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ONPEJAEJIEHUE JUCCUIIATUBHBIX IIOTEPH B TUIPABJINYECKOM ITPUBOJAE
T'A3OPACHPEJAEJUTEJBHOI'O MEXAHU3MA JIBUT'ATEJISI
BHYTPEHHET'O CTOPAHUA
A. B. Makcumos, 0. X. lllorenos, E. U. Baiirunabaeesa, JI. A. 3umuna, U. X. INaiipyrnun

Pedepar. Ypapinenne BpeMeHeM OTKPBHITHS U 3aKPHITHS BITyCKHBIX U BBIITYCKHBIX KJIAITAHOB IT03BO-
JSeT yIydmuTh 3¢ (GeKTUBHBIE TapaMeTphl JBUTATENs BHYTPEHHETO CTOpaHUs W CHU3UTH TOKCHYHOCTH
IIPOAYKTOB cropanus. Ilepemenienne kIanaHoB peaqn3yeTcs OCpeACcTBaM TIAPaBINIEeCKOT0 MPUBOAA C
9JIEKTPOHHBIM YIpaBJICHHEM. DHEpro3arparsl Ha (YHKIMOHUPOBAHUE THIPONPHBOJA KJIANaHOB 0OJIb-
11e, 4eM IIPU UCIIOIb30BaHUH TPAJUIIMOHHOTO MEXaHUYECKOT0 puBoja. MccnenyoTess AucCUnaTuBHbIE
MOTEPH SHEPTUH B aKKyMYJSITOPHOM OJHOCTOPOHHEM TMIPOIPUBOJE KiamnaHoB. PaGouee Teno ruapo-
npuBoaa — MotopHoe macio SAE 5W-30. [lapnerne macia 3a HacocoMm 8 MIla, auameTp rHapOIHIIIH-
opa 16 MM. BrlueneHB OCHOBHBIE CTaTbH DHEPro3arpar, MPEeNIoKeHa METOIUKAa HX ONpeAeIICHUS.
Orerka 3¢ (eKTHUBHOCTH THAPOIPHUBOIA Oa3MpoBaach Ha 3aKOHE COXpaHeHHs SHeprun. (s onpenerre-
HUS 3aTpaT SHEPTHH COCTaBJICHA MOJAeb Tuapomnpusoaa B cpeae Simulink. [Tomyden 3akon mepemerie-
HUSI KJIanaHa OJM3KHiA 1Mo opMe K TpanenueBUJHOMY. MakciMalbHas CKOPOCTh ABHKEHHsI KJIallaHa B
mpoIiecce OTKPBITH 4 M/C, B Tpoliecce 3akphiTus 3,8 M/c. B mepuone ynepkanus KiianaHa B Ou3u Mak-
CHUMAaJIbHOTO ToAbeMa 14 MM HaOJIOAI0TCS CBOOOIHBIC KOJICOAHUS ¢ aMIUTUTYHOH mopsaka 1 mM. 3a-
TpaThl PHEPIHMM Ha OJHOKpAaTHOE cpadaThIBaHUE KIlallaHa, MMEIOLIEr0 MOCTYIATEeIbHO JBHXKYLIYIOCS
Mmaccy 0,5 kr, coctaBmu 25,9 JIx. U3 Hux ayts 6onee 70% TpaTsTcst Ha HANOTHEHHE THAPOLMINHIPA
KHUJIKOCTBIO, OCTaJbHAS YacTh PACXOAYeTCs IPHU ero OMOPOKHEHWH. B pesynbraTe ApoccennpoBaHUS
MTOTOKA KUIKOCTH B OTpaHMYUTEIC X0/1a MTOKA THAPOLIIMHAPA U THIPOTOpPMO3e Tepsercs 56% sHep-
rud. borpimme moTepu SHEPTUH HAOIIONAIOTCS MEXK Ty THIPOAKKYMYJIATOpaMH U TUApoumwHHApoM. [pu
HamnoJIHEHUU IWIMHIpA 37ech Tepsercs 21,1%, a mpu ero onopoxuenun — 10,4%. YBenuueHue mpo-
ITYCKHOM CIIOCOOHOCTH y4acTKOB MarucTpajieil MUTaHWs U CIIUBA MEXIY T'MAPOAKKYMYJISTOPAMH U THA-
POLMIMHAPAMH TI03BOJIAET YBEIUUUTh CKOPOCTH OTKPBITUS U 3aKPbITHA KiIanaHoB. OCHOBHBIMHU CIOCO-
0amH HOBBIIIEHHS HEProdP(HEKTUBHOCTH MPUBO/IA SIBISIFOTCS CMEIEHHE THAPOAKKYMYJISITOPOB K THII-
POUWIHHAPY, YBETHMYCHHUE JHAMETPa COSAMHUTEIHHBIX MAaTUCTpaNeH, YBEIMICHUE TIPOITYCKHOM CII0CO0-
HOCTH 3JIEKTPOMATHUTHBIX KJIAITaHOB.

KiroueBble cjioBa: ra3opacripeieUuTeNbHBIA MEXaHU3M, THAPOIIPUBOJ KIIANIAHOB, TUCCHITATHBHBIC
MoTepH, 3HePro3((HeKTUBHOCTH, MOJICITUPOBAHHE.

BBC}IEHI/IC. M3BeCTHB MOIBITKH MNPpUMEHCHUA C MMOMOIIBIO THAPOTOPMO3a (9), OrpaHUYMBAKONIC-

THAPOIIPUBOJA Ul TepEeMEIeHNs] KIalaHoB ra-  ro ciauB Macna ¢ 'Ll B mporecce npuOmmxeHus
3opacnpenenurenbHoro mMexanusma (I'PM) nBu- knamada ['PM k cemry. I'maponpuBos padotaer
rarenst BHyTpeHHero cropanus (IABC). [ns npu- [OJl YNPAaBICHUEM 3JIEKTPOHHOW CUCTEMBI, BO3-
BOJla KJIAllAHOB paccMaTpUBaeTCs IMPUMEHEHHE nercTByromen Ha OMK.

THIPOIIMIINHIPOB OJHOCTOpOHHero [1, 2] u n1ByX- IIpuBox mMo3BONSIET YHPaBIATH YIJIAMH OT-
cropoHHero neicteus [3, 4]. ['maponpuson pado- KpbiTUs W 3akpeiTua kianasHos ['PM  JIBC.
TaeT I0J] YIPAaBJIECHHEM O3JEKTPOHHOro Osoka  Cxema ruapaBIMdYecKoro NMpHBOJa KialaHa ra3o-
ynpaBieHus. ['MApOmpHBOA MO3BOMSET YNpPaB-  pPacHpeAEIUTENBHOTO MEXaHW3Ma IpeJCTaBIeHa
JSITH Ta3000MEHOM 3a CUET W3MEHEHMs BpEeMEHHM  Ha pucyHke 1.

OTKpHITUS U 3aKphITHS KinamaHoB ['PM. OH Tak OyYHKIIMOHUPOBAHUE THIPABIUYECKOTO IpHU-
e JIONyCKAaeT OTKIIOYeHHWE YacTH NWIMHAPOB  BOJAa KIANAHOB COIPOBOXKAAETCS THAPABINYC-
mpu paboTe OBUTATENs C HU3KOM HarpysKoi. CKMMHU moTepsMU. MX Hanuuue CHUXKAeT JHep-
VYnpasieHne ra3000MEHOM HO3BOJISET YBETHINTh ro3¢pGEeKTUBHOCTh MPHUBOAA. IJTOT HEIOCTATOK
MomHocTh JABC, CHU3UTB pacxoj TOIUIMBA U TOK-  JIOJDKEH KOMIIEHCHPOBATHCS YIYyYLIEHHEM Xapak-
CUYHOCTH BhIXJIONA [5, 6]. tepuctuk [IBC. Tem He MeHee OLeHKa dHEPreTu-

B pabore wucciemyercss WHAMBUAYaJIbHBIH  YECKHUX HOTEPH C 1IEJNBIO MOMCKA MyTeH MOBbIIIE-
OJTHOCTOPOHHHH THJIPONIPUBOJI AKKYMYJIATOPHOTO  HHUSL 3(QQEKTUBHOCTU THJIPOIPHBOJA SBISIETCS
TUTIA, KOHCTPYKIHSA KOTOPOTO PacCMaTpUBAaeTCs B aKTyalbHOM 3amaueii [10].
paborax [7, 8, 9]. ['maponpuBoa CONEPKUT Maru- enpto  pabOTBI  SABHSETCS  MOBBINICHUE
ctpaip BcacsiBaHus (1), Hacoc (2) ¢ peayKIHuOH- 9HEeprodPpPEeKTHBHOCTH THAPOIPUBOIA Ta3opac-
HBIM KJIamaHoM (3), HarHeTaTeNbHYI0 MAaruCTPpaib  NPENENHUTEIFHOIO0 MeXaHW3Ma IBHTaTelsl BHYT-
(4), THIPOAKKYMYNSATOPbl HarHEeTaTeJIbHOW W PEHHEro CropaHusl ITyTeM OINpelelieHus H
cimBHO# Maructpanu (IA) (5, 11), nuraronuii CHUXKCHMS JUCCUIIATHBHBIX IOTEPh B TUApaBIIU-
(6) u ciuBHOIt (10) dMEKTPOMArHUTHBIE KilanaHbl YECKOM IIPUBOJIE.

(OMK), ruapormnusaap (I'L) (7), cauBHYO Maru- YcaoBusi, MaTepuajibl 1 MeToabl. OLEHUTH
crpanb (12). JIns orpaHUYeHUsT BBICOTH IogbeMa  3PPEKTUBHOCTD THAPOTIPUBOIA KJIallaHOB
knanada ['PM ucnonb3oBaH orpaHuuutensb (8) I'PM MoOXHO, omMpasch Ha 3aKOH COXPaHCHUS
obecrieunBamONIMi OJOKUPOBAHKE MOAAYM KHUA-  OHEpruu. [IpM  yCTAHOBHBIUMMCS  PEXHUME
koctd B 'Ll mpu JOCTMKEHHH KJIalaHOM MakCH-  paboThl, B XOJe IHKIMYECKOro mpoiecca cpaba-
MaJIBHOW BBICOTBI OTKPHITHSA. TOpPMOXKEHUE KJIa-  THIBAHUS SJIEMEHTHI IPUBOMA, IPOMAS PSJ COCTO-

TaHa nepen HOC&HKOﬁ Ha CCJIO OCYILECTBJIACTCAH HHHﬁ, BO3BpallIaAlOTCA K UCXOAHOMY.

75 Becmnuuk Kasanckoeo I'AY Ne 2(74) 2024



TEXHUYECKHUE HAYKHU

Puc.1 — I'maponpuBox knanana ['PM:
1 — MarucTpanb BcaChIBaHUS, 2 — HACOC; 3 — pEeAYKIIMOHHBIIN KianaH; 4 — MarucTpaib HATHETAHMUS;
5,11 -TA; 6,10 -3MK; 7 — I'll; 8 — orpanuuutens; 9 — rtuapoTOpMo3; 12 — CIMBHAS MarucTpaib

OYHKIIMOHUPOBAHUE TUAPABINYECKOTO MPH-
BOJa KJIAlaHOB CONPOBOXJIAETCS THApaBINYE-
CKUMH TOTepsiMu. VIX Hamuuue CHIKaeT SHep-
rosddexTuBHOCTS NpHBOJA. DTOT HEZOCTATOK
JOJDKEH KOMIIGHCHPOBATHCS YIIyUIICHHEM Xapak-
tepuctuk [IBC. Tem He MeHee OLleHKa 3HEPIeTu-
YeCKHUX MOTeph C LENbI0 MOKCKA ITyTel MOoBHIIIe-
HUsL D(PQEKTUBHOCTH THIPONPUBOJIA SIBISETCS
aKkTyanbHOH 3amaueit [10].

Ienbio paboOTHI ABISETCSA TOBBIIICHUE YHEP-
ro3dGeKTHBHOCTH THAPONPUBOAA ra3opacipesie-
JIUTEJILHOTO MEXaHW3Ma JIBUTATelsi BHYTPEHHETO
CTOpaHUsI IyTeM OIPEJENICHNSI ¥ CHIKCHUS JIUC-
CHUITATHBHBIX TIOTEPh B THAPABINIECKOM IPHBOJIE.

YcioBusi, MmaTepuaabl U MeToabl. OIIEHUTH
3¢ QeKTUBHOCTh THAPONPUBOAA KianaHoB ['PM
MOJKHO, OITUPAsiCh Ha 3aKOH COXPAaHEHHS YHEPTUH.
ITpu ycTaHOBUBLIMMCS peKHUME paboThl, B XOj€
LUKJIMYECKOTO TIpoliecca cpabaThIBaHUS IIEMEH-
TBHI IPUBOJA, TIPOMJIS PsL COCTOSIHUH, BO3Bpalia-
I0TCS. K UCXOJHOMY. TpebyeMble 3aTpaThl dHEp-
THH B TaKOM CIIy49ae paBHBI JUCCHIIATHBHBIM I10-
TepsiMm B mpuBoze [11, 12, 13], aHanu3 KOTOpPBIX
MO3BOJISIET HAWTH CIOCOOBI TOBBIMICHHUS JHEP-
rosdpdexTuBHOCTH  TpuBoga. llemecoobpaszHo
paccMaTpuBaTh 3aKOH COXPAaHEHUS SHEPrHH B
IIpezieNnax OJHOTO IMKJIa cpabaThIBaHMs MPUBO/IA.
[Tpn ycraHOBMBIIMMCS peKHMe paboThl IPHBOIA
9TO MO3BOJSIET HE YUUTHIBATh 3aTPaThl YHEPrUu
Ha Jedopmanuio NpyxkuHB Kitanana ['PM n
HakoIIeHUs Hepruu B ['A, Tak Kak B X0j/i€ LIUK-
JIMYECKOTO TIPOIIECCca 3TH y3JIbI BO3BPAIIAIOTCS B
TO K€ COCTOSIHHE, YTO M B Hadaje IIUKIIA.

KomnuectBo »Heprum, 3aTpaunBaeMoe Ha
NIPUBOJ] Hacoca, OyJIeT pacxo/l0BaThCsl Ha Clley-
IOIIMe AUCCUIIATUBHBIE IOTEPU:

1. moTepu PHEPTUU B MarUCTPalli BCAChIBAHUS
Hacoca;

2. IOTepH PHEPTHH B Hacoce (MOTepH Ha Tpe-
HHUE, YTCUYKH W BHYTPEHHHE THUAPABIMIECCKUC I10-
TepH);

3. myTeBble MOTEpU JABICHUS KUAKOCTH B
MarucTpasx;

4. MecTHBbIe MOTEpU JABJIEHUS KHUJIKOCTU B
MarucTpasx;
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5. MecTHbBIE TIOTepH JaBJieHHs Ha BXoJe B ['A;

6. moTepu Ha TPEHUE MNOPIIHS TMIAPOLMIMH-
Apa;

7. notepu Ha TpeHue knamnada ['PM o Hampas-
JSTFOLIYIO BTYJIKY;

8. pabora nehOopMaIOHHBIX CHJI B 30HE KOH-
TakTa knanada I'PM ¢ ceuioM U B 30HE KOHTAaKTa
MOPIIHSA THAPOLMINHIPA C TOPLIOM CTEpPKHA KJla-
naxHa 'PM.

Jedopmanus 37€MEHTOB NpUBOAA IPH HUX
MEXaHWYEeCKOM KOHTAaKT€ MOJDKHA HaXOAWTCS B
YIpyroi o0sacTu, B IPOTUBHOM CJIydae >JIEMEH-
TBHI IPUBOAA OBICTPO paspymarhes. [loaTomy 3Ta
COCTABJIAIONIAs IOTEPh B AAIbHEHIIEM HE YUUTHI-
Bajack. B cBA3M ¢ BBHICOKOI CKOPOCTBIO CHKAaTHS U
pacummpeHus ra3a B T'HIPOaKKyMyisaTope OyaeMm
CYMTATh ATH MPOLECCH OIM3KUMHU K aguabaTHye-
ckuM. IlosToMy moTepu sHEprum depe3 CTEHKH
I'A ne yuuteBasniuch. IlpumeHeHHe BcachlBaro-
el MarucTpagy MO AJMHBI U OOJBIIOTO Ha-
MeTpa MO3BOJISIET HE YYUTHIBATH MOTEPH YHEPTHU
B Heii [ 14].

[TonBox »HEpTHN B Ipeaenax pabodero uKiIa
paBeH padoTe TUCCUITaTUBHBIX CHIL.

EMnH=ZAm+ZAM 0

rae E, — momBoamMas K HAacoCy MeEXaHUYecKas
SHEPIHUs;

ny — oommid KIT/] Hacoca;

Anyr — paboTa CUJIBI TPEHMS KUIKOCTH Ha ITyTe-
BOM YYaCTKE MarucCTpaliu,

1 — KOJIMYECTBO IMyTEBBIX YYaCTKOB;

Ay, — paboTa CHIBI TPEHHUS KUAKOCTH Ha y3JIe C
MECTHBIMH TIOTEPSIMU JTABJICHUS;

M — KOJIMYECTBO YYACTKOB C MECTHBIMH IOTepsi-
MU JIaBJICHUS,

Ay, — paboTa cHUIIbl MEXaHHMYECKOI'O TPEHUS;
KOJIMYECTBO  YYACTKOB MEXAHUYECCKHM
TPCHHUEM.

k

£ Ay
>

1

HOTepI/I MEXaHUYCCKOM OHEPrunM Ha IPUBOA
Hacoca:
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w(ty+iy)
E, = Mdy @)
wiy

II€ @ — YII0Bas CKOPOCTh Bajla HACOCa;
fp — BpeMsl Hadaja LuKJa
t, — BpeMs [IUKJIa
M — KpyTSIIUN MOMEHT.

Pabota cuil BSI3KOCTHOT'O TpeHUs

Ha y4YacTKax C ITyTEBBIMH TIOTEPSMH TaBICHUSL
B TIpemenax pabodero IHMKIA OIPeHeseTcs
110 BeIpaXkeHuto [ 14]:

TEL d to+tu
4, =2 j widt
N 8 .

)

0

rae L, d — nivHa M AMaMeTp MyTeBOro ydacTkKa
MarucTpai;

W — CKOPOCTb ABUIKCHUA KUJIKOCTHU,

A — xoaddunuent dapcu-Beiicoaxa;

p — IJIOTHOCTD KUAKOCTH.

to+ty

A, = FwiFdt

5 )

tp

rae & — k03¢ (HUINEHT CONPOTHUBIICHNUS;
F — mnomaap NpoXoIHOTo ceYeHHs dIIEMEHTa.

Paborta cun tpenus nopunsa 'l o crenku u
LITOKA KJIallaHa O HalpaBJSAIOLIYI0 BTYJKY CKJa-
IIBIBAETCSI M3 JIBYX COCTABILIIONINX: padOTa CHIIBI
(DPUKIMOHHOTO TpeHUs W paboTa BI3KOCTHBIX

CHJI B 3a30pax:
t°+tu ]JTEDL to-H‘q
Fj wde—J whdt >
ty § ty

- - 5
ATp - Aq;pmcu.Tp + ABH3K.Tp “ ( )

rae Fp, — cuna GpUKIMOHHOTO TPEHHS;
m - TMHAMHYEeCKHH K03 PUITEHT BA3KOCTH;
D, L - nnametp u ayvna nopisst 'L
d - 3a30p Mex Iy nopiuHeM U ctenkamu ['L;
Wy - CKOPOCTb JBHIKEHHS KJIallaHa.
Ha pucyHke 2 npejcraBiieHa cXeMa paclpese-

Pabota cui BA3KOCTH B 30HE MECTHBIX IOTEPh  JIGHUSA IIOTEph DJHEPrUU B THAPABINYECKOM
napneHus [15]: npuBoje kinanana [ PM.
MOABOAHMAA MEXaHHYIECKaA TOTepH Ha
HEpris HIPOTOPMO3E
TIOTEpH TIpH

LOTepH SHEPrHH Ha TOTEPH SHEPTHH P

MEXAHHYECKOE TPEHHE BCACHIBARHH
NOTEPH 3HEPIUH H3-3a TIOTEPH BHEPrHA
THPABINYECKHX NOTEPh B HACOCE

JAABJICHHA B HACOCE

TIOTEPH SHEPIHH H3-34
BHYTPEHHNX yTeueK

TIOTEPH JHEPI il H3-33
HHIKOCTH B HACOCE

pacxofa Jepes
Iy TeBHe HOTepH PeayKIHOHHBIT Kialas

MecTHRIe moTepn B DMK

MECTHEIE OTEPH
HaBxoae B I'A

HOTEPH SHEPIHH B
HArHeTaTeNbHOH MarHcTpami

=

noTepH HA OrpaHHYHTENIC OaBCMA TIOTep SHEPTHH Ha

MOTEPH IMPH BHE3AITHOM BXOAE B ru

paCIIHpEHIH TpH Brexanim B I

BHE3ATTHOM CYHCHHH

MOTEPH SHEPrHi
Ha Bexoge w3 ['1]
TOTEPH YHEPIHH B
CIHBHOI MaricTpamm
MOTepH SHePTHH H3-3a
TPEHHd MOPIIHS 0
crenxn ['1]
TIOTEPH SHEPIHH H3-34
Tperns kianana ['PM o
HATPABISIONIYIO BTYIIKY
TIOTEPH JHEPTHH H3-32

yTedex JKHAKOCTH 0
TOPHIHEBOMY 330Dy

TyTeBHIE TOTEPH

MECTHRIC IIOTEPH

B OMK
MeCTHHIE TOTEPH

HaBxoae BTA

Puc. 2 — JluccunaTuBHbIE TOTEPH YHEPTUHN B THAPABINIECKOM IIpHuBoe KianaHa [ PM

I'uapaBaryeckuii mpUBOJ, pabOTAONMMHA 1TOA
YIpaBJICHHUEM 3JIEKTPOHHOTO OJIOKa, IO3BOJISET
YIOPaBJSTh YIJIaMU OTKPBITUS M 3aKPBITHS Kilama-
HOB I'PM, uTO mo3BOJIE€T YNpaBisITh WHTECHCHUB-
HOCTBIO Ta3000MeHa mmmHpoB [ABC ¢ okpyxa-
o1l cpeon.

Onrumu3zanys 3aKkoHa paboThl kiamanoB ['PM
II0 MOITHOCTH HpH paboTe ABHraTess MO BHEII-
HEH CKOPOCTHOM XapaKTEpUCTHKE IMO3BOJIAET IO-
BBICHTH HAIIOJIHEHHE HMIMHAPA CBEKUM 3apsioM,
a ONTUMM3ALHSA IO YACTbHOMY 3((HEeKTHUBHOMY
pacxojly TOILIMBA MO3BOJIAET PeaIu30BaTh IKOHO-
MUYHBIA pabounii MUK ¢ mepepacmupenneM. Ha
pAoy C J3THUMHM TNPEUMYIIECTBAaMHU THApaBINYE-
CKUH TIpUBOJ UMeeT u HenoctaTku. [lorepu snep-
THHA B HEM Ooyiee 3HAYNTENBHBI, YeM B TPaIuIIN-
OHHOM MEXaHHUIECKOM.

3rto 00yCIIOBIICHO
(baxTopamu:

1. oTcyTcTBHE peKymnepauuu 3JHEPTUU IpHU
3aKPBITUH KJIAllaHa;

CJICAYIOINMHA
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2. IOTepH SHEPTHU B pe3yibTaTe BHYTPEHHUX
1 BHEIIHHUX yTeueK paboder )KUIKOCTH;

3. mOTepU SHEPTHU B MPOIECCE TOPMOKEHUS
kiarmana 'PM npu cpabaTbIBaHUM OTpaHUYUTEIS
HOJbEMA U FHIPOTOPMO3a.

VYMeHblIeHne BceX BHUJOB MOTEPb MO3BOJSIET
MOBBICUTH 3(P(PEKTUBHOCTH THAPOIIPHBO/A.

s oreHKH 11e71eco00pa3sHOCTH MTPUMEHEHHS
Pa3IMYHBIX METOJOB CHIKCHHS IOTEPh YHEPTUH
B cpene Simulink Obuta co3mana Mozaenb THAPO-
npuBoaa (puc.3).

B Mopenu He y4nTBIBANHUCH MOTEPH HA PETYK-
IIMOHHOM KJIallaHe, KOTOpble OyAyT OTCYTCTBO-
BaTh, €CIM IOJjaua Maclla HacoCOM paBHAa €ro
MOTPEOICHUIO.

Tak ke He yIUTBHIBAINCH BOJIHOBBIE BO3MYIIIE-
HUS B TuAponpusoze. Pabouee teno ruapomnpuso-
na — MoTopHoe Maciio SAE SW-30.

KoHCTpyKTHBHBIE NTapaMeTphl THAPONPUBOAA,
UCTIONb3yeMblE B XOJ€ YHCICHHBIX MCCIEJ0Ba-
HU#, pecTaBICHbI B Tabuie 1.
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Puc. 3 — Moaens rugponpuBoa B cpeae Simulink

Tabnuua 1 — OcHOBHBIE KOHCTPYKTHBHBIE TapaMeTPhl THIPONPHUBOJIA

PaGounii 06beM Hacoca, cM> 3,2
HomunansHoe masiaenue 3a HacocoMm, MIla 8,0
O6mmii KI1J] Hacoca, % 5,0
Bsskocth paboueit sxuakocty, cCt 11,8
JKecTkocTh KIIanaHHOM NpyKUHBL H/MM 33,0
Macca nocTynaTesIbHO IBHKYIIUXCS SIEMEHTOB KIAIaHHOTO MEXaHHU3Ma, KT 0,5
JuameTp ruiponriInHIpa, MM 16
[I10maas HemepeKpPLIBAEMOTO OTBEPCTHS THAPOTOPMO3a, MM 1,0
Fg)M}(, MMZ 30
JUTHa MarucTpaiy HarHeTaHus1/ClIMBa, MM 1400
JunameTp TpyOONIpOBOAOB MarkcTpajie HarHETaHUs U CIMBA, MM 8,0

D eKTHBHAS TIOMAAb TOPITHEBOTO 3a30pa LI, MM” 0,5

[lonydyenHass Mopenb NO3BOJIMIA OLEHUTH Pe3yabraTsl m o6cy:xnenne. Ha pucynke 4
TpeOyeMble SHEpreTHUECKHE 3aTpaThl, U AUCCUIIA-  TI0OKa3aHbl pe3yJbTaThl pacdyera nasieHus B 'L,
THUBHBIE TIOTEPU SHEPTHH. MepeMeIeHHst U CKOPOCTH KiamaHa [ PM.
Pro. MITa [ |

Shaasrannar

" L L 1 L L L i L s L bl i L

0 5 10 15 20 25 ,mMc 0 5 10 15 20 25 t,Me

Puc. 4 — TaBnenue B I'L], nepemerienue u ckopocts kianana ['PM

IIpu otkpeitun nuratomero MK wmacno B JIBIKeHUE. Ero ckopocTh HapacTaeT U IOCTUra-
nocrynaeT B ['l] u3 Hacoca u 'A. 310 BbI3bIBaEcT et 4 m/c. [To Mepe yBenmn4eHuUs ObeMa KilarnaHa
YBEIUYCHUE JaBJIEHUS BO BpEMEHHOM B paboTy BCTymaeT OTrpaHHYUTENbs MOIbEMA.
nHTepBasie 2+4 Mc. Kitanan nBuratens mpuxoauT OH yMeHbpIOIaeT MOAa4dy Maciia, YTO BEI3BIBACT
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cHIKeHue nasieHus B ['1] BO BpeMEHHOM HHTEp-
Bane 4+8 mc. CrneAcTBUeM STOTO SBISETCS TOP-
MOJKEHHE KJIallaHa Ha BBICOTE Mmopsaka 14 M.
B mepuon yaep)kaHus KilamaHa BOJMU3M MaKCH-
MaJbHOTO TIOJbEMa HAOIIOMAIOTC KOJIEOaHUsS
KJlanaHa ¢ amiuutyaod okosno 1 mm. Yacrora
KoJieOaHHUH MPH 3TOM paBHA COOCTBEHHOM 4acTo-
Te KJanaHHoro mexanusma (~°500°I'm). B nepuo-
Jie yaep KaHHusl IPOUCXOJUT 3aKPhITHE MHUTAOIIe-
ro OMK. Ilpu otkpbeiTun cnuHoro OMK mof
JEHCTBUEM KIJIANaHHON NpyXHHBI nopieHb ['1]
HaYMHAET BBITECHATH Macno. lcreueHwe macia
u3 I'll mpuBOIUT K CHMKEHHUIO JABIEHUS B HEM
BO BpeMeHHOM amama3oHe 16+20 mc. Ilo mepe

3aKpBITUS KJIalaHa B pab0Ty BCTYIACT TUAPOTOP-
MO3, OH OTPaHUYMBACT CJIMB Macia, 4TO MPHBO-
JIUT K yBenuueHuto aasieHus B I'Ll u Topmoxke-
Huro kiaamada [PM. OcoGeHHOCTBIO THApaBIINIC-
CKOTO TIPHWBOJAA SBISIETCSA 3aKOH IEPEeMEIICHUSI
KJIarmaHa OJHM3KUH K TpaleIMeBUIHOMY.

CornmacHo  pacueTy, CpeJHHE  3aTpaThl
MEXaHUYCCKOW IHEPTUU Ha OJHOKpaTHOE cpada-
ThiBaHWe kianana ['PM cocraBaser 25,9 Jx.
Pacuer 1MKJIOBBIX JUCCHIIATUBHBIX MOTEPh
SHEPTUH  TIPOJSMOHCTPHpOBAN HX  cladyro
3aBHCHMOCTh OT CKOPOCTHOTO PEXHUMa PabOTHI
npuBona. Pacmpenenenne moTeps MpeACTaBICHO
B TabuIe 2.

Tabnuna 2 — Pacnpeenenue AUCCUNIATUBHBIX MOTEPh B THAPOIPUBOJIC

Bua noreps Bennuuna, % Bun norepn Bemmuuna, %
IToTepu B Hacoce 5,0 Iotepu ot I'Tl 1o 'A2 10,4
ITotepu ot Hacoca 1o 'A 1,2 ITotepu ot 'A2 1o Hacoca 0,4
ITorepu Ha meperekanue B 'A 0,6 IToTepu ¢ yreukamu 1,7
ITorepu or I'Al 1o I'lT 21,1 IToTepu Ha TpeHue KiamnaHa u 1,05
IloTepu ¢ yreukamu 1,7 nopiuss 1]
IloTtepy Ha TpeHHME KiIamnaHa u 1,05 [ToTepu Ha TopMO3e 16,2
nopurHs I'L]
ITorepu Ha orpanunuurene I'L] 39,5

B rneBoii yactu TaGIMIEI IPEICTABICHBI OTE-
pH SHEpruu B HaOJIOZaeMble B MPOLIECCE HAIOJI-
HeHust 'Ll mMacioM, 4acTUYHO K 3TUM MOTEPSM
OTHOCSITCSl TaK K€ U MOTEPHU IHEPTUU B Pe3yJibTa-
T€ yTe4YeK Macja 0 MoplHeBoMy 3a30py. Cym-
MapHO 3a IUKJI OHU cocTaBsioT 70,15%. Ilpn
onopoxHeHun ['l] nuccunaTuBHbBIE MOTEPU CO-
craBaoT 29,85%.

OTMeTnM, 4YTO yMEHBIIEHHE NOTePh MpPH
HaloJHEHUU NUJIMHApPAa MAacioM Ha JIOOOM U3
3JIEMEHTOB TNPUBOAMT K YBEIWYEHHUIO TIOTEPH
SHEPruU Ha OrpaHUYMUTENIE. DTO CBSI3aHO C TEM,
YTO yMEHBLIEHUE IMOTeph NpuU HamoiaHeHuu 1]
MPUBOJUT K pocTy ckopocTd knamaHn ['PM. Ilo-
9TOMY IPH TOPMOXEHUH KJIallaHa B 30HE MaKCH-
MAaJIBHOTO MoJIbeMa TpeOyeTcsi paccesTh OoJblee
KOJIMYECTBO DSHEPrHM. AHAJOTHYHAs CHUTYaIus
HaOmonaeTcss W npu omopoxkHeHuu [1, dem
MEHbIIIE MOTEPU B MarucTpaiy, TEM BBIIIE CKO-
POCTb JIBIDKCHHS KJIallaHa, 4To TPeOyeT yBelmye-
HUSI MOIIIHOCTH TOPMO3a.

W3 Tabmuupl 2 BUAHO, YTO OCHOBHBIE ITOTEPU
SHEPTHH TPH OTKPHITHH KJallaHa BO3HUKAIOT B
pe3yipTaTe MyTEBHIX MOTEPh JABICHHS B Maru-
crpamm Mexay ['A u I'll m mMecTHBIX moTepsr Ha
OMK wu orpanuuwnrene. Ilpu 3TOM moTepu 3HEp-
TMM HA OTPaHUYUTENIe BIMAIOT HA MOCIETHION
¢da3y ortkpeiTHs KiamaHa. OHM oOecneyMBaroOT
TOPMOJKEHHE KJIallaHa Ha YPOBHE PaBHOM MAaKCH-
MalbHOMY NOAbeMYy. [[1 yBenuYeHUs KMHEeTU4Ye-
CKOI1 HepruM KianaHa Ha 3Tane OTKPHITHS He00-
XOJUMO CHMIKaTb IIOTEPU SHEPrUU HA Y4aCTKe
mexnay ['A u 'L,

OcraBmuecst B nporiecce HamomHeHus ['1]
29,85% nHeprum pacxoAyrloTcsl B MEpPUOJE yIep-
JKaHUsl KJlalaHa Ha CXKaTUe KJIalmaHHOM NPy KUHBI.
B nocnenctBuu 3Ta 3HEprus pacxoayeTcs Ha BbI-
TankuBaHue macia u3 'Ll

MakcuManbHble OTEPU SHEPIUU TIPU CIUBE
Macja HaOyomaroTcs Ha y4dactke mexay 1] u
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I'A, a Taxke Ha THapOTOpMO3e. B mpouecce 3a-
KpbITHA KJIallaHa BCJIMYHHBI IMOTECPb MEHSAIOTCH.
Tak B Hauase ABMKEHHS KJallaHa B CTOPOHY 3a-
KPBITHSL TIOTEPH B THIPONPHUBOJE Malbl, aajiee
YBEIMYHMBAIOTCS TOTEPH SHEPTHUH HM3-32 ITyTEBBIX
W MECTHBIX MOTeph B Marucrpamu mexnay 'Ll n
I'A. Tlepen mocaakoif KiiamaHa Ha CEAJI0 PE3KO
YBECJIMYUBAKOTCA MOTEPHU JSHECPIUMU Ha TUAPOTOP-
MoO3€, B TO BpeMsI Kak B MarucTpajld CIUBa MoTe-
PH SHEprUX HA000POT HAUNHAIOT CHIKATHCS.
IToTepu 3HEpruM Ha OrpaHUYMTENIE U TOPMO3E
SBISIFOTCSL KpaTKOBpeMeHHbIMH. OHH oOecrieun-
BAlOT HYXXHBIH XapakTep JABW)XEHHS KJaraHa.
CHIDKEHHE 3THX IIOTeph HE MO3BOJIUT BBIAEPKH-
BaTh TpeOyeMblll 3aKOH IepeMelIeHHs KiiaraHa,
uMmeromuii popMy GIM3KYIO K TpAalelUeBUIHOM.

B  pesyiapraTre  OCHOBHBIMH  criocobamu
MOBBIIEHUST  YHEProd(PEeKTUBHOCTH  TPUBOJIA
SIBIISIIOTCSL:

1. CHIDKEHHE noTepb SHEPIuH,

BBI3BAHHBIX IYTEBBIMU IOTEPSAMH  JaBJICHUS
Ha Yy4yacTKax MEXJy TUAPOaKKYMYISITOPOM U
THIPOIMIHHIPOM;

2. CHW)XEHHE TOTEePh JHEPTHH, BBI3BAaHHBIX
MECTHBIMH NOTepsMH JaBieHus Ha OMK.

IepBrrif crocod peanu3yercss yMEHBIIEHHEM
JUIMHBl y4acTKOB TpyOompoBoioB Mexay ['A u
I'T u yBenuuenwneM wux guamerpa. Btopoit
Croco0 CBs3aH C YBEIMYEHHEM MPOIYCKHOU
cnocooHoct DMK U CKOpPOCTBIO MX OTKPBITHSI.
JIOTIOMTHUTEIBHO OTMETHM, YTO YBEIWYECHHE pa-
60dero IaBICHMS 332 HACOCOM MO3BOJISIET YMEHb-
muth quametp 'L, aTo Bieder 3a coboil cHMXKe-
HHE pacxojla Macja, B pE3ylbTaTe MECTHbIC U
myTeBble  MOTEPH  JAABICHHUA  CHUXKAIOTCH.
OnHako pocT pabodero IaBiEHHs YBEJINYMBACT
TpeOOBaHUs K THIPONPHUBOY U CHIDKAET 00BEM-
werid  KIIJI Hacoca, mMo3TOMy TakoW CHoOco0
MOBBIIEHUST dHEprodpdexTuBHOCTH B pabdoTe
HE PacCMaTpPUBAETCSL.

Becmnuuk Kasanckoeo I'AY Ne 2(74) 2024




TEXHUYECKHUE HAYKHU

Bruto oOlLieHEHO BIMAHHE MOJOKEHHS ['A B
MarucTpasix NUTaHus U ciauBa. Kaxnas u3 maru-
cTpajiell UMeeT TpH ydacTka: oT Hacoca 1o ['A, ot
I'A mo DMK, ot OMK go I'll. Cymmapras qmuHa
Kaxmoi m3 maructpaneit 1,4 m. [Ipn Hen3MeHHOH
mmHe ygactka or OMK mo I'L] 0,2 M MeHsI0CH
COOTHOIIIGHUE TMEPBBIX JBYX Yy4YacTKOB  OT
200/1000 mm mo 1000/200 mm. Pacuers! mokasa-
U, 4Tro cMmemieHue ['A OT Hacoca B CTOPOHY

OMK npuBOIUT K CHIDKEHHIO TOTEPHU DHEPTHH.
Cwmemenue I'A na 400 MM B cTopony I'Ll ymeHs-
IIaeT MOTEPU B MUTAIOIIECH MarucTpann Ha IpH-
6mmurensHO Ha 1%. B Maructpanu ciamBa Tak ke
JKenaTtenbHo pacnonaratb A MakcUMallbHO
omu3ko k 'L

Ha pucynke 5 mokazaHo BIMSHUE Ha MaKCH-
MaJIbHYI0 CKOPOCTb JBM)KEHHS KJlarnaHa cMele-
Hue I'A.

w, M/C
» W+

———

3.9

3.8
3.7

3.6

3.5
3.4

3.3

3,2
w

3.1
3.0

200/1000 400/800

600/600

800/400 L,/L,, MM/MM

Puc. 5 — Bnusnue nonoxxerus I'A B nuraromeit 1 CIMBHOM MarucTpansx Ha CKOPOCTh IepEMEIICHUS
kianada I'PM: L, — anmuHa yyacTka oT Hacoca 7o TpoiHuka I'A, L, — 1yuHa yyacTka oT TpoitHuka ['A
10 OMK, w+ — CKOpOCTb OTKPBITHS, W- — CKOPOCTb 3aKPBITHS

OrneHUM BIHMSHUE JUaMeTpa TPYOOIPOBOJOB
Ha MOTEpH JaBJIEHUs B THMAPONPHUBOJE. YBeInde-
HHE JUaMeTpa MarkucTpayy ¢ 4 10 8§ MM CHIDKaeT
MOTEpH SHEPrHMM B MarucTpaiau IUTaHus B 2,3
pasa, a B MarucTpainu ciusa — B 1,6 pasa.

VBenuueHue quaMeTpa TpyOoIpoBoAa IPHUBO-
JUT K YBEIWYEHHI0O MaKCHUMaJIbHOM CKOPOCTH
nepeMenieHus kinanaHa. OIHAKO yBEIUYCHHUE
JHaMeTpa TpyOorpoBoa CBbIIIE 8§ MM c1abo cKa-
3BIBacTCS Ha paboTe mpuBoja (puc. 6).

w, M/C

40
3.5

I W TE

-

3.0

2.5

2,0

15

1.0

0.5

0.0

4 6

8

10 d, MM

Puc.6 — Bousiane nnameTpa TpyOOIIpoBOIOB HA CKOPOCTH NepeMelteHus kinanana ['PM:
W+ — CKOPOCTb OTKPBITUS], W- — CKOPOCTb 3aKPBITHS

OTMCTI/IM, YTO IPH OLCHKE IMOTEPH DHEPTUHN B
MarucCTpaidax, ONpeACIAOINM IMOTEPU TMapaMeT-
POM SBJIACTCS HE BCJIMYMHA AUAMETPA Marucrpa-
Jid, a OTHOWICHUC IUIOIIAaA IONCPEYHOIro Cceye-
HUS MarucCTpajin K 1jiomaan NOpuiHss FL[

HccnenoBanochk BIMSHNE BETUYUHBI MPOXO-
Horo ceuerns DMK Ha XapakTepHCTHKH IIPHBO-
Ja. Uccnenopancs Auana3oH IUIOLMIAJU MPOXOA-
Horo ceuennst DMK ot 15 10 40 Mm”. Pesynbra-
ThI UCCIIEIOBAaHMS IPECTABICHbI HA PUCYHKE 7.

_.-——-_"'—-—-_‘

w, M/¢
4.0
3__5 /_—J/
3.0 —=
55 k== -~
2,0

15 20 25

30 35 Fang, MM

Puc.7 — BnusHue mnomaau npoxognoro cedenuss OMK Ha ckopocTs nepemMerenus kianana ['PM:
W+ — CKOPOCTb OTKPBITUS], W- — CKOPOCTb 3aKPBITHS
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VBenuueHue BeJIUUYMHBI IPOXOJAHOI'0 CCUCHUSA HaGJ’IIOZ[aIOTCﬂ B MUTaroIeH n CIIMBHOM

cHIKaeT notepu sHeprur Ha OMK. D10 mpuBo-  MarumcTpaisx Ha y4acTKe MeXIy I'MAPOAKKyMYJis-
IUT K POCTY MaKCHMaJbHOH CKOPOCTH IepeMe-  TOPOM U TrHApormimuHApoM. CyMMapHO STH
meHus knanada I PM. [Ipu 3ToMm kak u B caydae ¢ motepu cocTaBisitor Oonee 30% moaBoauMoi
JIMaMETPOM MAarucTpajieil ONpeAeNAIONIMM sBIA- K INPUBOAY MEXaHHYeCKOH oSHepruu. Tak xe
eTCsl He BEJIMYMHA IUIOIIAAM IPOXOJHOTO CeYe-  3HAYMTENbHBIMH SIBISIIOTCS IIOTEPH  JHEPrHU
HUSL, @ €€ OTHOLIEHHE K muiomany mopHs ['11. B OIpaHUYHUTEIIE U THAPOTOPMO3€, Ha HUX TepsieT-
BeiBoapl. Ormpeznenensl TpeOyemble HUKIO- €5 OKOJIO 56%.
BbIE 3aTpaThl SHEPTUH HEOOXOMUMBIE JUIsl (PYHK- Jlnist moBbIIeHUs! YSHEProdPEeKTUBHOCTH THI-
LIMOHUPOBAHUS THIPABIMYECKOrO IIPHBOJA Kia-  PONPUBOJA HEOOXOAMMO CHIDKATh T'HMIpaBliMye-

IIaHa Ta30pacHpeeNUTEeIbHOT0 MeXaHm3Ma. /it ckue moTepu B MarucTpansix NMUTAHUS W CIIUBA.
OIHOKPAaTHOTO CpadaThIBaHMS KiIamaHa TpedyeTcss  ODTOro MOXKHO JOCTHYb CMEIICHHEM THIPOAKKY-
25,9 JI>x MeXaHH9IECKOI SHEPTHH. MYJIAITOPOB K TUIOPOLWIMHADPY, YBEJIUYEHHEM

BbineneHsl qUCCUNATHBHBIE TOTEPH PHEPTHM  JHAaMETpa TPYOOIPOBOJIOB M IUIOMIAAN IMPOXOJ-
B IHaAponpuBoec. HaI/I60J'IbIJ_II/Ie IMOTEPU SHEPTHUU HOT'O CCYCHUA DJICKTPOMATrHUTHBIX KJIallaHOB.
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DETERMINATION OF DISSIPATIVE LOSSES IN THE HYDRAULIC DRIVE OF THE GAS DISTRIBUTION
MECHANISM OF AN INTERNAL COMBUSTION ENGINE
A.V. Maksimov, Yu. Kh. Shogenov, E. 1. Baygildeeva, L. A. Zimina, I. Kh. Gayfullin

Abstract. Controlling the opening and closing times of intake and exhaust valves can improve the efficient parameters
of an internal combustion engine and reduce the toxicity of combustion products. The valves are moved by an electronical-
ly controlled hydraulic drive. The energy consumption for the operation of a hydraulic valve drive is greater than when
using a traditional mechanical drive. The dissipative energy losses in the accumulator one-way hydraulic valve drive are
investigated. The working fluid of the hydraulic drive is SAE 5W-30 motor oil. The oil pressure behind the pump is 8
MPa, the diameter of the hydraulic cylinder is 16 mm. The main items of energy consumption are identified, and a meth-
odology for their determination is proposed. The assessment of the efficiency of the hydraulic drive was based on the law
of conservation of energy. To determine energy costs, a hydraulic drive model was compiled in the Simulink environment.
A law of valve movement similar in shape to trapezoidal was obtained. The maximum speed of valve movement during
the opening process is 4 m/s, during the closing process 3.8 m/s. During the period when the valve is held near the maxi-
mum lift of 14 mm, free oscillations with an amplitude of about 1 mm are observed. The energy consumption for a single
actuation of the valve, which has a progressively moving mass of 0.5 kg, amounted to 25.9 J. Of this, a little more than
70% is spent on filling the hydraulic cylinder with liquid, the rest is spent when emptying it. As a result of throttling the
fluid flow in the hydraulic cylinder rod stroke limiter and hydraulic brake, 56% of the energy is lost. Large energy losses
are observed between the hydraulic accumulators and the hydraulic cylinder. When the cylinder is filled, 21.1% is lost
here, and when it is emptied, 10.4%. Increasing the capacity of the supply and drain lines between hydraulic accumulators
and hydraulic cylinders allows you to increase the speed of opening and closing valves. The main ways to increase the
energy efficiency of the drive are to shift the hydraulic accumulators to the hydraulic cylinder, increase the diameter of the
connecting lines, and increase the throughput of the solenoid valves.

Key words: gas distribution mechanism, hydraulic valve drive, dissipative losses, energy efficiency, modeling
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