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ONPEOENEHUE ONTUMAJIbHbBIX TABAPUTHbIX
PA3SMEPOB OJ114 BEHTUJIbHbIX MALUUH
C AKCUAJIbHBbIM MATHUTHBIM NMOTOKOM (BMAIT)

C.A. NaHOxa, A.C. MapmbsiHo8

[TpuBoAATCS pe3yabTaThl HCCIESIOBAHUS IO BBHIOOPY ONTHMAJIbHOTO COOTHOIICHUS MEXIY HApyKHBIM U
BHYTpeHHUM JuamerpoM it BMAII ¢ cermeHTHRIMU MarHuTaMu. OCHOBBIBasICh Ha TOM, YTO 3JIEKTPOMAarHUT-
Hast MolHocTs BMAII nponoprroHansHa MarHUTHOMY ITOTOKY M CEYEHHIO IIPOBOJHUKOB ITOJFOCHOTO JeICHUS,
OBLIO OTMEYEHO, YTO OCeBasl JUIMHA MAIIMHBI B MEHbBIICH CTEHCHH BIIUIET Ha MOLIHOCTh. B OoJblieil creneHu
Ha BBIXOJHYIO MOIIHOCTh NPH ()UKCHPOBAHHOM HAapYy)KHOM AWMAMETpe BIMsACT BHYTpeHHHH auamerp. Ecmm
BHYTPCHHHH AWAMETp NMPHOIIDKAETCs K HAPY>KHOMY, TO IPOMUCXOAUT YMEHBIICHHE MAarHUTHOTO moTtoka. [Ipm
YMEHBIICHHH BHYTPEHHETO JHaMeTpa COKPAIIACTCsl CeUCHHE MIPOBOJHHUKOB SKOPHOH 00MOTKH. Takum obpa-
30M, CYIIECTBYeT ONTHMAIBHBIM BHYTPEHHUH AMaMeTp, 00ecTIeuMBAIOINN MAaKCHMAJIbHYIO BBHIXOIHYIO MOII-
HOCTh IpU (PUKCHPOBAHHOM HaApY)XHOM auameTpe. B pabore ompeneneHbl M TEOPETHYECKH JOKa3aHbl ONTH-
MaJlbHbl€ COOTHOILCHUS MEXAy HapyKHbIM U BHYTPEHHUM JUaMETpaMH aKCHaJIbHBIX MAIIMH A1 MaIrHUTHBIX

CHUCTEM NMPUBMATUYCCKUMU U CCTMEHTHBIMU MaronuTaMu.
Knrouesvie crnosa: eenmunbhble jleKmpuvecKkue Mauunvl ¢ AdKCUAIbHbIM MACHUMHbIM NOMOKOM, CUHXPOH-
Hble JJIeKmpu4decKkue mMaululsvl ¢ 6’036y9f€0€Hu€M ont NOCMOSIHHbIX MACHUMOB, OMHOUIeHUe ceoMempudecKux

pasmepoa.

B Hacrosimiee Bpemst 6071b110€ KOJTHYECTBO Opra-
HU3aIMHA 3aHUMAeTCd W3YYEHHEM BEHTHIIBHBIX JJICK-
TPUYECKHX MAIINH C aKCHAJIbHBIM MarHUTHBIM HOTO-
koM (BMAII). OnpeneneHaple HaydHBIE U MHXCHEP-
HBIE 3afielbl 1[0 D3TOW TeMe HMeeT Kagenpa
SNEKTPOMEXAaHUKU M 3IEKTPOMEXAHUYECKHUX CHUCTEM
IOVYpI'Y[1]. B uwactHOCTH, Ha Kadeape aKTUBHO Be-
IyTcs pabOTHI MO ONTHMH3ALUM T€OMETPUH JIBUTaTe-
Jeil 3Toro Kiacca. B craTbe MpUBOJATCS PE3yJIbTaThl
HCCIIEIOBaHMA 110 BBIOOPY ONTHMAIBFHOI'O COOTHOIIIE-
HUSL MEXIY Hapy)XHbIM M BHYTPEHHHM JHAMETPOM
Juist BMAII ¢ cerMeHTHBIMU MarHUTamH.

B npoexrtHo# npaktrke BMAII wacTo Bo3HHKaeT
3aja4ya, Ipx KOTOPO 3aKa3unK (HPUKCUPYET HAPY KHBIN
nuametp BMAII [2]. B 31X ycia0BHUSIX OCHOBHOM 3a-
Jadeid pa3paboTdyMKa SBISIETCS IOJNydEHHE MaKCH-
MaJIbHOM MOIIHOCTH B OIPE/ICJICHHBIX rabapurax.

W3BecTHO, YTO SNEKTPOMAarHuTHas MOLIHOCTb
BMAII mnponopuuoHaibHa MarHUTHOMY HIOTOKY H
CEUEHHIO MPOBOJHUKOB IONIOCHOrO peneHus [3].
YpaBHEHHE >JICKTPOMATHUTHOM MOIIHOCTH ITOKa3bl-
BaeT, YTO OCeBas JJMHA MAIIMHBI B MEHBIIEH CTCTIEHH
BIHsET Ha MouTHOCTh. OHa ompenenser, B OCHOBHOM,
BBICOTY MarHWTa M COOTBETCTBYIOIIEE €l ONTHMAalIb-
HOE 3HaueHHe MarHUTHOTO NOTOKa. B Gombrueil cte-
MIEHN Ha BBIXOAHYIO MOIIHOCTH NPH (PUKCHPOBAHHOM
Hapy’>KHOM JAMaMeTpe BIMsIEeT BHYTPEHHHHA AHAMETP.
Ecnu BHyTpeHHMH nuaMeTp MpHOIMmKaeTcss K HapyxX-
HOMY, TO NPOUCXOJUT YMEHBIIEHHE MAarHUTHOIO MO-
Toka. [Ipy yMeHbIIEeHUN BHYTPEHHErO IUaMeTpa Co-
KpallaeTcs KOJMYECTBO MeIU SIKOpHOH oOMoTkH. Ta-
KUM 00pa3oM, JOJDKEH CYIIECTBOBATH ONTHUMAJIbHBIN
BHYTPEHHUI JuaMeTp, 00eCleunBaOIUi MaKCH-

MAaJbHYIO BBIXOJAHYIO MOIIIHOCTb IIPH (PUKCHPOBAHHOM
Hapy>KHOM JHaMeTpe.

OmnpenenyM 3TO ONTHMalbHOE 3HAYCHHE IS
Pa3IUYHBIX KOHCTPYKTUBHBIX ucnogHeHnit BMAIIL.

MarHuTHbBIE CHCTEMBI C TIPU3MAaTHUECKUMHU  Mar-
autamu [3]. O6oOIIeHHOE ypaBHEHHE 3JIEKTpOMAr-
HUTHOU MouHocT Anst BMAII ¢ npusmatnueckumu
MarHuTaMHy TIpH Pa3IndHBIX BapHaHTaX KOMMYTalnuu
MOKHO TIPEJICTaBUTh B clieAytomeM Buae [3]:

2
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Bytomieit moaenu [3];
Kop— xO3pOUIMCHT d(DHEKTUBHOCTH KOMMY-

TalKu AJIs COOTBETCTBYIOIIENH KoMMyTanuu [3].
BripasuMm cpegHee 3HAYGHUE HMHAYKIHH Yepes
KOX((UIMEHT 3alOTHCHHUS KOJNbIA CepACYHHKA Mar-
HHUTaMH:
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laHoxa C.A., MapmbsiHoe A.C.

Memoduka uHXeHepHO20 pacyema eeHMUSbHbIX

AJIeKmpu4YeCKUxX MaWluH ¢ akcualJibHbIM MacHUMHbIM NMOMOKOM

CpenHee 3HauCHHME JTHHEHHON HArpy3KH MOKHO
MIPEACTABUTH CIEAYIOUIMM 00pa3oM:
_ hthMe}l"jtl (DBH _Zha) , 3)

P 0,5(D, + D,,)

rae ha — BBICOTA aKTHUBHOT'O CJIOA B pa60qu 3a30p¢;

K e — KOOQOUIMEHT 3aMONHEHNS MEBIO CEK-

LMW STKOPHOH OOMOTKH;
J,— IJIOTHOCTb TOKA B IKOPHOI OOMOTKe.

IloxcrasuB B ypaBHeHue (1) BelpakeHue (2) u
(3), momyumM BBIpaKEHHE HJS OSJIEKTPOMATHUTHON
MOIITHOCTH:
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P, =—7j Bsnh, D, (D, —2h, )|D,—D,, |x
lzoja 8" BH( BH a)( H BH)
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XK oK mod Ko -

MeaH

3aukcupyeM HapyXHbIH THaMeTp W HaigeM orl-
TUMaJbHOE 3HAaUCHHWE BHYTPEHHETO JWaMeTpa, COOT-
BETCTBYIOIIEE MaKCHUMyMY 3JIEKTPOMAarHUTHOM MOII-
HOCTH. [IJI1 3TOTO NMPOU3BOAHYIO 3JIEKTPOMArHUTHON
MOIITHOCTH TI0 BHYTPEHHEMY AWaMETPy NpHpPaBHIEM K
HYJIIO.

[Nomy4um cnenyrolee KBaipaTHOE ypaBHEHUE.

3D2, -2(D, +2h,)D,, +2h,D, =0.
JanHOE ypaBHCHHE MMeEeT OIHO (DM3UYECKH pe-
AJIbHOC PCIICHUC.

2D, +2h,)+ \/4(DH +2h,)} +24h,D,
BH = 6 '

VYuuteiBasg TOT (akT, YTO BBICOTA AKTHBHOTO
CJIOS HMMEET CYIIECTBEHHO MEHbLIEE 3HA4Y€HHE IO
CPaBHEHHUIO C HApYyXHbIM JIUAMETPOM, YypaBHEHHUE
MOJKHO IPpeo0pa30BaTh K YIPOIICHHOMY BUY:
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Takum 00pa3oM, ONTHMAIEHOE COOTHOIICHHE
MEXAY BHYTPEHHHM M Hapy>XHbIM JUAMETPOM IS
MPU3MATHYECKAX MAarHUTOB, OOCCIICYHMBAIOIICE MaK-
CHUMAITBHYIO 3JICKTPOMATHUTHYIO MOIIIHOCTH TPH (HHK-
CHPOBAHHOM HAapYy>KHOM JHAMETpE OIpeAessieTcsl Co-
oTHomeHHEeM (4). IloxydeHHast 3aBHCHMOCTH ITO3BO-
JSeT COKPAaTUTh YHCIO HE3aBUCHUMBIX IEPEMEHHBIX
pu ontummzanud BMATL

OnpenenyM 3TO ONTHMAaNbHOE 3HAYCHHE JUIA
BMAII ¢ cermMeHTHBIMHM MarHutamu. Ha pucyHKe
n3o0pakeHa MOJENTh C MAarHUTHON CHUCTEMOM, conep-
JKallel CerMeHTHbIE MarHUTHI.

Ilo aHamorun ¢ MarHUTHOM CHCTEMOM, UMEIOIIEH
MPU3MaTUYECKUE MAarHuThl, YpaBHEHHE 3JIEKTpOMar-
HUTHOM MOIIHOCTUA HJsl MOJENed C CErMEHTHBIMH
MarHUTaMHu MO>KHO MPEJCTABUTH B BUJI€ YPAaBHEHUS:
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Mopaenb ¢ cerMeHTHbIMW MarHuTamun

Cpennee 3HadeHHE MHAYKINHU Yepe3 Kod¢huuu-
€HT 3aIl0JHEHHS KOJIbI]a MarHUTOIIPOBOIa MAarHUTAMHU
MOYXHO BBIPa3HUTh YpPaBHEHHEM:
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mar

Bs, (6)
rae K,,.— K03QdHIMEHT 3aN0MHEHUs OUCKA HHIYK-

TOpa CeTMEHTHBIMHU TTOCTOSTHHBIMHA MarHATaMu.
CpenHee 3Hau€HHE JTHHEHHON HArpy3KH MOXKHO
BBIPa3UTh YpaBHEHUEM:!

_ haKMe;mja (DBH _Zha)
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IloxcraBum BeIpaxenus (6) u (7) B ypaBHeHHUe
9JeKTpoMarHuTHo MomHocTH (5). ITlomydum cie-
ITyFoIIee BEIPaKCHUE!
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3adukcupyeM HapyXHbIIl AUAMETp KOJbla U OIl-
penenuM 3HaueHHEe BHYTPEHHEIOo IHaMeTpa, KOTOpoe
o0ecreunBaeT MaKCUMAaIbHYI0 DJIEKTPOMAarHUTHYIO
MOIIHOCTB. [l 3TOro BO3BMEM MPOU3BOAHYIO OT
3NEKTPOMArHUTHOI MOIIHOCTH 1O BHYTPEHHEMY IHa-
MeTpy U npupaBHsieM ee k 0. B pesynbrate nmomydum
cnenymrouiee KBaJpaTHOE YpaBHEHUE:
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3D, —4h,D,, —D? =0.

KBanparHoe ypaBHeHHe MMeeT cienyromee (Qu-
3WYECKH peabHOE peIlIeHNUE:

4h, ++16h,% +12D?
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BH .
6
BricoTa akTUBHOTO CIIOSI 1O CPABHEHMIO C Ha-
PYKHBIM THaMETPOM SIBISIETCS CYIIECTBEHHO Masoi
BEIIMYUHON U eil MOXHO mpeHeOpedysr. Torma onTu-
MaJbHOE 3HAYCHHE BHYTPEHHETO JAMaMeTpa IIpH
(UKCHPOBAaHHOM Hapy)XHOM, KOTOpoe obecreynBa-
€T MaKCHUMaJIbHYIO 3JICKTPOMarHUTHYI0 MOIIHOCTh
JJIS BapHaHTa C CETMEHTHBIMHU MarHuTaMmu, Oyner
paBHO:
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3neKTpomexaHquCKMe Cnctembl

TakuM 00pa3oM, ONTUMAIBHOE COOTHOIICHUE
MEKAy BHYTPCHHHUM M HApPYKHBIM JHAMETPOM JIIst
CEeTMCHTHBIX MArHHATOB, OO0ECIICUYMBAIOIIEC MAaKCHU-
MaJIbHYIO 3JICKTPOMArHUTHYIO MOLIHOCTh IpU (pHUKCH-
POBaHHOM HapY)KHOM JIMaMETpe, ONpPeessieTCsl CO0T-
HoteHueM (8).

BriBoabI

OnpenencHbl W TECOPSTUYCCKH JOKA3aHBI OITH-
MaJIbHBIC COOTHOIICHUS MEXIYy HApyXKHBIM M BHYT-
pennuM nuametpamMu BMAII nnst MarHUTHBIX CUCTEM
C CETMEHTHBIMH MarHuTamu (8).

[NoyyeHHasT 3aBHCHMOCTH IIO3BOJISIET COKPATHTH
YHCIO HE3aBHCUMBIX TMEPEMEHHBIX TMPH ONTUMH3AINU
BMAII.
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DEFINING THE OPTIMAL OUTLINE DIMENSIONS
FOR AXIAL GAP ELECTRIC MACHINES
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Article describes the results of research in defining of optimal ratio between outer and inner diameter of axial
gap electric machines with rectangle and segment magnets. It’s known that electromagnetic power of axial gap motors
is proportional to magnetic flux and cross section of wires in the coil. Equation for electromagnetic power states that
the power does not depend on axial length of motor notable. More important factor is an inner diameter for given out-
er diameter of motor. If inner diameter gets close to outer then the magnetic flux becomes lesser. In the case when in-
ner diameter of motor is small the room for wires is not enough. So there is an optimal inner diameter for given outer
dimension which provides a maximum power. The research presents and proves optimal ratio between inner and outer
diameters of axial gap machines for rectangle and segment shape magnets.

Keywords: permanent magnet synchronous machines, axial gap electric machines, inner outer diameter

ratio, outline dimension definition.
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