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I. INTRODUCTION

Electric vehicles (EV) with advanced battery chemistries
such as lithium iron phosphate require adequate battery
management systems (BMS). One of the most basic and
important BMS tasks is the cell voltage balancing. Imbalance
of cells in battery systems is very important matter in the
battery system life and performance.

Over the years quite a lot of cell balancing/equalization
methods and topologies have been proposed in [1-3] and
reviewed in [1-5]. The aim of this paper was to select and
elaborate a quick cell balancing solution for a kart lithium-ion
battery pack.

II. KART BATTERY PACK

Proposed charging system to be used for electric kart is
lithium iron phosphate (LFP) battery charging. Typical
nominal voltage of a single LFP cell is 3.2V. The absolute
maximum voltage for each cell is 4V. Common practice is to
use 3.8V per cell for battery charging. LFP cell minimum
operating voltage is 2.8V.

IV. THE ELABORATED CELL BALANCING MODULE

Schematic of the proposed individual cell balancer is shown

in Fig. 1.
Board terminals CN1 and CN2 are meant to be connected
directly to the battery terminals. Texas Instruments

MSP430G2153 value line microcontroller was used.

Resistor divider is used to measure cell voltage. Resistors
R1 to R6 are used to shunt a cell and discharge it. Switch VT1
is used to turn-on shunting.
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Fig. 1. Schematic of cell balancer module.
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Optocoupler is used to isolate RX line, TX line is directly
connected to the microcontroller.
V. CONTROL IMPLEMENTATION

Microcontroller code is optimized to consume as little
power as possible since the source is a battery cell.
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ADC module wais used to measure cell voltage. Obtained
values were used to produce average cell voltage value. If this
value exceeds certain set higher or lower cut-off values
program turns on one of the status indication LEDs. If battery
cell voltage has reached full charge green LED is lit and
MOSFET is turned on to discharge particular cell and allow
other cells to reach the same value. If lower voltage value is
reached, only red LED is lit.

UART communication was implemented. Initially UART
module is set in RX mode to wait for incoming data. A
communication subroutine is activated once data is received.
Received data is stored in memory and cell balancer sends its
own data to the next balancer. Stored received data will be
sent in the next transmit round. Data form all cell balancers is
passed further to the main controller in daisy-chain manner.
Data transfer is finished once main controller receives back
the same command it initially sent to the first cell balancer of
the communication ring.

All data was transferred one byte at a time, which presented
a problem on how to distinguish command byte from data
bytes. To select appropriate unique command byte all possible
data byte values had to be analyzed. It can be noticed that least
significant byte can take values from 0 to 139 and from 154 to
255. This leaves out a free region from 140 to 153. Generally
any of these free values could be used as command bytes, but
for increased confidence the middle value of 146 was used as
command byte by the higher controller.

VI. CONCLUSIONS

Passive cell balancing is a viable option when a battery
pack has to be developed as fast as possible with small costs.
This method gives good cell equalization speed with
satisfactory energy efficiency. However active balancing can
perform better in all parameters except price and development
time.

One of the directions of development is to design a battery
pack front end that monitors overall pack voltage and current.
It can be used as part of battery state measure device to
measure SoC, SoH and other parameters. Front end can be
implemented with low loss circuit breaker to disconnect
battery from load if certain overload or deep discharge
situations are detected.

Main future task is to fully develop the higher controller or
control panel. As both names impose this BMS part is used to
control and collect data from individual cell balancers and
front end. It can give commands to balancers and use their
information to calculate different battery pack parameters.
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1. IEVADS

Elektriskajiem transportlidzekliem, kuri ir aprikoti ar
moderniem akumulatoriem, tadiem ka litija dzelzs fosfata, ir
nepiecieSama attistita akumulatoru vadibas sist€ma. Viens no
svarigakajiem pamata AVS uzdevumiem ir §tinu sprieguma
balansé$ana. Stinu disbalanss bitiski ietekmé akumulatoru
sistémas sniegumu un ilgmizibu.

Gadu gaita ir izstradatas un izpétitas daudzas Stnu
balansgSanas shémas, kuras ir piedavatas [1-3] un analiz&tas
[1-5]. ST raksta mérkis ir izvéldties un atri izstradat §tnu
balans€Sanas risindgjumu kartinga litija-jonu akumulatoru
pakai.

II. KARTINGA AKUMULATORU PAKA

Izstradajama wuzlades sisttma ir paredzeta elektriska
kartinga litija dzelzs fosfata (LFP) akumulatoru lad@Sanai.
Tipiskais nominalais LFP $tnas spriegums ir 3.2V. Absolitais
maksimalais spriegums ir 4V. Akumulatoru ladésanai tiek
izmantots 3.8V spriegums uz katru Stnu. LFP S§iinas
minimalais pielaujamais spriegums ir 2.8V.

IV.1ZSTRADATAIS SUNU BALANSESANAS MODULIS

Individuala $tinas balans€Sanas shéma ir dota 1. attéla.

Plates kontakti CN1 un CN2 ir paredzgti tiesai pieslégsanai
pie  akumulatora  terminaliem. Texas  Instruments
MSP430G2153 value line mikrokontrolleris ir izmantots
balansétaja vadibai.

Stinas sprieguma mérianai ir izmantots rezistoru dalitajs.
Rezistori R1-R6 ir izmantoti ka Stinas Sunti, lai veiktu tas
izladi. Sl&dzis VT1 ir izmantots, lai ieslégtu Suntesanu..

CN1 J1
B =

CONN1 — 1 4
R1& |jz:
2 2

CONNZ
1

Ltk | l

=8
o 30
Enclg oy
el

oy £5
REEEL

Fhh[dTEd

D2 M=
A 7= vos

R1Z R13 R14
T Iﬁ

1.att. Sinas balansésanas modula shéma.
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Datu uztverSanas linijas izolacijai ir izmantots optoparis.
Raidisanas linija ir tiesi savienota ar mikrokontrolleri.
V. MODULA VADIBA

Ta ka shémas baroSanas avots ir pati S$ona, tad
mikrokontrollera kods ir optimizéts ta, lai shéma paterétu
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vismazak energijas. Stinas sprieguma m@érisanai ir izmantots
ACP modulis. Iegiitas vertibas tiek izmantotas, lai iegltu
vidgjo $iinas sprieguma vertibu. Ja iegtta vertiba parsniedz
uzstadito aug$€jo vai apak$&jo vertibu, tad tiek ieslégta
atbilstoSa mirdzdiode. Ja Stna ir sasniegusi pilna sprieguma
vértibu, tad tiek ieslégta zala mirdzdiode un pieslégti
Suntgjosie rezistori, lai izladetu konkréto S$tinu un lautu citam
Stinam sasniegt pilnu spriegumu. Ja spriegums ir mazaks par
zemako robeZzu, tad tiek ieslégta tikai sarkana mirdzdiode.

Sakotng&ji UART komunikaciju modulis ir iestatits
uztverSanas rezima, lai gaiditu ienakoSos datus. Tiklidz dati ir
sapemti, tiek aktiviz€ta komunikaciju apakSprogramma.
Sapemtie dati tiek saglabati atmina un balans€Sanas shéma
nosiita savus datus uz nakamo balans€Sanas moduli.
Saglabatie dati tiks stfiti nakamaja siitiSanas reiz€. Dati no
visiem balanséSanas moduliem tiek nosititi uz galveno
kontrolleri, izmantojot gredzenveida datu apmainas veidu.
Datu apmaina ir pabeigta tad, kad galvenais kontrolleris sanem
atpakal to paSu komandu, ko tas sakotngji nositija uz pirmo
balansg&sanas moduli.

Visi dati tiek sutiti pa vienam bitam. Lidz ar to rodas
probléma, ka atpazit komandas baitus no datu baitiem. Lai
izvelétos piemérotu komandas baitu, tika analizEti visi
iesp&jamie datu baiti. Tika noteikts, ka mazak nozimigais baits
var iepemt veértibas no 0 Iidz 139 un no 154 Iidz 255. Brivs
paliek regions no 140 lidz 153. Jebkuru no §im vértibam var
izmantot ka komandas baita vértibu, bet lai uzlabotu drosibu,
tika izv€leta diapazona vidgja vertiba 146.

VI.SECINAJUMI

Pasiva $tnu balanséSana ir piemerots risindjums, lai atri un
ar zemam izmaksam izveidotu akumulatoru sistému. ST
metode nodroSina labu balans€$anas atrumu un pienemamu
lietderibu. Tomé@r janem veéra, ka aktiva balans€Sana parspgj
pasivo praktiski visos parametros, iznemot cenu un izstrades
laiku.

Viens no talakajiem attistibas virzieniem ir izstradat
akumulatoru pakas ieejas kontrolleri, kur§ meritu pakas stravu
un spriegumus. To var izmantot, lai noteiktu akumulatoru
uzlades pakapi, ka arT citus parametrus. Ieejas kontrolleri var
aprikot ar releju, kur§ atvienotu akumulatoru no slodzes
parslodzes vai dzilas izlades gadijuma.

Galvenais turpmakas darbibas uzdevums ir izstradat
augstako kontrolleri jeb vadibas paneli. ST AVS dala ievac
datus no individualam $tinam un ieejas kontrollera. Ta vada
citas AVS dalas un veic pakas parametru aprekinus.
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1. BBEJEHUE

OnextpoTpancioptHeie cpenactsa ¢ (OTC) gacto BKIrOUAIOT
B KadeCcTBE WUCTOYHUKA NUTaHHA JUTHH-(ochopHOKUCIO-
xenesnble (JIOX) axkxymynsaropsl. Jis yBemUUYeHHUsS CpPOKa
CIty OBl ¥ IPOU3BOAUTEIBHOCTU UX UCIIOIB3YIOT COBMECTHO C
cucremoil ynpasienus Oarapesmu (CYD), BaxHOH 4acThio
KOTOPOI1 SIBJISIOTCS OaTaHCHPOBOUHBIC LIEIIH.

B TedyeHue mociemHux JeT ObUIO HPEIUIOAKEHO OOJbLIOE
KOJIMYECTBO METOJIOB BBLIPABHUBAHMS HANPSDKCHUS HA TaKUX
Oarapesx, Harpumep, 0 u 0. Lenbto naHHON PabOTHI ABISIETCS
BBIOOp U pa3paboTka OanaHCUPOBOYHBIX 3JIEMEHTOB OaTapeu
EKTPUIECKOr0 KapTHHTA.

II. AKKYMYJISITOPHA SI BATAPESI KAPTUHI A

B nannom kaprtunre ucnons3yiores JIOXK akkyMmynsTopsl ¢
HOMHUHAJBbHBIM  HampsbkeHueM  3.2B.  MakcumanbHoe
HaIpsSDKCHUE TaKUX JJIEMEHTOB 4B, HO OOBIYHO UX
WCTOJIB3YIOT B AManazoHe HanpsokeHwi ot 3.2 mo 3.8B.

IV. KOHCTPYKIMS BAJJAHCUPOBOYHOI'O DJIEMEHTA

[Ipemnoxxennass cxema  OalaHCHPOBOYHON — IENOYKH,
COEITMHEHHOM C OTJENBHBIM 3JIEMEHTOM uepe3 KOHTakTel CN1
n CN2, nokazana Ha Puc. 1. E€ OCHOBHBIMH dYacTsIMHU
SIBJIIOTCS PE3UCTHUBHBIN pa3psiAHUK M 00paTHas CBS3b.

Jns paspsima s9efiKy MCHOIB3YIOTCS MOIIHBIE PE3HCTOPHI
R1-R6, koTopble TOICOCTUHSIOTCS K sfUEHKe TPHU MOMOIIH
Tpan3ucropa VT1, ynpasisemoro mukpokontpoiuiepom Ul (B
KauecTBe KoToporo 061 BEIOpan MSP430G2153).

W3mepenne  HanpsoKeHUs — sS4eHKH,  yMEHBIIEHHOTO
nenuteneM R7/R8, ocymiectisiercss HenocpeactBenHo AL
MHUKPOKOHTpOJLIEPA.

ITuraercs mukpokontposuiep (MK) ot camoii stueiiku uepes
crabummzarop VD1. Kontaktet CONN1 u CONN2, a takxe
omnromnapa VTOl wucnone3yloTcs Al peaau3aluu
uHTEepdelica MHKPOKOHTpOJUIEpa W BHEIIHEH  CHCTEMbI
ynpasnenus. Pesuctoper R9-R11 u pazsém X1 tpebyrorcs
JUIsl IPOrPaMMHUPOBAHUSI MUKPOKOHTPOJLIEPA.
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Puc. 1. Dnexrpuyeckas MpHHIUNUAIBHAS cXeMa 6aIaHCHPOBOYHOI LIETIOYKH.
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V. YIIPABJIEHUE BAJIAHCUPOBOYHBIM DJIEMEHTOM

[IporpaMma MHKpPOKOHTpOJIEpa ONTHUMHU3UPOBAHA  JUISA
yYMEHbILICHUsT TOTpeONEHHON wuM sSHepruu. EE amroputm
3aKJII0YACTCs B PETYJIIPHOM M3MEPEHUM HaNpsDKEHUs STUeHKH
n uupoBoil (QUIBTpAllMM M 3alUCH pe3ysibTata B Oydep
maHeeiX. Ilpm  nmocTmkeHMM  MUHHManbHOTO — pabouero
HamnpsDKEHWsA  S4eHKH IporpaMMa  BKJIIOYAeT — KPacHbBIHM
CBETOJMO/, a MPU JOCTHKEHUH MAKCUMAJIBHOTO — BKJIFOUAET
3eJEHBI U OJJHOBPEMEHHO aKTUBHMPYET Pa3psAIHYyIO LEHNOYKY.
s HanéxHOro cpabaThIBaHUS HCIOIb3YETCS THCTEPE3NC.

MK oTnenbHBIX S4Y€eK CBS3aHbI JAPYr € JpyroM mpu
MIOMOIIIM 3aMKHYTOH LIEMH MOCIeOBaTeIbHEIX HHTEepdeiicoB.
Bes menouka 3aMKHyTa 4Yepe3 IEHTPAIbHBIA KOHTpOJLIED
(IK), koTOopblli MHULMUPYET INepeAady JaHHBIX, IepeaaBas
nepeomy MK cnoBo 3amycka. Kaxkneni uz MK, nomyuus
JaHHBIE, 3allMChIBaeT WX B CBOH Oydep, a mpensiaymiee
comepxumoe  Oydepa mnepemaér cuenyromemy MK.
[Ipouenypa mnepenaud [aHHBIX 3aBEpIIAETCs, KOT/a CIOBO
3amycka BosBpamaercs ooparHo B [IK B koHue MaccuBa w3
U3MEPCHHBIX NaHHBIX.

Tak Kak JaHHBIC NIEPEMEINAIOTCS 10 OJHOMY OalTy, TO
BO3HMKaeT IpoljeMa HMICHTU(PHUKALUK CIOBa 3amycka. Tak
kak konel oT 140 mo 153 wmuaamero ciioBa AaHHBIX He
UCIIONB3YIOTCS, TO JIOOOH M3 HUX MOXET UCIIONb30BAaTHCS B
KayecTBe cjoBa 3amycka. MaKkTHYECKH K€ B KauecTBE TaKOIro
KoJla HWCHOdb3yercss 4ucio 146, Haxopsmeecss B CepeanHe
9TOro JUara3oHa.

VI. 3AKJIFOYEHUE

[lpuMeHeHne NAacCHBHBIX OaTaHCHPOBOYHBIX —IIEMOYEK
00OCHOBaHO B CIy4ae OIPaHMYCHHBIX CPEICTB W BPEMCHU.
Oror Meton obecrneunBaeT 3PPEKTUBHOC BBHIPABHHBAHHE
HanpsHKEHUs T9eeK NP IpHeMIIeMol SHeprod(hHeKTHBHOCTH.
OnHako OCTaJbHbIE UX ITAPAMETPBI MOTYT OBITh YITyUIlICHBI.

OpanM u3 HampaBieHuid pa3zutus nanHoit CYD sBusercs
pa3paboTKa CyrnepBU30pa Beel 6arapeu, KOTOPBIi H3Meps Obl
€& HanpsDKeHUE U TOK, a Tak ke GopmupoBan ux. OH MOXET
OBITh HCIIOJIB30BAH IS OLCHKHU CTENEHH H3HOUIEHHOCTH
Oaraper W crerneHu e€ 3apsna. Takod HHTepdeic MOKET
TaKKe COJEpXKATh AaBapUHHBIA pPa3bEIUHUTENb B CIy4asx
nepe3apsiga ¥ KpUTHIEeCKOro paspsizia 6arapeu.

BaxxHo 3amadell sBIsieTCS Tak K€ CO3JaHHE KOHTpOJIIEpa
BEpXHEro ypoBHs M HHTepdeiica mons3oBatens CYb. Takoit
KOHTpOJIJIEp, MCHOJB3YS HHPOPMALMIO OT  OTAEIBHBIX
0aJaHCHPOBOYHBIX SUEEK M CylepBH30pa OaTaped, MOr Obl
YOpPaBIsATh HMH U UCIONb30BaTh HMX TMapaMeTpsl AJs
JIMAarHOCTUKH OaTapeu.
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