VK 629.113
WUCCJIEJOBAHME HANIPSKEHHBIX COCTOAHUMA U U3HOCA B
KPUBOILUMUIIE NOAUIMITHUKA ABUT'ATEJIA M-62 METO10M
®OTOYIIPYTOCTH

O.B. MakoBenkasi-A6pamoBal, A.B. XsionoBa?, B.A. MakoBeIlkuii3

Y2Cankm-ITemep6ypeckuii 2ocydapcmeentviii yrusepcumem cepsuca u sxonomuxu (CII6IYCD)
191015, Canxm-Ilemepbype, yi. Kasanepeapockas, 7, ium. A,
3 Braoumupckuii 2ocyoapemeennviii ynugepcumen, 600000, Baadumup, yi. Fopvkozo, 87

HUccnenyercst u3sHoc 0eroBoil JOPOKKKM B KOPEHHOM POJIMKOBOM IOJALIMITHUKE IIATyHA, KaK clief-
CTBHUE HEPaBHOMEPHOCTH pAaclpeieieHNs] KOHTAKTHBIX HaNpsHKEHHWH, OLEHMBAETCS SKCIUTyaTallOHHAs
Han&xHocTh JIBC. Ilpemnaraercs HoBas KOHCTPYKLHMS IIATyHa ¢ IEPEMEHHOM ’KECTKOCTBIO CTOMKHU U C
N3MeHEHHOH 0eroBoil TOPOKKOW MOAIIUITHAUKA IATYHHOU mieiiku. [Ipumensiercs reopus ['. ['epua u XX.B.
Byccunecka ans TeopeTHUecKOro aHajlnu3a KOHTAKTHOM 3afaul. Pe3yiapTaThl HCCIIENOBaHUS SKCIIEPUMEH-
TaJbHO MOATBEPKAAIOTCSA HAa MOAENAX IIaTyHA MOJIAPU3AL[IOHHO-ONTHYECKIM METOIOM.

Knioueswvie crosa’: moAIMMIHNK; U3HOC; IIATYH; HANPSDKEHUS KOHTAKTHBIE; POTOYIPYTOCTb.

RESEARCH OF CONTACT TENSION IN THE BEARING OF THE M-62 ENGINE A
PHOTOELASTICITY METHOD

0.V. Makovetskaya-Abramova, A.V. Hlopova, V.A. Makovetsky
St.-Petersburg state university of service and economy (SPbSUSE),
191015, St.-Petersburg, street Kavalergardsky, 7 A.
Vladimirskiy state university, 600000, Vladimir, street Gorkogo,87
Research of wear of a path in the rod bearing, as a result of unevenness of distribution of contact
tension, is estimated operational reliability of IKE . The new design of a rod with variable rigidity of a
rack is offered. G.Gertsa and Zh.V.Bussineska's theory is applied to the theoretical solution of a contact
task. Results of research experimentally prove to be true on models a polarizing and optical method of

research of tension in details of cars.

Keywords: bearing; wear; rod; tension contact; photoelasticity.

Kak usBectHo [1, 2], paauanbHbie Moj-
LIMITHUKA C HMUIHHIPUYECKUMH POIMKAMU HMe-
1oT B 1,5 — 2 pa3za 0oipIyto rpy30H04bEMHOCTD
U PaboTOCIIOCOOHOCTh MO CPAaBHEHUIO C OIHO-
PSAAHBIMH  PaJAMANBHO-YIOPHBIMH [IAPUKOBBIMHU
noJIIMIMHUKaMu. [103TOMYy OHM MIMPOKO MpHUMe-
HSIOTCS HapsIy ¢ NOJIINITHUKAMHU CKOJNBKEHHS B
TPAaHCIIOPTHHIX U OBITOBBIX MamMHaxX. B yactHo-
CTH, ONOpHBIC Bajbl dJEKTPOABUTATENEH, Haco-
COB M KOMIIPECCOPHBIX MAaIllMH IMHUIIEBOH MpO-
MBIIUJICHHOCTH, a TaKXe TKalKHX, MeTaJuiope-
KYIIUX CTaHKOB, KaK NPaBHJIO, ONMUPAIOTCS Ha
PONMKOBBIE MOAMMIHUKN. Han&xHocTh U U3HO-
COYCTOWYMBOCTH 3THX OMOP BO MHOI'OM OIpene-
JISIIOT 9KCIUTyaTallMOHHYIO JOJITOBEYHOCTH BCEH
MamuHbl. Tak, OBICTPOXOIHBINA YEThIPEXTAKTHBIN
meyxumnnHaposeid  JIBC M-62 ¢ cepenuHbl
MPOLUIOT0 BEKa MPUMEHSETCS Ha MOTOLMKIAX
TSDKEIOro Kiacca, BHITYCKAEMBIX Ha 3aBOJAAX IO-
poxnoB Hpbuta, Kuesa, CepnyxoBa. [Iporotunom
M-62 gsigercs asuratens BMW.

[Ipu pabote naHHOrO ABWraTENsl Ha Ya-
crotax g0 5000 o6G/MuH BO3HWKaeT mpoOieMa

MPOYHOCTH IIATyHa — OBICTPBIA M3HOC M BBIXOX
U3 CTPOSl KPUBOILIUITHOTO MOJIINITHHKA.

[Muknuyeckoe Bo3fekcTBHE  (CoKaTHe-
pacTsDKEHHUE MIaTyHa) MOJ] KaXKAbIM POIIUKOM BBI-
3bIBAET MAKCUMyMbl U MHHHUMYMBI KOHTAKTHBIX
HaNpsDKEHUH, YTO MPHBOIUT K YCTAJIOCTHOMY
W3HOCY OEroBBIX IOPOXEK KPWUBOLIMITHOTO TOA-
mmnHukKa 2, 3, 5].

Ha wucneirarensnom crenae MpOutckoro
MOTOLMKIETHOIO 3aBOJa IPOBOJUIOCH TEH30-
METPUpOBaHKE IIaTyHa MoTouukina "Ypan' Ha
paboratomiem nBuratene M-62. Pryrneiii Oec-
KOHTAaKTHBI TOKOCHEMHHK, IIOKAa3aHHBIH Ha
puc.l a), peructpupyer mokazaHusl PO3ETKU TCH-
30IaTYMKOB TEH30oCcTaHIMH TA-5 B AnHaMuKe
npu umciae oboporoB koinenBaia mo 10000
00/muH [4,6]. 3Has ynpyrue nedopmanuu marty-
Ha TI0 TIOKa3aHUSM TEH30METPUPOBAHUSA HE
TPYJHO ONpENeTuTh HauOonbime (IpU CHKATHH
MIaTYHA) ¥ HaMMeHbIIMe (IpU pacTsDKCHUH) ACH-
ctBytomue ycunusi. Gortorpadust neurarens M-
62 B paspes3e mepea HavyaJoOM TEH3OMETPUpPOBa-
HUsSI, TpefcTaBiieHo Ha puc.l-a) — dororpadus
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0o0beKTa MCCICAOBAHUS - PEANbHBIA MIATYH MO-
Touukiaa “Ypan” ¢ pOTMKOBBIM IMOJIIMITHUKOM,
npencraBieHa Ha puc.l 6).

Ha puc.2 npencraBneHa BbISBICHHAS 3a-
KOHOMEPHOCTh M3HOCAa BHYTpEHHEH OeroBoit o-
POXKH IIaTyHa B BUJE rpad)yka TTyOHHBI LIEMEH-
THUPOBaHMs TOBepXHOCTHOrO cinost "h™ u TBEpIO-
cru no bpunemo “HRC” mo OeroBoil mopoke
JUISA Talibla Han@sl KOIEHYaToro Bajga MOTOLUK-
na, no ucnbiranus U nocie 10000 km mpobGera B
ycinoBHAX 0e310poxkbst [3,4].

KpuBass HRC mokaseiBaer 3HauMTENIBHOE
YMEHBIIEHHE TTyOUHBI IEMEHTUPOBAHHOTO CJIOS,
paBHOI mepen HayaJioM 3Kcruryartaquu — 1,8 M.
Ob6mnactn OeroBoil JOPOXKKU “€-U”, TOABEPrHYTHI
3HAYUTEIIFHOMY M3HOCY M Ha OTHAENBHBIX Y4acT-
Kax TIOY4TH IOJIHOCTBIO TOTEPSsUIM IIEMEHTHPO-
BaHHEIA cioi — h=0,15 MM B Touke “orc”. Merain
CEpALIEBUHBI BCIEACTBHE STOr0 OKa3acsl HaKIE-
naHHbeIM - HRC=72 B TOUukKe “orc”.

PryrHbIi TOKO-
CBhEMHUK

Pucynok 1. McnpITaTe bHbINA CTEH: d) — IOITOTOB-
JICHHBIH JUISl TCH30METPUPOBaHHs [BHUraTesb M-62; 6)
— peaNbHBIN IaTyH MOTONMKIA “Ypan” ¢ pOJIMKOBBIM
nomunHUKOM ((oTorpadus); ¢) — ONTHIECKHU IIPO-
3pavyHas Mojienb; 1 — maTyH; 2 — masner nandsr; 3 —
POJIMKH MTOJIIIUITHAKA B CEIapaTope

Nzyuenne meramiorpapuueckoro cocro-
SIHUSL TTOBEPXHOCTHOI'O CJIOSI MOJ MHKPOCKOITOM
MOKAa3bIBACT, YTO Pa3pyllIcHHEC HAYMHACTCSA B Ce-
penvHe OEroBoil JOPOXKU C 0Opa30BaHHEM 30H
MUKIMYECKA  M3MEHEHHOW  MHKPOCTPYKTYDBI,

BO3HHUKHOBCHHA MHUKPOIIOP, BMATUH W TPCIIUH,
BCJICA 34 YCM IMOSABIIACTCSA BBIKpAalIMBAHUEC, COOT-
BCTCTBYIOLICC 3TAIly KaTaCTpO(l)I/ILIeCKOFO HU3HOCa.

TBepaocts 1o I'my6una nemen-
Bpunenro HRc Tamuu h

Pucynok 2. 3akoHOMepPHOCTH M3HOCA BHYTPEeHHeH
0eroBoii 10pPOKKH MIATYHA

W3BectHO [2], yTO CymiecTByeT mpsiMas
CBSI3b MEXK/Y HANpaBJICHUEM KauCHHs POJIHKOB U
OpHEHTaIMell MOBEPXHOCTHBIX TPEWIMH Ha Oero-
BOIi opOkKe. B paccMaTpuBaeMoM cirydae, opH-
GHTalUsl TpPEIIMH IO MOBEPXHOCTH MEHSETCS
BIOJIb OEroBod OOPOXKKM M pa3ludHa Mo obe
CTOPOHBI OT JIMHWUU JEUCTBUS MaKCHMAaJbHOM
Harpy3kd IaTyHa Ha manen. Ha ywgactke ot “e”
10 “a” moBEpXHOCTH OEroBOM TOPOKKH MOKPHITA
BbIOOMHAMH TpEUIMHBI OTCYTCTBYIOT. Ha nua-
METPaJbHO MPOTHUBOIMOIOKHON CTOPOHE Majblia
MOXXHO OTMETHUTb JIMIIb MUKPOIIOJIOCTH, KOTOPBIE
HE UMEIOT BBIXOJa Ha MOBEPXHOCTH, a IIyOMHA
nementarnuu h=0,8 — 1,0 mm. Jlokanusanuto pas-
pYLIEHHs Ha ydacTke “e — a” MOXHO OOBSICHHTH
TEM, YTO HAaUOONbIIEMY 3HAYCHHUIO CKMMAIOIICH
Harpy3KH, COOTBETCTBYET BCeErza OIpeAerEHHOE
MOJIOKEHUE KOJIEHYATOT O BaJla IBUTaTeIs.

B xone uccienoBanuii ObLIIM U3TOTOBJICHEI
9KCIIEPUMEHTAJIBHBIE ATYHbI T€OMETPUUECKH I10-
nobuble HaType. UepT&X NaHHOrO maTyHa M Kap-
THHA M30XPOM M M30KJIHMH HpPENCTaBlIeHa Ha PHUC.3
(a,0). CpaBHHTENbHAS XapaKTEPUCTUKA HATypallb-
HOro maryHa (Tum A) ¥ 9KCIIEpHMEHTAIBHONH MO-
nenu (tun b) npencranena B Tabmuie 1.

s SKCHeprUMEHTaIBHOTO HOATBEPKAC-
HUSl OTMEUCHHBIX 3aKOHOMEPHOCTEH M3HOCa Me-
TOAOM (POTOYNPYrocTH HPOBOJAMIIOCH HCCIIENO-
BaHHUE paclpeeeHus] yCHIINS M0 TeJlaM KaueHHs
OpU CKaTUM U PACTSDKEHWH LaTyHa. Mogjenu
IIaTyHOB MaJIbLEB W POJIUKOB H3TOTOBJIEHBI W3
ONTUYECKH aKTHBHOro Matepuaia J/[-6M B
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HccaedosaHue HaNpsA#CEHHbLIX COCMOSIHULL U UBHOCA 8 Kpusowune hodwunHuka deueamens M-62

Mmemodom homoynpyzocmu

HaTypaJbHYI BenW4nMHYy. HarpyxeHue ux ocy-
mecTBIWIOCh C cuiamu 221, 446, 935 H, uro

COOTBETCTBOBAIO  KOA((UIIMEHTaAM  CHIIOBOTO
noxobug 50, 25, u 12.

Tabmuna 1. CpaBHHTe/IbHASI XapaKTEPUCTHKA HATY-
PAJILHOr0 IATYHA U IKCMEPUMEHTAJIbHOI Mofies I

No | Huameryg Huamerg Ywucno | 3a-| Ha-| Tun
poivKa,| manbua,| pojiau- | 30p, THAT,| LIATy-
MM MM KOB MK | MK Ha
1 7 36 12 20 - A
2 7 36 12 - 20 A
3 5 40 18 20 - A
4 5 40 18 - 20 A
5 7 36 12 20 - b
6 7 36 12 - 20 b
7 5 40 18 20 - b
8 5 40 18 - 20 b

Hatsr nim 3a30p B NOAIIUITHUKE CO3/a-
BaJica MyTéM M3MEHEHHs auameTpa manbia. s
BCEX BOCBMH BAPHUAHTOB HCIOIHEHHS POJIMKOBO-
ro MoauiHuKa (Tadnuia) gpororpadupoBainuch
KapTHHBI U30XpOM — JIMHUH MaKCHMAJIbHBIX Ka-
CaTeNbHBIX HaNpsDKEHHH. AHaNM3 KapTHH H30-
XpOM B MOAEISIX CEPUMHBIX IMATYHOB IOKAa3ajl
HeOMaronpusTHOE paclpeAeneHrue YCWIHKA 110
TeNaM KaueHHsl IPH CHKaTHU IIaTyHa.

KauecTBeHHBIN aHAIN3 KapTUH H30XPOM B
MOJICIISIX CEPUMHBIX MIATYHOB (THN A) NOKa3bIBaeT
HeOmaronpusTHOE paclpeleleHne YCHINH IpH
cokatuu. Harpy3ky BOCIPHHHMAIOT TOJIBKO TPH
ponuka. YBearueHHe KOJMYecTBa POIuKoB ¢ 12 o
18 HeCKOJBKO CHMIKAeT KOHTAKTHBIC YCHIIHS IO
Ka)X/IOMy POJKKY, HO HE SABISETCS paAuKaJIbHBIM
pemenreM. IlaTyH SKCHEpUMEHTAIBHOTO THIIA
(tun B), mpexcTaBneHHbI Ha puc.4 a), MpH Mpo-
YUX PaBHBIX YCJOBUSAX MO3BOJISAET 3HAYUTENHHO
CHHU3UTH yCHIIMS Ha HIDKHEH TOJIOBKE LIaTyHA TOA
Hanbojee HArpy)KCHHOM IIEHTPaJbHBIM POIHKOM.
CymiecTBeHHOE TepepacipeqesieHne yCHINNH oA
pONMMKaMH B MOJENSX MOIIUIHUKOB THNAa A U
tuna b wiroctpupyer puc.4 6).

Oniopa KOHTAKTHBIX HAMpsDKEHWH s
pa3NUYHBIX HArpy3oK cepuiiHoro (Ha rpaduke
clieBa THI A) dKCIIEpUMEHTaNBHOro (Ha rpaduke
cnpaBa TMn b) maTyHa mpeacrtaBieHa Ha puc.5.
AHanu3 JaHHOHW 3IIOPHI MO3BOJSET CHENaTh OKOH-
YaTelbHbIC BHIBOJIBL

1. laryn Tuna B mpu mpoumx paBHBIX
YCIOBHUSAX TIO3BOJIIET 3HAYUTENBHO CHU3HTH YCH-
JUs B HIDKHEH TONOBKE IIAaTyHa IOA HambOoee
Harpy>KCHHBIM LEHTPAJIBHBIM POIMKOM MaX P,=
0,29 Py B matyne tuna b nporus max P,= 0,45 Py
B IIaTyHE THMA A.

2. C yBenmuyeHHEM 3a30pa MaKCHMallbHOE
ycuire B MOIIIMITHUKE BO3PAcTaeT BO BCEX pac-

cMaTpuBaeMblIX BapuaHTax. Jlydmmid pesynbTaT
noiydeH npu Hatsre B 20 MKM.

Pucynok 3. YepTé:x Monenn u pororpadusi msoxpom:
@) — 9epTEK MOJIENH IKCIICPUMEHTAILHOTO NIATYHA
(tun B); 6) — pororpadus uzoxpom

Tunn b Tum A

Pucynox 4. KontakTHbIe H30XPOMBI MO/ POJIMKAMH
NOIUIMITHAKOB: () — IIPU CXKATHH LIATYHA; 0) — IPH
paCTSHKEHUU IIaTyHa

BrIBOABI
1.B pabote mcciaenoBaHbl 3aKOHOMEPHOCTH

nu3HOca OETOBOM JOPOXKKM POIMKOBOTO MOJILIUII-
HuKa 1maryHa. [lokazaHa LenecooOpa3HOCTh KOM-
TUIEKCHOTO HCCIIEN0BaHUsI BOIIPOCOB M3HOCA Oero-
BOM JOpPOXKKM NyTEM NPHUMEHEHHsS MUKPOCTPYK-
TYpHOI'O0 aHaJM3a MOBEPXHOCTH METajlla COBMECT-
HO C MOJSAPHU3AIMOHHO-ONTUYECKUM METOJIOM HC-
CIIeIOBaHMS HAPSDKECHHH.

2.Ha ocHOBaHMM TPOBEIEHHBIX HCCIEIOBA-
HUI KOHTaKTHBIX HAaNpsDKEHUH wmeromoM ¢oro-
yIpYroctTd OOOCHOBAaHO YBEIMYEHHE KOIUYECTBa
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pomukoB fo 18 mryk. ITokasano, uto ¢ yBemnue-
HUEM 4YHcia ponukoB ¢ 12 go 18 3HauuTenbHO
YMEHBIIACTCS KOHTAKTHOE HaIpsDKEHUE B HUKHEH
ronoBke matyHa (mo 17%), COOTBETCTBEHHO

YMCHBIIACTCA U3HOC OeroBoit AOPOKKHU.

Py/Po

20° @

a)—THo A

&) —Tun b

Pucynok 5. CpaBHMTeJIbHbIE JMIOPHI KOH-
TAKTHBIX YCHUIMI HA POJTHMKH MOAUIMITHUKA:
@) — peasbHbIN MIATYH; 0) — IKCIIEPUMEHTAb-

HBIM [IaTyH

4. lIpennoxeHna HOBasi KOHCTPYKIHA [IaTyHA
Tina b ¢ n3MeHEHHON >KECTKOCTBIO HUKHEU TO-
7oBKU. JlaHHasi KOHCTPYKUUSI Hapsay C IPYTUMH
JIopaboTKaMH IIaTyHa MO3BOJIMIA B /IBa pas3a — 10
20000 kM yBEIWYHTH MCIBITATEIBHBIH TPOOEr MO-
Touukia "Ypan".

5. OnpeneneHsl MaKCUMaIbHBIE KOHTAKTHBIE
yCWJIMSI TIO OMAacCHBIM POJIMKOM MIaTyHa Tuma B

npu pactskeHur max P, = 0,27 Pou cxxatun max
P,= 0,29 Py
[Ipeanaraemas METOAWKa PELICHUS KOH-

TaKTHOM 3aJjaydl MOJyoOpaTHBIM METOIOM MOJKET
YCIIEIIHO TPUMEHATHCS Uil HCCIEAOBAaHUS pac-
MpEAeeHus] KOHTAKTHBIX HANMPSHKEHUH MPH BBICO-
K0oOOpoTHOM auHamuke. IIpu 3ToM 3ddekTuBHO
NpUMEHEHHE CKOpPOCTHOH ¢ororpadum, BHIEO-
ChEMKH, JTMOO CTPOOOCKONMUHU OBICTPOIPOTEKATO-
LIMX MPOLECCOB.

Pe3ynbraThl paboThl MOKA3BIBAIOT, YTO (U3HU-

YecKoe MOJCTUPOBAHHE pEIICHUS TEXHUYE-

CKMX 3aJau CYIIECTBEHHO JIOIMOIHSET, a HHO-

ra W TOJHOCTBIO 3aMEHSET KOMITBIOTEpHOE

MOJIETTUPOBaHNE B BHIOOpE TPaHUUYHBIX YCIIO-

BUH 151 pa3paboTKu MaTMOIeNei.
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