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ONTUMU3ALNS NPOLIECCA PASITOHA ABTOMOBUJIA
C YYETOM PEXXMMOB PABOTbI EFO ABUIATENA

K.T.H. YnaHoB A.T.
tOxHO-Ypanbckuii rocynapcTeeHHbiin yHueepcuteT (HNY), YensbuHck, Poccus,
ulanovag@susu.ru

ABTOMOOW/IbHAs TEXHWKA LLUMPOKO MUCIO/Ib3YEeTCs] B CE/IbCKOM XO3SIMICTBE /151 BbIMOSIHEHNST Pa3/INYHbIX
pabort. lpeanaraetcs metToamka Bblbopa ONTUMAasbHbIX NepeaaToqHbIX Yucesi 6eccTyreH4YaTol TpaHC-
Muccum aBToMobBUIIS C y4ETOM PEXUMOB ABUXEHUS 1 paboTbl ero gsuratess. C uesbio 3¢ OeKTMBHOro
MCIOIb30BaHNSI SHEPreTUYECKUX PECYPCOB ABUratess v peanusaumn Tpebyembix rokasareneri Taro-
BO-CKOPOCTHbIX U TOM/IMBHO-3KOHOMUWYECKUX CBOVICTB aBTOMOOWJIS, MPOV3BOANTENIN CTPEMSITCS Mpu-
Z1aTb KOHCTPYKLUMN TPAHCMUCCUM OrNpenesieHHbIE CBOKMCTBA, KOTOPbIE M03BOJISIT obecrnednTs Hanbosee
r10JIHOE corsiacoBaHue ux COBMECTHOV paboTbl. SpdeKTMBHOCTb MpoLecca coriacoBaHusi COBMECTHOM
paboTbl ABUraTens u TpaHCMUCCHM, onpeaessemMasi CooTBETCTBUEM MPOEKTUPYEeMOoro asToMobusisi CBO-
emy GYHKUNOHAIbHOMY MPEeAHAa3Ha4YeHI0, BO MHOIMOM 3aBUCUT OT MPUMEHSIEMbIX METOLOB MPOEKTUPO-
BaHus. [lns coBepLUeHCTBOBaHWS 3TOro rpouecca HeobxoanMo MPUMEHeHNe METOAO0B ONTUMAsbHOro
MPOEKTUPOBaHUS. AHAJINTUHECKNE BbIDAXEHWs /1S YyPaBHEeHUs] TIroBoro 6asnaHca M COOTBETCTBEHHO
maremaTudeckmue MoAEeM pa3roHa aBToOMoOUIIs B 3aBUCUMOCTY OT MOCTaB/IEHHbIX 3a4a4 MOryT U [JOJXK-
Hbl YCII0XHSITbCS. 9TO 6ECCrOPHO M ONPEeAENIeTcsl TOAbKO AOMYCTUMOM MOrPeLIHOCTbIO BblYUCIEHWUI B
KaX[JoOM KOHKPETHOM cJiydae. B paboTe rnokasaHO, 4TO 3aKOHOMEPHOCTb WU3MEHEHWs NnepenaTtoyHoro
4ynucna 6eccTyrieH4aToi TPaHCMUCCHUM MOXET ObITb yripaB/SseMO, a caMoe r/1aBHOe — OfTYMasibHOM B
3aBUICUMOCTU OT pPexuma ABUXeHUs: aBToMobussi. CoBpeMEHHbIN ypOBEHb Pa3BUTHS CPEACTB aBTOMa-
TM3aunuy v yrnpasseHus Mo3BOJISIET Peaan3oBaTh ITOT MPOLECC Ha rnpakTuke. [Nosny4eHHbie pe3yibTaTsl
pacdeta TSroBo-ANHaMU4YEeCKUX U TOMIMBHO-3KOHOMUYECKMX rloka3artesieli asToMobuss ¢ 6eccTyrieHya-
TOU TPaHCMUCCHEN, NeEPEnaToYHbIE Y1Ca KOTOPOV BO BPEMS ABUXEHUS U3MEHSIINCbL B COOTBETCTBUU C
npeanaraemMori MeToAMKON, B CPaBHEHUW C PeaJsIbHO CYLLECTBYIOLUMM POTOTUMOM, TOATBEPANIN PAHEE
MPUHSATYIO rnnoTe3y OnTUMU3aLnn 1 Aal0T BCe OCHOBAHWS A1l PEKOMEeHAAUNM MPUMEHEHVST AaHHO Me-
TOAVIKY Ha MPakTuKe npuv BbIbope rnepenaToyHbix Ynces1 6eccTyneHyaTor TpaHCMUCCUn B 3aBUCUMOCTH
OT pexuma ABUXEHUSI aBTOMOOUIIS.

KnioyeBsbie csioBa: aBToMO6U/Ib, 6eCCT)/I'IeH’-IaTaFI TpaHCMunccus, Bapunartop, pa3roH, repegaro4Hoe 41csio

BeeneHne

MHoroob6pasue CymecTBYIONMX B HACTOS-
nee BpeMsi aBTOMOOWJICH OMpeiesisieTcss POCTOM
TpeOOBaHUM, MPEAbABIISIEMBIX K HUM CO CTOPO-
Hbl noTpeburesneil. C 1enbio 3¢h(GeKTUBHOIO Hc-
TOJIb30BaHUSI DHEPreTHUCCKUX PECypCcoB JIBU-
rarejis U peajin3anuu TpeOyeMbIX IMOKa3aTesei
TATOBO-CKOPOCTHBIX W TOILUTHBHO-9KOHOMHUYECKUX
CBOUCTB aBTOMOOWJISI TIPOU3BOIUTEIIA CTPEMSATCS
MPHUIATh KOHCTPYKITUU TPAHCMUCCUHN OTPEICIICH-
HBIE CBOMCTBA, KOTOpPbHIC TO3BOJIAT O0ECICUYUTD
HanboJiee MOJIHOE COIVIACOBAHME WX COBMECTHOM
pabotsr [1].

D¢ heKTUBHOCTH MpoIiecca COoriacoBaHUA CO-
BMECTHOU pabOTHl JBUTATEIII W TPAHCMUCCHH,
orpefesisieMasi COOTBETCTBHEM IPOCKTUPYEMOTO
aBTOMOOUJIA CBOEMY (PYHKITMOHAJIBHOMY Ipe/iHa-
3HAYEHUIO, BO MHOTOM 3aBHCHUT OT MPUMEHSIEMbIX
METOJIOB TMPOEKTUpPOBaHUA. [[JI COBEpIIEeHCTBO-
BaHUsI TOrO Tporiecca HEOOXOMUMO TPUMEHEHHE
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METOJIOB ONTHMAJIbHOTO MPOEKTHpOBaHUA [2—4].
B 3T0i1 cBsA3M OOJIBINION WHTEPEC MPENCTABIISAIOT
HCCJICAOBAHMS, HAIIPABJICHHBIC HA PACKPBITHUE IIO-
TEHUMAJIA CUCTEMBl «IBUTATEJIb—TPAHCMUCCUSI»,
Ha CErOAHAIIHUN OEHb HCYEPHABUIME BO3MOK-
HOCTH TEXHUYECKOIO COBEPIICHCTBOBAHHUS MEXa-
HUYECKUX CTYIIEHYaThIX TpaHcMuccuil. PemeHue
JAHHOM 3aja4l BO3MOKHO TOJIBKO 3@ CUET IPHUMeE-
HEHU APYTHUX TUIIOB TPAHCMUCCHI U (OPMHUPOBa-
HUS ONITUMAJIBHBIX PEKUMOB YIIPaBJICHHUS TPAaHC-
MUCCHSIMU.

AHanmu3 TpPOAYKIHMH TEPenoBBIX  (UPM-
IPOM3BOANTEIICH aBTOMOOMIICH ITOKa3bIBacT, YTO
B paMKax OPAKTUYECKH KAKIOU MPOU3BOIUMOWU
HMU MOJICJIN PEAIU3YIOTCA PA3JIMYHBIC BAPUAHTHI
CHJIOBBIX arperaTtoB (TUIIBI 1 00bEeMBI IBUTATEIICH)
W TPAHCMHUCCHI (TUIIBI TPAHCMUCCUN M BapHAHTHI
MepeaTOYHbIX YHCeT). DTO MO3BOJIAET B PaMKax
OHON MoOAeIN OOeCIIeYNTh MMUPOKUN JHana3oH
SKCIUTYaTAllMOHHBIX XAPAaKTCPUCTHK U  CyIle-
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CTBEHHO TIOBBICHTBH €€ ITOKYIaTeJIbHYIO CII0CO0-
HOCTb. llosiBJIecHMe Ha pBIHKE OeCCTyIeHYaTHhIX
TPaHCMUCCHI TaeT BO3MOXKHOCTD IJIsI OTHOM MO-
TU(GUKAIIA aBTOMOOHJISL PEIIUTh 3Ty MpoOsIeMy
32 CUET BHIOOpA OINTHMAJIbHBIX B 3aBUCHMOCTH
OT ITOCTABJICHHOW 3a7a4yl IMapaMeTpPOB TPaHCMHUC-
cun. PasHooOpa3ue KOHCTPYKIMI COBPEMEHHBIX
BapHaTOPOB, a TAK)KE CPENCTB aBTOMAaTH3aIlHMH U
yIIpaBJICHUs TPENOCTaBJIAET BO3MOXKHOCTH ClIe-
JIaTh ATOT MPOIECC yYIPaBIAEMBIM M ONTHMAJIb-
HBIM C TOYKH 3PCHHS IMOKas3aTesIeii ero TuHaMud-
HOCTH H TOTIJIMBHON 9KOHOMHYHOCTH.

B Hacrosimee BpeMsi CKOPOCTHOU PEKHM
aBTOMOOWJIA OMpefiesisieTcs CKOPOCTBIO TPaHC-
MOPTHOT'O TIOTOKA, PEKOMEHMAIMAMH JTOPOKHBIX
3HAKOB, CJIOXKUBIICHCA NOPOXKHOM OOCTaHOBKOA,
HAaCTPOCHUEM BOIUTEJIsI, HO TOJIBKO HE YCJIOBHUS-
MH ONTHUMAJIbHOTO PEeKMMa IBUKCHUA B JTaHHON
cutyaruu. Het n nHCTpyMeHTa, KOTOPHIN OBI I1O-
3BOJIJI 33]1aTh, @ 3aTEM IIPOKOHTPOJIMPOBATH STOT
mporecc.

Llenb nccnepgoBsaHus

HGJ'IBIO HUCCJICAOBAHUA ABJIACTCA pa3pa60TI<a
MaTeMaTU4eCKOU MOJCJIN OJIA OIPEACJICHUA TCKY-
111050, 3HaYEeHUI nepecaaToYHoro 4yuciia 6ec0TyneH-
qaToun TPaHCMHUCCUU aBTOMOOMJIS B 3aBHCUMOCTH
OT pCKuUMa €1ro ABUIKCHUA.

Maremartndyeckasi mogesib

MakcrmaTbHO BO3MOXHOE YCKOPEHHE aBTOMO-
Ouyia mpu paboTe ABHUraTess ¢ MOJTHOU Tomadeit
TOIIMBA ONpe/esisieTcs U3 YPaBHCHHS TATOBOT'O
OasaHca [5]:

. dv g
J= =D V) 5’ ey
I7e j — YCKOpEeHHe aBTOMOOWJIA, U — CKOPOCTH
aBTOMOOWMJIA, ! — BpeMs pasroHa; [ — TuHAMU-
gecknii (hakTop; Y — KO3 OUIIMEHT COmpOTUBIIC-
HUS TOPOTH; g — YCKOPEHUE CBOOOTHOTO MaICHHS;
0 — KO3 PUITNCHT yUdeTa BpaIlaoIinXxcsi Macc.,

B pesysbraTe uccienoBaHus (GyHKIIUN H3Me-
HEHUs YCKOPECHHS aBTOMOOWJISI OT CKOPOCTH €ro
nerkeHns (1) Ha SKCTPEMyM IMOJTy9eHO BBIpaXKe-
HUE [T ONpee/ICHUs 3HaYCHUI IMepenaToqIHOro
YUCiIa TPAHCMUCCHH B 3aBUCUMOCTH OT CKOPOCTH
TBUKCHUS aBTOMOOHJIS:

0,06287n;
02

0,1253 7, ny

-cos(q + %n) +

@)
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rac I"K — paanyC KadCHHUA KOJICCa, l’lN — YJacToTa
Bpall€CHUA BaJia OBUTATCIIA ITPU MaKCHUMaJIbHOM
MOIIIHOCTH.

B ypasuenun (2):
1 0,000469 G,v
(¢ =—arccos| ——————x
3 Nnﬁhxn
kF v’
E+f0(1+k102) —0,6875 |,

rae G, — mosiHbIA Bec aBromobuns; N - — Mak-
CHMaJIbHas MOIIHOCTb IBHIaTessd; 1, =~ — KO3 (-
(UIIMEHT TI0JIE3HOTO [IECHUCTBUS TPAHCMHUCCHMY;
kF — dakrtop obrekaemocTH; f, — Kod(hduiueHT
COIPOTHUBJICHUS KaYCHHUIO IPU MAJIBIX CKOPOCTSX;
k, — ko3 dunuenT, pasHbii (4..5)107.

Ha puc. 1 B kauecTBe npumMepa mnpeacTaBjicHa
npeajaraeMasi 3aKOHOMEPHOCTb (2) H3MEHEHU
MepelaTOYHOr0 YUCjla BapuaTopa B 3aBUCUMOCTH
OT CKOPOCTH JABMKEHUs aBTOMOOUIA Subaru Im-
preza 2.0R.

Hcnonb3oBanue BeipaxkeHus (2) mpu BeIOOpE
MepefaToOYHoro 4Yucjia OecCTyIeHYaToil TpaHC-
MHCCUU B 3aBUCHUMOCTH OT CKOPOCTHU JIBMDKCHUS
MTO3BOJIMJIO OOECICUYNUTh aBTOMOOMJITIO MaKCUMaJTb-
HYIO IMHAMUKY Pas3roHa, T.e. IOCTHYb MaKCHMaJIb-
HOI CKOPOCTH JIBHYKCHUS 32 KpaTyaiIiee BpeMsl.

B pesysibraTe uccienoBaHus (GyHKIIUU H3Me-
HEHUsI YCKOPEHUI aBTOMOOUJIsS OT 000POTOB Bajia
nsuratesis (1) Ha 3KCTpeMyM ObLJIO MOJTYyUYEHO BbI-
paKeHME IS ONpec/ICHUA 3HAYCHMIA TIepenaToy-
HOT'0 YHCJIa TPAHCMUCCHH B 3aBUCUMOCTHU OT 000-
POTOB JIBUTaTEJIS:

0,1414r°G,n>. (kF /13/ G, + f,k)n

i =
» T 9550N,, M, (0,5-n/n

9

max )
3

rae G, — TOJIHBIA BEC aBTOMOOWIIA;, 1 — MaKCH-
MaJIbHAsI YacTOTa BpAICHHS Bajia IBUTATENIS; 1 —
TEKyIlee 3HaYCHNE YaCTOThI BPAIICHU ST BaJia JIBUTa-
Tens; N — MaKCMMaJlbHas MOIIHOCTD JIBUTATEJIA.

OO6usacTh CylIECTBOBAaHUS IOJYYEHHON (hyHK-
nuu (3) 1y ompenesieHus NepefaTovIHoro Yncia
TPaHCMHCCHH i, OTPaHIYCHA 3HAYCHUAMHU 4acTO-
Thl BpallleHus Bajia nurarens n < 0,5z .

Ha puc. 2 B xauecTBe npumepa mpeacTaBieHa
npenaraeMas 3aKOHOMEPHOCTb U3MEHEHMS Tiepe-
JaTOYHOTO YHMCJIa BapuaTtopa B 3aBUCUMOCTH OT
000pOTOB Bajla JBUTATENsl aBTOMOOWIA Subaru
Impreza 2.0R.
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Puc. 1. 3axonomepHoOCTh H3MeHEeHHs ePeIaATOYHOTO YKC/Ia BAPHATOPA B 3aBHCHMOCTH OT CKOPOCTH JABIKEHHS
apromoouns Subaru Impreza 2.0R
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Puc. 2. 3akonomMepHOCTb M3MeHeHHs! epPeIaTOYHOr0 YHCIa BAPHATOPA B 3aBHCHMOCTH OT YacTOTHI BpallleHHs Bajia
asurarens asromoduns Subaru Impreza 2.0R
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Puc. 3. I'pacpuxu Bpemenn pasrona asromoouns Subaru Impreza 2.0R
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Puc. 4. TonnuBHO-3KOHOMHUYeCKas XapaKkTepucTHKa aBromModuns Subaru Impreza 2.0R

Hcrnonb3oBanue BoipaxkeHus (3) mpu BbIOOpE
MEePeaToyHoro 4uciaa OeccTyleH4aTol TpaHC-
MHUCCUH B 3aBUCUMOCTH OT YacTOTHI BpallcHUs
BaJla JIBUTATEJIs IO3BOJIUJIO aBTOMOOWJIIO JIBU-
raTbCs ¢ MUHUMAaJIbHBIM PacXoioM TOILJIUBA.

Pe3ynbTatbl pac4yeToB

CpaBHUTEIBHBIC pacyeThl TOATBEPAUIIN Cle-
JIaHHBIE TIPETOJIOKCHUSA. DbUIH MPOU3BEICHBI
pacueTel BPEMEHHM DPa3roHa W pacxofa TOIINBA
apromoouinsa Subaru Impreza 2.0R ¢ cepuiiHoi
MEXaHNYeCKOil KOPOOKOil mepeMeHbl mepenay u ¢
CEepUIHBIM BapHaTOPOM, TIepeIaTOYHbIC YUCIIa KO-
TOPOr0 M3MEHSIJIMCh BO BPEMs Pa3roHa B MIEPBOM
cJlydae COTrJIacHO BhIpa)keHHIO (2), a BO BTOPOM —
corjlacHO BbIpakeHHIO (3). Pe3ynbrarsl pacueToB
MPeNCcTaB/ICHbl, COOTBETCTBEHHO, Ha pUC. 3 1 4.

W3 mpencraBieHHBIX Tpa@uKoOB BUIHO, YTO
€CJIM BO BpeMs pas3roHa aBTOMOOWJIS ¢ OeccTy-
MEeHYATON TPAHCMHUCCHEH TIepelaTOYHbIC YnCIIa ee
OyIyT U3MEHATHCA COIJIACHO 3aKOHOMEPHOCTSIM
(2) u (3), TO B mepBOM CiIy4ac aBTOMOOWJIb OyAeT
pasroHAThCA 70 3aJaHHON CKOPOCTH 3a CaMblii
KOPOTKHI TPOMEKYTOK BPEMEHH, a BO BTOPOM
cydae pacxofl TOIUIMBa OyleT MHUHHUMAJIbHBIM.
B Tom m B apyrom ciyuyae moOcCTaBJICHHAs IeJib
JIOCTUTHYTA: TMPOIECC Pa3roHa yAaJioch ClIesiaTh
YIPABJISICMBIM U ONITUMAJIbHBIM.

3aksno4eHne

AHaTUTHYECKUEe BBIPAKECHUSA HJIA ypaBHEHUS
TsaroBoro 6asanca (1) 1 COOTBETCTBEHHO MaTeMa-
THYECKHE MOJIEJIM pa3roHa aBTOMOOUIIS B 3aBUCH-
MOCTH OT TIOCTaBJICHHBIX 3a/1a4 MOTYT U JOJIKHBI
YCJIOKHATbCA. DTO OECCIIOPHO M OmpenesseTcs
TOJIBKO JIOITYCTUMOW MOT'PEMTHOCTHIO BBIYUCTICHUN
B KaXJIOM KOHKPETHOM CJIydae. YCTaHOBJICHO,
YTO 3aKOHOMEPHOCTb HM3MEHEHHUs TMepenaTovHO-
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ro 4ucja O6ECCTyNeH4YaTol TPAHCMUCCUU MOXKET
OBITh yIpPaBJIsSEMOM, a caMoOe IJIaBHOE — OITH-
MaJIbHOM B 3aBUCUMOCTH OT PEKUMA JBHIKCHUSA
aBToMoOuJI. COBpEeMECHHBI yPOBEHb pa3BUTHUSA
CPE/ICTB aBTOMATHU3AINU U YIIPABJICHUS MTO3BOJIS-
€T peasin30BaTh ITOT MPOIECC HA MTPAKTHKE.
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OPTIMIZATION OF VEHICLE ACCELERATION PROCESS, TAKING INTO ACCOUNT
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THE MODE OF OPERATION OF ITS ENGINE

Ph.D. A.G. Ulanov
South Ural State University, Chelyabinsk, Russia,
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Automotive vehicles are widely used in agriculture for various works. The technique of a choice of
optimum gear ratio of a continuously variable transmission of vehicle taking into account the modes
of movement and work of its engine is offered. With the purpose of efficient use of engine power
resources and implementation of the required indicators of traction-speed and fuel-economic properties
of the automobile, manufacturers are trying to impart certain properties to the transmission design
that will ensure the most complete coordination of their joint work. The efficiency of the process of
coordinating the joint operation of the engine and transmission, determined by the conformity of the
designed vehicle to its functional purpose, largely depends on the design methods used. To improve
this process, it is necessary to use methods of optimal design. Analytical expressions for the equation of
traction balance and, correspondingly, the mathematical model of the vehicle acceleration, depending
on the tasks, can and should become complicated. This is indisputable and is determined only by the
permissible error in the calculations in each particular case. The paper shows that the regularity of the
change in the transmission ratio of a continuously variable transmission can be controlled, and, most
importantly, optimal, depending on the mode of vehicle movement. The modern level of development
of automation and control means allows to implement this process in practice. The results of calculating
the traction-dynamic and fuel-economic parameters of vehicle with continuously variable transmission,
the gear ratios of which changed during the movement in accordance with the proposed procedure, in
comparison with the actual prototype, confirmed the previously accepted optimization hypothesis and
lead to recommendation of the application of this technique in practice when choosing the gear ratios of
a continuously variable transmission, depending on the driving mode of the vehicle.

Keywords: vehicle, continuously variable transmission, variator, acceleration, gear ratio
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