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DEVELOPMENT OF MEASURES TO INCREASE RELIABILITY TURBOCHARGER BEARING UNIT
AUTOTRACTOR DIESEL ENGINE

A.V. Trynov, D.G. Sivykh

To increase the reliability of small turbochargers, in particular the bearing unit, it is proposed to use in the automatic mode
of local cooling of the bearing with compressed air. The design of the turbocharger with the central case which houses the bear-
ing and to which engine oil from the engine lubrication system is brought under excess pressure is considered. This design is the
most common among turbochargers of tractor engines. Forced engine modes can be critical for the bearing, accompanied by fluc-
tuations in the exhaust gas temperature, for example, due to an uncontrolled increase in cyclic supply, a sharp increase in load.
Such modes lead to an increase in temperature deformations of the turbine wheel, rotor, reduce the reliability of the turbocharger.
Heat dissipation from the rotor through the bearing assembly into the lubrication system is insufficient, additional short-term
local cooling is required. The study simulated heat transfer processes in the bearing assembly of a small turbocharger using the
developed mathematical model based on the finite element method. To clarify the model, namely the boundary conditions of the
thermal conductivity problem, a series of non-motorized experiments with a locally cooled bearing were performed. In the course
of non-motorized experiments, the algorithm of the automatic control system operation was worked out, some of its structural
elements were selected and tested in practice. Conducted non-motorized experiments and the results of mathematical modeling
confirmed the effectiveness of using the system of automatic local cooling of the bearing assembly. These measures increase the
reliability of small turbochargers.

Keywords: turbocharger bearing assembly; local bearing cooling; motorless experiment; automatic control.
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AHAJII3 ICHYIOUYUX CUCTEM HAJAYBY TA HEPCIIEKTUBU 3ACTOCYBAHHSA
EJIEKTPUYHOT O ITPUBOAY Y ATPEI'ATAX HAJJAYBY

B pobomi nposedeno ananis cyuacuux piuienb no nioSUWEHHIO NOMYAICHOCHI OBUSYHIB 34 PAXYHOK YOOCKOHANEHHS.
cucmemu nogimpanocmavanna. Posenanymi oonocmynenesi ma 6azamocmynenesi cxemu Ha00y8y 3 2a308UM , Mexa-
HIYHUM MA KOMOIHOBAHUM 36 SI3KOM ) OEKLIbKOX 8apiayisx, 6UsIGNEHHI IX NO3UMUGHI Ma He2amugHi CIOPOHU 05 Cy-
yacnozo mawunobyodyeanns. Hatinpocmiwoio ma natinowupeniuioio € cxema 3 2a308uM 36 A3KOM MIdC NOPUIHEBOIO
uacmunoio i TKP, ane y unaoxy 015 060MaKmuux Ou3envHux 08ueyHie mpeba 36axjxcamu Ha 0coOnUocmi pobo1o2o
npoyecy, 0e Ha Maaux obepmax eHepeii GUXIONHUX 2a3i8 HeOOCMAMHbO 071 NPUBEOeHHs 8 Oit0 MypOOKOMNpecopa.
Jlpyeum sapianmom € cxemu 3 MeXAHIYHUM 38 SI3KOM, Oe 8aau mypoOiHU ma KOMApecopa NOEOHAHI 3 86AN0OM O8USYHA 34
0onomoeoto mexaniunoi nepedaui. Takodc modxicausa cxema, npu AKiti Komnpecop i mypoina moscyms 6ymu okpemo
3'eonani 3 koninyacmum eanom ousens. Taxe piwenns 3abesneuye cuHXpoHHy pobomy Komnpecopa i nopuHego2o
08USYHA HA YCIX PeICUMAX, CNPUSE KPAUWJOMY 2A3000Mily, NOKPAUWYE NOKAZHUKYU HA NEPEXIOHUX PedCUMax ma nyckosi
enacmugocmi. OOHUM 3 80ANUX PilieHb Ol 08OMAKMHUX OU3EIIE € PO3POOKA KOMOIHOBAHUX CUCEM HAOOY8Y 3 NPO-
MINCHUM 0XON0024CY8AYeM NOBIMPS, AKI 6diCe 68ANCAIOMbCA bazamocnynenesumu cucmemamu. Pozoinsiomoca 6onu
3a2anom Ha 08I cxeMu ,6 OOHIU cXeMi NPUBIOHUI KOMAPecop - CIMYNiHb 8ucokoeo mucky, a TKP - nuzpbko2o mucky
,0py2a cxema naenaxu. [{ia 060makmuux ousenie Habys YuHHOCMI ma cmag Oinbiu 8i00MUM came neputull sapianm.

3a ocmanni 7 poxieé nioxio 00 600CKOHANEHHSI cucmemMu HA00y8y Habye Oesikux 3miH, oOHu 3 mpendig ¢ Electric
Boosting Systems ma enposaoddicenns yux cucmem 0Jis ZpOMAOCLKUX aemomooinie. OOHumu 3 nepuiux Oyau KomMnamii
Audi ,Daimler ,Land Rover, axi nouanu ocHawyysamu c60i asmomo0ini enekmponadoysom. Ha oanuii vac ambacaoo-
pamu yiei memu modicna esadxcamu maxi eenuxi komnauii ax BorgWarner ma Garrett. Tak, nanpuxaao, niopo3oin
AMG cninvno 3 gipmoro Garrett po3pobunu ma npesenmyeanu cepitinuii enekmpomyp6onaodys. Ilpobrema euxopu-
CMAHHA eNeKMPUIHO20 NPUBODY 8 CUCTNEMAX HA00Y8Y HAbYBaE OiNbUIO20 PO320A0CY 8 OCIAHHIN YdC, MA 8ice € 3M02d
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3pobumu 8UCHOBOK OO0 HAAGU 6EUKO20 NOMEHYIANY MA MOICTUBOCMI GUKOPUCIANHS NOOIOHUX PO3POOOK O 6im-

YUSHAHUX OBOMAKMHUX OU3ETHHUX OBUSYHIG.

Knwuoegi cnosa: osomaxmuuili Ousensv, nogimpanocmayants, Haoodye; bazamocmynenesuii Ha00y8; MexaniuHuil Hao-
0y8; MypOOKOMNpecop; eneKmpoHad0y8; mypoboeneKmpoHaooys.

Beryn. ¥V cygacHOMy CBiTi aKTyaJbHHM 3aBIaH-
HSIM MaIlIMHOOYIyBaHHS € IiJBUIIEHHS MMOTYXHOCTI Ta
KPYTHOTO MOMEHTY JABUTYHA. SIK BIiIOMO NOTYKHICTh
IBUTYHa Oe3mOocepeaHpo IMoB's3aHa 3 pobounM 00'e-
MOM LMJIIHJPIB 1 KUIBKICTIO TalIHMBa-TMOBITPSIHOI CyMi-
ITi, 10 MTOAETHCS B HUX, YAM OIJIbIIE MAIUBa 3rOpsie,
TUM OibIIe MOTYXXHICTH pO3BHBAaE ABHTYH. € Oarato
CHoco0iB 30UIBIICHHS MOTYKHOCTI JIBUTyHa. 30i1b-
IICHHS HOTO po00oYoro o6'eMy 3BICHO Ja€ pe3yibTar,
ajie B TOU K€ 9ac MPHU3BOIUTH 0 30iNBIICHHS rabapu-
TiB 1 MACH KOHCTPYKIIT CHJIOBOTO amnapary. 3a paxXyHOK
30UTBIICHHST 00€PTiB KOIIHYACTOTO BTy TAKOXK MOXKHA
30UTBIINTH KUTBKICTh MOJAHOI po00Y0i cyMirmi, ane it
NpU3BE/IE 10 3pOCTaHHS CWJI iHepuii 1 pi3koro 30i1b-
IIEHHS MEXaHIYHUX HAaBaHTAXEHb Ha JETaNi CHIOBOTO
arperary, HacJiJIOK IbOTO - 3HIDKEHHS Pecypcy JBHUTY-
Ha. BiNBIIICTE KOMIAHIH, sIKi BUPOOJISIOTH aBTOMOOLI,
BIAIOTHCS 0 HAWOUTBII €()EeKTUBHOTO CIIOCOOY IiIBH-
IIEHHS IIOTY)KHOCTi, a caMe€ 3acTOCYBaHHS CHCTEM
HAJUIyBY, IO JO3BOJIIE NPUMYCOBO MOJATH Oinblie
MOBITPS B LWIIHIPH, BIOPCHYTH OLIBINE IajnBa Ta
OTPUMATH OUTBIIY MOTYXHICTH Oe3 30inbIIeHHs rada-
pHTIB i Macu cuitoBoro arperary [1].

Ha cporoanimHiii JeHp € KUIBKAa OCHOBHHUX CIIO-
co0iB opraHi3ailie HaAIyBY:

- HAJUIYB 3 MEXaHIUYHUM 3B'S3KOM, JI€¢ KOMIPECOp
MIPUBOJUTECST Y 0OEpPTaHHs BiJl ABUT'YHA 4depe3 peMiH-
HUI a00 IIeCTepHUIA 3B'I30K

- Ta30TypOiHHMH, A€ TypOiHa NPUBOAMUTHCS B PYyX
BiJl IOTOKY BiIIparibOBaHUX Ta3iB.

Ta Bce ) TEXHOJIOTIT He CTOSATH Ha MICII 1 iCHYIO-
4i CHOCOOM YCKIIQJHIOIOTBCS, 3 SBISIOThCS TYpOIHU 3
3MIHHOKO T€OMETPI€I0, a 3a OCTaHHI JIeKiTbKa POKIB
HaOyBae TMOMYJISIPHOCTI cxeMa HaJuyBy e-turbo, mio
nepen0ayae BUKOPUCTAHHS HA/UIyBY 3 €JICKTPHUYHUM
NIPUBOJZIOM J0/IaTKOBOTO Komipecopa (abo cxemu 3
KOMOIHOBaHMM Ta30BUM Ta EJIIEKTPUYHUM 3B'SI3KOM
komnpecopa). Kommanii Audi, Daimler Ta Land Rover
BHKOPHUCTOBYIOTH MOJIOHI CXeMH HaJIIyBy. A BiIOMUit
BHpOOHKK TypOokommpecopiB Garret BXKe JOCAT yCITi-
Xy Y HOBOMY HAaIpsIMKy Ta HPEJICTaBUB eleKTPOTYPOO-
KOMITpecop, NOCTyIHuH uist npundanus. Cydachi JIB3
JIOCTaTHBO TEXHOJIOTIYHI Ta CKJIa/IHi, PE3E€PBH IS BIIO-
CKOHAJICHHS CKOPOUYIOThCS. OJIMH 13 TAKUX 3HAWIEHUX
pe3epBiB MoJsirac B OCHAILIECHHI arperatiB HaJylyBY
€JICKTPOHHUM TPHUBOJIOM, ISl TeMa HaOyBae Bce Oijb-
LIIOTO PO3BUTKY 1 € aKTYaJIbHOIO Y HAIIl Yac.

Meta podoTn. AHai3 CBITOBOrO JOCBIAY 3 PO3-
pOOKHM Ta BUKOPHCTaHHS CHUCTEM HAJOyBY 3 €ICKTPHU-
HUM TPUBOJIOM , JOMUIBHICTh BHKOPHUCTAHHS CXEM

HaAIyBYy THMy e-turbo . Po3poOka cxemu ABOCTymHeHE-
BOr'0 HaJIyBY 3 €JIEKTPUYHUM IIPUBOJOM JUIS ABOTAK-
THOTO JW3EIBHOTO  BHCOKO(PCOBAHOTO  JBUTYHA
6UH12/2x12.

AHaJi3 cxeM opraHizanii HaqIyBYy

Bimomi cuctemu HaAIyBY 3 BUKOPHUCTAHHAM TYP-
OOKOMIIPECOPIB CIYTYIOTH UIS IiABHUIIECHHS ITOTYKHO-
CTi JIBUTYHa 3a PaxyHOK €Heprii BUXJIOIHMX ra3iB. B
TaKHX CHCTEMax KOJecOo TypOiHM KOPCTKO 3’€THAaHE C
KOJIECOM KOMIIpECOpa CIUTFHIM BajoM (puc. 1).

- rg - K TGA)A
|

Puc. 1. Cxema /B3 3 2az06um 38 ’s13k0M Midc
nopuinesoro yacmunoio i TKP

Komeco TypOiHu 00epTaeThCs i3 BUCOKOKO IIBU-
KICTIO MiJ Ji€l0 eHeprii MoTOKy BHXJIONMHHX rasiB. B
CBOIO 4epry 3’€JHaHE CIIUIBHUM BaJIOM KOJIECO KOMII-
pecopa ciyTrye Ui CTHCKY TOBITpsS Ha BIycky JB3.
[IBuaKicTh 0OepTaHHs Kojeca TypOiH TO Kojieca KOM-
mpecopa € 3aBXKIU OJHAKOBOIO 1 3AJICXKUTH Bif 00’eMy
Ta MIBUIKOCTI ITOTOKY BHUXJIOITHHMX Ta3iB, T€OMETpis Ta
po3Mipu TypOiHHOT 1 KOMIIPECOPHOI YacTUH TYpOOKO-
MIpecopa TMOBHHHI OyTH y3rojpkeHi MiK coboro. Y
3B 513Ky 3 OCOOJIMBOCTSIMH pPOOOYOro Mporecy ABOTaK-
THOTO JIBUTYHa [2], Ha Manux obeprax eHeprii BHXJIO-
ITHUX Ta3iB HEJOCTaTHBO YIS MOCTayaHHS HEOOXiTHOT
KIJIBKOCTI MOBITps Ha BIYCKY, sike O MOrIo 3a0e3nevu-
TH 33J0BUIbHY AKICTH NPOLECIB CyMIIIOYTBOPEHHS Ta
3ropstHHsL. [Ipy Manux HaBaHTaKeHHSX €HEeprii BUITyC-
KHUX Ta3iB HEAOCTATHHO VIS MPHUBEACHHS B M0 TYp-
6okommpecopa. IloTyxHICT TypOiHM Ha TaKUX PEXKH-
Max 3amania JUis TOCTadaHHs B IIWJIIHIP HEOOXiTHOT
KUTBKOCTI TOBITPS, YCKJIaJHIOETHCS IMYCK IBUTYHA Ta
#ioro po6oTa Py HEMOBHOMY HaBaHTaXeHHi. [1]

IcHYIOTH cXeMH 3 MEXaHIYHHM 3B’SI3KOM — BaJd
TypOiHH, KOMIIpecopa IMOEJHaHI 3 BajJOM JBUTYHA 3a
JIOTIOMOTOI0 MEXaHIYHOIO Tepeaayi.
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Komrpecop 1 TypOiHa MOXYTb OyTH OKpeMo 3'el-
HaHi 3 KOJIHYaCTUM BaJIoM Au3eds (puc. 2).

Abo xommpecop i TypOiHa 3’€lHaHI OJHUM Ba-
JIOM, a Ha BaJI JIBUTyHa IEPEJacTbcs PI3HULS MOTYX-
HOcTel TypOiHU # Kommpecopa (puc. 3).

Ban qusenst moeqHaHuii 3 BaJoM TypOiHU Ta KOM-
npecopa 3a JIOMOMOTOI0 JIBOX HE3JIS)KHUX TiAPOMY(DT
(puc. 4, a) abo onHiel Ha Bairy kommpecopa (4, 06) 4 Ha
CHIJIBHOMY Basly KomIipecopa i TypOinu (4, B).

{
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Puc. 2. Cxemu osueyna

MexaHiuHUI 3B 530K 3a0e3medye rapHi MyCKOBI
BIIACTHBOCTI Ta mpuiomicTicTs. [lepeBara Takux cxem
NOJIATAaE y CHHXPOHHIH poOOTI KOMITpecopa 1 mopuIiHe-
BOTO JIBUTYHA Ha yCiX pPeXHUMax, IO CIIPUSIE KPAIIOMY
ra3000MiHy, B TOMY YHCJIi H Ha MEPEeXiTHUX peKAMax.
[lpn upOMy THCK HaAAyBy Moxe OyTH 30UIbIIECHHI
HE3aJIe)XKHO BiJ MOTYXHOCTI TypOiHu. Hemomixkm —
CKJIaJTHICTh KOHCTPYKIIii, BTPATH IMOTYXXHOCTi B MeXa-
HIi3MI Tiepenadi, OUTbINI rabapuTH, 0COOJIMBO MPH Hasi-
BHOCTI TiIpOMy(QT.

[MpupoHO, 10 IBUTYHH 3 Ta30BHM 3B’SI3KOM TY-
pOiHM i KOMIIpecopa 3 MOPIIHEBOIO YACTHHOK Ha0YIH
OLTBIIOTO TOMIMPEHHS Ha HA36MHOMY TPAHCIIOPTi. AJe
JUTSL TIOKPAICHHS ITyCKOBHUX BJIACTMBOCTEH JBUTYHA Ta
1oro poOOTH IPpU HEMOBHOMY HaBaHTaXCHHi. BUHUKAE
notpeda y TOJATKOBOMY arperari — MpHUBiTHOMY KOM-
npecopi, KA OM Mir 3a0e3mednT HeoOXiTHUH THCK
HaJUIyBYy Ha MaJMX 00epTax KOJIIHYacTOro Bajy.

Puc. 3. Cxemu dsucyna

KoncTpykuist Moke OyTH yCKJIagHEHa HasBHICTIO
rigpomyodT (puc. 4).

1

0o

6)

Puc. 4. Cxemu 0sueyna ¢ mexaniunum 36 sa3Kom ma
2iopomypmoro

I mpoGiiema MOke OyTH BHpIIIEHA HUITXOM Op-
raHizanii komreHcalii MOTYXHOCTI ra3oBoi TypOiHH.
Taki OBUTYHH B JiTEepaTypi HAa3WBAIOTh ABUTYHAMH 3
KOMOIHOBAaHUM 3B’sI3KOM TypOiHU i KOMIIpecopa 3 1o-
PIIHEBOIO YaCTHHOIO 200 IBUTYHAMH 3 KOMOIHOBaHOIO
cucremoro HajuuyBy [3]. [IpuknaniB BUKOHaHHS JIeKi-
neka. [le moxe Oytu mexaHiuawmii 38’130k TKP 3 koumi-
HYaCTHM BaJIOM (pHC. 5) - KOHCTPYKLisl Iependadae
My, 3a momomororo sikux TKP Bim’eqHyeTbes Bif
BaJly Ha PEXUMAax, KOJHM IMOTYKHOCTI JOCTATHBO ISt
NIpUBE/ICHHS B Jit0 kommpecopa [lonanpiie BrockoHa-
JICHHS - HAsBHICTh MIPOMIDXHOTO OXOJIOJKyBaya ITOBIT-
psi, 10 J03BOJISIE BUTPA4aTH MEHIIE MOTYXKHOCTI LIS
OTPUMaHHS 33J]aHOi KUIBKOCTI TTOBITPSL.

AGo0 x 11e MOKe OyTHM BUKOPHCTAHHS JBOCTYIIE-
HEBOT0 HajyBy. Taki CHCTEMH MOXYThb MaTH OAHY 3
JIBOX CXEM:

1) mepmia cTymiHb CTHCKY — TypOOKOMIIpecop,

JIpyra — IpuBiTHUN KoMmmpecop (puc. 6);
2) mepiia CTYIiHb CTHCKY — OPUBIIHUIT KOMITpe-
cop, npyra — Typbokommpecop (puc. 7).
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Puc. 5. Cxema xombinoeanozo Haooysy

J

Puc. 6. [lepwa cmyninb cmucky — mypboxkomnpecop

i

Puc. 7. Cxemu 08ueyna 3 Komb6iHOBAHUM 38 A3KOM.
Iepwa cmynins cmucky — npugionuti KOMIPecop

[Tpu BTiNIEHH] NEPILIOi CXeMH BUTPATH MOTYKHOC-
Ti Ha IPUBEJICHHS B Jil0 KOMIIpecopa MeHIIi, o o0y-
mosmoe semo Buiui KKJI nBuryHa, npuitoMicTicTh
10 eKCILTyaTalliiHUM SKOCTSAM OJM3bKa 10 JBUTYHIB i3
3BHYaiHUM Ta30TypOiHHMM HaanyBoM. Lled tun
3’€THaHHs arperariB HaOyB OUIBII IIMPOKOTO PO3IO-
BCIOJDKEHHS. J[pyra cxema XapakTepu3yeTbcs oOMe-
KEHHSIM MO>KJIMBOCTI ()OpPCYBaHHs MO BUTPATIi MOBITPS
0e3 3aMiHM NPUBIIHOTO KOMIIPECOpa Ta 3yMOBIIOIOTH
3pOCTaHHS HaBaHTaXXCHHS B Iepeaadi BiJ KOJiHYACTO-
T'O BaJIy NIpH Pi3Kii 3MiHi Horo o0epTiB.

B cBoro uepry arperatu HaaJyBy MOXYTb OyTH
3’€IHaHI MOCTIOBHO (puc. 8) 4u mapasnebHo.

g

\/\

Puc. 8. Cxema 06ocmynenegozo Haooy8y 3 nociioos-
HUM NIOKTIOYEeHHAM azpe2amis Had0y8y

IMoTenuian BUKOpPUCTAHHS
NMPHUBOAY Y CHCTEMi HAJIyBY

3acTocyBaHHs €NEKTPOHHOTO NpuBoAy [4] € Ha-
CTYIIHUM KpPOKOM DO3BHUTKY arperaTiB TypOOHaaIyBYy

CJICKTPUYIHOI'0

JUIsL Cy4acHOro MamunHoOyayBaHHs. [IpoBigHi kKomma-
Hii B ramy3i TypOoHarHitauiB Garrett Motion Ta
BorgWarner ctBepKyrOTh, 110 MU OUIBIIOMY KOHT-
poii 3a poOOTOI TYypOOHATHITA4YiB TMOTYXKHICTH Ta
e(eKTHBHICTE MOXKYTh OyTH mokparmeHi. Volkswagen
ta Mercedes-Benz Bxxe MarlOTh JOCBil BUKOHAHHS Ti0-
PUIHHMX CHCTEM HaJJyBY, a camMe JBOCTYIIEHEBHX TYp-
OGOKOMIIPECOPIB 3 €IEKTPOABUTYHOM, SIKMH TIPU3BOANTD
B JIil0 KOMIpecop TypOOHarHirtaya 10 THX Iip, JOKH
eHepril BUXJIONHUX ra3iB He Oyje JOCTaTHBO IJIsl 3a-
Oe3redeHHsT HeoOXiTHOI MIBUIKOCTI 0OEpTaHHS POTOpa
TypOiHM 1 B3TH Ha ceOe ynpaBiiHHsS Ha OLIBLI BHCO-
KUX MIBUAKOCTSIX. [nest kommnanii Garrett y Tomy, mo0
E-Turbo BuUKOpHCTOBYBaB OUIBIIHN E€IEKTPOJBUTYH
JUIs 00epTaHHsI OIIBLIOr0 KOMIIpecopa Ha HIKYHX
HIBUJKOCTSAX, II0 B KIHIIEBOMY IHiJCYMKY J03BOJISE
BUXJIOIIHUM Ta3aM 4YacTKOBO ab0 ITOBHICTIO o0epTaTh
KOMITpecop 1pH 30inblIeHHi 000poTiB ABUTrYHA. | KOM-
naHisi Bxe po3pobmia ceiii E-Turbo cnenianbHo st
poboTH 3 48-BONIBTOBUMHU CHCTEMaMH, SIKi 3apa3 BUKO-
PHUCTOBYIOTECSI Yy 0aratboX CepiiHMX aBTOMOOIIAX.
HdemoHcTpaniitamii 3pazok Garrett moka3aB 3HadHE
MIOKpaIIeHHs MpH NepeMUKaHHi i3 3Bu4aifHoro typ0o-
HAQ/TyBY Ha €JIeKTpOHHHUH TypOoHanayB. [Ipn HU3bKHX
oGeprax gsurysa 1500 xB™ HimbOBHil KpyTHHIT MO-
MEHT jocsrascs 3a 1 cekyHny npotu 4,5 cekyH[ y Ho-
TOYHIN cepiitHif Mojeni. HomiHampHa MOTYXHICTB
30impmmnacs Ha 16%, KpyTHHI MOMEHT 30iIbIIUBCS
Ha 10,5%. T'onoBHi nepearu E-Turbo - BukopucTaHHs
OimpIIMX TypOiH, SIKi HE BUMAraloTh CKUAAHHS MAJINBA,
siKe HeOoOXiTHO MEHIIUM TypOiHaM JJIsi OXOJOKCHHS
Il yac TpHUBAJIOro BHKOpHcTaHHsA. Kpim Toro, 3acro-
CYBaHHS HAaBEJCHOI CUCTEMH HA AM3ENbHUX ABHTYHAX
nae ckopoueHHst BUKUIiB NOx 10 20%, 1110 € BAaroMoro
TIepeBaroio.
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eTurbo Big BorgWarner - 1ie Mexanigyauii Typ60-
KOMIIPECOD, OCHAICHNH HaIBUCOKOIIBUIKICHIM EJIEK-
TPOJIBUTYHOM, 3'€THAHUM O€3MOCepeHhO 3 BAJIOM [5].
Tpeda 3a3HaumnTH, 10 caMa cXeMa BHHAKeHa paHille,
Hanpukia mareHt Ximeo Kasamypu 1988 poxy[4].

Take pimeHHst 3a0e3neyye J0NATKOBY IepeBary
eJIEKTPU(]IKOBAHOTO HAJAYBY Y HOKpaIlIEHOMY BiAry-
Ky, BiH 3a0e3nedye Oinpin HiX Ha 200% mBuanry me-
pexifHy peakiito HagayBy, i 50% CKOpOUYCHHS Yacy
JOCSITHEHHSI KPYTHOI'O MOMEHTY, Maibke YCyBalo4du
TypOO03aTpUMKY 1 JOJATKOBO MiATPUMYIOUH 3MCHIICH-
Hs po3MipiB aBuryHa. Lleit enexkrpudikoBanuii TypOo-
HarHiTa4 0COOJMBO MOOpE MiIXOAWUTH ISl KOHIICTIIIIH
JIBUTYHIB, IO MPANOIOTh 32 NUKIOM Mimiepa, 3a6e3-
MCYYIOUM K MOKPAIICHy CKOHOMIIO MajuBa, TaK 1
3HW)KEHHS BUKUIB 0e3 BTpaTd mpoayKTuBHOCTI. Ta-
kok eTurbo MoOXe CIyXHTH TeHepaTopoM, 3[aTHUM
30MpaTy HaaMIpHY €HEpril0 BUXJIONMHUX ra3iB Ta mepe-
TBOPIOBATH ii Ha ENIEKTPUYHY €HEPTIIO.

IlepcnekTHBHI cHCTeMM €JeKTPUYHOIO NPHU-
BOJY y cHcTeMi HAJIyBYy Ta iX 3aCTOCYBAHHS Ha Bi-
TYN3HSAHUX IBOTAKTHUX JBUTYHAX

[ligTprMKa TOKa3HUKIB BITYMU3HSIHUX CHIIOBHX
arperariB Ha BHCOKOMY pIBHI cepell KOHKYPEHTHHX
3aKOPJOHHUX PO3pO00OK MOTpedye Oe3mepepBHOro
IpoLeCcy BAOCKOHAJICHHS TEXHIYHUX PIICHb Ta BIPO-
Ba/PKEHHs HOBMX TexHoJIorii. OnHi€I0 3 TAKUX € CHUC-
TeMa HaJJIyBYy 3 NPUBOJIOM BiJ| €JIEKTPOBUTYHA.

B cucremax HajgnyBy 3 ra30BUM 3B’SI3KOM, TypOi-
Ha ¥ KOMIIPECOpP JKOPCTKO MOB’si3aHi MiXK CO0O0I0 CITi-
JBHUM BajJOM 1 NMOBHUHHI OyTH DPETENbHO Y3TrOJKEHI
MK co00t0. OffHaK O/HA 3 X YacTHH HE TPAIIoE B
ONTHMAJBLHUX YMOBaX Ha YCiX pexxuMax poOOTH JBH-
ryHa. HaBeneHi BHIlle CHCTEMH 3 BUKOPUCTAHHSM €JIe-
KTPOHAAYBY HE BHPIIIYIOTH IIi€i MPOOIeMH, X04a 10-
KpalLLyIOTh TMEpexXilHy peakiilo HaJyBy i HpUiHOMic-
TICTh JIBUTYHA.

HaTomicTh 3amporoHoBaHa mami cxema rependa-
yae MEXaHIYHO He3aJeXHi TypOiHM W KoMmmpecop, sKi
MOXYTb OYTH ONTHMi30BaHi JuIs OUIbIIOT eheKTUBHOC-
Ti, @ KpiM TOTO i1 pO3TaIIoBaHi 3 Pi3HUX CTOPIH JBUTY-
Ha.

Inest monsirae y BUKOPHUCTAHHS €IEKTPUYHUX Ma-
IKH, Ki 0 3a0e3nedyBaiy MBUIKICTE 00EpTaHHS KO-
Jieca KOMIPECOPHOI YacTWHU 3 OJIHIET CTOPOHH, Ta 3
IHIIOI - MpaloBaIM SIK TEHEpaTop Ta HAaKOMHYyBalll
HaJUIMIIKOBY €HEprilo Bix TypOiHHOI yacTuHH (pHc. 9).

3a mier cXeMoro arperaT HaJyBy CKJIaIa€ThCS 3.

- TypOiHH, IO IPUBOJUTH B JIiI0 €JIEKTpOreHepa-
Top;

- KOMIIpecopa, MEXaHiqYHO HE3aJeKHOTO Bif Typ-
OiHM, SIKUI MIPALOE BiJ CICKTPOBUTYHA.

Cucmema
KepysaHHs

Puc. 9. Cxema Haooysy i3 gukopucmanHam enekmpu-
HO20 NPUBOIy

TypOiHa 3’eqHaHa 3  EIEKTPOICHEPATOPOM,
OCTaHHi#, 00epTal4nCh Bix TypOiHH, BUPOOIISE €IEKT-
poHHMIA cTpyM. ['eHepaTop, B CBOIO 4epry, IiJKIIFoYe-
HO JI0 cucTeMu 30epiranas (eIeKTPpOHHOI OaTapei).

Ha ycix pexxuMax poOOTH IBUTYHA PEryJIIOBaHHS
3IIMCHIOETBCS KOMIT IOTEPHOI0 CHCTEMOIO KepyBaHH,
sKa B PSKUMI peallbHOr0 4acy 3MiHIOE 00epTH poTopa
KOMIIpecopa 3a JIOHNOMOTOI0 €NeKTPOABUIYHA, TaKOX
3’€JIHAHOTO 3 CHCTEMOIO 30epiraHHs.

BucHoBku

BpaxoBytoun cydacHi TEHIEHII NPOEKTYBaHHS
JIBUTYHIB, X MailOyTHE Maike HEMOXIINBO 0e3 BHKO-
pHUCTaHHS HaIyBy. B poOOTI MpoOBEACHO aHaIi3 iCHY-
I0YMX CXeM HaJ/yBY ,[IOYMHAIOYM BiJ HAHIPOCTIIIMX
TypOOKOMITPECOPIB Ta 3aBEPIIYIOUYH II€PCHEKTHBHIUMHU
CHCTEMH, SIKi 1Ie He OTPUMAaJIK PO3MOBCIODKEHHS, alie
HAOyBarOTh BCce OLIBIIIOTO iHTEPECY.

Taxi BupoOHUKHM sk Garrett Ta BorgWarner ma-
I0Th MO3UTUBHI PE3YJIbTaTH EKCIIEPUMEHTAIBHHUX JI0C-
JMDKEHP Ta TiIKPECIIOITh TO3UTHBHHNA €QEKT BiX
BUKOPHCTAaHHS €JICKTPUYHOTrO HanmyBy. Kpim mokpa-
IIEHHS NPUHOMHCTOCTI Ta CKOPOYEHHS 4Yacy JOCsT-
HEHHS! HOMIHQJIBHOTO KPYTHOTO MOMEHTY, TaKOX Bil-
MIYa€THCS MOKpalleHa EKOHOMIYHICTh Ta 3HIKEHHS
BUKHIIB.

B stkocTi 1Moanbuioro po3BUTKY eleKTpHudikoBa-
HOTO HAaJTyBY 3aIlpOIIOHOBAHO MEXaHIYHO HE3AJICXKHI
TypOiHN ¥ KOoMIIpecop. Jle eneKTpudHI MalInHn 3a6e3-
MeYyloTh MOTPIOHY MIBHAKICTE OOepTaHHsS Kojeca
KOMIIPECOPHOT YaCTHHH 3 OJHI€T CTOPOHU, Ta 3 I1HIIOT
MPALOIOTh SIK TeHEPATOP Ta HAKOMUYYIOTh HaJJTUIIIKO-
BY €Heprilo BiJ TypOiHHOT YacTHHHU.

Cnucok iimepamypu:

1. Hlenecmos, M.C. Po3zgumoxk cucmemu Ha00ysy 6Ucokogo-
pcosanux ouzenie/ M. C. Illerecmos // Jleueamenu enympeH-
nezo ceopanus. — 2020. — Ne 2. — C. 20-27. 2. Ilapcadanos 1.
B. Konyenyisn opzanizayii npoyecy 320pAHHA 8 ONOSUMHOMY
08OMAKMHOMY OU3eL NPU BUCOKOMY pighi (popcosanns / I. B.

ISSN 0419-8719

ABUTr'YHU BHYTPILLUHbOIO 3rOPSIHHA 1'2022 25



KoHempykuis B3

Ilapcaoanos, A. I'. Jlan // [{eueynu 6HympiuiHb020 320pAHHA.
—2021. —Me 1. — C. 45-51. 3. Opaun A. C. Kombunuposan-
Hole ogyxmaxmusie ogucamenu/ A. C. Opaun, M.I. Kpyenos.
— M.: Mawunocmpoenue, 1968. — 576 c. 4. Turbocharger
for internal combustion engines : nam. 4,769,993 Cnonyueni
HImamu Amepuxu (CLIA4) : F02B39/10 | H. Kawamura,
Isuzu Motors Limited. - Ne 139,099 /; szasen. 24.12.1987 ;
onyon. 13.09.1988. 5. Electric Boosting Technologies -
BorgWarner [Enexmponnuii pe-cypc]. — 2015. — Peowcum
docmyny 0o pecypcy:
https://www.borgwarner.com/technologies/electric-boosting-
technologies.

Bibliography (transliterated):

1. Shelestov M.S. (2020), "Development of boost systems for forced
diesel engine”, Internal combustion engines [Rozvytok systemy nad-
duvu vysokoforsovanykh dyzeliv], No. 2, pp. 20-26. 2. Parsadanov
I.V. (2021), "The concept of combustion process organisation in a
boxer two-stroke diesel engine at a high level of boosting", Internal
combustion engines [kontseptsiya orhanizatsiyi protsesu z-horyannya
v opozytnomu dvotaktnomu dyzeli pry vysokomu rivni forsovannya],
No. 1, pp. 45-51. 3. Orlin A. S., Kruglov M.G. (1968), “Combined
two-stroke engines”[ Kombinirovannyye dvukhtaktnyye dvigateli],
Mashinostroyeniye, Moscow, 576p. 4. Kawamura, H., Isuzu Motors
Limited. 1988. Turbocharger for internal combustion engines. USA.

Pat. 4,769,993. 5. “Electric Boosting Technologies - BorgWarner”,
available at: https://www.borgwarner.com/technologies/electric-
boosting-technologies

Haoitiwna oo peoaxyii 12.07.2022 p.

Jlan Amip Tya (Amir Lal) — marictp, acnipanT kadenpu ABUIYHIB Ta MiOpHIHMX CHEPreTHYHUX YCTAHOBOK HarioHasb-
HOTO TEXHIYHOTO YHiBepCUTETY «XapKiBChbKUil MOMITEXHIYHMIA IHCTUTYT», XapkiB, Ykpaina, e-mail: amir.Lal@ieee.khpi.edu.ua,
https://orcid.org/0000-0003-4729-3739.

IlenecroB Makcum CepriiioBuu (Shelestov Maxim) — acnipanT kadenpu JBUTyHIB Ta TiOpUAHUX CHEPreTUYHUX yCTa-
HOBOK HamioHanpHOrO TEXHIYHOTO YHIBEpCUTETYy «XapKiBCbKUil MONTEXHIYHUH IHCTHTYT», XapkiB, VYkpaiHa, e-mail:
maksym.shelestov@ieee.khpi.edu.ua, https://orcid.org/0000-0001-9003-1422.

ANALYSIS OF EXISTING SUPERCHARGING SYSTEMS AND PERSPECTIVES OF APPLICATION OF
ELECTRIC DRIVE IN SUPERCHARGING UNITS

A.G. Lal, M.S. Shelestov

The article analyzes modern solutions for increasing engine power by improving the air supply system. Single-stage and
multi-stage pressurization schemes with gas, mechanical and combined connection in several variations are considered, their
positive and negative sides for modern mechanical engineering are revealed.

The simplest and most common is the turbocharging system, in which the turbine rotates only under the exhaust gases and
this drives the compressor. Consideration should be given to the features of the working process of two-stroke diesel engines. At
low speeds, there is not enough energy from the exhaust gases to drive the turbocharger. The second option is schemes in which
the turbine and compressor shafts are connected to the engine shaft using a mechanical transmission. Another scheme is also
possible in which the compressor and turbine can be separately connected to the crankshaft. Such solutions ensure synchronous
operation of the compressor and reciprocating engine in all modes, improve the gas exchange process, improve performance in
transient conditions and improve starting properties. One successful solution for two-stroke diesel engines is the development of
a combined supercharging system with an intercooler, which are already considered multi-stage systems. They are generally di-
vided into two schemes, in the first scheme the drive compressor is a high pressure degree, and the turbocharger is low pressure,
the second scheme is vice versa. It is the first option that is more often used for two-stroke diesel engines, since the power con-
sumption for driving the compressor is less, which causes a slightly higher engine efficiency. Injectivity is close to engines with
conventional gas turbine supercharging.

Over the past 7 years, the approach to improving the pressurization system has undergone some changes, Electric Boosting
Systems for civilian vehicles have appeared. One of the first companies were Audi, Daimler, Land Rover, which began to equip
their vehicles with electric supercharging. Currently, such large companies as BorgWarner and Garrett can be considered ambas-
sadors of this technology. For example, AMG, together with Garrett, developed and introduced serial electric turbocharging. The
problem of using an electric drive in boost systems has been lately gaining more publicity, it is already possible to conclude that
there is great potential and the possibility of using such developments for domestic two-stroke diesel engines.

Key words: two-stroke diesel engines with opposing piston movements; 2-stroke opposed engine; air supply; supercharg-
ing; multi-stage supercharging; mechanical supercharging; turbocharger; electric supercharging; turboelectric supercharging.
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