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Substantiation of methods for determination of the effectiveness of the use of alternative
fuels in automotive diesel engines

K.T.H. by3ukos 111.B., Sh.V. Buzikov, PhD in Engineering
n.7.1. [InorankoB C.A. S.A. Plotnikov, DSc in Engineering
Bsaimcxuil cocyoapcmeennwlii yHusepcumem, Vyatka State University, Kirov, Russia
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shamilvb@mail.ru

[IpenmeToM wuccienoBaHus SIBISIETCS OMNpeelieHHE MapaMeTpoB padoyero Iukia TPaKTOPHOTO
Iu3els Mpu ero paboTe Ha CMECEBOM TOIUIMBE, COCTOSILEM M3 JAW3EJIHHOTO TOIUIMBA U PAIiCOBOIO
Macna. OCHOBHasl LieNIb HACTOALICH pabOThl COCTOMT B omnpesesiaeHnH (PHEKTHBHOCTH MPUM CHEHUS
aJTbTepHATHBHBIX TOIUIMB B aBTOTPAKTOPHBIX Nm3essx. st ompeperneHus 3aBUCHUMOCTEH mapaMeT-
poB pabodero IMKIa MPOBECHBl TEOPETUUECKUE U SKCIIEPUMEHTaJIbHbIE UCCIIEOBAHMS TPAKTOPHO-
ro JIu3eNisl Ha CJICJIYIONIMX COCTaBaX CMECEBOro TOIUIMBA, C coaepkaHreM paricoBoro macna 20%,
55% u 80%, a Takke YUCTOM JIM3EJILHOM TOIUIMBE. B pe3ynbTate NMpoBECHHBIX HCCIIEOBAHUM MMO-
JydeHbl: HOMOTpaMMa JIJisl ONpeJesieHHs BENMYHMHbI CHIKCHUs OTHOIIeHMs mHAukatopHoro KITJ
K03(pdrmeHTy M30bITKa BO3ayXa, 3aBUCUMOCTH OTHomeHus uHaukaTopHoro KIIJ[ x xoaddwrme H-
Ty m30BITKAa BO3JyXa OT Kod(pdrimenTa m0bITKa BO3AyXa HAa Pa3HBIX COCTaBaX CMECEBOro TOIUIMBA,
YacTOTax BpPAIICHUS KOJIEHYATOro Baja Au3elisi, Harpy3ku mpu 1800 mua” 1 1400 mus" DKCrepu-
MEHTAJIbHO YCTAHOBJICHO, UTO YBEJMUEHUE JOJM PAriCOBOrO Macja B cMeceBoM Tommee ¢ 0 1o
80%, uvactorel Bpamenusi ¢ 1400 mo 2000 MEH " 1 kod(pdmmenra m36bITKa Bo3ayxa ¢ 1,18...1,22
no 4,32...5,61 npuBonwio k cHwkenmo uHaukaTtopHoro KIIJ[ ¢ 046 no 0,35, a orHouleHue CHU-
xanock ¢ 0,30 no 0,08, yBemmuenne Harpysku ot 0,2 no 1,2 Mlla, npu 1800 MI/lH_l, u 1400 MI/lH_l, a
koo uimenra m30bITKa Bo3ayxa ot 1,17...1,68 mo 3,53...3,60 mpuBOAWIO K CHIKEHUIO MHIMKA-
toproro KIIJ[ ¢ 044...040 mo 0,28...0,22, a orHomenne ¢ 0,34...0,25 no 0,10...0.09, coorBeT-
CTBEHHO. Te€OpeTHYECKH pacCUUTAaHO CHIDKEHHE OTHolleHus Ha 4,5% npu paboTe am3ens Ha cMmece-
BOM TOIUIMBE, ¢ cofepkanueM 80% parcoBOro mMacia Mo CpaBHEHUIO C YHCTHIM JU3EJIbHBIM TOILUIHU-
BOM U 9KCIIEPUMEHTAJIbHO TOATBEPXKIECHO 3TO CHibkeHne Ha 4,1%. CxoammocTh pacu€THOro 3Ha-
YEHUsSI BEJIMMUHBI CHIDKCHHS OTHOIICHUS C AKCIEPUMEHTAJbHBIMHU JaHHbIMU cocTaBwia 91,11%. B
CBSI3M C OTHM, U3BBECTHOE YTBEPKICHHE O PaBCHCTBE BBOZA TEIUIOTHI C TOIUIMBOM TPEOYET yTOUHE-
HUSL.

Knroueesoie cjloea: pancoeoe macio, cmecesoe monjiueo, pa6oqud UUKIl, noKazameniu

paboueeo yuxkia
The subject of the research is to determine the parameters of the operating cycle of a tractor die-
sel engine when it is running on a mixed fuel, consisting of diesel fuel and rapeseed oil. The main
goal of this work is to determine the efficiency of using alternative fuels in automotive diesel en-
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gines. In order to determine the dependences of the parameters of the operating cycle, the theoreti-
cal and experimental studies of a tractor diesel engine were carried out on the following composi-
tions of mixed fuel: with a rapeseed oil content of 20%, 55% and 80%, as well as pure diesel fuel.
As a result of the research, the following was obtained: a nomogram for determining the value of
the decrease in the ratio of the indicator efficiency to the excess air ratio, the dependence of the ra-
tio of the indicator efficiency to the excess air ratio on the excess air ratio for different compositions
of mixed fuel, diesel engine crankshaft rotational speed, load at 1800 min™ and 1400 min™. It was
experimentally established that an increase in the proportion of rapeseed oil in mixed fuel from 0 to
80%, the speed from 1400 to 2000 min™ and the excess air ratio from 1.18 ... 1.22 to 4.32 ... 5.61
led to a decrease in the indicator efficiency from 0.46 to 0.35, and the ratio decreased from 0.30 to
0.08, an increase in the load from 0.2 to 1.2 MPa, at 1800 min™, and 1400 min™, and the excess air
ratio from 1.17 ... 1.68 to 3.53 ... 3.60 led to a decrease in the indicator efficiency from 0.44 ... 0.40
to 0.28 ... 0.22, and the ratio from 0.34 ... 0.25 to 0 , 10... 0.09, respectively. A 4.5% reduction in
the ratio is theoretically calculated when the diesel engine runs on a mixed fuel containing 80%
rapeseed oil as compared to pure diesel fuel, and this reduction by 4.1% has been experimentally
confirmed. The convergence of the calculated value of the decrease in the ratio with the experi-
mental data was 91.11%. In this regard, the well-known statement about the equality of the input of
heat with fuel requires clarification.

Keywords: rapeseed oil, mixed fuel, duty cycle, duty cycle indicators.

Jlna yumuposanun: bysvkos 111.B., IlnoraukoB C.A. O60CcHOBaHHE METOMOB OMpesee-
HUA S(P(EKTUBHOCTH NPUMEHEHUS aJbTEPHATUBHBIX TOIUIMB B aBTOTPAKTOPHBIX Im3elsix // M3-
secmust MI'TY « MAMH». 2021. Ne 4(50). C. 2-8. DOI: 10.31992/2074-0530-2021-50-4-2-8
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HccaedosaHue cywyecmayoujux KOHCmMpYKYuil HACOC08 nepucmaibmu4ecko2o npuHyuna
delicmaus

Study of existing designs of the peristaltic principle pumps

pummn A.U., A.l. Grishin,
K.T.H. Jlememkua A.B. A.V. Lepeshkin, PhD in Engineering
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[lepuctampbTUdECKHEe HACOCHI TOMYYWIM HIMPOKOE PACTIPOCTPAHEHHE B CAMBIX Pa3HOOOpPA3HBIX
o0JacTsAx Onaronapsi X T€pMETHIHOCTH, TMPOCTOTHI OOCIY)KMBAaHWS M TOYHOCTH TOMayu. TeM He
MEHee, NPUMEHEHHE TMEePUCTAIBTUIECKUX HACOCOB OIPAaHMYCHO WX HEJOCTAaTKAMU: MajbiM CPOKOM
CIy>kObl paboyero opraHa W HepaBHOMEPHOCTH mojnadn. B HacTosieil pabore mpoBeaeH 0030p Cy-
HIECTBYIONMX KOHCTPYKTHBHBIX pElleHHMHA HACOCOB. PaccMoOTpeHsl OCHOBHbIE MPEUMYIIECTBA M He-
JIOCTaTKU HauOoJee pPACIpPOCTPAHEHHBIX COBPEMEHHBIX KOHCTPYKLMH MEPUCTATBTUYECKHX HACOCOB.
[TpuBeneHp! pa3paOoTaHHBIE KOHCTPYKTHBHBIE pEIICHUWS, TpeHA3HAYCHHBIC I TPOJICHUS CpPOKa
ciyxO0bl ynpyroro pabouero oprana Hacoca. K TakuM perieHusM OTHOCHUTCSI KOHCTPYKIWS CO CIIH-
paJIbHBIM PACTONIOKEHUEM IIUIAHTa, i€ TOBBIIIEHAE CPOKa CIIYXObI IUIAHra JOCTUraeTcs Oiarosa-
psl YMEHBIUICHHIO KOJIMYECTBA €ro IMKIMYECKHUX CXKaTHi 32 CYET WCIONb30BaHUS BCETO OJHOTO PO-

N3eectust MI'TY «MAMU» Ne 4(50), 2021 3



Pedepatsl cTaTeil.

mvka. [Ipyrum perreHuneM SBISIETCS SKCIUTyaTaIsl HAcOCca C HETONHBIM CKaTHeM pabodero oprana,
YTO YMEHbIIAET BEJIMYMHBI HATIPSHKEHUN U TEM CaMbIM IPOAJIEBACT CPOK CIIyKObI pabouero oprasa.
JInsi KOMIIeHCAal YMEHBIICHHSI T0/1a4y¥, BBI3BAHHOTO JKCIUTyaTaIMed Hacoca C HEeTIONHBIM CKaTu-
eM pabouero oprana, pazpaboTaHbl ocoObie (JOpMBI BRICTYIIOB B 00JacTH cxkatusi. B pabore mpe -
CTaBlieH 0030p pEIICHMH, TO3BOJSAIONIMX CHI3UTH HEPABHOMEPHOCTH MOJA4M NEPHCTAIBTHIECKOrO
Hacoca. IlpocTreimmm W3 HUX SIBIIIETCS NPUMEHEHHE HECKOJIBKHX INAapauleIbHBIX KaHAIOB. B npy-
X pa3paboTkax ycTpaHeHWE MyIbCalMi MOJAa4YM JOCTHraeTcsl MpU TMOMOIIM IMHEBMATHYECKOrO
nemidepa. CylecTByeT Takke KOHCTPYKTHBHOE PEIICHHE, B KOTOPOM JUIi PaBHOMEPHOW MOAadH
NPUMEHSCTCSl CTCIMANBHBIA aNrOpuT™M CpadaThIBaHMS IMTH BBDKUMHBIX 3JIEMEHTOB, KaXKIbIH 13
KOTOPBIX CKMMAaeT TOJIBKO CBOW ydacTOK pabouero oprana Hacoca. Ha ocHOBe mpoBeqeHHOTO aHa-
JM3a TOKA3aHoO, YTO JUI1 YCTPAaHEHWs HEJIOCTATKOB NEPUCTAIBTUYECKUX HACOCOB HCIONB3YIOT Pas3-
JIMYHBIE METOJIbI, KOTOPbIE, TEM HE MEHee, HyXKIaloTCsI B JTaJIbHEHIIIEM COBEPILICHCTBOBAHNH.

Knroueswie cnoga: nepucmanbmuueckuti Hacoc, NYabcayuil L0OOayu, HA0eHCHOCHb CUO-
POMAUUH.

Peristaltic pumps are used in a wide variety of applications due to their tightness, ease of mainte-
nance and accurate delivery. Nevertheless, the use of peristaltic pumps is limited by their disad-
vantages: short service life of the working body and uneven feed. This work provides an overview
of the existing design solutions for pumps. The main advantages and disadvantages of the most
common modern designs of peristaltic pumps are considered. The developed design solutions are
presented. These solutions are designed to extend the service life of the elastic working body of the
pump. These include a spiral hose design, where hose life is improved by reducing the number of
cyclic compressions using just one roller. Another solution is to operate the pump with incomplete
compression of the working element, which reduces the stress values and thereby prolongs the ser-
vice life of the working element. The special shapes of protrusions in the compression area were
developed in order to compensate the decrease in flow caused by the operation of the pump with
incomplete compression of the working member. The paper provides an overview of solutions to
reduce the uneven flow of a peristaltic pump. The simplest of these is the use of multiple parallel
channels. In other designs, the elimination of flow pulsations is achieved with a pneumatic damper.
There is also a constructive solution, in which a special algorithm of actuation of five squeeze ele-
ments is used for uniform supply, each of which compresses only its own section of the pump
working body. Based on the analysis, it is shown that in order to eliminate the disadvantages of per-
istaltic pumps the various methods are used. Nevertheless, those methods need further improve-
ment.

Keywords: peristaltic pump, feed pulsations, reliability of hydraulic machines.
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Aemomamu3ayusa npoekmupoeaHus pa6o4yezo Koseca paduasbHo-ocesoll
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Automation of the design of the impeller of a radial-axial hydraulic turbine

1.1.1. XKapkosckuii A.A., A.A. Zharkovskiy, DSc in Engineering
k.T.H Ulyp B.A., V.A. Shchur, PhD in Engineering

Owmpan M., M. Omran,

CraceeB A.A. A.A. Staseyev

Canxm-Ilemepoypeckuu [lonumexnuueckuii Peter the Great St. Petersburg Polytechnic
yuusepcumem Ilempa Benuxozo, Cankm- University, Saint Petersburg, Russia
Ilemepbype, Poccus tshur_va@spbstu.tu

tshur_va@spbstu.tu

B crarbe npHBEAEHO OMMCaHKME MOAXOAOB K NMPOEKTHPOBAHWIO JIONACTHOM CHCTEMBI paJuajibHO-
OCEBBIX THIPOTYpOMH Ha ocHoBe pa3paboranHoi B CIIOITY aBTOMaTH3MPOBAHHOM CHCTEMBI MPOEK-
TUPOBaHMSI Ha sI3bIKe MporpammmupoBanus Python. B ykasaHHyro cucTeMy Ha HACTOSIIIMA MOMEHT
BKJIFOUEHBI CIICAYIOIIFE MOIYJM: BHIOOP OCHOBHBIX TAPAaMETPOB THUIPOTYPOWHBI, TIOCTPOCHHE M e-
PUIMOHATIBHOM TPOEKIMK pabouero kojeca, pacyé€T MNOTEHLIMAIBLHOTO IOTOKA W TOCTPOEHHE JIO-
MACTHOM CHUCTEMBI paJHalbHO-OCEBOM T'MAPOTYpOMHBL. BBIOOpP OCHOBHBIX MapaMeTpoB THAPOTYp-
OMHbl OCHOBaH Ha OOILENPUHATOM B THAPOTYPOOCTPOEHMM METOJMKE, KOTOpas olmdpoBaHa H
BHEJIPEHa B IPOrpaMMHbIH KOMIUIEKC. B paboTe paccMOTpeHbl U NpoaHaIM3HpOBaHbl pa3Hble MOA-
XOIBI K TPOCKTHPOBAHUIO MEPUIHOHAIBHBIX O0OBOJIOB MPOTOYHOW YacTH B 00JIACTH paboduero Kose-
ca paauajbHO OCEBOM I'MAPOTYpOMHBI, NPUBEAEHO CPaBHEHHE PE3YJIbTATOB MX MOCTPOSHMS IO pas3-
maHBIM MetoaukaM. [lo pesynpraTam aHanmmza BeIOpaHa METOAMKA, HauOoee MOAXOASIIAs K all-
TOPUTMM3allMM B NPOrpaMMHOM KoMIulekce. llocTpoenne ymHMI TOKa M pacd€T CKOpOCTEH BIOJb
HUX I@PEJCTABJIEHO HA OCHOBE pacy€ra MNOTEHIMAILHOIO II0OTOKAa B MEPHIHMOHAILHOM CEYEHMH.
[IpoekTupoBaHKe JIOMACTHOW CHCTEMBI THIPOTYPOMHBI BBITIOJHEHO IO METOIY PEIICHUS MPSIMOU
OCECUMMETPHUYHOM 3a/1a4¥ TEOpUM I'MApOMAallMH. B KadecTBe mpuMepa CIpPOEKTHPOBAaHA JIONACTHAS
CUCTEMa pPaJIMaIbHO-OCEBOI IMPOTYPOMHBI HA HAINOp A0 75 METpOB, HAYAJIbHBIE NAPAMETPhI KOTO-
POl COOTBETCTBYIOT T'MIpOTYpOMHAM—aHajioraM Ccxoxeil ObICTpoxonHocTH. CHpoeKTHpOBaHHAs
rHIpoTypOMHa ObLTa paccuuraHa B ANSYS, a pe3ysbTaThl HOATBEPAWIN €€ OTJIMYHbIE SHEpreTHde-
ckre KadecTBa. l[nmanmpyercs nanpHeiee pa3BUTHE MPOrPaMMHOIO KOMIUIEKCA B YACTH aBTOM a-
THYECKOIO IMOCTPOEHMSI 3-X MEPHBIX TBEPAOTEIbHBIX MOJIEJEN MPOTOYHOM YacTH, KOTOpasi B Aajb-
HEHIlleM MOXeT OBITh PacCUMTaHa METOJAaMM BBIYUCIMTENILHON TMAPOAMHAMUKM U ONTHMU3HMPOBA-
Ha I TIOJyYeHUsI THAPOTYPOUH C MapaMeTpaMH, COOTBETCTBYIOUIMMH COBPEMEHHOMY YPOBHIO.

Knroueeswle cnosa: aemomamusayus npoekmuposanusl, paouaibHo -ocesvle 2uOpomyp-
OuHbL, 8bIO0P OCHOBHBIX napamempos, python

The article describes approaches to the design of a vane system of radial-axial hydraulic turbines
based on an automated design system developed at SPbPU using the Python programming lan-
guage. The specified system currently includes the following modules: selection of the main param-
eters of the hydraulic turbine, construction of the meridional projection of the impeller, calculation
of the potential flow and construction of the blade system of the radial-axial hydraulic turbine. The
choice of the main parameters of the hydraulic turbine is based on the technique generally accepted
in hydraulic turbine engineering, which has been digitized and introduced into the software pack-
age. The paper considers and analyzes different approaches to the design of the meridional bypasses
of the flow path in the area of the impeller of a radial-axial hydraulic turbine, a comparison of the
results of their construction using different methods is given. A technique that is most suitable for
algorithmization in the software package based on the results of the analysis was selected. The con-
struction of streamlines and the calculation of velocities along them are presented on the basis of the
calculation of the potential flow in the meridian section. The design of the blade system of the hy-

N3eectust MI'TY «MAMU» Ne 4(50), 2021 5



Pedepatsl cTaTeil.

draulic turbine was carried out by the method of solving the direct axisymmetric problem of the
theory of hydraulic machines. As an example, a blade system of a radial-axial hydraulic turbine was
designed for a head up to 75 meters, the initial parameters of which correspond to hydraulic tur-
bines-analogues of similar speed. The designed hydro turbine was calculated in Ansys, and the re-
sults confirmed its excellent energy properties. It is planned to further develop the software package
in terms of automatic construction of 3-dimensional solid models of the flow path, which can later
be calculated by the methods of computational fluid dynamics and optimized to obtain hydraulic
turbines with parameters corresponding to the current state of the art.

Keywords: design automation, radial-axial hydraulic turbines, selection of basic pa-

rameters, Python
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Starter-generator sets of modern vehicles

Karmua B.H., V.N. Kagdin,

K.T.H. ManeeB P.A., R.A. Maleyev, PhD in Engineering

Sumna A.H., A.N. Zimin,
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B naHHOI cTaThe OMICHIBACTCS HA3HAUCHHE M OOJIACTH TMPHMEHCHUS CTapTep-TeHepaTOPHON
yCTaHOBKH. PaccMoOTpeHsl peXuMbl pabOThl CTapTep-TEHepaTOPHOM YCTAHOBKH KaK B KauecTBE
ANIEKTPOABUIraTeNsl TOCTOSHHOTO TOKAa TIOCJEOBATEIbHOIO BO30YXKIECHUS, OCYILECTBISIONIETO
BpallieHe Bajla JBUTATElsl BHYTPEHHETO CrOpaHMs, TAK U B Ka4€CTBE I'e€HEpaTopa, KOrjaa 3JeKTpu-
yeckas MalvHa paboTaeT KaK MCTOYHMK TOCTOSTHHOTO TOKa HE3aBHUCHMOIO BO30YXKIEHHs, o0ecTie-
YUBAIOIIETO IMHWTAHUE SIIEKTPHYECKUX LETICH YIpaBJICHUs, MIEKTPOJIBHraTeNield BCTIOMOraTelIbHOrO
ANEKTPOOOOPYIOBaHUS, OCBELICHUS W 3apsa aKKyMyIsSTOpHOH OaTtapeu. lccremoBaHbl JOMOIHU-
TeNbHbIC (YHKIMM CTapTep-TeHEPATOPHOM YCTAHOBKM B BHIE CHUCTEMBI «CTapT-CTOID, PEKyIepa-
THBHOIO TOPMO)KEHMsI, OYCTEpPHOro pa3roHa aBTOMOOWIS, TallleHWs] KPYTWIHHBIX MOMEHTOB BaJia
JIBUTATEJIs] BHYyTPEHHETO CTOPAaHMs U yNpaBi€HUS NOTOKAMM SHEPIMM B OOPTOBOW CETH.

[IpoBeneHn BBHIOOP W OOOCHOBAaHHME OINTHMAJbHOM CXEMBI, a TaKXKe KOHCTPYKIMH CTapTep-
TeHEPaTOpHOro YCTpoiicTBa. OrmpeaeneHbl OCHOBHBbIE TEXHHKO-OKOHOMHUYECKHE MapamMeTphl cTap-
Tep-TeHepaTOPHOM YCTAaHOBKH. bblia mpejcTaBiieHa KOHCTPYKIMSI CTapTep-TeHepaTOPHOM YCTaHOB-
KH, TIPEeJICTABIIIIONMAst cO00M 00paTHMYIO JIEKTPHIECKYI0 MammHy. Paspaborana Giok-cxeMa crap-
TEeP-T€HEPATOPHOU YCTaHOBKU.

PaccMoTpeHpl AneKTprdecKrue MallvHbI, TPUMEHIEMBbIE I CTapTep-TeHePATOPHBIX YCTAHOBOK.
OrnucaHpl KOHCTPYKIMM ACHMHXPOHHOM MAIIMHBI C KOPOTKO3aMKHYTHIM POTOPOM, CUHXPOHHOW Ma-
IIMHBl C AJIEKTPOMATHUTHBIM BO30YX/I€HHMEM, BEHTWIHLHOW MAIIMHBI C TOCTOSHHBIMU MAarHUTaMHU,
OCCKOHTAKTHOM MaIMHBI, CHUHXPOHHOM MAIlMHBI C TOCTOSHHBIMH MarHUTaMU, BEHTWIHLHOM WHITYK-
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TOPHOM MaIMHOW ¢ caMoBO30yxkaeHueM. [IpoBenéH 0030p M aHAIM3 ANMEKTPUUECKUX MAIVH, TPU-
MEHSIEMBIX B CTapTeP-TEHEPATOPHBIX YCTAHOBKAX BEAYIIMX 3apYOCKHBIX (HPM.

PaccMorpena KOHCTpyKImsi 0OpaTUMOW HMHIYKIMOHHO-TUHAMUYECKON MAIllMHBI, B KOTOpPOH pO-
TOp BpalllaeTCsl CHAPYXH, a HE BHYTPH JBUTATENS U MPEJCTaBIACT COOOM KOPOTKO3aMKHYTYIO 00-
MOTKY C JIUTOM aJIFOMHHHEBOM KJIETKOW. [IpoBe/IeH pacueT OCHOBHBIX TMapamMeTpoB OOpaTHMOM WH-
[[YKIIHOHHO'I[PIHB.MH‘IGCKOﬁ MallvMHbl KaK B CTApPTCPHOM, TAK U B I'CHCPATOPHOM PCIKHUMAX. Pacuer
MPOBEJICH M0 METOJIMKE aHAJIOTMYHOW, KaK U Yy aCUHXPOHHOTO JBUTATEJI.

Kniouegwie cnosa: cmapmep-cenepamophas yCmaHo6Ka, peKynepayus, 31eKmpuiecKkas
MawiuHa, 0gucamesb 6HYmMpeHHe20 c2opanus, UHOYKYUOHHO -OUHAMUYECKAS MAUUHA.

This article describes the purpose and applications of the starter generator set. The modes of op-
eration of a starter-generator set are considered both as a sequential excitation direct current electric
motor, which rotates the shaft of an internal combustion engine, and as a generator, when an electric
machine operates as a direct current source of independent excitation, supplying power to electric
control circuits, electric motors of auxiliary electrical equipment, lighting and battery charging. Ad-
ditional functions of a starter-generator set in the form of a start-stop system, regenerative braking,
booster acceleration of a vehicle, damping of torsional moments of the shaft of an internal combus-
tion engine and control of energy flows in the on-board network were studied.

The choice and substantiation of the optimal scheme, as well as the design of the starter-
generator device, were carried out. The main technical and economic parameters of the starter-
generator set were determined. The design of a starter-generator set was presented. This design is a
reversible electric machine. A block diagram of a starter-generator set was developed.

Electrical machines used for starter-generator sets are considered. The design of an asynchronous
machine with a squirrel-cage rotor, a synchronous machine with electromagnetic excitation, a valve
machine with permanent magnets, a contactless machine, a synchronous machine with permanent
magnets, and a valve machine with self-excitation are described. A review and analysis of electrical
machines used in starter-generator sets of leading foreign companies is carried out.

The design of a reversible induction-dynamic machine is considered. The rotor rotates outside,
and not inside the motor and is a short-circuited winding with a cast aluminum cage. The calcula-
tion of the main parameters of a reversible induction-dynamic machine was carried out both in the
starting and in the generator modes. The calculation using a method similar to that of an induction
motor was carried out.

Keywords: starter-generator set, recuperation, electric machine, internal combustion
engine, induction-dynamic machine.
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Development of a complex of mathematical models of a vehicle suspension for fatigue life

analysis
Kynarua B.A. V.A. Kulagin
T'HI] P® OI'VIT «HAMH», Mockea, Poccus Central research and development automobile
viktor.kulagin@nami.ru and engine institute NAMI

viktor.kulagin@nami.ru

CokpallieHre TJMTEILHOCTH Pa3paOOTKH HOBBIX aBTOMOOWICH M CBSI3aHHOE C OTHUM CTPEeMJICHHUE
CHIDKCHUSI WMBJICP)KEK aBTONPOM3BOIUTEIICH CIOCOOCTBYIOT 0OJiee aKTHBHOMY TPUMCHEHHIO MATe-
MaTHUYE€CKOr0 MOJEIMPOBAHUS JIJIsl PeIICHUs MIKEHEPHBIX 3a7au. Takue 3aja4u, KaKk aHaJIu3 U Mpo-
THO3UPOBAHKE YCTAJIOCTHOM JIOJTOBEYHOCTH Y3JIOB M arperaToB aBTOMOOWIS, MOTYT OBITh PEIICHBI
C HCTIONIb30BAaHHEM KOMIUIEKCA METOAOB M MHCTPYMEHTOB MAaTE€MaTHYECKOIO MOJIEJIMPOBAHUS.

B nanHOif cTaThe paccMaTpuBaeTCs pa3padOTKa KOMIDIEKCA MaTEeMaTHIECKHX MOJENIeH mepe -
HCH U 3aJlHCH NOJBECOK JIETKOBOI'O aBTOMOOMIS, 00JIAJAIONMX CBOMCTBAMH, HCOOXOAWMBIMHU JJIS
TOYHOTO BOCTIPOM3BEICHUSI KOJIECHBIX HATPY30K M TMHAMHUYECKOTO TIOBEJCHMS TMOJBECKUA KaK MeXa-
HM4ECKON cucTtembl. KOMIUIEKC MaTeMaTHYeCKHUX MOJeJied pealm30BaH B Cpelieé MHOTO3BEHHOTO
MozenupoBaHus. Moaemu pa3paboTaHbl I MPOBEICHHS MOCJIEIYIOMIETO BaIUIAIMOHHOTO HCCIIe-
JIOBaHWSI HATPY>KEHHOCTH OTJCJbHBIX KOMIIOHCHTOB TIOJIBECKH B X0Ji€ (DOPCHPOBAHHBIX PECYPCHBIX
UCIbITaHML. B manpHeieM IaHHBINA KOMIDIEKC MAaTEMATHYECKUX MOJEIEH MOXKET OBITh HCIIONB3O0-
BaH JJII MMHUTAIMOHHOTO MOJICJMPOBAHKS TIOMYHATYPHBIX (DOPCHPOBAHHBIX PECYPCHBIX HCTIHITAHHI
MOMYJISl TIOABECKH, a TAKXKE B Ka4eCcTBe 00pa3iia Jisd pa3pabOTKH MOJENeH MOABECOK IPYTHX aBT O-
MOOMIEH.

enbio manHOI paboTHI sBIsieTCsS (popMHUpoBaHHE TpeOOBaHMI K MATEMATHIECKIM MOAEISIM, J0-
CTAaTOYHBIX JUI peai3alid UCCJICIOBAHUN YCTAJIOCTHOW JOJTOBEYHOCTH METOaMU MaTeMaTHY e-
CKOr0 MOJEJUPOBAaHMS W TOJy4EeHUs] JOCTOBEPHBIX pE3yJbTaToB pacu€TtoB. MmkeHepsi-
HCCIIEZIOBATENIM CMOTYT PYKOBOJACTBOBATHCS JAaHHBIMU TPeOOBaHMSAMU IS ompejeseHus u cOopa
WCXOMHBIX JAHHBIX JJIsI pa3paboTKu COOCTBEHHBIX MAaTeMAaTHICCKUX MOJIETICH.

Knroueewle cnosa: mnoz2036eHHoe moodenuposarie, 00J1208€4HOCHb, YCMALO0CHb, (O p-

CUpPOBAHHbBIE UCNBIMAHUS, NOO8ecKa, Hanpasisowul annapam, memoo Kpeiiea-
bomnmona, moodenwv llpedpghepa

The reduction in the duration of the development of new vehicles and the associated desire to re-
duce the costs of automotive plants contribute to a more active application of mathematical model-
ing to solve engineering problems. The tasks, which are analyzing and predicting the fatigue life of
vehicle components and assemblies, can be solved using a set of methods and tools of mathematical
modeling.

This article discusses the development of a complex of mathematical models of the front and rear
suspensions of a passenger automobile, which have the properties necessary for accurate reproduc-
tion of wheel loads and dynamic behavior of the suspension as a mechanical system. The complex
of mathematical models is implemented in a multi-link modeling environment. The models are de-
signed to carry out a subsequent validation study of the loading of individual suspension compo-
nents during forced service life tests. In the future, this complex of mathematical models can be
used for simulation of semi-natural forced resource tests of the suspension module, as well as a
sample for the development of suspension models of other automobiles.

The purpose of this work is to form sufficient requirements for mathematical models for the im-
plementation of fatigue durability studies using mathematical modeling methods and obtaining reli-
able calculation results. Research engineers will be able to follow these requirements to determine
and collect initial data for the development of their own mathematical models.
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YucsneHHoe ModeauposaHue Kagumayuu 8 Npomo4Hol yacmu o6pamumoil
2UudpomMawuHsl Ha Hanop do 250m

Numerical simulation of cavitation in the flow path of a reversible hydraulic machine for
a head up to 250m

Cenesnes B.H. V.N. Seleznev
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B obnactsax, rae pacmonoXeHsl B OCHOBHOM PACTONOKEHBI TEIUIOBBIE M aTOMHBIE JIEKTPOCTAa H-
MM, TpoOjieMa HEeXBAaTKM MAaHEBPEHHBIX MOIIHOCTEH, MOKPBITHS MUKOBBIX HATPY30K U IPOXOXKIe-
HUSI TIEPUO/IOB CHIDKEHHOTO DHEPronoTpeOseHHs peliaeTcsl 3a CYET CTPOUTENILCTBA KPYMHBIX TH-
poakkymymupytonmx anekrpoctanmi (TADC). st co3manust BhICOKOI(D(EKTHBHBIX TMPOTOYHBIX
yacTel HacoC — TYpOMH OJHOW W3 COBPEMEHHBIX TEHICHIMM SBISACTCA WCTIOIb30BAHUE YHCIICHHOTO
MOJIEJIMPOBaHUs TPEXMEPHOIO TEUEHUs XMIKOCTH. B HacTosiee BpeMs CYIIECTBYET MHOXECTBO
NPOrpaMMHBIX TPOAYKTOB, B KOTOPBIX PEaJM30BAHO YUCICHHOE MOJEIMPOBAHHE METOIOM KOHEY-
HeIXx 00bemoB. Camble m3BecTHbie cpeau mHux Fluent, CFX, StarCD, Numeca, Flow Vision u
CADRUN. Bepudwukamymsi pacueTHOH MOJENIN OCTAaeTCsl aKTyalbHOM 3amadeidl. BakHo momoOpath
METOUKY, KOTOpasi TO3BOJUT TMONYyYUTHh TPUEMIIEMBIH pe3yiabTaT TPU ONTUMAJILHBIX BPEMEHHBIX
3aTpaTax Ha MOJATrOTOBKY JAHHBIX U MPOBEJICHHE PACUYETHBIX MCCIICIOBAHHUM.

B crathe uccrenyeTrcs mpoTodHas 4acTh paJualibHO-OCEBOW HACOC-TYPOUHBI, MpeHa3HAY CHHAS
JJIT TIPUMEHEHWST Ha MaKCUMallbHbld Hamop A0 250M. BbIMogHEHO YHCIEHHOE MOJIEJIMPOBaHKE
npolecca KaBUTAIMM BO3HHKAIOIIETO B TYPOMHHOM pPEXMME MPH CYIIECTBEHHOM YHAJICHUH OT OTF
THMYMa XapaKTEPUCTHKH. PacdeTsl BBHITIOJIHEHBI C WCTIONb30BAHMEM IMPOrPAaMMHOTO KoMImiekca An-
sys CFX Bepcum 2021R1. JlaHo KpaTKoe ONMCAaHHE MOCTAHOBKH 3aJ]a4H, HCTIOIb3YEMBbIX PacUETHbBIX
CETOK W MPHHATHIX JomymueHuid. [IpeacraBneHo cpaBHEHHE PE3yNbTATOB PACUETOB C IKCIEPUME H-
TaJbHBIMU JAHHBIMH. BBITIOTHEHO Ka4eCTBEHHOE CpaBHEHME 00JacTEe BO3HMKHOBEHHWS KaBHTAIN
MOJy4€HHOTO TP YHUCJICHHOM MOJEJIMPOBAHUM C JTaHHBIMH KOHTPOJSI COCTOSIHUS OCHOBHOTO Me-
Tallla M CBAapHBIX COEIMHEHHMA pabodero Kojeca THapoarperata METOAOM IBETHOH J1e(eKTOCKO-
01718

enpto paGoThl OBUIO TPEACTABUTH <«OKOHOMUYHYIO» METOAMKY YHCJICHHOTO MOJEIMPOBAHMS
KaBUTALMM JJI1 OMpe/IesIeHHs] MECT BO3MOKHOTO BO3HHMKHOBEHHS! KaBUTAIMOHHOIO M3HOca. MeTo-
JVKa 3aKTI0YAETCS B ONHMCAHUE MOCTAHOBKU 3aJja4H, MCTIONB3YEMBIX PACYETHBIX CETOK M TPUHATHIX
JOMNYIICHWA JJI1 ONTHMAaJIbHO HCTIONH30BAHMSI BBIYHCIMTEIIBHBIX PECypcoB 0€3 CyIIeCTBEHHOH IO-
TEpHU TOUHOCTH PE3YJIbTATOB.

Knroueswie cnoga: kasumayus, paouaibHo-0ce8as HACOC-mypouna, oopamumulii euo-
poaepezam, Ansys CFX, uucnennoe mooeruposanue.

In areas where thermal and nuclear power plants are mainly located, the problem of lack of ma-
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neuverable capacities, the coverage of peak loads and the passage of periods of reduced energy con-
sumption is solved through the construction of large pumped storage power plants (PSPP). To cre-
ate highly efficient flow paths for pump-turbines, one of the modern trends is the use of numerical
modeling of three-dimensional fluid flow. Nowadays, there are many software products that imple-
ment numerical modeling by the finite volume method. The most famous among them are Fluent,
CFX, StarCD, Numeca, Flow Vision and CADRUN. Verification of the computational model re-
mains an urgent task. It is important to choose a methodology that will allow you to get an accepta-
ble result with optimal time spent on preparing data and conducting computational studies.

The article examines the flow path of a radial-axial pump-turbine designed for use at a maximum
head up to 250m. Numerical modeling of the cavitation process arising in the turbine mode at a sig-
nificant distance from the optimum of the characteristic was carried out. The calculations were per-
formed using the Ansys CFX software package, version 2021R1. A brief description of the problem
statement, the computational grids used and the assumptions made is given. Comparison of calcula-
tion results with experimental data is presented. A qualitative comparison of the cavitation origina-
tion regions obtained by numerical simulation with the data of monitoring the state of the base met-
al and welded joints of the hydroelectric unit impeller by the method of non-destructive testing is
carried out.

The aim of the work was to present an “economical” technique for numerical simulation of cavi-
tation to determine the places of possible occurrence of cavitation wear. The technique consists in
describing the formulation of the problem, the computational grids used and the assumptions made
for the optimal use of computing resources without a significant loss in the accuracy of the results.

Keywords: cavitation, radial-axial pump-turbine, reversible hydraulic unit, Ansys CFX,
numerical simulation.
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Results of experimental studies of an agricultural tractor with an elastic-damping
mechanism in a power train

CenbkeBmu C.E. S.E. Sen'kevich

DedepanbHblil HAYUHBII A2P OUHICEHEPHbILL Federal Scientific Agroengineering Center VIM,
yenmp BUM, Mocksa, Poccus Moscow, Russia

sergej_senkevich@mail.ru sergej_senkevich@mail.ru

[ToBpIleHEe AKCIUTyaTAIMOHHON 3()(PEKTUBHOCTH CEIbCKOXO3SMCTBEHHBIX TPAKTOPOB SIBIACTCS
OHAM M3 OCHOBHBIX (DAaKTOpPOB, KOTOPBIA CIOCOOCTBYET YBEIMUECHUIO MPOM3BOIMUTEILHOCTH MPH
CYLIECTBEHHOM YMEHbILICHUH 5Hepro3aTpar. BakHoe 3HaueHHe MMEIOT pa3padOoTKH, KOTOpbIE CBSI-
3aHbl C COBEPIICHCTBOBAHMEM KOHCTPYKIMH CWIOBBIX MEpeady KOJIECHBIX CEbCKOXO35HMCTBEHHBIX
TPaKTOPOB, JJSI KOTOPBIX HEMPEMEHHBIM YCJOBHEM SIBJIICTCS TOBBILICHUS MPOM3BOIUTEIHHOCTH
TpyAa B CEIbCKOXO3SUCTBEHHOM MpPOM3BOACTBE. JOCTIDKEHHE TPeOYEMBIX XapaKTEPUCTHUK CEIbCKO-
XO34MCTBEHHBIX TPAKTOPOB OMNPENENAIOTCS CBOWCTBAMHU CWIOBOW MEpenadyd U B3aUMOJEHCTBUEM
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CBSI3aHHBIX ¢ Hell cucteM. OHIM U3 TJIABHBIX Ka4ECTB CWIOBOW Tepeaur JOJDKHA OBITH CIIOCO0-
HOCTBH TIOTJIOIIATh KPYTWIbHBIE KOJNEOaHWsI WU JEeMII(HPOBATH HATPY3KY.

B crathe mpencTaBieHbl MCClEAOBaHKS KOHCTPYKTHMBHOTO YJIy4IlEHUsS CWIOBOM Mepeaayu Celb-
CKOXO3MCTBEHHOTO TpaKTopa IMyTeM YCTAHOBKU B He€ pa3paOOTaHHOTO YMHpyro-AeMI(pHUpPYIOLIETO
MeXaHW3Ma Ha TMpUMeEpe TPaKTopa Majoro Kiacca TITU. YUYHThIBas aKTyaJdbHOCTh OOCYXIaeMoi
TEMBl B CTaTh€ peIlieHA 3ajJad4a ONpe/eICHUs BIMSHUE YIpyro-AeMI(HpYIOIero MexaHmma, ycra-
HOBJICHHOTO B CWIOBYIO I€peJjady TPaKTopa, Ha €ro padoTy ¢ KyJbTHBATOPOM.

B pabGore Obln mpoBeAeH aHANM3 B3aUMHOW KOPPEJSIMOHHONW (YHKIMM M aHAIM3 B3aUMHOM
CTIIEKTpaJbHON IUIOTHOCTH JABYX MPOIECCOB: YIJIOBasi CKOPOCTh BPAIlCHUS KOJEHYATOro Baja JBU-
rateys W yriioBasi CKOPOCTh BpalICHHsS BEIYyIIEro Kojeca, KOTOPBIH MoKa3aj M3MEHEHHE CKOPOCTH
pacmpocTpaHeHHsI TPOXOJSIIMX YaCTOT KOJNeOaHMi HArpy3KH IO BaJIONPOBOAY M CMEIICHHE YacTo-
ThI BO3MYIIAIONIAX BO3/IEHCTBUN.

Knroueswie cnoga: ynpyzo-oemnghupyrowuii MexaHusm, Cuio8as nepeoaia mpakmopad,
83AUMHAS KOPPENAYUOHHASA PYHKYUS, 83AUMHASL CNEKMPANbHAs NIAOMHOCHb.

Improving the operational efficiency of agricultural tractors is one of the main factors that helps
to increase productivity while significantly reducing energy costs. The developments that are asso-
ciated with improving the design of power transmissions for wheeled agricultural tractors are very
important, because its indispensable condition is to increase labor productivity in agricultural pro-
duction. Achievement of the required characteristics of agricultural tractors is determined by the
properties of the power train and the interaction of associated systems. One of the main qualities of
a power train should be the ability to absorb torsional vibrations and damp the load.

The article presents studies of the constructive improvement of the power transmission of an ag-
ricultural tractor by installing a developed elastic-damping mechanism using the example of a trac-
tor of a small traction class. Considering the relevance of the topic, the article solved the problem of
determining the influence of the elastic-damping mechanism installed in the power transmission of
the tractor on its operation with the cultivator.

The paper analyzed the cross-correlation function and the mutual spectral density of two pro-
cesses: the angular speed of rotation of the crankshaft of the engine and the angular speed of rota-
tion of the drive wheel, which showed a change in the speed of propagation of passing frequencies
of load oscillations along the shafting and displacement of the frequency of disturbing influences.

Keywords: elastic damping mechanism, tractor power transmission, cross correlation
function, cross spectral density.

Jna yumuposeanun: CenbkeBru C.E. Pe3ynbTaThl NpoBeaeHUs 3KCIEPUMEHTAIBHBIX UC-
CJICJIOBAaHUN CENbCKOXO3SMCTBEHHOIO TPAKTOpa C YHPYro-AeMI(pHUPYIOIMM MEXaHH3MOM B CH-
noBoit niepenaue // Uzeecmus MI'TY « MAMU». 2021. Ne 4(50). C. 49-59. DOI: 10.31992/2074-
0530-2021-50-4-49-59

Cite as: S.E. Sen'kevich Results of experimental studies of an agricultural tractor with an
elastic-damping mechanism in a power train. Izvestiva MGTU « MAMI». 2021. No 4(50), pp. 49-
59 (in Russ.). DOI: 10.31992/2074-0530-2021-50-4-49-59
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Analytical determination of static and dynamic elastic characteristics of
pneumohydraulic suspension systems

K.T.H. [ummnes A.A., A.A. Tsipilev, PhD in Engineering

n.7.H. Hakasnoit O.A. O.A. Nakaznoy, DSc in Engineering

MI'TY um. H.O. Baymana, Mockea, Poccus Bauman Moscow State Technical University,
alexts@bmstu.ru Moscow, Russia

alexts@bmstu.ru

[Tpu pa3paboTKe HOBBIX TIOJIBECOK I'yCCHMIHBIX M KOJICCHBIX MAIIMH, a TAKKE TPH TaK HA3bIBaE-
MOM PEBEPC-UHKUHUPHHIE Y€ CYIIECTBYIOIIMX KOHCTPYKIMIA (B TOM YHCIE, B 00pa30BaTEILHOM
MPOIIECCe TIOATOTOBKH MPO(QWIBHBIX KaJpPOB), HEOOXOIUMO PEIIUTh 3a7ady IO HAXOXKICHUIO YIPY-
roil XapakTEepUCTUKU TMOABECKHU. B mepBoM ciydyae HEOOXOJMMO OOECTeUMTh BBITIONHEHUE 3a1aH-
HBIX TaKTUKO-TEXHHYECKHX TPEOOBAHHUSAX, BO BTOPOM — BOCCTAHOBUTH BHJI XapaKTEPHCTHKH IO W3-
BeCTHOM KOHCTpyKImH. O0e 3THX 3a7a4d CWIHLHO 3aTPYAHIIOTCS TPH OTCYTCTBHUHM TOYHBIX W YHU-
BEpCAJbHBIX AHAJMTUISCKHUX 3aBHCUMOCTEH, MPUTOMHBIX IS OMNPEICIICHHS XapaKTEPUCTHK YIIPY-
T'HX DJIEMEHTOB TMOABECKH PA3JIMIHBIX KOHCTPYKTHBHBIX peamsarmid. OTBIT B3aUMOICHCTBHS C He-
KOTOPHIMH 3aBOJJaMH TOKAa3bIBAET, YTO KOHCTPYKTOPHI, HE MMesl BO3MOXXHOCTH Ka4eCTBEHHO pac-
CUHMTATh YIPYTHE XapaKTEPUCTHUKH, TIONB3YIOTCS METOIOM T0A0Opa M aHAJIOTH, KOraa Uil HOBOH
MaIlIMHBl KCTIONIB3YIOT TOABECKY KaK Ha CTapoH, MacITaOupys ee 1o pazMepam, 4TOObI MPHOIIH3 i-
TEJIbHO COXPAaHUTh 3HAYCHWS Paboumx AaBieHUA. [[Ji1 3TOro MpoOBOAST MHOTOYHCIICHHBIE CTEHIO-
BbI€ WCTIBITAHMS, TI0 Pe3yJIbTaTaM KOTOPBIX BHIOMPAIOT TpeOyeMble 3apsaHble 00bEM U JIaBIICHUE.
Oco0yI0 CIIOKHOCTH BBI3BIBAIOT TOJIBECKH C MPOTUBOJABJICHHEM, TaK KaK HE TOJIBKO WUTOTOBas Xa-
PaKTEPUCTHUKA, HO U pabOTOCTIOCOOHOCTH BCETO Yy371a 3aBUCHUT OT KOMOWHAIMK O0BEMOB U J1aBJICHHIA
IBYX Kamep, KOTOpble pa0dOoTaloT B MPOTHBO(A3E: KOTJa OIHA HATPYKAETCs, Apyrasi pa3rpyxKaeTcs,
1 HaoOopoT. VMcronp30BaHUe aHAMTUYECKUX 3aBHCUMOCTEH TIO3BOJIUT COKPATUTH BpPEeMs, 3aTpad u-
BaeMO€ Ha TMPOSKTHPOBAaHHE; MapaMEeTPH3UPOBATh B OMNPEJENICHHOM Mepe KHHEMATHUKY IOABECKH,
MONTYYUTh 3HAYCHMSI SKBHBAJICHTHOW XECTKOCTHU TOJBECKH, a TaKKe MMETh BO3MOXHOCTH pa3pa-
OOTKH XapaKTEPHCTHK MOJIEILHOTO psijia THEBMOTHAPABIMYECKUX PECCOp JJII MAaIIWH pa3jidndHOU
BECOBOM KaTErOpHH.

B HacTosmie#t crarhbe mpelncTaBiIeHA METOAMKA AHAIMTHYECKOrO OINPEICIICHHS XapaKTEPHCTHK
MTHCBMOTHPABIMYECKUX PECCOpP Pa3JIMIHBIX KOHCTPYKIMA. Cpenu BapuaHTOB WCIIOJNHCHUS KaK pe-
aJbHO WUCTIOIbyeMble B COBPEMEHHOM M MCTOPHMYECKOM TexHuke (B yacTHocTH, Ha BMJI-1, 2, 3, 4;
I'M-352; Ypan «Tanidyn»; O0bekt 775 u 1p.), TaK U MOTyYECHHBIE MyTeM KOMOHWHAIH Pa3JIAdHBIX
KOHCTPYKTHBHBIX 3JICMECHTOB, peajm3alisi KOTOPBHIX MOXKET OBITh IOJIC3HOH B 00Pa30BaTEIILHOM
TpoIiecce TpU TMOATOTOBKE MPO(WILHBIX KaapoB. [IpeacTaBlieHHbIE B CTAaThe 3aBUCHMOCTH TO3BO-
JSIFOT TIONMYYUTh CTATUUECKUE WM JMHAMHIYECKHE YIPYTHe XapaKTePUCTHKHU MPU Pas3lIMIHBIX TOKa3a-
TENSX TOMUTPONBl U TPUTOJHBI TPU MPOSKTHUPOBAHUM TIOJIBECOK KOJECHBIX M T'YCEHWYHBIX MAIIWH
pa3HOro Ha3HA4CHMS.

Knroueswvie cnosa: 2ycenuyunvie Mauiutvl, KOieCHble MAUWUHBL, NOOBECKA, NHEBMO2U O-
Pasiuyeckas peccopa, Cucmema noopecCcopu8aHusl.

When developing new suspensions for tracked and wheeled vehicles, as well as in the so-called
reverse engineering of existing structures (including in the educational process of training person-
nel), it is necessary to solve the problem of finding the elastic characteristics of the suspension. In
the first case, it is necessary to ensure the fulfillment of the specified tactical and technical require-
ments, in the second - to restore the form of characteristics according to a known design. Both of
these tasks are greatly complicated in the absence of precise and universal analytical dependencies
suitable for determining the characteristics of elastic suspension elements of various design imple-
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mentations. The experience of interaction with some factories shows that designers, not being able
to qualitatively calculate the elastic characteristics, use the method of selection and analogy, when
for a new vehicle they use the suspension as on the old one, scaling it in size in order to approxi-
mately keep the values of working pressures. The numerous bench tests are carried out, which re-
sults are used for selecting required charging volume and pressure. Suspensions with backpressure
cause particular difficulty, since not only the final characteristic, but also the performance of the
entire unit depends on the combination of volumes and pressures of the two chambers, which work
in antiphase: when one is loaded, the other is unloaded, and vice versa. Using analytical dependen-
cies will reduce the time spent on design, to parameterize, to a certain extent, the suspension kine-
matics, to obtain the values of the equivalent suspension stiffness, and also to be able to develop the
characteristics of the model range of pneumohydraulic springs for vehicles of various weight cate-
gories.

This article presents a technique for the analytical determination of the characteristics of pneu-
mohydraulic springs of various designs. The options include both actually used in modern and his-
torical technology (in particular, on BMD-1, 2, 3, 4; GM-352; Ural Typhoon; Object 775, etc.), and
obtained by combining various structural elements, which implementation can be useful in the edu-
cational process in training personnel. The dependences presented in the article make it possible to
obtain static and dynamic elastic characteristics at various polytropic indices and are suitable for the
design of suspensions for wheeled and tracked vehicles for various purposes.

Keywords: tracked vehicles, wheeled vehicles, suspension, air-hydraulic spring, sus-
pension system.
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Modeling the work of the automotive differential with internal friction in the system for
calculating the multi body dynamics
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Pabora mocpsieHa MOAEIMPOBAHUIO U aHAIM3Y PabOThl aBTOMOOWIbHOrO nuddepeHimana mno-
BEILICHHOTO TPEHUS B CHCTEME pacyeTa AWHAMUKU CBS3aHHBIX Tesl. Monenbs pa3paboTaHa B MPHIIO-
KCHUM TI0 PacueTy AWHAMUKHU TBEPABIX M HaedopMupyeMbix Tea - RecurDyn or kommanumm Func-
tionBay.

[enpto paboThl siBisieTcs pa3paboTka MaTeMaTudeckod monermu auddepeHimana ¢ (GpUKIFOH-
HBIMU IIali0aMu U TIOATBEPKICHHE aJeKBaTHOCTH €€ paboThl. PazpaboranHas MaTemMaTHdeckas Mo-
nens auddepeHmana MpoBepeHa Ha BO3MOXKHOCTh €€ TIOCJICIYIOIIEer0 WCTIONb30BaHUS TPH MOJIe-

N3eectust MI'TY «MAMU» Ne 4(50), 2021 13



Pedepatsl cTaTeil.

JIMPOBAHUM TPAHCMHCCHH aBTOMOOWIS B CHCTEME pacyueTa IMHAMUKHU CBSI3aHHBIX Tell. B pabore co-
3/1aHa W TOJAPOOHO OIMHMcaHa MaTeMaTHdecKas Mojess nuddepeHmana, ¢ IOMOIIBI0 KOTOPO Mmpo-
BEJICH aHAJIM3 KUHEMAaTUKU U NTHUHAMUKW. [Toka3aHel crocOOBI MOJEIMPOBAHHMS MPOCTOrO CUMMET-
pudHOro nuddepeHimana U caMOOJOKUPYEMOro C KCTIOIb30BAHHEM OJIHOM pa3paboTaHHON Mate-
MaTtHaeckoil Monenu. [IpuBeeHpl M3BECTHBIC aHAIMTUICCKUE 3aBHCUMOCTH, ONHCHIBAIOIINE KHHE-
MAaTHUIECKHE W CWIOBBIC 3aKOHBI COOTHOIICHHS YIJIOBBIX CKOPOCTEH M KPYTSIMX MOMEHTOB MEXKIY
BBIXO/IHBIMU 3BEHBSIMH U KoprycoM auddepeHimana. BeiOpana u ommcan criocod pacdera U Moje-
TMpOBaHKs MOMEHTa TpeHusi B auddepeHimane. [IpeacTaBieHo ucnonb3yeMoe aBTOpaMu B paboTe
YpaBHEHHE, OINMCHIBAIOIEE MOMEHT TpeHHs B nuddepeHimae.

Pa3paboraH u onmcaH BUPTYaJbHBIN CTEHI, C TMOMOIIBFI0 KOTOPOTO OCYMIECTBIBIIOCH MOEIHPO-
BaHue pabotrel nudpdepeHimana. BriOpaHbl Harpy304HbIE PEKUMBI, SKBUBAJICHTHBIC PA3IHMIHBIM
YCIIOBUSIM JIBIDKEHUSI peajlbHOTO aBTOMOOWISI, TIPUBEACHBI MX KOJIMYECTBEHHBIE MapaMeTphl. B pa-
0oTe BBIOpaHBI KPUTEPUM OICHKH PabOTOCMOCOOHOCTH MaTeMaTH4eCcKol Moxerm nuddepeHmana.
[TpuBeneHpl pe3ylbTaThl MOICIMPOBAHMS I BCEX HATPY30YHBIX PEKUMOB, 1O HUAM JIOKa3aHA
aJIeKBATHOCTh Pa3pabOTaHHOW MaTeMaTHIeCKON Moaenu nuddepeHimana ¢ (PUKIMOHHBIMY 1A ii-
O0aMu. BwImonHEHBI TpeUIOKEHH O AajbHEUINIEM WCTIONh30BaHUM pa3paboraHHOM Mopemm audde-
peHImana.

Knioueewle cnosa: camoonoxupyrowutics ougpepenyuan, mamemamuieckas mooey,
ounamuka ceszannvix mea, Recurdyn.

The work is devoted to the operation of an automobile differential of suspended friction model-
ing in the system for calculating the dynamics of coupled bodies. The model was developed in the
RecurDyn application for calculating the dynamics of rigid and deformable bodies from the Func-
tionBay company.

The aim of the work is to develop a mathematical model of the differential with friction washers
and to confirm the adequacy of its operation. The developed mathematical model of the differential
is tested for the possibility of its subsequent use in modeling the transmission of a vehicle in the
calculating the dynamics of coupled bodies system. In this work, a model of the differential has
been created and described in detail. The model was used for the analysis of kinematics and dynam-
ics. Methods of modeling a simple symmetric differential and a self-locking one are shown based
on one mathematical model. The well-known analytical dependences describing the kinematic and
force laws of the ratio of angular velocities and torques between the output links and the differential
housing are given. A method for calculating and modeling the friction torque in the differential was
selected and described. An equation describing the frictional moment in the differential is present-
ed.

A virtual test bench was developed and described. Afterwards it was used for differential opera-
tion simulation. Load modes that are equivalent to various driving conditions of a real automobile
are selected, their quantitative parameters are given. In this work, the criteria for evaluating the per-
formance of the differential model are selected. The results of modeling for all load modes are giv-
en. According to those results the adequacy of the developed mathematical model of the differential
with friction washers is proved. The proposals on the use of the developed model are given.

Keywords: self-locking differential, mathematical model, dynamics of coupled bodies,
Recurdyn.
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PaccmoTpeHsl TepCrieKTHBHBIE aJbTEPHATUBHBIE YIJIEBOJOPOIAM MCTOYHHKH SHEPrUH, HCTIONb-
3yeMble B HACTOsILEe BpeMs B MUpE. AHAJIM3UPYIOTCS SHEProcOeperaromme TeXHOIOTHH HCTIONb30-
BaHUs YIJIEBOAOPOAHOrO TOIUIMBA HA aBTOTPAHCIIOPTE.

OTmeuaeTrcss HEOOXOAUMOCTh Pa3BUBATh NPUMEHEHUE 3JIEKTPONpPUBOJA HA aBTOMOOWIIX, a TaK-
K€ TUIAHOMEPHO HAKAIUIMBATh M aHAJIM3MPOBATH CYMIECTBYIOIIMI ONBIT AKCIUTyaTaldd aBTOMOO M-
Jeil ¢ anexTponpuBoioM 3a pybexxoM u B Poccuiickoit denepairm. MonuTOpuHr pa3pabaTbiBac-
MBIX 32 pyO€KOM TEXHOJIOTHH U TpoOJieM, BOSHHUKAIOIIMX IPH AKCIUTyaTaldd aBTOMOOWICH C JJeK-
TPONPHUBOAOM, TO3BOJUT ONpPEAEIIUTh MPUOPUTETHBIE MyTH MX Pa3BUTUS U CKOHLEHTPHUPOBAThH YCU-
JUsl WICCTIe0oBaTeiel B HATPABJICHHH, 00ECTICYMBAIOIIEM MAaKCHUMaJbHYIO A(P(QEeKTUBHOCTh HX TPHU-
MEHEHHMS.

OxHIM W3 TIpHBIICKATEIbHBIX W SKOHOMHYECKH BBITOJHBIX B HACTOSAIIECE BPEMs IJII OTEYECTBE H-
HOW TPaKTUKU IMyTe€H pa3BUTHS aBTOMOOWIHHOIO TpPAHCIOpTA SBISIETCS NMPUMEHEHHE aBTOMOOWIEH
C THMOpHIIHBIMU CWIOBBIMU yCTaHOBKaMHM. [loka3zaHo, 4TO MPOM3BOACTBO T'MOPHIHBIX aBTOMOOMIEH
U 27IEKTPOMOOMWIEH 3a pyOex oM YCIEIIHO pa3BHBACTCS W SBIAETCS B HACTOSAIIEE BPEMs OJHUM U3
CaMBbIX IMHAMUYHBIX B MUpE.

[TpuBenenpl mokazaTenu 3(QEKTHBHOCTH pacxofa 3JIEKTPOSHEPIMM aBTOMOOWIEH C 3JIeKTpo-
NPUBOJIOM Pa3JIMYHBIX aBTOMOOWIECTPOUTENILHBIX (DHpM. BBINOMHEH CpaBHUTENbHBIA aHAIW3 TEX-
HOJIOTHI TIPHMMEHEHHsI aBTOMOOWIEH C 3JIEKTPONPUBOIOM [ YIy4YILICHHS SKOJIOTMYECKOH cHTya-
MM B MEramnoiucax M pacCMOTPEHbl MpoOJIeMbl TMOBBIIIEHUS 3()PEKTHUBHOCTH aBTOMOOWIBHBIX
SHEProyCTAHOBOK.

ITokazaHo, 4yTO KIMMaTHdeckue ycioBus Poccuiickon denepaimy ¢ JUIMTEIBHBIMU NEPUONLAMHU
HIBKHX TEMIEpaTyp aTMOC(EpPHOr0 BO3JyXa CWIHBHO BIMSAIOT HA TOTEPH SHEPIHH, CBSI3aHHBIC C
000rpeBOM CaJlOHA, U B 3HAYUTENHHOM CTENEHU — Ha SHEProd(p(PeKTUBHOCTH CIUIOBOW YCTAHOBKU
ANIEKTPOM OO WITEHA.

Jns oueHkH >P(EKTUBHOCTH HCTIONb30BAaHKMS aBTOMOOWIEH C AJIEKTPONPUBOIOM TMPEJIOKEHO
WCTIONH30BaTh YHMBEPCAJbHBIN TMOKa3aTenb 3(pdekTuBHOCTH pacxoma sHeprud. CpaBHUTEIBHYIO
OIIEHKY SHEPreTHYECKHX 3aTpaT pa3MyHbIX aBTOMOOWIEH MpesIoKeHO MPOBOAMTH IO SHEpreTHue-
ckomy mapametpy OEL.

IIpuBei€HHBIE pacyYETHBIE JAaHHBIC IMOKA3BIBAIOT, YTO HCIOJIb30BAaHUE aBTOMOOWIEH C AEKTPO-
IPUBOJIOM U, B YaCTHOCTH, MOJA3APSHKAEMbIX MMOpPHUIOB O0Jiee BBITOJHO IO CPABHEHHIO C UCIOJb30-
BaHHEM aBTOMOOWIEH, 00opynoBaHHbIX HckmouuTeabHo JIBC.

Kniouegwle cnosa: aemomoobuns, 21eKmpomoousb, 8000p000MOOUNL, 2UOPUO, IKOJL O~
CUYHOCHIb, MONAUBHASL IKOHOMUYHOCHIb, XAPAKMEPUCTIUKU P PeKmusHocmu, 3Hepeo? ¢-
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Pedepatsl cTaTeil.

Gexmusnocmo, CO2, KOMOUHUPOBAHHDBIE CUTLOBbIE YCMAHOBKU.

The perspective energy sources alternative to hydrocarbons, which are currently used in the
world, are considered. Energy-saving technologies for the use of hydrocarbon fuel in vehicles are
analyzed.

The need to develop the use of electric drives on automobiles is noted. The importance of sys-
tematical accumulation and analyzing of the existing experience of operating vehicles with electric
drives abroad and in the Russian Federation is considered. Monitoring the technologies developed
abroad and the problems arising during the operation of electric vehicles will make it possible to
determine the priority ways of their development and to concentrate the efforts of researchers in the
direction ensuring the maximum efficiency of their application.

One of the currently attractive and economically viable ways of developing road transport for
domestic practice is the use of vehicles with hybrid power plants. It is shown that the production of
hybrid vehicles and electric vehicles abroad is successfully developing and is nowadays one of the
most dynamic in the world.

Indicators of efficiency of electric power consumption of vehicles with electric drive of various
automobile manufacturers are given. A comparative analysis of technologies for the use of electric
automobiles to improve the environmental situation in megalopolises is carried out and the prob-
lems of increasing the efficiency of automobile power plants are considered.

It is shown that the climatic conditions of the Russian Federation with long periods of low tem-
peratures of atmospheric air strongly affect the energy losses associated with heating the passenger
compartment, and to a large extent - on the energy efficiency of the power plant of electric vehicles.

To assess the efficiency of using electric vehicles, it is proposed to use a universal indicator of
the efficiency of energy consumption. It is proposed to carry out a comparative assessment of the
energy consumption of various vehicles by the energy parameter gEL.

The calculated data show that the use of vehicles with electric drive and, in particular, recharge-
able hybrids is more profitable in comparison with the use of vehicles equipped exclusively with
internal combustion engines.

Keywords: vehicle, electric vehicle, hydrogen vehicle, hybrid, environmental friendli-

ness, fuel efficiency, efficiency characteristics, energy efficiency, CO2, hybrid power
plants.
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