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ABUT'YHOM BHVTDiHIHLOFO 3IropaHHia HAa CIICKTPOTATY»

Po6ota mictuth 53 cTopinok, 20 pucyHkiB, 3 Tabmuili, 18 BUKOpuCTaHHX
JUKEpeL.
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BHYTPILIHBOTO 3rOpaHHs, akaMmyJiatopHa 6arapesi, BLDC aBuryH, KoHTpoJep.

O06'exToM po3pobiieHHs KBaTidikaIiitHOT podoT OakaiaBpa € po3poOKa MPOEKTY IO
nepeoOoIalHaHHI0O MOTOILMKIIY TPOMHUCIOBOTO BHPOOHHUIITBA HAa MOTOTPAHCHOPT Ha
CJIEKTPOTS3I.

Metoro aaHHOi KBamiQiKamiiHOI poOOTH € KOHBEPCis MOTOLMKIA 3 JIBUTYHOM
BHYTPIIIHBOTO 3TOpPaHHS MPOMHUCIOBOTO BHPOOHHWIITBA Ha EINEKTPOTATY 3 IIUIBIO
30UTBIICHHS! JUHAMIYHUX XapaKTEPUCTUK NUIIXOM 3aMIHA 3aBOJCHKOTO JIBUTYHA,
€JIEKTPOYCTAaHOBKOIO.

[TpoekT 6yB po3po0IEHUI 3 BUKOPUCTAHHSAM CyYaCHUX JOCTYIMHUX KOMIUIEKTYIOUUX
Taki gak: BLDC ABUTYH 3 KOHTpPOJUIEPOM KOEpPYBaHHS B PEXHMI peKynepauii ass
caMoro JBUTyHa; OarartockiagoBa Li-ion Oarapes 3 MOMXJIMBICTIO MOKpAIIECHHS
XapaKTEPUCTHK Ta MOXJIMBICTIO THIAMBITYaJIbHOTO PEMOHTY IMONIKOIKEHUX KOMIPOK 3
BUKOpUCTAaHHAM BMS-ninaTtu GanancyBaHHs 1o 3a0e3nedyye Oe3MeuHy eKCIUTyaTallito
aKaMyJIITOpPHOI 0araTockiiagoBoi 6arapei.

Jlanna poOoTa Ma€e KOPHUCTh SIK OCHOBA JJII CTBOPEHHS MOAIOHMX MPOEKTIB IO

KOHBEpCIi TPaHCHOPTY 3 ABUTYHOM BHYTPIIIHBOTO 3TOPAHHS Ha €JIEKTPOTATY.



ABSTRACT

of the bachelor's thesis “Development of a project for converting a motorcycle from an

internal combustion engine to electric traction”

The work contains 53 pages, 20 figures, 3 tables, 18 sources used by

Keywords: conversion, power, current, capacity, internal combustion engine,
battery, BLDC motor, controller.

The object of the bachelor's thesis is to develop a project to convert an industrial
motorcycle into an electric motor vehicle.

The purpose of this qualification work is to convert a motorcycle with an industrial
internal combustion engine to electric traction in order to increase dynamic performance
by replacing the factory engine with an electric installation.

The project was developed using modern available components such as: BLDC
motor with a regenerative control controller for the motor itself; multi-cell Li-ion
battery with the ability to improve performance and the possibility of individual repair
of damaged cells using a BMS-balancing board that ensures safe operation of the multi-
cell battery.

This work is useful as a basis for creating similar projects to convert vehicles from

internal combustion engines to electric traction.
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BCTYII

Ha Cporoguimsii JeHb MajO0 KOO MOYKHA 3/IMBYBaTH TPAHCIIOPTOM Ha
eJIEKTPOTSIri, a00 Ha TiOpUIHIN Ts31 y MOEAHAHHI 3 IBUTYHOM BHYTPIIIHBOTO 3TPaHHS.
CrocyeTcs 1ie Takok cepu JTBOXKOJIICHOTO MOTOTPAHCIOPTY, MPOTE€ B MOTOIHAYCTPIi
CJIEKTPOTSTa SIBISIETHCA HE TMOMYJSIPHUM PIMIEHHSIM JUIsi CHOKHMBaya IO TMPUYHHI
BHCOKOI I[IHU 32 TPAHCHOPT KU HE Ma€ mepeBar KIaCHYHOTO MOTOIMKJIIA 3 IBUTYHOM
BHYTPIIIHBOTO 3ropaHHd. OJHUM 3 IepeBar Cy4acHHX MOTOTOLHMKIA 3 JBUTYHOM
BHYTPIITHBOTO 3rOpaHHs Mepel MOTOLMKIOM Ha €NEeKTPOTS31 SABISIOTCA KOHCTPYKTHBHI
nepeBaru XOJO0BOi YAaCTWHHU: XOJ0Ba, IMiJBICKa, rajbMiBHa CHCTeMa Ta I1HIIE. Y
TpPaHCIIOPTa Ha EJEKTPOTSA31 HEMAae TaKUX IepeBar Mnepesl KJIACUYHMM MOTOLIMKIOM
HEMA€E Tak sIK 116 HOBE HANpaBICHHS B MOTOIH)XEHEpil sike 3’SIBHJIOCS HEJAaBHO MPOTH
JOCBIy sIKUM KapOyBaBCsl JECATWIITTAMU B BHUPOOHHUKIB TPAHCIOpTa HA JBUTYHI
BHYTPIIIHBOI'O 3rOPaHHS.

OmHuM 3 pillleHb SABISAETHS KOHBEPCIA MOTOIMKIA 3 JABUTYHOM BHYTPIIIHBIO
3rOpaHHsS Ha EIKTPUYHY TATY 31 30€peKEHHSAM BCIX MpeBar 3aBOJCHKOI TEXHIKA Ta
NIEPEX0/IOM Ha EJICKTPUYHY TATOBY YCTAHOBKY.

KonBepcis MoTonukiaa — 1€ He JIMIIE CIOCIO MPOJOBXHUTH KUTTS YIHOOICHOTO
Oaiika, a i MOXKJIUBICTh 3pOOUTH MOTO CYyYaCHIIIUM, TUXIIIKUM 1 3HAYHO €KOHOMHIIIIUM B
eKCILTyaTalii.

AKTYyaJIbHiCTb TEeMHM IIOJisira€ B TOMY II00 30epertu mnepeBaru KIaCHYHOTO
MOTOTPAHCIIOPTY ~ AKHH TMPOEKTYBABCS ¥  YJAOCKOHAIIOBABCS JACCATUIITTIMH 3
BUKOPUCTAHHSAM CyYaCHHUX TEXHOJIOT1H Ta BHKOPUCTATH Cy4acHI TEXHOJIOTII B cdepi
enekTporpuBoay. Lle poOuTs nmepeodagHaHHs B €IEKTpOOAiKk HE JTUIIe EKOHOMIYHO, a
1 €KOJIOTTYHO OOTPYHTOBAHUM PIILIEHHSIM.

HaykoBo-TexHIYHI MpOOJEMH — OJHOIO i3 HUX SBJISETbCS HU3BKUM KOEQILIE€HT
KOPHUCHOI J1ii IBUTYHA BHYTPIIIIHBOIO 3rOpaHHs 11O SBJIsIE COO0I0 B cepeAHbOMY 25-55%
npotu KK/I enextpoasuryHa 1o cTaHOBUTH B cepeinbMy 79-90%. Lle o3Hayae mio Take
pIIIEHHS MOK€ 3HAYHO 30UTBIINTH €()EeKTUBHICTh TATOBOi YCTAHOBKHM TPAHCIOPTHOTO

3aco0y Ta MOKPAITUTH JUHAMIYHI XapaKTEPUCTUKH.



MeTtoro nanHoi kBadidikaniiiHoi po6oTH € KOHBEpCis MOTOIMKIA 3 JBUTYHOM
BHYTPIIIHHOI'O 3TOPAaHHS MPOMUCIOBOIO BUPOOHHUIITBA HA EJIEKTPOTATY 3 IUJIbIO
301IBIIEHHSI JUHAMIYHMX XapaKTePUCTHK IUIAXOM 3aMiHM 3aBOJCHKOTO JBUTYHA,
eJIEKTPOyCTaHOBKOIO. Lle pileHHs Takok Mae B cO0l 3HAUHE MPAKTUYHE Ta EKOHOMIYHE
OOIpYHTYBaHHS, a/K€ J103BOJIsIE 30€perTH HaliHI Ta TEXHIYHO BIANpPAllbOBaHI BY3JH
3aBOJICBKOTO BUPOOHMIITBA, TaKi SK XOJI0Ba YaCTHHA, raJIbMiBHA CHCTEMa Ta €IEMEHTH
mIaci, 10 3Ha4HO 3MEHIIY€E 3arajibHi BUTPATH Ha MOOYJIOBY €NEKTPUYHOTO MOTOIMKIIA.
[Ipn mpoMy KiHUEBUW pe3yibTaT MOXKE€ MaTHW HE TIpIll, a 1HOAI ¥ Kpalll TEeXHIYHI
XapaKTEPUCTUKU Yy TOPIBHAHHI 3 CEPIMHUMU eJleKTpoOalkamMu MpU 3HAYHO MEHIIiN
BapTOCTI.

BukopuctanHs CydacHUX KOMIIOHEHTIB €JIEKTPONPUBOAY JIO3BOJISIE HE JIMIIE
MOKPAIIUTH AUHAMIYHI BJIACTUBOCTI TPAHCIIOPTHOTO 3ac00y, a i 3a0e3MeYnTH 3HAUYHY
€KOHOMII0 y TMpoIeci eKCIuTyaTalli, 3HM3UTH pIBEHb ILIyMy Ta BIOpaliii, a Takox
3MEHIIUTH HETaTHBHUM BIUTMB HA HABKOJUIIHE CEPEIOBHUINE, a TAaKOX 301TBIINTH
HAJIWHICTh KOHCTPYKIli 3 BUKOPUCTAHHSIM EJKTPOTATOBOI YCTAaHOBKH IHTETPOBAHOI B

TpaHCIIOPTHUH 3aciO.



1 OIJISAA TA AHAJII3 KOMILJIEKTY KOHCTPYKIIHA JJ15
EJIEKTPO®IKAIIL

1.1  Orusax 0e3MiTKOBOro ABUTIYHA MOCTIMHOIO0 CTPYMY JJISl IPOBEACHHSA

ejieKTpogikairii.

be3miTkoBUi ABUTYH MOCTIHHOTO CTPyMYy JIOCHTH PO3MOBCIOKEHUI B TaKHX
Talmy3siX SK: aBTOMAaTHU3aIlisl TPOMHUCIOBOCTI, aBTOMOOUTEOymiBHIA Tamy3i, LI,
aBlaIlifHIM MPOMHUCIOBOCTI Ta OaraThOX IHIIMX Tajay3sxX dYepe3 HOro HaJiiHICTS,
0e3UIyMHICTh B POOOTI Ta JOCTATHBO BHMCOKY IOTY>KHICTb. J[BUTYHH MOXYTb OyTH
PI3HUX PO3MIPIB 1 THUITIB, Ta MPAKTUIHO MU MOXXEMO BHOpaTH JIBUTYH, KM BiIOBIIA€E
HAITUM BUMOTaM.

3a KOHCTPYKIIIEI OE3IIITKOBI ABUTYHH MOCTIMHOIO CTPYMY PO3MOAUISIOTHCA Ha
JIBa OCHOBHMX THUMH: TUM Inrunner i TUm outrunner - BOHMU MPAIOIOTh 32 OJHAKOBUM
NPUHIMIIOM, ajié MaloTh pI3HI mHepeBarn Ta oOMmexeHHs. [Burynu tumy Inrunner
PO3MIIIYIOTh CTAaTOp (HEpYXOMHUM €JEMEHT) 30BHI, a POTOp (0OEepTOBUI €JIEMEHT)
ycepeauHi, TOOTO poTop o0epTaeThes BcepeauHi ctaTtopa. JBuryHu Outrunner mMaroTh
MPOTWICKHY KOHCTPYKIIIIO: CTATOP PO3MIILICHUI BCEpPEUH1, POTOP 30BHI, a 30BHIIIHIMI
POTOp 00EPTAETHCSA HABKOJIO cTaTopa B mHeHTpl. OTxke, Oe3miTkoBl ABurynu Outrunner
BLDC matore MeHIU# giameTp Ta Oinblry 4acToTy oOepTaHHS, IO POOHUTH iX OLIBII
OPUAATHUMHU [JJIi BUCOKOOOEPTOBUX 3aCTOCYBaHb, TOJMI $K OE3IITKOBl JABUTYHU
30BHIITHBOTO OOEpPTaHHS MaloTh OUIBIIMK AiaMeTp 1 Kpalie BIABOJATH TEIUIO, IO
MOJIETTIIYE€ BUKOPHUCTAHHS KPYTHOTO MOMEHTY Ha HU3BbKUX MIBHAKOCTSAX Ta IMiIXOIUTh

JI0 MaJI00OEPTOBUX IHCTPYMEHTIB Ta MPHJIAJIIB, TPAHCIIOPTHUX 3aC001B, TOIIO.
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Inrunner Outrunner

Pucynok 1.1 - Bigmiannocti BLDC asurysis Tuma inrunner i outrunner

B 3anexHocTi Big TOro, MaroTh JAaTYUKU UM Hi, IBUTYHH TAKOX MOJAUISIOTHCSA Ha
JIBUTYHU 13 TaTYUKAMU Ta JBUTYHU O€3 NaTtuukiB. Bubip Mixk HUMM 3a3BUYAN 3aJICKUTH
BIJl iXHBOI BapTOCTi. Be3CEeHCOpHI ABUTYHM OyXkE€ YacTO BHUKOPHUCTOBYIOTHCS B TaKHX
BUIAJKaX, SIK HEJOPOT1 JBUTYHH 31 3MIHHOIO IIBUJKICTIO: BEHTHUJISATOPH, KOMIIPECOPH
XOJIOAWJIBHUKIB, KOHAUIIIOHEPU Ta Cal0Bl IHCTpYMEeHTH. OJJHaK YMOBH, SIKI BUMAararoTh
BHUCOKOTO KPYTHOTO MOMEHTY IIiJl 4ac 3alyCKy, Taki SIK €JIeKTPUYHI 1HCTPYMEHTH Ta
€JIEKTPOBEJIOCUIIEIN 1 MaJIOTa0apUTHUIN €JIEKTPOTPAHCIOPT BUMAaraloTh BUKOPUCTAHHS
JIBUTYHIB 13 JaTYNKAMHU.

KpiM TOro, 3 TOYKM 30py BHUKOPHCTAHHS MaTepialliB, MM HAJaEMO TIEepeBary
dbeputoBuM nuryHam 3 BucokuM KKJI, HU3bKOIO IIHOIO 1 HU3BKUM TEMIEPATYPHUM
pexuMoM. JIBUTYHHM 3 BHKOPHCTaHHSIM piako3eMenbHuX Mmetaiie abo Alnico BLDC
JIBUTYHH, CHI PO3IVIAJATH JIMILE Yy BUIIAJKy CyBOPHUX BHUMOT JI0 MPOIYKTHBHOCTI,
MajuX pO3MipiB, TSHKKUX YMOB €KCIUTyaTallii 1 BUCOKOI TEMIEPATypH HABKOJUIIHBOTO

CepeIOBHIIA.
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1.2  Koucrpykuis asuryna BLDC

be3niiTkoBuid ABUTYH IMOCTIMHOTO CTPyMYy, TaKOX BIJOMHN SK €JIEKTPOHHO
KOMYTOBaHUH JBHTYH (CHHXPOHHHH JBUTYH IIOCTIHHOTO CTPyMYy), € Pi3HOBHJIOM
CUHXPOHHOTO JIBUTYHA, II0 BUKOPUCTOBYE JiKepeno mnocrtiiHoro crpymy (DC). Bin
MIEPETBOPIOE €HEPTi0 MOCTIMHOTO CTPyMy B MEXaHIUHY Ta MOEAHY€E B coOl mepeBaru
JIBUTYHIB MOCTiHOTO Ta 3MiHHOTO cTpyMy (AC).IlopiBHSHO 3 TpaaUIitHUM IIITKOBUM
JIBUTYHOM TIOCTIMTHOTO CTPYMY BIH Ma€ Taki MepeBaru, K MpocTa KOHCTPYKIIis, JOCUTh

TPUBAJIMI TEPMIH CITy>KOU Ta BUCOKA €HEPro €(DEKTUBHICTD.

Crartop

Crarop ABUTYHa € OJHUM 13 KJIIOYOBMX KOMIIOHEHTIB JBUTYHA 1 BIANOBIJA€ 3a
CTBOPEHHSI MarHiTHOTrO MOJs st o0epTaHHs ABUryHa. CtaTtop 3a3BHuail CKIaJaeThes 3
HAa0Opy CHUHXPOHI30BAHMX KOTYLIOK, SIKI 30YyIKYIOTbCS €JIIEKTPUYHUM CTPYMOM JJisi
CTBOPEHHS 00E€pPTOBOr0 MarHiTHOro noJisd. Lle Mar"iTHe mnoje € CUiIo0, sika MPUBOJAUTH B
pyX IBHUTYH, MOJIOHO JO TOro, SIK Mar”iTHe Ioje 3emil B3aeMOi€ 3 oO0epTaHHIM
iaHeTH. Yepes 30y/UKEHHS €JIEKTPUYHUM CTPYMOM MAarHiTHE IOJie CTaTopa BCTYIA€e B

B3a€EMO/Ii0 3 POTOPOM, B HACTIIIOK YOTO IPUBOJIUTCS B PyX JBUTYH.

Porop

Y nBuryHi potop € o0O0epTaJbHOK YaCTHHOIO JBUTYHA 1 BIATOBiTae 3a
NEPETBOPEHHS €IEKTPUYHOI eHeprii B MexaHiuyHy. Ha BiAMiHY BiJl 3BUYaliHUX JBUTYHIB
MOCTIHOTO CTPyMy, pOTOp OE3IIITKOBOTO JBHTYHAa HE MICTUTh NITOK IOCTIHHOTO
CTpyMy. SIK mpaBWiio, POTOP CKIAMAETHCA 3 TMOTYKHHX TOCTIMHMX MArHITIB, K1
NPUBOJATh y PYX Bajl JBUTYHA, B3a€MOMIIOYM 3 MArHiTHUM IIOJIEM, CTBOPIOBAHUM
cratopoM. Taka KOHCTPYKIis HE TUIbKU MiJBUIIY€E €(PEKTUBHICTh JIBUTyHA, ajie i
MOKpaIly€ MOMEHT BIATYKY, TO3BOJISIIOYM ABUTYHY HIBUJIIIE pearyBaTH Ha pi3HOMaHITHI
cutyanii. KoHcTpykilist poropa 1 BuOIp Marepiany Oe3nocepelHbO BU3HAYAKOTh

MOTY>KHICTb 1 JUHAMIUHI XapaKTePUCTHKHU JABUTYHA.
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JlaTuuk XoJia

be3niiTouHi JBUTYHH MOCTIMHOTO CTPyMYy4acTO OCHAIIIEHI IaTYuKaMK XoJia, sIKi €
1HTEJNEKTYaTbHIMH MPUCTPOSMH, 10 BUKOPUCTOBYIOTHCS JJIsI KOHTPOJIIO MOJIOKEHHS Ta
MBUAKOCTI poTopa. Jatuuku Xosuta 3AaTHI BUSIBISATA 3MIHM B MAarHiTHOMY MOJi B
pearbHOMY 4aci, TOYHO BU3HAYAIOUM MOJOKEHHS poropa. Ll indopmariss Hagxoautsb
Ha3aJ 0 CUCTEMHU KepyBaHHS JABUTYHOM, IO JO3BOJISIE PETYNIOBATH CTPYM Y PEXKHUMI
peasbHOTO Yacy AJis OUIbII TOYHOTO KepyBaHHS pyxoM. Lls iHTenekTyasipHa cucrema
MOHITOPHHTY TOKpAIly€e MPOIYyKTUBHICT, 1 CTaOLIBHICTH JABHTYHA Ta 3a0e3redye
4yJIOBY IPOAYKTUBHICTb 3a Oy/ib-IKMX YMOB €KCILTyaTalli.

Buxopucranus natuukiB Xojuia J03BOJIIE PO3yMHIIIE M TOYHIIIE KepyBaTu

JBUTYHAMU JJIS1 IIUPOKOTO CIIEKTPY MPOMHUCIOBHX 1 KOMEPIIHHUX 3aCTOCYBaHb.

Oatymkn

Pucynok 1.2 — Buytpimni 6ynoa BLDC nBuryna
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1.3 OcHoBHi po0oyi napamMeTpu ABUTyHA

[Ipu BuOOpI 6E3IIITKOBOTO JBUT'YHA MOCTIMHOTO CTPyMy MOTPIOHO OPEHTYBATHUCS
JUTsl sIKOi 3ayadi Oyje BUKOPHUCTOBYBATHCS caM ABUTYH. lle oauH1 13 HalBaKJIMBIIIAX
dbakTopiB mpu BuOOpi ABUTYHA. B mepamerpu BXOIATh — IIBUIKICTH OOEpTaHHS,

MOTYXHICTb 1 KDyTHUI MOMEHT.

KpyTHuii MOMeHT

KpyTHuii MOMEHT IBUTyHA — II€ cUJjia 00epTaHHA oro Baiy. MomMeHT o0epTaHHs
BU3HAYa€ MOTYXKHICTh BAIIOro JBUTyHA Ta HOTO TATOBI XapaKTEPUCTUKHU. BUMIpIO€ThCS
B HbIOTOHaX Ha MeTp H*M a0o B kilorpam-cuiiax Ha MeTp Krc*M. Uum BULIMIM KpyTHUIN
MOMEHT, TUM OUIbIII€ HABAHTAKEHHS MOXE BUTPUMATH JBUTYH 1 TUM OUIBIIOIO Oy[e
IPOAYKTUBHICTh IBUTYHA.

Jlo MakcMMaJIbHOTO KPYTHOIO MOMEHTY HEOOXIJJHO TakKoXX BpaxOBYBaTu
KBaJpaTuyHuil KpyTHUH MomeHT (RMS) nBuryHa. BiH BU3HayaeThCs NOEKUIbKOMA
(dakTopaMy: MaKCUMaJbHUH KPYTHUH MOMEHT, MOMEHT HAaBaHTaXCHHS, MOMEHT

1HepIIi1, IPUCKOPEHHSIM, CIIOBUIbHEHHS Ta Yac poOOTH.

HIBuakicTh 00epTaHHS

[IBuakicTe ABUryHA npeacrapieHa 3HaueHHs M KV, KV - obepramu Ha BoJibT, a00
RPM/V, mo Bkazye, CKUIbKH pa3iB JBUTYH 00€pPTATUMETHCS HA BOJIBT. MaKcHUMallbHY
mBuAKICTh (RPM) nBuryHa Mo’kHa BU3BHAUUTH, IPOCTO MOMHOKHUBIIM 3HaYeHHA KV Ha

HaIpyTy aKyMyJIaTopa.

RPM = KV:U (L.1)

3rigHo 3 (HopMyIsor, MBHUAKICTH OE3IITKOBOTO JIBUTYHA TEOPETUYHO JIHIMHO
3aNieKuTh Bim Hampyru. 3HadeHHs KV - 1me BenmumHa, Ha SKy 00€pTH JBHUTYHA
30UIBIIYIOTBCS 3 KOKHUM BOJIBTOM 30UIBIICHHS HAmpyru. SKIio Hampyra 3pocTae,
JIBUTYH 00€PTA€THCS IIBHUILIE.

JIBUTYHU €JIEKTPOBENIOCHUIIEIIB Ta €JIEKTPOOalKiB 00EpTaloThCsA 31 MIBUIKICTIO

KUIbKa COTE€Hb OOEpTIB 3a XBWIMHY, a JABUTYHH  €JICKTPOMOOUIIB MAarTh BHIILY
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IIBUJIKICTh OOEpPTaHHS: 10 KUIBKOX THCSY 00epTiB a00 MECATKIB THUCAY OOEpTiB Ha
XBWIMHY. SIKIO 3aBHaHHS IS JABUTYHA MOTpeOye OUIBIIOI MOTY)KHOCTI Ta HIKYOT

mBUAKOCTI — BUKOopucTOBYeThCs KIIIT (kopoOka nmepemukaHHs nepeaay) Ta peayKTOpH.

IMoTy:xHicTH IBUTYHA

[ToTyXHICTb €IEKTPOABUTYHA — 1€ Mipa, 10 XapaKTepPHU3y€ MIBUAKICTH BAKOHAHHS
pOOOTH E€JIEKTPOJIBUTYHOM, TOOTO KIJIBKICTh €HEPTii, IKY BIH MOe ITepEeTBOPUTHU B
MeXaHiuHy poOOoTy 3a oAuHUIII0 Yacy. BoHa BuMiproetbes y Batax (BT) abo KiHChKUX
cuiax (K.c.).

[ToTy>xHICTh JBUTYHA CJiJ BUOWpATH BIAMOBIAHO JO MOTYKHOCTI fIKa HEOOXi/IHA
JUTSI BAKOHAHHS TIEBHUX 3a/1a4.

[Tpu BuOOpI i 3BEpHYTH yBary Ha HacTYITHI JJBAa MOMEHTH:

- SKmo NOTYXHICTh JABUTYHAa BHOpaHO 3aHAATO Majo, L€ TMpu3Beae M0
MEPEeBAHTAXXEHHS JBUTYHA MPOTATOM TPUBAJIOTO TMEPIOAy dacy, IO MPHU3BEAE [0
neperpiBaHHs JIBUTyHA, BIOpailii, MaaiHHS IBUJKOCTI, HAIBHICTh CTOPOHHBOTO 3BYKY
pu poOOTI JBUTYHA TOIIO. Y CEPHUO3HUX BUMAAKAX IBUTYH MOKE BUUTH 3 JIay.

- SIKmio moTy>KHICTh JBUTYHA JYy’KE BEJIMKA, HOTO BHUXIJIHA MEXaHIYHA MOTYXKHICTh
HE MO)K€ OyTHM NOBHICTIO BUKOpHCTaHa, a koediuieHT noryxHocTi Ta KKJI OynyTh
HEBHCOKI, 1[0 HE J0Ope HE TUIbKU IJI1 KOPUCTyBada Ta MEpexi, aje 1 s €KOHOMIl
CJIEKTPOCHEPT1i.

ToMmy BaXxJIMBO BUOpATH ABUTYH 13 MPUNHATHOIO MOTY>KHICTIO BIAMNOBIAHO [0
nocTaBieHoi 3amayi. BuOpatu aBuryH MokHa 3a (OpPMYJIOK PO3paxyHKY 3Hau€Hb
TPHOX MapPaMETPIB: MOTYKHOCTi, KPYTHOTO MOMEHTY Ta IIBUIKOCTI.

HIBuakicTh (00/XB) V

[TotyxHnicts (BT) P

Kpytauit Moment (Hm) M

M-v
P=— (1.2)
g
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1.4  Oruasaja THUNIB KOTHTPOJLJIEpa 1Sl KePyBAHHS JIBUT'YHA

Jlns xepyBaHHS 30UIBIICHHSAM OOEPTIB JBUTYHA MOTPIOCH KOHTPOJUIEP KUK OyJe
KEpyBBAaTH CaMHUM JBUTYHOM. B maHHWI MOMEHT Ha PUHKY MOKHA PO3TJIIHYTH 2 THUIIA
KOHTPOJIJIEPIB MO CIIOCO0y KepyBaHHS:

—Ynpasiinusa HIBuakicTio (06opoTamu) i3 mocTiHHUM MOMEHTOM. [{eit Tun
KOHTPOJIEPIB MIATPUMYE TMEPEBAXKHO OJHAKOBUII MOMEHT Ha Bally JIBUTYHa y BCbOMY
poboyomy mgianmazoHi o0epTiB. OO0epTH Oe3mocepeHbO PETYIIOITHCS PYUYKOIO
(nemamnro) razy. Jlanuii Tun kepyBaHHs J00pe MIIXOIUTh JJI1 KEPYyBaHHS IBUTYHAMU 3
HCBCJIMKMM HABaHTAXXCHHAM Ha Baly (BEHTWISATOpH). SIKIIO BCTAHOBUTH HOTO Ha
TpaHCIOPTHUM 3acid, TO Mpu cTapTi OyJle HEBEIUKHM MOMEHT, 1 BIAMOBIAHO 3
MIHIMQJIBHUM MPUCKOPEHHSM.

— YnpaBJjiHHI MOMEHTOM Ha Baly JaBuryHa. Ha xomoctux o0eprax ABUTYH
3aBXKIM HaOMpae MaKCHMallbHI O00epTH, ajie TMiJ] HaBaHTAKECHHSM TaKoro He
B1I0yBa€ThCcsl. 3a JOMOMOIrOI PydKd a0 Tejali raszy, HapoIlyl0Ud MOMEHT, IIij
HABAHTAKEHHAM  OOEpPTH  3pOCTAOTh  QHAJIOTIYHO  OCH3MHOBUM  JBUTYHAaM,
3a0e3MeuyeThCsl IUIABHE HAPOCTaHHS TMOTYXXHOCTI Ta IIBUAKOCTI MiJ dYac pyxy,
BHUKJIIOUAIOYM IIKIJIMBUM BIUIMB HAa MEXaHIYHI BY3JW. SIKIIO BCTAHOBHTH HOTO Ha
TPAHCIOPTHUN 3aci0, TO MmiA yac cTapTy Oyae MaKCUMaJIbHUNH MOMEHT, 3 XOPOIIMM
PUCKOPEHHSIM.

Takox BLDC xoHTpoIepu MOKHA MOAUIATH 32 TUIIOM Ta CIOCOOOM KepyBaHHS
CaMoro JBUTYHA a caMe :

— CHMHYCHUI KOHTpOJIep 3a0e3neuye nojady CTpyMmy Y BUIUIAI CUHYCOIAATbHUX
CUTHAJIIB, IO JT03BOJISIE JOCSATTH IUIABHOI Ta MAaJIOIIYMHOI pPOOOTH €JIEKTPOABHUIYHA.
Takuii TN KEpyBaHHS € BIAHOCHO MPOCTUM y peaiizallii Ta HaJalTyBaHHI, 10 POOUTH
HOTO TOMYJISIPHUM Y HEBEJIMKUX TPAHCIIOPTHUX 3aC00aX, TAKUX SIK €IIEKTPOBEIOCUIIC TN,
caMOKaTH 4d Malli enekTpockyTepu. Cepesl OCHOBHUX TepeBar CHHYCHOTO KEpYBaHHS
MOXHa BIJ3HAYUTU 3MEHIICHHS BIOpaliii, 3HWKEHHA IIyMy Ta MOKpaIEHHS
KOM(pOPTHOCTI X0y, OCOONMBO Ha Mamux oOeprax. OgHak LEd TUN KOHTpOJepa
MOCTYNAETHCS BEKTOPHOMY B TUTaHI €()EKTUBHOCTI BHUKOPUCTAHHS €HEPrii, TOYHOCTI

JUHAMIYHOTO K€PYBaHHSA Ta aJianTallii 10 3MIHHUX HaBaHTAXKEHb.
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PE3YNET.
BEKTOR

Pucynox 1.4 Ilpuniun cunycoigansHoro kepyBands BLDC aBurynom

— BekTopHe KepyBaHHA a00 KEPYBAaHHS OPIEHTOBAHE HA BEKTOP MArHITHOTO IMOJIS
0a3yeTbcs HA MaTEMAaTUYHOMY IEPETBOPEHHI KOOPIAMHAT CTPYMY B CHUCTEMI OOMOTOK,
IO J03BOJIAE TOYHO KEPyBAaTH HAMPSIMKOM Ta BEIMYMHOIO EJIEKTPOMArHiTHOTO
MomeHTy. Takuii miaxin 3abe3nedye BUCOKY €(PEKTUBHICTh TATOBOI YCTAHOBKHU B
yChOMY Jliara3oHi OOepTiB 1 HaBaHTaXeHb. BEeKTOpHE KepyBaHHS JO3BOJISIE 3HAYHO
MOKpPAIIUTH AUHAMIKY, CTa0lIbHICTh 00EpPTIB, KEPYBaHHS KPYTHUM MOMEHTOM, a TAaKOXK
JOCSITaTH  KpaIlllUX pe3yJbTaTiB y pPoOOTI MiJ HaBaHTAXEHHSIM Ta MpU pyci 3

MIHIMQJIBHOKO IIIBUIKICTIO.
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2 AHAJII3 TA BUBIP TATOBUX FATAPEH

2.1 Orasja TAroBux 6arapeii Ta ix BigMiHHoCTI

Jlnst mepeBoAy MOTOLIMKIIA HAa EJIEKTPOTATY MOTPIOHO 0Opatu Tuml Oatapei, siKuii
HaWKpale miaXoauTh I JaAHHOTO TPAHCIIOPTHOTO 3aco0y.

AKBD 3a THIoM nmoauisiFoThCS Ha CBHUHIIEBO-KHUCIIOTHI, J1TIH-10HHI, HIKEJIb-KaIMIE€BI,
JITi-KOOaNbTOBI, JITIH-MapraHiesl, JTITIA-TOIIMEpHI, MiTii-3ami30-PpocdarHi, TITIH-
TUTAHATHI, JITIA-HIKEeIb-MapTraHelb-KOOATbT-OKCUIHI, TelieBi, rpad)eHOBI, HIKEIECBO-
3aJIi3Hi.

OaHuMU 3 HaPO3MOBCIOKEHIIIUX TUITIB OaTapen €:

~ CBHHIEBO-KHCJIOTHI.

byBaioTh 4YOTHPHOX THUINIB TPU3HAYCHHS. CTalllOHApHI — JJIS EHEePreTUYHOTro

oOnajHaHHs, MOPTATUBHI — JJIsl €JIEKTPOIHCTPYMEHTY Ta MOPTATUBHUX MNPUIIAAIB,

TATOBI — JUIA TPAHCIOPTHHUX 3aco0iB, CTapTEepHI — [JIS 3alyCKy JBUTYHIB

BHYTPIIIHBOI'O 3rOPaHHS.

Biapi3Hst0ThCS ACMIEBU3HOKO , HAAIWHICTIO , IPOCTOTOI0 BUTOTOBJICHHS.

— JliTiii-iOHHI.

BukopucroByroThcsi B TOOYTOBIM TEXHIIl, EIEKTPOHIL, €IEeKTPOIHCTPYMEHTaX,
npwianax. BiIpi3HIIOTECS BEIMKOI0 €MHICTIO, MAaJorabapUTHICTIO, MPOCTOTOIO
SKCIUTyaTallil B pi3HMX yMOBax (TeMIieparypa, BOJIOTiCTbh, BiOpailii).

- Hikeab-kaaMmiesi.

BuxopuctyByrorcs B mOpuiiafoOyayBaHHI, €JIEKTpoKapax, KopabdiaeOyyBaHHI,
MICBKOMY TPaHCIOPTi. BUPIZHAIOTCA MHUPOKUM (PYHKIIOHAIOM, BEJIMKUM PECypcoM

LUKy 3apsiA-pO3psI.
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2.2 Ipuaoun po6oru Li-ion AKB

OcHoBa KOHCTpYKIIii Li-ion 0arapeit — 11e aHo, SKUH BUTOTOBJCHHH 3 BYIJICIIO, 1
KaTojl, BUKOHAHWW 3 OKCHAY JIiTi0. [301aTOpOM € cemapaTop, BUTOTOBJICHHHA 3
PI3HOMAHITHOTO TUIACTUKY MOPHUCTOI CTPYKTYPH, SKUH MPOMUTAHUM €IEKTPOITOM, IO
BUKOHYE€ POJIb TIPOBIAHUKA. BCli eeMeHTH yKiIaJeHl B TepPMETHUYHUN KOPITyC. Y JESTKUX
aKaMyJIsTopax TependadeHuil KiamaH, SKWA BIATMOBIAA€ 3a CKUJIAHHS HAJJIUIITKOBOTO
TUCKY BCEpPEINHI KOHCTPYKIIII.

Li-ion AKB nyxe moraHo nepeHOCATh HAIUINKOBUE 3apsn. Hammipauii 3apsin
MPU3BOJAUTL O HAarpoMa/PKeHHS METaJeBOTO JIITIF0O Ha MoBepXxHi1 aHoja. llei ocan
MOTIM PO3MOYMHAE PEaKIlil0 3 EeJIEKTPOJIITOM BHACTIJOK YOro Ha KaToJl TMOYHUHAE

aKTUBHO BUIUISATUCS KHCEHb. B HacnioK 4oro OaTapes HarpiBa€ThCs Ta MOXKE BUUTH 3

namgy.

Li-ilon eneMeHT| B eneKkTponiT
anroMmiHin
okcua

/

po3aintoBay

PucyHok 2.2 — Baytpimss OyioBa Li-ion enemenra
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Knemm nnara 6anaHcyBaHHA
Ta 3axucty (BMS)

Kopnyc

Li-ion enemeHT

Pucynok 2.2.1 — BayTpimns OymoBa Li-ion akamynsitopHoi 6aTapei ckiiaaeHoi 3
Li-ion eemeHTiB
2.3 Tunu Ta pizHoBuau Li-ion AKB
JliTieBi GaTapei MaroTh Oarato pi3HOBHUIB, SK1 BIAPI3HAIOTCS MaTepiaioM KaToja.
VY neskux Monudikaiisax B aHOAl MOKE MOBHICTIO a00 YaCTKOBO 3aMIHIOBATHCH TpadiT
Ha 1HII MaTepialiu.
Li-ion AKB OyBaroTh:
— Jlitii-ko0aabToBi (LiCo)
BcTaHOBIIOTECS Ha BUCOKOTEXHOJIOTTYHI TQ/KETH, TIPHITAJIN 1 IIPUCTPOI.
MaroTh 10AaTKOBUM 3aXUCT BIJ] IIEpe3apsiay.
— Jlitii--mapranunesi (LiMn)
Biapi3HSIOTbCSI HU3KUM OMOPOM, IIBUAKOIO 3apsSAKOI0 1 THYYHOIO KOHCTPYKITIELO.
BukopucToBy€eThCS I MOTYKHUX €JEKTPOIHCTPYMEHTIB 1 TIOPHIHOIO JpKepesia
€Heprii Ta TPaHCTIOPTY.
— Jlirii-moximepni (Li-Pol, Li-polymer, Li-Po)
JliTii-nonmimepHi  6arapei  BIAPI3HSAIOTHCS  KOHCTPYKINIEID Ta  MOTYXKHIIIUMU
3apSIHAM ~ CTPYMOM. 3aMiCTh PIAKOTO €JNEKTPOJITY B HHUX 3aCTOCOBYETHCSA
resenoaioHui abo TBepAUH mosiMep 13 BMICTOM JiTir0. Hemomik Moenei — eeKTpuyHi

napaMeTpH MOMITHO MOTIPIIYIOTHCS 32 YMOB HU3BKOI TEMIIEpaTypH.
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Axkymynsropu Li-polymer BHIyCKalOThCS Yy JIBOX BapiaHTax — CTaHOApTHI Ta
IIBUJIKOPO3PsIHI. BOHM BIPI3HAIOTECS MaKCHUMaJIbHUM CTPYMOM po3psay. s
CTaHJAPTHUX MOJIEICH MOKAa3HUK CTaHOBUTH TpoxH Oinbmie 3C, y MBUAKOPO3PSTHUX
Mmoxxe nocsaratu 10C.

BukopucToByoThcsi B T0OyTOBIi, BUpOOHUU1i, TPAaHCIIOPTHIN Ta MEIUYHIN chepax.

- JliTiii-3amxizo-gocharni (LiFePO4)

barapei LiFePO4 ocnatieni katoioM 3 JiTi-gpepodocdary Ta aHoAOM 3 BYTJICIIIO.

OcoOnMuBOCTI - CTIHKI O KPUTUYHUX TeMIlepaTyp, Oe3ledHi B eKCIUTyaTallii: He
CHaJaxyioTh 1 He BUOyxXaroTh BiJ nepeHanpyru. CTiiiki A0 mepe3apsiKu Ta MepernajiB B
EJIEKTPOMEPEXKI.

Takox 1mi Oartapei MATPUMYIOTH TPHUCKOPEHY 3apsAKy BEJIMKHM CTPYMOM 3a
JOTIOMOTOI0 ~ CIICMIAIbHUX ~ 3apsIHMX TMPUCTPOiB, aje ixX MOXKHaA 3apspKaTd
YHIBEpCAIEHUMHU 3apsTHAM MPUCTPOEM, ipu3HaueHumu it Li-ion AKB. Akamynsropu
MOXYTb 30epiratucs npu 3apsal 40-60%. IMinzapsautu 10 80% MoxkHA MPUOIU3HO 3a
MIBTOPU FOJAVHHU.

JliTifi-3amizo-docdarHi 6atapei MoxkHa OyTH y opmi apanesneninesaa, IIHIpa Ta
iHmmx gopm-pakropis kopmycy. AKB Ha ocHoBi LiFEPO4-koMipok BHKOPUCTOBYIOTH
JUTSL BITPOTEHEpaTOpiB, COHSYHUX IMaHENeH, BOAHOTO Ta EICKTPUYHOTO TPAHCIIOPTY,
CKJIaJICBKOT TEXHIKH, iIrpoBOro ob0JjiagHaHHs Ta 6araro iHmoro. Bonu He 00AThCS JOBIHX

nepiofiB mpocToro. Jlo KiHIsS eKCITyaTaliifHOTO TepMiHy BTpadaroTh 10 20% eMHOCTI.

~ Jlitiit--ruranarHi (LTO)

AHop 6aTapei BUKOHAHHMI 3 TUTAHATY JITIIO Ta Ma€ HAHOKPUCTAIIIYHY CTPYKTYpPY, B
HACJIIOK ITHOTO 3a0€3Meuy€eThCs BUCOKA IJIOMNIA MO3UTHBHO 3apsHKEHOTO €JIEKTPOJa 1
Horo crabiibHa pobOora. barapei MarTh MIHIMAIBHUWA BHYTPIIIHINA OMmip, HIBUIKO
3apAIKaAIOThCST — NpoTAroM 5-10 xBunmuH. TemmepaTypa ekcIulyaraiii Moxe OyTH B
JOCUTh LIMPOKOMY [lama3oHi. 3a paxyHOK BIJCYTHOCTI BYIJIEHIO Y CKJIafl

BUKJIFOYAETHCS MIEPETPIB.
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Henonikom Takux Oatapedl € HeBeqWKa IIUIBHICTH €HEPTii, MOB'A3aHa 3 HU3BKOIO
HaIPYTOIO.

Taki Oartapei BHUKOPHCTOBYIOTHCS SIK OCHOBHE JDKEPEIO O KMBJICHHS B
CJICKTPOTPAHCIIOPTI, a TAKOXK HA TPAHCIIOPTI SIK 3aMiHa ctanaapTHoro AKbB mms 3amycky
JIBUTYHA, OCBITJICHHS, Ta IHIIMX CHOOXHBA4iB elekTpoeHeprii. Takok BOHHU
BCTAHOBIIIOIOTHCSL 'y TMOOYTOBIM TEXHIlLl, MEIUYHOMY Ta TEJICKOMYHIKAIIHHOMY
oOnaaHaHHi. 3a iX IOMOMOTH OPraHi30BYIOTh BHYTPIIIHE Ta 30BHIIIHE OCBITJIICHHS Ha

0a31 COHSTYHMX MaHEJEH, TAKOXK aBapiiiHEe OCBITJICHHS.

J171s TOPIBHHS Pi3HUX XapakTepucTuk Li-ion GaTtapei TumiB Oatapeii, Oyiau BHECEHI

iX XapakTepuCTUKU B TAOIUIIO 2.3



2.3 Tabnuis mOpiBHAHHS TEXHIYHUX XapaKTepUCTUK TUIiB Li-ion Oarapei

22

LiCo LiMn Li-Pol LiFePO4 LTO
Hampyra 3,6 3,7 3,7 3,2 2,4
eJeMeHTa, B
[ukmiannii 700-1000 | 1000-2000 |800-900 |1000-2000 | 5000-8000
pecypc
Honyctuma 100 100 100 100 100
ribuHa
po3psiny, %o
MHiamazon -10..+460 | -10...+45 -20...440 | -10...+60 |-10...+45
pobounx
temneparyp, °C
Tepwmin ciyx6wu, | 5—7 10 1o 8 20-25 18-25
POKIB
['pannunUit 0,7-1C 0,7-1C 1C 25-30C 10C/30C
CTPYM 3apsy
[IBuakicTs 2-3 2-3 2-3 2-3 2-3
3apsny, roj
Camopospsig Ha | 1-2 1-2 1-2 1-2 1-2

Micarb, %
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2.4 EMHIiCTH aKyMYJIsSITOPHOI 0aTapei Ta il 3aj1esKHICTh BiJl CTPyMYy po3psay

€MHicTh aKyMYJATOPHOI OaTapei — 11 KIIOYOBa XapakTepucTuka. BoHa BruMBae
Ha BapTICTh MPHUCTPOIO, chepy 3acTocyBaHHA (Bl MOOYTOBUX MOTPEd A0 MEIUYHHX),
TEPMIH CITyKOHU.

[Is xapakTepucTuka BiIOOpa)ka€ TPHUBAIICTh THMUYACOBOTO MPOMIKKY, Ha SKHIl
Oarapest Oyne MOBHOLIHHO >KMBUTHU BIJIMOBIAHMNA MPHUCTpi 1 3abe3medyBaTtd HOro
aBTOHOMHY poOoTy. €mHIcTs AKDB — 116 MakcuMalnbHa KUIBKICTh €JIEKTPUYHOI €Heprii,
Ky OaTapes 37JaTHa HAKOMTMYIYBaTH 3a | MOBHUM MK 3apsTy.

Onunuts Bumipy emaocti AKDB - amnepu 3a ronuny (A*ro)

[Ipu miaKIIOYEHH] JO aKyMyJsiTOpa HaBaHTaKEHHsI 0e3 MepeTBOpIoBaya, BeIMYMHA
CTpyMy He 3MiHIO€Thes. [Ipu ibomy yac pobotu AKDB Burnsimatume sik CriiBBiTHOIIICHHS

€EMHOCTI JI0 CTpyMy. Y BUTJISAL GOPMYIIH 1151 3aJI€KHICTh BUTIIAAE TaK:

ne Q - emHicTh akymynsiTopa (A * rox abo MA * ron);
| — cTpy™m po3psiay akymyssitopa (A);
T — vac po3psiny O6atapei (roxn).

3anexnictb emHocTi AKD Bix eneprii
31aTHICTh 70 HAKOMUYECHHS CHeprii Oarapeero IMOB'sA3aHa 3 HANPYrol CHIIOK
ctpymy siky Bugae AKDB: uum Oinbia, Tum Oinbine eHeprii HakonuuuTh AKB. Takum

YUHOM, €JICKTPUYHA CHEPTis BU3HAYAETHCS 3a JTAHHOIO (POPMYIIOH0:
W=T-1U (2.2)
ne W - Eneprisa mHakonnueHa 6arapeeto (J[x);
U — Hanpyra akymysitopa (B);
| — mocTiitau#t cTpy™m (A);

T —4ac po3psny (rox).
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Eneprernyna eMHicTh
[li1 MM MOHATTSAM MAa€ThbCS Ha yBa3l €HEPris, IO BiAJA€ MOBHICTIO 3apsKEHUN
aKyMyJISITOp TPH PO3pAIl 0 MiHIMambHOI Hampyru. s po3paxyHKy €HepreTHYHOI
€MHOCT1 BUKOPUCTOBYIOTH (POPMYITY:
o W
4 (2.3)
ne Q - emHicTh akymynsaTopa (A * rox);

W — eHnepretnuHa eMHICTh akymyssitopa (Bt/enemenr).

Pe3epBHa €MHICTH

[le#i TepMiH BHKOPHCTOBYETHCSA [UJISI PO3PAXyHKY €EMHOCTI aBTOMOOLITBHUX
akymyssatopiB. Bin BuszHauae 3patHicTh AKDB  KMBHTH  €l€KTpOYyCTaTKyBaHHS
aBTOMOO1Is, Koiau BOyJOBaHUU TeHepaTop He ¢yHKIIOHYe. Pe3epBHa €MHICTh

pPO3paxOBYETHCA TAK:

Q=

N |-

(2.4)
ne Q - eMHicTh akymyasiTopa (A * ron);

T — pe3epBHA EMHICTb aKyMyJIsiTOpa (XB).

Po3paxyHOK €eMHOCTi aKyMyJIATOPHOI OaTapei

Po3paxyHok o0csary Oatapei HEOOXiAHMHN JjIi BH3HAYCHHsSI KUIBKOCTI €HEprii,
noTPpiOHOT 3a IS TPUBAJIOi aBTOHOMHOI POOOTH TPHUCTPOIB (71 €NEeKTPOHIKH abo
MOPTATUBHOTO MPHCTPO0). P0O3paxyHOK €MHOCTI J0IOMAara€ BH3HAYHUTH TOTPIOHY
EMHITh aKaMyJIATOpa B 3aJ€KHOCTI BIJ WOTO MOTY>XHOCTI Ta CIOHBaHO1 €HEprii, a
TaKOX JIJIs1 TOYHOTO BUOOPY akaMyJIsITOPHOI OaTapei.

JIns BU3HA4YEHHS €MHICTh aKaMyJIITOPHOI OaTapei, 3acTOCYBYIOTh CTaHIApTHY

popmyy:

Uk (2.4)
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ne Q - emuictb AKB, 1m0 po3paxoByethest (A * rog abo MA * ron);

P — HaBaHTa)XyBaJIbHa MOTYKHICTh (BT);

t - yacoBUil MPOMIKOK pe3epBYBaHHSA (TON);

K - xoedimieHT, 110 BimoOpaxae sikach yacTHa eMHOCTI AKB BHKOpHCTOBYETHCS abo

KUTBKICTh B B1JICOTKaX BUKOPUCTAHHS €Heprii OaTapei A0 ii IEBHOTO 3HAUYEHHS PO3PSIY.

Koedimient k kommeHcye cuTyaliro HEMOBHOTO 3apsiay Oartapei. [loBHui po3ps

MICJIA KIJTBKOX MMOBHUX LUKIIB POOOTU CYTTEBO 301IBIITYE Mpale3gaTHICTh MPUCTPOIO.

2.5 BucHoBKH 10 po3aiay

Jlnst 3a0e3neyeHHss JOBIOBIYHOCTI Ta BUTPHUBAJIOCTI aKamyJIsATOpHOi OaTtapei OyB
oOpaHHu# THN OaTapei KUl 0JHOYACHO 3aKpUBAE JIEK1IbKa MOTPeED.

JlaHHuM TUO akaMyJsiToOpa Mae€ IepeBard B JACKUJIBKOX HAlpaBICHHIX: Mae
30UIBIIIEHY €MHICTh BIJIHOCHO BiJ OUIBIIOCTI aHAJOTIB aKaMyJISITOPIB 3 MOJIOHUMHU
XapaKTEPUCTHKAMU MACCH Ta TabapuTiB IO JJI TPAHCIIOPTHOTO 3ac00y Ma€ BaXKIIUBY
poJib B TIPOILIECCI KOMIAKTHOTO PO3MIIIEHHS Ta 30UIBIIEHOI MaJIbHOCTI XOIy.
HactynHoro mepeBaror0 BBaXKAETHCA PECYpPC Ta BUTPUBATICTh B CKJIQJHHX YMOBAax
BUKOPHUCTAHHS JI€ AaHAJIOT14HI aKaMyJIsITOpU OyAyTh MaTH MEHIII MOKAa3HUKW €EMHOCTI Ta
MOTYKHOCT1 SIKYy MOKE€ BHJATH aKaMyJSITOpHA KOMipKa. TpeThOro MepeBaror0 MOXHa
Ha3BaTH Kpallui pecypc akamyisTopa Li-iOn 3a ogHaKOBUX YMOB eKCILIyaTarii je

JAHHUHM TUI aKaMyJIsITOpa MOXKE MaTH MepeBary B TPUBAJIOCTI €KCILTyaTarlii.
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3 BUBIP TATI'OBOI'O HPUBOLY, 3AITPOITOHOBAHA
CTPYKTYPA TAT'OBOI'O OBJTAJJHAHHA

Jlnst koHBepcii MOTOTPAHCHOPTY Ha EIEKTPOTATY, OyAe BUKOPUCTAHHUN s
obnaausHHss BLDC MoTtop skuii BiNOBIAA€E MO MOTYKHOCTI Ta KPYTHOMY MOMEHTY 10
(GbabpudHOTO 3araJIbHOBKUBAHHOTO Ta PO3MOBCIOKEHOTO 4-TaKTHOTO JIBUTYHA
BHYTPIIIHBOTO 3ropaHHs 00’ eMoM 250 — 300 kyOIYHUX CAHTUMETDIB.

3.1 Bubip aBuryHa st KoHBepcii MOTOLMKJIA

[Ipu BHOOpPiI TATOBOrO ABUTYHa OyB 3pOOJEHHIl aKIEHT Ha HOro HaJliHOCTI,
e(eKTUBHOCTI BIJHOCHO HOTO MOTYHOCTI1, JOCTYITHOCTI HA PUHKY KpaiHH, HEBEJIUKUM
rabapuTaM JjIsl YCTAaHOBKH B paMy TPaHCIIOPTHOTO 3ac00y.

JIBUTYH BHYTPIIIHBOT'O 3TOpaHHS SIKMM OyB B3STUH Uil MOPIBHSHHS Ta MmiaOOpYy
CJICKTPOJIBUTYHA sIBJIsiE cO0010 ABUTYH KuTaiicbkoro BupooHuirea LONCIN 166FMM
KWW TaKO BBAXKAETHCS CIPOILIECHOIO Ta OIBII HAJIMHOK KOIMIE€K JBUTYHA SITOHCHKOTO
mororukiaa Honda CB250 Nighthawk.

Xapakrepuctuku npuryHa LONCIN 166FMM:

e OO0'em nBuryna: 250 cms;

e Yucno muiiuapis: 1;

e Uucro TakriB: 4;

e MakcumaibHa MOTYXHICTh / Ipu 00epTax 3a xBuiuHy: 11 KWt /9000 06/xB;

e MaxkcumanbHuit MOMEHT / ipu obeprax 3a xBuwinHy: 17 Hm / 7000 06/xB;

o OxonomxeHus: [loBiTpsHe/PiquHHO-MaCIISHE;

e Tun cucremu Brpucky nanusa: kapoOroparop NIBBI-PE28;

e Tun nanusa: 6en3un A-95-€Bpo5-ES;

o Tum 3anamoBanus: CDI;

e Jliametp 1 Xia mopmiHs: 66.8mm X 64mm;

e CrymiHb CTUCHEHHS: 6.5 10 1;

e Maca: 31 xr;

e HasBHicTh OamaHCyBaJIbHOTO Baiy.
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Pucynok 3.1 — /IBunyH BHyTpimHboro 3ropanas LONCIN 166FMM

BianoBiiHO 10 XapakTEPUCTHK JABUTYHAa BHYTPIIIHBOIO 3rOpaHHsA, BUOIp MaB Ha

BLDC motop HPM3000B 3 xapakTepucTHKaMu siKi BIAMOBITAIOTH JAaHHUM MOTpedam

JIJIS KOHBEPCii MOTOITMKIIA HA €JIEKTPOTATY.

Xapakrepuctukn BLDC moropa HPM3000B:

Hampyra ayis po6otu motopa: 48-96V,

HowminansHa motyxHIcTh: 2-3.8 KWH,

[TikoBa MOTYXHICTh sIKy MOe Buaatu Motop: 7 KWHI,
HowminaneHuit kpyTHuit MoMeHT: 12.5 H/m,

[TikoBuit KpyTHHIT MOMEHT: 25 H/Mm,

Yacrota obeprin: 4000-4500 06/xB,

KKJI: 91% ,

Hiamerep nBuryHa: 182 mw,

JloBxxuHa asuryHa (0e3 BUxigHOro BajgoM): 125 mm,
JloB)KHHA IBUTYHA BKJIFOUYHO 3 BUX1THUM BajsioM: 158.6 mwm,

Marepian kopiryca: AJIFOMIHIH,
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e Maca moropa: 8 kr,

e Tun OXOJOMKEHHS IBUTYHA: TTOBITPSIHE,

e HasBHicTh 3aXHCTY BiJ BOJIOTH.

[Tpu mopiBHSAHHI JBUTYHIB OyJIO BHUSBJICHO JCKIJIbKa IIIOCIB B XapaKTEPUCTHKAX :
CJIEKTPOJIBUTYH XOY 1 Ma€ MEHIl OO0epTH MNPOTE BIH SIBIAEThS OUIBII TATOBUTHM
JBUTYHOM JUJIsl BUKOPUCTAHHS, 10 301IbIIYE HOTO MOXJIMBOCTI BUKOPUCTAHHS Ta HOTO
chepu BUKOPUCTAHHS HE TUIBKM B MOTOTPAHCIOPTI , a TaKOXX B BHKOPUCTaHHI B
MOTOBaHTa)XHOMY TPAHCHOPTI Uil MEPEBE3CHHS HEBEJIMKOI KUIBKOCTI BaHTaxy alo
NacaXupiB MarOuu OUIBIIMK KPYTHUM MOMEHT , MEHIIy Macy Ta KOMIAKTHI rabapuTu.
JlaHHUI eNeKTPOABUTYH HE 3ajieKaTh BiJl MOJOKEHHS B MPOCTOPI Ta A€ MOXKIUBICTh
BCTAHOBJIIOBATH B PI3HUX MOJOKEHHSAX , KOJU JIBUTYHU BHYTPIIIHHOI'O 3rOPaHHS yepes3
HasBHICTh MAacTWja B KOHCTPYKIi Ta MNPUHLUI HOro poOOTH — HE A€ MOXIHUBICTh
YCTAaHOBKH JIBUTYHA B PI3HUX MOJIOKECHHSIX.

[Ipuemanm gomoBHeHHsSM JgaHHoro BLDC naBuryHa sBISIETBCS MOJIMBICTH
YCTaHOBKH BOZSTHOTO OXOJIOMPKEHHS 3aMiCTh HUHIIITHHOTO MOBITPSHOTO OXJIOIKHHHS.

B cymi 3 KOHBepCi€l JTaHHOTO TATOBOTO OOJagHAHHS 3 SBISIETHCS MOJXKIIHUBICTH
BUKOPHUCTAHHS 3aBOJCHKOTO PIAMHHOTO OXOJOKEHHS , SIKe BUKOPHCTOBYBAJIOCH B

JBUTYH1 BHYTPIIIHBOTO 3TOPAHHS , ISl OXOJIOJKEHHSI €JIEKTPOABUTYHA.

-
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Pucynok 3.2 — 3o06paxenns BLDC moropa HPM3000B
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Pucynok 3.3 — Posmipu BLDC motopa HPM3000B
3.2 Bubip xonTpoJsuiepa kepyBanusi BLDC nBurynom

Jlnst BUKOpHUCTAaHHS OOpaHHOTO paHilie JABUTYHa, TOTpiOHO oOpatu BLDC
KOHTpOJIEp AJIsi KepyBaHHS PEKUMIB POOOTH CaMHUM JBUTYHOM Ta KEPyBaHHSM HOTO
TATOBO-IBUJIKICHUX XapPAKTEPUCTHUK B JEKUIBKOX PEKUMaX POOOTH.

[Tig nanny 3amagy OyB obpannuii BLDC nmporpaMmoBaHHHMIT KOHTPOJEP 3 PEKUMOM
pexyneparii Kelly KBL48151X.

Pexynepaitisi ejiekTpoeHeprii (Takox BiJjoMa SIK PEKyTNepaTUBHE 3apsi>KaHHS a0o
pereHepailisi) - 1e MPOLEC, 3a SKOTO €JIEKTPUYHA EHEpPTisl, M0 BUIUISETHCS MiJ 4Yac
raJibMyBaHHSI a00 3HWKEHHS IBHUJIKOCTI, MOBEPTAETHCA HA3aJ] Yy JDKEPENIO KUBICHHS
abo akymynsaTop. B enexrpuunux abo riOpuaHUX TPAHCMOPTHUX 3ac00ax, HANPUKIIAJ,
pekymneparlisi eJeKTPUKA BUHHUKAE IMiJ 4Yac rajbMyBaHHsS a00 3HIM)KEHHS MIBHIKOCTI,
KOJM KIHETHYHA CHEpris aBTOMOOLIS TEpPETBOPIOETHCS HA EIEKTPUYHY EHEprio 1
30epiraeTbesi B akymyiisitopl. Lle gae 3mory migBUIIUTU €(EKTUBHICTH BUKOPUCTAHHS

eHeprii Ta 30UIBIINTU JadbHICTh IEPECYBAaHHS CJICKTPOTPAHCIIOPTA HA OJHIN 3apsiAll.
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OcHoBni Xapakrepucrukn Kelly KBL48151X :

e Jliama3oH HaINpyTH KUBIECHHS KOHTpoJepa: 18V-90V.

YacroTa podotu: 16,6 xI1.

Crtpy™m y pexxumi ouikyBanss: <0,5 MA.

e Crpym xuBJieHHs narunka 5 B: 40 MA.

KonoirypoBanuii qiana3zon Hamnpyru akymyssitopa: 18V-60V.

e AHajoroBe raibMO 1 BXIJ KepyBaHHA JpoceiabHOi 3acimiHku: (-5 BOJBT,
cTtBOpeHHs 0-5V curnany 3 3-X IpOTOBUM KOHTaKTOM.

e Cursasizaiisi 3BOpOTHOTO XOJY.

e Jliama3oH Temrepatyp 3a nmoBHOi noTy»xkHocTi: B 0 1o 50 °C.

e Jliamazon temmepatyp: Bix -30 mo 90 °C, sumkaeHHs 100 °C.

[TinBuiena cumna ctpymy npositroM 10 cexyn: 200A.

e Mexa cuim CTpyMy JBHryHa npoTsarom 1 xBuimaH: 150A.

e Mexa cuiam cTpyMy JABUIyHa B Oe3nepepBHOM pexumi: 80A.

e MOXIMBICTh HAJAIITYBAHHS MaKCUMAJILHOTO CTPyMy Oartapei.

OcobamBocTi kouTpoJiepa KBL48151X:

-CUHXpOHHE BUIPSIMIICHHS, HagHU3bKe MaaiHHs 1 mBuaka [IIM nns gocsrHeHHS
JTy’K€ BUCOKOI €()EKTUBHOCTI.

-EnekTpoHHui pesepc.

-3axUCT BiJ] NEPEBAHTAXKEHHS 32 CTPYMOM.

-3axuCT BiJ] IEPEHANPYTH.

-IlinTpuMKa AEKITBKOX PEKHUMIB: 30UIbIIEHHS IIBUAKOCTI 0OepTaHHs, 301IbIICHHS
KPYTHOTO MOMEHTY, 30aJJaHCOBAHOTO €(PEKTUBHOTO PEXKUMY.

- MOXIMBICTh HAJIAIITYBAaHHS MEX1 CTPYMY JABUTYHA 1 CTPYMY aKyMYJISATOPA.

-Konu HecmpaBHOCTI, 10 JalOTh MOXJIMBICTH BJIACHOPYYHOTO PpEMOHTY Ta
BUIPABJICHHS HECTIPABHOCTEM.

-3aXUCT aKyMyJsITOpa: OOMEXKEHHS CTpyMy, IMONEPEKEHHS Ta BHUMKHEHHS 3a

BHUCOKOI Ta HU3bKOT HAIIPYTH aKyMyJIATOpA.



31

- MiuHui amoMiHIEBUN KOPIYC JUUIsl MAKCUMAJIbHOTO BIJABEIECHHS TEIIa 32 CyBOPUX
YMOB €KCILTyaTarii.

- MitHi KJeMu 1 po3'eMu pU3HAYEH] 715 CIA0KOTO CUTHAIY.

-TennoBuid 3aXUCT: BAMKHEHHS CTPyMY, [TONEPEIKEHHSI Ta BUMKHEHHS 32 BUCOKOI
TEMIEPATYPHU.

-MoOXHBICTh HAJAIITYBAHHS TaTYUKa MOIoKeHHs Xomuia 10 60 abo 120 rpamycis.

-ITinTpumMKa IBUTYHIB 3 Oy/1b-KOI KUIBKICTIO TTOJTIOCIB.

-IlinTpuMka TpPHOX PEXHUMIB PEKYNEPATUBHOIO TaIbMYBAaHHS: pereHeparis
BUMHKaua TrajlbMa, pereHepaiiss po30J0KyBaHHS JIPOCEIbHOI 3aciliHKH, 3MIHHA
pereHepaiiisi aHajoroBoro curtaiy 0

-KongirypoBaHuii 3aXucT BUCOKOI MeAall: KOHTPOJEP HE MpaIfOBaTUME, SIKIIO M1
4yac YBIMKHEHHS UBJICHHS OyJl€ BUSBICHO MaKCUMAJIbHE MOJI0XKEHHS BIAKPUTOT PYyUKH.

-MHOXeHHs CTpyMy: OpaTu MEHILIE CTpyMy Bij OaTapei, BABOAUTH OUIbIIE CTPYMY
Ha JIBUTYH.

-IIpocToTa BCTaHOBIIEHHS: MATPUMKA TPUIIPOBIAHOTO MOTEHIIOMETPA.

-MoOXJIMBICTh BUIAJICHHS KOJIa HECTIPABHOCTI CBITJIOAI0AHOTO JApaiiBepa.

-BuxigHuii BUMIproBad CTPyMy.

Pucynok 3.4 — 3opnimHii Burisa kouTpoiuiepa Kelly KBL48151X
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3.3 Bubip mxepesia ;kuBJIEHHS sl €JIEKTPOTATOBOI0 00J1aTHAHHS

Jns  pyxXy TpaHCmOpTHOro 3aco0y Ha JBUTYHI BHYTPIIIHBOTO 3TOpaHHs
BUKOPHUCTOBYIOTHCSl MAJMBHI CUCTEMH I0/1ayl MaJbHOTO B Kamepy 3TOpaHHA , a came
najpHe 30epiraeTcs B OKpeMiil €MHOCTI Ta MOAAETHCA Il CUJIOK TsDKIHHS abo uepes
CHeIliaTi30BaHHI MAJMBHI HACOCH. B eJIeKTpoTpaHCHopTi SIKUK MOTpedye HEe3aIeKHOTO
YKUBJICHHS Ta BIJICYTHOCTI MEPEXi )KUBJICHHS BUKOPUCTOBYIOTH aKaMyJISITOpHI OaTapei.

Ha cporognimuiii JeHb akaMmyJATOpHI OaTapei abo akamyJsSITOpU IIHPOKO
BUKOPHUCTOBYIOTCS SIK JIKEPEIIO KUBJICHHS a00 CXOBHIIE €JIIEKTPOEHEPTIi SIKY BIH MOXKE
BiJJaBaTH B OyJb-SKUW MOMEHT, TaKOXX MOXE€ OTpUMyBaTu ii Ta 30epirata [0
BIJNIOBIIHOTO MOMEHTY BHUKOPUCTAaHHS , HANpHUKIax MJi JKUBJICHHS HABCHOTO
€JIEKTPOOOJIaJHAHHS IBUTYHA BHYTPIIIHBOIO 3rOPAHHS OMUCAHHOIO paHilie , abo s
YKUBJICHHSI €JIEKTPOTATOBOr0 00JIaIHaHHS 3aMICTh JBUT'YHA BHYTPIIIHBOIO 3TOPaHHS.

Ha cborogHimHii 1eHb ICHYIOTh O€37114 Bapialiil akaMyJIaTOPiB sl AKUBJICHHS , AK1
BIJIPI3HSIOTCSA POOOYOI0 HAMPYTO0, EMHICTIO MAacCOI0 , POPMOIO Ta TPUZHAYEHHSIM.

st Bume o6pannoi koHpirypamii BLDC enexkrpoasuryna HPM3000B Ta #ioro
xouTposuiepa Kelly KBL48151X 6yna oOpana akamynstopHa Oartapes LiFePO4 Must
LP15-1220.

JlaHHU# akaMyJsiTOp Ma€e Takl XapaKTEPUCTHUKHU :

e Mognens: LP15-1220 ;

e bpena: Must Power ;

e Tun AKB: JliTieBuii ;

e Texnounoris: LiFePO4 ;

e Bupo6uuk xomipok: EVE ;

e Pecypc: monan 6000 nukiiB (npu Bukopuctandi 90% eneproemHocTti baTtapei) ;

e HowminanbHa Hanpyra: 12 B ;

e Howminanbna emuicts: 20 Alron ;

e MaxkcumansHuii ctpym pospsaay: 20 A ;

e Hampyra rmuboxoro po3psiny: 10.8 B ;

e Hanpyra nns 3apsaku akamyJssatopa: 14.6 B ;

e MakcuManbHa cuiia CTpymy 3apsiiku akamysasitopa: 20 A ;
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o [ligxmroueHns mocaigoBHo: A0 4-x AKbB (10 51,2 B) ;
o [ligkmroueHHs mapaienbHO: HE 0OMEXKEHO ;
e Tepminan miakmoueHHs: MS |
e TemmepaTypa eKcIuIyaTarii:
- Pospsinka: Bix -20 no +60 °C ;
- 3apspkanus: Big 0 mo +50°C
- PexomenoBana: Big +5 1o +45°C ;
e Posmipu: 181x77x170 MM ;
e Maca: 2.625 kr.

Oco0MMBOCTAMU IIBOTO aKAMYJISITOpa SBISIETHCS TEPMETHYHA KOHCTPYKIIS sKa
JIO3BOJISIIO  YCTAHOBJIIOBATH HMOTO B PI3HUX MOJOKEHHSX, IO MPU BUKOPUCTAHHI Ha
MOTOTPAHCIOPTI SIBJISETHCS BEJIMKOIO MEPEBAI0 /I BUKOPUCTAHHS B OUIBIIOCTI KJIACCIB
MOTOTpPAHCIIOPTY. JlesKi KJIach MOTO MOXKYTh PYXaTHCS B PI3HHUX IMOJIOKCHHSAX Ta MiJ
FOCTPHM KYTOM BiJHOCHO HOTO MOJOXKEHHS. Voro repMeTHuHa 3aKpuTa KOHCTPYKILis
TaKOX Ja€ BOJIOTO3aXMCT BiJl HABKOJUIIIHHOTO CEPEAOBHUIIA IO TMOJIMIIYE YCTAHOBKY B
TPAHCIIOPT Ta CIHPOIIYyE IHTETPAIlll0 JAHHOTO aKaMyJsiTopa B KOHCTPYKIIIIO
TpaHCHIOPTHOTO 3aco0y. HacTymHoro mepeBaroro SBISEThCS HASBHICTH BOYJAOBAHOI
cucteMu KepyBaHHs Oatapeeto (BMS - Batery Managmenet System), sika 3a0e3mneuye
PIBHOMIPHY 3apsIKy-pO3pSAIKY aKaMmyJsiTopa , 3aXMCT BiJl TJIMOOKOTO po3psiay 1
nepeHanpyru KOMIpOK , 3aXMCT BiJl IeperpiBy. Y Oarapei BUKOPUCTOBYIOTHCS HOBI

KOMIpKH Bija kommanii EVE.
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Must’

Pucynox 3.5 — 3oBHimHIN BUTIs akaMysisiTopHoi O0atapei Must LP15-1220.

JlanHuii akamyJsisaTop Mae pobouy Hanpyry 12 B 1o siBiseTbes B 4 pa3u MEHIIE HIXK
poboya HampyTra TSIroBOTO 00Ja HAHHS.
PimmenHss gaHHOT TpOOJeMU SIBIASEThS MIAKIIOUYCHHS aKaMmyJATOpiB, METOJIOM

MOCJIIIOBHOTO 3’ €THAHHS JJIs1 30UTBIIEHHST pOO0YO0i HAMPYTH , MPUHHATOHOI 111 pOOOTH

JIBUTYHA.
@y o=
*?
¥ —]20Ah [+ -]20Ah [+ —120Ah [+ —120Ah
12V 12V 12V 12V
N -
g

48V 20Ah

Pucynok 3.6 — cripoiiena cxema 301pKH akaMyJiiTopa >KUBJICHHSI TSTOBOTO JBUTYHA.
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JlaHHa cxema SBISIETbCSI MIHIMAQJIBHOIO CHUCTEMOI) ABTOHOMHOIO >KMBIICHHS IS
TATOBOTO JBUTYHA JJI MIATPUMKH MOKJIMBOCTI MEpPECyBaHHS TPAHCIOPTHO 3aco0y Ta
MiHIMaJgbHOI poOoTH. JlaHHa cxema JpKepena >KUBJICHHS Ma€ BaXKIUBUN IUTIOC —
yH1(iKkaIis KOKHOI KOMIKPH J0 POCIOBCIOKeHO1 Hanpyru 12 B 3 pocnoBcioyKeHuMHU
aKaMypsATOpaMd JJisl JKUBJICHHS TPAHCHOPTY J€ B BUMAAKYy BHXOXy 3 Jaay 1-2
aKaMyJIITOPIB ICHY€ MOXJIMBICTb BUKOPHUCTATH THUMYAcOBE pimieHHS. Take pilieHHs
JTO3BOJISAE IIOpaTUCS B I0PO31 /10 HAHOIMKIOT0 MICIISI pPEMOHTY Ta YCYHYTH HEIOJIaJIKH.

Ha puHKY ICHYIOTH 1 TOTOBI PillIeHHS i Hanpyry 48 B mocTiiHOro cTpyMy mpoTe
BOHM MaroTh IiHy Oinbiry Ha 40-90% Ta 3amexuth BiA: BUPOOHHK, €MHICTB,
MpU3HAYEHHS , rabapuTH Ta Maca. TakoX OUIBIIICTh TOTOBUX aKaMyJISITOPIB HE MArOTh
MOXJIMBOCTI 3aMIHUTH MOIIKOJ/P)KEHH] €IEMEHTH B 3B’ 513Ky 3 CAMOIO TOTOBOIO 3aKPUTOIO
KOHTPYKYIIEI0 aKaMyJIsiTopa.

Jlnst 30UIBLIEHHS €MHOCTI akamypsATopa BHKOPHUCTOBYIOTh METOJ MNapaliebHOTO
3’€JHAaHHS 100 30UTBIIMTH €MHICTh KUBJIEHHS a TAKOX 30UIBLIUTH CHITy CTpyMa SIKY
BUJIa€ 301pKa 3 ACKIIBKOX MapayiesIbHO MiJKIIOUCHUX aKaMyJISITOPiB. AKaMyJIsITOp SKUN
0iB 0OpanHMit paHimre Mae emHicTh 20 A/Toj Ta MOXKE BHIaBaTH MIKOBY CHITy CTPYMY B
20 A mpote /ISl KUBJEHHS CUCTEMHU OOPAaHHOrO JBUTYHA IIbOTO Oyje 3amano 1 OyIio
NPUIHATE PIMICHHS TSl 30UTBLICHHS CHJIM CTPyMY SIKy MOXKE BUIATH aKamyJsiTOpHA
Oarapes.

B noxymeHTalii 10 JaHHOTO JIBUTYHA yKa3aHa MiHIMalbHA IMOTYKHICT JUIST POOOTH

e 1600 Br.
P=Ul (3.1)

P — MOTYXHICTh IBUTYHA;

| — cuna ctpymy aJist HOTo )KUBJIEHHS,

U — manpyra ans #oro poOoTH.

3a Takor (GopMyJIO0 MOXKHA PO3paxyBaTH MIHIMAJIbHY CUJIY CTPYMY JUISl KUBJISTHHS

JIBUTYHA 11100 BiH 30€epiraB CBiii HOMIHAJIBHUI MOMEHT Ta 3MIT IMOYaTH PyX TPAHCIIOPTY.

(3.2)
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3a po3paxyHKaMH MU OTPUMAEMO MIHIMAJIBHUM CTPYM MJi >KUBJICHHS Ta pyXy
CUCTEMHU.
1=1600/48= 33.33 A
I=33.33 A
[Ticnst mpoBeAeHHUX PO3PAaXyHKIB OTPUMYEMO MIHIMAJIbHUM CPyM SIKHI MOXKe
BUJIABATH aKaMyJIATOP JUIS pyXy TPAHCHOPTHOTO 3ac00y 10 CTaHOBUTH I min = 33.333A.
3a OTpUMAHHUMU JAHHUMU TOTEPEHSI CTPYKYTypa MOCTIJOBHOTO MiIKJIIOUECHHS Ta
JKUBJICHHS JIBUTYHA HE TMIIXOIUTh 1O TMPUUYHHI CIA0KOI CHIIH CTPYMY SIKy MOXKE BHJIATH
310panHa 30ipKa 3 aKkaMyJIsITOPIB TaK SIK 11 MAaKCUMaJIbHA CUJIa CTPYMY SIKY MOXE BUJIATH
ctaHoBUTH 20 A. 3a TaKuX YMOB MOTPIOHO 301IBIIUTH €MHICTh aKaMyJISTOPHOI CXeMH B
2 pasza 1 HaAMOUIBII MIAXOJIAIIMM METOJOM SIBISETHCS METOJ MHapayieIbHOrO 3’ €JaHHS

aKaMyJIsITOpIB

®@ © \
— ¢ [ —
+ —| 20Ah
12V
e ree———®
+ —| 20Ah
o0 12V 80Ah
+ —| 20Ah
12V
+ —| 20Ah
12V

Pucynok 3.7 — CopolieHa cxema 3’€JHaHHA 4 MONEpeIHIX akaMyJIATOPiB 3 pUCYHKa
3.6 mapaneapHUM TIKITIOUYCHHSM.

SIKII0 BUKOPUCTATH 4 TaKUX KOMIPKH JKUBJICHHS 3 Xapaktepuctukamu 12V 40Ah ta
MIIKJIIOYUTH iX TMOCTIOBHO TO MOXKHA OTPUMATH MIiHIMAJIbHE JHYKEPENIO KUBJICHHS IS

pPyXy TPaHCIIOPTHOTO 3ac00Yy.
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MIAKTIOYEHHS
4 KOMIDOK

I el 48V 40Ah

Pucynok 3.8 — CxeMa MiHIMaJIbHOTO KMBJICHHS IBUTYHA Ta OalaHCyBaHHS KOMIPOK
aKaMyJIITOpHOI OaTtapei.

[Ipu migOopl akamyJATOPHOI KOMIPKM TakKoK OepeTcsl yBara Ha MakKCHUMaJbHOMY
nikoBoMy cTpyMi.BLDC-aBuryn mae HoMiHanmpHuUM poOouunii pexum 2-3.5 KBt
NOTY>HOCTI1. Pexxup poO0TH ABUTYHa Oy/ie HanpaBieHU B MAKCUMAJIbHY €()EKTUBHICTh
B MOT0 HOMIHAJIBHOMY PEXHUMI 11100 30epertu Horo pecypc Ta 3MEHIIUTH BIPOTITHICTh
NOJIOMOK B J10po3i. JliAs po3paxyHKy MakCUMalbHOI CHJIM CTPYMy CHUCTEMHU
aKaMmyJsTopiB , Oyya B3siTa MakCMMajlbHa MOTYXKHICTh SKYy MO>XE€ BHMJIaTHU JIBUTYH B
HOMIHATBHOMY pexkumi pobotu : 3500 Br.

3a gopmynoro 3.1 mpo po3paxyHOK MOTYP>KHOCTI BIJ CHJIM CTPYMY Ta HAMpyrH ,
OyJa po3paxoBaHa MaKCUMaJlbHA CUJIA CTPYMY B HOMBIHAJILHOMY PEKUMBI pOOOTH.

1=3500/48=72.92 A

[=72.92 A

3a Takux YMOB TIOTPIOHO BUKOPUCTATH JUISI CTBOPEHHS TIOBHICTIO BCI€T
aKaMyJIsITOpHOI OaTapei , JaHKy 3 4 akaMyJIsTOpIB 3arajibHOIO0 eMHICTIO B 80 A/roa. A6o
3arajbHOI0 CHIIOK0 cTpyMy B 80 A sika 3000pakeHa Ha pUCYHKY 3.7. [IpoTe Takux JaHOK
3 4-X mnapaneabHO-TIIKIIYEHUX aKaMyJsITOpiB MOTpIOHO BHKOpUCTaTH 4 3a 1A

30UIBIIICHHS 3arajibHO1 HapyTH 10 48 B.
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B naniif koHdiryparii 6ajaHCyBaHHS aKkaMyJIsITOPIB JJIS *KUBJICHHS, OTpUMaeMo 4
KOMIpKH TapajiebHO 3 €JHAHMX aKaMyJsITOpiB, KOKHA 3 sSKuX Oyme Matu mo 4

aKaMmyJsTopa e B 3arayibHIN KIJTbKOCTI Oy1e 16 miT.

+ —|20Ah + -] 20Ah + -] 20Ah + -] 20Ah

12V 12V 12V 12V

+ —|20Ah + —| 20Ah + —| 20Ah + -| 20Ah

12V 12V 12V 12V

— T e O] e & & ] e @l M)

+ —|20Ah + —| 20Ah + - | 20Ah + -| 20Ah

12V 12V 12V 12V

+ —|20Ah + -1 20Ah + - | 20Ah + -| 20Ah

12V 12V 12V 12V
KoMipKa
12V 80Ah

N i
—
48V 80Ah

Pucynok 3.9 — Cxema 3’e¢qHaHHS akaMyJsATOpHUX OaTapeil B OJIHy 3arajibHy
Oarapero xuBieHHs mia notpedbu BLDC-nBuryna crBopeHa Ha OCHOBI akaMyJisiTopa

Must LP15-1220.

dopmyna 17 po3paxyHKy €MHOCTI akamyssitopa B Br/roa.
Wh=48*80=3840 Br/rox.
Wh=3840 Br/rox.
JlaHHUH aKaMyJISTOpP J1a€ MOXKIIMBICTh MpaIfoBaTH Oiibine | roau Ha MakCUMaJbHIN

MOTY>KHOCT1 B HOMIHAJILHOMY PEXHUMI1 pOOOTH JIBUTYHA.
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3.4 Bubip 3axucHux Mip 0e3neKku ekcmnjyaranii akamyJasiTopHoi 0aTapei

[Ticnss BUOOpPY TATOBOI YCTAaHOKM , AaBTOHOMHOIO JIKEpena >KUBJICHHS Ta
KoHTposuiepa as kepyBaHHs BLDC-nBurynom, notpiOHO NPUIHATH MipH 3aXUCTY IS
MO>KJIMBOCTI O€3MEeYHO1 Ta MPaBUIIbHOI €KCIUTyaTallli TPaHCIIOPTHOTO 3ac00Y.

OmauM 3 pimeHb sBIseThes miata BMS (Batery Managmenet System) s
KEepyBaHHS 3apsIOM pO3psAI0oM OaTapei sika 310paHa 3 OKpeMHX eJIEMEHTIB.

BMS - nie abpesiatypa Big Battery Management System. Ile cucrema iHTerpoBaHoi
CXEMH, fIKa BUKOPHUCTOBYETHCS JJIi MOHITOPUHTY Ta KOHTPOJIO CTaHy aKyMyJSTOPHOI
CUCTEMH JUIsl 3a0€3MeUEHHsI HOpMaJibHOI poOOTH Ta O€3MEYHOr0 BUKOPUCTaHHs Oartape;i.
3actocyBanHs BMS oxommoe pi3Hi cdepu, Taki SK €IEKTPOMOOUTl, CHUCTEMU
HAKOIWYEHHSI €HEeprii, APOHU Ta EJIEKTPOIHCTPYMEHTH, 1 MOXE MOKPAIIUTH TEPMIH
CiIy 60U, ePeKTUBHICTh O€3MEKU Ta JOBTOBIYHICTh aKyMYJISITOPIB.

OcHoBHi ¢pyHkuii BMS HactynHi:

- BMS Moxe BuUMIprOBaTH Ta OIIHIOBATH pIi3HI MapaMeTpu Ta cTaH Oarapei B
peXUMi peaNbHOr0 4Yacy, Takl SIK: Hampyra, CTpyM, TeMIeparypa, 3apsj, CTaH
370pOB’sl TOWIO.

- VYmpasninus 3a gonomororo BMS moske 31licHIOBaTH 30a1aHCOBaHe KEpyBaHHS,
YOpaBIIiHHSA TEMIEPATypOI0, KEpyBaHHS 3apsaoM 1 po3psiioM Tomo Oarapei mms
MIITPUMKH y3TOXKEHOCT1 Ta ONTUMAILHOTO poO0UYOTO CTaHy OaTapei.

- 3axuct: BMS Moxke 3aXMCTUTH aKyMyJsiTOp BiJl Iepe3apsiy, HaJIMIPHOTO
pO3psALy, TeperpiBaHHs, TEPEBAHTAKEHHS Ta IHIIMX HEHOPMAJIbHUX YMOB
BIJIMOBIJTHO JI0 TIEBHUX CTpaTeTii KOHTPOJIIO 3aXUCTY Ta 3a0€3MEYUTH CBOEUACHY
TPUBOTY.

JlaHHUM pIlIEHHSIM MO>KHA BUPIIIUTHU ACKIJIbKA MOXKIMBUX MPOOJIEM HANPUKIIAL :

- bamancyBanHs 3apsay 10 Ja€ MOXIUBICTh TEPEHANPABUTH HAJTUIIIKOBY
€HEPrio 3 0JIHOT KOMIPKH B 1HIILY sIKa MOTPEOye A03apsiiKy;

- besneuna ekcrutyarailisi Ta BAKOPUCTaHHS OaTapei 31 30a1aHCOBaAaHHOIO 3apKOIO 1
po3psiam Garaperi;

- besneka Big KOPOTKOrO 3aMHKaHHA Ta 3aBYacCHE IMONEPEKEHHS Ipo

MOIIKOPKEHY KOMIPKY 301pHOI akaMyJIATOpHOI O6aTapei.
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Knacudikaunis BMS:

e Posnoaiiena BMS:

Ile apxiTektypa, 1o BKJIO4ae BenaeHui Omok kepyBaHHs (SCU), Omox kepyBaHHS
Brucokoro Hanpyror (HMU) i1 ronosuuii 610k kepyBanas (MCU). Bonu BiACTEXYIOTH 1
KOHTPOJIIOIOTh aKyMYJISTOPHI €JIEMEHTH, KJIACTEpU Ta MAaCUBHU.

[lepeBarn BKIIOYAIOTH 3MEHIICHY JOBXKUHY/KIIBKICTH JDKTYTIB  MPOBOJIIB,
MIJIBUIIICHY HAIIMHICTh, MACIITa00BAHICTh, 110 1/I€AJIbHO MIIXOJAUTH JJI1 aKyMYJISTOPIB
BHCOKOT EMHOCTI/HaNpyTH.

Hapaszi He icHye €IMHOrOo CTaHAapTy, IO MPU3BOAUTL JO PI3HOMAHITHHUX
PIIIEHB/TEPMIHOJIOTI] PI3HUMHU BUPOOHUKAMHU.

Posnoginena BMS Mae 0aratooOinsroui 3acTOCyBaHHA B  €JIEKTPOMOOUIAX,
CUCTEMaX HAKONMWYEHHS €Heprii, MOKpallleHHI NPOAYKTHUBHOCTI Oatapei, Oe3mekw,
TEPMIHY  CITyXOH, 3HOKEHHS  CKCIUTyaTallliHMX  BHTpAT, 3a0e31eueHHs
1HTEJIEKTYaIbHOTO KePYBaHH.

e IlentpanizoBana BMS:

[lenTpamizoBana BMS - 1ie amapaTHuii npuctpiil, skuii 30Mpae Ta KOHTPOIIOE
iH(popmarllito Bcix OaTapeHMX eneMeHTiB. BiH miaxoauTh mig CIEHapiiB, KOJU
KUIBKICTh €JIEMEHTIB OaTapei HeBeNuKa, 3arajibHa Halpyra CUCTeMH Oarapei HU3bKa, a
cucteMa Oarapei HeBeJlMKa 3a PO3MIPOM.

[lepeBaramu nentpaiizoBanoi BMS € npocrta cTpykTypa, HU3bKa BapTIiCTh 1 BUCOKA
HajiiHICTh. BiH MoXke peanizyBatu 0a30BHil MOHITOPUHT 1 3aXMCT €JIEMEHTIB Oartapei,
Hampukiaag 301p Hampyru, TeMIlepaTypu, CTPYMY, 130JIlii Ta IHIIUX HapameTpiB 1
HEHOPMAJILHOT CUTHAJTI3AIT].

[lenTpamizoBana BMS Hapa3i B OCHOBHOMY BHKOPHUCTOBYETHCS B 00JIacTAX 3
HU3BKOIO €MHICTIO, HH3BKOIO 3arajbHOI0 HAMPYrold Ta HEBEIMKUM pPO3MIpOM
aKyMyJISTOPHOI ~CHCTEMH, HANpPUKIANl, EJICKTPOIHCTPYMEHTH, pOOOTH, PO3yMHI
OyIMHKH, €JIeKTPOHABAHTAXKyBayl, €JEKTPUYHI HU3bKOIIBUAKICHI TPAHCIIOPTHI 3aco0w,

M’sIK1 T10OpHUIHI TPAHCTIOPTHI 3aCO0U TOIIIO.
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OmuuM 3 BapiaHTIB JUIsi BUKOPHCTaHHSA B TOMEpeaHid oOpaHHIN KoH]iryparii
aKaMyJIATOPIB Ta MOTYXHOCTI Oyna oOpana miata BMS-kontpostep LogicPower
LiFePO4 16S 80-80 sixa 3a10BiIbHSIE TIOTPeOH BUIIE 0OpaHHOT KOH(DIrypallii CHCTMH.

[eit BMS-koHTpOJIIEp MOE TaKl XapaKTEPUCTHUKU :

e Tun akamymstopa: LiFePO4 ;

e Tumn KoHTpOJUIEpA: CUMETPUYHHM ;

e HominansHa Hampyra: 48 B ;

¢ BepxHiii mopir Hanpyru kepyBanHs: 60 B ;

e HwxHiii mopir Hanpyru kepyBanHs: 40 B ;

e MakcumaliibHa cuiia cTpyMy po3psaay: 80 A ;

e MakcumaiibHa cuiia ctpyMy 3apsiaku: 80 A ;

¢ KinbkicTs kaHamiB JyuIs 6aancyBaHHs: 16 ;

e Cuna cTpymy Jjist OanaHcyBaHHs: 35 MA ;

e JlosxxuHua: 150 mm ;

e [[lupuna: 66 Mmm ;

e Bucora: 19 Mm ;

eMaca: 0.385 kr (385 1).

JNanuuit BMS-koHTposiep Mae repMeTHUHy CTPYKTYpY IUIATH IO JO3BOJISIE HOTO
BUKOPUCTAaHHS HAa MOTOTPAHCIOPTI , @ TAKOXK HOT0 XapaKTePUCTUKU JO3BOJISIIOTH MaTH
3amac mo MoTY>KHOCTI /e MO>KHa HOro BUKOPUCTATH MiJ 1HITY KOH(ITypalio KOMIPOK
aKaMyJIITOPIB B 3aJIEKHOCTI BiJl X Hapyrul , CHJIM CTPyMYy Ta METOAY MIIKIIOYEHHS,
OaJlaHCyBaHHS.

Takoxx manuuii BupoOHHMK BMS-koHTpOIepiB , Ta cam BupoOHHMK LogicPower
SBJISIETBCSI  HAMNIMHUM  CBITOBUM  BHUPOOHHMKOM  KOMIUICKTYIOUMX Il 301pKu

€JIEKTPOHHOTO 00JIaJHAHHS Ta MOro KepyBaHHS.
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Discharge current

Charge ourrent : B0A

12SA- FHM

AININMTIW

Pucynok 3.10 — BMS-kouTposmep LogicPower LiFePO4 16S 80-80.

Takuit BMS-kouTposiep OyB IHTErpoBaHMiA B CXeMy 3’ €IHAHHS aKaMyJSATIB JJIs
KEepYyBaHHs iX KOMIpKaMH Ta KpPEBaHHAM 3apsJKU Ta eKcIutyaTauii. Takuil KOHTposuiep
BUKOPUCTOBY€E CBOi BUXOJHU JJII KEPYBaHHS 3aps/IKOI0 MIXK KOMIpDKaMH SIKI 3’ €JHaHHI
MMOCJILHOBHO M1 COOOIO.

Hanna muara BMS miarpumye KOHTpOdb J>KUBIEHHS J0 16 TMOCHIIOBHO
NIJKIFOYEHUX €JIEMEHTIB, TO PU BUKOPUCTAHHI KOHTPOJIEpA B CXEMI IMIJIKJIFOUEHHS Ta
OalaHCyBaHHS aKaMyJISITOPHUX Oartapeil , Oyjae BUkopuctaHo 4 3 16 BUXOJ1IB KOHTAKTIB
HNO3UTUBHOTO CTPyMYy. 3BOPOTHS MOJISIPHICTh aKaMyJIATOPHUX OaTapell Mae 3arajbHe
MiAKIIOYEHHS HETaTHBHOTO KOHTaKTy A0 Buxoja -B , sSKkuii BUKOHYE (YHKIIIO
3arajbHOr0 HEraTUBHOTO KOHTAKKY JKMBJIEHHS Ta KepyBaHHS MOCHIJIOBHUX KOMIPOK
OaTapeil.

KepyBanns Ta OamaHCyBaHHS 3apsja BHUKOHYEThCS depe3 4 13 16 kabemni
MIIKITIOUYCHHS TIO3UTUBHOTO KOHTakTy. KoHTposuiep 30amaHCcoOBYyEe MIX IOCHIIOBHO
MOCJIIJIOBHO TMIJKIIIOUEHI KOMIPKM Ta PETyJIO€ 3arajbHUM 3apsa MK 4 JaHKkaMu
aKaMyJIsITOpHOT O6arapei.

[Ipomecc 3apsnku BCi€i akamMyJSITOpHOI OaTapei BHUKOHYETBCS uepe3 3arajibHui
MO3UTUBHUM KOHTAKT , Ta 4Yepe3 HEraTMBHUM BUXiJ Ha IUIATI KEPyBaHHS SIKUU

nignucanuii sk — (-P).
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Pucynok 3.11 — BMS konTposuiep sikuif 1HTETpOBaHMUA B CXEMY MIIKIIOUYEHHS Ta

OaylaHCYBaHHSI KOMIPOK aKaMyJISITOPIB 3 SIKUX CKJIAJIA€TCsI BCA 3arajibHa OaTtapes.

3.5 BUCHOBKH /10 po3/i1y

Bynau oOpani 3arainbHl KOMIUIEKTYIOUl KOMIUIEKTY JJis MPOBEICHHS KOHBEPIl Ha
CJNEKTPOTATY. JlaHHI KOMILJIEKTYIOUl Ta 3alpOTIOHOBAaHA CTPYKTYpa, SIKI BIATOBIIAIOTH
XapaKTepUCTHKaM JIBUTYHa, M0 OyB B3STH B SK 3pa30K PO3MOBCIOKEHOTO Ta
HOIMYJISIPHOTO MOTOJBUTYHA 3 MYHKTY 3.1 3al0BUIBHSIOTH MOTPEOM TPAHCIOPTHOTO
3aco0y. Oco0yiMBy yBary MO’KHa 3BEPHYTH Ha KOHCTPYKI[IF0 aBTOHOMHOTO >KMBJICHHSI
abo aKkaMyJATOpHOi OaTapei IO >KMBUTH 3araibHy KOHCTPYKLiIO. Il OCHOBHMMM
nepeBaraMd MO’KHA BBaXKaTH JOCTYMHICTh B 30ipKli Ta MOKYIIl KOMIUIEKTYIOUHX;
yHi(iKaIig 32 XapaKTepUCTUKaMH IO Ja€ MOKIIMBICTH 301pKH OOJKETHOI Bepcii abo

MOKpAIIEHHS ICHYI0UO1 KOHCTPYKIIIT akaMyJisiTopa 1110 BKa3aHa Ha pucyHKy 3.11.
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4 TATOBO-IIBUAKICHI TA XOJOBI 3AJIEXKHOCTI KOHCTPYKIIII

4.1 IlacnopTHi XapaKTePpUCTUKHU IBUTYHA

Jlst iaTBEpAKEHHSI BUOOPY MOTPIOHO MPOBECTH PO3PAXYHKTH TATOBO-IITBUIKICHUX
xapakTepuctuk kepyBaHHs BLDC-aBuryna , sikuii nNpuBOAUTH B PyX TPaHCHOPTHUMN

3acio.

Ta6mui 4.1 — [NacnoptHi xapaktepuctuku BLDC-nBuryna

Cuma  crpymy | Hampyra [TotyxHnicte | KpyT. MomenT | O0epTu KK/
(A) (B) (Br) (H/w) (o6/x8) | (%)
33.3 48 1600 8,0 2050 80,2
40 48 1920 9,6 2224 82,7
45 48 2160 10,3 2707 83,2
50 48 2400 11,4 3224 85,6
55 48 2640 12,1 3563 87,1
60 48 2880 12,6 3727 88,9
65 48 3120 13,3 3868 90,4
70 48 3360 14 4075 91,2
75 48 3600 14,5 4399 89,4
80 48 3840 15 4620 88,6

3a JaHHUMU XapaKTePUCTUKAMH MOKHA JI3HATHUCS 3aJICKHICTh pOOOTH JBUTYHA B
3aJIEKHOCT] BiJ] OT0 4acTOTU OOEPTIB 3a XBWIMHY A0 WOr0 OTPUMAHHOIO KPYTHOTO
MOMEHTY.

Matouun Taki aHHI XapaKTEPUCTUKU 3aJIKHOCTI KPYyTHOTO MOMEHTY BiJl KUIBKOCTI
Horo o00epTiB MOXKHA CKJacTU rpadik 3aleKHOCTI KPYTHONO MOMEHTY BiJ HOro

KUTBKOCT1 00EpTIB 32 XBUJIMHY.
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KPVT. MOMEHT

145 1°

14

10

[ O = ¢ =}

2050 2224 2707 3224 3563 3727 3868 4075 4399 4620 OB/XB

Pucynox 4.1 — I'padik 3a1€KHOCTI KPyTHOTO MOMEHTY BiJl KUIBKOCT1 OOEpTIB.

[IpoTe manHuii rpadik Bizyanizye 3aJICKHICTh KPYTHOTO MOMEHTY BiJl KUIBKOCTI
00epTiB caMOro JBUTYHA , aJie IEPBICHUM 3HAYCHHSIM 3aJIC)KHOCTI SBIISIETCS TIOTYKHICTh
IBUTYHa SKy BiH Buaae. Cama K€ TOTY)XHICTh JIBUTYHA Ma€ HE3MIHHY Hampyry —

KOHCTaHTY, Ta OCHOBHY 3MIHHY B BUTJISJIl CUJIU CTPYMY .

KPYT. MOMEHT
15

& HM

14,5
14 :
13,3

=
e

121 126
11,4

12 10,3
9,6
10

33.3 40 45 50 35 60 65 70 75 80
CHIIA CTPYMVI(A)

Pucynok 4.2 — I'padik 3aJIe)KHOCTI KPYyTHOT'O MOMEHTY BiJl CUJIM CTPYMY JIBUTYHA.
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4.2 llIBUAKICHI XapaKTepuCTUKU B KOH(Irypauii KoHBepcii MOTOTPaAHCTIOPTY

JI1st po3paxyHKy AaJIbHOCTI X0y TPAaHCHOPTHOTO 3aco0y , MOTPIOHO AJiS MOYaTKY
pO3paxyBaTy HOTo MIBUIKICHI XapaKTEPUCTUKH JIJISl PO3PAXyHKY JATbHOCTI XOY.

Tak sIK TyT IPOBOAMUTCS pO3pOOKa MPOEKTY KOHBEPCIi HAa EIEKTPOTATY TO OUIBIIICTh
3alm4acTHH OyyTh BUKOPUCTAHI BiJf 3BUYAfHOTO MOTOIIMKIIA , @ CAM€ XOJI0Ba YacTHHA
Ta Horo mpuBia. HaiisacTinme Ha TakoMy TpPaHCIIOPTHOMY 3ac00l BHUKOPHUCTOBYETCS
JIAHIIOTOBUH MPUBIJ BiJ KOPOOKH mepenay ado ABUTYHA JI0 caMOro Koseca. BaxxiauBum
(akTOpOM MOHI BiI3HAYUTH KIJIBKICTh 3yOILlIB HA BEAYYli Ta BEJIEHUX 31pKaxX MPUBOY,
a TAaKOXX B TAKOMY THIIl TPAHCTIOPTY BAXJIMBY POJIb BIIIrpae po3mMip KOJIic.

B nanniit xoHdirypaiii OyayTh BUKOPUCTOBYBATHUCS HAWMOIIMPEHIII 3am4yaTHHU
Kl BUKOPHUCTOBYIOTCS Ha TATOBUX MOTOLHMKIJIAX BIAMOBIAHOTO poOOYOro 00’eMy SIKUU
OyB yka3aHHUH B IMyHKTI 3.1.

JlanHi :

- KunpkicTs 3yO1iB Beay4oi 3ipku : 15 3yOuisB ;

- Kinpkicts 3y011iB BeieHOT 31pKH: 66 3yOIIiB ;

- Po3mip npuBoaHOTO KOJIeca BIMOBIAHO 10 cTaHaapTiB €C: niamerep 16 mroitmis.

Po3paxyHOK BIHOIIEHHS KUIBKOCTI OOEpTIB Ha MPUBOJHOMY Baly BEIydOi 31pKH

SKE TIePEAEThCS 10 BEJICHEHOT 31PKH.

21 (4.1)
e Z1 xinbkicTh 3yOIliB BeIy4oi 31pkHu, a Z2 KUIbKICTh 3yOIliB BEJAEHOI 31pKU Ha
KOJIECI.
Jlami moTpiOHO po3paxyBaTH JIOBXKMHY KOJIa B KOJjeca BKIIIOYAIOYHM TOT (DAKT IO
JiaMeTep KoJieca 3a MipKaMu CTaHAApTy paxyloTh B JIOWMaXx.
_n-D
25.4 (4.2)
e D — miametep koneca 3a ctangaptamu €C B AroiiMax ajig TOro 1mo0 oTpuMaTtu
pe3ynbTaT B MeTpPax.
3a OTpUMaHHMMH JABYMa HEMXITHUMH (OPMYyJIaMU MOXHa PO3paxyBaTh YacCTOTY

O6epTaHH}I caMoOIo KoJjieCa 3 JaHIOI0OBUM IIPUBOJOM
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e, - FM
k (4.3)

B nanniit popmyni BukoprcTana yactoTa ooepTaHHs 1o Bka3ana B opmymi 1.1. Ha
OCHOBI Takux (GOpMyJT MOXHA CKJIACTH (QOPMYITy pO3pPaxXyHKY MIBHIKOCTI PyXy
TPAHCHOPTHOTO 3aco0y 3 BHUKOPHUCTaHHSIM JIQHIIOTOBOIO MPHUBOAY Ta OOpPaHHOTO

po3Mipy KoJieca.
C-RPM-60
V= ————
1000k (4.4)
3a maHHUMU (opMyJIaMHu MPOBOASTCS BIANOBIIHI PO3PAXYHKH IIBUIKCTI ABUTYHA B

HOT0 HOMIHAJIBHOMY PEKUMI, IM1/ICTABJIAIOYH 1CHYIOU1 JJaHHI.

k= 66/15=4.4 k=4.4

C=(m*18)/25.4=1.979 m C=1.979 m

JlaHHa KUTBKICTh OOEPTIB ABUTYHA B MOTO HOMIHAJIBHOMY PEXHUMI:

RPMmin= 2050 06/xB

RPMmax= 4620 06/xB

Vmin= (1.979*2050*60)/1000*4.4=55.3 xm/rox Vmin= 55.3 km/Toj

Vmax= (1.979*4620*60)/1000*4.4=125.6 xm/rox Vmax= 125.6 km/rox

OO0epTu Npu SKUX ABUTYH MPUILIOE MTPU HAOUIbIINA eheKTUBHOCTI B 91% :

RPMmaxkkn= 4075 06/xB

Vmax= (1.979*4075*60)/1000*4.4=110 km/rox Vmax= 110 km/rox

3a JaHHUMHU pO3paxyHKaMU MOXHA JI3HATUCS 110 JAHHUN €JIEKTPO JIBUTYH Mae
MIBUJKICTh B HOMIHAJILBHOMY PEXUMI TpU HAHOUIbIIIN €(h)eKTUBHOCTI HA MIBUIAKOCTI BiJl
55 km/ron no 110 xkM/roa, a TakoX Mae MaKCUMaJbHY IIBUJKICTh IS BUKOHAHHS
IIBUJIKICHUX MaHeBpiB J0 125 km/rox. [lpoTe cam IBUTYH OOMEXKEHHH MOTY>KHICTIO
aKaMyJIsITOpIB Ta OOMEXKEHHMI HAMpyToo 1 Mae 3arac mo moTykHocti 10 6 KBT, ane
HOro MakcuMajbHa KUIBKICTh 00EPTIB H0CATAETHCS MPU BUIAEMIN MOTY>KHOCTI Bif 3 110
4 KBr. Ipu miit motyxHOCTI BiH Takoxx Bujaae HaOuibmmii KK]| ta mpaittoe B pexumy
MakKCUMalbHOI  €(QEeKTHMBHOCTI, IO  CHOpus€  ePEeKTUBHOMY  BUKOPHCTAHHIO

€JICKTPOCHEPT1].
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4.3 Po3paxyHoOK JAaJIbHOCTI X0y TPAHCIIOPTHOTO 3aCc00y

Jlnst po3paxyHKy HajdbHOCTh XOJYy BHUKOPUCTOBYIOTH (OpMyNy sSiIKa Ha MpPAMY
3aJIeKUTh BIJl PEeXUMY pOOOTH ABUTYHA , HOro MOTYXKHOCTI SIKy BiH BHAA€ , Ja
IIBUJIKOCTI IEPECyBaHHS B PHKUMI poOOTH JBUTYHA.

JlaNbHICTD X0y €1eKTPOTPAHCIIOPTY PO3PAXOBYETHCS 3a TAKOIO (GOPMYIIOIO:

KM= (Wh/ Wpe)KI/IM.)*Vpe)KI/IM.

KM — nanbHICTh X0y Ha OJTHOMY 3apsiji

Wh — emuictp akamyiisitopa B B1/ron sika 6yna po3paxoBaHa 3a ¢hopMyIioo 3.3

Wopexum. — CHOXKMBaHA TMOTYKHICTh B IEBHOMY pEXKHUMI MpH SKiM BIH pyXae
TPAHCHOPT 3 MIBUIKICTIO Vpexum. 3 SIKOT BiH IEPECYBAETHCH.

Haii yacTime MOTOpaHCIIOPT MEPECyBAETHCSA B TPAHCIOPTHOMY MOTOL 3 MOCTIMHOIO
IIBUJIKICTIO MO JIOPO3i B 3aJICKHOCTI BiJI IBUJIKICHOT'O PEKUMY.

J51s po3paxyHKy OyJi0 pO3MIISIHYTO 4 IMIBHIKOCHUX PEXUMA MEePEeCyBaHHs 3a MEBHOT
IIBUIKOCTI.

- 60 kM/rog — peXuM MepecyBaHHS B HACEJICHHMX NYHKTaX 3 JOTPUMAaHHSIM
IIBUJIKICHOTO JIIMITY Ta MPaBUJI IOPOKHBIO PYXY.

CnoxuBaHHA enekTpoeHeprii cranoBuTh 1920 Br.

- 90 xM/rog — HOMIHAJBbHUN PEXKUM NEPECYBaHHS 1032 MEXaMU HACEJIEHOro
NYHKTY 3 JOTPUMAHHSM IIBUJIKICHOTO JIIMITY Ta PABUJI JOPOKHBIO PYXY.

CnoxuBaHHA eNeKTpoeHeprii craHoBUTH 2650 Br.

- 110 xM/Trog — peXuM TMEepecyBaHHS MO MariCTpajibHHX, IBUIKICHUX JOpOTax 3
JOTPUMAHHSIM IIBUAKICHOTO JIIMITY Ta MPaBUJI TOPOKHBIO PYXY.

CnoxuBaHHA eneKTpoeHeprii cranoBuTh 3360 BT.

- 125 xMm/rog — pexuM IMepecyBaHHS 3 BUKOHAHHAM MAaHEBpPY OOrOHY SIKHii
SBJIIETHCS. TMIKOBUM PEXHUMOM Ta SIBISE€THCSA IIBUAKICHUM OOMEXKEHHSM IJisi JaHHOI
KOH(DIirypailii ABUT'yHa Ta akamyJsiTopa.

CnoxuBaHHA enekTpoeHeprii craHoBUuTh 3840 Br.

€wmuicTh BcTaHOBIeHO1 Oatapei ctanoButh Wh=3840 Bt/roa. micis po3paxyHKiB B

nyHKTI1 3.3 32 popMyJI010 EMHOCTI akaMyJIsiTOpHOT Oatapei 3.3.
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OTpuMaHi JaHHI SBJSIFOTCS MaKCHMAaJbHOKO JAlbHICTIO XOQy IO Joporax oOe3
BKJIIOUEHHSI KOe(]IIIEHTY aepoJMHAMIYHOTO OMNOpPY Ha TPaHCIOPTHOMY 3acobi 3a
CIPUSITIIMBUX 17IeaTbHUX YMOB.

Ha cmpaBi e npu nepecyBaHHI Ha MOTOPAHCIIOPTI BaXKJIUBY POJIb rpa€e KOeMIIieHT
aepoAMHAMIYHOTO CYyTPOTHBY.

Jlanna koH(irypamisi TaHCHOPTHOTO 3acO0y  SIBISETHCS MOTOLMKI  THITY
KJIACHK/HEMKe]T 11 SIKOTO XapaKTepHHUM cepeHIi Koe]illleHT aepoIMHAMIYHOTO OTOPY
B Bunnsiai 0.5-0.7 H/M2 , mo B cBoro uepry 3meHmye Ha 15-25% nanpHicTh XOmy
TPaHCIIOPTHOTO 3ac0o0y Ha mBuaKocTi 80+ km/roauny. Ha mBuakocti 10 60 km/roauny
JTaHHUK KoedilieHT BIiMBae MeHme. [Ipu mBuakocTi 10 60 km/roguHy KoedilieHT

aepOoIMHAMIYHOTO OMOPY 3MEHIIY€E NabHICTh X0y Ha 10-15%.

e Pexxum 60 KM/TOJ — peKUM NEPECYBAHHS B HACEJIIEHHUX MTyHKTAaX.

KM=(3840/1920)*60=120 xm

KMpear.=120*0.9=108 km

KM= 108 kM ganbHICTh XOAY B MICEKOMY PEXKHMI.

TinbKkyM Ha AAHHUN peXUM poOOTH i€ 3MEHUIEHUN KOE(ILIEHT aepOJUHAMIYHOTO
ormopy B Bursiai 10%. Ha momanbin pexkxumu poOOTH Ta mepecyBaHHS 3 OUIBIIONO

IIBUJIKICTIO TaHHUHM KoedilieHT cTaHOBUTH 20%.

e Pexnm 90 KM/ToT — peKUM TTepecyBaHHS 11032 MEKaMU HACEJICHOTO IMyHKTY.
KM=(3840/2650)*90=131 km
KMpean.:132*0.8:104,82104 KM

KM= 104 kM fanbHICTh XOAY B PEKHMI 1032 MEKAMU HACEJICHOTO MYHKTY.

e Pexxum 110 xM/rom — pexXuM MepecyBaHHS MO MAariCTpajbHUX, IIBHUJKICHUX
JI0porax 3a MeKaMHu HaceJIEHOTO MyHKTY 3 MAKCUMAaJIbHOIO €()EeKTUBHICTIO IBUTYHA.

KM=(3840/3360)*110=126 km

KMpear.=126*0.8=100,8~100 xkm

KM= 100 kM ganpHICTh XOAY IO MaricTpajdbHMUX, NIBUJIKICHUX JOpOTax.



e Pexum 125 km/rog — nepecyBaHHSI IPU MaKCHUMAaJIbHIA MOTYXHOCTI B MIKOBOMY

PEKUMI.

KM=(3840/3840)*125=125 km
KMpean.:].ZS*O .8=100 xm

KM= 100 k™M ganpHICTh XOAY B IMIKOBOMY PEKHMI.

Tabmums 4.2 — Tabnursg TOPIBHSIHHS PEXUMIB 1311 B 3aJI€KHOCTI BiJl MIBUAKICHOTO

peXHUMY.
Pexum Cuna [ToTtyxHicTh | OGepTH [IBuakicte | JlaJbHICTD
nepecyBaHHss  Ta | ctpymy A. | Br. JIBUT'YHA | pyXY pyxy
pobotu O06/xB. Kwm/ron. Kwm.
Hacenenwnit 40 1920 2224 60 108
MYHKT.
[To3a mexamu 53 2650 3336 90 104
HACEJICHOTO
MYHKTY
[To maricTpanbHUX 70 3360 4075 110 100
aoporax
B mikoBomy 80 3840 4620 125 100
pexuMi
JlanbHICTB pyXxXy
&

108

106

104

102

100

98

96
60

90 110

Pucynox 4.3 — Jliarpama mopiBHSIHHS 3aJIe)KHOCTI PEKUMY PyXy Ta 3aracy Xoy.

125
IIBHAKICTE PYXY (KMTOM)
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BUCHOBKU

B nanniit kBamidikaiiiHiii poOoTi OYB po3po0iIeHUN TPOEKT KOHBEPCIT MOTOIMKIIA
3[IBUTYHOM BHYTPIIIHBOT'O 3TOPAHHS Ha €IEKTPOTATY B MOTOTPAHCIIOPTI.

Pe3ynbraToM cTaB MpOEKT SIKUM ce0e MO3UIOHYE SIK JTOCTYIHE PEIICHHS s
BUKOPHCTAHHSA TIepeBar 3aBOJCHKOI XOJOBOI MOTOTpaHCHOPTy. JlaHHe pimeHHs
J03BOJIUTh TEPEUTH 3 TMajJbHOTO JJs JABUTYHAa BHYTPIIIHHOIO 3TOpaHHS Ha
CJICKTPOCHEPTII0 3 LU0 €KOHOMIi Ha >KMBJIEHHI TPAHCIOPTHOrO 3acoly, a TaKoX 3
LIJBI0 CTBOPEHHS 1HAUBIIYaJIbHOTO TPAHCIOPTHOrO 3aco0y 3 O€314I0 PI3HOMAHITHUX
KOH(QIrypalliil s UPOKOro CIEKTPY 3aBJIaHHb SIK1 CTABISATh MOTOTPAHCIIOPTY.

[TpoexT 6yB po3pobIeHUIT 3 BUKOPUCTAHHSAM CY4YaCHUX JIOCTYITHUX KOMILJIEKTYHOUHUX
Taki sk : BLDC ABUTYH 3 KOHTpPOJJIEPOM KOEpYBaHHA B PEeXUMI peKyneparii ams
caMoro JABWryHa ; OarartockiamoBa Li-ion Oartapes 3 MOMIIMBICTIO TOKpaIICHHS
XapaKTEPUCTHK Ta MOXJIMBICTIO THAMBITYaJIbHOIO PEMOHTY MOILIKOKEHUX KOMIPOK 3
BUKOpHcTaHHAM BMS-matu GamancyBaHHs 110 3abe3medye Oe3leuHy eKCILTyaTalliio
aKaMyJIsITOpHOT OaraTockiagoBoi Oarapei.

Bynu mpoBeneHi po3paxyHKH JAaHHOI KOH(DIryparii , pe3yJbTaTh SIKO1 MMOKa3yHoTh,
o migiOpaHi KOMIUIEKTYIOYY B IUJIKOM CIPOMOXHI 3aMIHUTH 3aBOJCHKHUIA JBUTYH
BHYTPIITHBOTO 3TOpaHHS, a B JCSIKWX BHUIAJKaX Ma€ TEBHI TEepeBard B yMOBax
IIOJICHHOT aKTHBHOI €KCIUTyaTallli TPaHCHOPTHOTO 3aco0y Ha einekTpotssi. IlepeBaru
IPOSIBIISIIOTECA B YMOBax CIPOIIEHOT eKcIuryartalli, KOM(QOpPTHOro BUKOPUCTAHHS B
YMOBaX Jie MOTOPAHCTIOPT 3 ABUTYHOM BHYTPIIIIHBOTO 3rOpaHHs BUKIUKAE HE3PYUHOCTI,
JIEIIIeBE3HA BITHOBJICHHS 3amacy XOJy B TOPIBHSHHI 3 3alpaBKOI0 MabHUAM IS
TPAHCIIOPTY 3 KJIACMYHUM MOTOJBUTYHOM, Ta 3PYYHOCTI 30epiraHHs TPaHCIOPTY B
3BSI3KY 3 0€3MEKOI0 3/I0POB’ S JIFOIUHHU.

Pospaxynku Oymu mpoBezieHi B cepenopuili MathCad mis mpaBunbHOCTI miadbopy
KOMILJIEKTYIOUMX B 3aJICKHOCTI BiJl IOCTaBIJICHOI 3aAa4i. [IeBHI pucyHKH OyJid CTBOpEHI
B cepenoBuili Splan mms Bi3yauizarii mpaBHIIBHOCTI MiAKIIOYEHb €IEKTPOTEXHIYHHUX
CXEM KHUBJICHHS.

Jlanna poOoTa Ma€e KOPHUCTh SIK OCHOBA JJII CTBOPEHHS MOJIOHUX MPOEKTIB IO

KOHBEPCii TPAaHCHOPTY 3 JBUTYHOM BHYTPIIIHBOTO 3rOPaHHs HA EIEKTPOTATY.
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3 SELECTION OF TRAFFIC DRIVE, PROPOSED STRUCTURE OF
TRAFFIC EQUIPMENT

For the conversion of motorized vehicles to electric traction, a BLDC motor will be
used for the BLDC equipment that corresponds in power and torque to a factory
commonly used and widespread 4-stroke internal combustion engine with a volume of
250 - 300 cubic centimeters.

3.1 Choosing an engine for motorcycle conversion

When choosing a traction engine, emphasis was placed on its reliability, efficiency
in relation to its power, availability on the country's market, and small dimensions for
installation in the vehicle frame.

The internal combustion engine that was taken for comparison and selection of the
electric motor is a Chinese-made LONCIN 166FMM engine, which is also considered a
simplified and more reliable copy of the engine of the Japanese motorcycle Honda
CB250 Nighthawk.

Characteristics of the LONCIN 166FMM engine:

e Engine displacement: 250 cm3;

e Number of cylinders: 1;

e Number of strokes: 4;

e Maximum power / at revolutions per minute: 11 KWt /9000 rpm;

e Maximum torque / at rpm: 17 Hm /7000 rpm;

e Cooling: Air/liquid-oil;

e Type of fuel injection system: NIBBI-PE28 carburetor;

e Fuel type: gasoline A-95-Euro5-E5;

e Type of ignition: CDI;

e Piston diameter and stroke: 66.8mm x 64mm);

e Compression ratio: 6.5 to 1;

e Weight: 31 kg;
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¢ Availability of a balancing shatft.

Figure 3.1 - LONCIN 166FMM internal combustion engine

In accordance with the characteristics of the internal combustion engine, the choice
fell on the HPM3000B BLDC motor with characteristics that meet these needs for
converting the motorcycle to electric traction.

Characteristics of the BLDC motor HPM3000V:

e \/oltage for motor operation: 48-96V,

o Rated power: 2-3.8 KWt,

e Peak power that the motor can deliver: 7 KWt,

e Rated torque: 12.5 N/m,

e Peak torque: 25 N/m,

e Rotational speed: 4000-4500 rpm,

e EFFICIENCY: 91% ,

e Engine diameter: 182 mm,

e Engine length (without output shaft): 125 mm,
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Motor length including output shaft: 158.6 mm,

Housing material: Aluminum,

Motor weight: 8 kg,

Type of motor cooling: air,

e Availability of protection against moisture.

When comparing the engines, several advantages were found in the characteristics:
the electric motor, although it has lower revolutions, is a more tractable engine for use,
which increases its use and its scope of use not only in motor vehicles, but also in use in
motorized transport for transporting small amounts of cargo or passengers with higher
torque, lower weight and compact dimensions. This electric motor does not depend on
the position in space and makes it possible to install in different positions, when internal
combustion engines due to the presence of lubricant in the design and the principle of its
operation - does not allow the installation of the engine in different positions.

A nice addition to this BLDC motor is the possibility of installing water cooling
instead of the current air cooling.

In conjunction with the conversion of this traction equipment, it is possible to use
the factory liquid cooling, which was used in the internal combustion engine, to cool the
electric motor.
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Figure 3.2 - Image of the BLDC motor HPM3000B
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Figure 3.3 - Dimensions of the BLDC motor HPM3000B

3.2 Selection of the BLDC motor controller

To use the previously selected motor, it is necessary to select a BLDC controller to
control the operating modes of the motor itself and control its traction and speed
characteristics in several operating modes.

The BLDC programmable controller with regenerative mode Kelly KBL48151X
was chosen for this task.

Electricity recovery (also known as regenerative charging or regeneration) is a
process in which electrical energy released during braking or deceleration is returned to
the power source or battery. In electric or hybrid vehicles, for example, regenerative
charging occurs during braking or deceleration, when the kinetic energy of the vehicle is
converted into electrical energy and stored in the battery. This makes it possible to
improve energy efficiency and increase the range of electric vehicles on a single charge.

Key Features Kelly KBL48151X :

- Controller supply voltage range: 18V-90V.

- Operating frequency: 16.6 kHz.
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- Current in standby mode: <0.5 mA.

- 5V sensor supply current: 40 mA.

- Configurable battery voltage range: 18V-60V.

- Analog brake and throttle control input: 0-5 volts, generating a 0-5V signal with a
3-wire contact.

- Reverse travel alarm.

- Temperature range at full power: 0 to 50 °C.

- Temperature range: -30 to 90 °C, shutdown 100 °C.

- Increased current for 10 seconds: 200A.

- Motor current limit for 1 minute: 150A.

- Motor current limit in continuous mode: 80A.

- Ability to set the maximum battery current.

Features of the controller KBL48151X:

-Synchronous rectification, ultra-low drop and fast PWM to achieve very high
efficiency.

-Electronic reverse.

-Overcurrent protection.

-Protection against overvoltage.

-Support for several modes: increase in rotational speed, increase in torque,
balanced efficient mode.

- Ability to set the motor current limit and battery current limit.

-Fault codes that allow you to repair and correct faults yourself.

-Battery protection: current limit, warning and shutdown for high and low battery
voltage.

- Durable aluminum housing for maximum heat dissipation in harsh environments.

- Ruggedized terminals and connectors designed for weak signal.

-Thermal protection: overcurrent shutdown, warning, and high temperature
shutdown.

-Hall position sensor can be adjusted to 60 or 120 degrees.

-Supports motors with any number of poles.
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-Support for three regenerative braking modes: brake switch regeneration, throttle
release regeneration, variable regeneration of analog signal 0

Configurable high pedal protection: the controller will not operate if the maximum
open handle position is detected during power-up.

-Current multiplication: take less current from the battery, output more current to the
motor.

Easy to install: support three-wire potentiometer.

-Possibility to remove the LED driver fault code.

-Output current meter.

Figure 3.4 - Appearance of the Kelly KBL48151X controller

3.3 Selecting a power source for electric traction equipment

For the movement of a vehicle on an internal combustion engine, fuel systems are
used to supply fuel to the combustion chamber, and the fuel itself is stored in a separate
container and supplied by gravity or through specialized fuel pumps. In electric vehicles
that require independent power supply and the absence of a power grid, batteries are
used.

Nowadays, batteries or accumulators are widely used as a power source or storage

of electricity that can be supplied at any time, can also receive it and store it until the
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appropriate time of use, for example, to power the internal combustion engine described
earlier, or to power electric traction equipment instead of the internal combustion
engine.
Today, there are many variations of batteries for power supply, which differ in
operating voltage, capacity, weight, shape and purpose.
For the above configuration of the BLDC motor HPM3000V and its controller Kelly
KBL48151X, a LiFePO4 Must LP15-1220 battery was selected.
This battery has the following characteristics:
e Model: LP15-1220 ;
e Brand: Must Power ;
e Battery type: Lithium;
e Technology: LiFePO4 ;
o Cell manufacturer: EVE ;
e Resource: more than 6000 cycles (when using 90% of the battery capacity) ;
e Rated voltage: 12 B ;
e Rated capacity: 20 A/h;
e Maximum discharge current: 20 A ;
e Deep discharge voltage: 10.8 B ;
e Charge voltage: 14.6 B ;
e Maximum charging current: 20 A ;
e Connection in series: up to 4 batteries (up to 51.2 V) ;
e Connection in parallel: not limited ;
e Connection terminal: M5 ;
e Operating temperature:
- Discharge: -20~60 °C ;
- Charging: 0~+50°C ;
- Recommended: +5~+45°C ;
e Dimensions: 181x77x170 mm ;
e Weight: 2.625 kg.
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The features of this battery are a sealed design that allows you to install it in
different positions, which is a great advantage for use in most classes of motorcycles.
Some classes of motorcycles can move in different positions and at an acute angle
relative to its position. Its sealed enclosed design also provides moisture protection from
the environment, which improves installation in vehicles and simplifies the integration
of this battery into the vehicle structure. Another advantage is the built-in battery
management system (BMS - Batery Managmenet System), which provides uniform
charging and discharging of the battery, protection against deep discharge and
overvoltage of cells, protection against overheating. The battery uses new cells from
EVE.

Figure 3.5 =- Appearance of the Must LP15-1220 battery.

This battery has an operating voltage of 12 V, which is 4 times less than the
operating voltage of the traction equipment.
The solution to this problem is to connect the batteries by the method of series

connection to increase the operating voltage adopted for the engine operation.
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Figure 3.6 is a simplified assembly diagram of the traction motor power supply
accumulator.

This scheme is a minimum autonomous power supply system for the traction motor
to maintain the ability to move the vehicle and minimize operation. This power supply
scheme has an important advantage - the unification of each cell to a common voltage
of 12 V with common batteries to power the vehicle, where in case of failure of 1-2
batteries, it is possible to use a temporary solution. Such a solution allows you to get to
the nearest repair site on the road and fix the problem.

There are also ready-made solutions for 48 VV DC on the market, but they have a
price that is 40-90% higher depending on the manufacturer, capacity, purpose,
dimensions, and weight. In addition, most off-the-shelf batteries do not have the ability
to replace damaged cells due to the ready-made closed battery design.

To increase the capacity of the battery, the method of parallel connection is used to
increase the power supply capacity and also to increase the current strength of the
assembly of several parallel connected batteries. The battery that was selected earlier
has a capacity of 20 A/h and can deliver a peak current of 20 A, but this will not be
enough to power the selected engine system, and a decision was made to increase the
current that the battery can deliver.

In the documentation for this motor, the minimum power for operation is 1600 W.
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P=UI 3.1)

P is the power of the motor;

| is the current to power it;

U is the voltage to operate it.

Using this formula, you can calculate the minimum current to power the motor so

that it maintains its rated torque and can start moving the vehicle.

P (3.2)
=0
According to the calculations, we will get the minimum current to power and move
the system.
1=1600/48=33.33 A
I=33.33A

After the calculations, we get the minimum current that the battery can provide for
the movement of the vehicle, which is | min = 33.333A.

According to the data obtained, the previous structure of the series connection and
power supply of the engine is not suitable due to the low current strength that the
assembled battery assembly can produce, since its maximum current strength is 20 A.
Under such conditions, it is necessary to increase the capacity of the battery circuit by 2

times and the most suitable method is the method of parallel connection of batteries
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Figure 3.7 - Simplified connection diagram of 4 pre-batteries from Figure 3.6 in
parallel.
If you use 4 such power cells with characteristics 12V 40Ah and connect them in

series, you can get the minimum power supply for the vehicle movement.
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Figure 3.8 - Diagram of the minimum engine power supply and battery cell
balancing.
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When selecting a battery cell, the maximum peak current is also taken into
account.The BLDC motor has a rated operating mode of 2-3.5 kW of power. The motor
will be operated to maximize efficiency in its rated mode to preserve its life and reduce
the likelihood of breakdowns on the road. To calculate the maximum current strength of
the battery system, the maximum power that the engine can deliver in rated operation
was taken: 3500 W.

According to the formula 3.1 on the calculation of the power consumption from the
current and voltage, the maximum current in the nominal operating mode was
calculated.

1=3500/48=72.92 A

1=72.92 A

Under these conditions, a link of 4 batteries with a total capacity of 80 Ah should be
used to create the entire battery. Or a total current of 80 A, which is shown in Figure
3.7. However, such links of 4 parallel-connected batteries need to be used 4 times to
increase the total voltage to 48 V.

In this configuration of balancing the batteries for power supply, we will get 4 cells
of parallel connected batteries, each of which will have 4 batteries, where the total

number will be 16 pcs.
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Figure 3.9 - Diagram of connecting batteries into one common power supply battery
for the needs of a BLDC motor based on the Must LP15-1220 battery.
Formula for calculating the battery capacity in Wh/h.

Wh = U.C (3.3)
Wh=48*80=3840 Wh/h.

Wh=3840 W/h.

This battery allows you to operate for more than 1 hour at maximum power in the

rated engine mode.
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3.4 Selection of safety protection measures for the battery

After selecting the traction system, the autonomous power supply and the controller
for controlling the BLDC motor, it is necessary to take protective measures to ensure
safe and correct operation of the vehicle.

One of the solutions is the BMS (Battery Managmenet System) board for managing
the charge and discharge of the battery, which is assembled from individual cells.

BMS is an abbreviation for Battery Management System. It is an integrated
circuit system used to monitor and control the status of the battery system to ensure
normal operation and safe use of the battery. The application of BMS covers various
fields such as electric vehicles, energy storage systems, drones, and power tools, and
can improve the service life, safety performance, and durability of batteries.

The main functions of BMS are as follows:

- Perception: The BMS can measure and evaluate various battery parameters and
status in real time, such as voltage, current, temperature, state of charge (SOC), state of
health (SOH), etc.

- Management: The BMS can perform balanced management, temperature
management, charge and discharge management, etc. of the battery to maintain
consistency and optimal battery performance.

- Protection: The BMS can protect the battery from overcharge, overdischarge,
overheating, overcurrent and other abnormal conditions according to certain protection
control strategies and provide timely alarm.

This solution can solve several possible problems, for example

- Charge balancing, which makes it possible to redirect excess energy from one cell
to another that needs to be recharged;

- Safe operation and use of the battery with balanced charge and discharge;

- Safety against short circuits and early warning of a damaged cell of the

prefabricated battery.
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Classification of BMS:

- Distributed BMS:

This is an architecture that includes a slave control unit (SCU), a high voltage
control unit (HMU), and a master control unit (MCU). They monitor and control battery
cells, clusters, and arrays.

The benefits include reduced length/number of wiring harnesses, increased
reliability, and scalability, which is ideal for high capacity/voltage batteries.

Currently, there is no single standard, which leads to a variety of
solutions/terminology by different manufacturers.

Distributed BMS has promising applications in electric vehicles, energy storage
systems, improving battery performance, safety, service life, reducing operating costs,
and providing intelligent control.

- Centralized BMS:

A centralized BMS is a hardware device that collects and monitors information from
all battery cells. It is suitable for scenarios where the number of battery cells is small,
the overall battery system voltage is low, and the battery system is small in size.

The advantages of centralized BMS are simple structure, low cost and high
reliability. It can realize basic monitoring and protection of battery cells, such as
collecting voltage, temperature, current, insulation and other parameters, and abnormal
alarm.

The centralized BMS is currently mainly used in applications with low capacity, low
total voltage and small battery system size, such as power tools, robots, smart homes,
electric forklifts, electric low-speed vehicles, mild hybrid vehicles, etc.

One of the options for use in the pre-selected battery and power configuration was
the LogicPower LiFePO4 16S 80-80 BMS controller board, which meets the needs of
the above-selected system configuration.

This BMS controller has the following characteristics:

- Battery type: LiFePO4 ;

- Type of controller: symmetrical ;

- Rated voltage: 48 V ;
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- Upper threshold of control voltage: 60 B ;

- Lower threshold of control voltage: 40 B ;

- Maximum discharge current: 80 A ;

- Maximum charging current: 80 A ;

- Number of channels for balancing: 16 ;

- Current strength for balancing: 35 mA ;

- Length: 150 mm ;

- Width: 66 mm ;

- Height: 19 mm;

- Weight: 0.385 kg (385 g).

This BMS-controller has a sealed board structure that allows its use on motor
vehicles, as well as its characteristics allow you to have a power reserve where you can
use it for a different configuration of battery cells depending on their abuse, current
strength and method of connection, balancing.

Also, this manufacturer of BMS controllers, and the manufacturer LogicPower
itself, is a reliable global manufacturer of components for assembling electronic

equipment and its control.

LiFePO4
16S 48V 80A

Charge current : 80A W Dalance /

R2SA- M
N

AINIITMRW

Figure 3.10 - LogicPower LiFePO4 16S 80-80 BMS controller.



70

Such a BMS controller was integrated into the battery connection circuit to control
their cells and charging and operation. This controller uses its outputs to control the
charging between cells that are connected in series with each other.

This BMS board supports power control of up to 16 cells connected in series, so
when using the controller in a battery connection and balancing circuit, 4 of the 16
positive current contact outputs will be used. Reverse polarity batteries have a common
negative terminal connection to the -B output, which serves as a common negative
terminal for powering and controlling the battery cells in series.

Charge control and balancing is performed through 4 of the 16 positive terminal
connection cables. The controller balances the charge between the cells in series and
regulates the total charge between the 4 battery cells.

The entire battery is charged through the common positive terminal and the negative

output on the control board, which is labeled - (-P).

e
*—
®
+ -] 20Ah T+ -]20Ah [+ -] 20Ah T+ -]20Ah
12V 12V 12V 12V
=i T il [ —pil —pil 8
+ —| 20Ah + -] 20Ah + —| 20Ah + -] 20Ah
12V 12V 12V 12V
L 8 & e @
+ —| 20Ah + -] 20Ah + —| 20Ah + - 20Ah
12V 12V 12V 12V
[+ -]20Ah [+ —]20Ah ~ [+ -] 20Ah ~ [+ -]20Ah
12V 12V 12V 12V

Figure 3.11 - BMS controller that is integrated into the circuit for connecting and

balancing the battery cells that make up the entire battery.
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3.5 Conclusions to the section

The general components of the kit for conversion to electric traction were selected.
These components and the proposed structure, which correspond to the characteristics
of the engine that was taken as a sample of a common and popular motor engine from
section 3.1, satisfy the needs of the vehicle. Particular attention can be paid to the design
of the autonomous power supply or battery that feeds the overall structure. Its main
advantages are the availability of assembly and purchase of components; unification of
characteristics that makes it possible to assemble a budget version or improve the

existing battery design shown in Figure 3.11.
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