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JOCJIIKEHHS BIIVIMBY HAITPSAMY HABAHTAKEHHS HA POBOYI
XAPAKTEPUCTHKHU I'YMOMETAJIEBUX IIIJIIIAITHAKIB KOB3AHHA
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Xapxiecokuil HayionanbHull mexnHivHull yHigepcumen cilbCbKo20 20Cn00apcmea imMeHi
Ilempa Bacunenxa
Csipryn B.IL
Xapxiscokuii nayionanbrull mexuiunuil ynieepcumem «XI11»

B pobomi npogedeno docniodcennss eniugy HanpsaMy HABAHMAINCEHHA HA OCHOGHI poOOYI
Xapakxmepucmurku RIOWUNHUKIE: Oepopmayito ONOPHOI NOBEPXHI, MAKCUMANbHUIL MUCK HA
HAUOIbW HABAHMAICEHOMY Ce2MeHmi, MIHIMATbHY MOBWUHY BOOAHO20 WAPYy HA OCHOBHUL
HeCcyuol0 Mauoanyuxy, nOG[3amy 3 pDedCUMOM mepms, Koeiyicum mepms, MAKCUMATbHY
memnepamypy 600u 6 Haganmaiceniti 30Hi. Tlokasani 3aKoHOMIpHOCIMI 3MIHU XAPAKMEPUCTNUK
npu 3MiHi padianvHoi Cuau, ma WUpuHU NIOWUNHUKA.

Jlocnioscentss onopHux niOWUNHUKIE 00360/1510Mb GCMAHOGUMU 3A2ANIbHI MEHOeHYIl 3MIHU
POOOUUX XapaAKMePUCMUK 2YMOMEMANeUx NIOWUNHUKIS, W0 3MAUYIOMbCS 600010, 6 3A1eHCHOC
8i0 KOHCMPYKMUBHUX | eKCHIyamayiuHux napamempie nputimMamu npu pospooyi HO8ux onop
O0OIPYHMOBAHT PIUUEHHS 8 3ANeHCHOCMI Bi0 OYIKY8AHUX YMO8 pOOOMU | MEXHIYHUX BUMO2 00
RIOWUNHUKA AKULL NPOEKMYEMbC.

Bcemanoeneno wo 3 pocmom cepednbo2o mucky 30inbutyemucs depopmayis onopu, muck Ha
HaubIiNbW HABAHMANCEHOMY ceemeHmi | memnepamypa. Koegiyiecnm mepms i mosuuna 6004H020
wapy Ha Hecyyil nioOWUHU CROYAMKY 3MEHWYIOMbCS, a nomim cmabinizyiomocs. [legpopmayis
8Y3bKUX NIOWUNHUKIG 3DOCMAE 3 POCIOM MUCKY OLN6ULOI0 MIPOIO. SHUIICEHHS MUCKY 3 PAXYHOK
WUPUHU RIOWUNHUKA € eeKMUBHUM 3ACO00M 3MeHUeHHs Oehopmayiil i 30i1bUeH s MOSUWUHU
6005HOI NAI6KU, WO 2apaHmye piouHHoi pedicum mepms. Egexm kpailosoeo kowmaxmy, aKuu
npeocmasise 3azpo3y npaye30amuocmi Onid Memanesux NiOWUNHUKIE, 6 2YMOBUX ONopax
Hebe3neKu He Hece 38axCaroyu niosuyeHoi no0amaueocmi ONOpHoi NOGePxHi.

Knwouosi  cnoea:  cymomemanesuil  niOWURHUK, — 3MAWYBAHHS 600010,  pobOHi
XapakmepucmuKu, Hanpsam Ha6aAHMANCEeHHs

IMocraBnenns npodjemMu

IlpobremMa BHKOPHCTAaHHA BOAM B SKOCTI MAaCTHJIBHOTO Marepialy B Cy4acHOMY
ManMHOOYAyBaHHI BUPIIIYETHCS B IBOX HAMPSIMKAX: B TIAPOCTATHYHMAX ONOPaX 1 B MiAMIMITHAKAX
PIIMHHOTO TiIPOAMHAMIYHOTO i TPAHUYHOTO TEPTS.

Bona B sIKOCTI pe4OBUHH, 10 3MAII{ye HiJIUAITHUKHA TiIPaBIiYHIX MAIIUH i TypooOypiB, OOpH
rpeOHMX BajliB KOPaOJIiB i MEXaHI3MU Xap4yoBOi IPOMHICIOBOCTI BajK/IMBa B 3B'A3KY 31 3pOCTAIOUMMU
BHUMOTaMH €KOJIOTTYHOCTI Ta MOXKEKHOI Oe3rexn. Baxxmmeum (hakTopoM € MOXKIIUBICTS BUKOPUCTAHHS
JUTSL 3MAIIEHHsT pOO0YOT PiIMHK MAIIINH, 10 CIIPOIYE KOHCTPYKLIT YII[TbHEHb.

3acTocyBaHHS MiJIIMIHUKIB KOB3aHHS, IO 3MAIIYIOTBCS BOJOIO, B PI3HHUX Taly3sx
MaIIMHOOYyBaHHS 3 Pi3HUMH YMOBAaMHU E€KCILTyaTallii BUMarae BCeOiYHOr0 BUBUYCHHS KOXKHOTO 3
SIBUILL, SIKi MAIOTh MiCIIe IPH iX pOOOTi.
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CyuacHi KOHCTPYKILii I'yMOBMX ONOPHUX HIIIIMIHUKIB B OLIBIIOCTI BHIIAJKIB SIBIISIOTH
c00010 CTaNIeBi BTYJIKH 3 NMPUKPIIUIEHUM O HEl T'yMOBHMM LIAPOM, SKUH po3pi3aHui Ha KiIbKa
YaCTHH KaHAJIAMH, [0 MiBOIATH BOY.

Puc. 1. 'ymomeraneBuii pagiaibHuii miAIUIHUK

Puc.2. CermeHTH 1151 ryMOMeTaJIeBUX PadiaibHUX MiJUIMITHUKIB

ITapoto Tepts € Baj, IKUit BATOTOBJICHHH 3 HEPXKABIFOYOT CTAII.

OcCoOIIMBICTIO 1AHOT'O TUITY OIOP € MaJla B'I3KICTh BOJM 1 Jy’Ke Maluil MORyJb IPYKHOCTI
TYMOBOTO HOKPHTTS 3 IPAKTHYHO HE3MIHHIM 00'€MOM.

INpare3faTHICT, IyMOMETANICBUX MiIIIUITHUKIB, SKi 3MallylOThCS BOIOI0, BH3HAYAETHCS
HEOOXITHOK TOYHICTIO IEHTPYBAHHS OCI Bajia, TEIUIOCTIHKICTIO OMIOPHHUX MOBEPXOHb, MII[HICTIO i
3HOcoCTiHKicTIO map Tepts. OcoOuuBOCTI pOOOTH MHiJUIMIHUKIB, SKi 3MallyIOThCS BOJOIO, i
MOXIIMBOCTI BUKOPHUCTAHHS pI3HMX MarepiayliB s BHpINIEHHS 3aBJaHb IIiJIBUIICHHS
[pare3qaTHOCTI OMMOPHUX BY3JiB omucaHi B poborax [1,2,3,4].

ObmexeHHs  gedopmamiii a0  MaKCUMalgbHO — JOIMYCTUMOMY  CKCIEHTPHCHTETY
BU3HAYAIOTHCS 3araJbHUMU BHMOTaMM JI0 KOHKPETHOro MeXaHisMy. Jlns omop rpeGHUX BaniB
JIOIYCKAIOThCS JOCUTD BEJINKI €KCLIEHTPUCUTETH, a IpaHUYHA AeopMallis 3aIeKUTh Bil po3MipiB
BawiB. Binbm sxopcTki BUMOrH 10 medopMaliil CTaBIATECA MPU IPOEKTYBaHHI ONOPHUX BY3IIiB
TiIpaBIiYHUX TYpOiH i HacociB. OOMeXyIOThCS 3MIIEHHS OCEH BaliB TAKOX JUIL OIOp OypOBUX
YCTaHOBOK.
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Meta gocaigKeHHs

JlocnimKeHHsT BIUTMBY HANpsIMy HAaBaHTAXKCHHSI OL[IHIOBAJIOCS MPU 3MiHi BiJHOCHOTO KyTa
NPUKIaJaHHs HaBaHTOKEHHA. Ta JOCHIUKEHHS POOOYMX XapaKTEePUCTHK TI'yMOMETAJeBOIO
MIAIIMITHAKA KOB3aHHS B 3aJIE)KHOCTI BiJl BEJIMYMHU CEPEIHBOTO THCKY .

Pe3yabTaTu fociiakeHb

Bennunna nedopmarii, sik OyJn0 BCTaHOBIEHO [2], 3aJeXWUTh BiJ THUCKY Ha OIOPHIH
MOBEPXHi, MEXaHIYHUX BJIACTHBOCTEH 1 TOBIIMHU T'yMOBOIO IOKPHTTS, Bill KOHCTPYKTHBHHX
0co0IHUBOCTEN POOOYHX MTOBEPXOHB 1 (POPM KaHAIB, IO MiABOAATH BOAY. BuMoru mo ooMexeHHi0
TUCKY, MOB's3aHi 3 AedopMalliero, yacTinie € OUIbII KOPCTKMMHU Y TIOPIBHSHHI 3 BUMOTaMHU 10
THCKY 38 YMOBaMH MIIIHOCTI 1 3HOCOCTIHKOCTI.

Buxozasuu 3i cka3aHOro, IOLIJIBHO 3'ICYBAaTH BIUIMB HANPsIMy HaBAHTA)KEHHS HAa OCHOBHI
po06o4i XapaKTepUCTHKHU i IIIHITHHKIB:

A, — nedopmariiro onopHoi OBEpXHi,

P, —MakcnManbHUI THCK HA HaifOiNbII HABAHTAXKEHOMY CETMEHTI,

h,, — MiriMaTBHY TOBIIHHY BOASHOTO APy HA OCHOBHHI HECYTOI0 Maf TAHUHKY, TIOB'T3aHY
3 PSKUMOM TepT,
f — koeiuient Teprs,

ty - MakcHMalbHY TeMIepaTypy BOAH B HABAHTAXKEHIH 30Hi.
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Puc.3. Cxema pafiajJbHOTO NiJMIHIHAKA

Ba3oBuM 00'eKTOM IS TOCIIDKSHHS IPUIHHATO MIIIIHITHUK TiapaBiaivyHoi MammHu [3].
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Jliaverp Bama mimmmmanka ctaposus O, = 60,38 vy, mmpuma mimmmmmxa B = 90 Mm,
30BHIILIHII JJlaMeTp TYMOBOTO MOKPHTTSI dH =73 mm. TTiAMMIHAK MaB BiciM TO3JOBKHIX KaHAB

tpukytHoi popmu rmbunoto H, = 3,1mm. Koediuient 3anoBHenHst po6ounx MOBEPXOHb CKIIaB
m,=05.

Martepiann MOKpUTTS IpadiTo-KaydykoBa MacH, 10 ckianaetbes 3 20 % HaTypalbHOro
Kayuyky, 34 % cuHTeTHYHOrO padiHoBaHoi kayayKy, 30 % xupHoro rpadiry, 3 % creapuny,

12 % cipku i 1 % xonTtakca. Ll cymim no3Bossie nmpaioBaT npu Temmeparypi no 130
rpanycis. TBepaicts rymosoro nokpurrs 1o Llopy cranouna Sh =82, mo Biamnosizae Moy
3cyBy G =176 MITa.

JlocnimKkeHHsT BIUIMBY HAaNpsIMy HaBaHTa)XKSHHS OL[IHIOBAJIOCS TIPH 3MiHi BiTHOCHOTO KyTa
NpUKJIafaHHs HaBanTaxenns 6 Bin -0,5 mo +0,5.

Pe3ynbTaTé po3paxyHKiB OKa3yIOTh, IO CyMapHi XapaKTePUCTHKY 3MIHIOIOTHCS HE3HAYHO.
[Ipu HampaBineHHI HABaHTAXEHHS MK cerMeHTamu nedopmaris 30imbimryersest Ha 2.4 %,
Koe(ILIEHT TepTs 1 TeMIlepaTypa 3MEHIIYIOThCS Ha 2,5 %.

ToBuHa BOASHOT ILTIBKY HE 3MIHIOETHCS. BiIbI110I0 MipOI0 3MIHIOETBCS TUCK HA HAHO1IbII
HaBaHTa)KCHOMY CETMEHTI, sIke 3pocTae Ha 12,7 % npu npHKIagaHHI HABAHTAXXEHHS IO CepeIUHU
onoproi nosepxHi (& = 0). Lelt BapianT npuitMaBcs JUis IOAATBIINX TEOPETHIHNX PO3PAXYHKIB,
SIK HAO1IbII HABAHTAXKEHUH.

Ha pucynky 4 HaBeneHi rpadiky 3MiHH IOCIIIKYBaHHUX POOOYHX XapaKTEPUCTUK Bil
CEepeTHBOTO THCKY.

X _Pm_ A; tu
0. Mna 10°mMm’ °C
1,4 P 70
d
he 2 t. Z— 60
MKM /’%/
5— 1,0 50
! = —
// =z |~ —~
4 — 0,8 40
—
3 — 0,6 ><\ 7 = 30
2— 04 %g/ hw 20
1— 0,2 / ~— f 10
o (] 0,1 0,2 0,3 0.4 0,5MMa 0,6
Pm
Puc.4. 3ajekHicTh XapaKTePUCTHK Bil THCKY — — 3MiHIOEThCS Fr, — — — —aminoerbes B .

CyuigbHUMH JTHISMHA TOKa3aHi 3aKOHOMIPHOCTI 3MiHM XapaKTEPUCTUK TP 30iTbLICHHI
paianbHOl CHIIH, @ MYHKTHPHUMH - ITPH 3MEHILICHHI IMUPUHHM MiAIIKITHIKA B.
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Pe3yabTaTu nociixkeHb

AHaii3 po3paxyHKiB II0Ka3ye J03BOJISIE€ 3pOOUTH HACTYIIHI BUCHOBKH.

3 pOCTOM CEpeAHBOr0 THUCKY 30LIbIIyeEThCS aedopmallis OMOpH, THCK Ha HaHOLIbII
HaBaHTA)XCHOMY CEI'MEHTI 1 TeMIieparypa.

KoedimieHT Teprs i TOBIMMHA BOJSHOTO IIApy HA HECydill IUIONIMHU CIIOYATKy
3MEHIIYIOTHCS, a MTOTIM CTa0TI3yIOThCS.

Jedopmaliis By3bKHMX MiJLIMIHUKIB 3pOCTAE 3 POCTOM THCKY OLIBIIOI0 MipOIO.

3HIDKCHHS THCKY 32 PaXxyHOK IIMPHUHU IiJIINIHKEKA € eEeKTHBHUM 3aCO00M 3MEHIICHHS
nedopmartii i 301TbIICHHS TOBIIWHK BOSIHOL TUTIBKH, 1[0 TaPaHTY€E PiANHHOI PEXKHUM TEPTSL.

Edext kpaifoBOro KOHTaKTY, SKHH MPEICTABILIE 3arpo3y MPaLe3qaTHOCTI I METaJeBHX
HiJIINITHAKIB, B TYMOBHX ONOpaX HEOE3NEKH HEe Hece 3BAXKAIOUH IIiJ[BHUINEHOI MOJATIMBOCTI
OTIOPHOT MOBEPXHI.
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Abstract

RESEARCH INFLUENCE OF LOADING DIRECTION ON WORKING
CHARACTERISTICS OF RUBBER-METAL SLIDING BEARINGS

Svirgun O.A., Svirgun V.P., O.Gusiev, V.Kolomiets

The problem of using water as a lubricant in modern engineering is solved in two ways: in
hydrostatic supports and in bearings of fluid hydrodynamic and boundary friction.

Water as a lubricant for hydraulic machines and turbodrill bearings, propeller shaft
supports and food processing machinery is important in the context of increasing environmental
and fire safety requirements. An important factor is the ability to use machines to lubricate the
working fluid, which simplifies the design of seals.

The use of water-lubricated sliding bearings in various engineering fields with different
operating conditions requires a thorough study of each of the phenomena that occur in their
operation.

A feature of this type of support is the low viscosity of the water and the very small modulus
of elasticity of the rubber coating with virtually unchanged volume.

Friction steam is a shaft that is made of stainless steel.

The performance of water-lubricated rubber-metal bearings is determined by the required
precision of the shaft axis centering, the heat resistance of the support surfaces, the strength and
the wear resistance of the friction pairs.

The influence of the load direction on the basic performance of the bearings is studied:
deformation of the bearing surface, maximum pressure on the most loaded segment, minimum
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thickness of the water layer on the main bearing platform, associated with the friction mode,
coefficient of friction, maximum water temperature in the load. The regularities of change of
characteristics at change of radial force, and width of the bearing are shown.

Bearing studies allow us to establish general trends in the performance of water-lubricated
rubber-metal bearings, depending on the design and operational parameters, to make informed
decisions when designing new bearings, depending on the expected operating conditions and
specifications for the designed bearing.

The study of the influence of the load direction was evaluated by changing the relative load
angle from -0.5 to +0.5.

The results of the calculations show that the total characteristics vary slightly. In the
direction of loading between segments, the deformation increases by 2.4%, the coefficient of
friction and temperature decreases by 2.5%.

It is established that with increasing of the average pressure the deformation of the support
increases, the pressure on the most loaded segment and the temperature. The coefficient of friction
and the thickness of the water layer on the bearing plane are first reduced and then stabilized.
The deformation of the narrow bearings increases with increasing pressure. Pressure reduction
due to the width of the bearing is an effective means of reducing deformations and increasing the
thickness of the water film, which guarantees a fluid friction mode. The effect of edge contact,
which poses a threat to the working ability of metal bearings, in rubber bearings does not bear
the danger due to the increased compliance of the bearing surface.

Keywords: rubber-metal bearing, water lubrication, load direction.
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