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LIATYHHbIX BKAaAblleW B NpeAoTKasHbIA nepuop,
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U obopynoBaHua
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AHHOTALMA

06ocHoBaHue. [pu 3KcnnyaTauum TPaHCMOPTHO-TEXHOOMMYECKUX MaluMH M 060pyoBaHWA Hanbonee 4acTbiM 0TKA30M
ABNAETCA NPOBOPaYMBaHMe LLATYHHbIX BKNAAbILLE KoneHYaToro Bana. B npedwecTByiowmx uccinefoBaHUAX No TpaKTop-
HbIM, TEMIOBO3HBIM U aBTOMOBU/IbHBIM AM3EAM HEQOCTATOMHO PAcKpbITa GU3UYECKanA CYLLHOCTb U MEXaHW3M NPoBOPaYn-
BaHWSA BKNafblLLEN.

Llenb pabotel — wuccnenoBaHne HanmpAXeHHOro 1 AedhOpMMPOBaHHOIO COCTOAHWA CTaNlbHOW OCHOBbI LUATYHHBIX BKNafbl-
LUe KONIEeHYaToro Basna B KavecTBe UCXOAHBIX M Pa3BUBAIOLLUMXCA (PaKTOpPOB NpOLecca, NPUBOJALLENO K 0TKasy.
Matepuanbl 1 Metofbl. HactoAwme uccnefoBaHWA 6asupyloTCA Ha aHanM3e MHOTOYMCNIEHHBIX paboT, MOCBALLEHHBIX
M3y4YeHUI0 NPUYMH NPOBOPAUMBAHWA LIATYHHbIX BKNaabiwen pasnuyHblx [1BC. B kayecTBe 0CHOBHbIX MaTep1anoB UCNosb-
30BaHbl METOAUKU W Pe3ynbTaThl, NOSyYEHHbIE KOMIEKTMBOM aBTOPOB HACTOALLEN CTaTbW, MO 3KCMYaTaLMOHHBIM U CTEH-
AOBbLIM MCCeJ0BaHWAM HANPAMKEHHOr0 COCTOAHMA U (OPMOM3MEHEHWA LIATYHHBIX BKNadblwen asuratenen KAMA3-740
(84 12/12).

Pe3ynbTartbl. BbiABNEH MeXxaHW3M U3MEHEHWA HAMPAKEHHOTO COCTOAHMA U, KaK CneAcTBUe, FrEOMETPUYECKMX NapaMeTpoB
CTanbHOM OCHOBbI, COMPOBOMAAIOWMIACA HOPMOM3MEHEHMEM LIATYHHbIX BKNapdbiwewn gsuratenen KAMA3-740. Uccnepo-
BaHMAMM YCTAHOBJIEHO, YTO BO3HWUKHOBEHME 0TKa3a He ABNAETCA BHe3anHbIM. [poLecc npoTeKaeT no onpeaesieHHoM 3aKo-
HOMEpHOCTM B Tpu 3Tana. lepBbli 3Tan xapaKkTepu3yeTca noABeHMeM fedopMaLMy BKNaabiLa no NpUYMHE U36bITOYHOM0
HarpAMeHHOro cocToaHusA. BTopol 3tan obycrioBneH pasBUTUEM MONyYeHHbIX AedopMaumit 40 KPUTUUECKMX 3HAYEHUN.
Ha TpeTbeM aTane — npovcxoAmMT NPOBOpaYMBaHME LUATYHHOTO BKAAMbILLA U3-3a NOMTyYeHHbIX AedOopMaLmnii U HapyLLeHUH
YCNOBUIM rMOPOAUHAMMKM NOALWMMHKUKA. OCHOBHBIM pe3ynbTaToM ABNAETCA 060CHOBaHMe TpeboBaHWiA 1 ycnoBwii no obe-
creyeHnio cTabunbHOCTM NapaMeTpoB M (opMbl BRNAALILLEN NPy ANUTENbHOW paboTe aBuratens.

3aknioueHune. 3HaHue npoLecca, NPUMBOAALLETO0 K GOPMOM3MEHEHUIO LIATYHHbBIX BKNAAbILLEHA MOALWMUMIHUKOB KONEHYaToro
Bafia, N03BONAET pa3pabaTbiBaTb KOHCTPYKTOPCKO-TEXHOMOMMYECKME PELLEHUA U PEKOMEHAALMM MO UCKAIOUYEHWIO OTKA30B
nyTeM oNTUMKU3aLMM NapaMeTpoB BKIaMbILLEN.

KnioueBble cnioBa: TPaHCMOPTHO TEXHONMOrMYECKUE MalUMHbl M 060pynoBaHMe; MOAWMMHUKMA KONEHYaToro Bana;
TEXHUYECKOE COCTOSHWE; LWATYHHbIe BKMAAbILK; HaMpAKEeHHOe COCTOAHME; (OPMOM3MEHEHUE; BbICTYNaHWE;
pacnpsaMIeHue; Nporue; 3asop.
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Study of the process of connecting rod liners’
shape changing in the pre-failure operation
period of transport and technological machines
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ABSTRACT

BACKGROUND: During the operation of transport and technological machines and equipment, the most frequent failure is
loose running of connecting rod liners of a crankshaft. Previous studies on tractor, locomotive and automotive diesel engines
did not sufficiently disclose the reasons for loose running of liners.

AIMS: Study of the stress-strain state of the steel base of connecting rod liners as the initial and developing factors
of the process leading to failure.

METHODS: The research is based on the analysis of numerous works devoted to the study of the causes of loose running
of connecting rod liners of various internal combustion engines. The methods and results on the operational and bench studies
of the stress state and shape changing of connecting rod liners for the KAMAZ-740 (8Ch 12/12) engine obtained by the team
of authors are used as the basic data.

RESULTS: The process of change in stress state and consequent change in geometric parameters of the steel base,
accompanied by change in the shape of connecting rod liners of the KAMAZ-740 engines has been revealed. It is established
with the study that the occurrence of failure is not sudden. The process proceeds according to a certain pattern in three stages.
The first stage is characterized by the appearance of deformation of a liner due to excessive stress state; the second stage is
caused by development of obtained deformations up to critical values; the third stage is loose running of a connecting rod due
to obtained deformations and violations of liner's hydrodynamics conditions. The main result is justification of requirements
and conditions for ensuring stability of parameters and shape of liners during long-term operation of engine.
CONCLUSIONS: Knowledge of the process leading to the change in shape of crankshaft bearing liners makes it possible
to develop design and technological solutions and recommendations to eliminate failures by optimizing the parameters
of liners.

Keywords: Transport and technological machines and equipment; crankshaft bearings; technical condition; connecting rod
liners; stress state; shape changing; protrusion; straightening; deflection; backlash.
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KAYECTBO, HALEHOCTE

BBEOEHWUE

Mpwn aKcnnyaTaumy aBTOMObUNEN M OPYrMX Ha3eMHbIX
TPAHCMOPTHO-TEXHONOMMYECKUX CPEACTB, B TOM YMCNe Y308
W arperaToB, OQHUM M3 KOTOPbIX ABNAETCA ABUraTeslb BHY-
TPEHHEro CropaHus, Heu36eHO M 3aKOHOMEPHO MPOMCXO-
OMT YXyOLWEHUe WX TeXHUYECKOro COcTosHMA. MpuumHamm,
NPUBOAALLME K 0TKA3aM, CHUMKEHMIO MOLLHOCTH, YXYALIEHUIO
TOMAIMBHO-3KOHOMUYECKMX W 3KOJOMMYECKUX NOKasaTenen,
Ha3bIBAIOT: M3HALLMBAHMWE, YCTaNOCTHOE paspyLUeHue, nna-
CTUYecKue fedopMaumm, Kopposua 1 apyrue GaKTopbi.

OAHUM M3 omacHbIX MO MOCNEeACTBUAM W TPYAHO Npea-
CKasyeMblIX B 3KC/lyaTaLMmM 0TKA30B ABNAETCA TaKoW AedeKT,
KaK MpoBOpaYMBaHUE LUATYHHbIX BKNAAbILLEHA KONEH4aToro
Bana. [lpoBopauvBaHue BKNAMbILLEN MPUBOAMT K BbIXOAY
ABWraTenen W3 CTpoA M NocnefyioLeMy [OporocToALieMy
peMoHTy [1-5].

[o HacToAwero BpemMeHn npobnema npoBOpayMBaHUA
LUATYHHBIX BKMaAbILLEN MOMHOCTbIO HE peLleHa, HecMoTps
Ha TO, 4T0 B 0611aCTM NOBbLILUEHNA HA[EHHOCTV ABUraTenei
KaK 0Te4eCTBEHHOr0, TaK W 3apybexKHOro NpoM3BoLCTBa NPO-
BOAATCA Hay4HO-MUCCNEA0BaTeNIbCKME U OMbITHO-KOHCTPYK-
TOpCKMe paboTbl.

MocToAHHOE NpOABNEHWMA 0TKasa, a TaKke Hanuuue
Hay4HbIX MCCNef0BaHWM [OKa3bIBAKOT, YTO HEJOCTATOYHO pac-
KpbiTa PU3nYecKan CyLLHOCTb NPOBOPaYMBaHWA BKNAAbILLEN.
HeT ueTKoW KapTUHbI NMPUYUHHO-CNIELCTBEHHBIX CBA3EN, MO-
KasblBalOLLMX MEXaHW3M pasBUTUA OTKasa M BO3MOMHOCTb
€ro MCKIIYEHNA B IKCNNyaTaLumu.

OTKa3 LATYHHbIX BKNAAbILLEA MOMET HacTynuTb y OT-
HOCUTENBHO HOBbLIX ABUraTenen, To eCcTb MPU UCMpaBHO pa-
boTaloLlen cucTeMe CMasKu, NpU OTCYTCTBUM U3HOCOB B CO-
NpAXKEeHUM (MPX NONMHOCTbIO COXPAHMUBLLEMCA CBUHLIOBUCTOM
MOKpPbITUM BKNagbIwa). Hanpumep, B pabotax [6, 7] aHanu3
0TKa30B LLaTyHHbIX NOAWKMNHUKOB Y 518 gsuratenen KAMA3
noKasan, 4YTo BEpOATHOCTb MPOBOPAYMBaHUA BKNAAbILLEN
Bbllle B HayasbHbIA MEpUOd 3KCMayaTauuu [Buratens,
TO €CTb NpY MafblX W3HOCAX MOALLMMHUKOB, HOPMAsbHOM
AaBNeHWUM Macna B CUCTEME CMa3KM.

MosToMy uccnepoBaHue MpOLIECCOB, NPUMBOAALLMX K Mpo-
BOPAYMBaHWIO LLATYHHbIX BKNAbILLEHA Y COBPEMEHHBIX [BUra-
Tenen ceMeiictea KAMA3-740, akTyanbHo B HaCTOALLIEE BPEMS.

AHAJIU3 NMPUYUH OTKA30B
IHATYHHbIX NOAWMUNHUKOB

WccnemoBaHuio NpUYMH NPOBOpaYMBaHMA BKMablLLen
LUATYHHbIX NOALLMNHMKOB NMOCBALLEH MHOrQYUC/IEHHbIe pa-
6oTbl (cM., Hanpumep, [6, 71). PaspaboTaHbl cnocobbl ux
AMarHoCTUPOBaHWA, 060CHOBaHbI M BHEAPAIOTCA pasnuyHble
KOHCTPYKTUBHbIE, TEXHONIOMMHYECKUE 1 3KCTITyaTaLMOHHbIE pe-
LUEHWA NOBbILLIEHWA HAEHKHOCTW.

Ha camoM pene mpuumH, MO KOTOPbIM MPOBOPaYM-
BalOTCA BKMabllLM 40CTaTOMHO MHoro. OfHaKo, cumTaetcs,
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4TO Hambonee BepOATHAA — OTCYTCTBUE B LLATYHHBIX MOLLIMM-
HWMKaX Macna uim HeJoCTaTo4YHOe ero Kou4ecTBo. [1oaTomy,
3TOT 0TKa3 OTHOCUTCA K KaTeropyum SKCMyaTaumoHHbIX. [pu-
YeM, OH MOMKET BHE3AMHO MOABUTCA KaK Ha HOBLIX ABUraTe-
NAX, TaK U1 NOCJIe KanWTanbHOro PeMOHTa.

B KauecTBe OCHOBHOM NPUYMHBI MPOBOPAYMBAHMA LLIATYH-
HbIX BKNablLlen Ha au3enbHbIX asuratensax AM3-238, -240;
KAMA3-740 cneumanuctamm 3asogos KAMA3 [6] n AIM3
[4,10] cumTanock nonagaHue B NOALUMMHUKK C MacnoM abpa-
3MBHBIX 3arpAsHALWMX npumecel. [nuTenbHbin nepuon
paspabatbiBanuch Cnocobbl N0 UCKI4EHNI0 abpasvBa B cu-
cTeMe CMa3Ku. B KOHCTPYKLMIo KoneHyaToro Bana bbinu BHe-
OpeHbl cneuyanbHble FpA3eynaBIvBaloLLME KaHaBKM, KOTO-
pble AOMKHBI bbiNMK 3afepuBaTh abpasms. bbina ynyyweHa
cucTeMa GUnbTpaLmMM Macna v Bo3ayxa. IKCnyaTmpyioLLmMMu
NpeanpuUATUAMK NPeANPUHUMANUCL OMPeaeNieHHble Mepbl
Mo BbIMOSIHEHWIO TpeboBaHMI 3aBOAA-MU3roTOBUTENS, Kacalo-
LUMXCA OpPraHM3aLMM TEXHUYECKOr0 0OCNYMMBaHWA, Npu-
MEeHAEMbIX Maces, 3aliuTbl ABUraTens oT nonagaHuaA Nbin.
lpoBeneHHbIe MEPONPUATIA, 0OHAKO, HE UCKIIOUYMIN 0TKa30B
[BUratene u3-3a npoBOpa4MBaHWA LWATYHHBIX BKIAAbILLEN.

B uccnenoBaHUAX NpUYMH OTKAa30B TEMIOBO3HBIX AW3e-
new [8, 9] oTMeueHO 3HauWTeNbHOE BAMAHWE HaMPAMEHWUN
B aHTUOPUKLMOHHOM CNoe BKNafbILLa Ha CTabubHOCTb ero
dopmbl. 0HaKo, aBTOpaMM cAenaHo NpeanosioxKeHne Ha oc-
HOBaHMM M3y4eHWA SKCMyaTaUMOHHBIX OTKA30B U 0COBEHHOD
npenoTkasHbIx coctoAHui no amnsenio KAMA3-740, uto Ha-
MPAKEHHOE COCTOAHWE CaMOW CTanbHOM OCHOBbI ABAAETCA
onpegenAloWmMM GaKTopoM (OPMOM3MEHEHUIA BKNAfbILLA.
YiKe Ha 3Tane UX U3roTOBNEHWA NPOUCXOANT (POpMUPOBaHME
HaMpAKEHUI, K KOTOPLIM 3aTeM [106aBNAITCA HaNpAXKeHWA
npu GOpPMUPOBaHUM HaNpsAXKeHHO-AepOpMUPOBAHHOMO CO-
CTOAHMA CTaNbHOW OCHOBbI BK/AAbILLA OT MOHTaXKa U ycno-
BMI paboTbl.

PE3Y/IbTATbI UCC/TEQOBAHUN
O®OPMOMU3MEHEHUA

U TEOMETPUYECKUX NAPAMETPOB
LUATYHHbIX BKNALbILLEN
OBUTATENEA KAMA3-740

[nA ycTaHOBNEHWA M3MEeHeHWA HaNpAKeHHOro 1 aedop-
MUPOBAHHOIO COCTOAHMA CTalbHOM OCHOBbI LUATYHHBIX BKNA-
Oblwen bbiny npoBedeHbl CTeHOoBble UcnbiTaHus. WcnbiTa-
HMI0 Ha 6€30TKa3HOCTb NoaBeprimch apurateny KamA3-740,
06Las npoaoMKMTeNbHOCTL UcnbitaHua 1000 u.

[ns nccnegoBaHus 6b1710 UCNONL30BaHO TPU KOMINIEKTA
LUATYHHBIX BKNagblLei (48 WTyK), y KOTopbIX ObiNK pasnny-
Hble MCXOAHble 3Ha4eHMA OuameTpa B CBOOOQHOM COCTOA-
Huu O, ot 85,4 o 86,0 MM 1 BeicTynanusa ¢ ot 50 go 130 MKM.
OnpeneneHve pasMepoB OCYLLECTBIANOCL C MOMOLLbIO KOH-
TponbHOro mpucnocobneHna nof Harpyskon 6,1 KH (Hop-
MaTMB KOHCTPYKTOPCKOWM AOKYMEHTauuMu Mo [OBUraTensim
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KAMA3-740). Takum obpa3oM, bbin MccnefoBaH Bech auana-
30H pa3MepoB BKNafbILLEN, YCTaHABNMBAEMbIX B iBUraTene.

Ha oAWH WaTyH ycTaHaBnMBanM BKNafbILK C 0OAWNHAKO-
BbIMU WUAW 67IM3KMMW NapameTpamu. 3MeHeHUA B CTanbHOM
0CHOBE BK/afbllLa OnpefenanM no HanpAXEeHHOMy COCTO-
AHWIO 0 WU reOMeTPUYeCKMM napameTpaM — BbICTynaHue ¢
¥ pacnpamneHme d. Mamepexua NpoBoaUnMCy Nocne nepBbix
50 y paboTbl gBuratena u panee Kawpaple cnegyiowme 200 y
Mo 0AMHAKOBOM Mporpamme (MPOAOMIKUTENBHOCTD KaXaoro
3Tana, peuMbl 1 napameTpbl paboTbl ABuratens).

t, o Y s— O, MIla
MM
110 0.8 350
100 0.6 300
90 250
= 0.4
80
T 02 200
60 100

0 200 400 600 800 T, 1

Puc. 1. Vi3MeHeHue BbICTynaHuA t U pacnpAMneHna & ot Hapa-
60Tk gpuratena KaMA3-740 B cTEHOOBLIX YCOBUAX, CHUMKEHUE
MOHTaKHbIX HaMPAXKEHNIA B CTabHOW OCHOBE LUATYHHbIX BKNafbl-
LUer 0 co CTOPOHbI paboyeit MoBEPXHOCTH.

Fig. 1. Change of protrusion t, and straightening & from
of the KAMAZ-740 engine runtime in bench conditions, reduction
of mounting stresses in the steel base of connecting rod liners o
at the side of the working surface.
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Mo pe3synbTataM MCNbITaHUM ycTaHoBneHo (puc. 1),
4TO B OCHOBHOM 3a nepsble 200 yacoB paboTbl ABuratens
BKNafbILLM M3MEHAIOT CBOE HAMPAKEHHOE COCTOAHWE U reo-
MeTpuyeckue napametpbl. [locrie yero HanpaxeHwe, Bbl-
CTynaHue 1 pacnpAMeHne cTabunmusmpyioTca U BKNAAbILLK
NPaKTUYECKM He U3MEHAIOTCA.

BenuunHa yCTaHOBMBLUMXCA 3HAYEHWIA BbICTYNaHWA
W pacripAMNeHna y oTAesbHbIX BKNaAbILLe# pasnnyHa, a ypo-
BEHb YCTAHOBMBLUMXCA HaMpAXEHUM Ha paboyeii NoBepxHo-
CTW Yy BCEX BKMafbILLen 0Ka3asnca OfuH 1 TOT e, okono 200
MIla, uto cooTBETCTBYET AOMYCTUMOMN BEMIMYMHE CYMMapHbIX
MOHTaHbIX HanpAKeHUH.

[Py MCXOAHBIX MOHTaMHBIX HaMpsHeHnax o, = 200 Mlla
npoucxofAT 6onblune fedopMaLmu; NpYU MOHTaXHbIX HanpA-
weHnax o, < 200 MlMa gedopMaLma NpaKTUYECKK OTCYTCTBYET
Ha 3Tanax paboTbl Au3ens.

AHanu3 nonyyeHHbIX AaHHbIX NO3BOAMA CLeNaThb BbIBO,
YTO B HauanbHbIi nepuogd paboTbl ABUraTeNs NPOMCXOAWT
pedopMauma BKnadbIen Ao Tex nop, noka B pabouem co-
CTOAHWUW CTaNIbHOW OCHOBbI HaNPAKEHME M0 BCeMy nonepey-
HOMY CEYEHMI0 BKNAfbllLa He CTAHET HUMKe Npefena Teky-
YecTu Ha cxatue. WccnepoBaHnAMM onpefenieHo 3HaueHue
npenena TeKY4eCTU Ha CaTue CTalnbHOM OCHOBbI BRNaAbILLIA
Cr08kn o; = 500 MMa. Mpu 3HaueHnAx Bbie npeaena Te-
Ky4ecTu HensberkHbl nnacTuyeckue fepopMaumm, Kotopble
BbIPaXKaloTCA B M3MEHEHUW FeOMETPUYECKMX MapaMeTpoB,
3aaHHbIX YEPTEHOM.

Ha pwvc. 2 nokasaHo M3MeHeHWe reoMeTpuyeckux pas-
MEpOB BEPXHMX LUATYHHbIX BKNafdblled [0 YCTOMYMBOIO

3oHa "X"

o~
(]

84.8
0 10 20 30 10 50 60

70 80 90 100 110 120 130 140
b {, MKM

Puc. 2. MpaHnua ycToiuMBOr0 COCTOAHUA BKNadbiwen Yepe3 200 4 paboTbl Ha ABMUraTene Mpu UCXOAHBIX 3HAYEHUAX BbICTYNAHUA ¢
v anametpa D ;: A-b — nuHMA ycToiuMBLIX COCTOAHMIA BKNAAbILLEN; 30Ha «X» — 30Ha HEMenaTeNbHbIX MCXOAHbIX NapaMeTpoB; 30Ha

«Y» — 30Ha npeanoYTUTeNbHbIX 3Ha4YeHUN MCXOOHbIX NapaMeTpoB.

Fig. 2. Boundary of the stable state of the liners after 200 hours of operation in the engine at the initial values of the protrusion ¢ and
diameter J,: A-b — line of stable states of the liners; zone “X” — zone of undesired initial parameters; zone “Y" — zone of preferable

values of initial parameters.
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coctoAHuA 3a 200 4 paboTbl Ha ABWraTene npu UCXOAHbIX
3Ha4eHuAX BbicTynanmA ¢ n amametpa D . [lse Touku, oT-
HOCALLMECA K OHOMY W TOMY e BKNafbllly, 0603HaueHbl
0[VHaKOoBbIMW LUMPpamMmn. TOUKM, XapaKTepusylolme reo-
MeTpuio BKnagpiwa nocne 200 4 paboTbl, pacnonoHummchb
B 30He, orpaHuyeHHon nuHuein A-b. MockonbKy BRNadbILLK
HaXO[ATCA B YCTOMYMBOM COCTOAHWUM, TO IHWA A—b xapakTe-
PY3YeT rpaHuLly yCToU4MBbIX NapameTpoB. Beiwe nuHnm A-b
pacnonoXeHa 30Ha HEYCTOWYMBLIX NapaMeTpoB, HUKe —
YCTOWUMBBIX.

W3 puc. 2 cnepyer, 4To YeM 6onbLUe BEIMUMHA MCXOAHBIX
napametpoB O, 1 {, TeM Ha 60NbLUYI0 BEIMYMHY CHU3WTCA
OVaMeTp U HaTAr BKafblilwa B npouecce pabotbl. Hanbonee
VHTEHCMBHO feopMaLmA NPOUCXONT Y BKNAAbILLEN ¢ 60/b-
LUMM BbICTYNaHWeM (HaTArom).

3oHa «X» Ha rpa¢uke npeacrtaBnAeT 06nacTb OnMAcHbIX
3Ha4eHW BbICTYNaHWA U AUMaMeTpa B CBOBOAHOM COCTOAHMM
(t v D). Ha Brnapgplwax w3 3101 06nacTvi NpU UCTIbITaHNM
06pasoBancA HaTUp B cpefHen YacT pabouei MOBEPXHOCTU
(puc. 3), uTo ABNAETCA HAYasIOM MPOBOPAYNBAHMA BKNAMbILLIEN.

Y10 e oTnMYaeT cocToAHWe BKNagpien 3 U 6 LUIUH-
npoB? M3MeHeHWe reoMeTpUYecKMX NapaMeTpoB BKMagbl-
wew npuBOaMT K ero AedopMauum v GOPMOM3MEHEHMAM,
NpYBOLALLMM K 0bpasoBaHuio npornba. Ha puc. 4 nokasato
dopMon3meHeHue BKnagbILLa v 0b6pasoBaHKA nporunba A, Ko-
TOPbIN 3KBMBANEHTHO CHUMKaET aKTU4eckMiA 3a3o0p S B Noa-
LWKNHUKe. Kak pe3ynbTarT, LWaTyHHble NOALUMMHUKM paboTatoT
B YCNOBMAX YMEHBLUEHHOI0 3a30pa, TaK KaK BKNafblILL (aKTy-
UeCKM YTOMNLLAETCA, U C CeI006pa3HOM NOBEPXHOCTbIO.

Bo3HUKLWKI Ha NepBOM 3Tane NepBUYHBIN Nporub BKNa-
ObllUa CHUKaeT QaKTMYEeCKylo Mnowadb KOHTAKTa BKMa-
ObILA C LWATYHOM, YTO YXYALUAeT TEennooTaady BKAambILLa
K LUATYHy, 4TO BbI3bIBAET €r0 Mneperpes, Bo3pacTaHWe Ha-
npAxeHui n gegopMaumm Ha BTopoM 3tane [11, 12].

[nAa noateep:KOEHUA aHANMTUYECKMX MPesnochbiIoK
pa3BuTMA mpormba BO BTOPOM 3Tane Mo 3aBUCUMOCTAM
6bIMV M3MepeHbl YUeneBLlIMe BKMALbILK 45 OBUratenew,
VIMEIOLLMX MPOBOPaYMBaHUE LWATYHHbIX BKNAAbILLEN Ha 0f-
HOM LMAMHAPE M NOCTYNUBLLUMX B PEMOHT C pPasfIMYHOM Ha-
paboTKoW, Ha Hanuume nporuba. Mo Noay4YeHHbBIM AaHHBIM
bbinu onpeneneHbl napameTpbl 3aBUCMMOCTM nporuba
oT Hapabotku A = 8,7-e%0%4! (puc. 5). 3ta ocpeaHeHHas
3aBMCUMOCTb MOKa3blBaeT HapacTaHue nporuba u coot-
BETCTBEHHO YMeHbLUeHUe (haKTUYecKoro 3a3opa, M3 KoTo-
PO N0 OCPeAHEHHON WMHTEHCMBHOCTU MOXHO OMpefenuTb
npedenbHbIA Npober, Npy KOTOpOM Nporub LOCTUMHET Be-
JIMYMHBI 3330pa.

3ARNTIOYEHUE

WN3meHeHue reoMeTpmyecknx napaMeTpoB LUATYHHbIX
BKNafblllen ns-3a HanpAxeHHoro CoCToAHMA CTanbHoM oc-
HOBbl YKa3blBae€T Ha pa3BUTME OTKa3a.

OTKa3 noABnAeTCA He BHEe3amnHo, a pa3BuBaeTcA
B Te4eHne [O0BOJIbHO ANINTENIbHOr0 BPeMEHWU. 3ot npouecc

Tom 90, N2 5, 2023

DOl https://doi.org/1017816/0321-4443-462805

TpaHTODbI 1 CENTbXO3MalLMHBbI

Puc. 3. Bug watyHHbIX BKNadblwen nocne UCMbITaHWUM C Xapak-
TEpPHbIMM HaTMpaMu B cpeaHeit YacTv no 3 1 6 uunuHapam (cne-
Ba 1, cnpaBa 8 umnmHap).

Fig. 3. View of connecting rod liners after tests with specific
rubbing in the middle on cylinders #3 and #6 (left-to-right — from
the cylinder #1 to the cylinder #8).

3
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A
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Puc. 4. Cxema nonepeyHoit fedopMaumm Brnagbiwa 2 ¢ obpa-
30BaHMeM nporuba A: 1 — wwatyH; 2 — BKnagbiw; 3 — LwewKa
Bafia; S — 3a30p B NOALLMIHUKE.

Fig. 4. Diagram of transverse deformation of a liner 2 with
formation of deflection A: 7 — a connecting rod; 2 — a liuner;
3 — a shaft pin; S — bearing clearance.
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Puc. 5. HapacTaHue cpefiHero octatouHoro nporuba BKnagbl-
wew A oT HapaboTKu.

Fig. 5. Increase of average residual deflection of liners A with
operating time.
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MPOXOAWT Mo onpedeneHHoW 3aKOHOMEPHOCTU B TpU 3Tana.
MepBbI 3Tan xapaKTepusyeTcA noAsfieHWeM gedopmaumu
BKNagbllLa No NpUYMHE M3OLITOYHOTO HAMPAMKEHHOrO CO-
cToAHWA. Bropon atan obycnoeneH pasBUTUEM MONYYeH-
HbIX AedopMaLMi [0 KPUTUHECKUX 3Ha4eHWUI. TpeTui atan
COMPOBOMKOAETCA MPOBOPaYMBaHUE LIATYHHOrO BKNafbILLa
U3-3a NOAYyYeHHbIX AedopMauMi U HapyLUEHWI YCNOBUIA
rMAPOAMHAMUKM MOSLWIMMHMKA.

Y1066 06€CNEUMTL CTABUNBHOCTL FrEOMETPUYECKMX pa3-
MepoB M $OpMY LUATYHHBIX BKMagblllen Heobxoamumo Bbl-
6upatb UX TakMM 06pa3oM, YTO6bI MCXOAHBIE HANPAMKEHUA
B CYMME C HanpAEeHWAMM OT MOHTaXa W TeMnepaTypHbIX
YCNOBUI B NONEPEYHOM CEYEHWUM CTaANbHOW OCHOBbI He Mpe-
BbILLIANM Npeaen TekydecTu ana Matepmana Ct08kn, uto AB-
NAETCA NpeSnochIKON U HanpaBNeHUEM ANA NPAKTUYECKNX
peKoMeHaLMi Mo ONTUMU3ALIMM NapaMeTPOB BKaLbILLIEN.
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