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COBEPIIEHCTBOBAHUE METOIUKH TUAI'HOCTUPOBAHUS JIU3EJIBbHOI'O
JABUT'ATEJISA C TOINIMBHOU CUCTEMOUH COMMON RAIL B PEXXKUME
CBOBOJHOI'O PA3I'OHA
A. ®©. KypHocos

Pedepar. IloBrimenune  >(G(GEKTUBHOCTH  AKCIUTyaTallill  COBPEMEHHBIX  TPAHCIOPTHO-
TEXHOJIOTHYECKIX MAIINH CEIbCKOX03SHCTBEHHOTO Ha3HAUEHNUS HEBO3MOXKHO JOCTHYb 0€3 CBOEBPEMEH-
HOW AMarHOCTUKHU ABHUTraTess. DKCIIePUMEHTAIbHBIE UCCIIEOBAHNUS IPOBOAMIN C LIETbI0 COBEPIIEHCTBO-
BaHUA METOJIMKH JUATHOCTHPOBAHMS Au3eNbHOro npuratens SAM3-53445-22 ¢ TOMIMBHOW CHUCTEMOU
Common Rail myTeM OLEHKM KOMIUIEKCA IMAarHOCTHYECKHUX IapaMeTpoB IPU CBOOOIHOM pas3roHe
JBUraTeNs 0T MUHHUMAJIBHON 10 MaKCHUMaJIbHOI 4acTOTHI BpallleHHUs KOJEHJYaToro Baua. Bpems cBobon-
HOTO pa3roHa JBUTATENs NMpH paboTe Ha BCeX HWIMHApAX cocTaBisieT 1,84 ¢, mpHu OTKIIIOYCHHOM TPETh-
eM mHApe — 2,54 ¢. OTKII0OYeHNE TPEThEro NWINHIPA MPUBOANT K YBEIHICHHUIO aMIUIUTYbI YCKOpe-
Hust co 140 ¢ 10 297 ¢, 4TO CBHCTENBCTBYET O MOBBIIICHAN HEPABHOMEPHOCTH PAGOTHI LIMIHHPOB.
OOmas uKIoBas Mojada TOIUIMBA U €r0 PAcXoJl MPU OTKIIOUYCHWH OJHOTO M3 IMIMHAPOB MOBBIIIAIOT-
cs, 9TO CBHUJCTEIBCTBYET O HEKOPPEKTHOM pacyeTe 3JIEeKTPOHHBIM OJIOKOM YIIpaBICHHS N1EHCTBUTEINb-
HOM LIMKJIOBOH mojaue Tomnusa. IIpu OTKIIOYEHHH OJHOTO U3 LWIMHIPOB, UHAUKATOPHBIA KPYTSIIUN
MOMEHT, HCUMCIICHHBIN MPOrPaMMHO OTHOCUTEJIBHO OOIIeil IMKIIOBO 10Jauy TOIUINBA, YBEIHMIUBACTCS
¢ 243 10 291 Hm npu uyacToTe BpalleHHs KOJIEHYaTOro Bama 2630 MuH™', Tpu 3ToM 3(QeKTHBHBIE
MOKa3aTeId JABWTATeNsl C HCIOJB30BAaHMEM CYLICCTBYIOIIMX CPEACTB H3MEPCHHIH ONpeneNuTh
HEBO3MOXHO. PazpaboTaHHas MeToAMKa AUATHOCTHpOBaHUs Apurateis SIM3-53445-22 B pexxume cBO-
00HOTO pa3roHa MPeAIoNaraeT OLEHKY TEXHHUECKOTO COCTOSHHS JBUTaTeIsl HA OCHOBE aHAIN3a HEHC-
MIPaBHOCTEH, yCTAHOBJICHHBIX BCTPOSHHOM CHCTEMOM JMAarHOCTHPOBAHMS, & TAKKE 110 BPEMEHH PasroHa,
YCKOPEHHIO KOJICHYaToro Bajia, OOIlel LMKIOBOM I0jauye TOIUIMBA, PAcXojay TOIUIMBA M JAaBICHUIO
HaJTyBa BO3AyXa.

KiroueBble cjioBa: IBUraTellb BHyTPEHHEIO CrOpaHUs, CBOOOMHBIN pa3roH, yCKOpEeHHe KOJIeHUaTo-
ro Baja, LMKJIOBas Mojada TOIUIMBA, PAcXOj TOIUIMBA, JABJICHHWE HAAMyBa BO3yXa, WHAMKATOPHBIN
KpYTSILUNA MOMEHT.

Beenenne. DO¢¢exkTHBHOE UCNIONB30BAaHHE  MapaMETPOB TEXHHYECKOTO COCTOSIHHUS KOTOPBIX
TPaHCIIOPTHO-TEXHOJIOTHYECKHUX MAIIKH CeNIbCKO-  HE rapaHTHpYeT pabOTOCIOCOOHOCTH TOIUIMBHOI
XO3SIUCTBEHHOTO HAa3HAYCHHS BO3MOXKHO IPU  CHUCTeMBI M JBHraTens B menoMm. Ilpu stoMm s
YCJIOBHM CBOCBPEMEHHON OLICHKH TEXHUYECKOTO  HCIOJIb30BaHUS IIMPOKO HH()OPMATHUBHBIX [Ha-

COCTOSTHHSI WX JIBUTATeJICll BHYTPEHHETO0 Cropa-  THOCTHYECKHX MapaMeTpoB, HalpHMep, BHYTpH-
aus (IABC). Copemennsie JIBC ocHameHsI ToII- LMKJIOBOIO  YCKOPEHHsI  KOJEHYaToro  Bajia
JIUBHBIMM CHUCTEMaMU C MHTEJUIEKTYyaJIbHBIM (KB) [11, 12, 13], HEOOXOaMMO TIPUMEHEHHE ClIe-
yhnpaBJeHHeM M AuarHoctupoBanueMm [1, 2, 3], LUAJIbHBIX U3MEPUTENBHBIX YCTPOICTB C BBICOKOM

Cpelnu KOTOPBIX HauboJsblliee PaclpOCTpaHEHHE  YacTOTOW JAMCKPETU3AINH, YBEINIUBAIONINX CTO-
MOJIy4uJia TOTUTMBHAS CHCTEMa aKKyMYJSTOPHOTO  MMOCTh JMAarHOCTUKH.

tuna Common Rail [4, 5]. DnexrponHoe ympas- [ToBBICHTH ONEPATUBHOCTH JTMArHOCTHPOBA-
JieHue nojaded TommBa B mMiaMHApH JIBC co-  HMs aBMrartened BHYTPEHHEIO CrOPAaHHS MOXHO
34T BO3MOXKHOCTU [UIi ONEPAaTHBHOM OLEHKH  IyTeM COBEPILICHCTBOBAHUS CYLIECTBYIOIUX Me-
paboTOCIIOCOOHOCTH ABHUTATENS C MCHOJIB30BAaHU-  TOJMK C HUCIIOJIb30BaHHEM LH(POBBIX ANArHOCTH-
€M DJEeKTPOHHBIX CPEACTB IMAarHOCTHPOBAaHUS,  YECKHX CPeICTB m3MepeHuid. Pamee Obuto mpen-
KOTOPYIO MOXXHO IPOBOJANTH IIPH NIEPUOJANIECKOM  JIOKEHO AMAarHOCTHPOBATH JABHraTebh BHYTPEHHE-
JUarHOCTHPOBAHUH B XOJI€ OUEPETHOTO TeXHHUe-  ro cropanus IM3-536, paboTtaromero COBMECTHO

ckoro  obcmyxuBaHuS. [lnd  COBpEeMEHHBIX C aBTOMATHYECKOM KOpoOKOi#l mepemad mo MeTo-
oTteuecTBeHHbIX aAu3enbHbIX JBC $IM3-534 um  nuke, mpennonararoliedl €ro 3arpysky CUIaMu
SAM3-536 ¢ 31neKTpOHHON CUCTEMOH ympaBieHuUs COIIPOTHUBJICHHSI THApOTpaHcopmaropa U n3Me-
METOJMKA JUATHOCTHUPOBAHUS NPEAyCMAaTPUBAaeT  pEHHE TEKYIIUX MapaMeTpOB BCTPOEHHOU CUCTe-
YTEHHE M PacIIu(pOBKY KOJIOB HEHCIIPABHOCTEH, MBI quarHoctupoBanus [14]. OgHako B ciyuae ¢
OIIEHKY BEJIMYMH JHAarHOCTHYECKMX CHTHAJIOB  MEXaHWYECKOHl KOpOOKOH mepemad 3arpy3uTh
ANEKTPOHHBIX KOMIIOHEHTOB (JAaTYMKOB), @ TAKXKE  JIBUTATENb CHJIAMH COIPOTHBIICHHS THIPOTpPAHC-
JUAarHOCTHKY MEXaHHYeCKOW dYacTW MABHWrarelss  (opmaropa HEBO3MOXKHO, MOITOMY MPEIIIOKEH-

C HCIONB30BAaHMEM BHENIHHX cpeactB [6, 7], HBIE pelIeHus TpeOyI0T COBEPIICHCTBOBAHMS.
OJIHAKO OHA HE COJAECPKUT KOHKPETHBIX PEKOMEH- Ienp ucciaenoBaHuil — COBEPIIEHCTBOBAHHE
Jauuii O TOCIEeNOBATE€IbHOCTH NEWCTBUI NpU  METOJUKM  JUATHOCTUPOBAHMUA  JU3EIBHOTIO
JUarHOCTUPOBAHUU. JBUTATENss C TOMIMBHOM cuctemoit Common
PazpaboTannsle aBTOPCKHE meromuku  Rail myrem uMcnonb30BaHUs KOMILIEKCa AHMArHo-

JMarHOCTUPOBAHMS  JIBUTaTelieil BHYTPEHHErO0  CTHYECKHX MapaMeTpoB B PEXHUME CBOOOIHOTO
cropanusi ¢ TOIIMBHBIMEH cucteMamMn Common  pasrona (CP).

Rail [8, 9, 10] mpeamonararoT TUarHOCTHPOBAHKE YcnoBusi, MaTepuanabl U MeToAbl. Padoty
TOTUIMBHBIX ¢bopcyHOK, BOCCTAHOBJIGHHE  MPOBOJMIH Ha YEThIPEXLUINHIPOBOM
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YETHIPEXTAKTHOM JU3eJbHOM jBurarene AM3-
53445-22, ycraHoBineHHOM Ha aBTomobOmine ['A3-
CA3-2507 (puc. 1), mMPOKO HCIIONBE3YyeMOM B
CEJIbCKOM XO3SIHCTBE.

OCHOBHBIE TEXHHYECKHE XapaKTCPUCTHKH
OBUTATENS:  QUAMETP  TOPIIHSA  COCTaBIISACT
105 mm, xon mopiuHs - 128 MM, pabounii 00beM
npurarensa - 4,43 1, MakcuMalbHas MOIIHOCTD -
125 kBT, HOMUHallbHAsE YacTOTa BpallleHUs KO-
JneHyaroro Bayna - 2300 MI/IH-I, MaKkcuMalbHas
4acToTa BpalleHHs XOJIOCTOTO Xona, He Ooiee

-
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. pm——————

2800 MUH"', MAKCHMaIbHbIH KPYTSIIHi MOMEHT -
664 Hm mpu gacroTe BpalleHUS KOJEHYATOrO
Bama - 1200...1600 wmun!, MuHUMAIbHBIH
YACJIBHBIM pacxol TOIUIMBA NPU HOMUHAJIBHOMN
MotrHOCTH - 220 1/kBT-4, 9acoBOi pacxox TOILIH-
Ba TIpM HOMHHAJBHONH MOINHOCTH - 28 Kr/d,
Tun TtormuBHOM ammapatypsl CRS BOSCH,
MaKCUMaJbHOE JaBJICHHE BIPBHICKA TOIIMBA -
200 MIla, makcuMaIbHOE JaBJICHUE HAJAyBOYHO-
ro Bo3ayxa - 220 xl[la, Texymas HapaOOTKa JBH-
rarens - 112 4.

Puc. 1 — O6uwmit Bua auarnoctupyemoro asuratesst SIM3-53445-22

_—

Perucrpanus JTaHHBIX MIPOUCXOTHIIIA
JUCKpETHO ¢ yacToToi 35 'l ¢ ucnonb3oBaHUEM
HU3MEPUTENLHOTO KOMILJIEKCA, KOTOPBI
COCTOSUT M3 DJIEKTPOHHOTO OJIOKa yIpaBJICHUS
JBUTATENeM, TpeoOpasylonero  aHaJIOTOBBIE

CUTHAJIbI TaTYMKOB B LU(POBOIl BUJ, MyJIbTHMA-
pouHoro ckaHepa Scanmatik 2 PRO [15],
NojAKJIoueHHoro  uepe3 pazsem OBD 1I
K OOpTOBOH cHCTEME JAWarHOCTHPOBAaHUS U

JbY BOSCIIEDC17 CV44

OBD 11

— e [1OTOK AQHIBIX

HepeAarolero JaHHble B [U(POBOM BUJIE HA IIep-
COHAJBHBIN KOMITBIOTED (pHC. 2).

OTtoOpaxkeHHe IoJy4aemMoil  HMH(pOpMaIuu
B PEeXKHMME OHJIAiH, 3aIUCh JAHHBIX M COXpaHEHHE
MacCuBa JaHHBIX B BUJIE TAOJUIBI YHCICHHBIX
3HaY€HUH  TOPOBOAWIIM C  HCIOJIb30BAHUEM

nporpamMmHOro obecrieueHuss CkaHMaTuk, odpa-
0OTKY YHCICHHBIX JAHHBIX
Microsoft Excel.

MIPOTPAMMBI

Ilepconansumii XoMusI0 rep

3} Bluetooth

Puc. 2 — CtpykTypa U3MEpUTENHLHOIO KOMILIEKCa

[Ipu mpoBeACHUU IKCIEPUMEHTOB PETUCTPU-
poBallK  CJICOYIONIUE MapaMETPhl: IOJOKCHHE
mefaiad ras3a, 4acTOTy BpAIICHHS KOJICHYATOTO
Baja, obmryro nukioByro nogagy (L) Torumsa,
pacxon TOIIMBA, UHAUKATOPHBIA KPYTALIUM MO-
MeHT (KM), Temmeparypy oxiIakIaromei sXumaKo-
CTH U JIaBJICHHC HAJIyBa BO3JyXa.

HccrenoBanusi BBIMOJNHSUIA B CICIYHOLICH
MOCJICIOBATEIILHOCTH:
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3aIlyCKalli JIBUTaTeNb M IPOrPEeBalid €ro 10
TeMIIepaTyphl oxiaxaarouiei xunkoctu 85°C;
OCTaHABIMBAJIM  JBUraTelb,  OTKIIOYAIN
3aKUT'aHUE, TOAKIIOYAIN MYJIbTHMApOUHbIA CKa-
Hep Scanmatik 2 PRO k passemy OBD II, Bximio-
Yany 3aKUTaHKe, 3aIlyCKall IporpaMMHoe obec-
neyenne CKaHMaTHK, YCTAaHAaBIMBAlIHd COCIMHE-
HHE Cc OOpPTOBOM CHUCTEMOH IMAarHOCTHPOBAHMS
JBUTaTeNsi WM 3aJaBald HabOp IEpPEeMEHHBIX,
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HEOOXOANMBIX JJIsl U3MEPEHUS U 3aIIHCH;
3amycKajiy ABMrareib, yCTaHABIMBAIM MHUHU-
MaJbHYI0 YacTOTYy BpallleHHs KOJIEHYaTOro BaJa,
BKITIOYAJIM 3alIUCh KOHTPOIUPYEMBIX NapaMeTPOB
n ocymectmsuin CP aBuraTtens myTeM pe3Koro
Ha)KaTUs Ha mejanb rasa. [Ipu nocTikeHWH 4a-
CTOTBI BpallleHHUs KOJIEHYAaTOro Bajla MaKCHMallb-
HOTO 3HA4eHUs, OTKIIOYAIM 3allUCh CUTHAJOB,
OTIyCKaJU MeJallb Ta3a U yCTaHABIUBAJIU MHUHU-
MaJIbHYIO YacTOTY BpAIlleHUs KOJIEHYAaTOro Baja;
MIOOYEPETHO OTIIOYAIN OJUH M3 LIIMHIPOB
ITyTeM MNPOTrPaMMHOTrO OTKIIIOYEHHS MOJAYU TOI-
nmBa, ocymectssuin CP gBurarens Ha Tpex IH-
JTUHIPaX ¢ OMHOBPEMEHHOU (hHKcalei u3mepsie-
MBIX NTapaMeTpOB,;
00pabaThIBaIU TOJTyYEHHBIE JaHHbBIE C TTOCIIe-
LYIOIEH UX BU3yaau3alueil U HUHTEpIIpeTalue.
ITpu rpaduyeckoll BH3yaaM3ally JAHHBIX 32
Ha4Yaj0 OT4YeTa NMPUHHUMAId MOMEHT Hadajia BO3-
JeWcTBUSA Ha meaanb rasa. B cpennem Bpems me-
peBoja Meaany rasa OT MHHUMAIIBHOTO B MaKCH-
MaJbHOE NoJI0KeHue cocranisuio 0,25 c.

Yacrora BpaleHHsA

Crnenyer OTMETUTh, YTO BEIHUUHBI M3MeEpsie-
MBIX napamerpoB npu pabore JIBC ¢ moouepen-
HBIM OTKJIIOYEHHEM OJHOTO W3 LWJIHHAPOB BO
BCEM [MAIla30HE U3MEPEHUN Pa3INndaInch MEXIy
coboii He Oonee yem Ha 0,6%, 4TO CBUACTEIB-
CTBYET O paBHOMEpHO# pabore mummHApPOB. Ilo-
3TOMY B 9KCIIEpUMEHTAIBHON yacTu AJs IpuMepa
NPE/ICTAaBIICHBI JaHHbBIE Ul PaOOThI IBUraTeNs C
OTKJIIOYEHHBIM TPETHbUM IMIIMHAPOM.

PesyabtaTsl n obcy:xaenne. [Ipu padore Ha
BCEX LMIMHAPAX BPEMs pasroHa ABHTATENs CO-
CTaBISUIO B cpenHeM 1,84 ¢, OTKIIIOUEHHE TpeThe-
ro OWIMHIPAa TPUBOJWIO K €ro yBEIUYECHUIO
10 2,64 c (puc. 3).

MaxkcumManbHas uactoTa BpamieHus KB Ha
XOJIOCTOM XOJy IpH paboTe ABUTaTeNs Ha BCEX
LMIMHAPaX COCTAaBHIA 2754 mun’', Ha Tpex uu-
muEApax — 2726 Mun"'. Bpems Hauana M3MEHEHHs
4acTOTHI BPaIlleHUs! KOJIEHYATOrO Bajla HE 3aBUCE-
JIO OT KOJMYECTBAa pabOTArONINX IMIMHAPOB H C
Hayana BO3ACHCTBUS Ha MeAanb rasa COCTABISIIO
0,13 c.

KB, mum!
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Puc. 3 — M3MeHeHHNe 9acTOTH BpallleHHs KOJIEHIaTOro Bana npu padore IBC
B peXXHUMe CBOOOIHOTO pa3roHa

BpeMst ¢cBOOOJHOTO pasroHa ABHUTATENS IMPH
paboTe Kak Ha BCEX, TaK M C OJHUM OTKJIIOUEH-
HBIM IWIMHAPOM, — OCHOBHOW Hapamerp, Xapak-
Tepu3yomuid 3QPEeKTHBHOCTE €ro padoTHl B 3a-
JNAHHBIX YCIIOBUSX. bBojbpmias BeTHYMHA 3STOTO
MoKa3aTessl Ha BCEX MWIMHAPAX CBUACTEIECTBYET
o Hm3KoH HsddextuBHOCTH padotsr JIBC.
Hammensinee Bpemsi pasrona JABC mpu moode-
PEIHOM OTKIIFOYEHHH OJTHOTO M3 IIUIUHAPOB CBHU-
NEeTeIbCTBYET O HanMeHbIned 3(QeKTHBHOCTH
PpaboTBI COOTBETCTBYOIIETO IIHHIPA.

YckopeHHe KOJIGHYaTOro Baja INpH padoTe
JIBUTATENIs HA BCEX INMIMHIPAX  H3MEHACTCS
HE MOHOTOHHO, a C MaKCUMAaIIbHON aMIUTHTYIOH
140 ¢ (puc. 4). ITpu gacrore [BPAILCHHS KOJICH-
garoro Bama 748...1003 MI/IH BEJIMYMHA 3TOTO
oKa3areis I/ISMeHﬂeTCﬂ ot 0 ¢? 0 267 c'2 3aTeM
YMCHBILACTCA 1O 66 ¢ pn 9acTOTe BPALICHUS
KB 1850 mun™ u nocruraer 148 ¢ IIpU 4acTOTE
Bpamenus KB 2617 mun IIpu nocrmxeHun
4ACTOTBI BPALICHHA KOICHYATOTO Bala MAaKCH-
MaNbHOrO 3HaueHHs 2754 mun’' yckopenue KB
paBHo Hymio. Cpennee yckopenne KB 3a mmkr
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CBO60}IHOFO pasroHa JIBUTaTeiss COCTAaBIISIIO
103,6 ¢, PaGota mBuratens B pexume CP npu
OTKJIIOYCHHOM TPETHEM LUUIMHAPE NPUBOAMIA K
TOBBIIEHHIO AMIUTHTY/IbI YCKOpeHus 10 297 ¢

B MHTEpBAlle =~ 4acTOThl  BpALICHNs KB
739...969 MI/IH yckopenue KB wusmensocs
or 0 mo 299 ¢? . IIpn zlam)HemueM YBEIMUEHUN

4acTOTHl BpameHus a0 1991 mun nponcxo;mno
€ro TocTeneHHoe yMeHbieHue a0 10 c? l'[ocne-
Ayloliee yBeNWUYeHHWe ycKopeHms mo 143 ¢
HaOIrOIaIH TIpU TIOBBILICHIH 4aCTOTBI BPALCHHS
KB 10 2608 mun™. Cpemnee yckopenne KB 3a
uukn CP ¢ OTKJIIOYMEHHBIM TPETHUM LMIHHAPOM
cocTapso 83,5 ¢

ITo xapaKTepy n3meHenusa yckopenusi KB
MOJKHO OIICHWTh HEPaBHOMEPHOCTh PabOTHI IH-
muaapoB JIBC. VBenuueHue ero aMIUTUTYIbI Xa-
pakTepu3yeT NOBBINICHHE HEPABHOMEPHOCTH pa-
00Thl mWIMHAPOB naBurarens. [lo cpeanemy 3a
LUKJ pa3roHa apurateis yckopenuto KB moxHO
oneHuTh PPekTrBHOCTE padoTel JIBC, Tak kak
yckopenne KB HampsMyro xapakrepusyeT 3¢-
(heKTHBHBIN KPYTSAUTUH MOMEHT.
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Puc. 4 — V3menenne yckopeHns KoJieHdaToro Baina mnpu padore [IBC B pexxume cBOOOIHOTO pa3roHa

Oo6mas LI TomnuBa cKiIaapIBaeTCs U3 OCHOB-
Hoit LII Tomnmuea u LI npensnpeicka TOILUIMBA.
O6mas L[I1 B wmHTepBaJie YacTOTHI BpAILCHUS

KB 739...1666 mux' mnpu paGorte asurarens
Kak Ha BCEeX LWIMHApaX, TaK M C OJHHUM
OTKJIFOYEHHBIM LWIHHIPOM CYIIECTBEHHO

He oTnn4aercs (puc. 5). MUHNManbHAs BEITHIHHA
9TOTO MOKa3aTelis Ipu paboTe ABHUTATENs Ha BCEX
LIIHHIPaX COCTAaBISIET 8,3 MI/IMKI 1pH 4acToTe
BpALIIGHHs KOJNEHYATOro Bana 748 MuH', a mpu
OTKJIFOUEHHUH TPETHErO HI/IJ’II/IH)Ipa - 12 mr/muki —
pu yacToTe BpameHus 739 MuH'. Makcumas-
Horo ypoBHA obmas I[II TormmBa nocturaer
B TIEPBbIC MTHOBEHHA pasrona JIBUraTels
npu gacrote Bpamenus KB 758...771 mun’ n
cocTaBisieT 62 MI/IMKI HE3aBUCHMO OT YHCIA

pabotatommx wwiMHAPOB. [lpyu mocnmemyromem
cBOOOJTHOM pa3rOHE IBHWTATENs HAa BCEX LMIHH-
npax obmas I[III TomnuBa cHayana CHUXKAETCS
no 35,9 mr/umkn npu uacrore BpamieHus KB
1710 mun', 3aTeM MOCTENEHHO IOBBIIIACTCS
o 47 MF/III/IK.]'I npu dvacrore BpameHus KB
2664 vun. Tpu MaKCI/IMaHBHOI/I 4acToTE Bpalle-
mus KB 2754 wmum! LIMKJIOBAs MOJaya yCTaHaB-
nuBaeTcss Ha ypoBHe 25 wmr/muki. [Ipm cBobox-
HOM pa3rOHE JBHTATENIS C OTKIFOYCHHBIM TPETh-
uM munuEIpoMm obmas LI cHavanma cHmxaercs
mo 37,9 MF/HI/IKJI mpu vacrore BpameHus KB
1700 mMun™', 3aTeM yBenmunBaercs 10 54 Mr/imkn
mpu 2648 MI/IHl. IIpn MaxkcuManbHOM 4YacToTe
BpaleHUs KOJICHYATOTO Baja IMKIIOBas Tojada
TOIUIMBA cocTaBisieT 31,7 MI/IUKIIL.

O6was HII Tormiga,
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Puc. 5 — M3menenune nukiioBoit noga4yu Tortisa npu padore IBC B pexnme cBOOOAHOTO pa3roHa

B menom mpum cHmWKEHHH 3((GEKTHBHOCTH
paboTel ABHUTATENS, BBI3BAHHOM B YCIOBHAX JKC-
MEePUMEHTA OTKIIIOYEHUEM OJJHOTO U3 LUIUH]POB,
oO01mas 1MKJIOBasl 110/1a4a TOIUIMBA YBEIMYHBACT-
cs, HECMOTpsl Ha cHmxeHue yckopeHus KB nBu-
rarenst. OTO CBSI3aHO C TE€M, YTO IIPU OTKIIIOYEHUU
MOJ[a4Y¥ TOIUIMBA AJICKTPOHHBIA OJIOK yIpaBIICHHS
JBUTATEJIEM YYUTBIBACT OTKIIOUCHHBIN LVITHHID
nipu pacyete obmieid [II1 TormmmBa, Tak Kak CUCTe-
MOH TIPESyCMOTPEH KOHTPOJIb (HaKTHIECKOTO
JIaBJICHUsI TOIUIMBA B peilie U 3aaHHOM Ui BCEX
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(OpCYHOK  JUIMTENBHOCTH  BIpbICKa  0e3
KOHTPOJIST (PaKTUYECKOW JITMTEIHHOCTH BIIPHICKA
Kax10# GOpCyHKOI.

ITpn pasrone aBurartenst Ha BCeX LMJIMHIpPAX
pacxoj TOIUIMBA MTHOBEHHO YBEIMYHBACTCS
¢ 0,9 n/g npu wacrore Bpamenust KB 748 MI/IH'1
110 6,9 /4 ipu wacrore Bpamerus KB 773 mum
3aTeEM IUIABHO IIOBBIMIAETCS IO 19 1 /9 mpu qa—
crote Bpamenns KB 2710 mun™ (puc. 6). Ipn
JABHEHIIeM pasToHe IBUraTels 0 YCTaHOBHB-
mefics yacToThl BpameHus KB 2754 mun on
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pe3ko cHwxkaercs 10 9,7 n/4. Ilpu oTkitoueHnH
TPEThero HMWINHAPA B HAYaJIbHBI MOMEHT Pasro-
Ha [JBUTaTels pacxo] TOIUIMBA HW3MEHSETCS
¢ 1,3 n/a nmpu 739 mmm’' 1o 6,9 n/u4 mpu

70 21,6 n/9 mo Mepe yBeJIMYEHHs YacTOTHI Bpa-
menns KB 1o 2688 mun™. Ilpu mambHeitmem
pas3roHe 10 yCTAaHOBHMBIIEHCS 4aCTOTHI BPAICHHS
KB 2726 MuH"' pacxos TOMIMBA PE3KO CHIKACTCS

771  wun!, 3aTeM IUIABHO  MOBBILIAETCS 1o 13,2 /4.
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Puc. 6 — 3menenue pacxopa torua mpu padore [IBC B pexumMe CBOOOIHOTO pa3roHa

B nemom ais obecrieueHuss CBOOOIHOTO pas-
TOHAa JIBUTATENsl PacxXo] TOIUIMBA YBEITUYMBAETCS
MIPH OTKJIIOYCHHUH TPETHETO IFIHMHIPA. DTO 00B-
SICHAETCS TEM, YTO HCXOMAHBIMHA [aHHBIMU IS
pacueTa pacxoja TOIUIMBA BBICTYIIACT LUKIIOBas
mojiada ToruInBa. TakuM 00pa3oM, IMOBBIIICHHBIN
pacxoji TOIJIMBA B PEKUME CBOOOJHOTO pa3roHa
CBUJIECTENBCTBYIOT O CHIKEHHMH 3(deKkTuBHOCTH
paboThl IBUTATENSI BHYTPEHHETO CTOPaHUSI.

JlaBnenne HaagyBa BO3AyXa HM3MEHSETCS
IUTABHO IO MEPE yBEIMUYCHHS YaCTOTHI BPAIICHUS
KoleH4yaTtoro Bama. [lpm pabore aBHUTaTeNs
Ha BCeX LUMIMHApax OHO Bozpactaer co 106,2 no

m3mensercsa co 104,9 no 191,6 klla npu vacrote
Bpamenus KB 739...2726 mun™'. Ilpu wacrore
Bpamenus KB Oomee 1500 MuH' HabmromaeTcs
3ama3pIBaHIE HapacTaHWs JaBJICHUS MPH paboTe
IIBUTATEII HA BCeX NWIMHIPAX OTHOCHUTEIHHO
paboTHI C OTKIIOYEHHBIM TPETHUM IFITMHIPOM B
cpenneM Ha 11 kIla. DTO OOBSCHAETCS TEM, UTO
npu pabdote /IBC Ha Tpex IUIMHIpaX BpeMs pas-
roHa JBWraTelsl W, COOTBETCTBCHHO, TYpPOHHBI
YBEJIMYMBACTCS, YTO CIOCOOCTBYET MOBBIIICHUIO
4acTOTHl BpalleHUs poTopa TypOuHBEL. Kpome
TOTO, TOBBIIICHUE PacXoAa TOIUTMBAa Ipu pabote
JIBUTATEI HA TPEX IMIIMHAPAaX MPUBOIUT K yBe-

192,9 «Ila npu wyactore Bpamenus KB JUYEHUIO 00beMa BBIXJIOIMHBIX Ta30B M, COOTBET-
749...2754 wmun’' (puc. 7). IIpu OTKIIOYEHMM  CTBEHHO, POCTY YacTOThI BPAILICHHS POTOPA Typ-
TpeTbero  MWIMHApPA  JaBJI€HHE  HaJdyBa  OWHBI M JaBICHUS HAJIyBa.
Jasnenue HammyBa, Kl la
200
180 s "
7
160 %’3
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Puc. 7 — I3menenue naBneHus HaqyBa Bo3myxa mpu padote JIBC B pexxume cBOOOIHOTO pasroHa

[lo BenwuuHe JaBlicHWS HAAIyBa BO3AyXa
MOXXHO  OICHHTh TEXHHYECKOE  COCTOSIHHE
CHUCTEeMbl  MUTAHUsT  BO3AYXOM.  MeHblias
BEJIMYMHA JTOTO IOKa3aTessl XapaKTepu3yeT I1o-
BBILIIEHHOE COMPOTUBIICHHE BO3AYIIHOTO (pribTpa
U CHWXeHHE 3PPEKTUBHOCTH PabOTHI TYypOHHEI.
Bonbiiee naBneHWe HAAIyBa CBUACTCIBCTBYET

0 HEUCIPABHOCTSAX CHUCTEMBbl PELUPKYIISLUU
0TpabOTAaBIINX ra30B.
WcuncnenHeplii  OTHOCHTEIBHO  ITUKIOBOM

nmojayn TorumBa WHAWKAaTOpHBIM KM mpu CP
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JIBUTATENIl Ha BCEX LMIMHIPAX H3MEHAETCS OT
43 no 355 HM B uHTepBasie 4acTOTHI BpaLICHHS
KB ot 748 no 758 MI/IH_I, 3aTeM IUIAaBHO CHMIKAET-
¢t mo 186 Hm mpu wacrore Bpamenus KB
1850 mun (puc. 8). Ilpu mampHEiimeM pasroHe
JABC  wunamkaropueiii KM  yBenmumBaercs
10 248 Hm npu uactote Bpamenus KB 2710 mun

u pe3ko cHuxaercs 10 132 Hm npu ycTtaHoBuUB-
mejics uactore Bpamenus KB 2752 mun'. Ot-
KIIFOYEHUE TPEThETo LMIMHJpPA MPUBOAUT K yBe-
nuyeHuto uHAuKatropHoro KM B HauanbHBIN
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nepuo pasrona ¢ 63 1o 354 Hv npu usmeHeHuu
yacToTel Bpamenus KB ¢ 739 nmo 744 MI/IH-I,
3aTeM IDIaBHOMY CHmkeHnto g0 191 Hwm
npu gacrtote Bpamenus KB 1700 mun™. Iocre-
nytonmii  pasroH JIBC Ha Tpex ImIMHIpax

HMamikatoprsii KM,

COINPOBOXKIAETCS TOBBIIIEHHEM HHAWKATOPHOTO
KpyTsamero MoMmeHta no 291 Hwm mpu uactore
BpamieHns KB 2648 MuH"' ¥ pe3KuM CHUKEHHEM
naankatopHoro KM no 162 Hm npu ycTaHOBUB-
mieficst yactore Bpamenus KB 2726 mun™.
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Puc. 8 — M3MeHeHNe HHANKATOPHOTO KPYTAMIEro MoMeHTa mpH padore [IBC
B peXXHUME CBOOOIHOTO pa3roHa

B wmemom B ycHoBHSX ~ JKCHEPUMEHTa
uHAUKaTopHBIH KM IpH OTKIIOUEHUHM TPEThEro
OWIMHApPA YBEMUYUBAICA. OJTO OOBSICHACTCS
TEM, YTO BEJIMYMHA HTOrO MOKA3aTeNs HAPIMYIO
3aBUCAT OT IHUKJIOBOM MOJAa4Yud TOIUIMBA. Tak
KaKk TMpu OTKIIOYEHUH TPEThEero LWJIMHIpA

yBenuueHue uHaukatopHoro KM He mpuBOIuT
K  TIOBBIIIEHUIO  YCKOPEHHS  KOJEHYATOTO
Bajla, TO €ro HCIOJb30BAHUE B KA4yeCTBE
JMUArHOCTHYECKOTO TapaMeTpa I OUESHKH 3¢-
(hekTUBHOCTH pabOTHl [BHUTATENsI B PEXKAME
CP nenenecoobpazHo.

| JlmarnoctHpoBanwe |

=l

! \
H'—I‘relmc KO10B uemcnpauuocn:ur—-

I Koabl He oGHapyKeHbl ‘ |K0,£u,1 OOHapyKEeHbI |
—_——

H?'MEPCHPIC OCHOBHBbIX
nokasareJieii npu CP

Pacundporka konos

e e e ———

VYerpanenue
HEHUCNPaABHOCTEH

TTokazaTenu
B Mpeaesiax JoImycKa

ITokazarenu
3a IpeaciyiaMm I0ImycKa

npu CP ¢ OTKIFHOUEeHHBIM
UHJITHHAPOM

[ AN
DKcrutyaraums .I/IBMepeHMe nokazaresjeH

Ycrpanenue
HCHCI’JPHBHOCTﬁﬁ

Hcronb3oBanne
BCMOMOTAT.
JIMArHOCT. CPEJICTB [ ¥ ¢

@ @ ITokazaTenu
| i 3a MpeaeiiaMu I0MmycKa

— — Meronuka JAHarHoCTHPOBaHHs 3aBOJa MPOU3BOIHTEIIA

%)
- Scanmatik 2 PRO Komnpeccomerp Maunowmerp
L

Puc. 9 — biok-cxema anroputMa quarHocTupoBanus asurarens AM3-53445-22

Ha ocHoBaHuM NpOBENEHHBIX HCCIIEIOBAHUN
MpeUIo’KeHa METOIMKA IMAarHOCTHPOBAHUS JIBU-
rarens SIM3-53445-22, kotopas npeaycMaTpuBa-
€T aHalIu3 HEUCHPAaBHOCTEH, YCTaHOBJIEHHBIX
BCTPOCHHON CHUCTEMON JMAarHOCTHUPOBAHUS, H
nocuenyouee ux ycrpanenue. Ilpu oTcyrcTBun
YCTaHOBJIEHHBIX BCTPOEHHOM CHCTEMOW JuarHo-
CTHPOBAHUS HEWCIIPABHOCTEH, MO0 HEBO3MOX-
HOCTH HMX HACHTH(QHKAIMU, PAa0bOTy IBHraTess
BEIBOJAT B PEXHM CBOOOZHOTO pasroHa M
OIHOBPEMEHHO H3MepsIOT Bpemsi pasroHa KB,
o0miasi UKJIOBas MojAavya TOILIMBA, PACXOM TOII-
JIMBa W JaBlieHUe HaaayBa Bo3nyxa. [lo pesynbra-
TaM HU3MEPEHUIl CTPOSIT 3aBUCUMOCTH M3MEHEHHUS
yacToThl Bpamenuss KB ot Bpemenu pasrona, a
Takke yckoperns KB, o6meit LI1 Torumsa, pac-
X0Jla TOIUIMBA M JABJIEHMs HaaQyBa BO31yXa OT
yacToThl Bpamienuss KB u cpaBHuBatoT ux c srta-
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JOHHBIMH. B ciyuae coBmajeHHs IBHUrareib
HANpaBJIsIOT B OKCILIYaTalWIo, TPH OTKJIOHEHWH
MOJYYSHHBIX 3aBUCHMOCTEH OT STAJIOHHBIX MPO-
BOJAIT JIOTIOJHUTEIbHBIE H3MEPEHHs BPEMEHU
CBOOO/IHOTO Pa3roHa KOJEHYATOro Bajia MpH I0-
OUYepETHOM OTKJIIOYEHUH OJHOTO U3 LHIHHIPOB,
YCTaHaBJIMBAIOT HAMMEHbIIEE BpeMs pas3roHa
JBUTATENII HA TPEX IWIMHAPAX W NPUHUMAKOT
OTKITIOYCHHBIA IIHIMHAP Kak HaumMeHee d¢dek-
THBHO PabOTarOMINi, ONEHKY TEXHHYECKOTO CO-
CTOSIHHSI KOTOPOTO MPOBOMST C HCIIOJIB30BAHHEM
BCIIOMOTATEJbHBIX JTHATHOCTHYECKUX CPEJCTB.
Mo pe3yabTaTaM JUArHOCTUPOBAHUS YCTAHOBIICH-
HbIE HEHCIPABHOCTU YCTPAHSIOT, MOBTOPSIOT
MU3MEPCHHUS MEPCUNCIICHHBIX BEJIMYHH B PEKUME
CP naBurarens Ha BCEX HHIMHAPAX, CPABHUBAIOT
TOJTyYICHHBIC 3aBHCHMOCTH C STAJOHHBIMU U Ie-
JIAIOT BBIBOJ O pab0oTOCIIOCOOHOCTH nBUTATENsS. B
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ciydae, ecnu BpeMs pasrona KB apurarerns mpu
MOOYEPEeTHOM OTKIIOUEHHH OJHOTO M3 LMJIMH-
IpOB paBHO MEXIy co00ii, a BpeMs pa3roHa JIBHU-
raTeis Ha BCeX IMWIMHAPAaX MEHBIIE ATaJOHHOTO,
C HWCHOJH30BaHHEM BCIIOMOTATEIbHBIX TUATHO-
CTHYECKUX CPENICTB MPOBOIAT OIEHKY TEXHUYE-
CKOTO COCTOSIHMS KaXJIOT0 LIINHApA.

BoiBoabl. Pa6orocmocoonocts JIBC SIM3-
53445-22 ¢ TorumBHOM cuctemoii Common Rail
MOYKHO OILICHHTH 110 BPEMEHH CBOOOJHOIO pasro-
Ha, YCKOPEHHIO KOJIEHYATOrO Bana, OOmei IuK-
JIOBOI1 TIOJ1aue TOTUIMBA, PACXOAY TOIUIMBA ¥ JaB-
JICHHUIO HA/ITyBa.

Bpems cBoOOmHOTO pasroHa KOJEHYATOTO
BaJja TEXHUYECKH HCIPABHOTO JBUTATENs IpHU
pabote Ha Bcex IMIMHApax coctamisiet 1,84 ¢, ¢
OJIHUM OTKJIOYEHHBIM LWIMHIpOM — 2,64 c.
Bonbiee Bpems pasrona JIBC cBUIETENBCTBYET
0 MeHbIIeH 3 (HeKTUBHOCTH ero PadoTHL

Cpemnee yckopenue KB 3a muxi cBoO0IHOTO
pasroHa mpu E)a6OT€ Ha BCEX MIIMHAPAX COCTaB-
qsier 103,6 ¢, ¢ OTKIIIOUEHHBIM TPETHUM LIMJINH-
apoM — 83,5 ¢ OTKJIIOYeHHe OIHOTO HHITHHIPA
MIPUBOAUT K YBEIHMUCHHUIO aMILTHTYIbI YCKOPEHUS
co 140 ¢? 10 297 ¢%. Bonblee yCKOPEHHE KOJICH-
4aToro BaJia CBHCTEILCTBYET O BHICOKOM 3 dek-
TUBHOCTH pabOTHI IBUTATENSI, MCHBIIAS aMIDTHATY-
Ja YCKOPEHHS — O MEHbBIIeH HepaBHOMEPHOCTHU
pabotel mwmHApPOB. bombmee yckopennme KB
mpu cBOOOTHOM pa3TrOHE ABHUTATENs C IMOOYepes-
HBIM OTKJIIOYCHHEM IUIMHAPOB YKa3blBaeT Ha
MEHbBINYI 3GHEKTHBHOCTH PabOThI COOTBETCTBY-
IOIIETO OTKIIIOYEHHOTO IMITHH/IPA.

OTKJIIOUEHHE OJHOTO HWJIMHIpA MpU CBOOO-
HOM pasrone /IBC npuBOIUT K MOBBILIEHUIO pac-
xoza tormmBa ¢ 19,1 m/4 mo 21,6 1/9 npu gacToTte

Bpamienuss KB 2648...2710 MI/IH-I, YTO CBS3aHO
¢ ysenmnueHneM o6mei IIT Torumsa ¢ 47 no
54 MT/IUKI IPH aHAJIOTUYIHOW YacTOTE BPAICHHS
KB. Ilpu 4acrore Bpamenus KB 0omee
1500...2733 mun’' HabmromaeTcst 3ama3ibIBaHHeE
HapacTaHUs JABJICHHUSI Ha/JdyBa BO3IyKa IPH pa-
0oTe aBUTaTelNs Ha BCEX LMJIMHIPAX OTHOCHUTEIb-
HO paboThI C OTKIIOYEHHBIM TPETHUM LIITUHIPOM
B cpenneM Ha 11 klla.

Ilpn  OTKIIOYEHWH  TPEThEro  LWIMHIpPA
B pexkume cBoOoaHOTO pasrona /JIBC mHamkatop-
Heiii KM yBemmuuBaetcs ¢ 248 Hm mo 291 Hwm
B  UHTepBaJe  4acToThl  BpameHus KB
2648...2710 mMun"'. BenuuuHa 3TOro mokasarelis
omnpenenseTcss BCTPOEHHOM CUCTEMOM TMarHOCTH-
POBaHUS OTHOCHTEIBHO OOIICH ITUKIOBOM MOauu
TOILIMBA, HE XapaKTepu3yeT M3MEHEHHE yCKope-
Hust KB 1 He MOeT ObITh NpUHSATA B KauecTBE
JMarHOCTHYECKOTO MapaMeTpa MpH ONpeACICHUN
3¢ GEKTUBHOTO KPYTSIIETO MOMEHTA ABUTATEIIS.

Ha ocHOBe mosTy4eHHBIX 9KCIIEPHUMEHTAIIBHBIX
JaHHBIX pa3paboTaHa METOAWKA AMArHOCTHPOBA-
Hus asurarens SIM3-53445-22 B pexume CBO-
6o1H0TO pasroHa. IIpeanoxeHHas METOAMKA 103~
BOJICT KOMIIJICKCHO OIICHUBAaTh TEXHHUYECCKOC
COCTOSIHME J[BUTATENId MO pe3ylbTaTaM aHajlu3a
HEHCIIPaBHOCTEH, YCTAHOBICHHBIX BCTPOCHHOU
CHCTEMOM IMarHOCTUPOBAHUS M HA OCHOBAHHUH
u3Mepenusi Bpemenu pasroHa JIBC, yckopenus
KB, o6meit II1 TomnmBa, pacxoja TOIUIMBA U
JIaBJICHUS HAJ{yBa BO3AyXa.

IlonydeHHBIE peE3yJbTaThl MOYKHO HCIOJIb30-
BaTh IIpH pa3paboTke crocoba ONepaTUBHOTO
KOHTPOJIA 3¢ peKTUBHOTO KPYTSILEro
MOMEHTa W MOIIHOCTH [BHTaTess B Mpolecce
CBOOO/IHOTO pa3roHa.
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IMPROVEMENT OF DIAGNOSTICS METHODOLOGY OF DIESEL ENGINE WITH COMMON RAIL FUEL
SYSTEM IN FREE ACCELERATION MODE
A. F. Kurnosov

Abstract. Improving the operating efficiency of modern transportation and technological machines for agricultural
purposes is impossible to achieve without timely engine diagnostics. Experimental studies were carried out to improve the
methodology of diagnostics of diesel engine YaMZ-53445-22 with Common Rail fuel system by evaluating the complex
of diagnostic parameters during free acceleration of the engine from minimum to maximum crankshaft speed. The time of
free acceleration of the engine when working on all cylinders is 1.84 sec., with the third cylinder disconnected - 2.54 sec.
Disconnection of the third cylinder leads to an increase in the amplitude of acceleration from 140 s to 297 s?, which indi-
cates an increase in the non-uniformity of cylinder operation. The total cyclic fuel supply and fuel consumption increases
when one of the cylinders is disconnected, which indicates that the electronic control unit incorrectly calculates the actual
cyclic fuel supply. At switching off one of the cylinders, the indicator torque, calculated programmatically relative to the
total cycle fuel supply, increases from 243 to 291 Nm at a crankshaft speed of 2630 min™, while the effective engine per-
formance using the existing means of measurement can not be determined. The developed methodology of diagnostics
YaMZ-53445-22 engine in the free acceleration mode implies the assessment of technical condition of the engine based on
the analysis of faults detected by the built-in system of diagnostics, as well as by acceleration time, crankshaft acceleration,
total cycle fuel supply, fuel consumption and air boost pressure.

Keywords: internal combustion engine, free acceleration, crankshaft acceleration, cycle fuel supply, fuel consump-
tion, air boost pressure, indicator torque.
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