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MEXTOCYIAAPCTBEHHHBHMH CTAHIODAPT

MOAIMUITHUKH CKOJILXKEHWA.
YCTAJIOCTD NOAIMUITHAKOB CKOJIbXXEHUA

Hcnbrragms HOJIYBKJI&)IH]HC‘[ M3 METAJUIHYECKOI0 MHOTOCJIOHHOINO NOAHHNUHKOBOTO MaTepHaJIa

Plain bearings. Bearing fatigue.
Tests on haef-bearings of a metallic multilayer bearing material

Jlara seegenns 2000—07—01

1 Obaactb NpUMeHeHUs

HacTosmuuti ctanmapr YCTaHaBIMBACT METOL ONPCACIICHNA INPeAcna BLIHOCMBOCTH IPH YCTAJIOCTH
HOJIYBKJI&.III:ILI]Gﬁ H3 MHOTOCJIONHBIX TOAUINITHUKOBHIX MaTepHaJIoOB.

2 HopmaTuBHBIE CCHUIKH

B HacTosleM cTaHOapTe HMcnoib3oBaHa ccelika Ha [OCT UCO 7905-3—99. [Moaumnyuky CKOIb-
XeHMs. YCTalocTh NOMIINITHUKOB CKOMbXeHUd. Mcenpltanie Maakux Mojioc U3 MeTa/UIMIeCKOro MHOIo-
CJIOWHOTO MOAIIMITHMKOBOTO MaTepHana

3 O0pa3supl i MCILITAHUS

B xayecTBe 00pa3LOB A1 UCIIBITAHWS MCTIONB3YIOT TOTOBbIE NONMyBKiIansnuu. Kak pesyiasrar ycnobuit
HarpyxXeHusd IVIABHBIC HANpsSKCHHS JIOKAIM3YIOTCA B BepXHe# dacTH nomwunsuka. He monyckatorcst
MEXaHU4YeCKHMe TIOBPEXACHUS MOBEPXHOCTH 0o6pasia WIM TOBPEXNEHHs] BCISACTBME KOPPO3HH 0 M B
IpoLecce UCIILITAHMS.

IpeuMyniecTBOM 3TOTO METOIA UCIHITAHUS ARIIETCS HAJIMIME OCTATOYHIX HANPSDKEHUI, CBSI3aH HBIX
C MPOLIECCOM IIPOM3BOACTBA MONITHITHAKOB.

4 Meronpl HCIBITAHMI

CxeMa ucHbITaHUSA NIPUBEIEHA Ha PUCYHKe 1.

O6pasisl XpelisT 3a OUH KOHell, a Yepe3 CBOOOAHBIH KOHEIl TIepenaloT Harpy3Ky, KOHTPOJIHPYEMYIO
MO YCWIMIO WM NEPEMELUEHUIO, TIPWIOKEHHLIX PANUANbHO C IKCUSHTPUCHTETOM OTHOCHUTEIBHO NUHUHM
paspeMa. Harpyska nomkHa U3MEHSITECS OT PacTsDKeHMs K CXATHIO B IIpefesax paboyeit nopepxHocTy. s
OLIeHKY 3aBHCHMOCTH OT CPCAHUX HANPSDKCHUH JONOMHHWTCILHO MOTYT GBITH NPWIOXCHB! TIpeABapUTe b~
Hble HanpsOKeHUS pacTsKeHMs WiM cXatds. McnbrmatenmsHoe obopyaoBaHWe pacllojiarailoT B Kamepe,
conepXailieil cMa3Ky TipH 33JaHHON TeMmiepatrype ¢ TouHocThIo 12 °C. Ucnbiranug MOryT GRITh NpoBeIeHEL
aNbTepHaTHMBHO B cpelie Bo3yXa IPH 3aJaHHOM TeMIlepaType ¢ TOYHOCThIO +2 °C.

Hanpsprenwns ipy u3rube n3MepsioT ¢ IOMOLIBIO TEH301aTINKA Ha OCHOBE TIONMIMITHWKA B BEPXHEH
ero 9acTH (cpegHei nepudepudeckoit wimHe). TpeOyeMoe HanpsDkeHHe B AHTUGPUKIIMOHHOM CJIOE MOXET
OBITb PacCYMTAHO, €CAW M3BECTHBHI TONIIMHBI CTATBHOH OCHOBBI M aHTH(PPUKIMOHHOTO CJIOS M MOIYIH
IOnra.

ANBTEpHATUBHO PaJMAIbHOE YCWIHE B 3aKPCIUVICHHOM KOHLIE MOXeET OBITh U3MEPEHO ¢ TIOMOLIBIO
KaMephl Harpy3Kyl WIH PacCYMTaHO II0 TCOPHH KOHCOJBHOM OaJIKH, a HarpyXcHUe B aHTU(DPHKUHOHHOM
CJI0e pacCYUTAHO B COOTBETCTBHH C TIPHJIOXCHHUEM A.

OTH 3HaUYeHUS! KPUTHYECKH 3aBHCST OT TONINWH CTANBHON OCHOBBI W aHTH(PHKIIMOBHOTO CJiod,
KOTOpHIE ONpeAcisioTcs ¢ NMOMOLIbI0 MHUKpomuudoB mociie HCHuTaHWi. YacToTa HCHBITAHMA JOJDKHA

W3nanue odpnmmansuoe
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1— Ropmyc; 2 — IeipaBIMIecKuil IUMHAP; 3 — NepeJaTOYHbI Ban; 4 — YINIOTHeHHe; 5 — KaMepa /1A o0pasna; 6 — JieHTa

Harpepartess; 7 -- HCILITATENbHAS XUAKOCTDb; § — MONYBKIAJRIIH; 9 — HaBecHOE 3AXAMHOE YCTpolicTso; 10 — KaMepa
Harpysky; 7] — poJIMKH Ha paflHaJibHOM AWK, /2 — NOBOPOTHOE 3aXKHMHOE YCTPOACTBO

Pucynok 1 — CxeMa UCIIBITAHUS

cocrapname 50—80 I'm. OOrapyXeHue TpEIMHBI OCYIIECTRSNIOT C TIOMOLUBIO MeToJa TNMPOHHKAIOLIMX
KpacuTe/led WIM ¢ HOMOMIBIO MUKPOCKONA. . _

AMIUIMTY[ia HarpyXeHus! KOHTponupyercsd yewmeM F= F + F, sin (o f), tae F— cpeanee ycumue,
F, — aMmmuTyna ycwms, @ — YI7IoBasi CKOPOCTb, £ — BpeMsl, WM NepeMelieHneM 8 =3 + 3, - sin (o - 1), tie
§ — cpenHee nepeMelnen e, 5 4 — aMILIKTYAa nepeMelieHus. [l oGHapyReHHs BOSHHKHOBEHUS TPEI{MHbI

B 60JIee TOJICTHIX CJIOAX MOXET GBITh MCIIONb30BaHa 06paboTKa JaHHEIX TEH30JATYMKOB, YTOOH! OUpPEAEIIUTH
Havajio paspymernus (TOCT UCO 7905-3).

5 OueHka M mpeAcTaBjieHHe Pe3yNbTATOB

HanpsokeHus Tpejielia BHIHOCAHBOCTH JIOJDXHEI 6bITh mpeacTannensl B GbopMe KPUBBIX o,—N npn
TIpEeABAPUTEIIBHO ONlpelleNleHHOM TeMmepartype (+2 °C) OTHOCHTENLHO AETATLHOIO OIMHCAHHSA MONIMAITHH-
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KOBOro Matepuana. Mcnerrande i NOJYy4eHHs 5ToH KPHMBOH NPEXpamlialoT NpH UHKIAX HarpyxXeHHS
50 x 10°. HanpscReHue npefela BHIHOCAMBOCTH MOXET OBITH OLGHEHO TPY 33fAHHOM YMCHe LUKIOB,
HampuMep 3 x 106, 10 x 105, 25 x 10° mwm 50 x 10°. O6pasen, He mHogBepriIMiics PaspylICHHIO IIpH
YCTAJIOCTHOM MCHBITAHKM [0 3aJaHHOTO Npejiena, yKassipaloT B oT4eTe.

Benencrsue paszbpoca pe3yNbTaTOB MCIBITAHMS M CTAaTUCTHYECKOTO XapaKTepa ITipefieNia YCTAIOCTH
peKOMeHAyeTcsl NOTyYeHHBIE Pe3y/IbTaThl OlleHUBATh Ha OCHOBE CTATHCTHYECKOTO METOoMA.

Hanpsckenus nipeziesia BBIHOC/IMBOCTH MOIYT OBITh MPEICTABIEHBI TAKKE C IIOMOINGLIO AYarpaMMbl
Xelira, Ha KOTOpO# aMIUTUTYAY HalPSDKEHUM YKa3biBaloT OTHOCHUTENIBHO CPEIHEIO HANIPSIKEHM.

Merannorpadudeckoe uccaeloBaHNe NOIKHO 06ecIIEUUTh JeTaNbHOe OIMICAHHe MeXaHH3Ma pa3py-
LISHNs], KOPPO3HOHHOTO noBpexneHusa U auddy3un B pe3ynsrare TepMUtecKuX 3hdeKToB.

IMPUIOXEHME A

(o6s3arennbHOe)

OILIEHKA HAITPSKEHUN

A.1 Cucrema monyBKIaIpllelf omcaHa Ha PUCYHKe A.1 Yepe3 PaTMATLHELA pasMep 7y, TOJIIIMHY 5| U CBs3aHa
¢ Monynem YOHra E, 4 = 50 x 108 MITa ¥ HOMUHATHLHEIM HAIDSOKCHUEM Cpom *

L\ r=(m+r) 05
Epvy

Siiom 6Fr

G,
77 I

HoM ~ b2

n-n

=2

St

r-r
F 51:_1_2
rl-r3

E3 = E,/50-10°
Pucynok A.1 — CucreMa BKIaHIIA

OmeHKa HanpsOKeHVI 1 ABYXC/IOMHONO MOMNIMITHAKA 1aHa Ha PHCYHKe A.2. AIMpPOKCHMALAS IS HAIIPSDKCHUS
B aHTH(PUKUHMOHHOM CJI0€ TPEXCIOMHOIO NOMIIMITHAKA TAKXE ITOKA3aHA HA PUCYHKE A.2.
A.2 Hixe npuBefieHH YCIOBHHE 0003HAYCHHA:

Ay — Ko3)dUIIMEHT HANPSAXEHWS HA OCHOBE MOIIIMITHUKA,
ay,— 3 xosddHICHTa HA HAPYXHOI CTOPOHE OCHOBBLI TTOATMIMIHKMKA ¢ i = 0, 1, 2;
A, — ko3 dHIMCHT HANPSDKCHUA Ha MTOBEPXHOCTH aHTHHPUKIMOHHOTO CJIOS;
@G- 3 xosdrbuIeHTa HA MOBEPXHOCTH aHTHGPUKITHOHHOTO ciosi ¢ i =0, 1, 2;
b — mupvHA MONUMITHUKA, MM;
B; — K03(OHUIHECHT HANPSDKESHIS HA OCHOBE IOALTMITHUKA;
by;— 3 xo3ddurmmenTa Ha HapyXHOU CTOPOHE OCHOBHI NMOMUMIHKKA G { = 0, 1, 2;
B, — xo>dduIIueHT HANPSDKEHHS Ha MTOBEPXHOCTH AaHTUGPUKIMOHHOTO ClIOS;
by ;— 3 Kos(hduiMeHT2 Ha NIOBEPXHOCTH aHTAGPIKIHOHHOTO ciiosi ¢ i =0, 1, 2;
E —~ wmonymb FOuTa, MIla; .
E* — Geapasmepusiit Momyns I0wTa (B = Ea/E20);
E, — wmonmyms IOHTa, cTambHast ocHoBa mopummHKKa, MIIa (E; = 210 x 103);
E, — Monynb OHTa, aHTHGPUKIMOHHEI cioif, Ila;
Ez,o — monyas YOHTa mist pucynka A.2, MIla (B0 = 50 x 103);
E, — wmonyms FOHTa, paGowit antadpuxivonsstit cioif, I1a;
F— pammaneHoe ycunue, H;
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HApPYXHBIH PaliyC CTAIBHOI OCHOBH IMOMIMAITHUKA, MM;
paMyc [IOBEPXHOCTH Pasfiesla MeXIy OCHOBOU MOANIMITHAKA A aHTH(MPHKIIMOHHBIM CHIOEM, MM;

pamuyc pabodeif moBepXHOCTH (TOMIIMHA PaboIero aHTHGPUKIIMOHHOTO CNOsA He3HATUTENhHA), MM

o61nast TOJIMHA HOMUIAIHNKA, MM;

6espasMepHas o6mas TONIMHA (CM. PECYHOK A.1);

TONIMUHA CTATHHOU OCHOBHI, MM,

Ge3pa3MepHas TOJIIMHA CTAJILHOW OCHOBHI (CM. PHCYHOK A.1);
BpEMA, C;

HanpsxeHne, [1a;

GeapasMepHoe HanmpmxeHue (o * = 6/ Cnom);

HAIIpsDKeHHe IIpeiesia BEHOCIuBocTH, [1a;

HOMHHAIBHOE HampsokeHue, I1a;

HaIpsSOXKeHNe Ha HapyXHOI cropoHe OCHOBHI IoAUmITHUKa, MIla;
6e3pasMepHOe HalpsOXeHWe B CTAIBHON OCHOBE MOIIIMITHIKA;
HaIIpOXeHHe Ha TTOBEPXHOCTH aHTH(PHUKIIMOHHOro cost, MIla;
He3pasMepHOe HAIPXKEHHE, TOBEPXHOCTh aHTHMPUKITHOHHOTO CJIOS;
HalpsXeHUe B paboyeM aHTHGPHKIIMOHHOM cioe, Ila;
6e3pa3MepHOE HalpsKeHUeE, paboduil aHTUPUKIIUMOHHKM CIOH;
CpeHUH pagiyc, MM,

koaddmueHT [yaccona, cranpHas OCHOBA ITONLUMITHIKA,
kospdmruent IlyaccoHa, aHTHOPHKITMOHHEIA CIOM;
xo3pdmuent Ilyaccona, paboynit aHTUOPUKIMOHHEI! ClIOMA.

Pabovas moBepxHOCTh (aHTHGPHKIMOHHEIA CJ10#H)

0.8
- a1 a0 = 18127 — 4,1812 5} +2,4186 5 2
0,63 -
3 ~_ ay, = —0,9422 + 4,9216 5] — 3,9069 5 72
0,43 <
1 , 2:\ . @y, =0,1525 — 1,1544 57 + 1,0703 532
= e o 20
N 0.0 —~<Z_ _ by =1,5511 — 3,2821 s} + 1,7309 s 12
! : 02,2 __/
/%2 u i T I A I R e byy = — 1,9947 + 6,5920 5] — 4,5933 5 {2
0,8+
3 by, =0,6593 — 2,2550 5] + 1,6647 s }2
0,61
0.43 by 4 h=ayta, Exta, EP
] = /_:,_-—-——\ .
T 0 2:%52\” [~ By =byot by B3+ by EY
0,04 b,, 24
¥ e o B I e B e e e e %27 92%nou
0, 0.6 0,7 0,8 0,9
sf —

ANnpoKCHMAIHA [ HAPSKEHUS B paGoIeM aHTHPHKUMOHHOM Clioe: 6 3 =0 , - Ey/E,

Pucynok A.2 — OneHKa HalpSKCHWU B IBYX- M TPEXCIONHBIX IMOMIMUITHIKAX
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OcHOBa TIOIMITHAKA

W

a; o = 5,3866 — 5,7096 s} + 1,1765 sP g %0
; 2
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N
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0,0

q
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-
Bi=bigt b B3+ b, EF 1-0,4— b1 0
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=
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ATIpoKcHMALHS IS HATlpSoKeHUA B pabodeM aHTUOPUKIIMOHHOM Cloe: 6 3 =0 4 - E;/E,
PucyHoK A.2 — OlleHKa HaIpsokeHMH B IBYX- B TPEXCHOMHBIX MOMMMITHUKAX (IIPONO/DKeHHe)

A.3 TIpumep

inIBCJICHHHC JNAaHHBIC 14 MOXYBKIAAbIIIIA:
b =30 mm;

E, =210 x 10> MITa;

E, = 69 x 10° MIla;

E; =22 x 103 MIla;

F= 100 H;

TIpemonaraercs, IT0 HOCKOIBKY pabouuii aHTMPPUKIHOHHEA cjioit Pb Sn 11 otHocwTensHO ToHkmit (0,02 MM),
TO OH He BIMSET Ha HATPSKCHHUS B IPYTUX CIOAX.
A3.1 Pacyer cBA3aHHHX pasMepoB (CM. pECYHOK A.1):

§* = 0,06; 5* =0,8; B =1,38.
A.3.2 Pacyer HOMHHATBHOTO HAUPSDKSHWA (CM. PHCYHOK A.1):
gon = 111,1 MIa.

A3.3 Pacyer wiM cyuThBaHue K0addHIIMEHTOB g, b (CM. pUCYHOK A.2)
PaGogast moBepXHOCTE:

a, o = 0,016; a, | = 0,495; ay , = —0,086;
szo = 0,033. b2,’l = (0,339. b2:2 = —0,079.
OcHOBa ITOMIHITHAKA:

ayo=1,572; a1 = —0,296; a; 5 = 0,049;
b]_’o = —0,440- bl,l = —0,095. bl’z = 0,034.

A.3.4 Pacuer koadpdurmeHToB A, B
PaGovas TIOBEPXHOCTE.
B, =0,350.
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OcHoBa TOMIIMITHMKA:
4, = 1,257,
B, = —0,506.

A.3.5 Pacuer Ge3pa3MepHOTO HAMPSDKEHUS
Pa6ovas mosepxHoCTh: ¢ 5 = 0,556.

OcHoBa OMIMITHMKA: 6 ] = 1,227,

A.3.6 Pacuer mefcTBHTENHHOIO HAMPSIKCHMAS
Pa6ovadq moBepxHoCTE: 0 5 = 61,8 MIla.
OcHosa nmommumHuKa: 6 | = 136,3 MITa.

A3.7 AmmpoKCHMMpOBaHEE LA HAIIPSDKCHUS B pabodeM aHTHDPUKIMOHHOM crioe: 6 5 = 19,7 MITa.
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