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Hochvolt-DC/DC-Wandler Ne ;erforn'_\ance

Battery Management System, BMS

80 Battery Modules

Cooling System

Inlet

Water Coolant

Ne performance

hungsprojekt

26 Battery Cells

Source: Manop Masomtob, Christoph Schaeper, Wei Zhou, Dirk Uwe Sauer, “Battery Pack Temperature Distribution
Simulation with COMSOL and MATLAB®” COMSOL Conference 2012 Milan Proceedings , October 2012, Milan, Italy
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E-Motorcycle

Aluminum body

Proven, reliable system
Up to 250km per charge —

__ Control panel
S

£ Battery packs
@esignLine Sl'l“ll”"
E-Bus E-Truck
Battery » Motor Differential Gear
Pack /" Controller Motor » . Gear | » Wheel
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Diesel Engine

© MTEC 2018 o
21 nuaguU 2561

Idasessuadulnii edrsuawasindiieiesenisaiuny

Generator

=)

Motor Controller

=)

Motor
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Wind G'ﬁuagiﬁu AURUILULYDI9INIA AIIULEIT0 ANFLUTERNBLITIFIUDINIA e
L A v oo 1
Resistance NUNNUINAVDITO Fp = S p VZ.Cp-A

4 v
U

Gravity Force | fupgiu 1ninsasindsdnminussyn wazaA1nnudy
Total / v .
| Fo=m-g-sinf
Resistance ! ;
\ Rolling . . .
| , Fuegiu Umiinsasiudahndnussyn wesmdulszavsusadonnuense
. Resistance o _ 0.cC
| UNUOUU Fr=m-g-cos 0:C.,

e o o o = = = = = = = = = = = = = = = = = - - - - - - - - - - - - - - - —————

Transmission

Resistance
Total Resistance

[ Y

Total Power =‘I:(\1+0.03) x (Fp+ Fg + E..)'x Velocity

mAa7n Driving Cycle

14
o U

* nnewe MasmiAndudaldlaatdfusades wavssuulnihludise sudssuuysuainiea
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A29814 Driving Cycle (Speed Profile)

Driving cycle standard ECE-15 A driving cycle in Bangkok
120 " Date: Sat, 22 Nov, 03 Time: 07:28 am - 07:48 am Average speed = 34.0 km'h
100 ' 'N
£ 80 '.‘; » k‘ m
E Max speed 53km/h ¥ .
3 -
& 40 FAEAN Y
20 / \ / \ "
/ \ / \ “"l 200 »ﬁl;‘ﬂ LRI 500 1000 ]‘()E 141
0 . .
0 0 100 160 200 fime, $
! On a weekday
Time, s
/ / I l / - Example of speed-time profiles collected from Sukhumvit Road.
H . o o 1 0 K X
Wind _ Rolling Driving Cycle Standard azlsialsds
. Gravity Forces . o P
Resistance Resistance AIMUYUYDINUAUY

Tumnauduase wldanunsald Driving Cycle Standard %38 Driving Cycle aanfilafinile vinn1seanuuusavaesild Wiaeannginssuvaen1sasnas wasnginssy
AUTUA wana1enuly AsdudidasnisuiAainasaulunastdau (szeznanisld) A25991 Driving cycle UaINUAUUIULN
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Ar9g1eN1siNULayaLazn13AIUIN Driving Cycle

Speed Altitude
50 \ / 240
45 210
Latitude - o
) . s % £
m) Longitude =) ATUIUN Speed waz Altitude =) £
E_; 20 L g 2
GPX-file http://www.gpsvisualizer.com/elevation 15 60
12 30
Velocity e

Distance (km)

vA309daLAUAT GPS

L /

Simulink $9@ Scilab ‘ %, 72)
Slope, (sin 6) = Y2~ W

’ Total Power Rl .;,c:yw \/((yz _y1)2+(x2_x1)2) (xl’ yl)

Total Power (W)
5

- t. Il mmm |.1 A M A JW“ LA B
" I lv "‘ I n’” ‘|” (U w Rl

m“m hh‘ || A .HIM L M\ |

(km)

Power requirement as a function of distance

0 5 10 15 20 25 30

! | Il o]

Distance (km)

Maximum Power (W)

YUINANUINAIU LT VB INNLUALABDS, Ah
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" Ussiankazsdnnuwaansdenuwuuaynsy (le v idaenis)

" Juugawaanagsetiukuureiu (Welvla Ah 1da9n13)

" urugaanmuanazanunsalindslniliuuuun@ (normal operation) wagiastuinvaedang (pulse
operation) lWUlUVULLTIATDY
& A4 ¢ - < & v v

" uiiaganunsaussas luga tiausenauiduuinle
o Qll di 9Jdglj dl o U

" Juulugaivanzay (Wen15eenkuU BMS kag M3 hinuiiagn1sungesne)

" Auseunienainlu (INUeYaUTEANSAINUBIYAd) warN1TIANITANNTEUTIRNAARYY (WWIBNTTEUY
AUTBULUUL heat sink #39N1358UILAILDINA UTOUBLLUAT)

" N1598NRUUNUNAIUTUNTANAY BMS

" Tnseussuarianiiaanluengg

mmm@%agmﬁwﬁumn Youtube
https://www.youtube.com/watch?v=60XVRvf-CoE&t=51s
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Lead-acid Battery NiMH battery Lithium-lon Batteries

m used mainly in hybrid vehicles
few different manufacturers
efficiency 70 — 80%

m huge number of installed
batteries worldwide, mature

many applications use lithium-ion
batteries today

technology high energy density
m many manufacturers . résUmé: statlonar'y use only for short
. o . discharging times
m efficiency 80 — 90% + good life time, robust, higher energy hi Gy ains
density than NiCd |g'h' costs, potential big

F - — low potential to reduce costs, bad eff|C|ency: 90-95%
B resume: low temperature and high

+ mature technology, safe temperature behavior résumé:

technology, cheap very good cycle lifetime

expensive, complex management

J

— lifetime, weight

picture:

=] Institute far
Powar Bleconics and
Electrical Drives

Prof. Uwe Dirk Sauer
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sunseiidenidu 18650

18 f9 YUAFURIUAUGNAI, mm

65 A AU, Mm
0 A8 JUnsanszUEN

SN
R\TI'I'IMGHEN

Prof. Uwe Dirk Sauer

© MTEC 2018

Round cell

Pouch-Bag cell

Prismatic cell

Experience in
consumer applications
18650 cell: high
energy density, low
costs

high intrinsic safety
because of internal
safety mechanism

housing relatively
expensive

cooling because of
shape difficult

high pack density

good cooling
possibility through
surface

connecting over
connecting lag: many
possibilities

low stiffness

leak tightness of foil
questionable

N
\ /\ \> J\\‘

robust, high rigidity

simple assembly and
connection

combination of
properties of round
cells and pouch-bag
cells

problem with inner
pressure of cells

cooling difficult
because of housing

./ \\ \\\

Tech Day 2018

www.mtec.or.th

21 NU8I8Y 2561

manopm@mtec.or.th



N bR L o=

© MTEC 2018
www.mtec.or.th

ANWULLLAZVUIAUDIBTULUR LT

N1IAUIUMIATNEIULAS AR b

review AauaNTRTRLUAAEY MSLdenuils
g‘dqun'ﬁﬁ}amiama‘IWﬂwmwumma’?i
STUUUTNITANINEsuLUALAeS sruuAUaonfuniana uagmaliii
sruUsTUIEATLSe ey

lonavesUszimnalnglunssanuiinuunines

21 NUBIEU 2561 manopm@mtec.or.th



4. sUsuunsivausenslniivasunLnes

— & Auto Part:
// 0 Parts
Tech Day 2018

sunuunsansen1elnii Tunsinaasnisniaaluniwiniu
1. Serial Connection 2. Module Section 3. Parallel/Serial Connection

Tdwadvun 20 Ah, 4 V Hwaduun 20 Ah, 4 V

[ |
-4 -1
Ok JORE JORE o ﬁ
\ ) O O \ ]
-4 -1
Tdwaguun 60 Ah, 4 V E (®) (®)
| ®
P = 60Ah x (4V x 2) = 480 Wh P = 20Ah x (4V x 2) x 3 = 480 Wh P = (20Ah x 3) x 4V x 2 = 480 Wh
- One BMS (Voltage balancing) - Serveral BMS per section - One BMS and one current sensor ﬁﬁ@ﬂ?ﬂﬂ?ﬁﬁ?\] éﬁ &
- One current sensor and one fuse - Serveral current sensors and fuses - Many fuses —
- Bigger battery cell - Easy management - More safety a

- Cheaper system

savurulanszue (A) sdeaunsulaussau (V)  maslwida W) : P = IV

© MTEC 2018
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vnly Li-lon Battey ABINI3 Battery Management System, BMS

rvw BMS alin13reaunsud MU Li-lon Battey Cells #a9l BMS Laue
A1999N1595 N ENNSULYRALUALADIFDBUNTY 4 1wad NULSIPUAIAALAAZIYARMINLAN 4.2 V

\@ @ @ @ Tuvagiiunsiuganensidluniswsa 16.8 V (CV mode) duliilavaneanuiussunnasey

I TUNNWad L INMSIERNaN NLAaslYad LazaaurarlssosLoNsEnIeadly
WiiuluneUfun vilranudunIursoussunnAsoukaasigad kv

duyd Ry 's;j\mfjﬂ R1 R, uag Ry @8 2 191 Vo =336V
o
[ usiagiwadasil dvioauns
Vi+V,+V;+V, =168V V1—336V =336V V3—336><2V
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ua271lu Lead Acid dquunnlifasnis Battery Management System, BMS

0 = a & 1 (Y] |9§ G I goj < ¥ e v v

e} fHe HpInkuUnmeInenINge auisavanUdeendsueendiinsavsaineniinsanataidulale winlile
| w8A1Nd 9EkfBIN1T BMS ins1sin3eaaynsudnuiuiing viasldwusmaiuuwis Nliauisassuiy
WasursofwAuALliY dinalitilonassiinle

_—
eposjoale onebau g

N5AAINUSEMTULUALADIAENINTAKUULN

air supply by the pump

flooded electrolyte

negative electrode vent positive electrode

oxygen evolution
Oy +4H +4e=2H,0 2H,0= 0, +4H* + 4e |0wer part

‘ o ——
Hp — — — ___/L; upper part
Iro: 10 ° Ele_ctrolyt_e
I middle part 1 recirculation
| //6“:\ L _’\\ LS j t_

migration of

NN LVIEL

H+ electrolyte

high acid density

gpréd couogor ban’ery Wlih
+2H,0 =

pLs it 4o acid stratification (lafornaniu #3eld Overcharge #3®

H,

I
|
|
|
|
|
| oxygen reduction
|
|
|
|
|
|

d dmiununmeifegiuiinedinisniuings
hydregen evolution  electrolyte

4H* + 4e-= 2H,

Overdischarge LUUTIUUE)

LUALABTAZNITLALTS 12 V 1an9aynsunalunaunIsnasll BMS wuiu Prof- Une Dirk Sauer mﬁELAMCHEN
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dofuazdaidasenitnisidunanunnainiinssuagaisousenugs vazniaelWinwinnu

Aagiia (W) : P = IV

19nse v o Y o $
YnTeuage (Wsenumn) Tousenuge (nzuenn)
Y _ ¥
Uof U9
- Uaeadudiausenuliiin DC lxifiu 60 v - gunsailismgnndn Weldiveueudliinvuianasavuin g
- gesnmsaanuluawuresgunsaiteeniy - Insgydendanuluanudeutdesnit Q = I2-R
- gunsalmde uags1Angn dmsu wewmes wasyndu
UDLABSUUIALEN
v = v =
Ualde Ualde
- dnsgydendanuduanudeuninnit Q = I2-R - gesmsaanuuawiuresgunsaiinnndt wasliliaudnialade
- sedldaunsal wazanslnvunalvginin viliuiniunees
R R IIRTRCIAY
feuldiuanusudliiiauiaan Wy sadnsenueud saanseu Heulgnuerueuliiivuialvg 1wy saddevuinnild wissavs

¢ ay <
sanaan LazsadaavuIaLan
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WALANTSUSZNOULLAZLYDUEARDNNNNE

LUUEAYIATID

LUUEARAAIS

http://www.made2hack.com/how-to-replace- https://chargedevs.com/features/a-closer-look-at-wire-bonding/
dead-nicd-cells-in-a-battery-pack/

Spot welding
Laser welding

© MTEC 2018
www.mtec.or.th
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N15ANWINTITNANTENUYBY Slot a1%3U Spot Welding

STEP of RUNNING OUTPUT

Step 1. Solid MechanicsModel
i

Deformation
Contact Pressure

1 1 1
i Ly :
1 1 1 1
1 1 1 1
1 h 1 1
1 . 1 1
:Contact Pressure : : : Tab Wlth S|Ot
I I i Tab with slot
: Step 2. Electrical Model! EZ) i Current distribution |
! r 1 ! !
H Current Distribution | : :
: to calculate heat : : : Fomsd t
: N N : "\ rit
! Step 3. Thermal Model ! E>: Temperature | Connecting tab without slot Connecting tab with slot Batte ry terminal X4
1 . . . .
UL S S i Electric current distribution
[ | L i
[y *+ =+ =

High

-

- Tab without slot

Low Battery terminal

Top view
Tab without slot
High
Ul " .. :
- e -
fa— i . i —
Low
http://sunstonewelders.com/applications/batteries/ Front view

%’agaLﬁ&llfl&lﬁ'attﬂiﬂ'lil,%a&ll,l,uu Spot Welding: M. Masomtob, R. Sukondhasingha, J. Becker, and D. U. Sauer, “Parametric Study of Spot Welding between Li-ion Battery Cells and Sheet Metal
Connectors”, Published in ENGINEERING JOURNAL Volume 21 Issue 7, DOI:10.4186/¢€j.2017.21.7.457
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Q/ = 3 o . . o & =
N199ALIYILLAANITINTEUBN(Cylindrical Cell) Nyy | dnowiovisuemiunings
D YUIAFUHAUONAYBTAEUUALA
. ms;‘]’mqqﬁevﬂgu 90° HUNBINUUY N133A9R B 60° L nungnldnavum (W x H)
I« > , ° s =
T o I w " N, | 3wuwaduusnesluwnu x
x ,
‘*.*.*.. Ny IULALUAADI UL v
*.*.* 90° connection 60° connection

100060 :
90000

<

LY
R . Ny 7' D
Space utilization of 90° connection = X 100 %
(N, -D)- (N, - D)
I
= — x 100 % = 78.5 % = Constant %0 -
4 Ny = 5, 60° Connection
85 -
X 3
_— , £ 80 - \ \
Space utilization of 60° connection o \
N.. - X, p2 ® 75 - N .
_ xy 4 = 90° Connection Ny =4, 60° Connection
= X 100 % 5
. =. — . 2 _ Ny =3, 60° C ti
(NX D+ 2) <D + (N, —1) (D 7 ) > g s | v onnection
@ 60 - Ny = 2, 60° Connection
. . o Institute far 55 T T T T T T T T T T T T T T
Derived by Manop Mas Omt?b and Prof. Uwe Dirk Sauer I@Eﬁ:ﬁi’éﬁii&“ 0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Source : Manop Masomtob s Dissertation R\NTHAACHEN Nx

nsiSeuiisunisldiunseninanisininaiieyy 90° uay 60°

© MTEC 2018
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n133nseawangenIun (Pouch-Bag Cell)

Change in size Change in capacity and tab direction
<7 I - N
> 4 ’ o
TR PR y é 2 I . > I »
~ = q -~ ] N
,,,,, R LR
’ =’%/ / — NANNANSNY

Cells are constructed by changing the size of the electrodes Maximized capacity through

as well as the number/capacity of stacked pouch batteries. changes in the cell design

Source : LG Chem Ltd.
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N15AALTYUTaALUUNIIAasY (Prismatic Cell)

Source : Bayerische Motoren Werke AG, BMW
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Tout |

===t

Sub Module 1
8 22P

Sub Module 2
22P

TB °

| =

Sub Module 14
22P

Sub Module 15
22P

®

Sub Module 16
T8 22P

CAN BUS
BMS Slave CAN BUS
Board 1 0 to Master
BMS
[}
11
i
[}
i
[}
i
11
i
11
11
11
11
i
12V

L3 iiaulaensduseauling

© MTEC 2018
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ain Switch
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Main Switch

\Y
H VI-Contactor
board
I = |_Pack Voltage
Module 1 s [ Pack Current
22P16S ' ' Contactor
i uiniuinin Drivers
Module 2 l l
22P16S Master BMS
P éol board
Module 3 0% T ]
22P16S N
1 Em}srgi‘ency:Swilch
Module 4 i-_i___:
22P16S 0 Start/ 'Ilup Switch
N 1
DC [====-- {ruse }----- T
DC N b= ! BATTERY 12 V

www.mtec.or.th
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A22819N15N19TULALLEAN T O

nsdif 1 semazda
1. nA Start/Stop Switch
2. Master BMS 11914

3. dsliluiBsavdadan1syieu Slave BMS

ey Board ?]Iug]

4. ATIVADUNITNINIUVBITZUU Sensor 719
LA TUZLUALADS

5. 1Un Main Contactor valuga

6. A3I9@UNANIINTTIaTBInsELaE b

7. Master BMS a539@0un1silaainduasluga

8. 1UA Pre-switch tkag Main Contactor é’wu%’j'gau
9. a5l Pre-switch Tuagfuruszques
Motor Drive Controller wag DC/DC 12 Voltage
10. 1Um Main Contactor 989 Pack

11. Un Pre-switch

© MTEC 2018 o
21 nuayU 2561

N3N 2 9912 Overload Va9 Pack (N5euavBY

Pack tnu)
1. Yam Main Contactor ¥84udin Main Contactor

Yaaluga hay Pre-switch iU

a

2. 58UU Cooling @198winausieduadiugamall

Y

wagyn Board dwinuegilouansaniuy

NsaUf 3 9912 Overload Va9 Module (nSewd

484 Module A1)

1. Yam Main Contactor vaslugaiiiinlaymiiiui
2. 3¥UU Monitoring §49awinueg

a

3. 3%UU Cooling 91vdwinusieTuediugaumgil

Y

wazyn Board favinguey

manopm@mtec.or.th

Tech Day 2018

NSAN 4 9992 Short curcuit %58 293508ly

Module w10

1. Uam Main Contactor “U?Jﬂuaa

2. 5¥UU Monitoring §4@aeinaueg wazdnadl
TWides Slave BMS masnvaan dield Master BMS
Sunsudgunives Module

nsain 5 asnazlnluadoauain @1y Module lua

11 Module 1fgn (USunaunseusgs)

1. Uam Main Contactor maﬂmaaﬁﬁiﬂluaé’au
2. 5¥UU Monitoring §eiawinnueg wazdnaadl
TWideq Slave BMS nasnanan Liloly Master BMS
Funsrulgymvas Module

3. 55U Cooling awé’qﬁ’muﬁiaﬁuagjﬁuﬂiym

www.mtec.or.th
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N15N197U4VB9 Switch Box

—————————— " ~ Pre-switch uwag Contactor {497au azWanau Wsldlwminnisnsywn

YoenTzudlnil Wesanivaienell Capacitor %39 Super Capacitor

9¢
U
F g N - #8900 Pre-switch wazdnseualnidrlvaaudiy wsediusuno
vehicle o
l nszualatesal 3991015100 Contactor Hav7u2nLazauA1el) Lay
o 11MN15UA Pre-switch

Switch Box

=S

N e performance

Master BMS Box

Current Sensor [

12V —— — contactors

Transistors CONT-Board I

(CAN) —— 1
Isowachter l*--——-———-f |

Switch Box

I'_"__"___-I

Contactor Board feu@nsidly Switch Box laavienaanain
Master BMS Box L@89dna1saa8nunIusesuy CAN Bus
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HANIENUYDIQUUNININAADHNTTOULLALDNENTT ITITUVIAYAALUALADT

200 ‘ , 25
e O A By e — 5
= 150 20 5
o 100% 10Y 5 : .
£ 100 < (| mond
9 10 E L .
g 5 = ;
o 3 :
0 O 014

-10 0 10 15 20 25 30 35 40 50 &
Temperature (degC) > & =

Battery capacity & life comparison both values seem to have different tendency. Capacity tends to increase at higher temp.

Jin contrast, battery life time is shortened.

Source: httpy//wvn tawaki-battery com/wp-content/uploads/20 16,/09/BatteryCaplife-heat jpg

N Ui ilgegavieausula 15 - 40°C
Criteria g - —
a9 lasanserinawadneausule 5°C
* AanianvessvuuszUnenmdeu e msfaviligugivesuunneinivadiigumgiilndidesiu el iusasiwadiongnsldnuiiivindu *
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AU5DUINNLLUALADS UaDIdIU

- 1NAINNITTUE IMAKIUANAIUNIUYEIIEA Q = I*R (Joule Heating)
- innannisasuulasaulnsy (Entropy Change )

Ohmic resistance

Diffusion resistance ')

resistance (mOhm)

Charge resistance

| .

— — j2 !
Tint = Tohm T Td T Tt Qjoule =UTint | F

-

-

*
Internal

500 3

420 408 396 384 372 360 348 336 324 312 300

Internal resistance > Ohmic loss | —— r Las I
eating aunsmInnNe Y Fopm A |
|
Chemical reaction causes Heat generation due to | I T
entropy change entropy change

Convection effect
at terminal surface

— The highest temp.

Y. Reynier et al. have found that Opened-circuit voltage
change per absolute temperature of LCO battery is
approximately Vo

mV v A
T 0.0086 a | Anusewilesan Entropy Change

Convection effect
L
at surface

AS _ i
QBattery = Qjoule + Qentropy aVO \\lVg= —TAS ﬁ :

| @319uuudnasendiaftansiioUssaun1sal
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52UUNLUARIN1s WAL IUN15T19U (Passive cooling system)

ARESERRREY

Pttt ottt 1
a B | t
Battery Pack

1| Battery Pack |1
+ I + |

nuulifiudussutgnINusau LUV LHUSEUNEAMNS DU
TglaanuwAniinisanenasldae
o &lsifpan1sinsessuussuieanudoy a1usavinlalaen1siinuSinamunnes elruunnesanisinglntesas
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Ay Y o . .
52UUNABINITNAIUTUNIIN19U (Active cooling system)

FTUUTLUIYAIINFOUAILNAANTSUIYDINA SEUUITTUIYAMUSOUAIYATUTZUIYAIUSOUSINNY
NAAUTSUIYDINA
PWM Temp.
Sensor T T

| I:l 3*::
— I N
—> [ Battery Pack

: I Battery Pack

Alr I .

Air Blower

N3Y9U : S2UUAEIT0INAIINANEUBNAITANNTEUIEAIUTOURBNIINUUALAET
e« syuutireutislimunsauiulveitiosnnaumgiivazanuunieusnineudnagd
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Ay Y o . .
52UUNABINITNAIUTUNIIN19U (Active cooling system)

FEUUTZUNYAMUSDUAYUINEDLEUINNNALDUN

Water Pump

Temp Sensor

PWM

Hot Water

Battery Pack

Cold Water

N15%197U ¢ seuvazlguidudIna19lun1s S UI8AINUS DUDENANLUALADS
ImﬁﬁauﬁaaﬂmﬂLLUG}L@@%‘%QﬂﬁﬂﬁLSu 1R8N1SAN8ANNNSEUINNMLBUN (Radiator)
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(1) Positive Busbar
(2) Upper Battery Holder

(3) LCO Battery Cells

(4) Negative Busbar
(5) Nickel Sheet

(6) Aluminum Anodizing Plate

(7) Cooling Channel

(8) ZBusbar

Positive Busbar BoItJ Positive Terminal

wiuaglitluaiignnsgunde (Anodizing)
TneAaaznanaluazglidionsanlan ALO,
(Aluminum Oxide) Tumaiws1din JanA1ans
waziuiladsunitazgliui (alumina)

Negative Terminal fo Negative Busbar 18650 Battery Cell o—]
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Ay Y o . .
52UUNABINITNAIUTUNIIN19U (Active cooling system)

**5uUUILUIYAMUSDUT NI UADIFDE1STU BMS 28 CAN Bus Lafiiiu**

CAN bus shield Arduino Uno

% v gol 1 < Battery Temperature
TUUITUNYAIUIDUAIYUTINR LU —
y 3 2 B
VINRUDUN gugumniiannany CAN BUS
Temperature Controller | ______ Temperature L ,
(P-Controller Block) | Sensor =L 0T || .
i / PWM Signal Drive Board

12V

"o <IN %@ |’
= \
ry ' % e \

15t Battery n-1t Battery nth Battery

A
l
El]
“
|

Cooling Pump

Radiator
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Ay Y o . .
52UUNABINITNAIUTUNIIN19U (Active cooling system)

‘J%U']?Jﬂ’)'m%lﬁ]u{;{’ﬁﬁlﬁ’]'ﬁﬁ’]ﬂ’ﬂﬂL“c’aj‘IJﬁI‘U LLﬁﬂLLUGlWIE]%

Battery Pack

Temp. Sensor #2 I:l

Expansion
> Valve

_*____J

Evaporator
(in cabin)

Temp.
Sensor#1

A157197U ¢ seuvazldinennes (Coolant) Wusmnandlunisszuluanusausan
PNwUANT tnetewesieglussuuliuainiAvessagusiies
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Ay Y o . .
52UUNABINITNAIUTUNIIN19U (Active cooling system)

'§$UU'§3U’IEJﬂ’J’1&I%EJuﬁ’JEJﬁ'm&iE)L?]uﬁ‘lj LLﬁﬂLLUGILGIE]%IG\EJN’]U%%UUV?’W]’J’]EJ
Water Pump

Eattery Pack

Temp. Sensor #2 I

< v 1 <
LIUNIYEATIIVIADLYUY

Evaporator

Condenser Oon/Off /Heat

___,__X_ Exchanger

Cold Water
Hot Water

Valve

———sm s =m=—--- —— Water Flow

__r___.l

- - —» Refrigerant Flow

Evaporator
I (in cabin)

599U : szuvagltidusinanalun1sseuneANusoueananLUALADS
lngunaggnyilidumenosdidu (Heat Exchanger) iinauanniiemasidunsludiseg
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N9ANUINYAY

- Faameluwaduunaed wiuaziidi 100 %
- laug wnuaziidn 100 %

- wanadnaiunsanaalaingmamvnssudlngey
memumalulagnneludssine

1 ¥V
a a %

- EunsmalssuUszneusyAumadLUamed Lavssiulinuuane?

- Srudneseusziuad warsyduwiin wadslisesfummeaeuuiiniiflussfiugs nazuags wazidsg

- fiweldlaglunstusUlavguaswanain

- fAmnsuarindlneanusneenuuuBudiu eanuuusrUy karaadukuuTuaedld W BMS uaslassaing
mamﬁmmmmaﬁ |

Tonalunisadsudludusuniniunnainigluyszme

- wAeTuA 1wy el Jestoanalil vedn BMS Yanauaumsluii uasduq

C 2RNLUUTIUU Lasas AUl Uy
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