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OIIHKA I'OJIOBHHMX PO3MIPIB TATI'OBOI'O CUHXPOHHO-PEAKTUBHOI'O
EJJEKTPOJABUI'YHA 3 TOCTIMHUMHU MATHITAMHA

Y ecmammi posensanymi numanms npoekmyeanHs msa208020 CUHXPOHHO-PEAKMUBHO20 eNeKMPOOSUSYHA 3 NOCMIUHUMU MASHIMAaMu
nomyoicuicmio 180 kBm 015 npugody koxic mponetidyca. 3anponoHo8ano cnocib GU3HAYEHHS 20I06HUX PO3MIDIE eleKmpOO8USYHd,
AKUIL NOEOHYE AHATTMUYHUL UOID nApamempie Cmamopa ma YuceabHo-noIb08i PO3PAXyHKU 071 8ubOpy napamempie pomopa. Iloka-
3aHa HeOOXIOHICMb NepesipKu MeXaHiyHOl MIYHOCMI pomopd, 6 AKOMY po3mauiosano nocmiuni maewimu NdFeB y nomoxogux
bap ‘epax. Y pezyromami 00cniodicents GUIHAUEHO POIMIPU AKMUGHUX YACMUH, OOMOMKOGI OaHi cmamopa ma KOHCMpPYKMueé pomo-
pa erexkmpoogueyna. bion. 17, tabun. 3, puc. 5.

Kniouogi cnosa: cHHXPOHHO-PeAKTUBHUI JBUIYH 3 MOCTIHHMMH MarHiTaMM, TSrOBUH eJeKTPONPHBOI, NMOCTiHMII MarHir,
eHeproe)eKTUBHICTb.

B cmamve paccmompenvl 80npocul NPOEKMUPOBAHUSA MAL08020 CUHXPOHHO-DEAKMUBHOZ0 NEKMPOOSULAMeNs ¢ NOCMOAHHbIMU
macnumamu mowpocmoio 180 kBm 0na npugeoda xonec mpoanetidyca. Ilpeonosicen cnocob onpedenenus 2i1a6HbIX pa3smMepos dJeK-
mpoosuzamens, KOMOpwlil couemaem aHATUMUYecKull 8olOop napamempos Cmamopa U YUCileHHO-nojegble pacyemvl Oiis 6bl00pa
napamempoe pomopa. Ilokazana HeobXxoouMocms npoGepKU MeXAHUYECKOU NPOUYHOCHU POMOPA, 8 KOMOPOM PACHONIONCEHO NOCMO-
annvie maznumusl NdFeB 6 nomokosvix bapvepax. B pesynbmame uccrnedosanus onpedeienvl pazmepvl aKMUHbIX Yacmell, 006Mo-
MouHble OAHHble CMAmMOopad U KOHCMPYKMuUe pomopa snekmpoosuzamens. buon. 17, tadn. 3, puc. 5.

Kniouesvie cno6a: CHHXpOHHO-PEAKTHBHBII IBUraTe/Ib ¢ NOCTOSSHHBIMH MAarHUTAMM, TATOBBIH 3JIEKTPONPUBO/, MOCTOSTHHBII

MATHHUT, 3HeProd(peKTHBHOCTD.

Beryn. Ha remepinmmiii dWac 3aralbHOCBITOBOIO
MPAKTHKOIO € 3aCTOCYBAaHHS Ha PyXOMOMY CKJIAfi 3aii3-
HHIb, POMHCIOBOTO Ta MIiCBKOTO TPAHCIIOPTY TATOBUX
SNIEKTPONPUBOAIB 3 ACHHXPOHHHMH €JIEKTPOABUTYHAMH
[1-3]. B Ykpaini y mupokux Macmradax TSIroBi acHHX-
POHHI €JEKTPOIPHBOIM 3aCTOCOBYIOTHCS HA PYXOMOMY
CKJIaJli MICHKOTO €JIEKTPOTPAHCIIOPTY Ta MaricTpajibHUX
3aii3Hullb [4]. [0J0BHUMHU mepeBaraMu TATOBOTO aCHHX-
POHHOTO €JIEeKTPOIPUBOAY BBaKAIOTHCSI BUCOKI €HEPreTH-
YHI Ta Maco-rabapuTHI MOKa3HWKH, BUCOKWH piBEHb Ha-
JIMHOCTI, MPOCTOTa KOHCTPYKLIi, BENUKI TEPMIHHM MiX
obciyroByBanHsaM [5]. [IpoTe BUMOTH MIOKO 3MEHIIICHHS
SHEPro- Ta PECYpPCOCHOXHBAHHA PYXOMHM CKJIAIOM
TPAHCIOPTY CTaBJIATH TEpel HaAyKOBO-TEXHIYHOI CITUTB-
HOTOIO 3afayi fK IIOJO HOAAJIBIIOTO yIOCKOHAJIECHHS
TSATOBHX ACMHXPOHHUX €JIEKTPOIPHBO/IIB, TaK i pO3POOKY
Ta AOCIIIHKEHHS HIIUX THIIB SJIEKTPONPUBOIIB [6]. Allb-
TEPHATUBHHUM MiAXOJOM JUISl MiJABUIIEHHS €(QEeKTUBHOCTI
TSITOBOTO €JIEKTPOIIPUBOJLY € BUKOPHCTaHHSI CHHXPOHHUX
JBUTYHIB 31 30y DKEHHSIM Bijl MOCTIHHUX MArHitiB [7], ane
BEJIUKA Maca BHUCOKOKOCPLMTHBHHMX MOCTIIIHUX MAarHiTiB
3HAYHO 301JBLIYyE 3aTPaTH Ha BUPOOHMITBO TaKHX EJIEKT-
POJIBHIYHIB.

AHani3 JiTepaTypHHX [JaHMX Ta TOCTAaHOBKA
npo6aemn. CrnennigHOIO OCOOTUBICTIO TSATOBOTO €JEK-
TPONPUBOAY € IIMPOKHH Hialla30H PETyNIIOBaHHA YacTOTH
o0epTaHHS Ta MOMEHTY, a OTXe, BXJIUBHM € 3abe3re-
YEeHHsS BHCOKMX EHEPreTHYHHX IIOKA3HHKIB TATOBOI'O
NPUBOJY Y PI3HUX PeKUMax poOOTH. 3a OL[IHKAMH Pi3HUX
aBTOPIB, TaKi XapaKTEPUCTHKU 3a0e3NeYylOTh CHHXPO-
HHO-PEaKTUBHI €JIEKTPOABUTYHU 3 MOCTIMHUMH MarHiTta-
mu (CPHIIM) (permanent magnet-assisted synchronous
reluctance motor — PMSynRM, PMA-SynRel) [8-12].
[pu upoMy MacorabapuTHI MOKA3HUKH Ta BAPTICTh IBH-
T'YHa TaKOr'0 THIY € NOPIBHIHUMH 3 aCHHXPOHHUM EJICKT-
POIBUTYHOM, a OT)KE TSATOBHU MPHUBIZ HA OCHOBI CHHXPO-
HHO-PEaKTUBHOTO €JIEKTPOJBHUIYHA 3 ITOCTIHHUMH MarHi-

TaMHU € «IPSIMOIO AJIBTEPHATHBOIO» TATOBOMY ACHHXPOH-
HOMY €JIEKTPOIIPHBOLLY.

CPAIIM — me CHHXPOHHWI pEakTHBHHUN JBHUTYH
(Synchronous Reluctance Motors — SynRM) 3 mocriiiHu-
MU Mariramu ycepeauHi poropa. Kondirypaiiist Tunoso-
ro CPJIIIM naBeznena Ha puc. 1 [8-10].
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Puc. 1. Kondirypanis CPAIIM (a) i cexuist potopa (6).
Tloznaueno: W,, W,, W,,, H,, — TaHTeHIIATIBHI pedpa, HTOTOKOBI
0ap’epy, IIMPHHA Ta BICOTA MOCTIHHIX MarHiTiB pOTOpa BiAIOBITHO

VY 1pOMy JBUTYHI, SIK IPaBHUJIO, 3aCTOCOBYIOTH PO3-
nojisieny oomotky craropy [10, 11]. Jdusa migBHIeHHS
BUKOPHCTaHHSl PEaKTHBHOTO 00EpTaldoro MOMEHTY B
panianbHOMY HalpsIMKYy pOTOpa pPO3MIllleHi OIHMH 3a Of-
HHUM KaHaJIM TOTOKOBUX Oap’epiB. OcobimBicTIO poTopa €
HasIBHICTh TOCTIHHMX MAarHiTiB (piaKo3eMesnbHI MarHitu
tunry NdFeB, ¢eppur Y30), BcTaBneHi B HOro IMOTOKOBI
6ap’epu [11-13]. TTocTiiiHi MaraiTH PiBHOMIPHO HaAMarHi-
4YeHi 1 yTBOPIOIOTH (-Bich poTopa. OCKUTBKH MOCTiiHI
MarHiTd MaroTh NPUOINU3HO TaKy K MPOHUKHICTh, 1O i
HOBITPs, BOHM CTBOPIOIOTH HIIAX 3 BHCOKHUM OIIOPOM i
MarHiTHOIO aHI30Tpomi€l B HampsMKky Bici q. Cranea
YacTHMHA pOTOpPa YTBOPEHAa HEBEJIMKHMH CErMEHTaMH,
130JIbOBAaHMMH OJIMH BiJI OJIHOTO MMOTOKOBHMH 0ap’epamu.
Ii cerMeHTH 3a0€3MEUYIOTh MUIAX 3 MaJHM OMOPOM IIO-
ToKy 110 Bici d. /Iy 3a06e3nedueHHst MiHOCTI KOHCTPYKIii
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poTopy HEoOximHO, m00 (epoMarHiTHI CErMEHTH OyIH
BHYTPIIIHBO TIOB’S13aH1 OAWH 3 OJHUM, TOMY B KOHCTPYK-
nii poTopa BHKOPUCTOBYIOTBCS TaHIeHLIAIbHI pedpa
no0au3y IMOBITPSHOTO NPOMDKKY ToBHIMHOWO W, [14].
3aBAsAKH BCTAHOBJIEHHIO MOCTIMHMX MAar”iTiB TaHI€HI[ia-
JIBHI pedpa HaCHYYyIOTHCS IPH HOPMAJIBbHIN pOoOOTI ABUTY-
Ha 1 TOMy MarHiTHO i30JIIOIOTH Pi3HI CTajeBi CerMeHTH
[14]. 3 ToukHM 30py CTBOPEHHSI 00EpPTAIOYOTO MOMEHTY,
pO3CifOBaHHA MOTOKY, BUKIMKAHE TAHTCHIIATEHUMH ped-
pamu, TOBUHHO OyTH MiHiMamsHUM [11].

Ornsip myomikariii [ 10-14] mokasye, mo BU3HAYCHHS
PO3MIpiB Ta MapaMeTpiB €IEKTPOABUTYHIB 3AiHICHIOETHCS
LIISIXOM YHCENIBHO-TIOJIOBUX PO3PaXyHKIB Y MOEIHAHHI 3
OaraTOKpHUTEpiaJbHOK onTuMi3alieo. BapifioBaHumu
napaMeTpamy, sIK MPaBuUiIo, € TEOMETPUYHI PO3MIpH eje-
MEHTIB MarHitonpoBony. BonHowac, OCKiNbKHM cTaTtop
CPIIIM noniOHuii 10 CTaToOpy €IeKTPOABUTYHA 3MIHHO-
ro CTpyMYy, TO OYEBHJHO, MOKHAa CHPOCTHTH ONTHMi3a-
LifiHy MoOzeNb, 3aCTOCYBAaBIUM JMJIsI CTaTOpa KIIAcH4Hi
METOAM PO3PAaXyHKY MarHiTHOTO KOJIa EIEeKTPUYHUX Ma-
IIMH, a YUCEIbHI PO3PaxyHKH 3aCTOCOBYBATH TITBKH LIS
BH3HAYCHHS KOHQITypaIlii poTopa erekTpoaBuryHa. Kpim
TOTO, Taka JAEKOMIIO3HWIlIS JO3BOJIIE TPOBECTH OLIHKY
PO3MIpiB AaKTHBHUX YAaCTHH €JIEKTPOABHIYHa Ta HOTO
BIIMCYBaHHS y BiIBEACHWI MOHTaXHHH MpocCTip 0e3 4m-
CEeNIbHUX PO3PaxyHKIB MarHiTHOTO TOJIs, BHACIIIOK YOr0
BU3HAYUTHBCA MHOXHHA JONYCTUMUX T'COMCTPUYHUX
napameTpiB craropa.

MeTor podoTH € po3podKa aNropuT™My BHOOPY To-
JIOBHUX PO3MIpPIB TATOBOIO CHHXPOHHO-PEaKTHBHOTO
€JICKTPOJBUTYHA 3 IOCTIHHIMHU MarHiTaMmu.

3amayero JOCHIIDKEHHS € afanTallisa METOIUK BHOO-
Py TOJIOBHUX PO3MIpiB €IEKTPUYHUX MAIIMH Ui iX 3a-
crocyBanHs moao CP/IIM.

Metoanka Budopy ronosuux posmipis CPAIIM.
TonoBHUME po3MipamMH €JIEKTPUIHOT MAITMHA Ha3UBAIOTh
JiaMeTp sKopsi abo JiaMeTp pO3TOYKM cTaropa Ta IX
OCBOBY JOBXHHY. LIi po3mipu 3aiexath Bill MOTYKHOCTI,
YacTOTH OOEpPTaHHS Ta Psy MOKA3HHKIB, SIKi XapaKTepH-
3yIOTb BUKOPHCTaHHS aKTUBHHMX 4YacTHH EJIEKTPUYHOI
ManmH [5]. OCOONMBOCTAMU TATOBHX CICKTPUYHUX Ma-
LIMH €, MO-TIepIIe, PEryJIIOBAaHHSA YacTOTH OOepTaHHS Y
IIMPOKOMY JTiama3oHi (BiAHOMIEHHSI MaKCHMAIBHOI 9acTo-
TN 00epTaHHA 0 HOMiHAJIBHOI MOXE CKJIAAaTH Bix 3 10 5
pasiB, a BiIHOIIECHHS HAHOITBIIOTO MOMEHTY II0 HOMiHa-
JBHOTO — 70 2 pa3iB), a, mo-Apyre, 0OMeXeHHs rabapuT-
HUX PO3MIpiB, TIOB’S3aHE 3 PO3MIIIEHHSIM EJISKTPUIHOL
MaIlIMHU Ha TPAHCIIOPTHOMY 3ac00i Ta il KOMIIOHYBaHHSIM
y TpaHcMicito. Ile y GimbIocTi BUNaKIB YHEMOKIIUBIIOE
BUKOPUCTAaHHs TOCTIHHOI ApHOJIbAA JUIl BU3HAYEHHS TO-
JIOBHHX PO3MIpIB TATOBUX EIEKTPUYHUX MALINH, TOMY AJIs
HHUX po3poOiieHi cnenianbHi npouenypu [3, 5]. 3 ypaxy-
BaHHSM [BOTO JIOLUIEHUM € 3aCTOCYBAaHHS TaKOTO MiIXo-
Iy 1 1 BuOopy ronoBHEX po3mipis CPATIM.

KinmpkicTh map MONIOCIB BH3HAYAETHCS 3 YMOBH 3a-
Oe3mneueHHs MaKCHMalIbHOI YacTOTH OOCpPTaHHS TIPH Haii-
ORI 9aCTOTI HAIIPYTH KUBJICHHS:

60
p = max (1)
nmaX

J€ fmax — HAMOLIbIIA YACTOTA KUBICHHS; My, — HAWOUTH-
11a 9acToTa 00epTaHHs.

OCKIiNTbKY TATOBUH JBUTYH IOBUHEH MAaTH BHCOKHH
CTYIMiHb 3aXHCTY, SIKHA MPUHHSITO 3 METOI0 YHEMOKIIUBH-
TH TOTPAIUISIHHS OpyAy Y NOBITPSHHHA HPOMIXKOK MiX
CTaToOpoM 1 pOTOPOM, OXOJIOJIKEHHs €JEeKTPOJBUTYHA
MOXJIMBE TUIBKM Yepe3 aKciainbHi BEHTWISLIHHI KaHAH Y
craropi. [Ipu Ge3kopmycHiii KOHCTPYKILIi akcianbHi KaHa-
T BUKOHYIOTbCS Oe3rocepenHbo y JIMCTI cTaTopa, Ha-
NIPUKIIa, METOAOM IuTaMyBaHHs. [Ipn KopmycHil KOHC-
TPYKILIi cTaTopa akcialbHI BEHTWIALIHHI KaHaJIH cTaTopa
YTBOPIOIOTBCS KOPITyCOM  €JIEKTPOABHIYHA, N0 SIKOTO
mpuBapeHi pedpa AN MHUXTYBaHHS OCEpIs CTaTopa, Ta
30BHIIIHBOIO TTOBEPXHEIO Oocepast craTopa. HesanexxHo Bin
CHoco0y YTBOPEHHS aKCiallbHUX BEHTHJISALIHHHUX KaHAIB
ix paxmianeHui po3mip (miameTp abo BHcCOTa) MOXe OyTH
npuitHATHiA piBHUM 12...20 MM (MEHILI 3HaY€HHS — MPH
KOpIycHil KoHCTpykuii). /logaBmm 10 1poro po3mipy
TOBIIMHY Kopmycy 8...10 MM Ta TEXHOJIOTiYHI 3amacy Ha
BUTOTOBJICHHSI OTBOPIB, OTPUMAaeMO 30BHIMIHIA JiameTp
MarHiTonpoBoy craropa (po3paxyHKOBHUH JliaMeTp aKTH-
BHOI wacTuHM). Llg BenmuumMHA miUIATae YTOYHEHHIO 32
pe3ynbTaTaMy po3paxyHKiB Ta KOHCTPYKTOPCHKOTO OTpa-
IIIOBaHHS €JIEKTPOIBUTYHA.

BuyTtpimniii niametp cratopa D; (miameTp «po3Tod-
KI») BU3HAYAETHCS 32 BUPA30M

D,=K-D,, )

ne K — xoedimieHT, SKUA MOPIBHIOE, HANpHUKIA,
0,55...0,65 mpu 2p = 4, p — KiJBKICTh Hap MOJIOCIB, D, —
PO3paxyHKOBHIl JiaMeTp.

JUis  OIIHKHM JIOBKMHU MArHITOIPOBOLY CTaTOpa
pO3paxyeMo BUWIIT JIOOOBUX YaCTUH OOMOTKH CTaTropa 3a
BUPA30M

L, =(0,12+0,15p)-7; +10, (3)

I T — CepenHs MHUPHUHA KOTYIIKH CTaTopa.
OpieHTOBHO cepefHs INUPHUHA KOTYIIKH CTaTopa
MOXxe OyTH BH3HA4Y€Ha 33 BUPa3oM
VA
T =p Lavt > (4)
2p
Iie S — CKOpOYeHHS KPOKY OOMOTKH (Opi€HTOBHO IpHiiMa-
emo piBanM 0,8); Z — KUIBKICTh Ma3iB y CTAaTOPi; 4 —
3yOmeBHii KPOK Ha CepearHI BUCOTH Ta3a.
Haii6inpima KinbKicTh Na3iB BU3HAYAETHCS 3 BUPA3y
0,3...0,4)7D;
7= 03040, 5)
b
ne b, — mmpuHa 3yOus cratopa, sKka NMOBUHHA OyTH He
MeHIe 5...7 Mm;

z

_ H(Dl- +h, )
Lav1 = 7 ’ (6)
ne h, — BHCOTa Ia3y, siIka BU3HAYA€ThCS 33 BUPA30M
h,=(3...4),, (7
ne b, — mupHHa 1azy, sika JOPiBHIOE
bn = Ztzl - bza (8)

Jie t,; — 3yOLeBHI KPOK MO BHYTPIIIHBOMY IiaMeTpy cTa-
TOpa

th= 71 9

Po3mip 0CbhOBOT JOBXHMHH cTaropa NHO JIOOOBUM
4aCTUHAM

L =(0,7...08)L; (10)
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ne L, — moeuHa Kopmycy (BiICTaHP MK IDIONIMHAMHU
T IITAITHAKOBHX IIIHUTIB).

OcpOBa JOBXKMHA MAarHITONPOBOJAY CTaTOopa BU3HA-
Ya€ETHCS 32 BUPA30M

Li=L;-L,. an

@a3Huil CTpyM JABUI'YHA IONEPEAHBO BU3HAYAETHCSA
3a BUPA30M

P-10°

1, =—",
3-Upy-n-cosp

ph (12)
Ae P — HoMiHaNbHA NOTYXHicTh; U,; — HOMiHaNbHa (a3Ha
Hampyra; # — KoegilieHT KopHcHOi aii (Opi€HTOBHO
0,93...0,95 B.0.); cos ¢ — KoediLlieHT NOTYXHOCTI (Opi€H-
toBHO 0,8...0,9).

MarHiTHUH MOTIK €JIeKTPOJIBUTYHA MONEPEAHBO BU-
3HAYAETHCS 32 BUPA30OM

® =oBstl,;, (13)

Je o — Koe(ilieHT MOMOCHOI Ayru (IpuiiMaeMo piBHUM
2/m); Bs — IHIYKIiS y TOBITPSIHOMY HPOMIXKY (TIpuiimae-
Mo He Oinbire 1 Ti); 7 — MONFOCHHH IMTOAIIOK.

[MonrocHMi TOAIIOK BU3HAYAETHCS 38 BUPA30M

r=—1=%, 14
2 (14)
KinmpkicTs BUTKIB y (ha3i 0OMOTKH cTaTopa BH3HAYA-
€THCS 32 BUPA30M
0,95...0,98
W= ﬂ , (15)
4944(Dfnomkwl
ne U,, — dbasna nanpyra; k,; — 0OMOTKOBHIl KoedimieHT
(npuiimaemo piBauM 0,9); f,,, — HOMIHaJIBHA YacToTa
HaIlpyTH

pn
Snom =% >

€ Ty, — HOMIHAJIBHA YACTOTA 00EPTaHHS eNIEKTPOJBUTYHA.
KinbkicTh e(heKTHBHUX NPOBIAHUKIB Y 1Mazy

(16)

2maw
n—- 5 >
VA

e m — KUIBKICTh (ha3 eJIEKTPOABHUIYHA (IOpiBHIOE 3);

a — KUIBKICTh MapajeibHUX TUIOK (CTPYyM MapayiebHOl
TiTkn He moBHHEH nepeBumrysatu 400 A).

JIOIIBHO KiJIbKICTh MapajieIbHuX TUIOK BUOMpATH 3

YMOBH 3a0e3IeueHHs 1IJI0i KUTbKOCTI Ma3iB Ha TONI0C Ta

Pazy

(17

Z

= —_— 18
q 2 pma (18)

INonepenus ominka KoHQirypamii poropa (KiIbKIiCTh
MMOTOKOBUX Oap’epiB, I€OMETPHYHI PO3MIPH IMOCTIHHHUX
MATHITIB) 3MIACHIOETHCS MIISIXOM PO3paxXyHKY MarHiTHOTO
KOJIa eJIEKTPOJBUTYHA 3 BUKOPUCTaHHSIM CXEM 3aMiIlICHHSL.
Kpurepiem BuOOpy BapianTy KoH®iryparii € 3a0e3rnedeH-
HS HOMIHAJIBHOTO 00EpPTal0doro MOMEHTY IIpH HOMiHAIb-
HOoMy (azHOMY cTpymi. [Ipm mpoMy aHami3ylOThCS 3Ha-
YeHHs IHIYKUil y YacTHHAX MarHiTONpoBOAY i, IPH HE0O-
X1JTHOCTI, KOPUTYIOThCSI HOT'0 TEOMETPUYHI PO3MIPH.

ITpn po3paxyHkax mapamMeTpy IMOCTIHHUX MarHiTiB
NPUIMaIOTHCS 3TiHO JaHUX, IO HaBe/eH1 y Tabu. 1.

Tabmus 1
ITapameTpy MOCTIMHUX MarHiTiB

HaiimenyBanns BH?/{?;S::;H;[ 3HaueHHs
Marepiaa Martitis NdFeB
3aMuIIKoBa MarHiTHa IHAYKILis Tn 1,0
Koeprurusna cuna KA/M 850

HacrynHuM eTanom € po3paxyHOK MarHiTHOIO HOJIS
enekTponBuryna y cepemgosumi FEMM, mo yrouHroe
pe3yIbTaTH MONEPEAHBOTO PO3paxyHKy [15-17].

JIONOMDKHUMHU KPUTEPISIMU TIpU BUOOPI KoHGIrypaiii
poropa € 3abe3neueHHs HOro MEXaHIYHOI MIIHOCTI, a
TaKOX 3a/I0BUIbHI PE3YJIbTaTH TEIUIOBOTO PO3PaxXyHKY
€JIEKTPOABUTYHA.

VY SKOCTI NMpUKIIaLy PO3IIISTHEMO HPOLEypYy BHOOPY
rooBauXx po3mipie CPIIIM mis mpuBoy Kodic Tponei0y-
ca 3 TeXHIYHUMH MApaMeTpamMu, HaBeICHHUMH y Tabiu. 2.
TexHiYHI TapaMeTPH BiAIIOBINAIOTh TATOBIM aCHHXPOHHUM
CIIEKTPOABUTYHAM, SIKi 3aCTOCOBYIOTHCS Ha TPOJIeiiOycax.

Tabmums 2
Texniuni mapamerpu CP/IIIM
HaiimenyBanHs BH?/I?;Z:;I:HX 3Ha4yeHHs
HotyxHicTs kBT 180
JliniliHa Hampyra B 400
®dasHuil crpym A 350
Howminanena gactora obepTaHHs 00/xB 1500
MowmenTt Hwm 1110
Haii6inpmma yactora obepraHHs 00/xB 4000
MakcHMalibHa YacTOTa KUBJICHHS I'm 150

Kpurepiem BubGopy € 3a0e3lnedeHHs MOMEHTY
1100 Hm mpu daznomy crpymi 350 A. 3 aHami3zy KoHc-
TPYKLI aHAJNOTIYHUX AaCHHXPOHHHUX NIBUTYHIB (A1903,
ATA-1, 6/ITA.002.1) 3HaX0AMMO, III0 30BHILIHIN TiameTp
eJIeKTPOJBUTYHA HE NOBHHEH mepeBuinyBata 500 MM,
0ChOBA JIOBXKMHA 10 Kopirycy — 700 M.

INpouenypa BU3HAYECHHS TOJIOBHUX PO3MIpPIB TATOBO-
ro CPJIIIM siBnisie co0oto cepito po3paxyHKiB, SKi CKiia-
JAIOTHCSI 3 PO3PAXYHKIB 332 AHATITUYHUMH BHPA3aMHU
(1) = (17), po3paxyHKiB MarHiTHOTO IOJISl Y CepelOBHUII
FEMM (puc. 2) Ta po3paxyHKiB pOTOpa Ha MiLHICTh
(puc. 3). Po3paxyHKH NMpOBOAMIMCS VIS NEKUIBKOX 3Ha-
YeHb KUIBKOCTI Ma3iB cTaTopa, MiCisi 4Oro BU3Hayajacs
KIJIbKICTh €()eKTHBHUX NMPOBIAHUKIB y ma3zy. [licis mporo
BHUKOHYBAJINCS] pO3paxyHKH MarHiTHOTO KoJla cTaropa Juis
OIIHKH 1HAYKIIT y 3yOIsX Ta sipMi (JOITycTUMI 3HAYCHHS
— He Oimpre 1,7 Tn. Y pasi nepeBUIIEHHS] — KOPUTYBaIH-
Cs1 TEOMETPHUYHI po3Mipu masiB). [aii po3poOssiBCs €CKi3
MOINIEPEYHOT0 NMEPETHHY EIEKTPOABUTYHA ATl PO3PAXYHKY
MmarHiTHoro mnousisi y cepenoBuiti FEMM. PospaxyHku
MIPOBOJIMIIMCS JIJIsl BapiaHTiB KOH(QIrypariii poropa 3 JBO-
Ma Ta TppbOMa Mapam NOTOKOBHX Oap’epiB. ToBuiuHa
MOTOKOBOrO Oap’epy mnpuiiManach piBHOIO 10 MM.
Bincranp Mixk MOTOKOBUMH Oap’epaMu B OJHOMY IIapi —
5 MM. Y BciX NIOTOKOBUX 0Oap’epax MICTATbCS MOCTIHHI
MAarHITH 3 TapaMeTpaMu BiamoBinHO 1o Tadn. 1. Po3paxy-
HOK MAarHiTHOTO TIOJISl €JIEKTPOABUTYHA BUKOHYETHCS VIS
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ctpymy cratopa 350 A, BIINOBIAHO 0 SIKOTO 3 ypaxy-
BaHHAM CXeMH OOMOTKH CTaTopa pO3paxOBYEThCS MarHi-
TOpYIIiliHA CcHiia MPOBIAHUKIB 0OMOTKHM craTopa. Po3pa-
XYHKH TPOBOJSTHCS AJIsl JEKUJIBKOX IIOJIOKEHb pPOTOpa.
Jlis  po3paxyHKOBHX BapiaHTIB, /€ €JICKTPOMATrHITHUI
MOMeHT csirae noHag 1100 Hm, BUKOHYIOTBCS pO3paxyH-
KM poTopa Ha MIIHICTh TpH YacToTi oOepTaHHs
4800 06/xB. SIkmo MexaHiuHa MIIHICTH poTOpa 3abe3rie-
gyeThcs (MPUAHATO, MO KOEe]ImieHT 3amacy MIIHOCTI
MMOBUHEH OyTH Oinbmie 2), TO BapiaHT NPHUIAMAETBCA Y
SIKOCTI poOOoYOoTO.

BukoHaBIM y BHIlle3a3HaueHUH Croci0 cepiro po3-
paxyHKiB Oyio BuzHaueHo koHoirypauiro CPAIIM, sikuii
3aJI0BOJIbHSIE TEXHIYHUM [apameTpaM, 3a3HaueHHM Yy
Tadir. 2.

Jani craTtopa HaBeneHO y Tabi. 3, pe3yabTaTh po3-
paxyHKy MarHiTHOT'O HOJISI — Ha pHC. 2, pe3yJbTaTu po3-
paxyHKy poTopa Ha MilHicTh — Ha puc. 3. Ecki3 poropa
IIOKa3aHO Ha pucC. 4, 3aJIeXKHICTh MOMEHTY €JIEKTPOBUTY-
Ha BiJI KyTa IIOBOPOTY poTOpa — Ha puc. 5.

Tabmums 3
JaHi craropa
HaiimenyBanus 3Ha4yeHHs
KinbkicTb nasis 36
KinpkicTb epeKTHBHUX HPOBIAHUKIB y Ha3y 6
KisnbKkicTh mapanesbHuX TiIoK 1
KoeoilieHT cKOpoUeHHST KPOKY 0,778

KisIbKiCTh eIeMeHTapHUX MPOBiTHUKIB

y e(eKTHBHOMY 3 (1o BucoTi)

Kpoxk no nazam 1-8-19
3’equanHs (a3 — «3ipka»
Po3paxyHKoBHif 30BHIIIHIH giaMeTp cratopa, M 0,46
JliameTp po3TOuKH, M 0,3
OcpoBa IOBXKHMHA MarHiTOIIPOBOY, M 0,3
O/HOCTOPOHHI MOBITPSIHUH TPOMIKOK, M 0,001
P03M.ipI/I l'Ip.OBi}:[HI/IKa 0o0MOTKH cTaTopa 1.6x12.5
(06e3 i3oums11ii), MM ’ ’
Bucora nazy, m 0,040
[upuna nazy, m 0,0145

13180001 1 2,6326-001
<4,1560-004 : 1.3150-001
Derity Pict: |8], Tesls

Puc. 2. Pesynpratn po3paxyHKy MartitHoro mois y FEMM

Critenan : Autoratic
Factnr oF snfatty distrbusies M

Puc. 3. Pe3ynpraTi po3paxyHKy poTopa Ha MiIHICTh
y SolidWorks Simulation

Puc. 4. Ecki3 poropy CPAIIM

Q§

Torgue (Nm)

Angle of rotation (electrical degree)
Puc. 5. 3anexHicTh MOMEHTY BiJl KyTa MOBOPOTY POTOpa

Sk 6aunmo 3 puc. 5, HeoOXiqHUI MOMEHT, SIKHH J10-
piBaroe 1100 HM, nocsiraetsest npu po3paxoBaHii KOH}i-
rypamii akTHBHHX YacTHH eJIeKTPOABHMIYHA. Brim ciin
3a3HAYNTH, TI0 Y HABEACHOMY IMpHKIaAi KoHpirypamii
CPJIIM MakcuManbHHIA MOMEHT €JCKTPOJBUTYHA He-
CYTTE€BO NEPEBHIIYE HOMIHAIBHHA MOMEHT, IO MOXE
HETaTUBHO BIUIMHYTH Ha MPALE3JaTHICTh TATOBOTO €JIEK-
TPOIIPHUBOY TPOIEHOYCY.

OO0ropopeHHs1 pe3yJbTaTiB. 3amponOHOBaHA METO-
JIMKa JTO3BOJIMJIA BU3HAUMTH HapameTpu cratopa CPIIIM
aHAJITUYHO, 110 3MEHIIMIO KUIbKICTh BapiaHTIB IS YKCe-
JIHO-TIOJILOBUX PO3PaxyHKiB. MeTOMKy anpoOOBaHO Mpu
pospaxynky CPJIIIM notyxsictio 180 kBTt mis npuBoxy
KOJIiC TpoJjerOyca. 3 METOH IOAANBIIOr0 3MCHIIICHHS
YHCEJIbHO-TIOJbOBUX PO3PaxXyHKIB JOLLUIGHE aHaJITUYHE
BU3HAYCHHS MapaMeTpPiB I OMIHKK POOOYHX XapaKTepHC-
THK eJNeKTPOIBUTyHA. HeoOXimHMM € BH3HAYCHHS Ta 3a-
CTOCYBaHHS y PO3POOJICHI METOMIII KPUTEPIiB, 10 Bpa-
XOBYIOTb YaCTOTHE KE€PYBaHHS €IEKTPOABUTYHOM.
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Bucnoskn.

1. ¥V crarrti 3anpoIrOHOBaHO AITOPUTM BHOOPY TOJIO-
BHHMX PO3MIPIB TATOBOI'O CHHXPOHHO-PEAKTUBHOI'O €JIEKT-
POIBUTYHA 3 TOCTIMHMMHU MarHiTamu, SKHiA TIOEIHYE B
co01 aHaNITHYHI BUpa3u AJsi BUOOPY mapamerpiB craTopa
Ta YUCEIBHO-IIOJIFOBI PO3PAaXyHKH Uil BUOOPY mapamer-
piB portopa. Meroauky anpoOOBaHO IIpM BHM3HAYEHHI
koudirypauii CPAIIM noryxuictio 180 kBr.

2. BuzHaueHo, 1o TOTpeOyIOTH PO3BHUTKY aHATITHYHI
METO/IM PO3PaxXyHKy MArHiTHOTO KOJIa 3 METOK CKOpPOYEH-
HS 9acy Ha BHOIp TOJIOBHUX PO3MIpIB €IEKTPOIBUTYHA.

3. IlotpebyroTh PO3BUTKY METOIH TeIuIo-
BEHTWIALIHHAX  PO3PAaXyHKIB TATOBOIO CHHXPOHHO-
PEaKTHUBHOI'O €JICKTPOJBUIYHA 3 MOCTIHHMMH MarHiTaMu
Ta METOAM PO3PaxyHKY HOro XapaKTEpHCTHK, 32 Pe3yJib-
TaTaMH SKHUX MPUHAMAETHCS PIllIEHHS NPO BiJIOBIAHICTH
€JICKTPOJIBUTYHA TEXHIYHUM BHMOTaM.

Konguiikr inTepeciB. ABTOpH 3asBIAIOTH IPO
BIJICYTHICTb KOH(IIIKTY iHTEpECiB.
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Estimation of the main dimensions of the traction permanent
magnet-assisted synchronous reluctance motor.

Goal. The goal of the research is to develop an algorithm for
selecting the main dimensions of a traction permanent magnet-
assisted synchronous reluctance motor. Methodology. A method
for determining the main dimensions of the motor, which com-
bines the analytical selection of stator parameters and numeri-
cal field calculations for the selection of rotor parameters. The
need to check the mechanical strength of a rotor with permanent
NdFeB magnets in flux barriers is shown. Results. The article
proposes an algorithm for selecting the main dimensions of a
traction permanent magnet-assisted synchronous reluctance
motor, which combines analytical expressions for selecting
stator parameters and numerical field calculations for selecting
rotor parameters. It is determined that analytical methods for
calculating the magnetic circuit need to be developed in order to
reduce the time to select the main dimensions of the motor.
Originality. For the first time the sizes of active parts of the
permanent magnet-assisted synchronous reluctance motor with
power of 180 kW for the drive of wheels of the trolleybus are
defined. Practical significance. As a result of research the sizes
of active parts, stator winding data and a design of a rotor of
the electric motor are defined. The obtained results can be
applied when creating an electric motor for a trolleybus.
References 17, tables 3, figures 5.

Key words: permanent magnet-assisted synchronous reluc-
tance motor, traction electric drive, permanent magnet,
energy efficiency.
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