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SKCINEPUMEHTAJIBHBIE UCCJIEJOBAHUSA XAPAKTEPUCTUK
VIIOPHBIX T'MAPOCTATHYECKUX MNOAUWUNHUKOB CKOJbLXEHMWA,
PABOTAIOIINX HA MAJIOBA3ZKHUX KHIAKOCTAX

Knroueebie c1o8a: 2udpocmamuyeckuii NOOUUNHUK, IKCNEPUMEHMATbHbIE UCCIEO06AHUSA, MANO6AIKAA HCUOKOCHIL, XAPAK MEPUC UK
NOOULUNHUKA.

Ilpusodsmes  pesynomamer  IKCREPUMEHMANbIbBIX

uccneQo6anull,

Komopoie  NOOMEEPXHCOAIom  NPUSOOHOCTIb

paspabomannoti Memoouku pacvéma noowunHuKos. Onu mozym 6bLMb UCNONB30BAHBL MAKICE NPU NPOCKMUP OBAHUL,
paspabomye, 00600Ke U OMNAOKE NOOWUNHUKOBLLX Y3108 SHEP2EMUUECKUX MAULUH.

Key Words: Experimental investigation of characteristics of hydrostatic thrust plain bearings, working on low-viscosity fluid.

Results have been presented of experimental investigations showing applicability of the bearings calculation procedure
worked out. They can be used in design, engineering, operational and adjusiment of bearing assemblies for power

machinery.

B HacOCHO-KOMITPECCOPHLIX arperarax, a Takke
B APYTHX BHIAX SHCPIETHYCCKOrO W TEXHOJIOrHYCCKOTO
000py/I0BaHKsi B KauecTBE CMA304YHOW cpebl onop ¢
ycrexoM MOryT ObiTh MCIONB30BAHbI  MAJIOBA3KHE
paGoune xuakocTu. [IpuMeHenre rHAPOIMHAMHUCCKUX
[O/ILIMMHNKOB CKOJNBKEHHS B JTHX CIIyuasX MOXeT
BLITL 3aTpyAHEL0, TAK KaK OHH paboToCoco0HbI HIIL
IpM ONpe/IeNEHHOM COYETAHWH CKOPOCTH M BA3KOCTH
cMa3ku. DTO OTKpbIBAeT WIMPOKYIO IEPCHEKTUBY JUIA

IPaKTH4ECKOro ITPUMEHEHNA THAPOCTATUYECKHX
MOAIIMITHHUKOB.

l'lepeno,r_l [OUIMITHHKOBBIX Y3JIOB pas3sjiHIHbIX
MalllMH Ha  CMasky MaJIOBS3KMMH  JKUIKOCTSIMH

[I03BOJIAET PEMIMTL LEbI paA 1pobieM W MONYYHTh
MHQXECTBO IpeuMymecTB no cpaBHeHmo c
TPAAMUMOHHO TNPUMEHAEMBIMH CHCTEMAaMM  CMaskd
MaciamHu.

OnHako JUIS TOro, 4to0bl OCYINECTBUTb TaKOH
nepexoa, HGOGXOAHMO npeusapmenbﬂo ﬂpOBCCTl/l
KOMILIEKC JAOPOTOCTOS X TEOPETHIECKUX 7
IKCTIEPUMEHTAJIBHBIX UCCIIEI0BAHM.

ABTOpaMH  [IPOBEJICHO  TEOpeTHdecKoe W
IKCTIEPUMEHTATLHOE HCCNeIoBAHHE PabOoThl YIOPHBIX
I’ PIleOCTaTI’I‘IeCKPD( NOAMIMUITHHUKOB CKOJIbXKEeHUA
(VI'1IC) co cMa3Koi MaJIOBA3KIMH KHAIAKOCTAMM.

PazpaboraHa MaTeMaTH4eCcKas MO/IEJb,
METOUKa U mporpamMma  pacuera  pabodumx
Xapakrepuctuk Kombueporo YIIIC ¢ XUAKOCTHOH

cmaskoit  [1,2]. PaccmarpuBaercs  yCTaHOBHUBLUEECS
W30TEPMHOE  TedeHHe  OJHOGMA3HOH  CMa30YHOH
KUAKOCTM B 3a30pe  MNOJUIMIHUKA,  KOTOpCE
ONUCHIBAETCS ypaBHEHUAMH Hagne-Crokca,

HEPA3PbIBHOCTH M YCJAOBUEM TIOCTOSHCTBA BA3KOCTH.
JUis YOpOIIGHWs WHTETPHPOBAHMA OTHX YpaBHEHHH
MpoBeeHa OlIeHKA NOpsAKa KPUTEpHAIbHbIX BEJIMYHH,
BXO/MUIHX B cuctemy. [loaydeno mupdepeHIHaNIbHOC
ypaBHeHue IS pacnpe/ie/ieHus TaBlIeHHs B CMa30uHOM
COE KOJbLEBOIO YIIOPHOrO MOMMIMNHUKAE CKOJIBKECHMA,
OMMCAH METOH €ro pemeHus. 3ajgada pemaercs B
KB43UCTALMOHAPHOHN MOCTaHOBKE. PopMa 3a30pa MOXKET
GbLITH 3a7aHa  TPOM3BOJIBHO, AHATHTHYECKH  HIIH
YUCJIEHHO, VYHUTBHIBAaETCA TMEPEKOC YIMOPHOIo JHMCKa.
JlaBnenue B KaMepe TNOAIIMINHUKA HAXOIMTCH U3
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ypaBHeHus OajiaHca pacxoJ0B BO BXOJHOM YCTPOHCTBE
W B 3a30pe nomumnHuKa. HecraunonapHocTs npouecca
CMa3K{ BLIPAXAETCH 4epe3 IpaHW4YHbIE YCIIOBUS WU
CWIOBbIC BO3ICHCTBUA, 3aBUCAIIHME OT BPCMEHM.
[lopeaeHue poropa, Moj AEHCTBHEM NEPHOAUUECKH
U3MEHSIOLIUXCS  BO  BpPEMEHM  BHENIHWX  CHJL,
ONMCHIBAETCS  YpPaBHCHMEM  JBWXEHHMA  poTOpa.
[Tposenex TaKXKe napameTpUYeCKHii aHanu3
XAPaKTEPUCTHK NOJIIHIHUKA.

C UeNblo OLUEGHKH NPHIOIHOCTH pa3zpadoTaHHOTO
METOJA pacuera, a TaKxke IPOBEPKH TEOPETUYCCKH
TIOJY e HHBLIX pe3yJIbTATOB, paszpaboraH
IKCTIEPUMEHTANIbHbIN CTEHI VIS KUCCIEI0BaHUsA paboThl
¥ OIPEIENCHNS OCHOBHBIX XapaKTEPUCTHK KOJIbLEBOIO
VI'CII, a Takxe nporpaMma U METOJMKA MPOBEINCHUA
uerbiTanuii. Crena  [2]  Bruowaer B . celds
INEKTPOABUIaTe b IOCTOSHHOTO ToKa Mapku IDS 742 N
MOIIHOCTBIO 60 KBT W yriioBod CKOPOCTBIO BpalleHus
poropa 5000 06/MHH, MYJIBTHIUIHKATOpP, YHIPYIo-
ManeleByrd W 3y6uatyio MyQTbl, YCTaHOBKY JUis

HCILITAHUS  IHIPOCTATHYECKOro  MOJMIIMIHUKA — C
UCTBITATEILHOM Kamepou, CHCTEMY CMasKH,
KOHTPOJIbHO-U3MEPUTENIbHYIO  afnmapaTypy, CHCTEMY

"YNpaBJICHUA U ABTOMATUYECKON 3aLMThI.

CMa304Has XUIKOCTh W3 0aka MIeCTepeHHbIM
HacocoM mapku HMIII2-40-1,6/16-1 uepe3 Gumbtp C
TOHKOCTbIO (PHIBTpAllMM 5 MKM MOJAeTCd B 3a30p
MCTILITYEMOr0 TIOAMINMTHKUKA. JlaBieHre noaayu CMasKy
MOXET PeryjHpoBaThCsl BCHTWICM W PEIyKUHOHHBIM
KJIAIIAHOM.

Kamepa 1 WCIBITAHMA [HAPOCTATUYECKOIO
noxmunumka (puc. 1) cocroutr u3 koxkyxa 1, poropa 2,
000MMBLI 3, OCEBOT0 HArpy304HOr0 I'H/PABIMYECKOIO
yerpoiictBa 4, MCIBITYEMOro IOANIMITHAKA 6. Jlis
YCTpaHeHHs MePeKOca YNOPHOTO AUCKA 5 OTHOCUTENILHO
[O/ILIMITHMKA Ha By YCTAHOBJICHA AOMyCKHAs JleHTa 7.
Jlns HabmoneHns 3a paboTol MOJIMMITHEKA B Mpolecce
IKCIIEPHMEHTA B KPBILIKE § HIMEETCS CMOTPOBOE OKHO 9.

Oceras Harpyska K MO HITHHKY
MPUKIAIBIBAETCS PYYHBIM  IUTYHXKEPHBIM  HAacOCOM,
KOTOpbIi CO3AaeT [ABJICHHE B TWAPOLMIHHApE 4.
3HAYEHHE  HArpy3KH  MOJTydaeTcs  YMHOKEHHUEM



NABJIEHWss B KaMepe TWIPOIWIMHApAa HAa TUio@anh
TIOpLUHS.

JIng uU3MepeHus TONOXEeHUs YIIOPHOrO IHMCKA
OTHOCHTEJIBHO MOIIIMIHUKA ObUTH BHIOpAHBI BUXPEBbIC
NaTYHKM W CTaHAapTHad BTopuuHas amnmnaparypa KCA-
15.

Puc. 1 - HenbiTaTenbHasi kamepa: 1 - Koxyx, 2 -
porop, 3 - o6o¥imMa, 4 - THAPOUMIHHAP, 5 - yNOPHbLI
MHCK, 6 - MOAMIMIHMK, 7 - JONYCKHAs JieHTa, 8 -
KpbIIKa, 9 - cMOTPOBOE CTEKJIO

B kayectBe oOBekTa HCCiIeAOBaHMA BhIOpaH
NOJIIMITHAKOBEIN  y3€ell, reOMeTpUYECKHe paszMmepsl U
pexnM  paboThl  KOTOPOrO  XapakTepHbl  JUls
paspabaTbiBaeMbIX  JHEPreTHYecKHX  MallliH, B
HACTHOCTH, Il XOJNOAMILHOTO TypOoarperata MX-
3000. HcmeiTyemblii NOANIUMIIHHK MMEET CIEMYIOIHE
reoMeTpu4ecKue pasmepbl  (puc. 2):  BHYTpEHHHi
panuyc nommunHyka R,=74 MM, BHyTpeHHHI pannyc
KaMepbl MoJAauM  cmazku (HamTyra) R,=85 MM,
HapyXKHblii paguyc kamepbl R;=89 MM, HapyxHblif
panuyc noxwnnHuka R,=100 MM, auamerp auadparm
d=0,8 mm, kommuectBo muadparm K,~18. I'my6una
kamepsl — 2 MM (puc. 3).
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Puc. 2 - Cxema noammnuuka: 1 — porop; 2 -
ynopuwbii  aMck; 3 - paboyas HOBEPXHOCTH
NOAINKIHHKA; 4 - KAMEPa HATHETAHHSA; 5 - Apoccens

[lpy  uCOLITAHMAX  3aMEPATHCH  CKOPOCTH
BpAlEHUA pOTOpa, NABJECHHE B KaMepe HarHeTaHus
noauIuITHUKaA, JAaBJIEHUE HarH€TaHUus CMa3sKH,
TEMIIEpaTypa CMa3Kku B pabouyeM 3a30pe NOAUIMITHUKA,
NaBleHHe MachNa B THAPOLWIMHAPE (MO 3TOMy
NABNEHMIO  ONpENeNseTcss Hecymas CrocobHOCTE
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NOMIUMITHAKA). DTH  XapaKTepHCTUKH
paboTOCOCOOHOCTS TIOAUIHITHHKA.

HcnbiTanus ~ 1IpOBOJMJIKCL — TIPU  CMaske
OU3€TbHbIM TOIUIMBOM M JKMAKMM XJjagoHom R-113.
BapeupoBanuch [JaBneHue HarHeTaHMs CMaskM B
npenenax 0,7...1,2 MIla, Harpy3ka, yacToTa BpauleHus
potopa B npeaesnax 0...7000 06/MuH.

ONpeaesa0T

Puc. 3 - UenbiTyemblii nOQIMITHHEK

Pesynbrarsl 9KCIICPHMEHTOB MOKAa3aJH, 4To
NOMIIMITHAK ~ paboTocnocofeH B HCCICAYCMbIX
pexumax. Hwuwke npuBOAATCA M AHATUIMPYIOTCH

pe3y/IbTaThl MCCIEIOBAaHHUM, MPOBEAEHHBIX IIPU CMA3Ke
VTTIC nu3enbHBIM TOIUIMBOM.

5k NOJTy4EHHbIX IKCHEPUMEHTAIbHBIX
pe3yNbTATOB  CICAYET, 9TO JABJICHHC B KamMepe
NONMATHUKA M HECymas CrnocobHOCTb pactyr ¢
YMCHBILICHUEM 3a3opa. PacxoxaeHne
IKCINEPUMEHTAIIbHBIX  Pe3yJbTaTOBR U pe3yJIbTaTOB
TCOPETHYECKMX UccrietoBanuit  [1,2] wHaxopsrcss B
npenenax 15 %. Ilpu 3azopax 10 u 20 wMkm
PAaCXOXKACHHA COCTaBIAKOT MPUMEPHO S5-7 % U
YBCJIMYHBAIOTCA C pPOCTOM BCIIMYHHBI OCEBOIO 3a3opa

(puc. 4).
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O akcnepumeHT!
Puc. 4 - Brusinue 3a30pa Ha HeCYulyio ¢nocoGHOCTD
NOAUIHAHHKA

A akcnepument2

C poctoM naBiieHus MOAa4M CMa3Ku JaBjeHHUE B
KaMepe H COOTBETCTBEHHO Hecyllas CIIOCOOHOCTD
DOAIIUITHUKA YBETHUMBAIOTCSA. PacxokaeHHs Mexay
OKCIICPUMCHTAJIbHBIMH JTaHHBIMH H TEOPETHYECKUMH
3HAYEHUAMHU COCTaBAOT 8...12 %.

Ilpy yBenuueHuM YacTOTHl BpaIIEHMs PpOTOpaA
Npyu  [OCTOAHHOW Harpyske 3a30p B MOALIUITHUKE
yMeHbIIaeTcs. ITO CBA3aHO C  JelcTBHEM Ha
CMa3OYHBIH CJIOH HEHTPOOEKHBIX CHI  HMHEpPLHUH.
JlelicTBHE  >THX CHT  Ha  CMa304HbId  CJIOH
paccMaTpuBajIOCh IIPU  TEOPETHYECKOM  aHaM3e
XapakTepucTUK mnogmunHuka. C pocToM CKOPOCTH
BPAIUEHHUA PACXOXKACHHUS MEXKIY 3KCNEPUMEHTATLHBIMH



JAHHBIMH 7 pe3ysibTaTaMH TEOPETHUECKHX
uccienoBaHuii ysenuyusatores oo 10-15 %.

U3 npuBe/eHHBIX pE3YILTaTOB HCCIEAOBaHUM
BUJAHO, 4YTO TEOPETUYECKH IIOJIYUCHHBIC JaHHBIE
KaueCTREHHO XOpOIIO COTTIACYIOTCA c
HKCTIEPUMEHTAILHBIMHE  JaHHbIMH.  KonnuecTBenHoe
OTKJIOHEHUE TEOPETHYECKUX  pe3ylbTaToB oT
PE3yJIbTATOB YKCMIEPUMEHTa coCTaBiAeT 5-15 %.

B xome OIKCriepEMEHTa YCTAHOBNEHO, HYTO
TeMMepaTypa CMa3Kd B 3a30p€ MOALIMITHHKA HA BCEX
HCCNIE/IOBAHHLIX peXuMax paboTel He MpeBbIIIaeT
oosee yem Ha 2°C TeMmeparypy OKpYXKatOlleil cpebl.
DTO [OKa3bIBACT CIPABCIIMBOCTb JOMyMmEHMA 06
M30TEPMHOM  TEYEHWH CMa3KH [PHHATOM  [IPU
TEOPETHYECKOM aHa/IM3E.

Hanuuue B O>KMAKOCTH  IY3BLIPLKOB  Tasa
0Ka3bIBaeT 3HAUYMTEIILHOE BIUSIHUE HA PEXUM paboThl U
XapaKTCpUCTUKH IMOJAUIUITHHKA, H 3TO ABJICHHUC OOJHKHO
OBITH H3Y9YEHO 0C000.

Ocraercd TaKKe OTKPBITHIM BOMPOC paboTsl
rUAPOCTATHUECKUX NOIUIMIHUKOB —CKONBXKEHMS CO
CMa3koif XJIaJareHTaMd B JBYX(Aa3HOM COCTOSIHUM

(>xunKocTh nap). Ha nmpakruke  pabota
TypboarperaroB Bcerna COMPOBOXKAACTCA
JUHAMHUYCCKHMHA HarpyskamMmH. Bee 3TO MOXKET
OTpULATENILHBIM obpazoM CKazaThes HA

paboToCnocoGHOCTH or1op. TTosTomy BOTIPOC
NpUMEHEHHUs: TNOAIIMITHHKOBBIX Y3JI0B  JUIA  TaKHX
pexxuMoB  paboTel  TpeOyeT  JOMOJHHMTEbHOTO
TEOPETHYECKOTO n IKCHEPUMEHTATBHOIO
HCClie IOBAHUSL.

TTonyuennsle pe3yneTaThl, a TaKkKe CpaBHEHHE
ONBITHBIX W PacyETHBIX JAHHBIX MO3BONAIOT CHENaTh
BbIBOA O MPUIOJHOCTH, pa3paboTaHHOH METOAMKH
pacuera NOJIIUITHHAKOB. Pesynbratsl
IKCNIEPUMEHTANIBHBIX ~ MCCJIEIOBAHMA  [al0T  TakkKe
UeHHYI0  MH(pOpMalHio, KOTopast MoxeT  ObITh
UCIIONb30BAHA IIPYM  [POEKTHUPOBAHUH, pa3paboTke,
NOBOIKE WM  OTNafAKe  MOMIIMITHMKOBBIX  Y3/10B
IHEPreTHUYECKUX MaTIuH.
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