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B npornecce paGoThl MOAIIMITHUKOB KaueHUsl HAOIIOAAETCs MPOCKAIb3bIBAHUE TeJl KAUCeHUS,
9T0 O0YCJIaBIMBACT HAIMYUE TPCHHS CKOJIBKEHUS B KOHTaKTe ¢ OeroBbIMU JTOpokkamu [1]. Do
MPUBOJIUT K M3HOCY Tel KaueHuss M OEroBbIX JOPOXKEK B Mpolecce padoThl M YBEIUYCHHIO
paauanbHOro 3a3opa B noamunHauke [2]. Teopetnueckue u s3KCepuMeHTaANIbHbBIE |3 ] UcCiIe10BaHUs
MTOKA3aJIi CYILIECTBEHHOE BIMSHUE F€OMETPUUECKUX MTapaMETPOB HA XapaKTEPUCTUKHU MOIIUITHUKOB
kauenus. Kpome sToro, yBennueHue 3a3opa B MOJAIIMITHUKAX KAUCHHS BIMSET Ha >KECTKOCTH OMOP
POTOPOB U KaK CJIEJICTBHE Ha COOCTBEHHbIE YaCTOThI cucTeMbl [4, 5]. CregoBaTenbHO, OU€Hb BaXKHO
3HaTh UCTMHHOE 3HAUEHHE PAJUAIBHOIO 3a30pa B MOJIIMITHUKAX KAau€HUs, KOTOPBIA MEHSETCS B
nporecce padoThl U YUYUTHIBATH 3TO MPHU pacdy€Te XapaKTePUCTUK MOIIUITHUKOB KaueHUS.

B pesynbrate mpoBEACHHBIX SKCIEPUMEHTOB OBUIM TOJYYEHBI JAHHBIE O 3aBUCHMOCTH
WHTEHCUBHOCTU H3HOCAa TeNl KadeHus [3] U OEroBbIX TOPOKEK OT KOHTAKTHBIX HAIMPSKEHUM.
DKCHEPUMEHTHI MMPOBOAWINCH HA TPUOOMETPE MPH MATH Pa3HBIX KOHTAKTHBIX HANPSDKCHUSIX, U Ha
OCHOBE TMOJIYYE€HHBIX JJAHHBIX OBLJI MOCTPOEH rpaduK 3aBUCUMOCTH KO3 (dUIlMeHTa UHTEHCUBHOCTH

M3HAIIMBAHUSI OT KOHTAKTHBIX HANpPsDKEHWH JUIsi OCHOBHBIX MOIIIMIMHUKOBBIX ctaner [X-15,
MIX-1511, 8X4B9®2(5M1347) u 95X18 (puc. 1).
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PucyHOK 1 — Basucumocmov unmencueHocmu USHAUWUEAHUSA KoJibyad om KOHMAaAKnHslX Hanp}ZDiCEHuﬁ

Benuunnaa n3HOca HapyXHOM M BHYTpeHHEH OeroBoil JOpOXKKHU OyJaeT pa3iMyHOM, Tak Kak
OyAyT pa3IWYHBIMU JIMHEHHBIE CKOPOCTU CKOJIBKEHUS TEJl KAU€HHS M KOHTAKTHbIE HaIlpSKEHHUS.
[TosTOMY OTIEIBHO OIIPENEIIAEM BEIUYMHY U3MEHEHUS 3a30pa IIPU U3HOCE BHYTPEHHEH U HAPYKHOU
JOPOKEK KadeHMs OT KaXIOro Tejla KayeHus, KOTOpPOe€ HMMeeT KOHTakT. /[[ns poamkoBOro
MOALINUITHUKA YPABHEHU TIOJyYUM B CIECAYIOLIEM BUJE:

z I()eiVGALh v
Ag) — z Aga L, rac Agm = —D | — IJII BHYTPCHHCU OOPOKKU KAaUCHUS, (1)
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z IdHiVHALh o
Ago — E Ag) L, Irac Agam = —D | — AJId HAPYKHOU JOPOKKHU KAYCHHA. (2)
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3neck A, uAJ,, — n3HOC BHYyTpeHHEH M HAPYKHOH TOPOKKM KAUCHHS OT OJHOTO Tela
KayeHHUs (POJIMK MJIM IIAPHUK) Ha yYaCTKe C paCUETHBIM 3HAYEHUEM KOHTAKTHBIX HANPSDKEHUM B Oy

n Oy, B KOHTAaKT€ C BHYTPEHHUM M HApPYKHBIM KOJIBLIOM COOTBETCTBEHHO, |am-, Iom'
MHTEHCUBHOCTH M3HOCAa BHYTPEHHEH M HAPYXKHOM JOPOXKEK KAaYCHUS IPU PaCYETHOM 3HAYCHUH
KOHTAaKTHBIX HanpspkeHuil Oy, u Oy, B KOHTAakTe C BHYTPEHHHM U HapYXXHBIM KOJIBLIAMHU

COOTBETCTBEHHO, D, 1 D, — tuameTp BHyTpeHHEN 1 HapyKHOU OEroBOil TOPOKKU COOTBETCTBEHHO.

ABropamu OblIa pa3paboTaHa IMporpamma [yl pacyera JO0JTOBEYHOCTH IOALIMITHUKA C
Y4€TOM IPOCKAJIb3bIBAHUS TEJI KaUEHUs MU OIPEIEICHHOM 3HA4eHUH paJuaibHOro 3a3opa. bbuia
pa3paboTaHa METOJUKA OIpeNeNeHUsl JO0JIrOBEYHOCTH AaBHALMOHHBIX IOJIIMIHUKOB KaueHHs ¢

YU4ETOM HU3HOCA TI0 CIEAYIOIEMY AITOPUTMY:
1. BeimonusieM pacuer JOJTOBCYHOCTH INOAIIUITHHUKA L IIpyU 3aJaHHOM HUCXOJIHOM 3HAYCHUUN
ho
3a3opa g1 6e3 yuera uzHoca.
2. Tlonyuennoe 3uadenne gonroseunoctd genum na N =10..100, momysaem AL — Bpems
paboThI MOIUIAITHUKA C IPOMEKYTOYHBIM JTUCKPETHBIM 3HAYECHUEM BEJIMYMHBI 3a30Da.
3. To MOJTy4€eHHBIM M3 MPOTrPAMMBI 3HAYEHUSAM CKOPOCTEH CKoNbkeHus V U HanmpsoKeHui

GH B KOHTAKTC KaXI0ro TCjIa KauCHUSA C HAPYXHBIM M BHYTPCHHHUM KOJBLBLIOM OIPCACIAICM

MHTEHCUBHOCTD M3HammBanus | .

4. BeraucisieM BeJIMYMHBI H3HOCA TEJI KaUueHUs, coryiacHo pabdote [3].

5. BoluncnsieM BenmU4MHY M3HOCA OETOBBIX JOPOKEK BHYTPEHHETO M HApPYKHOTO KOJEIl OT
Ka)KJIOTO Tejla Ka4eHHsl, COrIacHO ypaBHeHUIO (1) 1 (2) COOTBETCTBEHHO.

6. Beraucisiem HOBOE 3HAUEHHE 3a30pa

gj+1 = g] + Z(Agej + Aguj + Ag()ej + Ag()/-tj ) '
7. Brimonasgaem pacucT JOJTOBCUHOCTU thl C HOBBIM 3HAYCHHEM 3a30pa gj+1 H IIOBTOpPsACM
+!

cm 2 N pas.
8. Briancisem OKBHUBAJICHTHYIO JOJTOBCYHOCTH INOAIIMUITHUKA C YHE€TOM H3HOCA:

N -1
-1
Lh:(Zth J ‘N,
1
N3HOC Ten kaueHus u JOPOKECK KauCHUSA IMPUBOAUT K YBCIMUCHUIO paJUAJIBHOI'O 3430pa.
I[OJ'IFOBG‘{HOCTB MNOJIIMITHMKOB Ka4YCHHA 3aBUCUT OT UX U3HOCA. I[OJ'IFOBC‘IHOCTB paccMaTpuBacMoro

MOJIIMITHIKA C YYeTOM H3HOca Bo3pacraer. Iloka3aHO, YTO MOTPEUIHOCTb B ONpEAEICHUU
JIOJITOBEYHOCTH 0€3 yueTa u3Hoca Moxer gocturath 50% (puc. 2).
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Pucynox 2 — 3asucumocms donzoseunocmu noowunuuxa 5-272822 P2 om paduansroeo 3aszopa
--- — 0e3 y4€Ta BEepOSITHOCTH Hepa3pylIeHUs JIeTaIel OTIOPHOTO y3I1a;
— ¢ y4€TOM BEpOSITHOCTH Hepa3pyLICHUs JieTalleil OTIOPHOTO y31a;
1, 1*— mpu yactorax BpamnieHus xoiuei; N,=10200 o6/mun 1 N,=13300 06/MuH;
2, 2* — mpu yactoTax BpameHus koxen N=7200 06/MuH u N,~9300 06/MuH
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P a3pa60TaHHa51 MCTOJHKA MOXKCET OBITh MPUMCHCHA IJId pacucTa JOJITOBCYHOCTHU POJIMKOBBIX
N MIAPHUKOBBIX IOAIIMITHUKOB C ITOBBIINICHHBIMU Tpe6OBaHI/I5[MI/I 10 HaACKHOCTH. Tema: U3HOC TEn
KayeHuss M OCTrOBBIX JOPOXKXCK B MHNOJAMIMIIHUKAX Ka4YCHHA, MCTOJUKaA pacdeTa AOJIOBCUHHOCTH
IMOAIIMUITHUKOB C YY€TOM H3HOCA.
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METHOD OF CALCULATING THE FATIGUE LIFE OF ROLLING BEARINGS WITH
CONSIDERATION OF THE WEAR OF ROLLING BODIES AND RACEWAYS
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The dependence of wear rate of rolling elements and wear rate of raceways with respect to
contact stress was experimentally determined. The experiments were carried out on a tribometer at
five different contact stresses, and from the obtained experimental data, graphs were plotted of the
dependence of the wear intensity factor of the rolling element and the ring on contact stresses. A
software was developed for calculating the durability of a bearing, considering the sliding of the
rolling elements at a certain discrete value of the radial clearance. Based on the experimental data of
the wear of rolling bodies and raceways, a method was developed for calculating the fatigue life of
rolling bearings with consideration of this wear data. It is shown that the wear of the rolling elements
and raceways leads to an increase in the radial clearance. It was found that the fatigue life of rolling
bearings depends significantly on their wear. It is shown that the error in determining the fatigue life
without considering wear, depending on the operating conditions of the bearing, can reach 50%. The
developed technique can be used for calculating the fatigue life of roller and ball bearings with
increased reliability requirements.
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