBopenHi eHeprii
npuiiMae ydactb 66% OOMOTKH SIKOps, aje NpH LbOMY IijJ LHEHTPaJIbHUM 3yOlleM 4acToTa NepeMarHidyBaHHS
MOJIBOKOETRCS f=V/T (puc. 3,0).

BigMiHHICTB 110 YacTOTI IepeMarHiuyBaHHs i BU3HaYa€ BUKOPHCTaHHS JaHUX KOHCTPYKIIN JJIs1 BUCOKHX 1
HU3BKUX IIBUIKOCTEH 00epTaHHS.

V TenepinIHiii yac eJEKTPUYHI MAIIMHN po30yJOBYIOTH 33 ABOMA HANIPSIMKaMH:

- 30UIbILIEHHS] HOMIHAJIBHOT IIBUKOCTI 00epTaHHs JABUTYHA, a, OTXKE, 3MEHIIEHHsI rabapuTiB eNeKTPUYHOT
MamuHy i 30insmenHs i KK/,

- 3MEHIIECHHS! HOMIHAJbHOI IIBUAKOCTI OOEpTaHHS IBUTYHA IPU BiJMOBI BiJ BUKOPHCTaHHS PEIyKTOpa,
TOOTO, CTBOPEHHSI BHCOKOMOMEHTHHX Oe3penyKTopHuX enekrpuaanx MamuH 3 KK 6insmre, Hix 3aramsamii KK
penykTopa it IBUryHa.

[MpuknagomM 3acToCyBaHHS BHCOKOOOEPTOBHX CJICKTPHUYHHMX MALIMH MOXE CIY)KUTH OyJyBaHH:
eJeKTpOMOOLTIB, J¢ BXKE ChOTOAHI HOMiHAllbHA MIBHIKICTH oOepTaHHS ABUTyHa mopiBHIoe 4000-5000 06/xB, a
MaKcHMallbHa MIBUAKICTh oOepTaHHs mpu po3roHi no tpaci 12000-14000 o6/xB [10]. Y HaiiOmik4iil nepcrnekTusi
OCATHEHHSI MaKCHUMaJIbHOI mBuAKocTi ooepranas 30000 06/xB.

Sk BimoMo, MakcHMMallbHa HIBHJKICT OOCPTaHHS EJNEKTPUYHOI MAIIMHU OOMEXEHO JBoMa (haKTopamm:
MEXaHIYHOI0 MIIHICTIO POTOpa W 3pOCTarouMMH BTparamMu B cTaii. CTaTop BUCOKOMIBHUIKICHOI €IEKTPHYHOI
MalllMHYA [TOBHHEH BUTPUMYBATH BEJIMKI 3yCHJUIS Ha CKpY4YyBaHHS, TOMY BiH Ma€ OyTH IIUJIBHAM, MaTH BiJTHOCHO
HEBEJIMKY Macy il BEIMYMHY BTPAT y CTaJIi.

KoHcTpyKIist OAHOIHAYKTOPHOI €EeKTPUYHOI MAIIMHN TTOCTIHHOTO CTPyMYy 3 0€300MOTKOBHM POTOPOM Ta
CerMEHTOBaHMM POTOPOM TMOBHICTIO BigmoBimae muM kputepisMm (puc. 1). Ockineku EMIICBP € wammHOIO
IHIYKTOPHOTO THITY, TO BEJIMYMHA i HANPSIMOK MAarHiTHOTO TMOTOKY B KOpITyci i momocax potopa (puc. 1 mos.1, 5),
3JIMNIAETHCS HE3MIHHOIO, TOMY BOHM MOXKYTh BUIOTOBJISITUCS 31 3BHYAiHOI KOHCTPYKILiHHOI crami. Y paHii
KOHCTPYKIIi IepeMarHiayeTbcsl TUTBKU MMaKeT CTaTopa, KMl Mae BiIHOCHO HEBENHKI Macy W o0cAr i 30upaeTbes 3
JIMCTIB €JeKTpOoTeXHIYHO] cTan Masoi mupuau 0,05 abo 0,08 mMm.

IopiBusnbHi po3paxyHkd EMIICBP i3 enektpoMaraitHuM 30ymkeHHs M — Py=84kBt, n,=400000/x8,
U,=500B 3 aHaNoriyHM CHHXPOHHUM PEaKTHBHUM ABHUTYHOM 3 mimMarHigyBaHHsSM(CPIIT) [11] moka3aB MeHmIuit
KK EMIICBP =94,1% nportu KITJJ CPAII = 96,2%, pizHuus 2%, aje npH 1IbOMY BapTiCTh aKTHBHUX MaTepiajiB
EMIICBP=109,7 eBpo, CPIIT =195,5 eBpo, pizuanus 44%.

Koncrpykist  OiiHIyKTOPHOI €NEKTPUYHOI MAalIMHU TOCTIHHOrO CTpyMy 3 O€300MOTKOBHM pOTOPOM Ta
CErMEHTOBAaHNM CTaTOPOM TPH3HAYEHA JUTSI MAIMX IIBHUIKOCTEH oOepTaHHSA. Maja MBHIKICTh, Majli BTPATH B CTai, MaJli
TaHI'eHILAIbHI HABAaHT@KEHHS HA OKpeMi 3yOmi, IO J03BOJSE 3aCTOCYBATH CEIMEHTOBAHMH CTArop, NpH LBOMY B
MePETBOPEHHI eHeprii npuiiMae yuactsb He 50, a 66 % 00MOTKH SIKOPS, 110 MO3UTHBHO [I03HAYAETHCS HA ra0apuTax MAaIllHHH.

IMopiBastnbHi pospaxyHkun  EMIICBP i3 enexkrpomarnitHuM 30ymkenHsM  P,=1kBt, n,=60000/xs,
U,=300B 3 aHanoriyHuM CHHXPOHHHUM reHepatopoM 3 moctiiinumu Marditamu (CI'TIM) [12] mnoka3zaB Oinbiny
epextuBHicte EMIICBP - 1472kBtT npotu edexrusrocti CI'TIM  1213kBt1, pizaunsg 18%, ane npu mpomy
Bapticte EMIICBP=1150$, CI'TIM =28008, pi3auus 59%.

BucHoBku

Po3risiHyTI €MeKTpUYHI MalllMHA MOXYTh €()EKTHBHO BUKOPHUCTOBYBATHCS SIK Y BUCOKOOOEPTOBHX, TaK i B
HU3BKOOOEPTOBUX MeXaHi3MaX, JO3BOJISIOYM TOBHICTIO pealli3yBaTH BCi MO3UTHUBHI MEpeBaru KIACHYHUX MalluH
MOCTIHHOTO CTPyMY.
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