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Ob U3HOCE OBOPYJIOBAHUA B YCJOBUAX BUBPALIUU U
YJAAPHBIX HAI'PY30K
© Unbsa U3paunnesnu baexman, Jleonna Unbuu baexman, Banaaucias
bopucosuu BacunbkoB, Kupuna Cepreesuu Banos,

Kupa CaBBoBHa fIkumoBa
Deodepanvroe 2ocyoapcmeentoe 0100xcemmnoe yupesicoenue nayku Uncmumym Ilpoonrem
Mawunoseoenus Poccuiickoil akademuu Hayk
blekhman@yibro.ipme.ru

Annomayusn. Illoxazano umo npu Oeiicmeuu suoOpayuu u yoapo8 HOMUHAILHO G3AUMHO
HENnoOBUJNCHbIE  0emantt, Hanpumep, 6 O00NMOoBbIX U AAHYeBbIX COCOUHEHUSX, NOCAOOYHBIX
NOBEPXHOCMAX — NOOWUNHUKOG — KAYeHUs, COCOUHEHUAX — BQN-6MYJIKA, JUCMOBLIX  Peccopax,
wecmepHsx, My@max ooHapyHCUSAIOM E3AUMHYIO MUKPO-, A UHO20A U MAKPONOOBUICHOCb U, KAK
ciedcmeue, noosepicenvt uznocy. Ha ypoene npocmuix guzuueckux mooeneti nouyuenst Gopmyivl
011 UHMEHCUBHOCMU U3HOCA, cooepiicauyue >mnupudeckuti kospguyuenm. Ilo Qusuueckomy
CMbICTY 2MOm KOs puyuenm npeocmagasem coboll USHOC HA eOUHUYY IHEP2UU, 3amPAYUCAEMOTl
npu - 63aUMHOM NpPOCKalb3vieanuu Oemanei. Ha ocnose nonyuennvix pe3yiomamos Oauwi
HEKOMOopble PEKOMEeHOayUU NO KOHCMPYUPOBAHUIO U PEMOHMHO-MEXHUYECKOMY OOCIYICUBAHUIO
coomeemcmaeyioue2o 060py00BaHUs.

Knwuesvie cnosa: subpayus, yoapuvie Hacpy3ku, skcnayamayus 060pyooeanus, mpeHue,
u3HoC, (hpemmune-u3zHoOc, MUKPONPOCKANb3bIBAHUE COCOUHEHUT, (husuyecKue Mooe.

WEAR AND TEAR OF MACHINE PARTS AFFECTED BY VIBRATION AND
PERCUSSIVE IMPACTS
© I.I. Blekhman, L.I. Blekhman, V.B. Vasilkov, K.S. Ivanov, K.S. Yakimova
St. Petersburg, Institute for Problems in Mechanical Engineering RAS

Abstract. It is shown that nominally rigidly connected parts such as bolt connections, flange
Jjoints, roller bearing fit surfaces, bushing-shaft connections, leaf springs, gears, couplings when
subjected to vibration and impact actions reveal micro- or macromobility between them involving
their wear. Formulas containing an empirical coefficient have been derived from simple physical
models to describe the wear intensity. In its physical sense this coefficient represents the wear per a
unit of energy consumed on the parts mutual slip. Based on the results obtained, some
recommendations are given with regard to designing and maintenance of equipment in question.

Key words: vibration, impact stress, exploitation, friction, wear and tear, fretting wear,
microslip, physical models.

MHorue MammHbl Ui TepepabOTKH MPUPOJHOTO M TEXHOTEHHOTO CHIPbs, HAmpuMep,
IIAPOBbIE U CTEP)KHEBBbIE MEIbHHIIbI, KOHYCHBbIE M LIEKOBbIE APOOWIKH, TPOXOTHI, KOHBEHEPHI U
nuratenu paboTalOT B YCIOBUSAX CHCTEMATUYeCKOil BMOpauuy U yaapHbIX Harpy3ok. To ke
OTHOCHTCS K THAPOIHEPreTUYECKUM arperatam, CTPOUTEIbHBIM U APYTHM MAIInHAM.

H3BecTHO, uyTO BHOpauMs M yAapsl CIy)KaT MCTOYHMKOM TOBBIIIEHHONH OMAacCHOCTH
paspymienus neraneil u gaxe karactpod. CHIKeHHe MPOYHOCTH MaTepHajia MpU TaKuX Harpyskax
— SBJIEHHE YCTAJIOCTU — JOCTATOYHO XOPOILO M3Y4EHO. DTOTO Helb3s CKa3aTh O APYrOM Ba)KHOM
3pdexkTe — M3HOCE KOHTAKTHPYIOIIMX HOMUHAIBHO HEMOABIKHBIX JAeTaleil Moj AeiCTBHEeM
yKa3aHHbIX (paKTOPOB, Ha3bIBAEMOM (DPETTUHI-U3HOCOM. Takoil M3HOC MMEET MEeCTO B OOJTOBBIX
COCOAMHEHUAX, MOCAAOYHBIX MOBEPXHOCTAX MNOAIINIHUKOB KAa4Y€HHA, COCOAMHCHHUAX BaJI-BTYJIKA,
JHCTOBBIX PEeccopax, LIeCTepHAX, Mydrax M Apyrux ycrtpoiictBax. I[IpoaykTel paspymeHus
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MOBEPXHOCTEIl MPU 3TOM OCTAOTCA B KOHTAKTHOM 3a30pe M ele OoJblie YBeTHMYMBAKOT M3HOC.
Kpome Toro, Temn n3Hoca yBeIHUNBAETCS N3-3a HATHYUSA BOJBI U IEKTPOXHMHUYECKOH KOPPO3HH.

Jauublii 3G GeKT Tuip HauuHAeT u3y4arbes (cM., Hanpumep, [ 1-4]).

Ilenp Hacrosmiell pabOTBI — MOAYEPKHYTh BIUAHUE 3TOTO 3PQeKra, paccMOTPETh
(Gu3nyeckyl0 NMPUYMHY AAHHOTO BHAA HM3HOCA, COCTOSALIYID B BO3HUKHOBEHHHM OTHOCHTEIBHOMN
MHKpPO-, @ UHOT/Aa U MAKPOMOJBIKHOCTU COUWIEHEHHIi, pacCMOTpeTh 3(h(eKT Ha yPOBHE MPOCTHIX
¢bu3nyeckux Mozenei M JaTh HEKOTOpPble PEKOMEHIALUU MO KOHCTPYMPOBAHUIO U IKCIUTyaTaLlUU
COOTBETCTBYIOIIEr0 00OPYAOBAHMS.

Astopsl Omaronmapusl P.A. Apytionsny u HO.A. @aguny 3a oOcyxaeHne U LEHHbIE
3aMeyaHMms.

1. Bausinme BuOpauuu u yaapoB Ha 3(¢exTuBHbIe KO0I(PPHUHEHTHI CYXOro TpeHHS.
Muxkponpockajib3bIBaHHE KOHTAKTHPYIOLIHX JAeTajlei.

Iox aeiicteuem BuGpammn >ddexTiBHbIe KODPUUEEHTbI CYXOro TPeHHs MOKos f;, T.e.

KO GUUUEHTHl TPEeHUs NpPHU AEHCTBUM TMOCTOSHHBIX MM MEIIEHHO W3MEHSIOIUXCS CHII,
YMEHBLIAIOTCS U MOTYT OOpaTUTBCS B HYIb, T.€. CyXO€ TPEHHE Kak Obl MCUYE3aeT U «HE IEPIKUT
COOTBETCTBYIOILMX HAarpy3o0kK.

[TycTh aOCOTIOTHO TBEPIOE TENO MPHKATO K MIEPOXOBATOM IMIIOCKOCTH CHION N M Ha HEro
neiicTByeT Takke rapmoHuueckas cuina @ =®d sinwf, KOTOpas MOXKET ObITh HalpaBjeHa Kak

BJIOJIb TJIOCKOCTH, TaK U B MEPIEHIUKYIIPHOM H B MOTEPEYHOM HampasieHusx (puc. 1,a).

S —
N
g o 3 Asin ot l
O =D, sin wt S
5 2 3
TI77 77777777707 —~—— | ———

Puc. 1. K onpenenennio 3¢pGekTUBHBIX KOIPPHLHEHTOB TPECHHSL:
a) — cay4ail AeiCTBUS BBIHYKIAQIOILCH CHIIBL:
1 - mpomonbHas cuna, 2 — NepNeHAUKYISIPHAS, 3 — MONEpeYHast;
0) — ciy4aii BHUOpaLiK MIOCKOCTH:
1 — npononeHas BuOpaums, 2 — NEPNEHANKYISIPHAsI, 3 — MONEpeYHas

Torma sddexruBHbIe KOYPPUIHEHTH! TPEHUS MOKOA, T.€. KOIDDULMEHTH TPEeHHs IO
OTHOLIGHUIO K JBUraromeii teno cuie S OyayT COOTBETCTBEHHO MMETh 3Ha4eHus [5, 6]

= w . )
AO=h0-2), [T =AW, 0= F1=w/ £ (1
1
rae f, — «o6br4HbI KO3QGULIMEHT TPEeHNs MOKOS, a
w=0® /N 2)

— TaK Ha3bIBaeMbIil KO3(GUIHEHT eperpy3Ku.

®opmynsl (1) ocraroTes cipaBeUTMBBIMU B Citydae, koraa cuina @ orcyrcrByer (puc.1,0), HO
TUTOCKOCTh COBEPIIAeT rapMOHMUYECKHEe KOoJeOaHWsi B COOTBETCTBYIOLIMX HAMpPABICHUAX MO 3aKOHY
Asinwt ( A—avmuaryna, @— 4acrota kojeOanwii). [lpm 3TOM  cleayer JMIIb BBIYUCIATH
K03 duLueHT neperpysku no Gopmyre

w=mAw’ /N, 3)
rae m—macca Tena. Hakonen, ecim HopmanbHas cuna N MpeICTaBIseT Bec Tena mg , TO
w=Aw’/g. 4)
— | .
®opmynst (1) cnpaBemmuBel uMmb 10 Tex mnop, noka kosdpdummentsr £, fPu £

MOJIOKUTEIBbHBI, TPU OOJIBIINX 3HAYEHHUAX nmapamMeTpa neperpysKu W TNIPOUCXOOUT YK€ KAXKYIIECCA
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