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Battery Characteristics
Series Prismatic cell
Chemical Systemn LCO
Nominal Voltage 36V
Capacity 1,350 mAh Typical

CVCC 4.2V max.(0.5 Cerate

Charging Condition (675mA), 50mA cut-off 25°C

CONSTANT CURRENT, 2.7V

Discharging Condition -
scharging cut-off 25°C

Dimensions (mm) G.6x 338 = 50

Approx. Weight 28(g)

E)b;j\ 1;)3@“@;;.«1\ )chz\am (e XK Prx ujtd\ Jal C.».aﬁ
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Ultra-fast Battery Charging And what are the implications(2012)

Isidor Buchmann, CEO & founder of Cadex Electronics Inc. :¢siald)
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Evaluation of Fast Charging Efficiency under Extreme Temperatures

Alexandre Lucas, Marcos Otura, Konstantinos 2 Gghalyl)

Pliakostathis, Marco Zanni and Harald Scholz (2018)
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CLIMATIC CHAMBER (-25°C, -15°C, 25°C, 40°C)

DC FAST
CHARGER

BATTERY

WALL SOCKET
bC Vft"tage.a_':f’ 125A, 400V, 50Hz
current acquisition BREAK OUT BOX

3 PHASES AC

||

YOKOGAWA WT1800
ALl gyl ) 48)pa Jalada (1Y) JSi)

tlardisall daypudl Cpalsill Ciliialge

daddiciall dag ) algdd) clinalga (Y-1) Jgaad

. Efficiency and Power Operating . .
Charger Electrical Parameters Factor (PF) Temperature Weight and Noise
400 Vac; 200500 Vdc; 20 to 44 kWdc; Not available R .
y ; ; 4 - 350 kg; <55 dB
= 20 to 43 kWac; Max 63 Aac/125 Ade PE: Not available 30°Cro+40°C g <
96%
B 400 Vac; 300 Arms; 120 kWdc; 63 kWac PE 099 —25°Cto+45°C 400 kg; 60 dB
400 Vac; 80 A; 55 kVA; 50 kWdc; Max 120 =929,
C A Standby Power: 100 W (w /o heater), PR N -ailabl —30°Cto +40°C 400 kg; <45 dB
1000 W : Not available
>93%
D 400 Vac; 73 Aac, 43 kVA; Max 120 Adc P 098 =25°C to +30°C 600 kg; <55 dB
400 Vac; 80 A; Standby Power: 250 W 96% R e
§ g - 350 kg; <60 dB
E {(w /o heater), 1000 W PF: Not available 0 7Cto307C &=
400 Vac; 87 A; 50 kW; Standby Power: 95% s s
’ iy ! - 350 kg; <55 dB
g 700 W (with heater) PE: N/A 30°Cto+45°C g <
400 Vac; 600-900 Vde;80 Aac; 90 Adc; >92% R o -
’ . ’ - 165 kg N/A
G 50 kWdc; 43 kWac; Max 125 Adc; 63 Aac PE-0.99 20°Cto+50°C 5 kgi N/
95%
Tapre . T e T -
H 400 Vac; 143Af§ckij\2%cf§:k“ de; Max 63 at nominal output Power =30 °*C to+45°C 445 kg; <55 dB

PF: =0.96
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Chargers Power Conversion Efﬁciency SoC Time mm:ss (SoC 12-80%) ERR

91% at 40.5 kW 25%

A 87% at 20.7 kW 80% 22:28 =t
92% at 48.9 kW 25%

N 87% at 15 kW 80% 2510 110
929% at 37.6 kW 25%

C 87% at 15.3 kW 80% 25:29 1.09

D 92% at 47.5 kW 25% _
93% at 20.9 kW 80% 19:47 108
92% at 46.3 kW 25%

E 93% at 16.2 kW 80% 24:08 108

c 90 % at 45.2 kW 25% 2539 "
89% at 17.2 kW 80% ' :

iilide phya cilaye aic 80% A 25%  (re leind A xd) e GhAa 8 el deUailYlg

: A Sl A e

o)
o O

w = u
o o

Deliverd Power (kW)

10 —
0 ] l l |
-25 -15 -5 5 15 25 35 45

Temperature (°C)
——A =B —&—C D —%—E —8—F G

il 5 il die 80% L) 25% (e Wad duad gy die clidaall B Aigiaal) deliuy) (V-1 ) Jeal

S S claad) b Lgiaall Aol i Y (25-45)C el e -
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Gl adali 28y 5a€ IS Claaall o Aiginall deUainl) amedis Lasdid) syall cilay die —Y
Lol &\}'j
sAuaidiall Sall cilayd die agdialll 3lsd A jae Aadai 06—V V)
Modeling of Ageing of Lithium-lon Battery at Low Temperatures (2014)

Department of Energy and Environment Division of Electric Power :&alil)

Engineering CHALMERS UNIVERSITY OF TECHNOLOGY

Laddiciall 3 A clialga (£-1) Jgaad)

A123 Cell Specifications

Manufacturer A123
Cell Type Round
Nominal Voltage [Volt/cell] 3.3
Peak Charge Voltage [V] 3.6-3.8
Nominal Capacity [Ah] 2.3
Cathode Material type LiFePO,
Anode Material Graphite
Electrolyte LiPFg in unspecified solution

53l Aalel adinall 7 35ailly

—\V\\

Rotm Ring R: RCT Zw

— AAA—— L @
— L f —

[ 9 ay

AN

5aal) Aadail dainall g dsalll (A—Y) S8
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Lithium-ion battery fast charging: A review (2019)

Anna Tomaszewska , Zhengyu Chu....and others : ) gialall
sl ) g aldl
@whall S -
Ll Ll e asfilll (e daghn (S5 tasfilll miai —
Sl BV -
) anll estind) G el (el g LS
DLl ey (Al 555 sy Game 535t (A 8aaall JisS Jseas (A i )la :CC-CV -
sl Gn A e
Jiall L Jemy il 58 Ly 245 Aot :CP-CV  »
Gl g laes 440 @)ls e ((MCC-CV) -
2 i :Pulse charging  «
Boost charging:CC-CV-CC-CV -

xia L :VCP -
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A. Tomaszewska et al. / eTransportation 1 (2019) 100011

a) CC-CV b) CP-CV c) MCC-CV
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7 # A
5% e N /
// \\\ // T \ Ve :{_\—\
/ / [ \
/ / \ / \
/ \\\ \\ \
R N N
S N N
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t t t
d) e) Boost Charging f) VCP
f —
A \,"‘f‘; /‘-t / — o
A —t /,// (,/;(\
e G 4
¥ = [/ \
/ I/ \
/ \——\\ "‘/ \‘\\
l \\ ﬁ] \\
\\ N —— Current
\ NG
e = Voltage
. ~
t t t

AQNA) apeall il il SLally i) Jaladia (4-1) Sl
Ssa A et o 0 da IV daphall 4 saad) jee e Jailas Ayl Jumdl of (s adg
Al Aan e 8y Gyt Jgeas (50 352 (330-400)
Al gl ) B daddiicial) ABNE oyl UGN (@il V-V Y-
Different fast charging methods and topologies for EV charging(2018)
slSlae o 5Ly Lgin Alially apud) cpmill dibide 35k ayl ABlie 25 Caall a &
:MATLAB
bl gl =)
<l g gl Y
Sl o) il —¢
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Ly 205 Alle Vgl e Al il sSa
Bl Aay ) AAISE iy gmidie deUain] Jale Galylly A 43,5l

Al Sl Byloaadl B i pead) ot LS (e BliSeaal) (gl A=Y o

LESSONS LEARNED ON EARLY ELECTRIC VEHICLE FAST-CHARGING
DEPLOYMENTS (2018)

Michael Nicholas and Dale Hall :Csialyd)

s allad) Jsa 3l e sl 8 oyl o) clilee (e Baliisall Gug )l e il S
PESCNESYINPRRGHIECIN| Fiyg S i | Jo/W'| PRPLN | Gt | P I KPSV Iy o o, G A PN W WO
AleSl ) Blsd e pysilly el Lindy ) i) Lingl €5 858,081 <) gl

sl (e 3aldiol) C_a\ld\ g - Ayl

Cagylall e ol AP il Bgad dae dpaxs cang 4ol ) el Glalid) oy i) ellia
(Gl A AleSl) hliad) g Jie S IS0 appad) il sigal 2ae 5045 Cany LS L2k
ahasi) ol Cua Al el bl 32U (re J1 (0 sSius appaall il 3 A gllaall 3230 (S
Gkl et b el o Bilally delially dagSall (Says 25 Qactll de g Juadl Cillanal)

Yoy uaaty dale 5yl g¥) eiad) asdadll 3lsd chdae 4-1 V-

Lithium-ion Batteries Part I1:General Overview and 2019 Update
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Ll yaaliall Coays asdfull) 3l Lol 5T Aaahll AT Y01 4 alal Cana ga sl 13a

Al payy AU AR asflll canad il sae ()l casfilll 3ok 530 LLAL L)

Dlsd A e Clatiall ayaai b AS)Laal Ja Ylad 5 QLAY il (e Shase

Cun e )3 Chates agdilll Hled Chare plel Gmm gm Anlie JEI Jsaall s - asill

ropal Cliialsas ol V) jeally 8l 486S, gl
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Characteristic LiCo0z2 (LCO) LiFePO4 (LFP) SLA NiCd NiMH
Nominal voltage per cell 307 2.5-3.61 2.025 1.225 1.225
Specific energy (Wh/kg) 175-200225 60-1102 30-40 35-8025.26 55-11023.27
Energy density (Wh/L) 400-8402 125-2501 50-9025.28 100-15025.2¢8 16026-42028
Cycle life (to 80% original 200-300

i igi
c: acity at 100; DOgD} 200+ 1000+ (up to 400 at 300-1000% 500-1000%

pacity ° 80% DOD)2¢
Calendar life (years) >52 >51 2-825 5-728 5-1028
Ambientg‘[emperature during 0-452 0-452 405025 0-2025 0402
charge (°C)
Ambient t ture duri
molent temperature Auring | o, go2 -30-602 -40-60% 20-70%5 20-65%
discharge (°C)
Self-discharge capacity loss R R R R 15-30% (conv.)
2-10%25 2-10% 4-8%325 15-20%25 ) N
per month 2% (advanced)3©
Yes, less than

Memory effect No2 No2 No25 Yes2s '

4 NiCd2s
Toxic metals None None Lead Cadmium None
Battery manggement Yes Yes No No No
system required

asill) 3lpd CAral a ) Gail) 8 cluladyly clbaadl) Y -1 -

Challenges and opportunities toward fast-charging of lithium-ion batteries (2020)

Wenlong Xie and others

tGgiabd)

) Qall dals e Aasll) cilulully padl et e Al il ol Al Gl 13 el

o) LT Chaan ) Al ol il y8aall alse ailiady (3laiy Lad Al Slal) aaly LS

27

) ) 8 saaall Slal) e g gl Jaluys sl



ol ol el silll 3 ) g ) jae el (e

Lles A Ll

(MATLAB SIMULINK) 4 aladtuls 3,300l dadais JLas) 11-))-)

BATTERY SIMULATION AND INVESTIGATION UTILIZING MATLAB
SIMULINK (2016)

Apal LIS o hal 4 o3y apall Gl ot Ba0a LA i Jalse oy Candl T3 b o
AU 3lSlae coai celld ) 8Ll 5 jaaall La) alii malins sa5 (MACCOR galiy alasinly il

. Matlab Simulink & axaiuall NPSATT oSa5 alas aladiuly deadiull 8)a00 d8Ual) o))

Blaaad) £ 1afs Baaal yas Ao Ayl gl S pall aypud) cadl) HET Y Y=1 Y-

Effects of Electric Vehicle Fast Charging on Battery Life and Vehicle
Performance (2015)

e A e il il cbaaally ded Al oY) @bl cigals duball sda & Gl €L S
Mgl Aaiadll 48,80 4y Cuagl Lee Ao Liae deyu Leie ol (i 235 Bl Alie Ul 450 eSiid
ST sl spag Bagly e all 0 Adlusdd Jid (550 DSyl Z3la) & cdag il oda e a2l e
Cilegane G s 4pliie 6yl Jiani o e 38 25 L el dagyae LSl Aailly 3304l da
O s oall o Ll i) s)ha Ao s Lgilaadle e ) cagydal) 8 cadlaa) Sl oSy o laay)
Ahall 3 LSl apand 8508 )i agpes ) ol 8 s SSY) Aaaa) 3l cilao
Al sl chlad) e jas o gl i) il Y F-1 -

Impact of Fast Charging on Life of EV Batteries (2015)

Jeremy Neubauer and others : ¢ gialyl)
il bl LY o gialdl ala
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Battery modeling and fast charging of EV (2010)
O Liaglei€s o 58500 apaaal) casds 4l el 5kl Lingd €5 sl (amay Gl 138 Jsliy
rhall 8 Aadall it i bl &5 L AleSl) ) 8 Gadaill 5 pdaal) dadaiy )
& Ghls Glad dadaill 3o i aypuall ol il yelii L cuhpaaall ASpabipall dadaill 3)fisal) Allad) dandas

ASaluall Y ally 3)ysiuadl )
Al Sl @) e Aaal taad) ) dasa 3lSlaag asaai V0= 1)

Design and simulation of a fast charging station for PHEV/EV batteries (2010)

G. Joos and M. de Freige, Jr. :&gialll

BlSlaall el L aileSl bl chaaal ayyudl i) dlee A bighal & Al Jleel) Caadl il
O @ cadlgl) LA (gl Alans A 8 k) (38 8y FES aatiny il £ jial) apenal)
Ll Glialsall Gava clid) ae 4383 13.25 8 SOC 95% ) 20% (e dundsedll PHEV 30
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( Research Methodology):4slsals ) zgia Y Y-

ey asfilll 3lsd Chane o agpal) i) i ALSie Al eha) Lo Gl Lagie daixd

e e ipaaall (e A iall dnad) e Sl daps p i) S (a8 Asula dakas ) o
AR ol a4 )R
gl ) ik i o
LAY (e e (e B3l sl 3l Bhe 2y
A VAN 8 el S il Jaadiy ke L Al g o
cernhll bl Al 8
cpd el gl adll s 8
A8 s e ppud) Gl Al 4
:(Thesis Parts) dagk¥) ciliga y¥—)

syl Auhall 5 Ladial) ()
bl duall (Y
Al chiadl g apkiduly e
Alen) il 8 deadiall cidaall g1l o Ajlie o
tdadis apped) ) Adale Aulyy e
el Gl bl Gl )

cJazmdY) Al Ly agped) ) iy Sk LY



31

ol ol el silll 3 ) g ) jae el (e

Ll Al Luldlae
Mgy 4)aall5 Al apys 3 deasid) GEHLY Ay e
15 A sl l8laag Andad (Y
lall dajy et e A e Aaa lual AU b)) 2 dall) prasi o

ee e apaadl e dejiall Al e slall dagn g i) S b Apgula dada o] @

yaadll
Aduladl A (¢

o3 i Ay Alel) GilSal b Aendiadl Bl o JBall gl el Ayl 1ds e

el ) Gl (e Cagadl) 8 4y,Ll)
C AN e e e LSl agfilll 3l BANe a5 @
AN S el i€ il Gty e L Bl gy @
cornhall ) Als b
cpd Gen el adll dlls 8
cd g pe aped) il Al 4w
- Aeadied) 5AN jec g daa Ao AGL) e eV b A e

- liagilly il L8l (0



32

ol ol el silll 3 ) g ) jae el (e

Lles A Ll

A0 A 1 AU Juadl



ol ol el silll 3 ) g ) jae el (e

Lles A Ll

:(Theorotical Study In Batteries)asitigsll cilaaall & 405 duf)s V- ¥
:(Battery Definition And Components)saall ciligSag ciymi V=V - Y

sSallyy Al peS Al ) Alasl) ALY Jagaty agly ShaaSseS paie Ll 4leSll sl sl

.(Reduction) ¢ Ls,Y!s (Oxidation)s syl cilels A (g
(Bindner,H.and others,2005): s 8 )axall (&

Aol sylall ) ase lig pSIY) Jais o (Positive Electrode)g,_x;y alad —)
Al Bylal) e g S i :(Negative Electrode) b udad —Y
Gl LIa1s 21530 Jh peansy Janss 1(Electrolyte)cul oS -

Llig A g )lesll g e e SLeS Jle :(Separator) Jualé — ¢

(Batteries Types) 4yl clisal) glgf Y—1-¥
tommlad ae s ) ale U GlAadl s

saaly 3yal aadins ll @ldadl a5 :Unrechargeable Batteries ¢aill ALl & c)dsal) =
Ngin sale) Sas cdaid

tlanly ) Sie JS5 Leayyiis isd iy :Rechargeable Batteries cadill AL\ cjhaaal) =
.Lead — Acid _aes — alia)ll Cij)ane =
Ni—Cd 5ol — Jlull pane =
Ni-MH (pagom — J<ull cilydae =
Li—ion agfdlll a)led Cihana =

Lead — Acid gaea — alayll cfdae Y —Y—1—¥
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( Lead — Acid Usage) gaes — gabadl cilda aladie) Y=V —Y—3 -

s UPS 3)udll g ladil axe Glaay Ay ASLO ASL) cYLaiY) anlia g o 8l 3]s
JSA) sy L(Black Out) alall g Usil dlla 3 oSl oy dyaan) aleSl) Al ol ilass

cabadl (e gl 1 S5 (V-Y)

b > o o)

L S

caLcium

(Paviov, D. 2011) jass —gala cipse (1-F) Jal)

Lead — Acid Batteries )oaws — pabayl) clias Jas fasag 48 Y-V -Y-1 ¥

( Components
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caaa—gabayl) aldae 4y (YY) Jexd

FRECR IV RG] b} k) o gal) il
2V oyl aes Pb =l sl
H,S0, 504 Pb0O, cata
light bulb
mga_ﬁve @ positive
terminal closed terminal
switch G)"—('_E) —

Sulfuric Acid (H5S0, ) in water

Lead Lead Oxide
(Pb) ®bO,)

(Kiehen,H.A.,2003) aes — gaball §AL dxdy (Y-Y) Jeid)
sagasall aliayll i ae g€l Jludl 3 53 smsall Adliad) gyl gl o lim s eatlad) qulallf e
50 IS iy dumge bl ) (el aihd Jsad Jelall s oo gy bl il mhaw e

(Kiehen,H.A.,2003) :delall cawa gyl alia)

Pb + S0;% — PbSO, + 2e~ (2-1)

Gl 13 o (bl sl re gimg el clisls €l @lisd e IS Jelin tungal) b)) Lo
rdelill LS sle (3 e e IS5 Canpall sl oy L) Galia)l Gsdl O ol i
(Kiehen,H.A.,2003)

PbO, + SO;%+ 4H' + 2e~ — PbSO, + 2H,O0. (2-2)
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.(Kiehen,H.A.,2003) 5 )3l aalal

(Lead — Acid Batteries Features) gaws — galbajd) GjAsa Gfjpa ¥-1-Y-1 -
(Bindner,H.and others,2005)
A 1Y) e Al layeus aladsl -
sasl dalall aae e My Alle gyl ki Chlis dadipe B e Jadil) Cagyk Jaad —Y
Gdla) dglea palic

csdilll 3))ed CilAae ae Ajlie dopydill Gee Balyy B AL -V

(Lead—Acid Batteries Cons) ga—a— galuall chds o clpl wo—V-¥-\-¥
(Bindner,H.and others,2005)
DY) el A Cgang Ale culeld alg ) a5 Overvoltage ol salyy I Leapes —)
dagale JS5 dand) (mlassl L a5 o)
ey Jis Lgiyad A8ES palessl —¥
SV s lae lagy i Slaie Byall day 0l ae oLl Aysepall e cOlelal) Aoy Y
el dlee g

: (Tubular Batteries) duss¥) pasa palayl) & hasa 1 -1 —Y—)-¥

i,k s « Tubular BatteryiussY) s )aadls Flat Plate Battery dalacal) Bl 30 G Gl
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ciliall 5300 5 pee JY1 sa5 530 b o) oa Consall (lailld nsall (adaill ppans

e e Lead Oxide jaliayll 2us) sale s atanee Calliadly congall (adail) (S5 dadardl)
o Aangal) QSN 0585 Al el 8 Ll callud Canga dalliia s d)sie CURBY ()6 aladl)
Al wilia & JaIa) (e Asal) 5a0l (Ao dagieal Callull Caladll iy Laiy sl OS

( Faddouli, A.and others, 2019) . s sl QUaaY! Jiai 2al s canlil Ly peans dulliie 44)) i
Lo S ) sold) JSES gl jspe e 4 daladl (e Dee Jsbl dus¥) clandl o
Aol sald) 5 Lai ¢ 81 dgalal) Andaall ilicall 5 )ane 56 S s syaaall Jiul ) Jagss milaall
(Faddouli, A.and others, 2019) .55} cuhaaall 8 Cangal) Cabadll dliaall ol e

s Sull JRAll LS

LYl SA (F-Y) ol

(Ni-Cd Batteries) agsils — Jsiill Cijdsa ¥-Y-1-¥

(Ni-Cd Batteries Components) agsaals — Jsuill chdaa Jas Jasag Aty Y—Y-Y—V—Y
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:(Ni-Cd
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(Kiehen,H.A.,2003): Jlul
NiooH + H,0 + e < Ni(OH), + OH‘(2_3)
el gy il (sl e L

Cd(OH), + 2e & Cd + 20H™ (24

Batteries ~ Features)agmsls — J—Sull G)As o @ffsa £-Y-Y—) ¥
(Kiehen,H.A.,2003)

il Adee ol sk ) gl s

jee o Jim Y Gread) gppdil) m

ol a0 ™

Byhall Lale Led e e @l Y de o lind (Ko ®
(Ni-Cd Batteries Cons)agsals — Jail) cdsa cludu 0—Y-Y—1-¥
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e S L any Guee g5t gpiill (e 834 aiey g3l Memory Effect 58120 51w
) edsas 3 Leindi 3alely 50% dans ) e e g o513 JEall Jases (ad cya B30
sl ana salyy () aas @lldy i L) dandl o 50% Lgtinss sl Cagas dsill o328
Vasebi, Gecl s ) gl o lgniays lgniles a3 Laa UaiDU Alledll 3olall 455K
.(A.and others, 2007)
el dgall (e pgrealsl) m
(Ni-MH Batteries) cuagui — JSill @hdsa ¥-¥-)-¥
:( Ni-MH Batteries Components)cpag st — Jill &jhaa Jas faa V—¥—Y—\—¥

Guan daimse apiilly adll Julee (e IS 8 agal Gl e G ) edleldl) )

( Nguyen, T. H.,2014): Jelal
Positive Electrode : Ni(OH), + OH™ =< NiOOH + H,0 + e~ (2-5)

teh diilly (el e e Sl Qladll e G Al edle

Nigative Electrode: M + H,0 + e~ © MH,;, + OH™ (2-6)

foa dopiilly ) cilee A Cansally bl Cadadl) e IS Je i)
Over all Reaction : Ni(OH), + M © NiOOH + MH,, (2-7)
M:Hydrogen—absorbing alloy ; H,,:absorbed hydrogen

(Ni-MH Batteries Features) ¢pagsis — JSill Gpase Gfjsa Y-¥-Y—) -

(psea) Aalis dlge o (gsias Y
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(Li-ion Batteries) agilll a)\gd chisa £-Y—V ¥
CNglas sae Cpa Wargy « VAV Gle b oaill ALGH e asfilll 3lsd cahand seds Jof S
Gaand casflll Garal LSl DY) ade s madi ol CYglaall (S8 (ol L6 Lelan s Loyl
Oleall ol e asdilll yiied el salel ALGN agflll 3)led i ~5ky 199) Lle Sony 4,5
&Ry ) 61 3.6 Vs Ala U Bkl gl o) WS palaal paes G (SlaiSs S 2ea ST dllayg
Oo e ae Alie Alle Led delaiul) AUS ey 2 Y1 Ni=Cd 5 Ni-MH chane (e e
<y Al ikl aaen 3 galy J<G asdilll 2l chane sl )l bl 2 g 1Y)

.(Vasebi, A.and others, 2007) 4ile<l clluadly 4 ganal) Cailgel) 8 ala
Li-ion Batteries ) as—filll 3lo—d ciiaa Jee faag Aiy¥—¢—-Y-1-¥

(Components

Gl e dnms el e gsieaally callull Caladll (e @l JED gl ke DA
o Baiall iy Y a5 ety clBa) apfilll (pe gsiaall Cinpal) cadail] (s Jin gebiall Jilall

casall bl oy Jeail oaslal Jeadl iy Gl Cabadl)
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(Kiehen,H.A.,2003): 2580l il € aush cihane ag asdilll 3lsd Gl

Charge
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R, =21 (3-28) |
Q rpball il bl
g PVC _WE 5 5
hA  hA
Jkg.K 35l de il 550 sl i C kg/m® s,aaal 46S : p

M® saadl pan V. W/MPK 31l JEE) Jalas 2
M? el 53l mdaw dalie: A
( BATTREY Specification Sheet ) :Aall ¢35
W =0.15[kg]  (3—30)
S ) gl e Taldie ] lglua 23 48 o dabs L

A=2(0.11x 0.06) + 2(0.11x 0.012) + 2(0.06 x 0.012) = 0.0173 [m°] (3-31)
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C =1007[J /kgC’],h=6W.m/C°] (3-32) (Chen, S. C.,2005)

t, =1455[sec] (3-33
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(DEATH,2009
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Qgar =Q, =10000[mAh] (3—-36)
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Vear =3xV, =3x3.7
=11.1V] (3-37)
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R, =3x R, =3%x20
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—60[mQ]  (3-38)

BAL Gad LAY Juagi 48,0 (A-Y) Joill

tigalac Y dadd)

QBAT max chll max 10000[mAh] (3 - 39)

t el el figs

Vonrun =3X Vg =3x4.35=13.05[V] (3-40)
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Abstract

One of the most important obstacles to batteries fast charging is the high temperature
resulting from the quick chemical reactions in batteries. This leads to a decrease in the
discharged capacity of the battery, and contributes to reducing its age(the number of
cycles before reaching 80% of the nominal capacity). It can also cause battery
explosion if its temperature rises significantly. Therefore, a mechanism must be found

to cool the battery to avoid these problems.

The results showed that fast charging led to an increase in the battery temperature. We
carefully considered the charging current to ensure that the battery temperature did not
reach a point that could damage the battery. Fast charging also significantly reduced
the battery age compared to normal charging. The results also showed that using two
fans for forced air cooling was better than natural water cooling when the lower half
of the battery was immersed in water. This cooling doubled the battery age during fast
charging compared to fast charging without cooling. Modeling results based on the
equivalent battery model showed a close match with experimental results in

calculating both temperature and battery age.
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