YK 565.42.31; 55.03.33 DOI: 10.14529/engin190302

BITMAHUE PACIMNONOXEHUA NCTOYHUKOB CMA3KU
HA TMAPOMEXAHUYECKUE XAPAKTEPUCTUKA
CNOXHOHAIMPYXEHHbIX NOAWLNMHNKOB
TENNOBbIX ABUrATENEN

K.B. aepunos, M.A. U33amynnoes, I1.C. 'puyenko, U.P. ljeewko
FOxHO-Ypansckull eocylapcmeeHHbill yHusepcumem, e. YensabuHck, Poccus

PaccmoTpeHa MeToaMKa ONMPEACICHUS NOABHKHBIX (OTBEPCTHS B IIATYHHOM IIEHKE KOJCH-
YATOTrO BAJd) M HEMOJBIKHBIX (KAHABKU HA MOBEPXHOCTH BKIAABINCH) HCTOYHHKOB CMA3KH AJIA
MOJAYH CMA3KH B CMA304HBIA CJIOH CIOKHOHATPYKCHHOTO MOAIINITHAKA CKOJIBKCHUA TEILIOBOTO
JABHTATENA. [l pacuera moJyd ruIpOAHHAMHYMCCKUX JABICHHH B CJIOE€ CMA3KH MOANINITHUKA Pac-
CMATPUBAIOTCA JBA AITOPHTMA HHTETPUPOBAHKSA MOAM(DUIIMPOBAHHOTO YPABHEHMS JIIPOAA I
OLICHKH CTEMCHU 3aMOTHCHHA 3a30pa. IIpOBEACHHBIC PACUCTHBIC MCCICAOBAHUA MOKA3AIH, YTO
pa3paboTaHHbBIC PACUCTHBIC ANTOPHTMBI OKA3aMHCh 3PPEKTUBHBIMH KAK JJISI PacueTa CTaTHHC-
CKH, TaK M JUHAMHIICCKH HArPYy;KECHHBIX TPHOOCONPsDKEHIH. OMHAKO UKl TIEPBOi MOAN(HKAHI
OBLIM OTMCUCHBI YHCJICHHBIC KOJICOAHUS UCKOMOM (JYHKI[MH HA TPAHHUIC BOCCTAHOBICHHA CMa-
30YHOTO CJIOSI, 0COOEHHO /711 BBICOKHMX 3HAYCHHH OTHOCHTEIFHOTO 3KCHCHTPHUCHUTETA, UTO Xapak-
TCPHO T MOAIIHITHHKOB KOJICHIATOTO Bajla ABUTATCICH BHYTpeHHETO cropanus ([ABC). Bropas
MOIU(PHKAIHA, 1711 KOTOPOH MCIOIB30BAICS METOA KOHCHUHBIX PA3HOCTEH, XapaKTEPH3YETCs OT-
HOCHTETIHFHON MPOCTOTOHN YMCICHHON PEaTN3aluyl B CTA0MILHOCTHIO HTEPAITHOHHON IIPOLIETYPHI.
[IpenmoskeHHBIE METOAMKH OBLTH HCIIOIB30BAHBI IIPH PACUCTHOM AHAM3E CIOXKHOHATPY KEHHbIX
TPHOOCOIPSKEHHUH, K KOTOPBIM OTHOCSITCS IIATY HHBIC IIOAIIHUITHIKH KOJICHYATOTO BAla TEILIOBO-
ro geurarena. [na asurarencii KamA3 w [IM-21 ObUT0 pacCMOTPCHO BIMSAHHC PACIIONOKCHHS
HCTOYHHMKOB CMAa3KH HA THAPOMEXAHMYECKHE XapakTepucTHkH (I'MX) CI0KHOHATPYKEHHBIX
MOJMIMITHAKOB CKOIbxkeHUs. st am3emst KamA3 mpoBeseHbl mapaMeTpHUIECKiE HCCICA0BAHNUS,
3aKIFOYAOINHIECS B OTPEICICHUN HANOOJICE PALMOHAIFHOTO PACHONIOKEHHS OTBEPCTHS IS TIO-
JIA4¥ CMA3KW B IATYHHOH miekike. [Ipu 3ToM ObumM paccumransl Bce ocHoBHBIE [ MX TpHbocomn-
PSOKCHHS M HA OCHOBAHMH WX AHAIW3a OBLIH IPEAIO)KEHBI HAHOOJCE ONTHMAIBHbBIC PEINCHHUS.
g qusens IM-21 npeasiosKeHbl OPUTrHHAIBHBIE CXEMbI PACHOJOKEHUS YACTHYHBIX U MOJHBIX
MACITOMOAAOIIIX KAHABOK MU PACHIPEACIACHUA U A NOAAYM CMA3KH B IMIATYHHBIC MOJIIMITHUKH.
Kpome Toro, nokazaHo, YT0 AOMOTHUTEIBHBIM METOAOM YJVHYIICHUA MHAPOMEXAHHYCCKHAX Xapak-
TEPHUCTHK SBILICTCSA BBHIOOP MOTOPHOTO MAcia C YJIYUIICHHBIMH BSI3KOCTHO-TEMIICPATY PHBIMH Xa-
PAKTEPUCTHKAMHY, MO3BOJLIIOIMHA YIYYIIHTh OCHOBHBIC THAPOMEXAHHYECKHE XAPAKTCPHCTHKH
B npenenax 10-20 %.

Knrouesvie cnosa: ypasuenue D1pooa, UCHIOUHUK CMA3KHY, 2UOPOMeXaAHUYecKIe XapaKmepu-
CIUKH.

Beeaenne

K uncny Hanbonee 3HAYMMEBIX KOHCTPYKTHBHBIX NTAPAMETPOB CI0KHOHATPYKCHHBIX TIOALTHITHUKOB
CKOJIBJKEHHSI OTHOCATCA KOOPAWHATHI PACIIONIOMKEHHA HA MOBEPXHOCTIX TPEHHS INECK M BKIAABIIICH
MOJIIUIHAKA WUCTOYHHKOB CMa3KH (NOMHBIX WM YACTUYHBIX KaHABOK, oTeepcrtuil). Kondurypaums
(reoMeTpHs) U PaCcIONOKEHUE HCTOYHUKOB OKA3BIBACT 3HAYNTEIBHOC BIHSHHEC HA THIPOMECXAHUYCCKUE
xapaxtepuctuki (I'MX) noamumankos. Cpean 'MX, koTOpBIE SABIAIOTCA OJHUMH W3 OCHOBHBIX MPH
aHanm3e paboTOCHOCOOHOCTH, SIBISIOTCS MEPEMEHHBIC IO BPEMCHH T BEIHYHHBI MHHUMATBHOU TOJIIH-

BBl A (1) 1 MakcumamsHoro ruapoauHammcckoro (IJ1) gasnenus (D)D) p.. (T) B cmasounom croe;

UX SKCTPEMAIIbHBIC. MUHUMAIBHBIE M MAKCHMAIbHbBIC 3HaYeHUS Inf /1 ; .

SUP Ppax » @ TAKOKE CPETHEHH-

TCKYIIHME U CPSIHUC NOTSPU Ha TpeHue N (1), N*; TOPIICBBIC Pac-
Y p p p p p

* *
TErpaabHbIC MAPAMETPBI A . Prax >

xomet evasku Oy (1), O , sdbextupHas Temmeparypa B cmMazouHoM crioe mommmmanKa 75 (1), T .

Hcrounnkn cmazku HeoOXOAUMEIL TS IOJAYH H PACIIPEIACICHHS CMA30YHOTO MaTepraa, B YaCTHO-
CTH, MOTOPHOTO Macia Mo YriI0BOU M OCEBOM KOOPAUHATAM MOJIIUITHUKA, YTO OOCCIICYHBACT OTBOJ TCII-
JIOTHI, BOZHUKAIOWIEH B Pe3yibTaTe npoueccos TpeHud. Kpome Toro, HCTOYHHKH cMa3Ku 00CCIICUHBAIOT
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PacueT U KOHCTpyupoBaHue

dopMupoBaHue HECYHICH 00/aCTH, TS MMCIOT MECTO THAPOAUHAMHYCCKHE AaBicHus p >0 . OQgHaxo

HaINIUC UCTOUHUKOB CMA3KHU MOXKCT NPUBCCTU K CHIDKCHUIO Hecymeix'l CHOCOOHOCTH DOAINUITHHUKA, I10-
CKOJIBKY B obmacTu ux AUCTOKAIUU TUAPOANHAMUYICCKUC AABJICHUA CHUKAKOTCA A0 AABJICHUA IOAAYU
CMa3Ku pg . U, KPOMC TOro, OHU MOI'yT OBITh HpI/I‘II/IHOI\/'I MOABJICHUA OYaroB 3pO3UU U YCTAIOCTHBIX IIO-

BPCIKACHUH aHTH(PPHUKLIMOHHOTO CTOS BKIAABIIICH.

VYV TemnoBBIX ABHraTencH, K KOTOPBIM, OTHOCATCS ABHUTATEIN BHYTPEHHETO CTOpPaHMS, MOTOPHOE
MAaclIo MOCTYMAET MOJ AABICHUEM, 00SCIICUHBACMBIM MAaCIONOAAIOMINM HACOCOM, M3 [JIABHOTO Macysd-
HOro KaHajga (MarucTpany) K ONOPHBIM (KOPCHHBIM) mommunHukaM. Ha BHYTpeHHEH MOBEPXHOCTH
BKJIAJBIIIECH TTOAIMMITHUKOB HAXOMATCS KOJBIIEBBIC KAHABKH AJIA PACIPECIICHNI CMa30THOTO Marepua-
74, KOTOPbIC MOTYT ObITh HOJHBIMH U YaCTHYHBIMH. M3 3THX kaHaBOK cMa304YHas KHIKOCTh MOCTYIACT
B CMAa304HBIM CJIOW KOPEHHBIX MOAIIWINHUKOB U JAJICE MONAJACT B OTBEPCTHE B KOPEHHOM IIEHKE.
Ilo xanamaM B KOJECHUATOM Baly CMa3Ka IOCTYIACT B MIATYHHVIO INEHKY, a Jajee B CMA30YHBIN CIIOH
€aMoro MOAITHITHAKA.

OcHoBoOMONararoIei U3 OTCUCCTBEHHBIX PadoT, MOCBIIICHHBIX PACUCTHOMY HCCIICAOBAHUIO Mapa-
METPOB, XapaKTCPHUIYIOIHUX CHOCOOBI MOJAYH CMA30YHOTO MAaTePHAIa B MOMIIMITHIKH KOJICHIATOTO Ba-
Ja TEIJIOBOrO ABUraTels, MoxxHo otMeTHTh padoty B.H. IIpoxonsesa [1]. B Heit chopmynuposana ru-
IIOTE3a O TOM, UTO CXEMa ITOJAYH CMA3K{ B MATYHHBIN MMOJIMHMITHAK KPUBOIIMITHO-INATYHHOTO MEXaHH3-
Ma HeoOXoaMMA 71 O0CCHEYCHHT MAKCUMATBbHOTO 32 MEPHOJ HArPYXKEHUA T, OOBEMA CMA30YHOTO

Matepuana (MoTopHoro Macna) (J *, moaaBacMoro B CMa304HBIM CIOH NMOAINUMHMKA. Takas rumoresa

OCHOBBIBACTCSl HA TOM, YTO CXCMa PACHPCACIICHUS U MOAAYH OKA3bIBACT BIHMSHHC, B OOJBLICH CTCIICHH,
Ha KOJIMYCCTBO CMA3KH, BEITCKAIOIICH B TOPLIBI MOIIMITHHKA, & 3HAYUT, (PaKTHUICCKH CHIKACT TEMIICpa-
TYPY B CIIOC, SBISIFOLIEMCS KIFOUCBOH XapaKTCPHCTHKOHN [IATYHHOTO MOAIIHITHUKA.

HccnenoBannio OLCHKH BIUSHUS HCTOYHUKOB cMa3ku HA [ MX ClIO)KHOHATPY KCHHBIX TOALINAITHH-
KOB TMOCBSIIICHBI, B YaCTHOCTH, paboTsl [2-9].

1. MeToauka pacuera

OxHMM M3 OCHOBHBIX HEIOCTAaTKOB 3THUX PabOT SIBIACTCS MPUMEHEHHE npu pacdere noms /] nas-
nenuit rparnusbix yvenosud Ceudra—Ltudepa (CLH). Oxnako Hanbonee TOYHBIMHU SIBIISTIOTCS YCIOBUS
Sxobcona—Dnodepra—Onscena (APO), koropeie npuseachst B [ 10-13]. IlpuveHeHHe rpaHHIHBIX yC-
aoBuii ADO mpu pacuere mons /] gasnenuii onucano B paborax Japoga u Axamca [14, 15]. Uaes,
3a70KCHHA B PCATM3YEMbIH MU alrOpUTM OCHOBAHA HA OMPEICICHUN CTCTICHU 3alOJTHCHHS CMa30y-
HOTO 3a30pa O u3 ypaBHCHUS:

737 3R —
i @g(e)@ 2 @g(e)@ zﬁi(ﬁe)+3(ﬁe). (1)
op| 121, op | oz|12m, &z | 20p ot

— 5 .
3nece P =Py / Wo®, — Oe3pasMepHBIil KOAPPUIMEHT CKUMACMOCTH CMa3KH, [3— €ro pa3mMepHoe 3Ha-
uyeHue, g(0)— GpyHKUMSI MCPSKITIOUCHHST AKTUBHOH 00/1aCTH 1 00JaCTH KABUTALMH:

1

e — >
g() 0, ecimb<l.

ecmn 0 > 1

Ocranpubie 0003HaueHus B (1) cOOTBETCTBYIOT 0003HAUCHUIM B paboTe [2].
CreneHp 3amoNHEHUS CMA30YHOTO 3a30pa 6 mveeT ABOWHOMN cMbica. B aktusHOI obmactu (o0nactu
nmasieHuis, rae p>0) 6= p/ P, » P,— INIOTHOCTb CMA3KU IPH AABJICHUU KaBUTAIMU p, . B obmactu xa-

utaluy, rae p<0: p=p ., p=p, U B 3TOM CIydac CTENECHb 3AMONHEHUA O XapaKTepPU3yeT OTHOCH-

TCJAPHOC KOJUYCCTBO CMA30YHOIO MATCpHajia B CMA30YHOM 3a30pe TpubocompsukeHus. | uapoguHamu-
YCCKHUE JABJCHMSA U CTCIICHD 3AII0IHCHHA O CBSI3aHBI CJICAYIOUINUM BBIPAKCHUEM:

P=D.+ g(e)Blne.

N3 ananuza nHPOPMAITMOHHBIX UCTOYHUKOB U3BECTHO, UTO B AJITOPUTME DIPOAa U MOJOOHBIX afl-
TOPUTMAX COXPAHCHUS MACChl CMA30YHOTO MATEPHAIA B CMA30YHOM CJIOC MOALIHITHUKA MMPUCY TCTBYIOT
HCJOCTATKH, CBI3AHHBIC C YHCICHHOW HCYCTOWYHMBOCTBIO PCLICHHS CHCTCMbI aIrcOpanueCKUX ypaBHE-
HUH, K KOTOpPbIM cBoauTcs ypasHeHue (1). Kpome Toro, mpucyTCTBYEeT 3aBUCHMOCTD MOTyYaCMBIX Pe-
3yJBTATOB PacuyeTa OT 3HAYCHHI [3, 0COOCHHO MPH BBICOKHX JKCICHTPUCHTETAX, XAPAKTCPHBIX IS

CIOKHOHArpy>KCHHBIX NMOAIMUITHUKOB TCILIJIOBBIX ,Z[BI/II‘aTe.]'IGI\/'I.

14 Bulletin of the South Ural State University. Ser. Mechanical Engineering Industry.
2019, vol. 19, no. 3, pp. 13-21



laepunoe K.B., 3zamynnoee M.A., BnusiHue pacrnonoxeHus1 UCMOYHUKO8 CMa3KU
puyenko I1.C., eewrxo U.P. Ha eudpomexaHuyecKUe XxapaKmepucmuKu...

B cBs3u ¢ 5THM aBTOpaMu 471 VCTPAHCHHUS YKa3aHHBIX HEAOCTATKOB B [14] ObL1O paspaboTano mo-
JuuIpoBaHHOE ypaBHEHHE JIPOJa, 3AIIUCAHHOE B BUJE

ST 2 o] 21 5 20 200,

rI¢c B aKTHBHOM OOJACTH CMAa304HOrO CJIOA, KOTrAa d)((p, ) 0: d)((p ) (ﬁ—ﬁc), g((p,z)zl;
z)

a B 00J1aCTH KAaBHUTALHMH, KOTJa d)((p,z) <0: d)((p,z) ( ) ( =0. Oyaxus O cesazana ¢ 0
BeipakeHrem 0 =1+(1-g)D .

Paspaborannas aBTropaMu BEpCHsi alrOpUTMa COXPAHCHHS MACChl 3apPEKOMCHIOBANA CCOsl HAICK-
HOIt npu pvaeTHOﬁ OLCHKC I'MX CTATUUCCKU U AUHAMUYICCKHU HAI'PYKCHHBIX MOAIMUITHUKOB TCIIOBBIX
asuraresicit. OJHAKO OLCHKA PE3y/IbTATOB €¢ MCIOIB30BAHMS IS PAcCueTa CIOKHOHATPYKCHHBIX MO~
ITHUIMHHUKOB TCIIJIOBBIX ,Z[BHFaTeHCﬁ ImoKa3ajda OCHUJIIISALIIUIO (byHKLII/II/I () Ha TpaHUuNC 30HBI KaBUTAITUW U
AKTHBHOH 00JJaACTH CMA30YHOTO CJ0S. 3aJOKCHHBIM aJrOPUTM WU3MCHCHHS BPCMCHHOTO IMAra B 5TOM
CIIyJae YMEHBIIAI €T0 BETHIHHY AT, ITO IPUBOAWIO K YBEIHYCHHIO BPEMEHH pacdeTa 3aJauu.

Bropas moaudukaims anroputMa nokasana ceos 6oaee 3¢GheKTUBHOM, 11st KOTOPOH YAAIOCH YCT-
PaHUTD YKA3aHHBIC BBIIIC HCAOCTATKHU.

Vpasuenue (1) Obu10 MOAHPHUIMPOBAHO CIACIYIOIIMM 00Pa3OM.

INockonpky cTeneHs 3amoiaHeHUs O B aKTHBHOI oGmacTu aBneHuH (2, Majao OTIMYACTCSA OT €IH-

HULIBI, OHA 3aMCHAIACk Ha 0 = g+ (1 - g)e u ypasaenue (1) mpuHIMAano BUx:

5 L x

a(he )+a—‘1(3 +C )+%:o. Q)
3aech B :a[g}h(l—g)(}?e)} C"=-ToM/og, D" =-Toll ]z,
rie T=7°f120,, = g5 +(1-2) P,

PasHoctHas ammpokcumanus ypaBHCHHs (2) Ha CETKe t”,(pl.,?j; " =nA, (n =0.1, 2,...);
@, =iA,(i=12...N), A=l /(N-1); Z,=jA-(j=12...M), A.=1[(M-1), rac [, u I, -

COOTBCTCTBEHHO OKPY’KHAS M OCCBas MPOTSHKCHHOCTH IMOJLIMITHUKA, MPUBOAMT K CICAYIOUICH CHCTEME
VpaBHECHHH 1714 pacueta p u 0:

ﬁij :kl_l(Ml +M2ﬁc +M3 _K3 +K4),CC.]'II/I gl] :1’
0 M +(M,-K,)P, +M;5+M,
" GA + K,

3aece K, :{ (Fl__%,j +Fl_+%,jj+K2 },

AV
roe K, =2 A—(p Iy

z

secm g, =0.

h, oh, .
K. = 2 i 7o, _ A2 Y n n .
M"’[z*aj’ Ko=yel s +(1-s5)or

2
A
Ml = {(gi—l,]'Fi_%,]-pi—l,]' j + (gi+l,jFl-+%,jpi+l,j j—i_[A_T] Fij (gi,j—lpi,j—l + gi,j+1pi,j+l) >

z

A2
M, :{(_gi—l,jpj_%,jj_(gi+l,]'Fi+%,jj+[A_T] Fij|:2_(gi,j—l +gi,j+l):| 5

M, :O_JAq)|:(1_gi—l,j)Ei—l,jei—l,j _f(n:| >
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PacueT 1 KOHCTpyunpoBaHue

rae fo= “’“’;”E\z- S f ! 9 i T
MeToguKa MHTErpupoBaHMA YpaBHEHWI ABWKEHWS LEeHTpa wuna (LWaTyHHOW LUeliKK), peLueHuns
ypaBHEHWS TernnoBoro 6anaHca, onpefenieHns noTepb Ha TPeHWe B MOAWMMNHMKE aHa0rMYHbl NpuBe-
[eHHbIM B paboTax [1, 2].
2. PacuyeTHble vccnefoBaHNA
LLlaTyHHblEe NOALIMMHMKN hopcmpoBaHHoro asuraTens KamA3-740.51.360. BnusHue pacnono-
YKEHUSA MOABMKHBIX UCTOYHMKOB CMasKu (0TBepcTUiA) Ha MMX pacCMOTPEHO Ha MpYMepe LaTyHHOro
nogwunnHuka pgusens KamA3-740.51.360. Cxema nogaum
CMa3Ky B LUATYHHbIA NOAWMMNHUK 3TOr0 ABUraTens npuBeaeHa
Ha puc. 1 CmasKa 13 LeHTpa/ilbHOro MacnonojaroLLero KaHa-
Nna yepe3 oTBepcTMe 1 nonafaet B KaHaBKYy BepxXHero BK/a-
[bllla KOPEeHHOro noAwmnHuka. [anee uyepe3 CKBO3HOe
CBEp/IEHVE B KOPEHHOM LUEKe 2 1 N0 KaHaly B KOJeHYaToM
Baly 3 nonajaeT B OTBEPCTUE B LLATYHHOW LUeiKe 4 1 fanee
B CMa304HbI C/ION LIATYHHOrO MOAWMMHMKA W BbITEKAET
Yepes ero Topubl.

B) ((2 (i+lj  Si-1, 3 -

Puc. 1. Cxema nofayn cmasku K LWATYHHbIM MNOALNNHUKAM KOJEeH-
yaroro Bana fguratenein cemelictBa KamA3: 1 - oTBepctue B KO-
PEHHOM MOALIMNHMKE; 2 - OTBEPCTME B KOPEHHOW Lielike; 3 - KaHan
AN nojaynM CMasKM B LUATYHHbIW nNoAwunHukK; 4 - oTBepctue
B LUATYHHOW Llelike

[vameTp noAwmnnHMKa, ero WMpWHa, pagnanbHbIil 3a30p, AVamMeTp OTBEPCTUS AN NOAaYM CMasKu,
[laBNeHne 1 TemnepaTypa nojayu, Yrnoeas CKOPOCTb BpaleHWs KOMEHYaToro Bana, addeKTuBHas
(pacueTHas) macca LmMna, AUHaMMUYecKas BA3KOCTb cMasku npu 40 n 100 °C npuHUManncb COOTBET-
CTBEHHO paBHbiMK: D = 85 mm, B = 29 mm, C = 0,044 mm, dO = 6 MM, pS= 0,5 MIMa, TS= 90 °C,
t02 = 2200 06/MuH, TO= 3 Kkr, p40= 0,0661 Ma-c, p10= 0,0107 Ma-c.

Mone ', AaBneHUi i paccunTbLIBANIOCh B CUCTEME KOOPAMHAT MOALUMMHMUKA, MO3TOMY MOABWXKHbINA
NCTOYHMK CMa3Ku (OTBEPCTUE B LLEIKE) NEPEHOCUNIOCh Ha MOBEPXHOCTb MOALIMMAHUKA. KoopanHaTta oT-
BEPCTUSA B MOMEHT BpeMeHU (T + AT) paccumTbiBasiach MO BbIPOKEHWIO:

do(T + AT) = (™ (T) + 10-AT,
roe  (T) - HayanbHbIN Yro NoMOXeHUs OTBEPCTUS.
Pe3ynbTathl pacyeToB (Tabn. 1) CBUAETENLCTBYOT O TOM, YTO Haubosee pauMoHa/IbHbIM Pacrono-

YKEHMEM OTBEpPCTUA AN8 NoJauM CMas3KuM B LUATYHHbIV NOALUMMHMK An3ens aBnseTca ¢ = 195° .

LLlaTyHHble NoAWWNHUKA asuraTens AM-21. KOHCTPYKUUS CepUiiHbIX LLATYHHbIX MOALNMAHK-
Ko fBuratens 8[M-21 6bina paspaboTaHa COTPyAHWKaMu nabopatopum «TpuboTeXHUKa» Kadeapbl
«ABTOMOOW/IbHBINA TPAHCMOPT» COBMECTHO CO CreuuaiMcTaMn YpasibCKoro Typ60MOTOPHOro 3aBofa
(HbIHe YpanbCKuii 13e/b-MOTOPHBIV 3aBOL).

KOHCTPYKTUBHbIE U peXMMHble MapaMeTpbl ANs pacyeTHOro aHanuM3a 3afaBasiuCb ClefyloLLue:
D =145 vMm, B =72 mm, C = 0,078 mm,pS= 0,5 MIMa, TS = 90 °C, 02 = 1500 06/MvH, T3= 20 Kr,
p40 = 0,0510 Ma-c, p1d0 = 0,0085 Ma-c.

Cxema nogayv cMasku K MOALIMMHUKAM KOIEHYaTOro Basia aHasiorMyHa CXeme A/1s ABUraTenen ce-
meictBa KamA3 (cm. puc. 1). MpuHUMNmnanbHbIM OTAMYKEM SBASETCA NPUHATasA (Ha puc. 2 - cxema Ne 1)
cXema nofayn B CMa30uHbIli C/IOM LWATYHHOro NOALWMNHMKA. B 3TOM Cxeme Ha MOBEPXHOCTU LIATYHHbIX
BKNaplLLel BbINOMHEHbI [Be YaCTUYHble KaHaBKN NPOTSXXEHHOCTbO 90° Kakaas, KOoTopble coobLLatoTCs
C MOMOLLbIO paauasibHbIX CBEPSIEHWI C OKPY)XXHOW KaHaBKOW B Tene LuaTyHa, U3 KOTOpPO CMasKa nocTy-
MaeT K MOpLUHEBOMY MasibLy M Ha OXMTaXKAeHWe MOPLUHS.
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[aBpunos K.B., N33aTynnoes M.A,, BrnaHwne pacnonoxxeHnsa NCTo4YHNKOB CMa3Ku

puyeHko MN.C., Upewwko W.P. Ha rngpomMexaHnyecKme xapak TepPUCTUKU...
Ta6bnmua 1
'MX wartyHHoro nogwunHuka asuratena KamA3-740.51-360
@M, rpag- infhmin MKM SUPPmax MMa N*, BT qT, nlc T*,°C maxTs,°C
165 0,445 551,6 2331 0,017 115,6 142,3
170 0,643 541,0 2329 0,018 115,2 140,4
175 0,664 506,3 232,8 0,018 114,7 138,5
180 0,707 499,2 232,1 0,018 1141 136,1
185 0,792 439,6 231,1 0,019 1135 133,4
190 0,792 439,1 2311 0,020 111,7 132,7
195 1,018 397,9 229,6 0,023 1112 132,6
200 0,897 403,8 230,7 0,023 1115 132,7
Cxema Ne3 Cxema Ned

Puc. 2. Bo3MOXXHbIe CXeMbI NOJaYN CMa3K/ B LLATYHHbI NOAWUNHUK aBuratens AM-21
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PacueT U KOHCTpyupoBaHue

BespasMepHaﬂ NPOTAXKCHHOCTh KaAHABKH HA MOBCPXHOCTHU BKJ'Ia,Z[bIH.ICI\/'I IMAaTYHHOI'O IMOAIIUITHHUKA B
HaIrpaBJICHUA OCHU z onpeacaIach Kak:

b,=n-A_; n :mt(bZ/AZ),
rae A, — pa3Mep mara CeTKH, X — MAaCIITAOHBIH MHOXKHTEb.

Cxema Ne | HE SIBIACTCS CTUHCTBCHHOM, BO3MOKHBI U APYTHE CXEMBI, IPSACTABICHHBIC HA puC. 2.

Cxema Ne 2. Bo BrIagpIIax HIKHEH TOJIOBKY IIATYHA BBINOIHACTCS KAHABKA MPOTHKCHHOCTHIO 180°.
IMoaBox cMa3ku K MOPIITHIO OCYIIECTBIACTCS aHATOTHYHO cxeMe N 1, 3a HCKITFOUCHHEM TOTO, UTO B INa-
TYHHOU IICHKE MPECIyCMOTPECHO CKBO3HOC CBEPICHHUE. B CBA3M ¢ TeM, uT0 KOHCTpYKIWs apuraret JAM-21
MPEIyCMATPUBACT PA3HBIC (JICBBIM M MPABbIN) Pa3beMbl HIKHCH T'OMOBKU MIATYHA, KOMILICKT BKJIAbI-
LICH MIATYHHOTO MOIIMITHAKA OTHOTO JBUTATEISI COACPIKUT HECKOIBKO PA3HOBHIHOCTCH.

Cxema Ne 3. Ha moBepXHOCTH BK/IQABIIICH MOAIIUITHIUKA BBIMOIHCHA KOJbICBas kKaHaBka. [logaua
CMa3K B KaHABKY M JAJICC MO KAHAMY B CTCPIKHE IIATYHA K MOPIIHIO OCYIICCTBISICTCS U3 IIATYHHOH
HIEHKH 4epe3 OJHO OTBEPCTHE.

Cxema Ne 4 aHanOruvHA CXEME MOJAYH CMA3KHU B MIATYHHBIN nogmmnHuk gsurarest KamA3, a as
OXJIKICHHUSI TOPLIHS CIYKHUT (POpCyHKa.

Peayaprarer pacuera MX maryuHoro moammnauka auzeis JAM-21 (taba. 2) CBUASTCIBCTBYIOT,
YTO JJIS IEPBOH CXEMBI MOAAYH (CM. PUC. 2) H3MCHCHHE YIJIOB PACHONIOKCHHS KAHABOK OT UX 3HAYCHHUI
y CCPUIHON KOHCTPYKIUU MPUBOANUT K CHIDKCHUIO MUHUMAIBHON TOMIUHBI CMA30YHOTO CJI0s, YBCIH-
YCHUIO) MAKCHMAJIbHBIX THIPOJAMHAMUYCCKHUX NABJACHHUNM U POCTY MOTEPh HA TpeHue. 3HaucHus [ MX,
PacCUMTAHHBIC A1 BTOPOH CXEMBI, COMOCTABUMBI ¢O 3HaucHusIMU | MX y cepuiiHO# (IIEpBOI) CXSMBI,

3 UCKIIFOUCHHUEM BapuaHTa ¢ P = 315°. TpeTes cxeMa XapakTepU3yeTes MOBBIICHHBIMA 3HAYCHUIMU
THIPOAMHAMHUYECKUX AaBIeHHN. Y OeckaHaBouHOrO BapuanTa (cxema Ne 4) 3mauenus sup p,,,. 4 p;ax
MEHbINE, ueM y cxeM Ne 1-3.

B nanpHelmeM s 3a1audM ONTHMHU3ALMK PEKOMCHAOBAHBI TEpBas cxema ¢ @y = 45°, Bropas
¢ Pk =225°, a TakKe YETBEPTAS CXEMA.

Tabnuua 2
F'mapomexaHnyeckue xapakTepucTUKM LWAaTYHHOro noawmMnHuka asurarens Av-21

Ne cxemer iy, MEM | /2. . MKM | SUP pra. MITa | po  MIa| OF, n/c N, Br 75.°C
1 (pp =45°) 2,082 4,729 258.4 754 0,124 1357 106,7
1 (pg =0°) 1,637 4,688 3456 83,5 0,147 1388 104,7
1 (px =90°) 1,741 3,800 3356 92,5 0,127 1364 105.6
1 (g =135°) 1,481 3,779 412.6 108.2 0,151 1368 104,7
2 (g =225°) 2,284 4,892 2433 675 0,152 1387 1055
2 (pg =315°) 1,724 3,784 267 4 76,3 0,119 1432 1073
2 (pg =270°) 1,932 4,715 249 4 65.6 0,168 1404 1051
3 1,474 3.654 4153 109.3 0,180 1530 104 .4
4 1,906 4,693 251.9 70,9 0,088 1157 107 4

Tabnuua 3
CpaBHUTENbHbIe XapakTepUCTUKU LWaTYHHOro noawunHuka asuratensa AmM-21
Bapuant infh,;,, MEM h:;in , MKM | SUP P, MI1a p;ax, MIla Q; , n/c| N.Br T; ,°C

TTpumeHseMoe Macio 2.082 4,729 258.4 754 0,124 1357 106,7
PexkoMeHayeMoe MacIo 2,877 6,135 215,1 61,9 0,118 1653 108.5
Orn. pazauma, % 27.6 22.9 16,7 17.9 4.8 17.9 1,6

Kpome TOro, JOMOMHUTENBPHO VIIYUIIATE XaPAKTEPUCTHKH MIATYHHOTO TMOMMHIHUKA Ausens JAM-21
yAACTCs OAOOPOM BI3KOCTHO-TEMITCPATYPHOH XapaKTCPUCTHUKH MPUMEHICMOTO Macia (Tadm. 3).
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3. BoiBoapbI

1. Tlokazana akTyaabHOCTb BbIOOpA PACTIONIOXKCHHS M KOH(UIVpalu MOABIDKHEIX U CTALHOHAP-
HBIX HCTOYHHUKOB CMA3KH B CJI0KHOHATPYIKCHHBIX MOJIIHITHUKAX TCIUIOBBIX JBUIATCICH.

2. IlpenmokeHa METOIUKA ONPCIACICHHS MO THAPOAMHAMHYCCKUX JABICHUU B MOALIMITHUKE,
OCHOBAHHAS HA AITOPUTME COXPAHEHMS MACChl CMAa30YHOTO MATEPHAIA U peanusyromas Hanboee Tod-
HBIC TPAHUYHBIC YCIOBHS HA TPAaHULIC BOCCTAHOBICHMS.

3. IlpuBeacHa METOAMKA ONMPEACICHMS TOKATM3ALNHN MOABIKHEIX H CTALIMOHAPHBIX UCTOUYHHKOB
CMa3KH B TPHOOCOMPSHKCHIIX KOJICHYATOTO Bajla TEINIOBBIX JBUTATEICH.

4. BHINOJTHCHB NApaMETPUYCCKHE PACUCTHBIC HCCICIOBAHUS, CBHACTCIBCTBYIOIIME O BIMSHUH
PacIoNOKEHNS HCTOYHUKOB cMa3ku Ha ' MX maTyHHOro MOJIIUITHNKA, OMPEACICHBl MECTA HX JIOKATH-
3alIUH, TIO3BOILIIOIIHE VIVUIIHTE XaPaKTePUCTHKH NOAIIUIHIKOB B peacnax 10-20 %.

4. O0cy:kaeHHe U NPpUMEHEHHE

HeoOxoanmo oTMeTuTh, YTO JambHENIIEE YTOUHCHHE TCOMETPHIESCKHX PA3MEPOB U PACIIONOKCHUS
MAaCNOMOJAOIUX UCTOYHHUKOB M UX BIHSHHC Ha padotocmocobHocTs 1 I'MX TpuboconpspkeHUH BO3-
MOJKHO TPH V4YETE, B YaCTHOCTH, TaKHX (PAKTOPOB, KaK PEryIApHAs U HEPETYIPHAS MHUKPOTCOMETPHUS
MOBEPXHOCTCH TPEHUS, PCONIOTHUCCKUE XaPAKTCPUCTHKH CMA30YHOTO MaTepHaia, 4To OTPAXKaeTcs CO-
BPEMCHHOH TCHACHIMEH B 007aCTH PaCUCTHOTO UCCICA0BAaHUS TpHOOconpsukeHut [ 16-20].

[IpennoskeHHas MeToIUKa MO3BOJCT HA CTATHHM CO3AAHUS TEIUIOBOTO JBUTATEns chopMupoBarh
HauOoJIee PALMOHATIBHBIC PEKOMEHAALNH 10 KOHCTPYKTHBHOMY HCIOJHCHHIO TAKHX 3JICMCHTOB KOJCH-
YaToro Bajga Kak OTBEPCTHS B LMIATYHHBIX W KOPCHHBIX IIEHKAX M MACTIONOJAIOIIHNE KAHABKH BO BKIa-
JBIIIIAX.

Padora BeMoOJHSIIACK, TIPU MOVIEP:KKe rpanTa MuUHHCTEPCTBA HAYKH M BhIcHmiero odpaszopanns P@
B pamMkax roczagxanns Ne 9.7881.2017/b4.
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INFLUENCE OF LUBRICATION SOURCES LOCATION
ON HYDROMECHANICAL CHARACTERISTICS
OF HEAVY-LOADED BEARINGS IN THERMAL ENGINES

K.V. Gavrilov, gavrilovkv@susu.ru,

M.A. Izzatulloev, izzatulloevma@susu.ru,
P.S. Gritsenko, gritcenkops@susu.ru,
I.R. Tsveshko, igortsve@mail.ru

South Ural State University, Chelyabinsk, Russian Federation

The paper considers the technique for determining the movable (holes in the crank bearing)
and fixed (grooves on the surface of the pad) lubricant sources for lubricant supply to the heavy-
loaded friction type bearing. To calculate the field of hydrodynamic pressures in the bearing lu-
brication layer, two modifications are taken into consideration: the modification of the algorithm
for integrating the modified Elrod equation for the degree of the gap fecling. Further studies
showed that developed modifications proved to be quite effective in calculating the characteris-
tics of the lubricating layer both statically and dynamically loaded bearings. However, for
the first modification, numerical oscillations of the unknown function at the boundary of the re-
duction of the lubricating layer were noted, especially for high values of relative eccentricity
which is typical for crankshaft bearings of internal combustion engines (ICE). The second modifi-
cation, for which the finite difference algorithm was used, is characterized by the significant sim-
plicity of numerical implementation and the stability of the iterative procedure. The proposed
techniques were used in computational analysis of heavy-loaded tribocontact, which include
the connecting rod bearings of the crankshaft. For the KamAZ and DM-21 engines, we consi-
dered the influence of the location of lubricant sources on the hydromechanical characteristics
(HMC) of heavy-loaded plain bearings. For the KamAZ diesel engine, parametric studies have
been carried out, which consisted in determining the most rational location of the lubricant hole
in the crank pin. In this case, all the main HMC of the tribocontact were calculated and, based on
their analysis, the most optimal solutions were proposed. For the diesel engine DM-21, the authors
proposed original schemes of location of partial and complete oil grooves for distribution and for
Iubricant supply for connecting rod bearings. An additional method of improving hydromechanical
characteristics is proved to be the selection of engine oil with improved viscosity-temperature
characteristics, which makes it possible to improve the basic hydromechanical characteristics
within 10-20%.

Keywords: Elrod equation, lubrication sources, hydromechanical characteristics.
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