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ABSTRACT

The thesis research is to study the health of lithium-ion batteries inside
electric vehicles. The objectives are to predict the health of electric vehicle batteries
and The study the behavior of electric vehicle charging that affects electric vehicle
battery health. By applying the method of increasing the electric capacity inside the
battery to analyze the parameters used in the analysis are parameters from electric
vehicle charging, including voltage, current, and charging time. Which from the study and
analysis of experimental results found that as the service life of electric vehicles
increases the charge to voltage ratio is reduced. Which can be used as an indicator of

the health of electric vehicle batteries. It was also found that charging at a lower voltage

than the rated voltage of the battery tends to prolong battery life.
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1.6 Uszlawunlasuainaulae

Ly wa

1. TasanIvedvilmAsanudinerduauaTivaswunmasaiieulonsu dady

wusbae3 9 b lun1svinlaseanu wagdsnis Tuneu lun1sidnfsdeyanazn1sAae1999In
uteyaiiiertesiudayanismsasasudini
2. lassn e iisanuianudilaneiumsveulesiusiasnisanad

299USL AN N NVBILUAMBS (State of Health, SOH) mu%’azﬂaﬁmﬂmaqsaauﬁlmlﬁwﬁ%mswﬁlﬁ

MNgudeyanITvIsasaeudlnives PEA Volta :nnnstnindiugiinie
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3, 1n5an153 3l iAnnMsUsEINMA State of Heath (SOH) vasuumnaslng
mﬁ’s?%miﬂizqﬂﬁmﬁmeﬁmiLﬁmsﬁumaﬂﬂawmqlw% (Incremental Capacity Analysis
Applied, ICAA) Tguaiugnannty

4. Tassnsflanmnsatiludieseiuunneifinsasthgsdnuwniernisiasuld

i gnunsatlldssgnaldiunuyseiudesosud wagndmnssuliiiusug esdeseonls
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a A v
LANE1INNYIVDY

2.1 uni

Tuuniagnandmguisne Afedestuuunmeiuandomesdauiihinlld
Usgneumsfinuuaziemiistostunisinuussansnmvosiunmed snsudlifilngld
i Taengnisléauresuunined nsatiudonlumaiuuunnedviadifulooaudld
dwsusosudliih, Bnisussendmiieseiniafinturesnnuglai (incremental Capacity

Analysis Applied, ICAA)

Rl

s -cl“-llllll!'!!"llﬂl? LN ] ‘

Ul 2.1 m3nauuamedviindiieslessuy (Lithium-ion) Tusaesluii

LuUaLAe3 L 1weasasudlii (Electric Vehicle) fivasuszian uid iy
wunmeslnliidifieslessu (Lithium-ion battery) iuuumno3filitusgraunsnanslutagiu
desrniaudunnsgiugdunislindanuuasiiimdnun vildmmngdmsuldlunisdu
sopudlulfiniideanisimiiniuuasusaduliiings AdwyddesdUsznouldflavewmin 1wy
noias vilianunsoldauldegsuasnsds uazfiongnsldauiiuiuniuunneddu el
ansnsndszmdandsnldunndetuniniy engnisldaufenumn Wesmnnsiausvaisdu
yosuUALed auiliuunneidiiulooouiiusy qliiiniiginia uasAudsealwildunu (Low
Discharge) niuumnetiaiuaisdudug fedsissansamluFesvasnismsafigenis, Tewld

Y PN s Yy & a a S a a A
U, Ivi‘waﬂﬂmq&, AN LLagﬂﬂisﬂvLﬂLi'Jﬁ'Ju‘lJiSﬂ@‘U‘U@Qﬁ'W!aWlEJﬂJuuuL"ﬁaé‘lWﬂqLﬂll V]Ej\‘i')']l,‘?jaa

nlangduq Wuanmg bivuaweidussdulninngainiuumneivindug wuamed duiey



leoau Fananeduduinidevesyundsnundanuatosian dodundslundsnumadaniias
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NN UINGIUamalaeg1liuseanian Wuaduis wunwesaieulossuty il

AU NaUNTUSUATIUADSITUIIR LU VBIMAD, NIA, WazAEM F9aLN5aTUUT TS 09994

a a

ANuUaansiEfoNY ka3 INFNLANINNTIMUANBTLULBLY UoNINKUALWES Atiuulosau
ssifutunitvesnmsimuiuasinidandsanulugaamn ssusosududs dadulinsresssud
Tnglanizegedsluaniunisallandsandyiunnzlandou nsidenuunneialsnlessuun

Duunundnlusundsnuliihvessoswd feldindumadeninsneyseleviliagnsgan

o o - . o o d d =]
ANUAUWUSZ1UI SOH Al AU Ihmalunuaiaasmulaau
100 2
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96 -

SOH (%)

%4 ¥ d
92 e

% -

88

14 145 15 155 16 165 17 175 18
AQestimation (Ah)

JUN 2.2 n519uans SoH Faazanaannuauglniiiveswunmes

wummodafiodlossulusasudlnih Wesldsuluszuzamienn SOH ves
LUALABI T BfiAe State of Health §99¥anAINILAILIYDILUALABS TeduTLSAunslHay
S08UA b1 mmgﬂﬁ 2.2 N15UT¥UUAT SOH ﬁgﬂéfamazLL@Ju&]’ﬁaLﬂuﬁaﬁﬁﬁﬁ’@ Wafiaz
annsolUldlmiAnUselevdaslUTuewan 91519 sun1sUssuasseznailunisiasuy
LUmLe3, TuMsUTEINTIAanaesvassasudliiluewnan, srunisussiusasudluii was

Tusgwiamsldaudunaiuiu miuquazidslnveuuninedafioloosuy
(Li-ion) azanasiiaztion deifu ANUFIAEIAUANTIZAUAMUBILUALMES (State of Heath, SOH)
ﬁqﬁmmﬁwﬁmaﬂwaﬁaiunwai%&wua?q WulRganunsaveasasun i (Electric Vehicle, EV)
dielvulaladansyhauiivasnfouasiiedels Tusdiutermuaveiounainduiinansdoy

Y Y

= o = v A ) a A v o
LNEYINU SOH %Qﬁqmqiﬂiguﬂay’awLﬂEJ'J‘U@Qﬂ‘Uﬂ’J']@J"Q‘U@QLL‘U@]Lm@iﬂiaﬂ'ﬂumqquumaqLL‘UWLG]@?
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1% = a v o % 1Y ax = = ° a4 A ax
Nnoyaiiadl iliinisauadl uagnIsnsivingaunzduaiesile 38013
| Yo v = Y v s ada = ° YA ax %
#1199 uUszgndldivteyamslannguisasudlni Bndeniaziunldfe 8nsussend
=

m'ﬁ"?Lﬂiflzﬁm'ﬁLﬁu%maqmmqﬂw% (Incremental Capacity Analysis Applied, ICAA) 34,8133

aa a o

en' al' = v < Yo v A o %% =) ~ v
WLWN']%@NV]@@ LuENW’JEJL'IJu’)ﬁmaquqiﬂuquqﬂﬁzﬂﬂmﬂ%ﬂUﬂ@%a WWWIM@EJi%%@%aV]Li’]@JQ']ﬂQ

aaaa Y a

¥159508uURW, 1 WUAsATATed1989T95uTA LT Re

2.2 NuvaUAmaIYngLEY [7]
wusaa3aiseulaaau (Lithium-lon Battery) {WuLUAMBITLAGENKATAIINY
89 BegniauaruAaiugulilugisingiinisalundu U 1973 Iag Stanley Whittingham lugiug

wialulagnadsnunldldidewmas dslutiausn ol Titanium Disulphide JanfianunsauiudBey

loseuliluszauluanadutanlunisndadanalnavesuunnesaiBon mugun 2.3

LITHIUM ION

®

ELECTRON

ELECTROLYTE
ANODE

METALLIC BARRIER
LITHIUM ® Johan Jarnestad/The Royal Swedish Academy of Sciences

JUN 2.3 Uuaninsivsvgaivienlesauluiunneisiindivieulasouiiualnaviiuiain

Titanium Disulphide

NgUN 2.3 Muelundiudiuelun #dnan Metallic Lithium Feaursalasedianasoulauin

Aaa o

Iolunummesnddnaninlunisiauisesends egelsiniu Tugiediu uwunwesdifieuszidala

~ °

9 JliananeNazun gy waskannsehaluialaiies 2 Thadvinty
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A1 John Goodenough MvauyAgIudn MniUdeuuld Metal Oxide wnu
Metal Sulphide wumina3 aiisuasdusednsnmguiniu wasdaunlud 1980 laansanisly

Cobalt Oxide sdvtudGanlooouunsy Fsamnsandnnszualuinlauinniudubs 2 w

® 4V

R g -

ELECTRON

-~ COBALT OXIDE

®Johan Jarnestad/The Royal Swedish Academy of Sciences

JUN 2.4 sUuaninisiuseqdiienlessuluiunnesyindiieulessuiualnariiunain

Cobalt Oxide

ntulul 1985 Akira Yoshino laldualnawes John B. Goodenough Hu
& a da a ) a o v Ao
wuglunsudsauunnesdiiedlessusangnain wasideuunld Petroleumn Coke Taniidl
AauandRad1Y Cobalt Oxide unuiidivisnludauelun IluwunneidiSaulosautminun

s v " v & I3 ~ 9] = Y
3aldanninfesnss wasdusuuuuiignldaudslagiu
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LITHIUM ION

®

ELECTRON

PETROLEUM COKE

@ Johan Jarnestad/The Royal Swedish Academy of Sciences

sUN 2.5 ;:;ULLammsLﬁ"uﬂixﬁ;ﬁLﬁamiaaauTuLLumLma"?éuﬁﬂaLﬁaulaaauﬁt,l,aimﬁwmmﬂ

Petroleum Coke wagib@lnavinuiann Cobalt Oxide

Juantiu aaudd 1991 Wuduun wuswesaseulesay lenanedudiulszneau

o

drAgyvaaniosldluiwazdidnnsednduuulsane wazgunsalnnmy tnsludiwsn wunnes
dvieuloosu gnldlugnaimnssunnis wareinimenudundn anguil 2.3, 2.4 uaz 2.5
LunwelaiieugnUseAvgIuN1INwadUsull (primary cel) Bauunnaivingaduguniee

A a dgy v &
LL‘UG’]LW@?%NWW%’ULL@’JWQ

2.3 FunvnUAnaIatigy (Types of Lithium Battery) [7]
UszLnynuievstavesiunmeiaisndy diulngisensianiuesaisznauasy
LAlve uanfifisenauesdUsznovreelunfeiiuiy gainaeuensliaiuisadiwunle

A9t 19AIATIER UL LU kAT Anws18az R ua ikdlanaudendakaz iUl Netiile

= wa

Aulaendy UssAnSnmgeanuarianaudfnsiniuudazussiannisidauvesgunsaivie

q

4 A O a da o =~ a Y] [
bATDNUBUUS) TUAVDILUALABDIALFSNU 6 VUAKAN® 1@LLﬂ



13

1. wummpsaisunaane (Lithium lon Phosphate : LFP)

\

gﬂﬁ 2.6 LUAADIABEAMEAINR (Lithium lon Phosphate : LFP)

LURLREIAS AN (Lithium lon Phosphate) 138 LiFePO, %38 LFP #3ais1
o199ziindulude LiPO weithusdenEenduit wusdll Wuuunwesaendildmluuay
THegunnitan Tiweammduualng Mnmilwdidunelun wunmeiaiBeuioalln Jseuengnisld
ufiv Tdreeddgmiuanudou dussansnndued Wi i susmesdsunoans 1

cell fimnusnsdndnsansenulnduseunm 3.2 Volt drdasnisiluldeadussuu 12 Volt a9

' '
aa o

wuseaunsuiy 4 cell agld 12.8 Volt ndumsmainviluuunmeidgeuvoawn ety
agunInaneiian saudslnauulyanead nszanusald 4 cell udrhunldunuiunimnesiuy

PENIsOLUU deep cycle 1@

LFP Specific energy
(capacity)
_,.»//\\‘\
Cost (—/” ' A0 \[ Specific power
Life span ™

Performance

JUT 2.7 sUuansUsgavsnnlunisvihnuvesuninesviindiiieylsesunean
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Yorruvasuunnasafisanaas (Lithium lon Phosphate : LFP)
e 01gmsldamunu Unfuduumneiatfiesmeaminiiongnsliau 2,000 cycles
13011NNN
o deep of discharge g4 Unfudruunmnedadieunoanad deep of discharge g9
Uszand 80% guile 100% dwiugnanunsielagldlsviliuunnedidene

o Unendouaznusiegamillegs

YofosvasuunmaIaiisunaswia (Lithium lon Phosphate : LFP)
. wunmedAdieueamaliA AUz lsige
o UszAnSnmaranaadeldenluiffigaugiion
. lzu'ﬂ'aaLmnﬂsﬁmuﬁ'ﬁmﬂsﬁmul,wmszLLaﬂsmmqa6] (high cranking
applications) Wuwzseaaaud dodes 2 419 Trauudsiliuunneiaifien
WoalalyAsswungldaud fnrsldanunuunszuanszsingsq Wy n1saniiv

= s
LATDIYUR

2. nuamasassulavaadeanlad (Lithium Cobalt Oxide : LCO)

sUfi 2.8 wusimesaisenlaueasieenlas (Lithium Cobalt Oxide : LCO)

wunmeiaifisulaveadeenlud vie LCO viefithusdouEonin wundienlesu (@sligndes
wntin iseiuuedifeslesududifining Amdsndndsiomedududideleow) fidn
WSIUT N (specific power) gauidn1d991uT 1N (specific power) #1 NaIReEINNTe
Pelnlduunieliliiugunsalfifulnigaldlaid Samnzuasildlunugunsaldidnnsednd
i Insdwistofio unuian Tinta ndesdnegy idesnsmdsiosqusiogliuiug nef uunine3

alsulavearoanten 1cell Dusssulnindssunas 3.7 Volt
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LiCoO, Specific energy
/ILCO (capacity)

Cost /\ Specific power

Lifespan~_ ) ~_“Safety

Performance

JUN 2.9 JUuansUszavannlunisviauvenuswesaseulaveadeenten (Lithium Cobalt
Oxide : LCO)

'
=1

Jonvaswunnosassulausadeanlas (Lithium Cobalt Oxide : LCO)

o dlAmaenudumezge asnsadelnlviugunsalnfulvmlaunu

Jadosvasuunmasaneulausadeanleud (Lithium Cobalt Oxide : LCO)

o Hegmsldeudu Uszana 500 - 1,000 cycles
o Jngiu lavead dsiAAoutneE

o nuanuiouldrdadlgmisesnnuenulaenduogneauais

o ldwngldauiugunsainiulngs

3. wunmesaieuuun1ideanlad (Lithium Manganese Oxide : LMO)

wunaesasnuandasentes (Lithium Manganese Oxide : LMO) %38 LMO
MdunauvessnAifisnusnidasenlediuualng Sresdusznovvessmameind ey
azadrsliiinlassadnanu 3 Jf vldnnslvavedlesousiu danudumunielusas iy
nszualdnniuuariidnsmusornudeuldunndusie msaunuLummes LMO (Uszanas a.a,
1981) Aosdumnudniainddglurnisuunmes deanuffanudumunislusadainia

&11150915UUULST (fast charge) LLazajwsmszLLaqﬂ (high discharge current) lg Lusmes LMO
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anunsannenseualata 20-30 A lnefirianuseuliduasnnle uduuns LMO AfiAIN154AY
waslades warergnsldnunlidlasniuntdn wumnesvia LMO fildau Tugunsaluseian

w3eailalFany (power tools) aunsaivnanIsunmd salviuazsalauiauiagu

LMO Specific energy
(capacity)
Cost” . Specific power
Lifespan'~. ~7_“safety
Performance

JUT 2.10 sUuanUszdnsamlunsiauvesuuame Itk igeantad (Lithium
Manganese Oxide : LMO)

Forruvasuunnadaifisuuasndseanlas (Lithium Manganese Oxide : LMO)
e U
o HAmdsunmzgniuuas LCO
e YUALANAT LCO

o denszudligs

JanagvasuunnaIatisuLusn1daoantan (Lithium Manganese Oxide : LMO)
o fgmsldauladu wWied 300-700 cycles Wi wagduNgAluUTIAUUAADT

ANYUNINUR
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4. wuamesaesuiifaunsnialaveadeanled ((Lithium Nikel
Manganese Cobalt Oxide : NMC)

U 2.1 saudlniih Ju Tesla Model S (2019)

wuaneiafiendifawnmddlaueadoanled we NMC denisifiadiia Ni §ad
AINUINEIIUTNINE (Specific Capacity ; Ah/kg) a1 whlUludruuseneuvesualng vl
LURALAES NMC ﬁmwﬁqmuaﬁmwwqq%{u maﬁiﬁﬁalﬁmaéﬁﬁmmGi']ﬁﬁ’ﬂéﬁ%@l,t,iqﬁulw%ﬁqqﬁq
Uszana 4 Volt/cell iaiiifeauuninedsiin NMC lulldfdunauvasuusnia sountnidedsled
duweniladnludieiumuaies naffewunaed NMC Simnuadisoswarldanulaluom
W33ruEa (high voltage applications) mMsUSuIBsudLnAaNSEINe Tiia uwuenila way
Tavean shlriAnvilngesuazamuantafiunnssiulas Ssnadugpuisvesinanusiayste 1wy u
NMC111 (@umasiviniu) §u NMCA42 Ju NMC622 3o Ju NM811 Tullagdununs NMC §
AnuReINgdlugramnIsussus EV Inseimiennauth daimdsnuge nenseudlige T
Hesan uwasnusisgauniilasunn dlelusaeudlimatesu W Tesla Model S, Nissan Leaf,
Chevrolet Volt, BMW i3



NMC Specific energy
(capacity)

Cost Specific power

Life span - Safety

Performance

JUN 2.12 gluansUseansanlunmsvinnuvesuuamesaiieudiiawusnidalaveadeanlen

(Lithium Nickel Manganese Cobalt Oxide : NMC)

Fauvaswuamosafisudifawusniiialaveadaanles (Lithium Nickel Manganese
Cobalt Oxide : NMC)

o AmANUIUNIZE

o @NUINBATEUELANIN

o 557

o Hegmsldauuu wazUasnsi

Jofo8vaunLNBILUAMBIAMaNTinawlntdlauaadiaantas (Lithium Nickel
Manganese Cobalt Oxide : NMC)

o usssulneeadain LCO dntios

5. wunmedaisudiialaveadegiiilouaanlad ((Lithium Nickel Cobalt
Aluminum Oxide : NCA)

wunmelasuiifalaueadegiiioneenlys vie NCA Snuaudinder
NMC Aawfiulnldinnuazdelnliu uilidadeferuanudasndedlinosguiodisyuy
aradneuasndvagnasaiaievuldlusa BV aufadagiiudl Tesla i dild

wum®l NCA $Tlugu Model 3 uag Model S Juusn (2012)

18
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NCA Specific energy
(capacity)
Cost R Specific power
Life span . " __/Safety
Performance

5UN 2.13 sUiansUszansnmlunisinuvesiunmeiaiieutiialavearegiilioteanlys
(Lithium Nickel Cobalt Aluminum Oxide : NCA)

Yoruunmesaiisuiiialavsadegiiieusanlad ((Lithium Nickel Cobalt Aluminum
Oxide : NCA)

o HAMEIUTUNIZES

o @undnensEHaAlAIN

o AN

o Tonsldauuiu

dafesuunnasaisatiialavaadegiilenaanten ((Lithium Nickel Cobalt Aluminum
Oxide : NCA)
o ANuUaRAiuiNINindy

] i?ﬂ’]@\?

6. wusatiadlnnue (Lithium Titanate : LTO)
wusmasaenlnnun 5o LTO Mldsunislunannnsiludiduaiiienlnniius
druualnalinadu LMO wie LMC nafeliuunina3fivig gnsadaniuunmedvindus) 91gnisld

UL wazliauUaenn sy wusdmeulnniun (LTO) 9191y saeud EV 13asTund by
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aeludszined Y uios vy sagud b1 Mitsubishi i-MIEV , Honda Fit EV, Tosa Electric
Concept Bus usnanigadilaluinissionisnisnms Inauulwansad sa EV @adensasa EV

UPS wp3aailedeans saulufisgunsniniseinie

LTO Specific energy
(capacity)

Specific power

“Safety

Performance

JUN 2.14 sUsanaszansamlunisinuvesunnesaiigulimiug

(Lithium Titanate : LTO)

Jonuwunmasaiieulnniug (Lithium Titanate : LTO)
o WU
o Yegauugiildanunnitwin

=

o Howmsldanuuiu

a

o mnuvaeniuuazanuaiiysaenan
Janoukunnasaisulnnius (Lithium Titanate : LTO)
o HAMANIUTUNIZAT WUSLADIIITVUIN G

e JNAGIUIN

2.4 M3dauszdrguunings [7]
LUAWBINALNNLALA wuAMaTRENINTA (Les Acid) uazkuninesaiiiuuloasu

(Lithium-ion) ansafinufisendeundulaninaundausegluiudnlugnasmasminnisldau
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Fefunummeitsanansntendsnulivaney adsmasnrenisldan aruddyueinissauszq
guunmedfide mainUjAseuunimedyisgiedeiluszaniam lnglddoliiAa A
FAoveanmsdauszaiiiiundiamseununned lunssnuszquuamodiu ndanuil 1518n
Usguinlaginnnimdsnuiisldfuoonmanuunned tudunseimdsmilunissn Useq
wualned drunidsazgamelulunumaes (osnnanudumunisluuunned uaznis
Anufisolaldmaudsusundanulilugndssoued wu mafaufaly wameingiinge
(Lead-Acid) yil¥iszavEnmuaanmsdndszaislaiie 100% fedumnaedosnislduummeiodig
WuUszangnmisindudesinisdadszgaudsaniugnisdalszynseualiiguiuia

(overcharge) ARan Uz Us¥UBILUALABINEAUTEY (state of charge) YaakUALABS INALAEIAU

q

[

100% lafanunsaslaiuunneiszgndauszawduiiaila n1ssalszyianuznssualnings

Y

¥ )

\ue (overcharge) ﬁu%v‘iﬂﬁﬁmwmauqzyLaﬂmmdwﬂﬂa suluGernusuitazifatiuan uled
wanmelununned uwifansafawililduuaneildegaiszansnm Jedesiinig auay
msdaUszanszualiigauiuiidn (overcharge) ez tosrunazmuaulallifnany dome
Tu n3dnUszadsussiulniineineldnavesgumgduazanudusnaninnissnuszq i
nszudliihrsiidndosifolunsdaussauuunssiulidinnad nsvudlnihdnuszgazaesnanad
Soiihganmenszudlwiiiguiuiida (Overcharge) Wonszudlwiinanas UjAzenazanasse ¥

WufaninTuwargamgiamnituunseualniagg

2.5 Uadviiinadanisdausaluda [7]

'
a

v = < (Y o b4 [ a a a
nsaUsyInanzaudunseuIun1senUseanasyilinisdnuse iU se Angamgean

' ]
=1 ] 14 v =

AU IRTUINRSaUsE RNz anddinnudAgitenasilmasnundadss lugaan

o

(%
(Y]

U Yedeiiduasionsdnuse il
1. F8n139nUse] (Charging method)
%mié’mﬂizqﬁuﬁuﬁuamwﬁLLUMLm@%'gﬂé’@ﬂixﬁﬂﬂﬂﬂﬁ’aaﬁummﬂizl,l,a"lﬁ/\lﬁwwiﬂ,m 1N

n3snUszgiuldruanssualuiiiunn axviilinarlunsdauszanasusonariilviuumme’

Houan ity
2. amuzmaé’wﬂizfg‘uaamemaé (State of charge : SOC)
anurlunsdauszgueauuamedifuidsdinnsdausyatuiirnumneaundelaly

nsdiuummeIdaiuegazlifinnumnzanlunsdaussy mrendanulunssauszglilignld

a

Tunswasusuidundsnuaiiviasdunnudougeyde
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3. gaungil (Temperature)

¥

Y
gaugiiinalun1sisauisenisdausealvintuy n1sdausyan

Nl
2
=

@)

e
Zo
)]
ee
)}
(el
an
ee
fa\})
=
and
ps}
o
=

a ! (% P a o
ﬂﬂ?ﬁﬂ?i@ﬂﬂi%%%@‘m%ﬂﬂﬁq

q

RELATIONSHIP BETWEEN TEMPERATURE

AND LIFE IN FLOATING OPERATION
‘o [ - . 1 LB L] 24 Y S
Floating Yoitage 2275V/cel
Discharge Current: 0.25CA
5 Life Determination Criteria: Capocity less than 50%
~— | ]
4
“ &
£ 3 \ <
o Ny )
e’ Y =N
=S o \
o
@
=1
3 N
05
0 10 20 30 40 S0 (*Q

Battery Temperature

JUN 2.15 sunTuanseuduiussenineamgiingluiunnesiarargnsldanureswunnes

2.6 Uszunnvaanmsaausegluii [7]

(%
a a

n3gnUszauuamesAsgitulegnaieds nann1suein1senuszaifenisane

9 U

¥ U

nszsalnidguunnesluiamainssiudmiunisaeusey nssauseussiulnihaanteuls
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(__DQ

U wandadinsdauszquuunssualiiasilde

[l

2T o a
s¥anfeMIgnAeUsEy Latun1sanuseq aamgd

1. M3davszashousssiulniiinsd

MsdnUszaeusafilnfiacivanefenssnusyqlnlilae didsdausaulaiin
oguden lidilsfenseualiivungdausz i Usinamenssudluiildsausgalineg
Juagiunnu dedndszninussdulniiedesdausegfuussiuluihiidauunned fauile
Sududausey i nszudlihaedenq isgeduuarazananiionumneiiianiuglunisda
U589909LUAAB3 (State of charge : SOC) 111nd 100 % il esanussiuluiAdauunimed
qﬁu 13eedauseadl Mlaesialuiieg 2 wuu Afe WU fast charge 9zdnUszRTusIRUg
nszualnifisauszaiges i nanfildnusygazisusdamndssienudsmevesunine’
vilsengnslderuanas 8n wuunl s@on138aUszauuy float charge Aan158AUTyYi
wsaulwihgeniussdulainiidn wummedidntes nasualwihdmiszqdias uifaeldinaly
nsdnUszaAeuitsunlunssn Uszquuu float charge fenldlunisdauszquuusaiilonmng
dnfugunsaiiilddsoslnneg wu ups Inanidu swduliihdideideidedidnetu Fafuiedinng
Uszgnalin1senuse Uy wsarulniasidldidunuy Dual step charging Aai3uusnazsn
UsEQUUU fast charge au tite uilvgaseuludssnalumssavssailonaruludoaniuglu
n38aUsEgUesUAADS (State of charge : SOC) 3ugetuflildsuseduussfuluiufunuy
float ilevil¥inssualniiianuy overcharge laiigsunnileBaongnislénuligsdu nadasey

WUU Dual step Charging agiluseanSaimgasnn

2. MIgAUTERUUNIE Al

msdnvszguuunszialiihaaiiuduisdadszaiimsiasuimldnuuiniige

a

@) aaa v 14 U av v & [ 1 v a [
NFREARVA! ’Jﬁwﬂuwawﬂmmmemaﬂmmimlumwamamqmﬂ%mum@mummai 1387

Uszguuunseualiihasnagihaulafiunisiesunsuiuvesadwunneifiliauna n15dndseq

'
S o 1% [

wuu nazwdliihesntudunisdadssgiviinissnwseavvesnssualniihddefanssualniings

9

' v
ad a = ! =<

\iu A (Overcharge) W3egaumiiiintu mussriulniiziiuvudle anuglulunneaady
Laz 9rgalueg nInisudanunmesidnganenszualiingaiui dn delulunisdalseq

sUkuY nszualiihaenisdesiinismuaunissndseansaliianseualniigaiuiin n1siden

'
a o w 1

szauves nszwdliindnusyyuudunisdadulaiidfyuinmsisazdimaluds angnisldau
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<

lneily &9 wusweiusiaseiinnaidndninvesnseualnihgeanildlunisdauseqey Tnevily
MeENEn Azfssvannszualniinlunsdauszagegal e ldlunisesnuuuvsedennseualuily

<

9nUseq MsldnuasaiunsinauunseuadaUseseauneLazuuunseualiidnuseaurane
[y} [y} 3 a < [ a (%} . = (Y] (%}

seAu Ty wuunangseAutusuLInAednUsEaniseduas (hish charge) 3e8nUszaseAuna

(medium charge) fou Wakunnasindaziiu Aazyniswasunszualiihdaussqiuwuuda

[y

Usz93zaus (low charge)

2.7 msldanuuunmeslimanzau 7]

1. ms3renseudaluin (Discharge) mw%nL?{mmif\haﬂizLLﬁiWﬁwquﬁu WAM
mnnsldruiuiidavesnunnodd wdwariilioguosuunneiduas szazduns 1
wunmeIenszuAlNTNUTEI 70-80% YBIANUUAAET 19U wUAWES 24 Taad Aag Hnns
Fansanenszualiiihfusedulainszanm 20.4 TaadvieUseana 85% YIAIUY LURLADT
Tngenuanunsolumsdnenszualiihdueg fuanmuosunined wwu uumaodil winazazon
inuanTatunsIensewalnialas

2. 113ABUTEURUUALADTS (Normal Charge) Arsszialaligumndveq
Sidninsladigaiiu 50 °C videiuidavosiuunmed fnngamgiigaiuly msan nszualmii
Tumssauszaitetestuldlvigungfivesosdidninslarastu wosdosmmaaou Wullailunis

AN UTILUALADIADILUUNTETU #aU20n90d VuzenUsEalWiiunennse TuUaNINS1Z919

q

g -

ylrAnUsznelndeazfusunsedetas

3. 1159 AUz LWL uUnsZe W (Equalizing Charge) L un158nUszqiae
nszualniigaAuiin dmiuuunneiuvunginsaiiierdanisazauvesansdan (SO) vy
wiius19UsE FuAnnUAsendamdu (Sulfation) MiedainanufAsewaililiauysel ves
wumsed mstin1ssnUszgliuuunsesu (Equalizing Charge) N 6 Woundevidsain 20 Asives
mMsdnUsygiteriuusesulnilviuwadneluunneiuszana 10%

4. nengmanidssnsiduunineInumnuiressauszqliodeatulally 1An
danmsmeUszaludniiigedeasyililummesidenss

5. Tun1sifvdnwianinuunimeddu ldmsfvluilg guvgigaiuly mse
qmmﬁﬁqﬁu%Li'aﬂﬁﬁ'%mt,ﬂﬁmalulﬁlaaausmLﬂﬁlauﬁhma%{u fanubwiaufiseuan Ju

wazdINaliogvahUnnaIaUR
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6. dmiununnaiwuvaien (Lithium) drdnduszdoufvuunines il
nannuleglulaldiu isauszqliiuszuna 40% vesrnuguasiumneswaiulily

MU

2.8 NSISEIUALADS IUTBUALWRAN [4]
NS ganummes lusnsud i uduls esidfyeg19unn nszazinase
Uszdnsnnvesszuuliihlusagudlih msiSesunmesgnaesaziglinszualniinlyanuy

wusaes Lo ufnUsEavEnm warlesiunisgadendinuveswunnes

%\ 5] !\:; 7 (4

JUT 2.16 anvaizvauunineslusagunliin

o, Ba.la Ba) LS

JUN 2.17 uunnesiisesiuegusiugurasiatisvessagudlni
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JUNDUNISESIILUALADS T UALNANLALA
:5 dl -dl 1 d‘ 1 = Ql G 1 = v
JUN 1 HSIVEDUANUALDIAVDILUALADS AZTDILUALNDIINT NSz audsanysnusaty wndla
YIANUFLDINNDU
o A & a = a o ' a v ¥
U 2 ATIEDUANAUYTURUALADI LAZATITADUIAT DB aumBLUALABT I NI BT
50 b

o o a g v ' o o 5
JUN 3 ATIVABUIUIALALTRAVDILUALIDINTY warnTIvaeumlninfindidieanainuunnes

(% '
v

JUN 4 UALADS MY DILUMLHDI MUSDEUR LALADIINLUANLALUIAL AU AUA LA UL

NAS)

a

YN 5 fed1elWanNwuALABS WInSINUTIUINkaTaUYa AT BIsunkas seuU b lusaeus

ee e

e 2

FUN 6 URENUDITDILUALADT ALUUNUILALATIVADU I UALADI LASUNTARAIDEN93TUAS

2.9 a@atvsasasualniln PEA Volta (PEA VOLTA Charging Station) [6]

Ut 2.18 arnsaanmsgiuis 3 3Uuuy Téun ACtype ($18), CCS Combo 2 Standard (nan)
e CHAdeMO Standard (v731) ¥8¢ PEA VOLTA Charging Station

PEA VOLTA Charging Station 1#uin15#iw15au1nsgiu 3 sUuuy Ae v15a
AC Type 2 (43 kW) $21153uut DC CHAdeMo (50 kW) uag CCS Combo 11 (50 kW) FaaTeie
an1il PEA VOLTA ilalviuintsmaemduniendn itosessumsiumeiaussne aseuaqui
Gunsaemile 16 artusen aziuan warny Tuoanideanie Tnedududnsaymaumunas dad

aniliusnisegngludineulve PEA

13 padauszqlif L uluy Multi-Standard (CHAdeMO, CCS Combo2, AC-

Type2) MMuINIFIUUILITR so95usneudlinnfanaindensewalniinuunsguglsuay
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JUu m3sauszaliiinedssnida (Quick Charge) TnanUszanal 20-30 unit dmdusagud
Iyl ftfsdhuyanalsitiiu 7 s Jdldszezmeszana 250 Alawnas defogsaaniunsasoens
uliihfiagnannddlulassuduiaznaniuaiodauszquuy Multi-Standard 50 kw Tnedy
wAnfaiuas ABB way Lafon wsenauluie 3 widnuseqlnih dail

- CHAdeMO Standard (50 kw)

- CCS Combo 2 Standard (50 kW)

- AC Connector T2 (43kW)

Aragnsanivnsasasudlninluusznalne

- mMslnfndaugiinnaiaiiu

maﬁm&iﬁﬁa@’mﬂaz@?)ﬁa ABB WUy Multi-Standard w11 50 W n1stufingau
plimaThiiu suavuesin sunevhiiu SwmiaussaruAsius Sy 1 1ses Geszneuly e
WdnUsEy 3 kuu lneindoulatdnewseiuauin 100 KVA, 22 400/230V Fvinng Aedaluailng

Tuaanilfiagsaitniu Feeder 91 6 vasandluldlniiiu 3

amidavrflnhiiiy

D
e S b
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- M3lnidaugiinnandoy
nsAnRaATessnUsEawe ABB WUU Multi-Standard wu1n 50 kw Ainasludh
@ linmandes duaaseis sunoinndos Swmiamesys 1 1a3es Fsusznevluse s
U589 3 LU lneindoulasdneusaquuunn 100 kVA, 22kV - 400/230V Fvhnnsinsalnal Taely
fiflazsioiiniyu Feeder 7 1 vosaniluliiuandos 1

ann

s

JUN 2.20 duvisinasaaninusyasagunliiives nna.iundes

- mM3lwidaugiinnasedn

nsfnsaAdassUszaBiie Lafon UL Multi-Standard 1 50 KW finslwdy
@ niinnsedn auunmaledu shuanasmile sneAaomAls Unus il $1udu 11384 B
Usznauluseg Wasausgaliindnnu 3 wuu lnedaied esdauszgagseidifunionasdne
WSILYWIR 100KVA, 22KV - 4007230V Taeluaniil azseidniu Feeder 1 4 apsaaniiluifiiung

v

us
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JUN 2.21 suvtsiinasannidauszasasudliiiives nnn.Sedn

2.10 woUWALATY PEA Volta (PEA Volta Application)

PEA VOLTA Platform 1y Digital Platform #1%$uusn159mn15 n156nUseq
ol PEA Wuntuiiosiueanuaganlifudldeusudlii sadssznouns annish
Usggliiuaguinisdug MAeades semnujuiufegduaiunisldousudlniilulssine
ne

Jagtulderusudlniinaiunsaldau PEA VOLTA Charging Station wazd1se
ArusnslatinuueUndindu PEA VOLTA feUsznaudiefitanisineg azain usuifieansuauyn

1389N15V5

- 35S ldunaUnaLAtY PEA Volta wialdarulunisunsasasud luin

o '
v A

JUN 1 AUlnankaUNALATY PEA Volta f9a1u150n1nanwasfnmaluswhnsy
1a91n App Store UUTEUU ios kag Google Play UuS¥UU Android LagAunIA1I1 “PEA
VOLTA” waznafnsdkandAtuuulnseng wiofnsakonamduisausosna aNnUuneL Lo wa-

v A a I
LRI G R
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Download on the

S App Store

GET IT ON

»'\ Google Play

5UN 2.22 fenslandmsuanlvanuendiady PEA Volta

o o a v a a =~ v & v
uil 2 ameileuldou lnensadnduamzidsuieldau andunsendoya
Weas i ¥dldeu wavsausutaimuauwaziiauly Mnduddwanyiinisamsideu Een

A v oa A A v oa Y I = Y] a I vy
EJUEJuaLiJaGU@ﬂf’]m LN@EJUEJUE]LiJaLLa'J%%a’]ﬂJ'ﬁﬂLﬂ']@jig‘U‘U LW@I‘UQ']ULL@UW@LQGUUVLW

| E.._‘.: w::.:g VOLTA a Ir\

-

e Jranadesiiow apsikcetan e vOUta

1578050 1505 )80 o luuavo
doufinwasmidousaatxisise

JUT 2.23 sUuanamthwanraanniduevdndu ($e) nthramegdeudldusng (hans)

Y 1 oa A A v oa
‘VIL!'WI'NEJLNaLW@Uuau@LNaT@QQm (v731)
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fuil 3 ududieldeu viinsedndu “WBudu” Auaudiuan mnduadnlud
Jer “Wudu” JeanunsafinduldlaenisiAutu dunisauny Thai QR Code H Internet
banking LdenyafINI15iFHaEY 200 / 500 / 1,000 UMM uAgNAFMRY S¥UUdasne QR Code
pagar MAenifinidu wazth QR Code TlUdhawsIusEUY internet banking vidsand1seHu

YUV internet banking udndsantuanunsadneeniuananae Tuleundinduiiauisaldanu

1

JUN 2.24 mihsihsuansnsifiniukaskantgantiuasvienaansaldnule (@e) nisauans

ASLEDNNITANRY (NA19) NTF9LEARNT OR Code @MSUTLUUNSHINERUAINSIANTEDN (U71)

Jun 4 w1saludNaand ndanduduluszuussusesna QR Code NkAU
AUA1S MaUNELNY QR Code NWANINLNLASBITISINANIRIIT N LS UAUNITVISD AINUUNA

EDNUTLLANTNITISD LagyiNINISNe “ISUNT53159”
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U L
oV

+0 9

-

- Y
o520,
g

JUN 2.25 Mt seuansunuifunsaves PEA Volta (§18) niiisinaitenis QR Code Muans

USaumthgv13a PEA Volta (na19) vthenaidenyuseunniusa (1)

LY

ounnariusys
PR TS P Ty e,

mporcoslioanmeerds

JUN 2.26 mihshsuanslviweuiivnsaiiniusaeudlii waslsuwsa (Fe) mihdsuanstoya
N1599 UAENITENENNITYIT MINABINTNEANTITIISA (Nane) mtsanansenlgdelunis

%159 (331)
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Tuvaurv1$a vuleUndintulzkanstoyan1svsa wazladainsvenlinady “vgn

N39159” SEULATaTUNaN1sYIsa wazAnldanelun1sunse uansiegun 2.26

2.11 msdauszauunAe3

Tussmienismsauunmeiuvasineln DC meuengmilldfununnes drau
VBILMAITIINTEUANS LT DUAD A ULHUTIAUNS DTN VB ILUALADI LAY T UINTB AT UME TN
Fousofuniuiuinviethaueuunnos

pouililosnunasdiglinszuansinieuendidnaseuazgniadnllutivin Ugfsernsanas

=

Aedulutivinununalvg Asearlunsdininisaelsequeawunwesuiisenisanadas

2 [
Y A

Aevuiiualng esnuiisenisanasilfagdavinazaudianaseusaznaugdaniugnauni

[
1Y |

P vy i o A A W a
dewunweslillagnuaeseanu lugtusiilutiuinveduwneas DC Aaltousieiuualnadiannsou
yosta i lazgnivgalaetiuanvesunasinenseiansy Wunaliinauiseesndindud
walnauas Taaualuaduantuzi (Welivaesuszgeenun) uiugiulaesiuvein1susa
WURALIBS

Tuseninamsdauszauunmessasualiiugsnussauuamesnuunnsiiiy
¥ 0O = o w d‘ (% v = ! ! s a a
rosAnidamageaniisaeudliihveasiaunsasuls dedwmasdarianlunisuiauarusednsam

VDILUALADIIAUATI TIUARAIAIFUN 2.27, 5UM 2.28 Uaz3uil 2.29

msdalsz il hidusaaua MG-zs daaasavaailszaauia 25 kw
20 412

80 411

70 =

_ 409
60 e

408
50 —

407

Voltage (V)

a0 —

30

Power (kW), Current (Ah), SOC (%)
\

20
—power -~ 404
current
10 —_soc 403

voltage
0 402
0 10 20 30 40 50 60 70 80
Time (min)

JUN 2.27 M3dadszauunnessaeunliiiugsnUseauunnesuuim 25 kw

Y 9



Power (kW), Current (Ah), SOC (%)

Power (kW), Current (Ah), SOC (%)

140

120

100

20

8

g

g

3

=
N
o

g

[}

asaalsza il hiidusaaue MG-zs saa3avaailszaauia 50 kw

——power
current
——S0C
——voltage
5 £ 710 715"7 3 2707 K ot 25 - 30 AN 35 40
Time (min)
JUN 2.28 N138nUszaRUAmeTsagudlnihiudsnusyauuamesuuin 50 kw
asanlszail irusaaue MG-zs arutaiavaailszaauna 120 kw
——power
current
——SoC
——voltage
5 10 15 20 25 30 35

3
u

U

=)
7

Time (min)

2.29 M3dauszguunmaIsaeudliihiuganussguunnasvun 120 kw

418

416

414
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410

406

404

402

400

415

415

414

414
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413
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411

34

Voltage (V)

Voltage (V)
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2.12 35n15infesazgunmvesuuninaiingld3snsiugasuin (Enhanced Coulombic

Counting Method for SoC and SoH Estimation Based on Coulombic Efficiency) [3]
2.12.1 umin
Uﬁzﬁm‘ﬁm‘wsﬂadLL‘UG}Lma‘%azamaaLﬁ'aiaumwﬁﬁl/mwizqLﬁwﬁu et SEUU

o w 1

ANSIANITHUALHIDT (BMS) F9LANUANAUADNISUTEUIUEDTULYDILUMNLADT DY NN AN LD

o

a a [

WinUszansainnisvihaues BMS Sedimsinausismsussanuaiiuiugidmivaniugves
wunmeiaBeulosou TeideiUisundnvesiinstugaeut (CCM) dmdumsusziiuaniugves
Useq (SoC) Redefamanavessndusiu Tumsuidymil Titnsliisussulningasde (0cv)
Fesnfouunned ostnaadusu luenasatull fimsiaueTiniafiudigasut (ECC) il
UFuUssmnuutiugweansusznan SoC iilesanengnislinuvesuunineilasnsvia/ae
Uszqeng wateads narlunisunda/misuszadsanasuazamnsodinuaduiaffuves
UsgAnsnmgaeudnld Weldaunisndanuiuuunined uanssnuzvesquaIm (SoH) @nsa
UszanalldmunaiUdsuulasesaruduniunely lufinuiiaue vinaiadunisnsa/
meUszludning k anusumunigly Ussavsninnasudn waslinsauinaugiasNadns
watuazgnldlu k + 1 50U AFn1sfiiaualdfunisnsiadeulnessuudniAundsuaun 3

Aladnd uaznan1svaaesUieumsvIzgninauemielssansnmvesiveanin

2.12.2 Fn1stiunasudn

¥1N153LA51esiToy an baunlagyinn1siieun 158 ausEa(na ) M 8aLdng

Y 9
v

<

Lunwmas s udliifin sanisiiiudusie 1 SoC wazviniswdennsiniiiguassuit 2.27 a1ntuly
ANUELTUEURINAIUNEALY MAsuwlatly ialieumA13aeasaun INUDLURLADST 31
ANNENTUTATUEN

AEestimation

, . _ AEestimation 0
SOH estimation po—— X 100% (1)

Tnedl AE Aomseandsnundeiiuaeuly
AE = E (wavlusevanan) — E (wdvluseul SOH e 100%) 2
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ANMUAMUSS:UIY SOC fn waveuiadavaailsaaralisalnilh

——Energy 1

Energy 3
Energy 4
——Energy 5

——Energy 7
——Energy 8
——Energy 9
——Energy 10

SOC (%)
"
4

——Energy 11
—+—Energy 12
Energy 13
Energy 14
Energy 15
—~—Energy 16
Energy 17
——Energy 18
——Energy 19
——Energy 20
——Energy std

30
0.000 5.000 10.000 15.000 20.000 25.000 30.000
Energy (kWh)

JUN 2.30 3UNTMuanIA13a8aYN1SN158AUTEAMNEINL) (State of Charge) 8ALINERUNLADT
soeudlnii

2.12.3 Yanuazdaidevasisnisiuaasuin

Huisimngdmiunmstuariesazuesnissalsyquunine’ (State of Charge)
desminnuszondldlunisinfesasaunimusauunae3 (State of Health) wuindidaanu
AanadouAsuinegs lesanmsifndmugrdevesnuunineiaiiivdlessy 91nszuUns

VT’W’YJ’]?,JLSUSUBQLLUG]LG]’EJ%

2.13 FEn13indovazgunnvessuuninassasudlnii Tagld35nnsiansasauya (2]

2.13.1 uni

wuniaedaisulooau (Liion) gnimldundulunisldauiinanvats n1s
Uszifluanuzaunn (SOH) vesuumiae3 Liion egsusiudriianuddyseridiulddiuide
Wae wazdenuddyesadwanisldausngg wu saeudlidi (Ev) WUUTIRBINRTAUY AN
Wil (EEC) 2-RC shldiflodransmsvihanvesuunine’ uwilildlfifiodunisidenannvesiwad
wumeddionatiiuly vauidliling 2-RC Wetufinnnsidenaninvsauuniae? Lion
wudaesiitiauetldlddutunanviniy uddsiunansenuvosgumgiidenisdenaninues
LummaIse FEmsfiviaueiivsuiud SOH Idoghauiuguazdsdauiavguananndmsy
wadenge Afasiadanaiu iaguiadnAoaduiuimialuma N-RC WileUseiiiu SOH vas
LUARes Inlisuiisuuuudiassiiaus (2-R0) fuuuudians 1-RC wazanuadwsidusiay

L analiiiuIuuTIass 2-RC fUszdnSnnainin 1-RC LazanfunuNISAIUINAIDE LN
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a

Tuvhueaifiedtu fu 2-RC fvssAvEnmAninees 3-RC wardduitgandr uenani isdauans
Tt uumeiitaueanunsadulauninvesuumneilddnindmiumdsifivunnidnasmes
WYUINLANIZLIZD4 (LA 82t uaNnIg Arhenius) Ll alUTsulfisuiuuuInig 1-RC 4]
ToRnnannvesrndefindsansasgniaduanategisnn @nnda 60%) (RMSE) gnvheradenis

A@U RMSE @%su 2-RC Aa 52.4%

2.13.2 3501999

wneudiinausluna FEC wuulpunfiniivfunarduiinlauniinves SOH e
naWly wazannsavuensdesanmeunaesldethsndede Tumalisnidanluna
2-RC EEC filtusssulwiinngasida (0CV) Faduilsdduesanmuzysyy (SOC) Gaanunsaviluly

Tunrsuszanuels

SUN 2.31 2995A1YATDUALADT
2.13.3 Yonuazdoiferesisnsin
WlTUsrANTAmuazauwiuggannluianiA1Tosar U NUIUUALADT
1z ialaensiitavedLumnessaaualiil uwinduluisireuinsiunedissnnly

L ! & o I ¥ & a aa [ v Y v
ﬂ’ﬁ’]@LLG]ﬁ%ﬂi\‘i‘mLU‘UG]’ENQ@WU’JGUENLL‘UG]Lm@i‘ﬂ’]ﬂLL'UG]W]’e]iVIE]QﬂWEJiUiQEJUGﬂWﬁW Mmlraeaan

AugganUnsueiNInsIrinASosasaun NLUALAET
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2.14 38n153As1zvin1 st wvasauglui lusasudluia dausunisussunniosas
Q%ﬂﬂW‘IJaﬂLLumﬁla% (Incremental Capacity Analysis Solution on Electric Vehicles for

Battery State-of-Health Estimation) [1]

2.14.1 unin
113850151 wadwummaIkuy NMC Tolumaduwummasvad BMW i3 BV wasiaas
= A . av v ) LY Y] o 1 v &

WURLMBI KUY LMO Nltlu Nissan Leaf EVs Ailagninldaulduas ndaaniiunisidau gnae
wazuenTuadudmiuTsaelselan uananaguil 2.15

lugadwmsuuunmesaenanusznaumigigadiunneinlouseny 12 luga
dMSULUALRIDIVDI BMW i3 EV Toyaveaeaduunas uazkouluildseninanissowagnis

I3 a a Y | A a £ A o o ¢ < v

A18UTEUBALAARUALADS Lae?l C ADBNIIdINTBINTELATIARYUATIHURNS kAT AUPENTREY
Aog1aLA §158UAINY 63.0 Ah NSeUE 0.5-C Wiy 31.5 A
a111509 ALEANT NN M99 2.1 TNLERITBYaTDLUALNBS 1 Tuga Uas BMW i3 uag Nissan

Leaf EV

M19197 2.1 AT uanIdeyavetiunnes 1 luga ¥es BMW i3 Uag Nissan Leaf EV

Battery type NMC LMO
Nominal capacity 63 Ah 32.5 Ah
Maximum charging voltage 4.125V 4.150 vV
Minimum discharge voltage 3.000 V 2.500 V
Cut-off charging current 3.15A 1.63 A
(5% of 1-C)

Charge rate 0.5-C

Discharge rate 1.0-C

Temperature 25 °C
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M19197 2.2 ATNUARITAALUAWET NURUNANLALTEAU State of Charge (SoC) wANANAFY

Temperature / SoC 10% 50% 90%
7°C Cell 6
35 °C Cell 1
40 °C Cell 2
45 °C Cell 4 Cell 3 Cell 5

NNA1597 2.2 Tuusdagiieu agvinisnageuauveTaaLUnnaTLiazllga

waginAugueradingldeuluvenismsanasnisaelssgnaenanitdluiite 2.11.2 uag

2.11.3
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2.14.2 ﬂszmumimﬁmmﬁmﬂa (Data Processing)
FEn1sn1sUszendmsieszinsiinduvesnuglnfinlusosudluiients
U51104A1T08ATAUNINVDILUALADT MUTEAULLAR Uazsneus 1aehl IC (Incremental Capacity)

gnimualnduanuglii vieldduus g fmbedu weuddalus (Amp-hour, Ah)

3.4

2

3

Incremental Capacity [Ah/V]
8

Valley 1
1

(=}

34 35 36 3 3.8 3.9 4 41
Voltage [V]

JUN 2.32 nymluansanuglniiieuiuusatulninldlunsdaussalniiingiwaduunnes
NMC #aaaseunIsyIsana 17 e (Uw) waensmuaninsiiuduyesmnuglniiisnenis

WasukUaaksssulninaed Weuduwssuluiinaansaunisvnsane 17 wwau (@19)

Aeafuwssdulndn - v [V]

IC = —=— (3)

n1swWasunlasresussdulniiaedii Av = 40 mV lunnq9avesnisivfeundasen
wsasubiin waznisdsuwuatvesnaugliin aansadiuinlaain aunis @), e Ae
nszualniiluganisdalszgluiidrguunmes



41

1 .
9= Zz00 idt @)

é{’m%’umiﬁmmmLﬁ@mmiL‘U?{EJmLiJawmmmﬁﬂWﬂﬂﬁLﬁaﬂW mﬂgﬂﬁ' 2.22
(uw) axdildhagidsdiauduremnsmlisudas Fmavesmaasuuuasanuduludaed
avamnsathusaees Av Weidunsuandiifiuis auuandnszninemanugliingega
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i mrasdufionsreasBeafiuinludos 40 mv naneifiun1sUssissusuiinseninaisaes
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2.14.3 nsUszanAsogargunInvesunies lngldisnisussyndnis

AATEEMILTRraINglniin (ICA) Fnsaneniglunmassin NMC

wntd3s 1ICA lunsiansanseduwadaunsaldlunisiiatsannisusenuiasasaunInees
wuawe’ (SOH) lalasnisfiansananuumnsiisvesagenluguil 2.22 (@19) wazaunns (5) uag
dmnlunmsfinnsansefusaoudlliih amsaldnisimasifosazquamussuunined lae
finsananztaiinsdsudasmiuduresnsmenugifsuiuusesulnidldssning
mMsdauszq lasannsmuandisuivlugiedifinsidsuudaswesmnuduluguil 2.22 ()

warauns (6) Wieuwihiugaeidugisgeanluguin 2.22 @w)

AQ =V (4.00) — V(3.60) (5)
AQ =V (4.08) — V(3.60) 6)

dmSUAINLAAINNITNARDIVBIAIT08ATAUNINVBILUANDS (Estimated State of Health, SOH
Estimated) LLazﬂ'ﬂﬁwaﬂﬂ'ﬂ%’aaazsuaaqsumwmmwmma% (Actual State of Health, SOH

Actual) Famldunainnisuszanais PCC (Patial Discharge Capacity) snuaunisii (6) %ﬂﬂiﬂiﬂgj
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A15US2UNUAT SOH (SOH Estimatation) tannuaun1sa (7) kagaunsaniA1nIIuAaInLAaeu

993 SOH l@muaun1si (9)

AQestimation

SOH estimation = a2 < 100% )

SOH actual = “22% 5 100% (8)
max(4Q)

SOH error = (SOH estimation) — (SOH actual) 9)

NMC 63.0 Ah, SoH based on ICA, Capacity normalized to 41.49 Ah
110

T T T T T T T
(o) Actual o
100 L [+ ] Estimation ‘ ]
= o
- 90 L II!! -
o
%]
£
© 80 L -
g gure
S g' v
& L - Y i
<) o
73 o 8
60 1 | | | | 1 1
26 28 30 32 34 36 38 40 42

PCC [Ah]

gﬂﬁ 2.33 gﬂﬂiﬂwLLﬁﬂﬂﬁ’l%aEJazqﬁuﬂ’lW‘UmLLUG]LM@%I (SOH) \guriu PCC
(Partial Discharge Capacity)
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AQestimation lagldunAun1939In13 Incremental Capacity Analysis Applied on Electric
Vehicles for Battery State-of-Health Estimation @uduunannuiiaziundnedslunisnaaes
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5UN 3.5 n9LEAINITIAUTERUUAADIIABUAINAITY MG-ZS Aaedursavuin
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% % [ =3 Y1 al (%

MNNTING199Y Fzdunminlain nsinues Current (A) 38 AYIVBINTLUEIINAITON
Uszquediivwin 50 kW Nideudnensiluseaulsenusening 400 V 8s 410 V fdeluieanunse
maun1snvglilunismaaesvesrsegazaunInvasiunmas (Estimated State of Health, SOH

Estimated) lagaunis (10)

AQestimation = q(410V) — q(400V) (10)

I ¥ U [ LY ‘45
AQestimation A2 kANNTINTENIN nzualniin (A) AU useiu (V) Fagainnsivvesnseua

PlaTinsUAsUwUadURINTELE MUSTAULTIRUDIN 400 V TUResEAULsInU 410 V

ﬁnﬂﬂ’uﬁﬁmimﬂ'ﬁaaasqﬁumwsuaqmem’a’% (Estimated State of Health, SOH Estimated)

lgannaumMInamolul

__ AQestimation

SOHestimation - W X 100% (11)
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M16, M17, M18
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sldusasudlniiaingunsal OBD |l
filFangunsal OBD Il suuasasléad
1. Speed

2. Voltage

3. Current

4. Cell Max Volt

5. Cell Min Volt

6. Max-Min Volt

7. Battery Temp

8. SoC

9. M1, M2, M3, M4, M5, M6, M7, M8, M9, M10, M11, M12, M13, M14, M15,

10. DateStamp
11. TimeStamp
12. SoH

13. ODO
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Speed,Voltage,Current,Cell Max Volt,Cell Min Volt,Max-Min Volt,Battery Temp,SoC,M 1,M 2,M 3,M 4,M 5,M 6,M 7,M 8,M 9,M10,M11,M12,M13,M14,M15,M16,M17,M18,DateStamp, TimeStamp, SoH, 0DO =
0.0,408.5,0.025,3.788,3.772,0.016,30.0,59.0, -,3.777, 3.782,-,3.778, 3.784,-,-,3.774, 3.783,-,-,16:10:2022,09 9,91.41,98532 km
-0.01,408.5,0.0,3.788,3.771,0.017,30.0,59.0, -,3.777, 3.782,-,3.778, 3.784,-,-,3.774, 3.783,3.776, 3.784,-,16:10:2022,00:15:32
©.0,408.5,0.0,3.788,3.772,0.016,30.0,59.0,-,3.777, 3.782,-,3.778, 3.784,-,-,3.774, 3.783,3.776, 3.784,3.773, 3.787,16:10:2022,09:15:36
©0.0,408.5,0.0,3.788,3.772,0.016,30.0,59.0,3.780, 3.787,3.777, 3.782,3.779, 3.784,3.778, 3.784,-,-,3.774, 3.783,3.776, 3.784,3.773, 3.787,16:10:2022,09:15:39
-0.01,408.5,0.0,3.788,3.772,0.016,30.0,59.0,3.780, 3.787,3.777, 3.782,3.779, 3.784,3.778, 3.784,-,-,3.774, 3.783,3.776, 3.784,3.773, 3.787,16:10:2022,09:15:43
0.0,408.5,0 788,3.772,0.016,30.0,59.0,3.780, 3.787,3.777, 3.782,3.779, 3.784,3.778, 3.784,-,-,3.774, 3.784,3.776, 3.784,3.773, 3.787,16:10:2022,09:15:46
0.0,408.5,0.0,3.789,3.772,0.017,30.0,59.0,3.780, 3.787,3.777, 3.782,3.779, 3.784,3.778, 3.784,-,-,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:15:50
0.0,408.5,0.0,3.789,3.772,0.017,30.0,59.0,3.780, 3.787,3.777, 3.782,3.779, 3.784,3.778, 3.784,-,3.775, 3.784,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:15:53
©.0,408.5,-0.025,3.789,3.772,0.017,30.0,59.0,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.784,3.772, 3.789,3.775, 3.784,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:15:57

5

1

5

.0,3.
9,3, »
0,3 an
2 9.0,

©0.0,408.5,-0.025,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.784,3.772, 3.789,3.775, 3.784,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,00:16:00
©0.0,408.5,0.0,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:16:04
©0.0,408.5,-0.025,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.774, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,00:16:07
0.0,403.75,0.0,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.775, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:16:11
0.0,403.75,0.0,3.789,3.773,0.016,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.775, 3.784,3.777, 3.785,3.773, 3.788,16:10:2022,09:16:14
0.0,408.5,0.0,3.789,3.773,0.016,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.775, 3.784,3.777, 3.785,3.773, 3.788,16:10:2022,09:16:18
0.0,408.5,0.5,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.775, 3.784,3.777, 3.785,3.773, 3.788,16:10:2022,09:16:21
©0.0,408.5,0.55,3.789,3.772,0.017,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.775, 3.784,3.777, 3.784,3.773, 3.788,16:10:2022,09:16:25
0.0,409.75,-26.825,3.802,3.788,0.014,30.0,59.1,3.780, 3.788,3.777, 3.782,3.779, 3.784,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.802, 3.813,3.807, 3.814,3.809, 3.823,16:10:2022,09:16:28
0.0,413.5,-75.2,3.833,3.816,0.017,30.0,59.1,3.780, 3.788,3.822, 3.828,3.825, 3.831,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.802, 3.813,3.807, 3.814,3.809, 3.823,16:10:2022,00:16:31
©0.0,414.0,-74.7,3.838,3.82,0.018,30.0,59.2,3.831, 3.839,3.822, 3.828,3.825, 3.831,3.778, 3.785,3.772, 3.789,3.775, 3.784,3.825, 3.838,3.807, 3.814,3.809, 3.823,16:10:2022,089:16:35
-0.01,414.5,-75.55,3.842,3.824,0.018,30.0,59.2,3.831, 3.839,3.822, 3.828,3.825, 3.831,3.778, 3.785,3.823, 3.842,3.828, 3.836,3.827, 3.840,3.807, 3.814,3.809, 3.823,16:10:2022,00:16:38
0.0,414.75,-74.45,3.844,3.826,0.018,30.0,59.3,3.831, 3.839,3.822, 3.828,3.835, 3.841,3.778, 3.785,3.823, 3.842,3.828, 3.836,3.827, 3.840,3.807, 3.814,3.809, 3.823,16:10:2022,09:16:42
0.0,415.0,-75.325,3.848,3.829,0.019,30.0,59.3,3.840, 3.848,3.835, 3.841,3.835, 3.841,3.839, 3.845,3.823, 3.842,3.828, 3.836,3.827, 3.840,3.835, 3.844,3.809, 3.823,16:10:2022,09:16:46
0.0,415.25,-74.575,3.85,3.832,0.018,30.0,59.4,3.842, 3.850,3.837, 3.843,3.835, 3.841,3.839, 3.845,3.823, 3.842,3.836, 3.846,3.827, 3.840,3.838, 3.847,3.809, 3.823,16:10:2022,09.
0.0,415.5,-75.45,3.853,3.833,0.02,30.0,59.4,3.842, 3.850,3.837, 3.843,3.835, 3.841,3.839, 3.845,3.823, 3.842,3.836, 3.846,3.827, 3.840,3.841, 3.850,3.838, 3.854,1 2022,09:1
-0.01,415.75,-74.675,3.855,3.837,0.018,30.0,59.5,3.842, 3.850,3.837, 3.843,3.835, 3.841,3.844, 3.851,3.836, 3.855,3.841, 3.851,3.840, 3.852,3.842, 3.851,3.839, 3.855,16:10:2022,09:
©0.0,416.0,-74.375,3.857,3.838,0.019,30.0,59.5,3.842, 3.850,3.837, 3.843,3.847, 3.853,3.847, 3.853,3.836, 3.855,3.841, 3.851,3.840, 3.852,3.842, 3.851,3.839, 3.855,16:10:2022,09
0.0,416.25,-75.05,3.859,3.839,0.02,30.0,59.6,3.851, 3.858,3.837, 3.843,3.847, 3.853,3.848, 3.856,3.836, 3.855,3.841, 3.851,3.843, 3.857,3.842, 3.851,3.845, 3.861,16:10:2022,00:17:03
0.0,416.5,-74.9,3.861,3.841,0.02,30.0,59.6,3.851, 3.858,3.837, 3.843,3.847, 3.853,3.848, 3.856,3.843, 3.862,3.841, 3.851,3.843, 3.857,3.846, 3.857,3.845, 3.861,16:10:2022,09:17:07
©0.0,416.75,-75.625,3.863,3.842,0.021,30.0,59.7,3.851, 3.858,3.837, 3.843,3.847, 3.853,3.852, 3.860,3.843, 3.862,3.841, 3.851,3.847, 3.860,3.846, 3.857,3.845, 3.861,16:10:2022,09:17:10
0.0,416.75,-75.2,3.865,3.845,0.02,30.0,59.7,3.851, 3.858,3.837, 3.843,3.847, 3.853,3.852, 3.860,3.843, 3.862,3.841, 3.851,3.847, 3.860,3.846, 3.857,3.845, 3.861,16:10:2022,00:17:14
0.0,417.0,-75.425,3.867,3.846,0.021,30.0,59.8,3.851, 3.858,3.837, 3.843,3.857, 3.863,3.852, 3.860,3.843, 3.862,3.841, 3.851,3.847, 3.860,3.852, 3.862,3.845, 3.861,16:10:2022,09:1
0.0,417.0,-74.1,3.867,3.848,0.019,30.0,59.8,3.859, 3.867,3.854, 3.859,3.857, 3.863,3.857, 3.864,3.843, 3.862,3.841, 3.851,3.851, 3.865,3.852, 3.862,3.845, 3.861,16:
0.0,417.25,-74.125,3.87,3.848,0.022,30.0,59.9,3.860, 3.868,3.854, 3.859,3.857, 3.863,3.857, 3.864,3.843, 3.862,3.841, 3.851,3.851, 3.865,3.852, 3.862,3.845, 3.861,16:10:2022,09
0.0,417.5,-75.0,3.87,3.851,0.019,30.0,59.9,3.860, 3.868,3.854, 3.859,3.861, 3.867,3.860, 3.867,3.843, 3.862,3.841, 3.851,3.854, 3.869,3.852, 3.862,3.845, 3.861,16:10:2022,09:17:28
0.0,417.75,-74.5,3.873,3.852,0.021,30.0,60.0,3.860, 3.868,3.854, 3.859,3.861, 3.867,3.860, 3.868,3.843, 3.862,3.841, 3.851,3.854, 3.869,3.852, 3.862,3.845, 3.861,16:10:2022,00:17:32
0.0,417.75,-73.975,3.874,3.853,0.021,30.0,60.1,3.860, 3.868,3.854, 3.859,3.861, 3.867,3.863, 3.870,3.843, 3.862,3.858, 3.869,3.857, 3.872,3.852, 3.862,3.845, 3.861,16:10:2022,00:17:35
©0.0,418.0, -74.625,3.875,3.855,0.02,30.0,60.1,3.860, 3.868,3.862, 3.867,3.861, 3.867,3.863, 3.870,3.843, 3.862,3.858, 3.869,3.857, 3.872,3.852, 3.862,3.845, 3.861,16:10:2022,00:17:38
©.0,418.25,-74.575,3.877,3.855,0.022,31.0,60.2,3.860, 3.868,3.862, 3.867,3.861, 3.867,3.863, 3.870,3.843, 3.862,3.858, 3.869,3.857, 3.872,3.861, 3.872,3.845, 3.861,16:10:2022,00:17:42
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4.3.3 NTLAAIAILIUEINTAIANTAIATNKUAWDIIAL NS ¥UIUNTIoNS UTeend

mﬁLﬂiﬁzﬁmnﬁm%u%&mm@iﬂﬁﬂ (Incremental Capacity Analysis Applied, ICAA)

Root-Mean-Square-Error: 17.77 %, Max error: 17.4%
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WHAT IS OBD2?

OBD2 (OBD II) or On-board Diagnostic is a device used to scan the data of the
vehicle with OBD2 plugged in.

The OBD2 that we brought to review, this time belongs to the brand. ZUS, which
has the ability to connect to mobile via Bluetooth to send or display various
information of the car to the mobile screen in real-time, allowing us to check and
record data easily.
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@ Safety Center

1 Issue Detected

4515 Jun 29 200 21 34 Hems

Fuel System

Engine System

Intake Valve Control Solenodid Circuit

Exhaust Valve Control Sclenoid (

Ambient Air Temperature Sens:

HOW TO INSTALL OBD2

New Cars Nowadays, there is already an OBD2 port available, most of which are
hidden under the driver's side console (you have to dig it up). Its port looks like
this.
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Once we find it, we can plug in the OBD2. When | start the engine, The device is
ready to use.

But before we connect OBD2 to your phone, we have to install the app, which can
be downloaded from Google Play or App Store to install it for free. The app is
called ZUS - Free OBD2 Offer.
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ZUS APP

The first connection was also nothing difficult. After installing the app on your
phone, start the car. Open the app and pair your device. When entering the ZUS
app, in the upper left corner (car image). Once we press it, we can set various
functions here, such as selecting the model used, naming the connected car,
entering the car image, changing the units of measurement (miles, kilometers,
Fahrenheit, Celsius, etc.).

15:06 @B 3 BYULE80% 15:06 @ B3 BV UM880% @3 DY 4Es0%
& Settings & General
A Xyanyde Xemtex Unit > | Car Finder Unit
z ) Profile, Coupons & Orders z
Language Mileage Unit
Startup Screen Pressure Unit

Email & Notifications Temperature Unit

Xyanyde's Car

Unknown Unknown Unknown i App Backgroun: nfiguration > 5
o 7 pp Background Configuratio Speed Unit

Add Vehicle

General

Car Finder Settings
Mileage Log

Tire Safety Monitor

Backup Camera

Subscription & Redemption

Help & Support

The bottom bar uses features, which include the following options:

TIMELINE

All activities recorded with ZUS each time the car is started will appear on the
Timeline page in order of the most recent date, including the driving distance from
the start to the time of stopping, the parking location, the problem of the scanned
car (red letters).
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15090 & @O 3 O VY M 80% 15:090 @ BO 3 @YY M8 80%

Xyanyde's Car Xyanyde's Car

Yesterday Yesterday

(U Weekly Mileage

43.9 A Issue

O Car Finder

21:02 eheminage

(@) W ;\JLL'!"ILL

uIou

8

"W/ Chatchada Villa
witmgymiasi

@ Tips

Ban Thong Yod
iminton School &) w5
SOSOUUUGANNGU ¥

Friday, August 14
(U Mileage

U Mileage 35.8

2.4
A\ lssue

/N Issue

(= <

Timeline Timeline

CAR FINDER

On the Timeline page, there is information about the parking lot (Car Finder) after
the last shutdown. This information records the position of the vehicle before we
turn it off. If we press on it, we will see a screen that will tell us how far away we
are from where we are parked right now, which is useful. If you park your car in a
wide parking lot, you may be distracted by where you parked it, but if you park it
in a mall on several floors or under a building without a GPS signal, this
feature will not work.
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Xyanyde's Car . &  CarFinder

Yesterday

U Weekly Mileage

43.9

0 carvas |/ Nearby \|
/

21 02 18h 6min ¢ \ Within 15 m
57~

) ;éu"\ 18 hanon Bang Waek \ /
IUIDU \ /

b g

"““r, Chatchada Villa

V. widmdygiadn

ni5 &g? 51m|n agO

fU Mileage

2.4

A Issue
S

Timeline

DASHBOARD

Real-time display of vehicle information whether speed, engine speed, engine
temperature, or pressure on all 4 tires (additional equipment required)
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10:340 2 © BO 3@ Q%Y 4092%

Pro Dashboard

1\ \\ \" ¢
N

Dashboard

(]

The dashboard can also be broken down by swiping left to see how much
performance the engine has been driving for, how long it has stopped, how many
times the engine is fully accelerated, how many times the brakes are strong.



68

@BO¥@CULRTT%

EzzySaver Dashboard

00h00m 00m05s 00m00s

Dashboard

(]

Idling is a dormant car.
The last page shows other information that we can add ourselves if needed, such
as acceleration, speed, GPS positioning, vehicle battery level, etc.



15:39© @ BO3@ O U LA877% 15:390© @ DO 3 @Y ART77%

Tiles Dashboard &  Select Data

Acceleration Sen... & GPS Speed

0.99 1

&

Absolute Throttle Position B (%)
Acceleration Sensor (Total) (g)

& Coolant @ Ambient Air Temp...

o6 30

Acceleration Sensor (X axis) (g)

Acceleration Sensor (Y axis) (g)

Acceleration Sensor (Z axis) ()

Ambient Air Temperature (°C)

B OB

Battery Voltage via OBDII Port (V)

-
e
-

Commanded Evaporative Purge (%)

§

)

Commanded Throttle Actuator (%)

Control Module Voltage (V)

4
(Om'

Coolant (°C)

& |

Distance Traveled Since Codes Cleared ()

Distance Traveled with MIL on (KM)

<
Vi

Dashboard

2,

Engine Load (%)
() ()

MILEAGE

This page will provide information on all the routes we drive from the start of the
car to the engine stopping. We can see where you've been and what route you've
taken, how long you've been driving, and how long. You can also put the parking
fee / toll fee that must be paid on that trip in case you can browse later (if you are
afraid that someone will sneak to see where you have been, you can press
Remove to delete that trip.
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How it works
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Mileage (km)

Begin
End

Duration

Category/Purpose

Value Logged

Parking Fee

24

20:54 Aug 16 2020

21:00 Aug 16 2020

Unclassified >
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9:
. Tolls

Notes
Mileage

For the Save Path feature You must also open the app before leaving the car,
as it will not start automatically, and you must allow the app to access the location
at any time. Because sometimes driving for a long time and the app will close itself
on the way, causing it to not continue recording data.

SAFETY

This page is a compilation of problems that occur every time the car is started, and
the integrity of the vehicle is scanned. If there is a problem with the car, ared letter
will appear warning that there is something wrong with our car.
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@O 3 @YUME80%

Xyanyde's Car

Yesterday

I\ Issue

Friday, August 14

U Mileage
35.8

When you click on it, you will have information to see what the problem may be
caused by. For example, the car | was using had its engine lights on. This app will
tell you what could be the cause of this kind of fire. But those alerts use jargon
that, if you're not a technician, won't understand what they warn (and it's
also in English). In addition, there is an estimate of the repair cost or various
service fees of the problem that arises as well, but the service fee will be used by
the United States, so it is not useful to users of other countries.



15:28 BO3ODVULRT77%

& Issue Detail

/\ Issue

(7] Possible Causes

4} Possible Symptoms

D Description

SOS

15:28 @ BO3ODCULRT77%

& Issue Detail

7 Possible Solution

Repair Importance Level

Repair Difficulty Level

Clear Codes
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This page will use emergency services such as calling the police, calling an

ambulance, or calling a forklift. Therefore, it is not useful to users of other countries

as well.



WARNING

1550 © O c3@O VU LRT7%

S0S

$39.99 §79.99 (1 Year, u.S. Or

Learn More

© Precise GPS Location

13.806933 (13°48'25.0"N)
100.571956 (100°34'19.0°E)
323, Lat Phrao Road

Copy

) Emergency

Local Police Hospital Road Assist
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Plugging OBD2 into your car will always consume battery power, but it doesn't use

a lot. Using the car in everyday life is definitely not a problem. But if you have

business to go to another province or overseas. If you don't drive for a long

time (about 3-4 weeks), it is recommended to remove OBD2 first.
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SUMMARIZE

The OBD2 from Nonda ZUS that we reviewed this time is in the promotion range
for free from the full price of 60 dollars (about 1,900 baht), but we had to pay
about 280 baht for the delivery ourselves, so | ordered it to use it. The main
benefit of OBD2 from this ZUS is to scan the car's health to see if there is anything
wrong. In order for us to take it to the center or into the garage, the technician can
check the machine for safety, use it to record the route of each day, how far to
drive, how long it lasts, and also to observe your own driving habits. How many
times do we press the gas pedal hard and brake defectively, or if you want to use
your mobile phone as a cool dashboard screen?



MGZSEV

September 2019 - November 2021

42.5kWh* 220km 193 Wh/km

Useable Battery Real Range Efficiency
Real Range between 155 - 340 km
City - Cold Weather 230km City - Mild Weather 340 km
Highway - Cold Weather 155 km Highway - Mild Weather 195 km
Combined - Cold Weather 190 km Combined - Mild Weather 250 km

Indication of real-world range in several situations. Cold weather: 'worst-case' based on -10°C and use of heating. Mild weather: 'best-case’ based on
23°C and nouse of A/C. For "Highway' figures a constant speed of 110 km/h is assumed. The actual range will depend on speed, style of driving,
weather and route conditions:

Performance

Acceleration O - 100 km/h 8.2sec Total Power 105 kW (143 PS)
Top Speed 140 km/h Total Torque 353 Nm
Electric Range 220 km Drive

Front
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Battery

*

Nominal Capacity
Battery Type
Number of Cells

Architecture

Charging

Home / Destination
Charge Port

Port Location

Charge Power

Charge Time (0->220 km)

Charge Speed

Bidirectional Charging (V2X)

Vehicle-to-Load (V2L)
V2L Capability

Max. Output Power
Vehicle-to-Home (V2H)
V2H Capability AC
Max. Output Power
Vehicle-to-Grid (V2G)
V2G Capability AC

Max. Qutput Power

Energy Consumption

EVDB Real Range
Range

Vehicle Consumption
NEDC Ratings

Range

Rated Consumption
Vehicle Consumption
WLTP Ratings

Range

Rated Consumption

Vehicle Consumption

44.5 kWh
Lithium-ion
No Data
400V

Type 2

Front Side - Middle
6.6 kW AC

7h45m

29.km/h

Not Available
Not Available

Not Available
Not Available

Not Available
Not Available

220 km
193 Wh/km

335 km
No Data
127 Wh/km

263 km
186 Wh/km
162 Wh/km

Useable Capacity™
Cathode Material
Pack Configuration

Nominal Voltage

Fast Charging

Fastcharge Port

FC Port Location

Fastcharge Power (max)
Fastcharge Time (22->176 km)

Fastcharge Speed

Exterior Outlet(s)

Interior Outlet(s)

\/2H Capability DC

Max. Output Power

V2G Capability DC

Max. Qutput Power

CO2 Emissions

Vehicle Fuel Equivalent

CO2 Emissions
Rated Fuel Equivalent

Vehicle Fuel Equivalent

CO2 Emissions
Rated Fuel Equivalent

Vehicle Fuel Equivalent

42.5 kWh
NCM

No Data
No Data

CCs

Front Side - Middle
76 kW DC

35min

260 km/h

Not Available
Not Available

Not Available
Not Available

Not Available
Not Available

0g/km
2.21/100km

0 g/km
No Data
1.41/100km

0g/km
2.11/100km
1.81/100km

Rated = official figures as published by manufacturer. Rated consumption and fuel equivalency figures include charging losses.
Vehicle = calculated battery energy consumption used by the vehicle for propulsion and on-board systems.
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Real Energy Consumption

City - Cold Weather
Highway - Cold Weather
Combined - Cold Weather

185 Wh/km
274 Wh/km
224 Wh/km

City - Mild Weather
Highway - Mild Weather

Combined - Mild Weather

between 125 - 274 Wh/km

125 Wh/km
218 Wh/km
170 Wh/km

Indication of real-world energy use in several situations. Cold weather: ‘worst-case' based on -10°C and use of heating. Mild weather: 'best-case'
based on 23°C and no use of A/C. For 'Highway' figures a constant speed of 110 km/h is assumed. The energy use will depend on speed, style of
driving, climate and route conditions.

Safety (Euro NCAP)

Safety Rating
Adult Occupant
Child Occupant

Dimensions and Weight

Length

Width

Widthwith mirrors

Height

Wheelbase

Weight Unladen (EU)

Gross Vehicle Weight (GVWR)
Max. Payload

Miscellaneous

Seats
Isofix
Turning Circle

Platform

b 8.2 8 ¢ ¢
90%
85%

4314 mm
1809 mm
No Data
1644 mm
2585 mm
1566 kg
1966 kg
475kg

5 people
Yes, 2 seats
11.2m

No Data

Rating Year
Vulnerable Road Users

Safety Assist

Cargo Volume

Cargo Volume Max
Cargo Volume Frunk
Roof Load

Tow Hitch Possible
Towing Weight Unbraked
Towing Weight Braked
Vertical Load Max

Car Body

Segment

Roof Rails

EV Dedicated Platform

2019
64%
70%

448 L
No Data
No Data

75kg
No Data

Okg
Okg
No Data

SUvV

JB -Small
Yes

No Data

" = estimated value. Average energy consumption and range based on moderate drive style and climate. Real-life values may differ significantly. Pricing

information might not be actual for some regions. No rights can be derived from the information on this site.
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Home and Destination Charging (0 -> 100%)

Charging is possible by using a regular wall plug or a charging station. Public charging is always done through a charging
station. How fast the EV can charge depends on the charging station (EVSE) used and the maximum charging capacity of
the EV. The table below shows all possible options for charging the MG ZS EV. Each option shows how fast the battery can
be charged from empty to full.

Europe

Charging an EV in Europe differs by country. Some European countries primarily use 1-phase connections to the grid,
while other countries are almost exclusively using a 3-phase connection. The table below shows all possible ways the MG

ZS EV can be charged, but some modes of charging might not be widely available in certain countries.

Type 2 (Mennekes - IEC 62196)

Charging Point Max. Power Power Time Rate

Wall Plug (2.3 kW) 230V / 1x10A 2.3 kW 21h45m 10 km/h
1-phase 16A (3.7 kW) 230V/ 1x16A 37 kW 13h30m 16 km/h
1-phase 32A (7.4 kW) 230V / 1x29A 6.6 kW t 7h45m 28 km/h
3-phase 16A (11 kW) 230V / 1x16A 37kWt 13h30m 16 km/h
3-phase 32A (22 kW) 230V / 1x29A 6.6 kW t 7h45m 28 km/h

1 = Limited by on-board charger, vehicle cannot charge faster.

Fast Charging (10 -> 80%)

Rapid charging enables longer journeys by adding as much range as possible in the shortest amount of time. Charging
power will decrease significantly after 80% state-of-charge has been reached. A typical rapid charge therefore rarely
exceeds 80% SoC. The rapid charge rate of an EV depends on the charger used and the maximum charging power the EV

can handle. The table below shows all details for rapid charging the MG ZS EV.
Read more about rapid charging of the MG ZS EV on the Fastned website.

e Max. Power: maximum power provided by charge point
* Avg. Power: average power provided by charge point over a session from 10% to 80%
e Time: time needed to charge from 10% to 80%

* Rate: average charging speed over a session from 10% to 80%

Europe
Combined Charging System (CCS Combo 2)
Charging Point Max. Power Avg. Power Time Rate
CCS(50kw DC) 50 kW 45kW t 42 min 220km/h

CCS(175kw DC) 76 kW 53kW t 35 min 260 km/h
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~ 50 kW charger = 175/ 350 kW charger

Charging Power (kW)
g

\——~

ev-database.org
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Efficiency study of electric vehicle batteries Using the battery life indicator
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Abstract

The paper research is to study the health of lithium-ion batteries
inside electric vehicles. The objective is to predict the health of electric vehicle
batteries. and to study the behavior of electric vehicle charging that affects
electric vehicle battery health. By applying the method of increasing the
electric capacity inside the battery to analyze the parameters used in the
analysis are parameters from electric vehicle charging, including voltage,
current, and charging time. which from the study and analysis of experimental
results found that as the service life of electric vehicles increases the charge to

voltage ratio is reduced.

Keywords: Increasing in capacity, Battery health, Voltage, Current and

Charging time.
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The thesis research Is to study the heaith of Iithium-ion batteries

Inside electric vehicies. The objective Is fo pradict the heaith of

electric vehicle batieries. and to study the behavior of electric

vehicie charging that affects electric vehicie battery heaith. By

applying the method of increasing the electric capacity Inside the ’
battery to analyze The parameters used In the analysis are v =
parameters from electric vehicle charging, Including voltage, 4
current, and charging time. which from the study and analysls of : 7
experimental results found that As the senvice life of electric i
vehicies Increases The charge to voitage ratio Is reduced. which ’
can be used 35 an Indicator of the health of electric wehicie Ji!
batteries It was also found that charging at a lower voliage than Y 4
the rated voitage of the batiery tends o prolong battery life. e 4

Introduction ScH Extimats

In the recent years the study of battery performance Is an

Important issue for the development of batleries for electric

vehicies. The project to study the efficiency of electric vehicie

batteries using battery life Indicators. for estimation State of

Heaith (SOH) battery health percentage What percentage of our : d
electric vehicie battery health (State of Health (SOH)) Is [eft? This :
paper presents an estimation of the State of Health (SOH) battery

heaith percentage from electric vehicle charging data. without the

need for him to check the battery at the electric vehicie center By .

refying on techniques and technigues appled to analyze the

Increase of electric capacity (Incremental Capacity Analysis

Applied, ICAA) to estimate SOH values that are more accurate

and accurate. -
Conclusion

The parameters provided by the charging cabinet can be used to
analyze the health of the battery by evaluating the battery charge
and voltage. As the electric vehicle operating tme increases, the
internal capacity of the battery per voltage decreases. It is an

j  OSESSEE RS e G e mage (AN indication that the health of electnic wehide battenes is also

voitage (V). Look at the graph showing the change In the

minimum voitage level from 400 V fo the maximum voltage decreasing. It has also been found that the behavior of charging
level 410 V. electric vehicles with different charging cabinets can increase
battery ife.

AQ = q{410) - q{400)

- ' o - -
The actual SoH and the estimated SoH are obtained from References

A
soumh"o. = Quu—un- % 100%

max(AQ) ) [1] E. Schaltz, D. |. Stroe, K. Norregaard. L. S. Kofod and
- v A. Christensen, “Incremental Capacity Analysis Applied on
* The SoH enur value s obtained from Electric Vehicles for Battery State-of-Health Estimation”,

IEEE Transactions on Industry Applications, 2018.

[2] T. B. Reddy, Linden's handbook of batteries, 3™ ed.
New York: McGraw-Hill 2022.

SoHerror = SoHatimation — SOH uctun)
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