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MEXTOCYJTJAPCTBETHHB N CTAHIAZPT

I‘I/LI[DOI[P[HaM[{'IECKHe paJHAJIbHBIC NOAMIMIIHUKH CKOJIbKCHHAA,
paﬁmammﬁe B CTANHOHAPHOM peiKuMe

KPYTIHOITMWINHAPUYECKHUE ITOJNIUITHUKHN
JacTh 3
JonycTHMbIE paGoaHe mapaMeTphl

Hydrodynamic plain journal bearings under steady-state conditions. Circular cylindrical bearings.
Part 3. Permissible operational parameters

Hara seeaenna 2002—07—01

1 ObmacTh npUMeHEHHAA

HacTosimuii cTangapT yeTaHABIMBAST SMITHPHISCKHE JOMYCTHMBIE 3HAYCHHA KPHTHYECKOH TONAHE
CMA30YHOTO CIOS My, MAKCHMATHHOMN TOMYCTHMOM VIETEHOM HATPYSKH HA MOTIINITHUK 2y, TIPEIeTbHOM
TOIYCTUMON TEMIICPATYPHI MOJAMHIHAKA T, IPEICTABISIOMNE COO0H TeOMETPHYECKH U TEXHOJIOTHYECKH
3aBHCHMEIE PKCTITYATAIMOHHES TIPETETH TPHBOTOTHYECKON CHCTEME! TIOTINUITHHKOB CKONBEXKEHHNS.

Hactommufi cTaHmapT pacipocTpaHseTcs Ha KPYITOMMIHHIPHIECKHE TOMIIUITHAKNA CKOTEXEHHS,
paccuuTanakee cormacHo I'OCT MCO 7902-1.

YcraHOBIEHHEE SMITUPHIECKIE 3HAYEHHS MOTYT ORITH MOTHMUITHPOBAHKL T OTIpeAeNeHHRIX CITy-
Ygaep TIPHMEHeHHsI, HATIpHMep, TIPH yaeTe WHGOPMAITHH, MOCTYNAINIEH OT H3rOTOBUTEe.

OmnmcaHus HCTONE3YEMEIX 0003HAUEeHHI 1 NpHMepH pacdeta npusedeHE B T'OCT MCO 7902-1.

2 HopmaTuBHBIE CCHLIKH

B HacrogieM cTaHmapTe MCHonb3obaHa ccenka HA TOCT MCO 7902-1—2001 T'mopoonHAMIISCKHE
PagAANIEHEIC TOIIIAITHAKHA CKOMBLXKCHHAS, paboTaloIIHE B CTAMOHAPHOM pexknMe. Kpyrmonmmmaopudeckie
MOTITHITHHKIA. MeTom pacdera

3 Paboune napaMeTpbl 114 HCKNWOYCHHA H3HOCA

3.1 ITpu coxpaHeHUH JOTYCTHMOH KPUTHIECKOH TOMIIMHB CMA30THOTO CIOST /4, TOCTHUTAETCS TTOM-
HOE CMa3bIBAHNE TOIIHITHAKA CKOMbKeHMsI, 00ecIeIHBalee HanMeHbIIee BO3MOKHOE H3HAIINBAHHE H
HH3KYI0 BOCIIPHHMYHBOCTE K JedekTam. CMa30YHEIH MaTepHal HE TOIDKCH COIEPKATh 3arpd3HsaIOlIHX
MIPHUMECEH, CIIOCOOCTBYIONIAX YBEIMIe HHIO M3HAIIMBAHHS, BOSHUKHOBEHHIO 3a01pa H MECTHOTO TIeperpesa,
9T0 MOKET HAPYIIHTE HOPMalbHOE (DYHKITHOHHPOBAHNC MOIINMAITHHKA CKOMbXeHHA. IIpH HeoGX0IUMOCTH
CMA30YHEIH MATePHAI CIEOYeT IPOGHILTPOBATE.

3.2 JlonycTAMYR KPHTHYSCKYIO TOMIHHY CMAa309HOTO CIOS Ay, XApAKTEPH3VIONIVIO TMepexol K
CMeIIaHHOMY TpeHHIO (cM. 6.6 TOCT MCO 7902-1), onmpedendior 1Mo ypaBHCHUIO:

h]jm = RZB + RZJ+ 1/2 By + 1/2 ¥y + hwav,effa (1)
VIUTH BAKIICMY COITTACHO PHCYVHKY 1 CICOIYIOIINEC COCTABIAIOIITHE!

— CYMMY CPETHUX BEICOT HEPOBHOCTEH MOBEPXHOCTH CKOMBKEHWS MOTIIHITHUKA W BANA TIPU HICaTb-
HOM pacnonoxeHnd (muang X — X) [Reg + Ryl

Hinanue odunmansnoe
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PHCYH’OK 1 — MunnmansHaa JONYCTHMA TOJNIMITHA CMA309THOTIO CITOAd,
KOrjd HC OOIIYCKACTCA Iponece HpI/IpaGOTKI/I

— cmemenne (TuHAS ¥ — ¥) no mmHe nomnmAnAAKa [!/; B,

— cpenmii porut (maang Z — 7) ['/> ¥

3.3 Ecim Ha MOBEPXHOCTH CKONBXECHNS (OINIMITHAKA MITH BaNa) B OKPYKHOM HANPaBICHHH BO3HH-
KAIOT BOTTHOBEIE TEOMETPUYIECKHE OTKIOHSHHS, TO X CNEMyeT VIMTEBATE TIPH ONMPENeTeHUH Ay, C TTOMOIIIBIO
napaMerpa >(hPEKTUBHON BOTHUCTOCTH Ay, o TTIT HAMDOIEE HEOTATONPHATHOTO TIONOKEHIS Bana. B sTom
CIYYAC Ay, o ABAACTCA S(DOCKTHBHON BOJIHHMCTOCTBIO NOIIUMIIHMKA IIPH CTATHYCCKOH HArpy3Ke WIH
3(hbeKTUBHOR BOTHUCTOCTHIO BaJa IIPH BPAINAOWICICS HAIDY3KE COOTBETCTBEHHO.

DOPEeKTHBHYIO BOTHHUCTOCTh Ay o 1 MAKCHUMAIBHYIO JOTYCTHMYIO 3(DMEKTHBHYIO BOTHHCTOCTH
Hyay off lim B 3ATAHHOH pabodeii TOUKe (£ WA fy;p,) ONPENENAIoT ¢ MOMOIIEI0 PHCYHKOB 2, 3, €CIM H3BECTHEI
MIEPOXOBATOCTE, TehOPMAITIT W HAKIOH.

3.4 Hcxong wu3 ypasHeHHA (1), IpHARMAcM

h]j.m =m+t hwav,effs

rie m = Reg + Ry + Y/, By + 15

_E,
£,

hwav,eff

IIpu 3amanHo MAHAMANBEHOM TOXIIMHE CMA30YHOTO CIIOS Ay, MAKCHMATIBHYIO TOMYCTHMYIO 2ddheK-
THBHYIO BOTHHCTOCTE OTIPEIEIIIOT TI0 (hopMyTe

kwav,cff,]im = hmi.n — m,

4 MAKCHMATBHYIO TOMYCTUMYIO a0COMIOTHYIO BOMHHCTOCTD, Hyy, off1im OTPEIEISIIOT TIO hopMyTIe

G
Ay dim — 7 im*
A F Twavefflim
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Yucao BoMH § Ha HBpI/I(i)BpI/]I/I TIOBEPXHOCTH CKOJIBXEHHA Bajla FUIK ITOOIITFITHITKA

Pucyrok 2 — Omnpenenenne 3G GeKTHBHON BOTHHCTOCTH Away eff 1 MAKCHMAIBHON HOTYCTHMOM

3G PeKTHBHON BOTHUCTOCTH Away,eff,lim



Owav 1

1 — TOBEPXHOCTE CKOMBKEHIS TTOMIIHIHIKE HITH Bala
Yucno BomH { = 360° /oway.

Pucyrok 3 — ADCOMIOTHAS aAMIUTHTYIA BONHHUCTOCTH Away, TIEPHON BOIHUCTOCTH Qway, THCIO BONH I MOBEPXHOCTH
CKOJIBIKEHIIS

3.5 IIpuMep ONpPETEeTeHUS Ayyy ofr, Mims Away eff, lim M Away lim B COOTBETCTBHM C PHCYHKOM 2.
3aMaHHABE BETHTHHEL

B/D =0,5; C/2 = 85x10~¢ a; m = 6x1076 m;

ho.
= %1076 My i =6; b = 8,5%107 6 M; e = |— —— = 0,9.

! i 3

W

IIpn sHagennn B/ D = 0,5 no pucyrky 2 E = 0,86, nipu sHaveHndax { = 6 u ¢ = 0,9 o pucyHKy 2
G = 1,85.
CreaoBaTeTEHO:

hwav,eff = 0386/1385X5X10_6 = 2,32X10_6 M;
Py, = 631076 + 2,32x1076 = 8,32x107¢ M.

Tak Kak Ay > My, TO Ay, = 8,5%107° M onyerumo.
Haree onpenelaioT:

hwav,eff,]jm = 8:5X10_6 — 6x107¢ = 2,5X10_6 M
Ay tim = 1,85/0,86x2,5x107% = 5,38x10~¢ m.

3.6 Ha mpakTHKe OTKJIOHCHHS 0T (QOPMEL B GONBIIMHCTBS CIydacB HepaBHOMEDHEL. [1Ig olpeaecHAS
Hyay ofr PEIIAIONIHM (DAKTOPOM ABIAETCA HAJTMYHE BOJIH HA HAIPDYXECHHOH IIOBEPXHOCTH CKOJBKCHHA.

g npotieccoB MpUPABoTKH TION MATOH HATPY3KOH TIpH HeBOMBIIOH CKOPOCTH CKONMBXKEHUSI MOKHO
TOTYCTHTE 3HATHTETEHO MEHBIYI0 MIHUMATEHYIO TONIHY CMA30YHOTO COS B CBA3M CO CTIAKUBAHHEM
H OpUpabOTKOH IIOBEPXHOCTH CKOJNBXEHHA. [IpH HEoBX0IUMOCTH, CIeIyeT HCIONB30BAThL NONIIMITHHKOBEHA
MATEPHAT C XOPOIINMH TPHPAGOTOTHEIMH CBOHCTBAMN.

B Tadmire 1 nmpHBeIeHH SMIHPHIESCKIE JONMYCTUMEIE 3HATCHWUT IS Ay IIPeImOMoXnM, ITO Bal
HMeeT CPeJTHIO BHICOTY HEPOBHOCTEH TIOBEPXHOCTH Rzp <4 MKM, MOBEPXHOCTH CKONEXEHWS MMeeT He-
BOTEITITE TOTPEITHOCTH TEOMETPHH, cOOPKA BHITOMHEHA AKKYPATHO M CMA30THKI MATepPHANl COOTBETCTRY-
IOIIMM 00Pa30M OT(hHILTPOBAH.
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TaGnuma | — DMOIMPHISCKIE TOMVCTHMBIE 3HATSHIS I MIHMMANBHON JOIyCTIHMON HarMerbieit
TOJIHHEL CMA30YHOIO 104 Alim

Rym, MKM
Amarterp Bama Dy, Mm TIPU CKOPOCTH CKOJBXeHIT Bama U, M/c
U<1 1< 0 <3 3T < 10 10< & <30 30<U;
24<Dy <63 3 4 5 7 10
63<D; < 160 4 5 7 9 12
160<D; < 400 6 7 9 11 14
400<Dy < 1000 8 9 11 13 16
1000<Dy <2500 10 12 14 16 18

4 Paboune nmapameTpsl AJS UCKIIOYEHUS YPE3IMEPHONH MEXAHMYECKOH HATPY3KH

MaKCHMATBHYIO JOMYCTHMYIO YIETBHYI0 HATPY3KY HA TONNIMIHHK Py, OMPENENIioT, UCXOOS W3
TpedoBaHAL, YTO JchopMaIlia MOBEPXHOCTH CKONEXCHHAA HE TODKHA NPHBOIUTE K HAPYIICHHIO NPABHIb-
HOro (pyHKIHMOHUPOBAHEA M 00pa3oBaHMo TpelnrH. KpoMe cocTaBa NOIIMMITHHKOBOIO MaTepHasa, HMe-
IOTCS JIPYTHE PellalOiHe (hakKTOphl BO3NEHCTBHSL, 4 HMCHHO: METOI M3TOTOBICHHS, CTPYKTYPa MaTcpHana,
TONMIHMHA TOJIIHNHUKOBOrO MaTepHaia, a TAKKe TecOMETpHA H THII OCHOBH BEJIAIBINIA IIONIIHITHAKA.
Hesapricumo oT 3THX (GakTopoB CIRIyeT HCCISIoBaTh, MOABSPKSH TH MOAIIHIIHHK TPH NYCKE MOTHOH
Harpyske. Ecm yienbHas Harpy3Ka Ha MOJIMITHEK IPH IYCKE HAXOIWTCA B Opegenax p = 2,5 — 3 H/MMz,
TO MOXKET BOSHHKHYTH HEOOXOIHMMOCTDE TOHHSHTE JABICHHS ¢ TIOMOIIBIO TIOTAYH MAcaa MOI TaBICHUEM
(BCTIOMOTATETEHOE THAPOCTATHYECKOE YCTPOiicTRO). B HMHOM ciydae Ha TOBEPXHOCTH CKONEXeHWS
MOZKeT BOSHHKHYTEH M3HOC.

B tabmuie 2 nIpUBeIEHE SMITUPHICCKHE SHAYCHUS I 2 g

Tabauia 2 — DMOINPHYECKIE SHAYSHIA MAKCHMANLHO JOMYCTHMOMN YASTHHON HATPYAKH HA MONIAIHIK P lim

['DYIIIa [OMIMITHIKOBEK MATepHaIos, -
CIUTaBEL Ha OCHOBE Plim > MIla
Pb u Sn 5(15)
Cu— Pb 7 (20)
Cu — Sn 7 (25)
Al — Sn 7 (18)
Al —Zn 7 (20)

1Y Marepranst comacro ICO 4381, ICO 4382-1, ICO 4382-2 i FICO 4383 [2] — [5].

2) 3HadueHNsI, TPHBENCHHBIC B CKOBKAX, 4O CHX IOP INPHMEHSUINCH U OBILIEro MAIMMHOCTPOCHHS TOJIBKO B
OTHENBHBIX CIVIASX U MOIVT, B IOPANKE HCKITIOUEHIA, TOMYCKATRCA IUIA CIEITHATEHBIX pabounX YeIo I, HATIpIMep,
[PY OUEHD HI3KITX CKOPOCTAX CKOTEKEHIISA.

5 Paboyne napamMeTpsl AJS UCKTIOYEHAA Upe3MepHOil TEMIOBOI HATPY3KH

5.1 IlpemenpHo DONYCTHMAS TeMICPATypa MONIMANHAKA 1), 3aBHCHT OT MOIIIMIHAKOBOTO H CMa-
30THOTO MATepHATOB. TIpH MOBHIIEHHHA TEMIEPATYPH TBEPIOCThE H MPOTHOCTE HOTIIHITHHKOBOTO MAaTe-
PHATA YMEHBIIAIOTCS. B CBsI3M ¢ HU3KOH TeMMepaTypoil MIABTEHUS 3T0 OCODEHHO 3aMETHO IS CIUTABOB
HA OCHOBE CBHHIIA H 0JIOBA.

BaskocTh cMaszogHOTO MaTepHana YMEHBIIASTCH ¢ MOBBIISHHEM TeMISPaTyPHL, a IPH TeMIIepaTypax
cBhITe 80 °C yBeTIMIMBACTCS CTAPEeHHE CMAZOUHBIX MATEPHATOB HA OCHOBE MHHEPANTBHEX Macel. Takmm
0BpaszoM, Hecylllask cIocOOHOCTh HOMITHITHHAKA CKOMEXSHHS YMEHBIIAETCS, YTO PH OIIpeIeIeHHEIX YClIo-
BHX MOXET IPHBSCTH K CMEIIAHHOMY TPEHHIO ¢ H3HOCOM.



5.2. IIpu CTalMOHAPHOM PEXHUME PABOTHL IOIIIMITHUKA CKOJILXEHWS TEMIIEPATYPHOE IMOJIE MOCTO-
stHHO. [Ipn pacvere nommumHEKA cKonkxkeHns mo F'OCT VUCQO 7902-1 tennosast HATPY3KA HA MOTITHITHAK
OITMCHBAETCA KaK TEMTIEPaTypa MOMIHITHAKA Ty HIH TeMIIepaTypa cMa30THOTO MaTepHanta Ha Brxone 7.,
TPH YCIOBUH, UTOOK OHM He TIPEBHINATH Tjj,,.

5.3 IlapameTpH, TIpHBEASHHEIE B TAOMHIE 3, ABIIIOTCS ODITUMH SMITMPHISCKHMH 3HAUYCHUSAMHA IS
Ty, TTE YUMTHIBAETCS, UTO MAKCHMANEHOE 3HAYEHIE TeMTIEPATYPHOTO MO OOJEIIE, UeM pacdeTHas
TeMMepaTypa NOAMMIHIKA Ty WIW pacdeTHAS TeMITEpaTYpa CMA30THOTO MATepuana Ha Bexode 7.,.

TaGnuma 3 — DMIMPHICCKIE TOMYCTHMBIS SHATSHFA IS IPEIETHHO IOIYCTIHMON TeMIepaTyp bl MOMIITHIKA Tim

a1
Tlim: C }HPH
T cMasBEIBAHLIA TIOTLIIIHIKA OTHOLIEHWH O01Iero o0beMa CMa3CIHOIC MaTepHaia K 00heMy CMasouHoro
MATEpHAIa B MIEIYTY (PAacxom CMAa30YHOrO MaTepHasna)
mo 5 bosnee 5
CmMaspiBaHye moa faBieHueM (IHp- 100(115) 110(125)
KVIALHNOHHOS CMa3BIBaHI/IC)

CwmazpiBanve Ge3 papnerus (camo- 90(110)

CMAa3bIBAHNE)

b 3HageHus B CKOOKAx MOTYT JONYCKATHCHA B IIOPAIKE MCKITIOYCHKWA TP 0COOBIX p&60‘-H/IX YCITOBUAX.

5.4 W3 obmiero KoIM4IecTBa CMAa30THOTO Marepmuana a1 CMAasbIBAHWA TIOTIIWUITHHKA B CMa30YHOM
3430pC BCETIA MMECTCA TONBKO HeDOBIIOE €r0 KONMYSCTBO Ha OrpaHI/IqCHHHﬁ NnEPHUON, 1 OH HAXOOWUTCI
IIPH NOBHIIEHHOM TEMIIEPATYPE. 310 3Ha4HT, 4YTO HC TOJIBKO TB HIH Tcxa HO TAKXKC H OTHOLICHHE 0DIIEro
KOJIIMYCCTBA CMA30YHOI0 MATCPDHAIA K PACXOAY CMA3KH ABJIACTCA PCHIAOIIHM IJI JOJITOBCYHOCTH IMOIIIHAIL-
HHKA4. BTO OTHOLIEHHE Doee 6HaFOHpI/IHTHO T TIOOITHITHAKOB C Opr)KHOf/JI CMEL":KOI‘/JIJ 9EM I caMocMa-
SBIBAKOITHUXCA TMOTIMUITHUKOB.

6 Paboune mapaMeTpsl AJd 3230pa NOAIMMNHUKA

6.1 3a30p MOTIIMMHHKA 3HAYATSIBHO BIHSET HA pabovne XapaKTePUCTHKH MMOIIIAITHAKOB CKONb-
XeHUd. X0TH 3Ty BEIMYUHY (PaKTHYECKH OIPEAEHAIOT ¢ YYETOM BCEX IPYIHX paDOYHX XapaKTCPHCTHK,
Ha MMPAKTUKE OKa3aiachk MOJIE3HON HUKENPUBEIECHHAS aNMPOKCUMUPYIONas (opMyTa, cOrIacHO KOTO-
POii CPeIHHH OTHOCHTEIBHEIH 3a30p MOIMIMIHHKA W PACCYUTHBAIOT KaK (DYHKIHIO TepH(bepHIHON
ckopoct U

v =087,

rme U, M/c;
v, %o

IIpakTHKa nokaszana, YTo HHOTHA OBIBACT TPYITHO OCYIIECTBATE COOTBETCTBYOUIYIO ITOCAIKY C 3a30P0M
C IOMOLIBIO Jorryckos 1o MCO 286-2 [1].

MHorna BO3ZHUKAKT OTKIOHCHMS OONBIIHE, 9eM cpelHee 3HAueHHe, PACCUNUTAHHOE TO STOi
chopMyIEe.

IIo 5TOM TIpHYIMHE 3a30p MOMIIHMHAKA TODKeH OLITE TMPEAIIOUTHTEIRHO CIIEIYIOIIITM:

0,56; 0,8; 1,12; 1,32; 1,6; 1,9; 2,24; 3,15 (%40,

II¢ OCHOBHBIC OTHOCHTEIIBHBIE 3a30DHE IMOMIIHIIHHAKA DACIIOIOKEHB CTYIICHAMH B COOTBETCTBHH C
PEIAMH MPEANOYTHTSIBHBIX YHCEIL.

6.2 J/laHHEBIe, IPUBENEHHBIE B Ta0muIe 4, SBIAIOTCS OBIMMH SMITHPUYECKHMHA SHAYCHHAMM f, TTIE
YIHTHBAETCS He TOMBKO 3aBHCHMOCTE OT Hepiide pHITHOM CKOPOCTH, HO B OT THaMeTpa. IIpimauHoi apndercs
TOT (haKT, UTO 1N TEX Ke UHMcen JoMmepdenbia U TeX Xe OTHOWmeHHH B/D Hanbonwliag TeMmepaTypa,
H3MEPEHHASA B MOIIIHUIIHHKS, YBSIHYHBACTCA ¢ YMCHBIICHHEM THaMeTpa. BeIGop 3a30pa MOMIMHITHHKA 110
TaGIHIEe 4 YMEHBIIACT 3TY TCHICHIIHIO.
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Tabnwunad4d — IMONpHYECKIe NOTYCTHMEIE 3HAYEHIS CPEIHEro OTHOCHTENLHOTO 3230pa TOMITHITI KA. Y, 0/00

Juamerp ama D,

—
v, u

MM TIPH CKOPOCTH CKOMEXeHHd Bama U, M/c
Up <1 1<¥;<3 3<Up <10 10< ¥ <30 30< Uy
Dy <100 1,32 1,60 1,90 2,24 2,24
100<Dy <250 1,12 1,32 1,60 1,90 2,24
250<Dy 1,12 1,12 1,32 1,60 1,90

B Tatmume 4 He yUTeHB HCKTIOYHTEIBHEE BO3ICHCTBIL, TAKHE KaK:
- BEICOKAS TEMIRPATYPA BaNad, BEISBAHHAS TEILIOMPOBOTHOCTRIO U3BHE B MOIIIHITHHK,
- SHAYHTEIILHAL YIpyTad nedropMalldd, BEI3BAHHAS HArPY3KOH Ha MOMIIHITHHK,

- QobIIAd PA3HHIEA B TCIDIOBOH HeOpPMaliMH WIH TCIUIOBOM DACIIHPCHUH Bala M MOTIIAIIHHAKA;
- CMAa304YHEIC MATCPHAIEL ¢ 0CODCHHO BEICOKOH MM HH3KOH BS3KOCTEHIO.
Pacuer pabodero cMazodHOro 3a30pa IpuBedeH B 6.7 I'OCT MCO 7902-1.

[1] ISO 286-2:1988, IS0 system of limits and fits — Part 2: Tables of standard tolerance grades and limit deviations for
holes and shafts

TTPUIOXEHHWUE A
(crpasoaroe)

Brabaworpadus

[2] TISO 4381:1991, Plain bearings — Lead and tin casting alloys for multilayer plain bearings

[3] ISO 4382-1:1991, Plain bearings — Copper alloys — Part 1: Cast copper alloys for solid and multilayer thick-walled

plain bearings

[4] TSO 4382-2:1991, Plain bearings — Copper alloys — Part 2: Wrought copper alloys for solid plain bearings
[5] ISO 4383:1991, Plain bearings — Multilayer materials for thin-walled plain bearings
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