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Po3emmymo OCHOGHI emanu PO3PDAXYHKY mpueuMipHoeo cmauionapuozo MAZHIMHO20 NOIA 8 6CeHMUIbHO-PeAKMUBHUX €/IeKm -~

poosuzynax na naamgopmi ANSYS Workbench 10.0.

Paccmompem;t OCHOG6HblE Imansl pacuema mpexmepHozo CMAUUOHAPHO20 MACHUMH020 NOJIA 6 6EHMUIbHO-PDEAKMUBHbBIX IJ1€K-

mpooesuzamensnx na naiamgopme ANSYS Workbench 10.0.

CoBpeMEHHBIH 3Tall Pa3BUTHA 3JNEKTPOMEXAHUKH
XapakTepu3yeTcsl MIMPOKOMACIITaOHBIM HCIIOJIb30BaHUEM
BBIYMCIUTENBHON TEXHUKH U MEPEN0BOTO MPOrPaMMHOIO
obecrieuenns. CeToAHs aHAIU3 U CUHTE3 JJIEKTPUUECKON
MalllWHBbI J'IIO60FO THIIA HCMBICIIUM 663 MaTCMaTHYCCKUX
MOJIeJICH PA3TUYHOTO YPOBHS O0OOINEHHS M CIOXKHOCTH.
y‘{I/ITbIBaH, YTO DJICKTPOMArHUTHBIE MNPOLCCChl B DJJICK-
TPUYECKOH MalIMHE MPOTEKAIOT B TPEXMEPHOM IIpoO-
CTpaHCTBE, B OOIIEM ciIydae MaTeMaTHYeCKHe MOJENU
JIOJDKHBI OBITh TIOCTPOEHBI Ha OCHOBE PELICHUs 3a/1a4u
pacyera MarHUTHOTO TIOJISt B TPEXMEPHOH ITOCTAHOBKE.

Jlnst pemeHnst TpEXMEPHBIX TOJIEBBIX 337ad B JJIEK-
TPOMEXAaHMUYECKUX YCTPOHCTBAX MOTYT OBITH HCIOJNB30-
BaHbl Pa3IMYHbIE MAaTEMAaTU4ECKHE METOAbL. AHAIW3 I0-
Ka3bIBaeT, YTO 1€JIeCOO0PAa3HBIM SBIAETCS METOJ KOHEU-
HBIX 35eMeHToB (MKD), npuMeHeHne KOToporo mo3BoJsi-
€T C BBICOKOW TOYHOCTBHIO allPOKCHMHUPOBATH CIIOKHYIO
T€OMETPHIO 3HeKTpH‘ICCKOﬁ MalIWHbI ITPU OTPaHUYCHHOM
YHCIIe PaCUETHBIX y3JIOB.

OpnuM u3 HanboJiee TOMYJISIPHBIX HPOrPaMMHBIX
npoaykros, peanusyromuM MKD nng pemenus 3amay
AIeKTPOMEXaHUKH, siBsercs cuctema ANSYS. B pamkax
9TOH CHCTEMBI BO3MOXKHO PELICHHE 33134 JJICKTPOCTATH-
KM, MarHUTOCTAaTHKH, 3JIEKTpOIUHAMHUKH. OmHAKo, IS
PEILICHUS LEeNOro psla NPaKTHYECKUX MPOOJIeM 3IIEKTPO-
MEXaHUKH MOXHO OTPAHUYUTHCS TIOJIEBOH MOAENbIO
JIIEKTPUYECKON MAIIMHBI B HEIMHEHHONM MarHUTOCTATH-
gyeckoil mocraHoBke. Kpome toro, maker ANSYS nocra-
TOYHO CJIO)KEH M TPpeOyeT OIpeeeHHbIX 3aTpaT BpeMEHH
Ha OCBOeHHMe. B 3Toii cuTyanumn MoxxeT ObITh PEKOMEHI0-
BaHO MPUMEHEHHE OOBEKTHO-OPHEHTHPOBAHHOTO IIPO-
rpamMmmHOro nponykra Ansys Workbench, B xoTopowm,
HauuHas1 C BEPCHHM 9, BO3MOKHO PEIICHHE HEIMHEHHBIX
MarHUTOCTaTUYECKHX 3a1ad.

OCHOBHBIMH 3TanaMH pacydeTa CTAIMOHAPHOTO Mar-
HUTHOTO TI0JIS B JIEKTPUUECKUX MAIIUHAX SBIISIOTCA:

1. IlocTpoeHne TreoMeTpUM MAarHUTONPOBOAA H
(dhopmMupoBaHrEe 0OMOTOK.

2. BBox cBOICTB MaTepHaioB MarHUTOIPOBOA.

3. ®opMHpOBaHHE IPAaHUYHBIX YCIOBUH.

4. 3ajanue BEJIMYMHBI TOKa B 0OMOTKAX.

5. 'enepanus CETKM KOHEUHBIX 3JIEMEHTOB.

6. [IpoBenenue pacyera.

7. Busyanuzauus U aHaJIu3 pe3yJIbTaToB.

Ha nmatdopme Ansys Workbench peannzanus 3ta-
na 1 ocymiectBisiercs: B paMkax monyis DesignModeler,
sTana 2 — B paMkax Monyis Engineering Data, 3Tanos
3-7 — B pamkax moxayJisi DesignSimulation.

PaccMoTprM METOIMKY MOATOTOBKU UCXOIHBIX IaH-
HBIX W pacyeTa MarHUTHOTO TOJIS Ha IIPUMEPE BEHTHIIBHO-
peaktuBHOTO MekTpoasurarens (BPI/I) (puc. 1).

Puc. 1. KoHCTpYKLUS 31€KTPOMEXaHUYECKOTO
npeobpazosarenss BPD /]

Oman 1.

®dopmHIpoBaHHE TEOMETPUH AIIEKTPOMEXAHUIECKOTO
npeodpaszoBarenss BPD/] BO3MOXHO ¢ TIOMOIIBIO MOIYJIS
DesignModeler, nu60 myTeM UMIIOpPTa TOTOBOH T'€OMET-
pun u3 croporanx CAD-nporpamm. [1o HameMy MHEHHIO
6ornee >(h(exkTUBHO CO3MaHHE TEOMETPHH BCTPOCHHBIMH
cpenctBamu moxyns DesignModeler, 4to mo3BONSET
o0ecrieynTh MapaMeTPU3aMI0 TEOMETPHH MOJETH IS
AaBTOMATHYECKOTO HM3MEHEHHUS HCXOAHBIX ITaHHBIX MPH
HW3MEHCHHUHU TeoMeTpuu (puc. 2).
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Puc. 2. Co3nanue reoMeTpuu 2JIEKTPOMEXaHUYECKOTO
npeobpasoBarens BPD/]

Jist mocTpoeHus 0OMOTOK 3JIEKTPUYECKUX MAIIUH B
Ansys Workbench npenycmotpensl Gpyukunu ""Winding
Body" u "Winding Tool". ®yuxuus ""Winding Body'"
MIPUMEHSIETCSL JUIsl TIOCTPOCHUS KaTyIIEK, COCPEIOTOUEH-
HBIX Ha MOJIIOCaX MaruTonpoBoja, a ¢hyukuus '"Winding
Tool" - nnst mocTpoeHUsl pacipeaesiecHHOH 0OMOTKH. O0-
MoTka craropa BPO/I mpencrasnser coboii anekTpuiecKkn
CBSI3aHHBIC KaTYIIKH, KQXIas U3 KOTOPBIX PACIOJIOKEHA
Ha roJiroce craropa (cM. puc. 1). B cBsizu ¢ atum ux dop-
MHpPOBaHHE YIOOHO MPOU3BOIUTH C MOMOINBIO (PYHKITUH
"Winding Body" (puc. 3).

W, [Project] ) 06 [Desigritodeler] %
s Crests | Concept T

Manels

o = Lo
WA 0 Curve
A e Sl L By
o
S
. G Surfaces From Shetches
=| Details of Line1 .
Lines From Skstches |Lins1
B

Operation add Material

|| Details of Winding Body
Biody ‘Wwinding Body
Faces o
Edges 4
Vertices 4
Winding Body? | Ves
Mumber of Turns |83
5 Length 12 mm
5 width 5 mm

T Lengeh

IQM 1 Body

Puc. 3. I[loctpoenue karyniku oOMoTKH cTaTtopa BPO/]
¢ nomoineto ¢pyukiuu ""Winding Body"

Oman 2.

BBoa cBOICTB MarepualloB OCYLIECTBIIAETCS C IO-
Momelo Moayns Engineering Data, BbI30B KOTOPOTO
MOYKHO OCYLIECTBHUTB, HAXKAB KHONKY hData Ha MaHENH
WHCTpyMeHTOB Ansys Workbench Project. Monynb
Engineering Data conepxxut 0a3y ITaHHBIX CBOWCTB pas-
JMYHBIX MAaTEpHaloB, B TOM YHCJIE KPUBBIC HAMarHUYH-
BaHMsI DJIEKTPOTEXHUYECKUX crayneil. Jrta 0a3a MoOxer
JIOTIOJTHATHCS. M MOU(HIIPOBATHCS MOJIb30BaTeseM. Taxk,
HalpHMep, MarHUTOIIPOBO/] AIEKTPOMEXaHUYECKOTO TIpe-
obpazoBatenss BPO/] m3roraBmuBaeTcsi 3 AIIEKTPOTEXHU-
yeckoi cranu 2013, cBoiicTBa KOTOPOH OTCYTCTBYET B
HACXOMHOU Oa3ze. JlomomHUTE NCXOomHYH0 0a3y KpHUBOW Ha-
MmaranuyuBanus ctand 2013 M0oKHO Tak, Kak 3TO IOKa3aHO
Ha puc. 4.
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Puc. 4. Onucanue cBoiicTB 3nekTpoTexHUYecKoi cTanu 2013
B Monyiie Engineering Data

Oman 3.

@DopMHpOBaHHE TPAHWYHBIX YCIOBHUH sABJISETCA
BRKHEHWIIMM 3TalioM NpPH pacdeTe MarHUTHOTO IIOJIS
QJICKTPUUCCKUX MAaAlIWH. Ot MPpaBUJIBHOTO Ha3HAYCHUA
TPaHUYHBIX YCJIOBHHM 3aBHCHUT Pa3MEPHOCTb PacueTHOU
00acTu (YUCIIO PACUYETHBIX TOYCK M KOHEYHBIX 3JICMCH-
TOB) U BO3MOXXHOCTH IONYYCHHS PEaTbHOTO, C (hU3MIe-
cKoit TOYKH 3pEHHUs, peleHus. Mopnyns
DesignSimulation tipeyiaraer nBa THIIa TPAHUYHBIX yC-
nosuit — Magnetic Flux Parallel (marauTHble CUIIOBbIC
JVHUM TapajulellbHbl TpaHWlle) MW, IO YMOJYaHHIO,
Magnetic Flux Normal (MarHUTHBIC CHJIOBBIC JHHHU
MEePHECHANKYISPHBI TPAHHILIE).

JU1g onMcaHus TPaHUYHBIX YCJIOBUH MEPBOHAYAIEHO
B Monyne DesignModeler Heo0X0IUMO OTPaHUYUTH Pac-
4YeTHyI0 001acTh ¢ momouiblo koMauasl Enclosure meHio
Tools. I1pu 5TOM ciieyeT yyecTb HAIUYUE OCEH CUMMET-
pun yctpoictBa. st 2eKTpoMexaHHYecKoro npeodpa-
3oBaresst BPOJ] npu orpanuueHny 061acTH MOXKHO BOC-
MOJIb30BATHCS CIEAYIOINMHU TOJIOKCHUIMHU:

1) ecinu maH MUCCIENOBAaHUHN MTPEeAyCMaTpUBAET pac-
YeT MAarHUTHOTO MOJS TOJNBKO B COIVIACOBAHHOM (KOTrzaa
OCH TIOJIFOCOB CTAaTOpa M POTOpa COBIMAJIAIOT) I TOJIBKO
B PaccorIaCOBaHHOM (KOTZa OCh MOJI0CA CTaTopa COBMa-
JIaeT ¢ OChIO Ia3a pOTOpa) MOJIOXKEHHH, T.€. B TEX Cllyda-
AX, KOTJla MarHUTHas CHCTEMa CHMMETPUYHA OTHOCH-
TenbHO miaockocTe XY U XZ, TO MOXKHO OTPaHUYUTHCS
paccMoTpeHneM Y4 MammuHsI (puc. 5).

B ortux ciywasx, mepexons B MOIYJb
DesignSimulation, neo6xonumo B pasnene Environment
BoIOpatTh: Magnetic Flux Parallel-Named Selection-
Open Domain n TeM caMbIM IIPHUCBONTH HAa3BaHHBIE TPa-
HUYHBIC YCIOBUS BBIJCICHHBIM IUIOCKOCTSM (pHC. 6).

OCTanbHBIM TUIOCKOCTSIM OYyAyT TPHUCBOCHBI Tpa-
HUYHBIC YCIOBUS 110 YMOJTYaHuto (puc. 7).

2) eci IJIaH WCCIEIOBaHUHN IpeaycMaTpUBaeT Mpo-
BCACHUE pAlla paCUC€TOB MArHUTHOI'O MOJIA IJId IOJyde-
HUSI 3aBHCUMOCTEH 3JIEKTPOMAarHUTHOTO MOMEHTA, MOTO-
KOCLIETJIEHUs (MHIYKTUBHOCTH) OOMOTKH CTaTOpa ¥ WHBIX
xapaktepucTiuk BPO/] B QyHKIMH yTIOBOTO MONIOKEHUS
pOTOpa, TO MOXKHO OI'PAaHUYUTHCS PACCMOTPEHHEM Y2 Ma-
IIMHBI, YYUTHIBas IIOCKOCTh ciMMeTpuu XY (puc. 8).

B srtom cioydae, nepexoas B MOAyJb
DesignSimulation, reobxonumo B pazuene Environment
BoiOpath: Magnetic Flux Parallel-Named Selection-
Open Domain n TeM caMbIM, Kak 3TO OBUIO C/ENaHO B
MyHKTe |, MPHUCBOWTH HA3BaHHBIE TI'PAHUYHBIE YCIIOBHS
BBIJIEJICHHBIM TLIOCKOCTsIM (puc. 9). Ilnockoctn XY 0Oy-
JyT IIPUCBOEHBI TPAHUYHBIE YCIIOBHS 110 YMOJIYAHHIO.
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Puc. 5. Orpanudenue pacyeTHoii 061acT (a) IpH
COrIacoBaHHOM (0) U PaccorTacoBaHHOM (B) TTOIOKEHUU
TIOTIOCOB CTAaTOpa M poTopa

3) ecnu mIaH MCCIENOBAHUN IIpeaycMaTpUBAaeT HE
TOJIBKO IIPOBEJCHUE PAcyeTOB MArHUTHOTO IIOJS TIPH
MOJISTIMPOBAHUN BpAIEHHs pPOTOpa, HO W Tpedyercs
OILICHHUTH BIMSHHUE AKCHAIBHOTO (BIOJb OCH Z) CMEILCHUS
poropa Ha xapakrepuctuku BPJJ], To HeoOxommmo
paccMmaTpuBaTh BCIO pacdeTHyIo obaacts (puc. 10).

e e e ————

LY G Mo e 4O

e R = 1
T TEEEE & StRA AMAATo 8-
" - A - e - Bl

B e - e - s -

ra e e
=

ol 1]

[y T s ety

r— — — n=

Puc. 6. HpuéBoeHHe IPaHUYHBIX YCIOBUH
Magnetic Flux Parallel
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Puc. 7. 'panuuHbIe YCIOBUSA IO YMOTYaHUIO

IIpucBoenue rpannuHbXx ycinoBuil Magnetic Flux
Parallel — ananornyno ciydasm | u 2.

Oman 4.

B monyne DesignModeler Obl10 OrOBOPEHO JIHIIb
TeOMETPUUECKOE NIOCTPOSHUE KaTyleK 0OMOTKU CTaTopa.
Jns  3ajmaHMs  TOKa B KaTylIkax B MOJyJe
DesignSimulation Heo0XoanMO TepeHTH Ha 3aKJIAAKY
Electromagnetic, B HuCmajgarmleM MEHIO BBIICIHTH
nyHKT Conductor, 1eBO¥ KHOIIKOW MBIIIN BEIOPATh OJHY
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U3 Karyllek, 0ToOpakaeMoil Ha dKpaHe TOHKOW JIMHEH, u
MpUCBOUTh (Apply) nmaHHON KaTymIKe BEIMYMHY TOKa
(Conductor Current) (puc. 11).

Jlist ocTayibHBIX KaTylmieK OOMOTKH HE0O0XOIMMO
IpoJiesiaTh BCE BBIIICYKa3aHHbIE NEWCTBHS, YYUTHIBas
HallpaBJIeHUE TOKa B HUX.
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Puc. 8. OrpanuueHue pacueTHOM 00JIACTH TPH
MOJICTIMPOBAaHHUH BPALICHHS POTOpA:
a - komauga Enclosure,
0 — 000JI0UKa MoIaBJICHA
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Puc. 10. Orpanmdenue pacueTHOH obmacTy s ciaydas 3:
a - komauga Enclosure,
0 — 00oJ10uKa MoJaBJIeHa

Oman 5.

Eile ofHMM Ba)KHBIM 3TAllOM pacdeTa MarHUTHOTO
TOJIsL SIBJIIETCSL TIOCTPOCHUE CETKU KOHEUHBIX JIEMEHTOB.
DTOT JTam, N0 CYTH, ONpEACTsIeT pasMEpHOCTh U
TOYHOCTh pemeHus 3amadu. Moxaynb DesignSimulation
MPEAOCTABIISET IIHUPOKUHA HAOOp CPENCTB yIpaBIICHHS
pa3dueHueM pacueTHOH 001acTH Ha KOHEYHBIC AJIEMEHTEHI.
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Puc. 11. HazHaueHue BeTMYMHBI TOKA B KaTyILIKE

OpHUM W3 TakuX CpeiacTB siBisgeTcs GyHKimsa Gap
Tool, HENOCPEICTBEHHO npeTHa3HauYCHHAS IS
MTOCTPOEHHSI CETKH B BO3AYIIHOM 3a30p€ DJIEKTPUIECKUX
MaluH. BaXHOCTD 3TOM (QYHKIMH OYEBHUIHA, T.K. UMEHHO
pacnpeseieHne MarHUTHOTO TIOJIS B 3230p€ TPEACTaBISAET
OCHOBHOM MHTEpEC MPHU MOJEIMPOBAHUN U UCCIIEIOBAHUU
DJIEKTPUUYECKUX MAallMH. B CBSI3W € 3THUM paccMOTpUM

9Tanbl TIOCTPOCHUS! KOHEYHODJIEMEHTHOW CETKH JUIst
2IEKTPOMEXaHHUUECKOTO npeoOpa3oBaTess BPO/]
o poGHoO.

Brauane BeiOmpaem B MeHIO 3aknanky Mesh. Jlns
KOKIOTo W3 Ted (B JAaHHOM CIydae CTaTrop U POTOP)
yCTaHABIMBaeM  METOH,  Ompeaessionmid  Gopmy
KOHEYHBIX  JJIEMEHTOB. JTO MOryT ObITh  JHOO
napauienenunens: (puc. 12, a), nmubo Terpa’apsr (puc.
12,6), mubo ux coueranue (puc. 12,B).

[Monyyennasi TakuM 00pa3oM HpeBapUTENIbHAs CETKa
He sBJIAETCS JOCTaTOYHOM JUIi TOYHOrO — pacuyera
MarHMTHOTO TOJISl, B OCOOEHHOCTH B 00JIACTH BO3YLIHOTO
3a30pa, TA€ MPOUCXOAUT IpeoOpa3oBaHHWE OSHEPTUH U
HMMEET MECTO CKayKooOpa3HOe M3MEHEHHE BEKTOPOB TIOJISL.
OCHOBHBIMU HHCTPYMEHTaMH YTOYHEHUS CITY)KaT:

- Mesh-Insert-Sizing — U1 yTOYHEHHS CETKH
cTaropa u potopa (puc. 13);

- Mesh-Insert-Gap Tool — nnsi yTOUHEHHSI CETKU B
pabodem Bo3xyurHoM 3a3ope BPO/I (puc. 14).

Pabora ¢ unctpymentom Gap Tool, B otiamuue OT
paboTel ¢ HMHCTpYMEHTOM Sizing, TpeOyeT MOSCHEeHHsI.
[locne mosiBiIEHWsT B JIEBOM JEPEBONOJOOHOM MEHIO
Ansys Workbench Project wnctpymenta Gap Tool B
JEeTIIX O3TOr0 WHCTpyMEHTa HEoOXOIMMO YyKas3aTb
(puc. 15):

- BO3MOXKHOCTH  OIpENeNIeHHe MHHUMAaJIbHOTO
BO3IYIIHOTO 3a30pa N0 C(HOPMHPOBAHHOH TI'e€OMETPHU
(Define By Range), mmbo xak CAD-mapamerpa,
oroBopeHHoro B DesignModeler;

- MHMHHMAJbHYI0 W MAaKCHMAJIbHYIO BEIHYUHY
pabouero BO3AyLIHOTO 3a30Da;

- BenmuuHy Gap Aspect Ratio, XapaKTepHU3yIOLIYIO
COOTHOIIEHHE T'€OMETPUYECKHX pPa3MEpOB KOHEYHBIX
JJIEMEHTOB,  KOTOpble  OyIyT  CreHepHpOBaHbI B

BO3IYIIHOM 3a30p€ MEXIy HNOBEpXHOCTSIMH CTaTopa U
poropa. Menpmee otHomenne (1:1) mo3BosseT
CreHepHpoBaTh OYEHb IMOAPOOHYIO CETKY C dJIeMEHTaMHu
HEBBICOKOTO KaudecTBa, OoJjbliee oTHomieHue (4:1) —
MeHee MOJpPOOHYI0, HO C BBICOKOKAYeCTBEHHBIMHU
JJIEMEHTaMU;

- BEJIMYMHY IUIOTHOCTH ceTku Gap Density,
YIPaBISIONIYI0 YHCIOM cloeB B 3azope: Coarse — He
MeHee JBYX clioeB, Fine — He MeHee TPEX-4eThIpeX;

- BO3MOXKHOCTb PereHepaliy CeTKU NPH H3MEHEHUH
reoMeTpUU pacueTHoil obnactu (Generate on Update).
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Puc. 12. BapuaHTbl HOCTpOEHUS IPEABAPUTEILHON CETKH
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Puc. 15. eranmuzanus uacrpymenta Gap Tool

OueBuIHO, YTO BbIOOp 3HaucHUl Gap Aspect Ratio
u Gap Density smusercs, (AKTHUYCCKH, MOUCKOM
KOMIIDOMHCCA  MEXAY  pasMEpPHOCTBIO  3aJaud WU
TOYHOCTBIO ee pemeHus. Vicxoas u3 3Toro, HEOOXOAUMO
OPHEHTHPOBATHCS] HA BO3MOXXHOCTH TOW BBIYNUCIUTEIEHON
TEXHHKH, KOTOPAs UCTIOIB3YeTCs TSl PELICHHs 3aJa4H.

ITocme BBIOOpa  yKa3aHHBIX  BBINIE  JeTalei
unctpyMeHTa Gap Tool crenyer BBIONHHTH KOMaHIY
Create Gap Sizes, nocine 4ero cQoOpMUDPYIOTCS BCe
BO3IYIIHBIE 3a30pbI, B KOTOPBHIX OyIeT NMPOM3BOAUTHCS
YTO4YHEHHE CeTKH (puc. 16).

i |
(5

[ TS Wk (0T g
e R

Tt e s om0 G M e WO
T TRRBR & S-RE aFaAT e 6O
X = Pt + v« Do+

ot B e g s .

[T Y e —— e
i —

il TV OCEY NG 400 (TG tonanme |
Puc. 16. I'enepanust pabounx BO3IYIIHBIX 3a30POB

Jlanee, BBITIOJNHSSA IIOCIIENOBATEILHOCTD JICUCTBUIH
Mesh - Preview Mesh, nony4uM YyTOYHEHHYIO CETKY
KOHEUHBIX 3JIeMEHTOB (puc. 17).

bt X

L

=
BT I TTVEN TUTE P00 0 S s | intresre. I o OB~
A f—

[T e——— T ——r— ==

Puc. 17. YTouHeHHas ceTka Ui pacueTa
2JIEKTPOMEXaHUIECKOTo mpeodpazoBaTens BPO/]
(yBenm4eH ouH U3 padovrX BO3IYIIHBIX 3230POB)

B namHOM cilydae WCIOJNB30BaHBl  CIEAYIOUIHE
BEJIMYMHBI YIIPABJISIONINX apameTpoB: Gap Aspect Ratio
—5:1; Gap Density — Coarse.

[Ipu 3TOM "HCIIO pacdeTHBIX y310B Nodes — 515454,
gucino aneMeHToB Elements — 384194, 4to mMo3BONSET
o0ecrieynTh HEOOXOOUMYIO TOYHOCTh PEIICHHS 3a/1a4d
pacdera MarHUTHOTO MO AJIEKTPOMEXaHHYECKOTO
npeobpasoBarensi BPOJ| mpum wumerommxcs pecypcax
BbIunciuTeapHON Texauku (Pentium 1V, 2,4 mI'n, 1,5 b
o3Yv).

Oman 6.

| :}’ Siolve |
Hdus mnpoBenenmst pacdera (kHomka 2 1)
HEo0X0AUMO TIpeaBapuTensHO B MeHI0 Electromagnetic
yKa3aTh BEJIMUUHBI, MOJJICKAIIE ONpeeneHuto. Monyns

DesignSimulation MPEIOCTABIISET BO3MOKHOCTh
HAaXO)KAEGHUS MArHUTHOM MHAYKLIUM, HANPSHKEHHOCTH
MarHUTHOTO TOJIsL, AJIEKTPOMArHUTHBIX CHJI

(3HeKTpOMaFHPITHOF0 MOMeHTa), IJIOTHOCTH TOKa B
oomoTke. PacueTsl MOXKHO OpOBOAWUTL KakK JJid BCel
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obmact, Tak M JUIA KOHKPETHBIX €€ OJIEMEHTOB TI0
OTIENBHOCTH  (CTaTop, poTOp). YKa3zaHHBIE BBIIIE
mapaMeTpbl MOTYT OBITh PACCUMTAHbl KaK IO MOJIYIIO
(Total), Tak ¥u TO OTHACIBHBIM  COCTABIISAIOLIHM,
JICHCTBYIOIUM BJIOJb OMpPENENCHHOH OCH KOOpIHHAT

% Electromagnetic - ‘ P Parame

e
A TERER & 58
i YRS R — ¥, Electric Potential
o T L T T we—
o

¥ Total Flux Density

B4 Directional Flux Density

€8, Total Field Inkensity

@H Directional Field Intensity

G Total Force

8. Directional Force/Torque

G, Current Density

Inductance
Fluz Linkage

M

= hseometry.{ Y

S Trom Ty Corooled

e 14 - B, e e, = 19 M o, R 1,6

Puc. 18. 3ananue napamMeTpoB, MOIEKAIUX ONPEACTICHUIO

Kpome Toro, BO3MOXKEH pacueT MOTOKOCHETUICHHS 1
JUHAMUYECKON HHAYKTUBHOCTH OOMOTKH.

Oman 7.

[Tocne mnpoBeneHMs pacueTa  OCYILECTBISETCS
MPOCMOTpP pe3ysibTaToB (3akianka Solution). Monynb
DesignSimulation nipennaraeT MoJib30BaTENO IMHUPOKHUI

Ha0Op UWHCTPYMCHTOB  BH3YQIHM3allMH  PE3yJIbTAaTOB
pacuera MarHMuTHOT'O TOJISL. Taxk, Harnpumep,
pacmupeneneHne MarHUTHOM HMHIOYKIMH B O0BeMe

JIEKTpOMEeXaHu4IecKoro mnpeodpasosarenss BPOJl moxHO
OTPa3uT ¢ MOMOIIBI0 KOHTYpHBIX 30H (Contour Bands)
(puc. 19), a pacmpeneneHre MarHUTHOTO TIOTOKAa B BUAE
cunoBsix nuHUH (Vector Display) (puc. 20). YucieHHyIO
nH(OPMAIHIO O BETMYMHE PACCMATPUBAEMOTO IapaMeTpa
MOYKHO TOJIYYUTh M3 JIET€HJIbl, OTpa)Kalolleics B OKHE
IIPOEKTA.

@ANSYS Workbench [ANSYS Multiphysics] i =] 3}
L [Project] &) SRM_8-6 [Simulation] % q b

JF"E Edit View Insert Units Tools Help

L 15 e H | @ bepeta | 2fsove | [4] @) &

[ 2 V" HLNER[S(S[+aARQEAQED
|

|

- f‘laSeIect\on - Q\flslb\hty - Suppresswon -
[Body]
@ 08 7 BR[| e

Total Flux Density
T
Max: 1.929:+000

ﬁ winding
-8 Contact
-4 Mesh
R ‘,{E Gap Tool
+- [ Named Selections
[ /] Environment
- ‘)9; Magrietic Flux P
- -«% Conductor Winc
- Conductor

Tokal Flux Density

Tvpe
[=l|Results

Mini... (0, T
P Maxi...[1,9289 T
Minimu. .. |Winding Body

Wesirir... | &ir L= | [\ Geometry AArimation /orkahest »Print Preview fReport Pri

|Press F1 For Help I [Metric fm, ka, b, °C

Puc. 19. PacnpeneneHI/Ie MarHUTHOU UHIYKIUK

o Selection

BT 1@ e e A e %
L e ) I W QM e G MO
LA T LIS X Y ECE LICY=

P

e/ FETIOYEYY g T M "‘

agw . u

Puc. 20. Pactipenenenre MarHuTHOTO IMOTOKA

Bo3MoxHO TOIpOOHOE H3y4YeHHE pPACIPEASIICHUS
MOJsT B BO3JYIIHOM 3a30p€, B CTalld, OLEHKA CTENCHU
HACBILICHUS] MATHUTHOMN LIeNH U T.11. (puc. 21, 22).

et | E et
t\;‘w‘l_!;-”ﬂ:
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Puc. 21. MarautHble CUIOBBIE JMHUH B 3a30pe

B, e v—

g — :....»-. [ree— s
Puc. 22. K oueHke ypoBHS HAaCBIIIEHHs 2JIEMEHTOB MarHUTHON
Henu

BaxupiM  sTamom  mpum  pacuere  JII00Oi
EKTPUYECKOH  MAIIMHBI  SBISIETCS  ONpEleliCHHe
JIEKTPOMAarHUTHOrO MOMEHTa, JEHCTBYIOILETO0 Ha ee
porop. B wmonmyne DesignSimulation nns pacuera
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AJIEKTPOMArHUTHOTO MOMEHTa JIOCTATOYHO BBIJEIUTh
pPOTOp M YKa3zaTb OCb, BOKPYI KOTOPO# ompejensercs

MOMEHT. Pe3ynbTaThl OTPaXalOTCSs B JIEBOM MEHIO
(Torque) (puc. 23).
n eban ]

A T —

s T EN Y TS ST

agw

19 s
MEQ o

ey

Puc. 23. Pacyer »51eKTpOMarHuTHOr0O MOMEHTA, JIEHCTBYIOLIETO
Ha POTOP UIEKTPOMEXaHHIECKOro mpeodpaszosatens BPO/]

Ecnu  paccmarpuBaeTrcss 00J3acTh TIpH  JAPYIUX
TPaHUYHBIX YCIOBHAX (CM. puc. 6, 9), To moylydyeHHOe B
OTHUX ClIydasaX 3HAUYCHUC DJBJICKTPOMArHUTHOIO MOMCHTa
cllelyeT YMHOXHTh Ha 4 (cM. puc. 6) i 2 (cM. puc. 9),
00  BOCIONB30BAaThCS IYHKTOM MEHIO Symmetry
Multiplier n BBecTH yKka3aHHBIC BBIIIIEC 3HAYCHUS.

B 3aKIII0YCHHE COIOCTaBHM Ppe3yJbTaThl
MOJIETUPOBaHMs AByXMepHOro (2D) u tpexmeproro (3D)
MarHUTHOTO 1MoJis Yetsipexdaszuoro BPOJI 8/6 (puc. 1) co
CIIeTYIOIMH TaHHBIMU: BHEIITHUH JrameTp ctartopa — 150
MM, TUAMETP PaCTOUKH — 93 MM, aKTUBHAA JyTHA — 60 MM,
BO3/yILIHBIH 3a30p — 0,25 MM, 4nciio BUTKOB (a3l - 166.

B kayecTBe 0OBEKTOB NIPU COMOCTABIECHUU MPUHSTHI

nonyuyeHHele npu 2D wu 3D MoamenupoBaHUU
3aBUCHMOCTH:

- nmotokocuemienus ¢aspl Vg or toka aset [ B
COTJIaCOBAaHHOM (puc. 24) u MTOJTHOCTBIO

paccoriacoBanHoM  (puc.
CTaTopa M poTopa;

- CTaTMYECKOTO AJIEKTPOMarHUTHOrO MOMeHTa M oT
MEXaHMYECKOro yriia MoBopoTa poropa O mpu TOKe
¢assl

25) TMONOXEHWH TOJIOCOB

Iy =8,7A, 4TO COOTBETCTBYET HACBILICHHOMY
cocTostHuIo Marautonpososa BPOJI (puc. 26).

Vg, dd

20 —3D] |

1p,4
Puc. 24. 3aBucumoctn Wy = f(Ip) ms cornacoBaHHOro

TI0JIOYKEHUSI TIOJIFOCOB CTaTOpa M pOTOpa

0 2 4 6 8 10 12 14

0.03 4 -~

0.02 A s

0.01 4 z

0 T T

0 2 4 6 8 10 12 14 10 A
5

Puc. 25. 3asucumoctn W, = f(Ip) mis paccornacoBaHHOro

TIOJIOKEHUSI TIOJIFOCOB CTaTOPa M pOTOpa

N

——

\
05
0
0 15 3 45 6 75 9 105 12 135 15 165 18 195 21 225 24 255 27 285 30
O, gpao.

Puc. 26. 3aucumoctu M = @(®) s aAByxMepHO#

U TPEeXMEpHOH 3a1au

AHanu3 NpeJICTaBICHHBIX 3aBUCUMOCTEH MO3BOJISET
C/IeNnaTh CIeAYyIolIee 3aKI0YeHHE:

- MOATBEPXkAEH BBIBOJ [1] O TOM, YTO KOPPEKTHBIE
3HAUEHMs MOTOKOCLEIUIeHHsT (asbl, a, CIeJOBATENbHO, U
ee MHIYKTUBHOCTH, B COTJIACOBAHHOM MOJIOKEHUH MOJFO-
coB BP3OJI moryT OBITH MONy4YeHBI HPH PEUICHUH Kak
JIBYXMEPHOM, TaK U TPEXMEPHOI 3ajaul pacueTa MarHUT-
HOTro noist (oTuune — He Oosee 2%), a MOTOKOCIEIUICHHS
(ha3bl B paccorIacoBaHHOM IOJI0XKEHUH IIOJTIOCOB — JIHIIb
MpH pEIIeHuH TpeXMepHOW 3amaun (oTimuue — Ooiiee
12%);

- pacueT CTaTM4YeCKOro 3JIEKTPOMAarHUTHOIO MOMEH-
ta BPDJI 0e3 cymiecTBEHHOH NOTEPH TOYHOCTH MOKET
IIPOBO/INTBCS. HA OCHOBE PELICHUS ABYXMEpPHOH 3amaun
pacdera MarHUTHOTO I10JIs, 32 UCKJIIOYEHHEM 30HBI, OJIH3-
KOM K paccorIacOBaHHOMY IOJI0)KEHHIO TIOJIFOCOB.

BJIAT'OJAPHOCTbH
Hacrosmiass pabota BBINONHEHA TIPH IOJJEPKKE
¢dupmbl "EMT-U" (r. Kues), pykoBOACTBY KOTOPO#i aBTO-
PBI BBEIPaXKAIOT TITyOOKYTO 01arogapHOCTb.
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