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NCCIEJTOBAHUE BbIXOAHBIX XAPAKTEPUCTUK TYPBOKOMIIPECCOPOB
COBPEMEHHBIX CEJIbCKOXO3SMCTBEHHbBIX MAIIIMH
A. B. I'punenxo, B. H. Ko:xkanos, A. H. Mensenes, H. P. Anuramos, U. X. 'umantaunos

Pedepat. OcHOBHBIC TPUYUHBI HapymeHus paborocmocodonoctr IBC ¢ TypOOHAIyBOM — BEI-
COKHE JUHAMUYECKUE Harpy3KH, 3HAUUTEIbHbIE TEIUIOBBIE HAIPY3KU B 30HaX TPEHUs, U3HOC AJIEMEHTOB
TypOOKOMITpeccopa, TeperpeB y3JoB U CHCTEM, MACIsSIHOE rojofaHue u ap. VccnenoBaHus IpOBOIMIH C
LIENTbI0 COBEPUIEHCTBOBAHHS METOJUKH JUArHOCTUPOBAHUS TYpOOKOMIIPECCOPOB IIYTEM aHaln3a YyB-
CTBUTEIBFHOCTH U3MEHEHHs BPEMEHH BbIOEera Bajia poTopa TypOOKOMIIpeccopa Ipy BapbUPOBAHUH BXO/I-
HBIX [TAPaMETPOB JaBJICHUs, TEMIIEPATyphl Maciia M HauyaJlbHOW TeMIepaTypsbl rpoiecca Beioera. OCHOB-
HOHM 0OBEKT NPOBEAEHHS UCTBITAaHUHA — TypOokommpeccop K27-145, ycranaBnuBaeMblii Ha aBTOMOOHIIH
KaMA3. YpoBHH BapbUPOBaHUS YaCTOT BPAIICHUS BRIOHUPATN U3 YCIOBUS 00CCIICUCHUST MAaKCUMAaIbHON
vacTotel — 75000 MMH', 4acTOTEI COOTBETCTBYIOWIEH cpenHHM Harpyskam — 50000 muH' 1
MUHHUMAJILHOM, MPU KOTOPOW JaBJIeHUE Ha/JyBa MMOJHUMAETCS JI0 YPOBHS aTMOC(EpPHOro JaBIICHUS] —
25000 mun"'. DKCIIEPUMEHT MPOBOIMIN B IIMPOKMX MpPEeNaX N3MEHEHHs BXOIHBIX NAPAMETPOB Macia:
nasinenne — 0,1...0,4 MITa, Temneparypa — 50...90°C. TlonyueHo ycnoBue st Ge3aBapHitHOH PaGoThI
MOALIMITHUKOB TYpOOKOMIIpECcopa € y4eTOM IPOKadyKW Macia NpH 3aIlyCKe JIBUraTels, Mo3BOJISIONIee
OTpEe/IeNATh TPAaHHIBI PadOTOCIIOCOOHOCTH TYPOOKOMIPECCOPOB ¥ TapaHTUPOBAHHO HCKIIIOYATh
OTKa3Hble cirydau. Bpems BeiOera potopa Typdokommpeccopa K27-145 npu gacrorax Bpamienus 25000,
50000 u 75000 mun'cocraBmser coorBerctBenHo — 10,3...14,8 c; 28,1...344 c; 38,6...47,1 c.
UyBCTBUTEIBHOCTh BPEMEHH BHIOEra ¢ BO3pAacTaHHEM 4YacTOTHI BpamieHHs or 25000 mo 75000 mun
¢ Bapmammeii B 25000 wmun' moBbimaercs m cocraBmser 6,6...8,3 ¢/MIla; 10,6...14,3 ¢/MIla;
12,0...18,6 ¢/MIla. KouTposnbs napaMeTpoB 4yBCTBHTEIILHOCTH BPEMEHH BbIOETa MO3BOJISIET B 3aBOJICKUX
YCIIOBHSX OIPEIENSITh KauyecTBO mpoliecca cOOpKH U 00KaTKH Y3JI0B TypOOKOMITpeccopa, B IKCILTyaTa-
LMK — NPABUIILHOCTh (PYHKLIIMOHUPOBAHHMS M PeCypc TypOOKOoMIIpeccopa.

KaroueBbie ciioBa: TypOokoMIpeccop, TypOOHaIyB, THArHOCTUPOBAHKE, TEXHUYECKOE COCTO-
sIHUE, BBIOET, JaBJIeHHE, HEHCIIPABHOCTb.

BBenenue. Ha coBpeMeHHOM 3Tame BBICO-  YXYALICHHIO HArpy30uHBIX pexuMoB [3, 4].
KOTEXHOJIOTMYHOI'O MAIIMHOCTPOSHHUSI Ba)KHBIM B cBoto ouepens 310 TpeOyeT npuMeHeHus Ooree
MIPUOPUTETOM U OJHUM U3 TJIABHBIX YCIOBHH JO- Ka4yeCTBEHHBIX OSKCIUTYaTaI[MOHHBIX MaTepuasoB
CTHI)KEHHUS BBICOKOM BBIXOJHOH MOIIHOCTH aBTO- u TouHOro cobmoaenus perinamenta TO u TP. B
TPaKTOPHBIX CPEACTB NPH COXPAaHEHHHU BBICOKOU TO BpeMsi kak atMocdepubie J[BC HeNpUXOTINBBI
SKOJIOTHYHOCTH CIIY’)KUT OCHAIllEHHE aBTOTpPaK- C TOYKH 3peHHs IKCIUTyaTallHOHHBIX MaTepHalioB

TOPHBIX CpeAcTB TypOoHamayBoM [1, 2]. OqHako ¥ CpoKoB uX 3aMeHsbl [5, 6]. JIroOble HapymeHus
UX YCTaHOBKA IPUBOAUT K CYLIECTBEHHOMY pocTy  pernameHta TO u TP TpaHCHOPTHBIX CpeAcTB ¢

TeMIIEPAaTypHBIX YCIOBHH paOOTBI CHCTEM M y3-  TYpOOHAIIyBOM TNPHBOAAT K CYIIECTBEHHOMY
noB asuratens BHyTpeHHero cropanus (BC), CHIDKEHHIO pecypcHBIX mapametpos JIBC [7, §].
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Puc. 1 — [IlpomeHTHOEe pacmpeneneHue MPUYNH  OTKAa30B  TypOokommpeccopa,  %o:
1) HemocTaTOK Macina; 2) HapylnIeHHe TEMIIEPATypHOr0 PeXnMa; 3) BIpadOTKa CPOKOB 3aMEHBI CMa3Ku;
4) npyrue NMpUYMHBI; 5) OTKa3 TOIUIMBHBIX (POPCYHOK; 6) HapylIeHHE T'epPMETHYHOCTH BBITYCKHOTO
KOJUIEKTOPA; 7) TIOHMKEHHOE Ka4eCTBO UCIIOIb3yEeMOro Maciia
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3HauuTeNbHAS MOSI OTKa30B TYpOOKOMIIpec-
copa (TKP) npuxomurcs Ha mpoOIEMEI ¢ MacIOoM
[9, 10], uYro B cCcBOW oOuYepenb CIYKUT
[JIaBHOW MPHUYMHON, CHEPKUBAIOLIEH pacrpo-
CTpaHeHHe TypOOHaIyBa.

Oco0OeHHO 3TO KacaeTcsi aBTOTPAKTOPOCTpoe-
Husi Poccuiickoit denepanmu B yClIOBHSX Orpa-
HUYEHHOCTH KaYeCTBEHHBIX PAaCXOJHBIX MaTepua-
noB. TIpon3BOACTBO aBTOMOOMIIEH, CUCTEM, 3aIl-
yacteid Ha 2022 roxy B P® no MHOIMM MO3ULMAM
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camkeHo Ha 40...60 % (https://www.autostat.ru/
infographics/54346/).

Hecmotpst Ha TO, uro armocdepnsie JIBC
MEHEe YYBCTBUTEIBbHBI K KaueCTBY MOTOPHOI'O
Macjla ¥ CpOKaM €ro 3aMeHbl, paclpoCTpaHeHHe
CHCTEM aBTOMAaTHYECKOTO YIpaBiieHHs (a3zamu
ra3opacrpe/eeHus], THIPOTOIKaTeNIeH KIIalaHoB
W MEXaHW3MOB aJallTHBHOTO PeryJIHpPOBaHUS
YCIIOXKHSIET TIPOOIEMYy KOHTPOJISI KauecTBa U Cpo-
KOB €ro BBIpaOOTKH.
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Puc. 2 — Crpykrypa neucnpaBHocreit JIBC N (nonst HewcripaBHOCTEH OT WX OOIIEro 4uciia) MpH
uccinenoBanusax B 2011-2017 roxgst u 2018-2022 roael, %: 1) crapTep u npoBojKa; 2) OMOps! U MOLYIL-
KU KpeIJIeHHs JBUraTess; 3) cucreMa HaTsHKSHUS PEMHS ra30pacipeeUTeIbHOro Mexanusma; 4) Kpu-
BOIIMITHO-IIATYHHBII MEXaHU3M; 5) KIMHOBBIE PEMHH HNPHBOIHBIX MEXaHU3MOB; 6) cucTeMa BITyCKa U
BBIITyCKa; 7) CHCTeMa CMa3Kku; 8) cucTeMa 3apsjiKu aKKyMYJSTOpHOH Oarapew; 9) ronoBka Onoka 1u-
nmuHApoB; 10) cBeun cucteMbl 3akuranus; 11) cucrema penMpKysIsiiuy oTpadoTaBIIuX ra3oB; 12) calb-
HUKOBBIE YIUTOTHEHHS CHCTeMBI cMa3ku; 13) reneparopHas ycTaHOBKa; 14) razopacrpenenuTenbHBIN
MexaHu3M; 15) cucrema TormBomoaaun; 16) cucrema oxJjakaeHus nBurateist; 17) cucrema ympasie-

HUSA DJIEKTPOHHBIMU KOMIIOHEHTAMHU U 3aKUT'aHUEM

B 10 ke Bpems B mocienHue roasl HabIroga-
ercsi MOBBIIICGHHE HAJISKHOCTU  OTHEIBHBIX
cucreM JIBC (puc. 2), B TOM 4YHCJIE CHCTEM
toruBonoaaun Ha 10...15%, oxaxkneHus ABH-
rarenst — Ha 7...10%, ympaBieHUs! 3JIEKTPOHHBI-
MU KOMITOHEHTaMH 1 3axuranuem —Ha 10...20%.
Bonee coBepiIeHHBIE 3IEKTPOHHBIE CHCTEMBI U
YCTpOICTBa 00ECIEYNBAIOT BBICOKHH pecypc
IBC. B w4actHocTH, mpoOer [0 CHHCAaHUSL
JYYIIUX ABTOTPAKTOPHBIX CPEACTB COCTABISET
1...1,5 muH kM. OHAKO PECypCHBIE MapamMeTpsl
Y3JI0B M JETaJIed B CWIy psiia YCIOBHM MOTYT
CYIIECTBEHHO OTJIMYATHCS OT STANOHHBIX [11].

Panee ObuTH MpOBENEHBI MCCIEIOBAHNS aBTO-
HOMHBIX CHCTEM CMa3KH MOALIMITHHUKOB TypOo-
KOMITpeccopa TpPH OJHOBPEMEHHOM KOHTPOIE
MapamMeTpoB BBIOEra €ro poTopa M CIETAHBI BbI-
BOABI O TpaHHIAX paboTOCIIOCOOHOCTH TYpOO-
KOMITPECCOPOB, MX TEIUIOBBIX PEXHNMAX, YCIOBH-
sSx TpeHus [5, 12], paccMOTpeHBI TEXHHYECKHE
cperncTBa oOecrieueHHs] KUAKOCTHBIX YCIIOBHH
TpeHHs TOAIIMITHUKOB TypOOKOMIIpeccopa IpH
CYIIECTBEHHO CHIDKEHHBIX TEMIIEpaTypax Compsi-
xeHui [1, 2, 3], packpbITbl OCOOEHHOCTH pacyeTa
MapaMeTpoB IIPOIEcca CMa3KH, TPEHUS M TEIuIo-
BBIJICTICHUS] B y3JIaX TPEHHUS TYpOOKOMIIPECCOPOB
COBPEMEHHBIX aBTOTPAKTOPHBIX CPEACTB, B TOM
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YHClIe NPU MX OCTAHOBKE B YCIIOBMSX HENOCTa-
TOYHOTO KoJmdecTBa cMaskd [7] u ap. OxHako B
9TUX MaTepualiax HE pacKpbIBAETCS CIIOXKHAS
B3aMMOCBSI3b UyBCTBUTENBHOCTH, TOYHOCTH U
JIOCTOBEPHOCTH rapaMeTpoB BbIOETa
IpH W3MEHEHHHM TEMIIEPaTYpHBIX IapaMeTpoB,
BEJINYMH JABIICHUS U JIP.

Llens wuccnenoBaHus — COBEPIICHCTBOBAHUE
METOJVKH IHArHOCTUPOBAHUS TYpOOKOMIIpECCO-
pPOB ITyTeM aHalHM3a YyBCTBUTEIBHOCTH W3MEHE-
HHUS BpPEMEHH BbIOera Baja poTopa TypOOKOM-
npeccopa Mpy BapbUPOBAHWHM BXOAHBIX MapaMerT-
POB ITaBJICHHMS, TEMIIEPATYPhl Macia ¥ Ha49aIbHON
TeMIIepaTyphl Ipoliecca BbiOera.

YcaoBusi, matepuasbl 1 Metoabl. [Ipouecc
BEIOEra poropa TypOOKOMIIpeccopa 3aBHCHUT OT
MHO)KECTBA KOHCTPYKTHBHBIX M P&KUMHBIX Iapa-
MeTpoB [2, 4]. Kpome Toro, ompeneneHHoe BIIHs-
HHE Ha HETr0 OKa3bIBACT BHYTPEHHEE TPEHHUE CIIO-
€B Macla IpH CYyIIeCTBEHHOH BapHaIliy TeMIiepa-
TYPHBIX PEXHMOB IIpOIIecca CMa3KH [4].

[Ipu ycnoBum peam3anyy *XHIKOCTHOTO Tpe-
HUs B 3a30pe Ban poropa TKP — noxmmnuuk cu-
JIy TPEHHUSI MOXKHO PacCuuTaTh 1o Gpopmyie:

u

P=FTP'#'H’ M
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rne Frp — momans TOBEPXHOCTH TPEHHS, M
[ — BSI3KOCTh Macia, Krc/M~; U — CKOPOCTh OTHO-
CUTCIIBHOTO  JBIDKCHHS — B3aMMOJICHCTBYIOIINX
MMOBEpPXHOCTEH, M/c; h — ToNmmMHA MAacCISTHOTO
CIIOSI, M.

W3 dopmynet (1) BUAHO, UTO C yMEHBIIICHUEM
IUIOIIAN TIOBEPXHOCTH TPCHUS M YBEIUYCHUEM

TOJIIIUHBI MacJIsIHOT O CJ104 cujia TPpCHUA
YMEHBIIACTCA, @ C POCTOM CKOPOCTU OTHOCUTECIIb-
HOro JABYOKCHUSA B3aPIMOI[€I>iCTByIOIJ.IPIX

HOBerHOCTefI — YBCINMYUBACTCA.

B TpI/I6OTeXHI/IlIeCKI/IX HCCIICAOBAHUAX UHTCH-
CUBHOCTH aJAI€3UOHHOI'O HW3HAIIMBAHUA MOXKHO
ONPEACINTb U3 BbIPAKCHUS:

P-d Q
V=K-1J1+3f2—- ¢7rT
v-pr-ty , 2)

rie K — kodp¢uuueHT W3HOCa Mapbl TPEHHs
(8 Tom umcne Ban TKP — nommunauk); / — myts
npoxoasamuit Baom TKP mo Bkmagpimry (IyTh
CKOJNBXEHUs1), M; f — KOIDPHUIUCHT TpEHUS;
P — ycunue, BO3HUKAIOIIEE Ha Baily IIPH €ro Bpa-
mienun, H; d, — muamerp oOpa3oBaHHBIN ILIOIIA-
JIbI0 aICOPOMPOBaHHOI MOJIEKYJIbI, M; V — 00bEM-
HBIII U3HOC TP PACCMOTPEHHU CJIOS KOHTAKTa,
M’/M; pr— BEITHYHHA JABIEHHS HAYajIa TEKYIeCTH
OMHOTO M3 KOHTAaKTHPYIOLIMX MaTepuanos, Ila;
t,— TIepuoj KojebaHusi aacopOUpOBaHHOI Molte-
Kynbl, ¢; () — TeluloTa mpolecca aacoponmu,
Jx/Monb; R — yHHUBepcallbHas ra30Basi MOCTOSH-
Hast, Jlx/(monp'K); T — temnepatypa uccienye-
MOit 30HBI mportecca Tpenust, °C.

Koappunmenr TpeHHs B ciydae
nporecca rpaHNYHON CMa3KH PacCUUTHIBACTCS 110

¢dbopmymne:
f=ay fut+tQ—ay)fr, (€)

rIe o — 3HaYeHHE BEITUYUHBI HeIoCPEeACTBEHHO-
ro KOHTaKTa Baja C [OAUIMIHUKOM, %o;
fu — XOdpOUIUEHT TpeHHsS NPH HENOCPEICTBEH-
HOM KOHTaKTe Baja ¢ MOAIIUITHUKOM; f7 — K03(-
(GULEHT TpeHWs NPH HAaJWMYMU Macia B 3a30pe
BaJIa C IIOLUIAITHIKOM.

[MoacraBumM GopMymny AJsl BEIYHCICHHST KO3(]-
¢ummenTa Tperus (3) B ypaBHeHue (2). B utore
TIOJTYYHM:

P, 2
V:K-tg\fl-l-S(aM-fM-I-(l—aM]fT)z—.;e'Rr @)

T ™

TA€ !~ BPEMEHHOM 3Tal NpOXOIALIMNA C MOMEHTA
3amycka JIBC mo mocTyruieHus Macia B 3a30p Ball
TKP — nommmiHuk, c.

3HadyeHHe MOXKHO BBIYUCIHTH 110 hopmyrie:

VCM - VUCT
b
Qne — ¥ - ke
rae VCZ\/I_ 06'BeM CHUCTEMBI CMAa3KHu C yquOM
CII0KHOCTH KOH(HUIypauuu, I, Vopcr — OCTaTod-

HOE KOJIMYECTBO Macja Mepea  O4YepeaHBIM
nyckom [JBC, 1 QOpe pacxoxn wmacna

Ly = ®)
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yepe3  (GUIBTPAIMOHHYIO  CHCTEMY, JI/MUH;
Y — KO3()(UIMEHT, YYNTHIBAIONIMH BOJHOBEIC
SBJICHUS OTKPBITHSI M IIepelycka Macia uepes
kianad Guibtpa; Oge — PacXoll Macia 4epes aiie-
MEHTHI Tlepenycka B GpuibTpe (B ciiydae 3arpsizHe-
HUS QUIBTPa U 10 Mepe YBEIWYEHHS €ro COMpo-
TUBJICHUS €T'0 BEIMYMHA BO3PACTAET), JI/MHUH.

N3BecTHO, 4TO YacTh Macia 1ocjae OCTaHOBKU
JBC ocraercs B paboyeM 3a30pe MOAIIMITHHKA
TKP u mpu ouepenHoM ITycke, oOecrieuuBaeT
JKUJKOCTHBIM pexkuM TpeHus. OpHako MHoOroe
3aBUCHUT OT HaydaJbHbIX YCIOBUH IycKa, TeMIepa-
TYpBI ¥ IPOKAUYMBAEMOCTH Macla, 3aJepKKH BOC-
IUIaMEHEeHUsI TOIUIMBHO-BO3AYIIHOM cMecu. B
Cllydyae HapylIeHHs IyCKOBOIO peXuMa W IJH-
TENBPHOM IOArOTOBKE TeMIiepaTypa pabodero
3a3opa Baj TKP — noammnHuk MoxeT NpeBbICUTh
kputndyeckuii npenen Tyxp. B 3TOM cryyae 3Haun-
TENFHO MHTEHCU(UIUPYETCsI aJAr€3MOHHOE W3Ha-
nmBaHue. KpaliHUM ciydaeM CIy)KUT CXBaThIBa-
HHE U NpuBapuBaHHe mMoBepxHocTH Bana TKP k
MOIIUIHUKY.

YcnoBue, mpyu KOTOpoM OyZAeT TrapaHTHPOBaH-
Ho obecnieunBaThed 3amyck J|BC u 6ezaBapuiiHas
pabora TKP, Mo>xHO npescTaBUTh B BUJE:

AT
TK_‘P_TO:}EE'_’ (6)

At

rae Tp — ucxomHas TeMmepaTypa CONPSDKCHUS
nepen Hauyanom mycka JIBC, °C; — rpamueHt
HOBBIMICHUS TEMIEpaTyphl IpU  peaau3aluu
mycka, °C/c.

bezapapmitnas pab6ora TKP B Teuenue mmu-
TEJILHOTO CPOKa TJIABHBIM 00pa3oM 00yCIIOBIIEHA
KOHTPOJIEM HW3MEHEHHS IpaJieHTa IOBBIILCHUS
TeMIepaTypsl pabodero conpspkenus. 13 usuxn
TeruIonepesayy U3BeCTHO, YTO:

AT A

4 _4a49, ™
rie Aq — KOJMYECTBO TEIUIOTHI, BEIIEIIIEMOE
npu TpeHun conpspkenudt, Jx; Crp — TermoeM-
KocTh conpsbkeHuss Ban TKP — mnoammnHuk,
Jx/°C.

KonuuecTBo BbIIENSIEMON TEIIIOTHI B COMpS-
sxeHnn Bajd TKP — mOAIIMITHUK 3aBHUCUT OT MOIII-
HOCTH, 3aTpaurBaeMOM Ha TpeHUE Nrp:

q=CNp=CPf, ®)
rie C'— KO3XQUIMEHT, ONMPEAEISAIOIINAN IO
TpaHchopMaIu MEXaHHUYECKOr 0 TpPEHUs
B TEIUTOBOH Tporiecc, %; Ntp— MOITHOCTB, 3aTpa-
ypBaeMasi Ha TPEONOJiCHWE TpeHws, BT
P — naBnenme B pabodem 3azope, Ila; v — cko-
POCTb OTHOCHUTEIBHOTO NBIDKEHUS, M/C; f— K03(-
(unmenT TpeHus.

TemnooTBOx OT MOBEPXHOCTH TPEHUS B OKPY-
JKAIOIIYIO CPEIy OTPEACISICTCS BRIPAKCHIEM

4s = a(T —T¢): ®
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rae o — Kod(pUIMEHT TerooTIauu OT MOBEPX-
HoctH Tpenus, Br/(m*-K); T — temneparypa KoH-
TaKTUPYIOLIUX MOBEPXHOCTEH B 30HE Tpenus, °C;
Tc— TeMriepatypa okpy»xatorieii cpespl, °C.

Tak xak cocraBisromym Ag B ypaBHeHUU (7)
MOXXHO TIPE/ICTaBUTH B BHJE pasHOCTH Ag=q-qr,
nMeeM:

AT C'Puf—a(T—T,)

, 10

At Crp (10)
C ydyeroM TpeJBapUTENBHBIX MpeoOpa3oBa-

HUH  MOXKHO  3alucath  Pe3yIbTHPYIOIIee

ycioBre Oe3aBapuifHOW paOOThI Tapbl TPEHHs
BaJI POTOPA — MOAIIHITHHK:

T —To >ty (CPUf ~G(T-Tp))- @D

rne Ci=C’/Crpu Cy=a/Crp — ko3 duImeH-
TBI, KOTOPBIE OMPEIETISIOT COOTBETCTBEHHO (hU3H-
KO-XMMHYECKHUE CBOMCTBA U PEXUMBI paOOTHI Map
tpenus, %/([x/°C) u (Bt/(m2-K))/(J1x/°C).

Toug: C
27

25
23
21
19

17
0 12

Puc. 3

L

— 3aBucumocts mpomecca Bbidera TKP (e,

Bripaszus u3 ypaBHeHus (11) cocraBisronIyro
t;, IOJTy4YHM:

Te — To
t; <
(CPuf —Co(T—-Te)) >

(12)

OTO BBIpaXXeHHE NpENCTaBIsIeT co0oil ycio-
BUe It Oe3aBapuifHOW pabOTHl MOANIMITHHUKOB
TKP npu moObIX pexuMax SKCIUTyaTallld, HC-
MONb3ysd KOTOPOE€ MOXKHO OINpPENeNUTh IMpenesb-
Hble rpaHuIbl padotsl TKP 1 ero Bo3MoXXHOCTH.

PaccmoTrpum 0coOeHHOCTH M3MEHEHHS BpeMe-
HH BbIOETa B Ipoliecce AKCILTyaTaluy TypOOKOM-
npeccopa. B psine HaydHBIX pabOT MPEaCTaBIICHBI
(akTOpBI, BIMAIONIME HAa W3MEHEHHE IIpolecca
BeiOera [4, 8, 12]. B wactHOCTH, BBIOET Bana po-
topa TKP 3aBuCHT OT TakMx BaKHBIX HapameT-
POB, KaK HavaJbHas 4acTOTa BpAIIEHUs Bajia po-
topa TKP, ¢ xoTopoit mpoBoauTCs OTYET BpeMe-
HU BbIOEra; IaBJICHWE, pacxXoji M TeMIepaTypa
Macna, Temmeparypa kopmycHelx netaneit TKP,

BSI3KOCTHO-TEMIIEPATYPHBIE XapaKTePUCTUKU
macia u Jp.
18 60 72
L. TeIC. KM

c) asromoOmns wmapku KAMA3

ot npobera (L, Teic. km): 1 — ¢ monmurkoit TKP aBTOHOMHOH cuCTEMOM cMa3ku; 2 — ¢ KJIACCHYECKUM

HCIIOJTHEHUEM CHCTEMBI CMAa3KH

H. B. Op:0B, ycTaHOBHUII CYIIIECTBOBAHHE B3a-
HMMOCBSI3H MEXIY BpEMEHEM BbIOETa
poropa TKP wu mpoberom TpaHCHIOPTHOTO
cpeactsa (puc. 3) [12]. OmHako Ha Hee OKa3bIBa-
0T OrPOMHOE BIMSHHE MHOXECTBO (DAaKTOPOB
ycaoBuil 3KkcruryaTanuu [4]. OCHOBHBIE W3 HHUX —
Harpy304Hbli M CKOpPOCTHOM PEXHUM, YCIOBHUSA
9KCIUTyaTalluy,  HUCHOJNB3YEMbIE  MaTEpUaJIb
(macTo, (UIBTPOITIEMEHT),  Ka4ecTBO U
CBOEBPEMEHHOCTh TpoBeAeHus pabor mo TO m
TP [13, 14, 15]. Boustane mo6oro u3 3tux (hakro-
POB MOXKET IPHUBECTH K POCTY M3HOCA 3JIEMEHTOB
TKP u nocnenyromemy orkasy [9]. [Tostomy cy-
MIECTBYIOIINE JaHHBIE (CM. puc. 3) ciemyer mo-
HUMAaTh OYEHb OIPAHUYCHHO JUIS CIICHU(PHICSCKHX
YCIIOBUM YCPEIHEHHOMN SKCILTyaTALHH.

IIpn KJacCHYECKOM WCIIOTHEHWH CHCTEMBI
CMa3KH 3aBHCHMOCTh MEXIY BpEMEHEM BbIOEra 1
npoberom (mpu R*=0,943) MOKHO 3ammcaTh B
BH/IC YPAaBHEHUS:

—0,1269-L,,, + 27,551 (13)

BpeMsi BelOera Bama poropa TKP

Togs =

TAC Teuios

JKC3

60

TPaHCIOPTHOIO CPEACTBA C IUTATHOM CHCTEMOM
CMa3KoM, ¢; L, — Mpober TpaHCIIOPTHOTO Cpe-
CTBa TMpPH WCIOIH30BAHUN INTATHOW CHCTEMBI
CMa3KH, KM.

Pe3ynbraTst aHalm3a JTAHHBIX
H. B. OpnoBa (cMm. puc. 3) CBUAETETBCTBYIOT O
TOM, YTO TPH KJIIACCHYECKUM HCTIOTHEHUH CHUCTE-
MBI CMa3KH CTEIeHb CHIKCHUsI BpEMEHH BblOera
MIPOUCXOIUT TOpa3io Ooee pe3Ko, YeM MpH aBTO-
HOMHOH cucteMe cMa3ku. K Touke, COOTBETCTBY-
rorieit 72000 kM, OHO JOCTUTAET COOTBETCTBEHHO
18,6 cu228c.

OmHako HEM3BECTHO KaK BEIOEr CBsA3aH C Ia-
pamMeTpamMu Maclia ¥ pexuMaMiu (GyHKITHOHHPOBa-
uaust TKP. s onpeneneHrs B3aMMOCBSI3M BBIOE-
ra ¢ mapameTpaMmy Macia BOCHOJIb3YEMCSI METO-
JTOJIOTHEN aHallM3a YyBCTBUTEIBHOCTH. UyBCTBU-
TEIEHOCTh TMAaTHOCTHYECKOTO IapamMerpa MOXKHO
ONpPEAETUTh MO BEIPAKEHUIO:

All

) (14)
AU

K=

rne AIl — Bpemst BbiOera Bama poropa TKP;
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AU — rTeMmepaTypa Macia Ha  BXOJe
B mogmmnHuk TKP, °C, BenmnumHa BXOIHOI'O
JaBiueHuss Macia B nogmmnHuk, MIla win
HayaJbHOE 3HAYEHHWE YacTOThl BpAallleHUsl Baja
poropa TKP, mun’".

OKcnepuMeHTaIbHBIE HCCIIEIOBAHUS TIPOBO-
VI Ha TIOJIHOPAa3MEPHOM CTEHJAE C Harpy3od-
HBIM ycTpoiicTBOM (pHc. 4a) U TypOOKOMIIpecco-
pom K27-145 ¢ npucoeTuHEHHBIMU CPEICTBAMU
KOHTpOJIS (puc. 40).

0)

Puc. 4 — Ycranoka 44 9,2/8,0: a) nosHOpa3MepHBIH CTEH/I C HATPY30YHBIM yYCTPOHCTBOM;
0) Typooxommpeccop K27-145 ¢ npucoeAMHEHHBIMU CPEACTBAMH KOHTPOJISI.

ITonHOpa3MepHBIN CTEHA C HArpy30YHBIM
YCTPOWCTBOM IIPEACTABISET COOOH HMHIKEKTOp-
Held aBuratens 3M3-4062, ycTaHOBJICHHBIA Ha
pamy (cM. puc. 4a). K ero BbImyckHOH cucteme
nojicoe/iiHeH  Typookomipeccop K27-145, k
BXOJHOM M BBIXOJHOM MAarucrpaisiM KOTOPOIo
MOACOCIUHEHbl JAaTYUKU ¥ H3MEPHUTEIbHBIC
ycrpolictBa (puc. 40).

Bce curnazibl, perucrpupyemble B Iporiecce
IKCIIEPUMEHTANIBHON paboThl, (UKCHpPOBAIN B
muppoBoM BHIE. B kadecTBe cpencTBa KOHTPOIS
ucnonb3oBanu USB-Autoscope [V (ocummiorpad
ITocTonoBckoro) ¢ NepcoOHaIbHBIM KOMITBIOTEPOM
u  uHTEep(delcoM, KOTOpHIE OKCIUTyaTUPOBAIN
B 4- U 8-KaHaJHHOM pPEXKUMaxX paboThl, B 3aBHCH-
MOCTH OT 4YHCJIa OJHOBPEMEHHO (DHKCHUPYEMBIX
napamerpoB. K 1Bym Bxonam ocumuiorpaga moa-
COCIMHSIM pa3beMbl TEpMOIap, KOHTPOIUPYIO-
IIMX BXOAHYIO U BBIXOIHYIO TEMIIEpPaTypy Macia

UCIIOJIb30BANIM JIyOJIUPYIOIIKE MTPUOOPHBIE Cpe-
CTBa, MO AAaHHBIM KOTOPBIX IPOBOJIUJIM CpaBHC-
HHE Pe3yIbTaTOB KOHTPOJIS.

HccnenoBaHust OCYLIECTBIISUIM B COOTBET-
CTBHM C TUTAHOM SKCTIEpHMEHTa 1o (popmyne 3°
IpU 5 KPaTHOM IPOBEACHUM CIUHUYHOIO ONBITA.
Bcero Obuio mpoBeneHO 27 ONBITOB C Yy4ETOM
BCEX BO3MOXKHBIX COUETAHUI BBIOPAHHBIX (haKTO-
POB U PE3yABTUPYIOLIETO OTKIIUKA.

B skcnepumMenTansHON pabote mepen mpoBe-
JEHHEM DSKCIEPUMEHTa 3a/aBajiil CIEAYIOLINe
JIMara3oHbl BapbUPOBAaHNS BXOIHBIX TApaMETPOB:
TeMIiepaTypa Macjla Ha BXOJE€ B IOJIMIUITHUK
TKP — 50...90°C; BenuurHa BXOLHOIO JABJIECHUS
Macnma B nommmnauk  — 0,1...0,4 Mlla;
HauyaJlbHas 4acToTa BpallleHHWs Bajla poTopa
TKP - 25000...75000 mux".

PesyabTaThl M 006cy:xkaeHue. Paccmorpum
9KCIIEPUMEHTAIFHO TOMYYEHHYIO 3aBHCHMOCTh

nonmunauka TKP, x TpeTbeMy KaHany — pa3beM  BpEMEHHU BbIOETa BaJla  poTopa TKP
matuuka gasneHus APZ 3020, k gerBepTomMy — OT BEIWYMHBI BXOOHOI'O JaBJIECHWSI Macia
pa3beM MarHuTHOrO Jnatdrka oboporoB JIM-01. B MOALUMOHUK @PHU IOCTOSHHOM  4acToTe
Jsl TONONHUTENBHON TPOBEPKH IMPABWIBHOCTH  BpAIIEHHSA poropa TypOOKoMIIpeccopa  —
CHHMaeMoW  jauarHoctuueckod  wuHpopMamuu — n=25000 mun" (puc. 5).
taue- ©
14,5
14
13,5 3
13
12,5 === ripy TEx=50 rpag
- p === p Tex=70 rpag
npu Tex=90 rpag
11,5
11
10,5
10
0,1 0,25 0,4 Pgx.MIla

Puc. 5 — 3aBucumocts Bpemenu BriOera Basia poropa TKP oT Benmn4nHBI BXOJHOTO AaBICHUS Macia
B TIOJUIMITHUK Tipu n=25000 Mun"'
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3aBUCHMOCTh BPEMECHU BBIOECTA OT BEIMIHHBI
BXOJJHOTO IABIICHWS Macja B MOIIIUIHHUK TPH
HAYaJILHOM (BpeMs OTYETa BHIOCTAa YUUTHIBACTCS C
9TOM CTapTOBOM TOYKU O MOMEHTa OCTaHOBKH
Baya poropa TKP) vacToTe BparieHus Bajia poTo-
pa TKP n=25000 MUH' UMeeT HuCHanaromMit
xapakrep. s ompenereHus 4yBCTBUTECIHLHOCTH
BEIMYMHBI BpeMeHu BbiOera Basia poropa TKP k
W3MCHEHHIO BXOJHOTO JAaBJICHUSA Maclia B TIOJ-
[IWITHAK CPaBHUM MEXIY co0oW rpaduku mo-
CTPOCHHBIC IO JAHHBIM, MOJIYYCHHBIM IPH pa3-
HBIX TEMIIEpPATypax BXOJIIEro macia (puc. S).
Pa3HOCTh BEMYMH tyy,6 IUIS H3MCHEHHS Tpy B THA-
nasone 50...90°C cocTaBur:

At 650 = fmﬁ(so]m - fmﬁ(m]o.l €

ﬂtﬂh[ﬁ?ﬂz tEh[ﬁ(?U]ﬂ."e - tBh[ﬁ{?U]U.l ,c (15)
At g0 = tEh[ﬁ(QU]U.fl- - tEh[ﬁ(Qﬂ]U.l c
CrnenoBatenbHO:

ﬂtﬂh[ﬁ.ﬁﬂ = 12-3 - 10.3 = 2,(] c:

Atyusro= 13,6 — 11,4=22
Atyugoo = 148 — 123=25 _

To ectp nmpubaBka BpeMeHH BbIOEra Hempe-
PBIBHO BO3pAacTaeT ¢ yBEIUYCHHEM TEMIIEPATYpPbI
BXOJISILIIErO MAacIa.

ﬂtﬂh[ﬁ.ﬁﬂ < ﬂtﬂh[ﬁ?ﬂ < ﬂtﬂh[ﬁ?ﬂ

OOBscHSETCS 3TO TYYIIUMH KaueCTBEHHBIMU
YCIIOBHSIMU CMa3bIBaHUsI CONPSHKEHHS Bajl pOTOpa
TKP — mommmmnunk TKP. Macino cranoBurcs
MeHee BSI3KUM, MPUOOPETaeT JIYUIIYI0 TeKy4ecTh

e, ©

W, KaK CJIEICTBUE, YAy4IIAeTCs CMa3biBaeMOCTh
MOBEPXHOCTEH TPEeHUSI.

OmnpenenyM 9yBCTBUTEIBHOCTh BPEMEHH BEI-
Ocra Bama poropa TKP kx BenwmumHE BXOTHOTO
JABJICHUS Maclia B TMOMIIMIHKK JUIS JHara3oHa
usMenennss T, =50...90°C. s dero 3ammiineMm
¢dopmyny (14) B BuzE:

K _ ﬁltlal:[l:i.ii_'ll

BERIGS0 — AP ,¢/MIla

BX

K . 'ﬂtﬂhlﬁ?ﬂ

ERIOTOD —

AP_. .c/Mlla (16)

K _ ﬂtﬂh[ﬁgﬂ

sulB20 —  ap  , ¢/Mlla

AP

BX

[MToncraBuB B Bbipakenus (16) cooTBETCTBYIO-
M€ aHHbIE (CM. puUC. 5), TOTYINM:

123 -103 20

K o=— " _
BHI050 0'4_0'1 0'3

136114 22 73
ERIG70 — 0'4_0'1 _0'3_ ' ¢/MIla;

K 148 -123 2,5 B
BEIO90 — 0'4_0'1 _0'3_

—66 c¢/MIla;

8,3
c¢/MIla.

PacueTsl MOKa3bIBAIOT, YTO YyBCTBUTEIBHOCTh
BpeMeHn BblOera Basia poropa TKP 3amerHo
BO3pacTacT Mo MEpPEe pOCTa TeMIepaTypbl BXOAA-
IIEro Macia.

KonTponupyss  3TOT  mapaMeTp  MOXKHO
YIPaBIATh TPOLIECCOM TIPOrpeBa JBUraTeNs U
KOCBEHHO OIIpeNeNsITh MPaBHIBHOCTh ()YHKIHO-
Huposanus TKP.

34

33

32

31

30

29

28
0,1 0,25

=== 1pu Tex=50 rpasn
>
npu Tex=70 rpan,

npu Tex=90 rpan

P.,. MITa
0,4

Puc. 6 — 3aBucumocts Bpemenu BeiOera Baia portopa TKP oT BenndamHbBI BXOTHOTO TaBICHHUS Maciia
B noawmnHuk npu n=50000 My

[Ipu HavabHOM YacTOTE BpAIICHUS Baja Po-
topa TKP n=50000 MuH! Pa3HOCTb BENUYHH ty6
U1 nranasoHa m3MeHeHus Ty, =50...90°C cocra-
BT

Btpeso= 313 = 281 =32
Aty 570= 328 — 292=36

Mo =344 - 301=43 ¢

IIpupoct BpemeHn BbIOETa HEIMHEHHO BO3-
pacTaeT ¢ poCcTOM TeMIepaTyphbl BXOJHOIO Macha:

ﬂtﬁh[ﬁ.ﬁﬂ = 3'2 < ﬂtﬁh[ﬁ?ﬂ = 3'6 < ﬂtﬁh[ﬁgﬂ = 4-3
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B mnenoMm 3amerHa 3HauMTENbHAs pasHuLia
BpeMeHH BhIGera mpu n=25000 wmuE' u
n=50000 muH". [Tpubarka pa3zHocTu
TaKXKe yBEITUUUBAETCS.

UyBCTBUTENEHOCTh BPEMEHM BbIOera Balia

344301 43

KEh[ﬁgﬂ = 0'4_0'1 =ﬁ= 14'3 C/MHa.

Takum 06p330M, OHa 3aMETHO BO3paCTacT

poropa TKP k BenuunHE BXOAHOrO MAaBICHHA  TI0 Mepe TTOBBIIICHUS TEMIIEPaTypHhI
Maciia B TIOJIIUITHUK C YYETOM PE3yJIbTaToB 9KC-  BXOJHOTO Macia.
nepuMeHToB (puc. 6) OyIer paBHa: UyBCTBUTENBHOCTh BpEMEHU BbIOeTa
13 -281 32 Bara poropa TKP mpum n=50000 wmumnH’
Koo =—————=—= 10,6 ¢/Mlla; 3HAYHMTETHHO BEIIIIE, qeMm npu
04-01 03 n=25000 wmun'. OTHOCHTENHLHOE YBETHMYEHHE
3281292 36 120 napamerpa qyBCTBUTEIILHOCTH COCTaBMIIO
=670 7 041 (}3 ¢/MIla; 36...41%.
toss. ©
46,5
45,5
44,5
43,5 ==@==pu Tex=50 rpag
42,5 b npu Tex=70 rpag
415 npu Tex=90 rpan
40,5
39,5
385
01 0,25 0,4 PexMlla

Puc. 7 — 3aBucumoctb Bpemenu BoiOera Basia poropa TKP oT Benn4nHbI BXOJHOTO AaBJICHUS Maciia
B MOIIIHUITHUK 1ipu n=75000 MuH

Pa3sHoCTh BETWYMH ty,s A OdAra30Ha H3Me-
HeHuss Ty =50...90°C npu HavambHOM dYacTOTE
BpameHuss Baga poropa TKP n=75000 mun’
COCTaBHT:

Moo= 422 - 386 =36
Dyro= 449 —402=47
tyon =471 —415=56 _

Kak u 11 ocTaipHBIX CiIydaeB MPUPOCT Bpe-
MEHHU BBIOEra HEJTMHEHHO BO3PACTacT C ITOBBIIIE-
HHEM TEMIIEPATypbl BXOAHOI'O Maca.

At = 3,6 < Atﬁh[a?o = 4,? < AEBHEQU = 5,6

BEIGS0

3aMeTHa CyIIECTBEHHAS | pasHHIa BpeMeHH
BEIOETa TIpH n—25000 vua", n=50000 mun'u
n=75000 wmun" B ;[I/IanaaoHe 3HAYEHUI
25000...50000  wmuH"' an6aB1<a COCTaBHIIA
36...41%, 50000...75000 mur™ — 20...23%.

YyBCTBUTENFHOCT, BPEMEHH BBIOEra Baja
poropa TKP x BenuuMHE BXOOHOTO JaBJICHUS
Macja B TOIUIMITHUK, PACCUUTAHHAs HA OCHOBE
9KCTIEPUMEHTAIIBHBIX JaHHBIX (pHc. 7) Oynmer pas-
Ha:

_422-386 36

BRGS0 G4 O 1 03 ! c/MHa’
449 - 402 47

85670 04 0 1 03 156 ¢/MIla;
471 - 415 56

BB1690 — W O 3 =186 ¢/MIla.

63

Ona yBeNnmMuYUBAaETCs IO Mepe POCTa TeMmIepa-
Typbl BXosiero macia. Tak, pa3HOCTb B [uaria-
30Hax dyactoT Bpamenus 25000...50000 My

COCTaBJISAET 6 ¢/MIla, AN 41%,
75000...5000 mux' — 4,3 ¢/MIla, win 23%.
BeiBoabl. VYCTaHOBJIEHBI TEOPETHYECKUE

3aBHCHMOCTH, pacKpbIBalOIINe YCIoBHE Oe3aBa-
pUitHOM pabOTHI MOMIMUITHIKOB Bajia poTopa Typ-
GokomIpeccopa U IpaHHULBl UX BapbUPOBAHUS B
SKCIUIyaTallud C Y4€TOM BPEMEHHU IOCTYIUICHHS
Macya K rmapam TPeHUsL.

OKCHEpUMEHTAIbHO YCTAHOBJIEHBI B3aHMO-
CBSI3M BPEMEHHU BBIOETa OT M3MEHCHUS BEITMIHHBI
JABJICHUSI Macia Ha BXOJE B MOJUIMITHUK TypOo-
KOMIpeccopa. IIpy  mOCTOSHHOM  3HaYCHHUHU
Ha4YaJIbHOM YacCTOTBHI BpalleHNs poTopa Typ6o-
kommpeccopa 25000 mwuH HpI/I6aBKa COCTaBHJIa
ot 2,0 1o 2,5 c; HpI/In_SOOOOMI/IH —or 3,2 1o
4,3 c;mpun = 75000MI/IH —or 3,6 05,6 c.

OKCHEpUMEHTAIFHO YCTAHOBJIEHBI B3aHMO-
CBSI3M BPEMEHH BBIOEra OT M3MEHEHHs TeMIiepa-
TYpbl BXOJHOTO Macja B MOAIIMITHUK TypOOKOM-
npeccopa. [Ipr MOCTOSHHOM 3HAYEHWM Hadallb-
HOHM 4acTOTHI BpALlleHH PoTopa TypOOKOMITpeC-
copa 25000 wmum' yBequeHHe COCTaBIISIIIO
0,5 c; mpu n 50000 mma' — 1,1 c; mpm
n = 75000 mua' - 2,0 c.

C pocToM maBieHWs Macia Ha BXOZAE B ITOA-
IMIMIHUK TYpOOKOMIIpeccopa MpH 4acToTe Bparie-
HES poTopa TypGokommpeccopa 25000 mum
YYBCTBUTEIHHOCTh BPEMEHH BBIOETa BapbHpOBA/A
or 6,6 mo 8,3 ¢/MIla; mpu n 50000 MI/IH —
or 10,6 mo 14 3 ¢/MlIla; mpu n = 75000 MuH " —
or 12 0 Jo 18, 6 ¢/Mma.
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C pocToM TemmepaTypsl Macia Ha Bxome 25000 mun' oHa yBemmumBanach Ha 1,7 ¢/MIla;
B TOJIIUIHUK TypOOKOMIIpeccopa TpH YacToTe 50000 mun'— ma 3,7 ¢/MIla; 75000 mum™ —
BpaIeHus poTopa TypOokommpeccopa  Ha 6,6 ¢/MIla.
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STUDY OF THE OUTPUT CHARACTERISTICS OF TURBOCOMPRESSORS
OF MODERN AGRICULTURAL MACHINERY
A. V. Gritsenko, V. N. Kozhanov, A. N. Medvedev, N. R. Adigamov, I. Kh. Gimaltdinov

Abstract. The main causes of malfunction of turbocharged internal combustion engines are high dynamic loads,
significant thermal loads in friction zones, wear of turbocharger elements, overheating of components and systems, oil
starvation, etc. The reliability of the output parameters of the turbochargers depending on the variable input data values. A
condition has been obtained for the trouble-free operation of turbocharger bearings, taking into account oil pumping at
engine start, which makes it possible to determine the limits of turbocharger performance and to exclude failure cases with

64 Becmnux Kazanckozo I'AY Ne 2(70) 2023



TEXHUYECKHUE HAYKHU

a guarantee. A methodology has been developed for analyzing the sensitivity of the run-out time with oil parameters and
turbocharger operation modes, which makes it possible to evaluate the correct operation of turbochargers of modern auto-
motive vehicles in operation. The main test object is K27-145 turbocharger installed on KAMAZ vehicles. The rotor shaft
speed, depending on the configuration, is 40.000...120.000 min™'. During the implementation of the experimental work, the
working frequency range of rotation of the turbocharger rotor shaft was provided from 25.000 to 75.000 min™. The levels
of variation of rotational speeds were chosen from the condition of providing the maximum frequency - 75000 min™, the
frequency corresponding to average loads - 50000 min™' and the minimum at which the boost pressure rises to the level of
atmospheric pressure - 25000 min™'. The results of the experiment, carried out within a wide range of changes in the input
parameters of the oil at the input values of the oil pressure - 0.1 ... 0.4 MPa and the temperatures of the input oil into the
bearing - 50 ... run-out from variable input parameters. The run-out time of K27-145 turbocharger rotor at speeds of
25.000, 50.000 and 75.000 min'is 10.3...14.8 s, respectively; 28.1...34.4 s; 38.6...47.1 s. The sensitivity of the run-out
time with an increase in the rotational speed from 25000 to 75000 min-1 with a variation of 25000 min™ increases and for
the same frequency values it is - 6.6 ... 8.3 s/MPa; 10.6...14.3 s/MPa; 12.0...18.6 s/MPa. Control of run-out time sensitivi-
ty parameters allows to determine the quality of the process of assembly and running-in of turbocharger units in the facto-
ry, in operation - the correct functioning and resource of the turbocharger. The developed method of rundown control is
recommended for machine-building, car service and training organizations.
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