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AHHOTALMA

Beepenue. [oBbieHne 3HeproadeKTMBHOCTU 3INEKTPOMObUNA ABNAETCA OQHOWM M3 Haubonee NMPUOPWUTETHBLIX 3agad
Ha COBPEMEHHOM 3Tane pasBWUTUA TpaHcmopTa. Kak M3BECTHO, XMMUYECKME UCTOYHUKM TOKAa B COCTaBE TAMOBbIX 3MIEKTPO-
MPUBOOB TPAHCMOPTHBIX CPeACTB 06/1aaloT HU3KOM YAeNbHOM MOLLHOCTbIO, HU3KMM KI1[ 1 BLICOKOW LIeHOW, 4T NpenAT-
CTBYET Pa3BUTMIO 31EKTPOMOBMBHOrO TpaHCMopTa.

Llenb nccnepoanua. Beibop cTpateruu npon3BoacTBa 3NEKTPOMOBUNEN HA OCHOBE aKKYMYNATOPHBbIX 6aTapew.

MeToabl 1 cpeacTsa. lpy NpoBegeHUM UccnefoBaHUM GbiM UCMONb30BaHbI MaTEMATUYECKUE MOAENM Pa3NIMYHbIX LIMKNOB
LBUWMEHWA TPaHCMOPTHBIX CPeACTB: ropofcKom Lmkn no Mpasunam N°83 E3K O0H, NEDC, WLTC, JC08, EPA HWFET, uto no-
3BOAIWNIO NOATBEPAMTL afieKBaTHOCTb pa3paboTaHHOM CMNOBOM CTPYKTYPHOW CXEMbI 3NIEKTPONPUBOAA.

PesynbTatbl. Pa3paboTaHa CTpyKTypHas cxeMa TAMOBOMO 3MEKTPONPMBOAA 3MEKTPOMOOMNA C KOMOMHUPOBAHHBLIM UCTOY-
HMKOM 3IEKTPOSHEPTUM, @ TaKKe onpefenéH anroputM eé paboTbl B FOPOACKOM LMKNE OBUMKeHUA. B xoae BbiNoiHeHUA
paboTbl bbina oLeHeHa 3¢GEKTUBHOCTL 3MEKTPOMOBMILHOrO TpaHCMopTa. AHanM3 MOKasan, YTo TPaHCMOpTHbIE CPeacTBa
UCKMIOYUTENBHO C XMMUYECKUMU UCTOYHMKAMM 3HEPruM Ha BOpPTy NepcreKkTUB He UMEKT B BUAY HeYLA0BNETBOPUTENbHBIX
TEXHUYECKUX NapaMeTpoB M NoTpebuTeNbCKUX CBOWCTB. bbin NpoBedéH 0630p EMKOCTHBIX HAKOMUTENEN SHEPIUM C LiENbIo
onpefeneHna BO3MOKHOCTM MCMOMb30BaHWA MX KaK UCTOYHMKOB 3HEPrUM Ha NMEPCNEKTUBHBLIX TPAHCMOPTHBLIX CPeACTBaX.
WccnepnosaHve nokasano cyuiectBeHHble npemMyuiectea EH3 no MHoruM napametpaM. [ln co3paHuA onTUMAanbHOW KOH-
CTPYKLUMK bbIN Npov3BeaEH aHanus ABueHWA TC B ropofAcKoM LyKne. BoibpaHa cxeMa 3neKTponpuBOAa, Iae OCHOBHBIM
WCTOYHUKOM 3HEPTUK ABNAETCA MTUI-UOHHAA TAB, a JOnoNHUTENBHBIM — EMKOCTHBI HAKOMUTEb.

3aknioyeHune. Takoe peLleHVe MO3BONAET CO3LaTb EKTPONPUBOL C ONTUMaNbHBIMK MaccorabapuTHBIMM NapamMeTpamu,
YBENIMYMTb CPOK CNYXKObI HAaKOMUTENEN 3Heprum U 3amac xofa 6e3 noasapAOKM TpaHCMopTHoro cpenctea. KpoMe Toro,
coveTaHue OBYX 3NeKTpuyecknx HI 1 paspaboTaHHbIA anroput™ Mx paboTbl NO3BONAET peann3oBaTb Buicokui KNI nepe-
L4y SHeprum.

Knioyeswble cnosa: 3mexmpompaHcnopmHoe cpedcmao; mA208bil 3IeKMPOnpPUB00; MONEKY/TAPHLIL HAKONUMeSTb 3Hepaul;
20p00cKoU YUK/ OBUNCEHUS.
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ABSTRACT

BACKGROUND: Increasing energy efficiency of an electric vehicle is one of the most relevant issues at the current state
of transport development. It is known that chemical current sources used in traction electric drive of vehicles have low specific
power, low efficiency and high cost that makes the electric transport development difficult.

AIMS: Making the choice of strategy of manufacturing of electric vehicle with batteries.

METHODS: The mathematical models of various vehicle driving cycles, such as: the UNECE Regulation 83 urban cycle, NEDC,
WLTC, JC08, EPA HWEET were used in the study that made possible to confirm adequacy of the developed structural model
of the electric drive.

RESULTS: The structural layout of the traction electric drive of an electric vehicle with combined energy source has been
developed; the algorithm of its operation in the urban driving cycle has been defined. Electric transport efficiency was
assessed during the study. The analysis showed that vehicles with solely chemical on-board energy sources do not have any
prospects due to unsatisfactory technical properties and consumer attributes. Review of capacitors was performed in order
to define the possibility of using them as energy source for next-generation vehicles. The study revealed sufficient advantages
of capacitors in many respects. Analysis of vehicle motion in urban cycle was performed in order to develop the optimal
design. The electric drive layout with a lithium-ion traction battery as the main energy source and a capacitor as the additional
energy source was chosen.

CONCLUSIONS: This solution makes it possible to develop the electric drive with optimal mass and dimensional parameters,
to increase service life of energy storage and mileage without recharging of a vehicle. In addition, the combination of two
electric energy accumulators and the developed algorithm of their operation makes it possible to achieve high efficiency
of energy transferring.
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KOMBWHPOBAHHBIE
JHEPTETVHECKNE YCTAHOBKM

BBEOEHWUE

B HacToAwee BpeMA B M1pe HabmiogaeTcA pocT nonynap-
HOCTM 3M1eKTPOTPAHCMOPTHBIX CPEACTB, M 3a nocneaHue 5 net
X KONIMYECTBO yBenuumnock bonee yem B Tpu pasa [1].

INeKTPOMObBUBbHBIM TPaHCMOPT 06nafaeT MHOMECTBOM
MPenMyLLECTB, B NEPBYI0 04epeb NO CPABHEHMIO C aBTOMO-
6unbHbIM [2, 3]:

1) otcyTcTBME BbIGPOCOB 3arpAHAIOLLMX BELLECTB;

2) BO3MOMHOCTb PEKyNepaLum 3Heprum;

3) npocroTa nepegaun aHeprum nNo NPOBoAaM € MUHUMArb-
HOWM Maccon BpaLLaloLwMXCcA geTaneu;

4) cHwKeHue 3aTpaT Ha obecneyeHne KU3HEHHOr0 LMKNa
TC He MeHee YyeM Ha 25%;

5) CcHUKeHWe ypoBHA WyMa Ha 10...15%;

6) ynydleHuve ycnoBWi Tpyaa BOLMUTENEN 3a CYET ynpoLLe-
HuA ynpaenenueM TC;

7) NpaKTUYECKN WCKMIOYAeTCA NPUMEHEHWE MOTOPHbIX
Macen, TOMMBA U OXNaOaloLLen *HUAKOCTH, YTO Cro-
cobCTBYeT 0XpaHe NOYBbl, FPYHTOBbIX BOJ U 3€M1EHbIX Ha-
CaXaeHUN.

OpHaKo CyLiecTBYeT U pAR HeLOCTaTKOB, NPEnATCTBYI0-
LUMX Pa3BUTMIO 3MEKTPOMOBUNBHOMO TpaHcnopTa. OCHOBHBIM
U3 HUX ABNAGTCA HU3KaA YaeNbHasA SHEPTUA XMMUYECKUX Ha-
KonwuTenen, KoTopas He npesbiaeT 576 /I y nMTUA-WOH-
HbIX aKKYMY/IATOPOB, B TO BPEMS KaK AA 6eH3KHa OHa paBHa
52,6 k/r [4]. CnegoBatenbHo, 3neKTpoMobUnb UMeeT cy-
LLECTBEHHO MEHbLUMI 3anac Xoa Mo CPaBHEHMIO C aBTOMOOU-
JIeM NpW paBHbIX MaccorabapuTHbIx napaMeTpax. KpoMe Toro,
Macca akKyMyJIATOpHOW baTapeu 0cTaéTcA HEM3MEHHOM B Mpo-
Liecce [BMMEHMA, B TO BPeMA KaKk Macca TOMAMBHOrO Haka
aBTOMOOM/IA YMEHBLLAETCA N0 Mepe pacxofoBaHMA ToN/MBa.

BTopbIM CyLLECTBEHHBIM HEOCTATKOM 3/IEKTPUYECKON
TAMW ABNAIOTCA BbICOKME 3aTpaThbl BPEMEHW Ha 3apAafg aKk-
KyMynsATopHbIx 6atapei (AB). OHM MoryT 6biTb OMpaBaaHb
TONBKO OAIA CMeLManu3upoBaHHbIX MPeanpuATUA (Hanpu-
Mep, NpW 3KCMJTyaTaLym 3neKTpoMobunen TONbKO B JHEBHOE
BpeMA, a npu 3apAge batapen — B HouHoe). Mpouecc no-
MOJHEHWUA SHEPrUKU B XMMUYECKOM HaKOMMUTENe 3/IEKTPOMO-
61nA Npu ocTaToOYHON CTENeHU 3apAmeHHocTM 25% onnTcs
He MeHee 8 vacoB [2], a anA bbicTporo 3apaga 6onbWMMK
TOKaMm TpebyeTca cneumnanbHoe obopyaoBaHue. OgHaKo 3To
Pe3Ko CHUMKaeT éMKocTb U pecypc AB [5] (puc. 1).

TakrKe EMKOCTb aKKYMYJIATOPA PE3KO CHUMKAETCA MPU 3KC-
nayaTaumm B YCIoBMAX HU3KMX TeMnepatyp [5] (puc. 2).

TakuM obpasoM, Bbibop cTpaTerum npom3BoACTBa NEK-
TpoMobuneit Ha ocHoBe AB 6bin HeOCTaTOYHO NpodyMaH:
aKKyMYNATOPHbIE 3JIEKTPOMOBUIN He BbIAEPHUBAIOT KOH-
KYpPEHUMM C 06bIYHBIMU aBTOMOBMAAMM MO TEXHUYECKUM
napaMeTpaM 1 yaobcTBy 3KcnyaTauum.

LIESTb UCCNIEAOBAHUA

Bbibop cTpatermm npou3BoacTBa 3NeKTpoMobunent
Ha ocHoBse Ab.

Tom 17N 2, 2023
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Puc. 1. XapaKTepuCTUKM HWKeNb-KafMWEBOro aKKyMynATopa
MpY PasfnUYHbIX TOKaX.

Fig. 1. Characteristic curves of a nickel-cadmium battery
at various currents.
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Puc. 2. XapaKTepuCTUKM aKKyMYNATOPa NMpU PasfiMyHbIX TeMne-

patypax.
Fig. 2. Characteristic curves of a battery at different temperatures.

0B30P U AHAJIU3 HAKOMUTEJIEN
INIEKTPUYECKOWN 3HEPT UK

0630p ¥ aHanM3 pasfIMyHbIX HAKOMUTENEN 3MEKTPU-
YecKkon 3Heprum (HI3) noKasanu LWMpOKME NepCheKTM-
Bbl MCMO/b30BaHWA MONEKYNAPHbIX HakonuTtenei (MH3)
B PasNNyYHbIX 06MacTAX TEXHWKW, B TOM 4ucne TAro-
BbiXx anektponpusogax (T3M) TpaHcnopTHbIX cpeacTs
(puc. 3).

EmKocTHble HarkonuTenu (EH3) oTnnualoTca npocToToil
KOHCTPYKLUMK, yOobcTBOM B Mcnonb3oBaHuK, besonac-
HOCTbIO, 3KONMOrMYHOCTbIO, @ CaMoe TNIaBHOe — BbICOKOM
yOenbHOW 3Hepruei 1 cnocobHOCTbI0 BLICTPO HaKanUBaTb
W 0TAaBaTb 3anacéHHylo 3Hepruio. EH3 paboTocnocobHbl
MPM HU3KUX OTPULATENbHBIX TeMrepaTypax M CnocobHbl
BblepKUBaTb rNyboKkMe paspaabl, nepesapAdbl U KOpoT-
Kue 3aMblKaHuA. CpoK crybbl, B YaCTHOCTU, MONIEKYNAP-
HbIX Harkonutenen (MH3) obecneumBaet 6Gonee 500 000
LMKNOB 3apAfa-pa3pAfa, YTo 3Ha4MTeNbHO Gonblue, YeM
Yy aKkymynaropos [6, 7].
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Puc. 3. CpaBHeHne napameTpoB pas3imnyHbix H3J: 7 — xuMmyeckue HI; 2 — aneKTpocTaTUUECKUE U INEKTPONIUTUYECKME KOHAEHCa-

TOpbl; 3 — MoneKrynApHble H3.

Fig. 3. Comparison of parameters of various electric energy accumulators: 7 — chemical; 2 — electrostatic and electrolytic capacitors,

3 — molecular.

OcHoBHbIMM napaMeTpamu MH3 asnatotca [6]:

» BpeMsd 3apAda-paspamga: 0T MUIIMCERYHS, [0 CEeKYHL;

» pabouyan TeMnepartypa: o1 -40 °C po +85 °C;

» paboyee HanmpayeHue OAHOro 3nemeHTa: okono 1 B
(BNA MKUOKMX INEKTPONKUTOB) 1 oKono 2-3 B (anA opra-
HWYECKMX 3IEKTPONIUTOB):

e @mKocTb: oT 1 MO o >10,000 O;

»  Cpok cny6bl: o1 5000 go 50 000 yacos (B 3aBMCMMOCTH
OT TEMMepaTypbl U HaNPAXKEHUSA);

e VMNYNbCHAaA Harpyska: [0 HEeCKOMbKUX ThicAY A.

» Kuucny HepgocTatkoB MH3 oTHocATcA [6]:

» OTHOCWTENLHO Manoe BpeMA paspasa;

* OTHOCWUTENIBHO HWU3KOE HArpAMEeHUe OQHOr0 3/1eMeHTa
HaKoMUTeNs;

* MOBLILIEHHBIA caMopa3pAg.

AHanusmpya cBoicTBa akkymynatopos M MH3, MoxHo
chenatb BbiBOJ O LieNiecoobpasHocT BHeOpeHUA MONeKy-
NAPHBIX HAKOMMUTENEN B TArOBbIE 3/IEKTPONPUBOLI TPAHC-
MOPTHBIX CPEACTB C Liefblo MOBLILIEHWA WX 3Hepro3ddex-
TMBHOCTU. [NapannensHoe BrntoueHne Ab u MH3 nossonset
CHW3MTb TOKOBYK Harpy3ky Ha Ab, nmoBbilasa TeM cambIM
3¢ peKTnBHOCTL pabotsl T3 B LenoMm.

MpoBeAEHHbIA aHanu3 nokasan 6onbluMe MepcrneKTUBbI
CMo/b30BaHWA MIEKTPUYECKOM TAMW Ha TpaHcnopTe. OgHaKo
HW EMKOCTHBIW, HW XUMUYeckuit H3 He MoryT NofHOLIEHHO 3a-
MEHWTb YrNeBOI0POHOE TOMIMBO MO YAEeNbHBIM NapaMeTpaMm.

AHANN3 OBUHEHUA
3JIEKTPOMOBUNIA
B rOPOOCKOM LWUKNE

PeLueHneM [aHHOM NpobeMbl MOMKET MOCHTYHUTb CoYe-
TaHUe HECKOMbKMX UCTOYHMKOB 3HEPruyM B NpUBOAE TPaHC-
MopTHOro cpeAcTBa. [INA KOHKPETU3aLMM ero CTPYKTYPHOIA

DQl: https://doi.org/10.17816/2074-0530-321355

CXeMbl Heo6X0AMMO MPOaHaNU3MPOBaTh LMK [BUKEHWA
TpaHCMOpTHOro CpeacTBa.

[nA uccnegoBaHM TPaAHCMOPTHBIX CPEACTB Ha TOMIUB-
HYI0 3KOHOMUYHOCTb MPUHAT LMK, YKa3aHHbIA B NpaBuniax
N283 E3K OOH [9] n FOCT P EH 1986-1-2011 [10]. CornacHo
npaBunaM, LMK COCTOMT M3 [BYX YacTel — ropofCKOWM
1 MaructpanbHon. LlenecoobpasHo paccMatpuBaTth TONbKO
MepByl0 YacTb MOPOACKOr0 LMKMA, NpeAcTaBnAlLLYI0 Hau-
6onblUMI MHTEpeC ONA aHanu3a 3HeproadeKTUBHOCTY
TpaHCMOpTHOro CpeacTBa.

PaccMaTpuBaeMbIi LMK cOCTOMT U3 a3 pa3roHa, pas-
HOMEPHOI0 [BUMEHUA, 3aMeJIEHNA U CTOAHKM, 06LLasn ero
npogomKuTensHocTb coctaenAeT 195 c. OnucaHue ropog-
CKOr0 LIMKNA NpefcTaBneHo B rpaguyeckoM Buae (puc. 4).

Kpome uvmkna no npasunam N°83 E3K OOH, cywectsytot
¥ Opyrvie, UCNonb3yloLLMecA B HayKe AfA pacyeéToB U UCTbI-
TaHUM aBTOMobUNel Ha 3HeproaddeKTMBHOCTL. MpuMepsbl
TaKMX LMKNOB NpuBefeHbl Ha puc. Sa—d.

MpoBeaéM aHanus ropofackoro uukna. Hawmbonblas
MOLLIHOCTb OT MCTOYHMKA 3HEPrm TpebyeTca Ha dasax pasro-
Ha, T. K. TPAHCMOPTHOMY CpeacTBY Heobxo4MMO NPeooeBaTh
He TOMbKO a3pOAMHAMMYECKOE U [JOPOXKHOE COMPOTUBIEHME,
HO M CUNY MHEpLUMMK, Ha KoTopyto npuxoamTca go 80% 3atpa-
4mMBaeMoM MOLLHOCTU [4]. Ha da3ax paBHOMEPHOIO ABMHKEHNA
37Ta MOLLHOCTb OTHOCUTENLHO Mana, a Npy 3aMef/ieHnn UMe-
€TCA BO3MOXHOCTb PeKyrnepaLymm SHepruu.

PA3PABOTKA AJITOPUTMA PABOTHI
3JIEKTPONPUBOJA

MpoBeaéHHbIM 0630p M aHanu3 (puc. 3) moKasanw,
4TO EMKOCTHblE HAKOMWUTENW 3Hepruu obnapalT BbICO-
KOW yOenbHOM MOLLHOCTbIO, HO OTHOCWUTENIbHO HWU3KOW
yoenbHOW 3Heprueid, a xumuueckne H3 MMelT poBHO
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MPOTMBONOMNOMKHbIE CBOMCTBA. TakMM 06pasoM, B perkuMe
pasroHa, rae TpebyeTcsa HanbonbLLaA MOLLHOCTb, ONTUMab-
Ho nopkntoyatb EHJ B KayecTBe ncTouHMKa aHeprum. B pe-
}KMMe PaBHOMEPHOr0 ABUKEHWA W ON1A 0NepaTMBHOW Noj-
3apagku EH3J Ha ocTaHoBKax LenecoobpasHo Mcnonb3oBath
NIMTUN-MOHHYI0 aKKYMYNATOPHYI0 baTapeto (AB). [pu TopMo-
¥KEHWUU 3HEPrUI0 PeKynepaLum cnegyeT Hakanameatb B EH3
C Uenbio:
1) onepatuBHoro 3apaga EH3 gna pasroua TC;
2) Bobicokoro K[ pekynepauuu;
3) CcHuKeHuMA Harpy3ku Ha TAB.

MononHeHne 3anacoe sHepruv B TAB uenecoobpasHo
MPOM3BOAMTL C MOMOLLbI0 BHELLHEr0 3apARHOI0 YCTPOMCTBA.

Ha pwic. 6 npencraBneH anroput™ paboTbl aneKTponpu-
Bofa TC B ropoicKoM LMKTe.

Ha puc. 7 npeactaBneHa CTpyKTypHas CXeMa CWI0BOM
4acTn 3NEKTPOMOBUNA.

V, KM/u
557
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3ARNTIOYEHUE

TakuM 0b6pa3oM, paspabatbiBaeMoe TC 0THOCKTCA K Ka-
Teropum anextTpomobunen (puc. 8) [11].

B xome BbINonHeHMA paboTbl bbina oueHeHa apdeKTUB-
HOCTb 3/IEKTPOMOBUIBHOrO TpaHcrnopTta. AHanu3 nokasarn,
YTO TPAHCMOPTHbIE CPELACTBA UCKNIOUUTENIBHO C XMMUYECKM-
MW UCTOYHMKAMM 3HEPTUM Ha BOpTY NEPCMEKTMB He UMEIOT
B BUAY HEYROBNETBOPUTESNbHBIX TEXHUYECKUX MapaMeTpoB
1 NOTPeBHUTENBCKMX CBOWCTB.

Bbin npoBeAéH 0630p EMKOCTHBIX HAKOMUTENEN SHEPrUK
C LeNblo ONpefeNieHnA BO3MOMHOCTU WUCMONb30BaHWA KX
KaK UCTOYHMKOB 3HEPTUM Ha NEPCMEKTUBHBIX TPAHCMOPTHBIX
cpeacreax. MccnefoBaHue nokasano CyLlecTBEHHbIE Mpe-
nmywectea EH3 no MHorum napametpam.

[na cospaHuA onTUManbHOM KOHCTPYKLMK 6bin npo-
u3BefdEH aHanu3 psueHua TC B ropoAckoM LMKe.

50 |
45

35 \

EH3

EH3

3[1] ’_\_‘

3apapn EH3 ot Ab

Puc. 6. Anroputm pabotel anektponpveofa TC B ropoACKOM LMKne.
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Fig. 6. The operation algorithm of electric drive of an electric vehicle in urban cycle.
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Puc. 7. CtpyKTypHas cxeMa CMOBOM YacTy 3eKTpoMobuns: TAb — TAroBas akkyMynaTopHan batapes; [IKA — npeobpa3oBaTesibHo-
KOMMyTaLMOHHaA annapatypa; EH3 — EMKOCTHbIN HakonuTenb 3Hepruun; TIM — TArosan aneKTpuyeckan MalumHa; 11 — rnasHan

nepegaya; BK — Bepylume Konéca.

Fig. 7. Structural layout of the electric vehicle drivetrain: TAb — a traction battery; [TKA — transforming and switching equipment;
EH3 — a capacitor; TIM — a traction electric motor; /11— an axle drive; BK — driving wheels.
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Puc. 8. Knaccndumrauma anektpoMobuneit n aToTpaHcnopTHbIX cpeacts (ATC) ¢ KOMBMHMPOBaHHLIMY 3HeproycTaHoBKamMm (K3Y).

Fig. 8. Classification of electric vehicles and hybrid vehicles.

BbibpaHa cxeMa aneKTponpuBoda, rae 0CHOBHBIM UCTOM-
HUKOM 3Heprun ABNAETCA NUTUM-MoHHaA TAB, a ponon-
HUTE/IbHBIM — EMKOCTHbIM HaKonuTesb. Takoe pelueHune
Mo3BOMAET CO3[aTb 3NEKTPONPUBOL C ONTUMANbHLIMU
MaccorabapuTHbIMM NapaMeTpaMu, YBENNYUTD CPOK CIYHK-
6bl HaKonMTee 3Heprum M 3anac xoaa 6e3 noasapaakm
TpaHcnopTHoro cpeacTBa. KpoMe Toro, covetaHue nByx
aneKTpuyeckmnx HI u paspaboTaHHbIA anropuT™M UX pa-
60Tbl Mo3BonAeT peanun3oBaTtb BbicOkMI KM nepenaun
3Heprum.
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Bknap aBTopoB. E.M. KnumMoB — HanwucaHwe TeKcTa cTa-
To1; A.M. OMPOHOB — 3KCMEPTHAA OLIEHKA, MOMCK Myb/nKa-
UM no TeMe cTatbk; P.A. ManeeB — yTBepiKaeHne ¢puHanb-
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