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KOHCTPYKTOPCKASI MMPOPABOTKA PSIIA PAJUAJIBHBIX U PAJIMAJIBHO-OCEBBIX
KOMBHHUPOBAHHBIX IMOAWUITHUKOB C 3JIEKTPOMATHUTHOM PA3IPY3KOMN

Knrouesvie croea: noowuntuk, pazepyska, sneKmpomazHummolil.

B pesynbmame nayuHoii u KOHCMPYKMOPCKON npopabomxu psaoa paouansHeix u paouaisHo-0ceeurx KoMOUHUPOBAHHbIX
NOOUURHUKOG C 21eKMPOMAZHUMHOIL Pa3epy3Koi Buliu onpedenenbl UCX0OHbIC mpebosanun Kk MunopasmMepHomy pady
KOMOUHUPOBAHHBLX NOOULUNHUKOB YeHMPODEJICHBIX KOMNPECCopos, paspatomans: Memoourxu u aieopummol pacuema
YCMPOUCME INEKMPOMAZHUMHUMHOU PA3ZPY3KU, HA OCHOEE KOMOPLIX NPOU3BEOEH UX PACUem ONs MUNOPAIMEPHBIX
pAOO6  paduanvhelx U  pAOUANLHO-O0CEEbIX  KOMOUHUPOBAHHOIX  NOOULUNHUKOS, NPeONONCeHbl  OPUSUHAIbHBIC
KOHCMPYKYUU  PAOUANbHBIX U PAOUANBHO-0CEEbIX  NOOWUNHUKOB HA — OCHOBE — ULAPUKONOOUWUNHUKOE ¢
NEKMPOMAZIUMNOU PAZSPY3KOU, 0ONAOAIUUE EHICOKUMU PACHEMHBIMU NOKAZAMENIMU OONEOBEUHOCII U MAILIMU
ROMePAMU MOUHOCMU HA MPeHUe.
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As a result of scientific and development study of radial and radial-axial combined bearings with magnetic load-
relief. the initial requirements for the standard size series of combined bearings for centrifugal compressors have
been determined, methods and algorithms for working out design of magnetic load-relief devices have been
developed, the calculations for radial and radial-axial type combined bearings’ standard series being made on their
basis, special designs have been proposed of radial and radial-axial type bearings on the basis of ball bearings with
magnetic load-relief, having high design durability and low losses of power by friction.

B ueHTpoGexkHbIX KOMIpeccopax craTHveckas COJEPKUT MEXaHWYCCKMH MOMIIMMHUK (HampuMmep,
IPy3Ka Ha NOJUWMITHUKOBBIE ONOPLI MOXKET JOCTHTATh HIAPUKOTIO AIIHITHHK) H YCTPOHCTBO
@9UTEJIBHBIX BEJIMYMH, YTO MPUBOAUT K HEOOXOAMMOCTH JNEKTPOMArHUTHOM pasrpyszku (YOMP).
UDHMEHEHHA J0POroCTOAMX MOAIUHITHUKOB CKOJIbXKEHUS YOMP NpeCTaBJIsieT co0oi
CIIOKHBIMH  CHCTEMaMH MacllOCHA0XeHHs WM elie UIEKTPOMArHUT,  OOECMeYMBAIOIINI  pas3rpys3Ky
MICEC OPOroCToAlMX CHCTEM AKTHBHOIO MArHUMTHOIO NOAHIMITHUKA Ka4yeHus, obMoTKa KOTOpOro
aaBeca poTopa. nojgy4aer SJIEKTPOINUTAHUC oT BCT’pOCHHOI‘ (8]
ITpumMeHenHe KOMOGHHHMPOBAHHBIX MMOLIMITHHKOB 3JIEKTPOreHepaTopa. SneKTpoMarsuT u
OCHOBE MeXaHUYeCKHX IO ILIMITHUKOB c JNICKTPOreHepaTop OO0beaMHEHbl IJJEKTPUUECKH H
SKTPOMArHMTHOH pa3rpy3koi MO3BOJIAET CYIIECTBEHHO KOHCTPYKTMBHO B OJHO  (DyHKLMOHAJIBHOE
CHbIIMTh BCIWYHHY JHHAMHYCCKHX MW CTATHYCCKHX yCTpOﬁCTBO.
V30K Ha MEXaHu4YecKue Onopkl, 4yTO JaeT

MO3MOXKHOCTD:

‘ - pacluMpHTb  BBIOOP  HEOOXOIMMBIX Ui

EDOCKTHPYEMOii MallIHHbl MEXaHWYECKHMX TOIIMITHHKOB U3

STAHJAPTHOTO psAja (NOJIIMIHUKOB CKONBKEHHA WK

S2AYCHHUA);

. - YMEHBIUNTh U3HOC U YBEJIHYHMTH N0JIOBEYHOCTH
WEXAHUUECKUX MO UITHUKOB;

- CYHIECTBEHHO YMEHBLUMTh CTOMMOCThH Y3JIOB
| BOLUUITHHKOB 3a CYET HCKMOYEHUA [MPKYJIALMOHHOH
| CHCTEMbI MaCJIOCHA0XEHHS.

KoHCTpyKUMH KOMOMHMPOBAHHBIX MOAIMITHUKOB

MOTYT NpeTycMaTpUBaTh BCTPOEHHBIH OJIOK yrpaBlieHHs
215 PeryJIHpOBaHMsA CWIbl pa3rpy3ku, B HUX He TpeOyetcs
NOAK/IIOYEHHA BHEIIHHX HCTOYHHKOB OJNEKTPOJIHEPIHH.
Bo3MOXHBl MOAM(HUKALMM TMOANIMITHAKOB C JIaTYHKOM
TOJONEHHA POTOPA, YTO JACT BO3MOMHOCTb OpraHM3auuu
BCTPOEHHOM — cHCTeMbl  BHOPDOMOHMTOPHHIA  poTopa
xOMIIpeccopa.

Mpunoun paboToI KOMOHWHHPOBaHHOTO

Puc. 1 - KonerpykTupHas cxema
KOMOMHHPOBAHHOIO NOALIHNHHKA: 1- poTop; 2-
YCTPOHCTBO 3JIEKTPOMArHHTHOM pasrpysku; 3-
LIAPHKOMOAWHNHUK

Ilpu BpalleHWn portopa TIPOUCXOJUT
CaMoOBO30YKACHHE 3JIEKTPOreHepaTopa, 7]
3JICKTPOMAarHuT co3naer B onpeacIeHHOM
pa}lMaHbHOVFO MOAIIUIHWKA € 3nem‘pom31mnmoﬁ HAMPABIICHM CUTY, TIPHIOKEHHYIO K DOTOPY, TeM
pa3rpy31<ou NpeACTaBJICH Ha KOHCTPYKTHBHOHW CXEME, CaMBbIM, pasrpysxas TTO T MTTHUK Ka4eHH4. inI
NpUBEEHHON Ha pUcyHke 1. B obuiem ciiyyae noauIAiHUK HEOGXOLHMOCTH craTopHas sacem  VIMP
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3QIMBACTCA  KOMIAYHAOM W MPEACTaBIAET  CcOOOM
CIUIOTIHOM JUCK, HE [-{Me}OIll,Hﬁ SNIEKTPUYECKUX BHIBOJOB.

BeibOp NOAIMNHUKOB KAaueHUst NPOU3BOACTBA
¢dupmbt «SKF» 111 KOMOHHUPOBAHHBIX TMOALIMITHUKOB HE
aBjsieTcs 00s3aTeNibHbIM. B JgaHHOHW paldore BBIOpaHBI
LIapHKONOMUHNIHUKN ~ ¢upMbl  «SKF»mo  cieayrommm
MpUYHHAM:

- ¢pupma «SKF» ABjigercsa KpynHEHIIHM MHUPOBbIM
IIPOU3BOIMTEEM, B TOM UHCJIe IOJIIMITHUKOBR Ka4eHHs
O4eHb OOJBLION HOMEHKIATYyphl, MNOAXOAALIMX  JUIS
TPHMEHEHHA B HEHTPOOEMKHBIX KOMITPECCOpax;

_A,|

120
5 50 6
4 a
. \N
3 7

<.
-

ey ._AI'

- karator ¢upmnt «SKF» (Cataloque
6000EN, November 2005) [7] comepxuT uoJHYIO
HH(OPMALIMIO KaK MO TUMNaM M XapaKTepUCTUKAM
MOAWMIIHMKOB Ka4yeHHs, TaK U IO COBPEMEHHBIM
MeToZaM BbIOOpa M pacyeTa XapaKTePUCTHK
NOJIIUITHUKOB C YYETOM YCJIOBUIN MX MPUMEHECHHS.

[puHATEIE KOHCTPYKTHBHBIE KOMIIOHOBKH
pajHalibHbIX U PAIMATIbHO-0CEBBIX
IOIIIMITHHKOBEIX OTOP (ABYX BAPHAHTOB) C
JNEKTPOMATrHUTHOM pasrpy3Koil IPUBEIEHbI HA
pHCyHKax 2-3.
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Puc. 2 - KoMnoHoBKa pajuabHOro NOAIHNHKKA TIEPBOro THNA: 1 — KOPIyc NOAWHIHUKA; 2 — Bl KOMIPECccopa;
3 — potop ycrpoiicTea 3JeKTpoMarHuTHO#N pasrpysku (YIMP); 4 — 1aT4HK NOJI0KCHHA BAJa KOMOpeccopa; 5 —
obmoTka Bo30yxaeHust ctatopa YIMP; 6 — maruuTonposox craropa YIMP; 7 — mapHKONOAMMIHUK; 8 —
NAOHpHHTHASL BTYNKa; 9 — renepatophbie odmorkm; 10 — kopofka aas >nexTpopaamodiemenrtos; 11 —

NMOCTOSTHHBIE MATHHTHI

B pesynbrate  OpoBelJeHHLIX  paboT 1O
KOHCTPYKTOPCKOH MpopaboTkK psga paJdalibHbIX U
pafHaNbHO-OCEBHIX KOMOMHMPOBAHHBIX MOMMIMITHHUKOB ¢
JEKTPOMArHUTHOM pasrpy3KoM:

- OonpeneneHsl HUCXOHbIE TpeGOBaHPIH K
TUIIOPA3MEPHOMY psixy KOMOMHHPOBAHHBIX
HOJIIHUITHUKOB UEHTPOOEKHBIX KOMIIPECCOpPOB,
paspabatbiBaembix B 3A0 «HUUTypGoKoMIpeccop uMm.
B.B. nenmay;

- OCYIIECTRIEH BbIOOP IMAPUKONOIIIMIIHUKOR,
UCNOJIL3YEMbIX B KOHCTPYKUMAX  pajiHalbHBIX M|
paauajibHO-OCEBbIX KOMGHHHpOBaHHLIX NOAIMHITHHKOB
LIEHTPOOEXKHBIX KOMITPECCOPOB;

- A MPHMEHEHHA B KaueCTBC MEXaHHYECKOi
ONOpbl paJMabHBIX IOJIMIAMHUKOB C BIEKTPOMArHUTHOMH
pa3rpy3koil mpeanoxkeHa M mpopaboTaHa cCreUHaTbHas

KOHCTPYKLHUSI POJIMKOBOIO - MOJIIMITHUKA Ha OCHOBE
IAPUKOTIOANIMITHUKOB,
- OCYLIECTBJICH pac4YeT [JOJIrOBEYHOCTH W

MOIIHOCTH NMOTEPh B IIAPHKOMOAIMMMUITHUKAX

9

- IIPUBEJEHO OIHCAHHE KOHCTPYKHWHU H
NpUHLKTIA ICHCTBUA YCTPOHCTB JJIEKTPOMATHUTHOH
pasrpy3ku;

- paspaloTanbl METOIMKH ¥ aIrOpUTMbi
pacuera yCTpOICTB 3JIEKTPOMArHHTHUTHOH
pasrpy3kH, Ha OCHOBE KOTODLIX NpPOM3BENEH HX
pacdeT Jisd THIOPa3MEPHBIX PANOB pajinaibHbIX H
pasuaibHO-0CEBBIX KOMOWHUPOBAHHBIX
MOJALIHUITHUKOB;

- pazpaboTaHbl M NPUBEJEHBI IPYIIIOBbIE
qepTexku o0lIero BWAA pAlda paJHadbHbIX W psaa
paaHanbHO-0CEeBBIX KOMOHMHUPOBAHHBIX
NOAIIMUITHUKOB C 3JIEKTPOMArHUTHOM pa3rpy3Koii.

B pe3ynbrate KOHCTPYKTOPCKOH
npopaboTKH NpeIOXKEHb OpMI'MHATIEHbIE
KOHCTPYKUMH pajdajibHbIX M paJdalbHO-0CEBbIX
TONIIMITHAKOB HAa OCHOBE IIAPHUKOMONIIHUIHUKOB €
JNEKTPOMArHUTHOM  pasrpy3koi, oOmajxatonme
BBICOKHMH pacyeTHbIMHU MoKasaressimMu
NONTOBEYHOCTH H MAJIBIMU MTOTEPSIMH MOLIHOCTH HA
TpPeHHE.
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Puc. 3 - KoMnoHOBKa pagnajibHO-0CeBOI0 NOAMMIHUKA

¢ [OBYXCTOpDOHHed  pasrpyskoii: 1 —  Kkopnyc
NOAIIMNHUKA; 2 — Baj Kommpeccopa; 3 — porop
YCTPOHCTBA paauaJbHOH pasrpy3ku; 4 — [aTYHK

PaJHANILHOIO TIOJIOKEHHWSI BaJjla Kommpeccopa; 5 —
3JIEKTPOMAarHMTBLI  OCEeBOH pa3rpy3ku poropa; 6 —
CTATOP YCTPOHCTBA JIEKTPOMATHMTHOM pa3rpys3kH; 7 —
PaAvA/IbLHO-0CEBOH IAPMKONOJHKIHNK; 8 — JaTyuk
0CeBOro MOJIOKEHHs1 poTopa; 9 — ynopHbii rpedenn
OCEBO#H PazrpysKu

ITpennoxennsie KOMOMHHPOBaHHbIE
MOALIMITHAKH MOT'YT HUMETh BCTPOCHHYIO CHCTEMY
HeNPEPbIBHOr0 BUOPOMOHHUTOPUHIA, HE TPeOyIOT
BHEIIHUX  UCTOYHHMKOB  JJCKTPONMTAHUS, T.€.
ABNAIOTCSA SHEPrOHE3aBUCUMBIMU.

[Tpumenenue
KOMOMHHPOBAHHBIX

MIPEIOKEHHBIX
MO IIHITHUKOB B
LEHTPOOEKHBIX KOMIIpeccopax I103BOJIUT
YIPOCTHTD KOHCTPYKLHIO KOMIIPECCOPHBIX
YCTAHOBOK 3a CYET UCKIIHOUEHUS HUHUPKYJIAHTUMOHHBIX
CHCTEM MaciocHaOXeHus, T.€. IIOBBICUTh
3KcmyaTaunouuylo HAIeXHOCThL KoMIIpeccopa.
[IpennoXXeHHsle pAAbl paavaibHLIX U
panHalibHO-OCEeBbIX KOMGHHHPOBHHHMX
NOIIIUIIHAKOB € JNIEKTPOMATHUTHOH pa3rpy3koii
pinj | uCHTpOGC)KHle KOMIIpECCOPOB MOTIyT CTaTbh
ANBTEPHATHBOW CYHIECTBYIOLIHM  MOALUIMITHHKAM
CKOJILXKEHHA Kak Oosiee ACIEBBIE M HMEIOIUE
Honpiuii pecype.
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