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CPABHUTEJBHBIN AHAJIN3 TMHAMHAYECKNX U CTEH/IOBBIX XAPAKTEPUCTHUK
SHEPTETUYECKON YCTAHOBKH BYJIBJIO3EPHOT'O ATPET'ATA KJIACCA 40 KH

H3znoocernv pe3yivmamosl U aHAIU3 CPpABHUMETbHbLX IKCNEPUMEHMATbHbLX uccnedosanull 5yﬂb()03epH020 ae-
pecama Kiacca 40 xH, OCHAWEHRHO20 4emvlpbMsl YPOBHAMU MOWHOCMU U ()GyM}l munamu mpaHCMuccuﬁ. Yema-
HOBJIEHO, YMO BblssleHUe ONMUMANbHOU OHEeP2OHACLIYEeHHOCMU 6y/1b()03epH020 azpezcama Memooom cpasHu-
MeIbHbIX UCNLIMAHULL He 0aem HAOEeNCHO20 pe3yiomama be3 npec)eapumeﬂbHozo UCCe008aHUsl N0 ONMUMU3A-
Yyuu msa2060-KuHemamudeCKux napamempos mpancmuccuu Ha Kanxcoom u3 ypoeHeﬁ OHEP2OHACLIWEHHOCMU.

KaroueBble ciioBa: 6yJ'IB,HO3epHBII>i arperar, SHEProHaCbllICHHOCTb, THAPOMCXaHNUYCCKasd TPaHCMUCCH, MC-
XaHUYCCKasA TPAHCMUCCHS, CTATUCTUICCKUC XAPAKTCPUCTUKU CKOPOCTHBIX U CUJIOBLIX IMAPAMETPOB JABUI'ATCIIA.

B mporecce sKCniepUMEHTANBHBIX HCCIIEI0BAHUH
Oynbno3epHoro arperata kiacca 40 xH, mposezen-
HBIX Ha TPyHTax CpeIHEW KaTeropum, HaMu oTpada-
TBIBAJICS. BONPOC ONTHMHU3AIMU ero paboumx mnapa-
MeTpoB. JlMHAMHWYECKHE HCHBITAHUS IPOBOIMINCH
pu paboTe M0 NMPHUHATON B NMPAKTUKE TEXHOJIOTHH
pa3paboTKN CTaHAAPTHBIX TpPaHIIEH, METOIOM CpaB-
HECHHS BBIXOJHBIX IAPaMETPOB IPU  Pa3JIMYHBIX
YPOBHSIX DHEPrOHACBHIIIEHHOCTH TPAaKTOpa M ABYX
THax Tpancmuccuu [1].

AHanmM3 CTaTUCTHYECKHX XaPAaKTEPUCTHK CKOPO-
CTHBIX M CHJIOBBIX ITaPAMETPOB JBUTATEIIS 110 PE3YIlb-
TaTaM JMHAMHWYECKHX HCHBITAHUA TOBOPHT O TOM,
YTO BEPOSITHOCTH pacrpe/ieJIeHus] 000pOTOB JIBUTaTe-
J9 W ero KpyTALIero MOMEHTAa B MEXaHHYECKOH
TPAHCMHCCUU COOTBETCTBYIOT CMEIIEHHOMY HOp-
MaJIbHOMY 3aKoHy. HajokeHune KpUBBIX paciipezee-
HUSI 000POTOB M KPYTSAILIMX MOMEHTOB Ha CTCH/IOBBIC
MOMEHTHBIC XapaKkrepucTuku (puc. 1, 2)moka3siBaer,
YTO MaTeMaTHYeCKHe OKUIAHHUS O0OOpOTOB COOTBET-
CTBYIOT O€3peryysiTOpHON BETBHM MOMEHTHOH Xapak-
TEPUCTUKHM JBHIaTeNsl IIPH HOMHHAJIBHBIX MOIIHO-
crsax asurareis. 80, 100, 11&Br.

[Tpn momoctu asurarenst 140 kBt Ha nepBoii u
BTOPOH meperadax JABUTATEIb OOJBIIYIO YacTh Bpe-
MeHH paboTaj Ha PEryasITOPHOM BETBM ITOH Xapak-
TepucTuky. [Ipn Tpex ypOBHSIX HOMHHAJIBHBIX MOLI-
Hocre#t (100, 110, 14&Br) sBHO Habmomaercs pas-
PBIB MEX/1y pacnpenesieHHsIMi 000poToB Ha 3-i Te-
penade u 2-ii u 144, XOTS pacnpeneneHusIMu KpyTs-
X MOMEHTOB NEPEKpBIBACTCS BCs 30HA pabodmx
obopoToB nBuratens. I[Ipy HOMHHAIBHOW MOIIHOCTH
80 kBt 30Ha paboumx O0OOPOTOB CYIIECTBCHHO
MEHbIIas, YeM IpH 0ojee BBHICOKMX YPOBHSIX HOMH-
HaJIbHBIX MOIIHOCTEH nBuratens. [Ipu Bcex Bapuan-
TaX HOMMHAJIBHBIX MOIIHOCTEH 30HAa MareMaThde-
CKUX OXHJIQaHMH MOMEHTOB M OOOpDOTOB CABHHYTA
(MyHKTUpHBIC JIMHUKM HA pUc. 1, 2)HIDKE CTEHIOBOM
MOMeHTHOH xapakrepuctiku Ha 10-50H-M, uro co-
OTBETCTBYET OTOOpPY MOIIHOCTH Ha THAPOIPHUBOX
Oynbro3epa.

PaGora pBuratenst mpu ypoBHE HOMHHAJIBHOM
momHoctH 140kBt Ha 1-2 neperagax mMpoMCXORUT C
SIBHOWH HEIOTPY3KOH, T. €. TEXHOJIOTMYECKHEe Mapa-
MeTpbl OyJIbJO3MPOBAHUSI M MOIIHOCTH JIBUTATEIS
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31€Cb HC COIJIACOBAHbI, U B JAHHOM CJIy4ac HCJIb35
J¢CJaThb 3aKJIIFOUCHUE O HeHeHeCOO6pa3HOCTI/I OHEPro-
HACBIIICHUA arperara A0 TaKOro YpOBH:. ITOT BO-
Ipoc CJICAYCT pCllaTb KOMIUICKCHO, C NCPECMOTPOM
TATOBO-KMHCMATUYCCKUX IMaPaAMCTPOB.
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Puc. 1. Pacnpenesnenne 000pOTOB M MOMEHTOB
JABUraTelIsl 0 OCHOBHBIM padouum mepexauam (1,
2, 3) mpu OyJbI03UPOBAHUM U COOTBETCTBHE HX
cTeHa0BbIM xapakrtepuctukam asurateiast (N,=
80,100 kBT).

B mamHOM ciydae sBHO TpeOyercs mepemava c
MIepeaTOYHBIM OTHOIICHUEM TPAHCMHICCUH MEXIY 2-
i 1 3-i cymecTBYIOMMMH, T. K. IO MOMEHTY B 000-
portam jaBuTatens 2-1 U 3- CYIIECTBYIOIIME Mepea-
9l (paKTHYCCKH IIEPEKPBIBAIOT IPYT Apyra U He odec-
MIEYNBAIOT HOMUHAJIBHOM 3arpy3KH ABUTATEIIS.

YpOBEHb HSHEPTOHACKHIIICHHOCTH arperara IpH
HOMHUHAJILHON MomfHocTH asuratens 80 kBt Takke
MMEET HEyJauyHOE€ KUHEMATHYECKOE pEeUIEHHE Iepe-
JATOYHBIX OTHOLIEHUH TpaHcMuUcCUU. C 3TOH TOUKHU
3peHHS CPAaBHUMBI TOJBKO J[BA YPOBHS JHEPTOHACHI-

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU IICPEIHCKY.
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IIEHHOCTH, COOTBETCTBYIOLINE HOMHHAIBGHBIM MOII-
Hoctsim jBuratens, pasabiv 100 u 110 kBt (HauGo-
niee OJIM3KKE K CEPUAHOMY BAPUAHTY).

B pa6orax [2, 3] mo pe3yinbrataM CpaBHUTEIBHBIX
WCCIIEJIOBAaHUN CJIeNIaH BBIBOJI O LEJIECO00pa3HOM
SHEPrOHACBHIIIEHHOCTH  OyJbJ03EpHOrO  arperara
kinacca 40 kH ¢ mexaHnueckoll TpaHCMHCCHEH TpH
HoMuHaneHOW MomHoctH 110 kBt. Ho ¢ ydyerom
BBIIIEN3I0KEHHOI'0 HEOOXOJMMO OTMETHTB, UTO dTOT
BBIBOJI OMIMOOYEH, T. K. KQXKIBII M3 CpaBHHBAEMBIX
YPOBHEH 5HEPrOHACHIIIEHHOCTH HE MMEJ ONTHMalIb-
HOH TSITOBO-KMHEMATHYECKOH XapaKTEePUCTHKH.

B ruppomexaHW4ecKkoll TpPaHCMHCCHH —aHAJIH3
pacripesie/ieHuii 1epeAaTOYHOr0 OTHOUICHUS! THU/PO-
TpaHcdopmaropa MOKa3bIBAET, YTO €ro IUIOTHOCTh
BEPOSTHOCTU CY)KaeTcsl C yMEHBILICHHEM HOMepa Iie-
penaun (yBeMYCHUEM MEPEIATOYHOrO OTHOLICHHS
TPAaHCMHCCUH) M C YBEIIMYCHHEM YPOBHS DHEPIrOHA-
chiieHHocTH arperata (puc. 3, 4).I1pu Bcex deTbipex
YPOBHSIX MOIHOCTH ABHratTesns Ha 2-i u 3-if mepena-
yax oOecrieunBaercsi Hambosee BeposiTHas pabora
omoka JIBC-I'TP B 30me MakcumanbHbix KIIJ Ha
NIepBOi cTymneHu Tpancopmaryn. byiaspro3uposanue
Ha 3-if nepenaue cHmwkaer napamerpsl JIBC-I'TP, ero
paboTa NPOMCXOAWT Ha BTOPOM CTYNEHH THJIPO-
Tpancdopmaropa, rae KI1J{ va 3...5 %nmxe.
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Puc. 2. Pacnpenesnenne 000pOTOB M MOMEHTOB
JABUraTelIsl 0 OCHOBHBIM padouum mnepexauam (1,
2, 3) mpu OyJbI03UPOBAHUM U COOTBETCTBHE HX
cTeHa0BbIM xapakrtepuctukam asuratenass (N,=
110,140 xBr).
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Puc. 3. CoBMeneHne CTEHAOBBIX XapaKTePHCTHK
I'TP-n,, = f(i,,) ¥ WIOTHOCTEl pacmpeneseHui i,
0 NepeJayaM U YPOBHSM JHEPrOHACHINICHHOCTH.

Ha Husmem ypoBHE SHEproHachIIEHHOCTH pabo-
Yas 30Ha NEpeJaTOYHBIX OTHOLICHWH THApOTpaHC-
¢dopmatopa Bapsupyercs ot 0,2510 0,92;Ha BTOpoM
— ot 0.34 10 0,95;Ha tperrem — ot 0,26 10 0.96;Ha
gerBepToM — ot 0,35m0 0,95.

Hanbosnpmiasi 1UIOTHOCTH BEPOATHOCTH Iepejia-
toynoro otHomenust I'TP Bapeupyercs or 0,33 no
0,45 mo mepemayaM HM3IIETO YPOBHS SHEPTOHACHI-
mernocty, ot 0,38 10 0,77 —BTOpOrO ypoBHS dHEp-
roHaceieHsoctd, or 0,32 mo 0,76 —Tperhero u ot
0,28 mo 0,55 —derBeproro. U ecnu Ha 1epBoM U BTO-
POM YPOBHSIX DHEPrOHACBHIIIEHHOCTH PaCHpe/IelICHHE
nepeparouHoro ortHoueHuss I'TP paBHOMepHO IO
repeiauyaM IepeKpbIBACT OCHOBHYIO pabodyio 30HY,
TO Ha TPETHEM YPOBHE HHEPrOHACBHIIICHHOCTH IUIOT-
HOCTb pAacHpeJeNieHns] TepeaaTOYHbIX OTHOIICHUH
I'TP na 241 n 3 nepenayax nepekpsisatorcs Ha 80
%, Ha yeTBepTOM — repekpriBatorcs okono 100 %.
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Puc. 4. CoBMeneHne CTEHAOBBIX XapaKTePHCTHK
I'TP-n,, = f(i,,) ¥ WIOTHOCTEH pacmpeneseHui i,
0 NepeJayaM U YPOBHSM JHEPrOHACHINICHHOCTH.

B nanHOM cirydae CymiecTByOLIHE NepelaTouHbIe
OTHOIIEHHSI MEXaHWYECKOH YacTH TPAaHCMHUCCHH He
JIAaI0T BO3MOXKHOCTH  PEaJM30BaTh HPEUMYIIECTBA
TUPOMEXAHUYECKOM Tepeadn, ¥ PeKOMeHIanuu [2,
3] mo onTHMH3AIME YHEPrOHACHIICHHOCTH OYIbI0-
3€pHOI0 arperara ¢ THIPOMEXaHHYECKON TpaHCMHUC-
cueil Ha ypoBHe HOMHHANBHOW MomrHOcTH 100 kBT
TakKe B OOJBINCH YacTH OIIHOOYHEI.

AHanu3 CKOPOCTHBIX MapaMeTpoB ABHIATENs yc-
taHoBkH JIBC-I'TP B mponecce quHaMHUYeCKUX HC-
meITannii (puc. 5) mokasbIBaeT, 4TO HAMOONbINAs Be-
POSITHOCTH PAa0OTHI JIBUTATENsl COOTBETCTBYET €ro
HOMHMHAJIBHBIM 000pOTaM.

Ha Bcex ypOBHSIX 3HEproHACBIIEHHOCTH U pabo-
YUX TIepefadax MaTeMaTHYecKue OXKHAaHus 00opo-
ToB pasurarenst cocraswin or 0,98 mo 1,02 nomu-
HaJBHBIX 000poTOB. COBMEIICHHE MaTeMaTHYeCKUX
OXHMJIaHWH O00OPOTOB JBWIaTeNsi CO CTEHJOBBIMHU
CKOpPOCTHBIMH XapakTepucrukamu Osioka J[BC-I'TP
(puc. 5) BBISBIIO HECOOTBETCTBUSI, KOTOPBIC OOBsIC-
HSIOTCSL TEM, YTO CTEHJIOBBIC XapaKTEPUCTUKH SIBJISI-
FOTCSl CTaTUYECKUMHU, T. €. KaJIas TOYKa CHUMAJach
IIPY YCTAaHOBHUBILIEMCS PEXKHME pPaOOTHI.

B nuHaMuke TONBKO MpH TIIYOOKHX Meperpyskax,
MIPEOJI0JIEHHE KOTOPBIX 3aHUMAET JTUTEIILHOE BpeMs,
npo3payHocte ['TP  COOTBETCTBYET  CTEHIOBOM.
CpennecraTucTH4ecKasi 4acTora KojeOaHW Harpy-
KCHUsT TaKoBa, YTO PEKHUM IIEPErpy3KH YyCHEBAET
OJIOKMPOBATHCS MOMEHTAMHU MHEPIIMH BPAIIAIOIINXCS
1 TIOCTYNATeNIbHO JIBIDKYIIMXCS YacTel arperara.
DTOMY CHOCOOCTBYET TaKXKe YBEIMUYCHHBIN KOd(Pdu-
LIUEHT OYKCOBaHMS, KOTOPBIA B IMHAMUKE BBIITOIHSIET
pounb crabmimzaTopa Harpysku. Ilo cytu nena, n3me-
HEHHE Harpy3Kd Ha oOTBajie Oynbgo3epa JBa)IIbl
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aeMndupyercsi GpUKINOHAMH — THApPOTpaHchopma-
TOPOM M OYKCOBaHHEM JIBYKHTEIIS.
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Puc. 5. CTennoBble XapaKTepUCTHKH N, = f(nT)

U U3MeHEeHHe MAaTeMATHYeCKUX OKUJAaHuil 00opo-
TOB ABHUraTejs no nepeaadam (2, 3, 4) u ypoBHsm
HOMHMHAJBHBIX MOIIHOCTEH ABHUraTe/si Mpu 0yJb-
JA03MPOBAHUHU HA IPyHTaX 1-2 KaTeropuu.

Takum o00pa3zom, XapakTep IWHAMHYCCKON Ha-
TPY3KH Ha OYyIbIIO3EPHOM OTBAJC M PEKUM PaOOTHI
arperata TpH TOBBIIICHHOM OYKCOBaHHH CIIOCOOCT-
BYIOT VBCIUYCHUIO HEMPO3PAYHOCTH TUAPOTPAHC-
(dopmaTopa u 0OecIieunBalOT HanOOIee OIArONMpPHUsIT-
HOE COBMCIIICHIEC MOMCHTHBIX XapaKTCPUCTHK J[BUTA-
TeNs U TUAPOTPaHCPOpMAaTOpa.

AHanMM3 CTAaTHCTHUYCCKUX XapPaKTEPUCTHUK BBIXOJI-
HBIX ITOKa3aTeNIC MOTOPHOW YCTaHOBKH OYJIbI03ep-
HOrO arperaTta IOKa3blBaeT HENPaBOMOYHOCTb CpaB-
HEHHS TSITOBO-IWHAMHYCCKUX IMapaMeTpOB arperara
METOZIOM CPAaBHHUTEIFHBIX UCIIBITAHUI B HICHTUYHBIX
YCIIOBUSIX C II€JIbIO BBISIBJICHUSI ONTUMAJILHOW SHEP-
TOHACBIIIEHHOCTH Kak JUIsl TpakTopa C MeXaHu4e-
CKOM, Tak W U1 TPaKTopa C THIPOMEXaHUYECKOH
TpaHcMuccusaMu. [Ipexae npoBelneHus TakUX CpaB-
HUTEIBHBIX HCIBITAHUH HEOOXOIUMO TPOBECTH HC-
CJIe10BaHus o ONTHUMU3ALUU TATOBO-
KMHEMATUYECKUX MOKa3aTesleld TPAHCMUCCUU KaxK[10-
IO U3 YPOBHEHN YHEPIOHACBHILIEHHOCTH.
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G. Tsogtjargal®, B. Batmonkh

AN INVESTIGATION FOR IMPROVING POWER PERFORMANCE BY VVT EFFECT OF SPARK
IGNITION ENGINE BY WAVE SIMULATION

This paper is done by smulating 2.0 DOHC engine with WAVE 7.2 program of Ricardo and identified valve
timing variables for increasing the performance of the engine. The smulation results are highly agreed with
WOT torque experimental data and helped to predict the tendency of performance as the valve timing change.
Further, a VWT system can be used to improve fuel consumption, performance and emissions. This paper also
describes the effect of VVT terms on WOT power, torque and residual gas content. WOT torque was higher when
intake valves were closed early for low rpm and late for high rpm.

Key words:. variable Valve Timing (VVT), Wide Open Throttle @), Maximum Open Point (MOP), Air
Fuel ratio (A/F).

Introduction pumping loss. Those can be calculated very well by
An internal combustion (IC) engine is the most means of engine cycle simulation, but combustion
common technology to power vehicles. The use of ICquality, emissions, fuel consumption can only be es
engine leads to some serious problems regarding eriimated, as long as measurements do not exist. This
vironmental degradation and consumption of fossilpaper can help decide VVT strategy in the earlgesta
energy. Fossil fuel depletion is another major glob of development process.
concern that affects the viability of IC engine. \8e
need such an engine which has high power and high Test condition
efficiency as well as low exhaust characteristic in  The engine test apparatus is showed in Figure 1.
over the world. Automobile companies are making The engine specification used in the model is shown
different automobile parts by using many techniquesin Table 1. Engine power and torque is normally
It helps us to improve automobile performance andmeasured with a dynamometer (Froude Co.). A/F and
developments of new automobile technology. As aexhaust emissions measured by a gas analyzer (Hori-
result it reduces research period and special iechnba Mexa7100).

cian. Table 1

First of all, we understand engine basic characte-
ristic by engine operating performance test ovér al Engine specifications
load ranges. We anticipated engines performante tes Description Specifications
py ch_anglng parameters s.uch as VVT. We get effec- _ In-line, 4  cylinder
tive simulation result by using WAVE. Engine type DOHG

Fixed valve timing system has limits on the im- Displacement 1975¢cc
provement of performance, fuel efficiency and emis- P
sions over all engine operating conditions. Thetéim | Bore x Stroke 82 mm x 93.5 mm
can be overcome by making valve timing variable, | Compression ratio 10.1
VVT system. —

Thgre are four types of VVT, only intake cam Firing order 1-3-4-2
phasing, only exhaust cam phasing, intake and ex{ IVO/IVC BTDC 9° / ABDC 43°
haust cams phasing equally, and intake and exhaust eyvoO/EVC BBDC 50° / ATDC 6°
cams phasing independently.

In this paper, intake cam phasing independently Max. Power 138ps / 6000rpm
system was studied to understand the effects on WOT Max. Torque 18.6kg-m / 4500rpm
performance by using WAVE, one-dimensional cycle
simulation code of Ricardo. The test of performance we used at WOT condi-

Engine performance was analyzed in terms of retion. The engine was accelerated at high load from
sidual gas fraction, intake manifold pressure andl1000 to 5000 [rpm], with steps of 500 [rpm]. Foclea

* - aBTOP, C KOTOPBIM CJIEIyeT BECTU TICPEIHCKY.
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