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VYCTOHYHBOCTbD ABH>KEHHSA KECTKOIO POTOPA
HA BHBPOH3O/IMPVIOIIIUX OITOPAX
C INNOAIUHUITHHKAMH CKO/Ib>KEHHSA

PaccmotrpeHo noBesgeHHe poTopa, YCTaHOB/IEHHOTO Ha BHOPOH3O/MPYIOLIHE OIOPBI C
MoAMUITHUKaMH CKor/ibkeHHsl. OMopbl COCTOAT U3 ABYXKAaCKaAHOH aMOPTH3ALIMH, MPO-
MeXYTOUHOIO Te/la M racute/isi KorlebaHuH. B KauecTBe riepBoro Kackaza aMopTH3aLIUH
Mpea/1o})eHO HCIMOb30BaTh Mac/IsSHYIO /IeHKY. DTO CYIIeCTBeHHO YIpollaeT KOHCTPYK-
1Mo BUGpousonupyiomero ysaa. OaHaKo B BLICOKOOOGOPOTHBIX POTOPHbIX MaIlMHAaX Mac-
/IAHBIH C/TOH MOXeT OKa3aTb CYLIeCTBeHHOe B/IMAHHe Ha AMHaMUKY MalluHbl. KpoMe Toro,
B/MSHHE MaccC M KeCTKOCTeH OIop MOKET CYIIeCTBeHHO B/IMATh Ha U3MeHeHHe 06/1acTer
ycrorunBocTH potopa. OCHOBHbIe TPYAHOCTH, BO3HHKAIOIIHUE TMPH pacueTe YCTOHYHUBO-
CTH ABMXKEHHS POTOpa Ha Mac/IsAHOH IIeHKH, CBf3aHbl C OIpesae/leHHeM XeCTKOCTH H
aeMIicpupoBaHUA cBfsel. B obiem ciyyae ruapoanHaMHyecKHe CH/Ibl, BOSHHUKAIOLIME B
Mac/IsIHOM c710e, MPeACTaB/IsIOT COOOH He/TMHeHHbIe (DYHKLIMM KOOPAMHAT H CKOPOCTeH,
onpese/IsAmUX MT0/I0)KeHHe poTopa. Hcronb3oBaHb! AHHeapU3UpPOBaHHbIe BbIpaXKeHHUs
47151 THAPOAMHAMHYECKHUX CH/1, ITOCKO/IBKY POTOP COBepllaeT Ma/lble ITepeMelleHH .
Paccmorpena onHomepHas Moaens KoriebaHHE poTopa Ha BUOPOH3O/IMPYIOIIHUX OIOpax.
/st noctpoerus ob/1acTert YCTOMUHMBOCTH JKeCTKOTO pOTOpa Ha JKeCTKHX orlopax ros1yye-
HO XapaKTepHCTHYECKOe YpaBHeHHe YeTBepTOH CTerleHH. Yc/1oB s YCTOMUMBOCTH UINYTCS
Ha OCHOBe KpHuTepHs [ YpBHLIa, MO3BO/IAIOLIErO MO/AYYUTh He TO/IBKO IPaHHMLLY, HO H 06-
71acTh YCTOMUUBOCTH poTopa. OnpeneneHs! YC/10BHs YCTOHYUBOCTH pOTOpa Ha BUOPOH30-
mupyionx oriopax. CocTa/sgeTcsi COOTBETCTBYIOIIee XapaKTepHCTHUeCKoe YpaBHEHHe.
[lns moctpoeHuss obracteit YCTOMYHBOCTH HCTo/b3yercs Metoa [I-pa3buenuii. Onpese-
/leHa CTelleHb B/IUAHHSA YIPYrOHHEPLIMOHHBIX XapaKTepPHCTUK BUOPOHU30/UPYIOIHX OIOP
Ha M3MeHeHHe 0b/1acTert YCTOMYUBOCTH pOTOpa. DTO YMEHBIIH/IO BePOSTHOCTh BOSHUKHO-
BeHHe aBTOKO/IeOaHHME! U MOBBIIIaeT 3(p(heKTUBHOCTb BUOPOHU3O/MUPYIOMHX OIIOP.
KrioueBsle cioBa: poTop, YCTOHYHMBOCTD, MOALIMITHHUK, Mac/saHasA I/IeHKa, oropa, KecT-
KOCTB, MOZerIb.

BbICOKOO60pOTHbIX POTOPHBIX
MalllMHaX  CYIIeCTBEHHO  B/IN-

COIIPsIZKeHHBIX fleTasiel, TOBPeXkAeHUN
BK/IaZbllllel WA 3aeJaHueM lIvIa B MOA-

STHMe MAacC/ISHOM IV/IeHKHM Ha AMHAMHKY
MOAIIMITHUKOBOTO y3ia. B 3toM cayuae
BO3MOXKHA IOTeps YCTOMUMBOCTHU M IIO-
siB/leHre caMoBo30yKaeHUs. OnacHOCTb
OOBACHSAETCS TeM, 4TO MWHTEHCUBHOCTb
KortebaHuii MOXKeT ObITb BelMKa, TakK
KaK aMIVIUTYAbl Ko/ieGaHUi, BbI3BaHHbIC
MacC/ITHOM TI/IGHKOM, YacCTO MPEBbIMAlOT
AMITIMTYAbl  PEe30HAHCHBIX  KO/eOaHuih
[I7I0OXO OTOA/TAaHCUPOBAHHBIX POTOPOB,
a B Basle HaO/MOAAIOTCA LIMK/INYECKHe Ha-
npsikeHys. [Ipy sToM MOryT BOSHHKATh
HENPUATHOCTH, CBSA3aHHBIE C BO3MOKHO-
CThIO OCMabrieHusi TPeCcCcOoBOM TOCAAKU
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wmnHyKax (1], [2].

OcHOBHBle TPYAHOCTH, BO3HUKAIO-
IMe TpY pacyere YCTOMYMBOCTH ABU-
JKEHUs] POTOpa Ha Mac/IsHOM TI/IeHKH,
CBsI3aHbl C ONpeae/IeHueM XKeCTKOCTU U
neMricpMpoBaHHUsl cBsideit. Kpome Toro,
BAWSIHUE MacC W TOAAT/MBOCTEH OIop
MOKET CYIIeCTBEHHO B/IMSATh HAa U3MEHe-
Hue obnacTer YCTOMUHMBOCTH.

PaccMoTpuM  ogHOMepHYIO  Mozernb
KoseGaHui pOTopa Ha BHOPOUBOIHPY-
IONIMX OfOpax, COAepKallkhX TMepPBbIr
KacKazl aMOPTH3aLIMHU C )XecTKocTeio C,,
BTOPOM KacKa/l aMOPTH3ALIMU C KeCTKO-
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OaHomepHas Moaenb KonebaHHI poTopa
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CTBIO CZ, [IMHeMHBIN racuresnb (aHTUBU-
6patop) ¢ xecTtkocThio C, [3].

Ha pucynke o6osHauene:: m,, m,,
m, — Be/IMYMHbI MacC COOTBETCTBEHHO
poTOpa, MPOMERYTOUHOTO Tera, racure-
ns; C, C,, C, — BeIMUMHbI KeCTKOCTek
COOTBETCTBYIOLIMX YITPYIHX CBS3eH.

B BBICOKOOBOPOTHBIX POTOPHBIX Ma-
IIMHAX Mac/sHasi TI/IeHKa [POsB/seT
CBOU YIIPYrve CBOWCTBA, B/MSIONINE Ha
AvHaMUKy MaluvHbel. [ Ipennaraercs wc-
0/1b30BaTh MaC/AHYIO TI/IGHKY B Kaue-
CTBe TepBOro Kackaza aMOPTU3ALIMH.
OTO IMO3BOMAET YIIPOCTUTb KOHCTPYK-
LIMIO BUOPOM3O/THPYIOIIEro yara.

B [4] nonyueHsl 06/1acTH YCTOMUMBO-
CTU KECTKOIO POTOpa Ha KeCTKHX Orl0-
pax C Mac/sHOM I/IGHKOM B II/IOCKOCTH
rapamMeTpoB ¢,

Q= LSIH; B=w / o,

mlw OJP ’
rae | — AMHaMU4YecKasl BS3KOCTh Mac/a;
I — nnviHa nommumHMKa; W = A/r; r — pa-
AWYC Laricpbl; @ — YrzioBasi CKOPOCTh PO-
TOpa; ©, — paboyas CKOPOCTb POTOpa.

[ns noctpoenus obracted YCTOMUU-
BOCTU TIO/IYYEHO XapaKTepHUCTHYeCKoe

yYpaBHEHWe ueTBepTOM CTereHH. Ycro-
BUs YCTOMUYMBOCTH MIIYTCS Ha OCHOBE
Kputepuss [ypBulla, M03BoO/sAONIICTO
MO/MYYUTb He TO/IbKO TPaHMUILLY, HO U 00-
1aCTb YCTOMUYMBOCTHU POTOpPA.

B paborte uccneaoBaHo BAWSHWE Ha
r3MeHeHue obracter YCTOMUUBOCTU BU-
OPOUBOMUPYIOIINX OIIOpP, KOTOpPhIe CO-
fepXkaT He TOMbKO I10C/Ie0BaTe/lbHO,
HO Y Tapa’iie/IbHO BK/AIOUEHHBIE MacChl,
00pasys ABYXKACKaHYIO aMOPTH3aALIMIO
C AMHaMHW4YeCKHUM racure/ieM KOH€6aHHPI.

Ha ocHoBe ypaBHEHHIT ABHKEHUS
YccrienyeMort CUCTeMbI TTO/TYYeHO Xapak-
TePUCTHUECKOE YpaBHEHHE [BUKEHUsI
12-o1 crernenu.

[ns noctpoeHus obnacter YCTOMUU-
BOCTH HCHonb3yercss meron [l-pastue-
Hu [5].

B pesynsrate mnpeobpasoBaHuil T10-
yyeHa CUCTeMa YpaBHeHWH, orpeaess-
[olllasi TPaHULY O61acTU YCTOMYMBOCTHU
poTopa.

MC+ 22 (ePp tA-¢*qB)+ ¢°p f B)=0;
LA 2psA+¢°p bB)=0.

rae A — BeqMUMHA MHHMBIX YacTell xa-
PAKTEePHCTUYECKOTO YpaBHeHus; b, t,
S, q,  — HeROTOpbIe MapaMeTpsbl, 3aBU-
cAlllMe OT II07I0KeHUsl Laridbl B I10A4-
wurHvke; A, B, C — MHorousieHsl 8-om
CTereHU A, KO3(P(ULIMEeHTbl KOTOPBIX
3aBUCAT OT MapaMeTpoB pPOTOpa U BU-
OPOHBOMUPYIOIINX OTIOP.

BeironHeH aHanus BAUSHUA Tapa-
METPOB BUOPOU3O/IUPYIOIIMX OIOp Ha
r3MeHeHue o6/1acTeil YCTOMUMBOCTH PO-
TODpA.

[lokazaHo, 4TO C YMeHblIeHHeM
JKeCTKOCTH BTOPBIX KaCKa/loB aMOPTU-
3allMM 30Ha HEYCTOMUMBOTO [IBHKEHHS
potopa pacumpsiercsi. OcobeHHO cyie-
CTBEHHO 3TO paclifpeHHe A/ 3HauUeHU

v = <, <1

2
ml(DH
rae (DH — YaCTOTa HaCTpOFIKI/I AHTHBHO-
paTtopa.
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[ns 3HadeHuit y2 > 1 rpaHMLIbl YCTOM-
YUBOCTU POTOpa Ha OIopax C ABYXKa-
CKaZIHOM aMOPTH3alLlMeN IPaKTUYeCKH
COBIAZIAIOT C FPAHULIAMU YCTOMUMBOCTH
pOTOpa Ha YIPYrux oropax ¢ Be/M4rHa-
MU JKeCTKOCTel BTOPhIX KaCKaZ0B aMOp-
TU3ALIMH.

[Ana y? < 1 yBennyeHve Be/UUHHBI
Macchbl racuresisi 1O CpPaBHEHUIO C Mac-
COM TPOMERYTOUHOTO Te/lla YMeHblIaeT
3arac YycTomurMBocTH potopa. OmaHako

Q7151 PeanibHbIX 3HaUeHWi Macc BUOPOU-
3onupyioriert oropsl (10-15% ot mMacch
potopa) u ans avarasoHa B < 1,1 cko-
POCTel BpallleHUs poTopa 3TMM YMeHb-
IIeHHEeM MOXKHO TpeHebpeus.

[Ipy paBeHCTBe YacCTOTBI ABTOKO-
neGaHrM Y4acToTe HACTPOMKM rachTerIs
KECTKHM POTOP MOKET TMOTepsTh YCTOM-
YUBOCTh TO/IBKO TP YacTOTe BpallleHUs
B/IBOE TTPEeBHIIIaoIIel YaCcTOTy HaCTPOM-
KU FacUTeris.
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STABLE MOTION OF RIGID ROTOR ON ANTIVIBRATION SUPPORTS

WITH SLIDER BEARERS

Alekseeva L.B., Candidate of Technical Sciences, Assistant Professor, e-mail: Ibalek@rambler.ru,
Uvarov V.P., Doctor of Technical Sciences, Professor, e-mail: uvpav@rambler.ru,
National Mineral Resource University «University of Mines», 199106, Saint-Petersburg, Russia.

The author examines behavior of a rotor mounted on antivibration supports with slider bearers. The sup-

ports consist of two-stage shock absorber, packing piece and vibration absorber. As the first stage of shock
absorbing, it is suggested to use an oil film. This greatly simplifies the design of the antivibration unit. How-
ever, the oil film may essentially affect dynamics of high-speed rotor machines. Moreover, the effect of weight
and rigidity of supports on the change of the stability ranges of rotors can also be high. Major difficulties in
calculating stable motion of a rotor with an oil film are connected with determination of rigidity and damping
effect. In a general case, hydrodynamic forces arising in the oil film represent nonlinear functions of coordi-
nates and velocities that govern the rotor position. The author uses linearized expression for hydrodynamic
forces as rotor makes fine movements. Under consideration is one-dimensional model of rotor vibration on
antivibration supports. For constructing stability ranges for a rigid rotor on rigid supports, a characteristic
biquadratic equation is derived. The search of the stability uses the Hurwitz criterion that allows finding both
the boundary and area of the stability range of rotor. Stability conditions for rotor on antivibration supports are
determined, and the relevant characteristic equation is constructed. The stability ranges are constructed using
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the Division Method D. The level of the effect exerted by elastic-inertia characteristics of antivibration supports
on the change of the rotor stability ranges is assessed. This reduces the self-excited vibration probability and
enhances efficiency of antivibration supports.

Key words: rotor, stability, bearer, oil film, support, rigidity, model.
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YMHAS KHHIA - [TIPEAAMET INEPBOH HEOBXOZIHMOCTH

YAUB/IEHHUE AHU/IETAHTA

HeBexecTBeHHbIH Ue/10BeK YacTo MO3ULIMOHUPYET ceOs cpeau YM-
HbIX Y OOpa30BaHHBIX, BEPHUT B HEOBIIMLIBI, a C/IOXKHBIE TEOpPHUH He
JKe/laeT 3HaTh.

Pa3s B Henemnio, a To U Yallle B Hay4YHO-TEXHUUYECKHE H3/1aTe/1bCTBa
[PUXOAAT aBTOPbI, KOTOPble MEUTAIOT YAWBUTh U U3MEHWTb HaY4HBIM
mup. OHU M306peTaloT BeuHbli ABUraTe/lb, 10Ka3biBatoT Teopemy Pep-
Ma, 3aHOBO K/IaCCU(HLIMPYIOT HAYKU, OTKPBIBAIOT HOBble (PU3UUYECKHe
3aKOHBI, HU3BepraioT Teopun HeioToHa, DiHiuTeriHa, /lapsuHa, ['vka.
Takve rpaxaaHe HAMOPHCThI, MHULIMATUBHEL, NMEIOT pobesbl B o6pa-
30BaHUM, @ U CIIOPUTh C HUMH HeGe3oracHo. Wsaatens N, nonydus-
KK 3a04HOe OubnnoreuHoe obpasoBaHUe, C1abo pasdbUpaIoIMHC
B €CTeCTBEHHbIX M TeXHUYECKUX HayKax, B TaKHX C/IYyYasix BbIHYKICH

[la. MHOTO Ha cBeTe Gerarthb 3a KOHCY/BTALMAMH K CrIelHa/vcTaM, KOTopble MOCMeHBaioTCs

YAMBUTENBHOTO Ha/l HeBeK/IOM, HO PAaCTO/IKOBBIBAIOT a3bl HAVK.

B oann He nyummit ans Hero aends N GecenoBas ¢ o4epenHbIM «yue-
HBIM», HalMCaBIIMM YauBUTenbHYIO 6pormopy. OHa Obl/la MOCBsleHa paAVaHHOMY H3MepPeHHIO
yrroB. «[Ipeacrapnsiere, — roOBOPH/ TMOCETUTE/Tb, — €AWHHMLIA MOXKET ObITb YI7ZIoM. DTO M3MEHsIeT
HallW B3I71sabl Ha cucTeMy uaMepenunir. [ast N 310 Toxke Oblio OTKpbIiTUEeM. Beab OH yike Gbiio
cobparsicsl MedataTh GPOILIOPY, HO Ha BCAKWI CaAydad CIIPOCHA Y MaTeMaTHKa coBera. 1oT, Ha-
CMesIBIIKUCh BIOBO/Ib, OOBACHHW/I, YTO PO PaZuvaHbl PacCKasbiBAIOT B BOCBMOM K/acce, a aBTOD
GPOLIOPBI TO /U MIPOTY/S/I YPOK, Ha KOTOPOM OOBSICHS/IN 3TOT MaTepHas, To /11 3abbiz ero. N ro-
HHMa/l, YTO HYKHO YUWUTBCS WM MPUIIACUTh Ha paboTy MOMOIIHHMKA ¢ HOPMa/IbHBIMU 3HaHUAMH,
HO BCe He [IOXOAW/IN PYKU.

B Mupe MHOro AW/1eTaHTOB, KOTOPBIX YAWBASIOT MPOCTEHIINE SB/ICHUS W 3aKOHBI MTPHUPO/IbI.
[TosTomy MosHOLIEHHOE U3AaTe/IbCTBO BhIHYKACHO UMETh B IITATe CIeLNa/IMCTOB M0 HallpaB/IeHH-
sIM, a TaKXKe OrpPaHUUYMBaTh chepy CBOCH AesATe/IbHOCTH OCHOBaMH OTPAC/IeBOM HayKH.
INponomxenue Ha c. 290
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