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ABSTRACT

This thesis studies battery development and Shutdown Circuit of
student formula electric. The objective is to study the difference in time spent
competing in the Acceleration Skid pad and Autocross when limit current of battery.
To study the relationship of maximum speed in the Acceleration when limit current of
battery. To study the relationship of distance per charge in the Endurance race
including study and develop Shutdown Circuit as required according to TSAE, by design
and study, the team chooses to use Synchronous motor is EMRAX 228 MV,
use controller is BAMOCAR-PG-D3-400/400 and use Lithium-ion phosphate battery
(LiFePod) voltage size 255.5 V capacity 31 Ah. There are 3 forms of testing is test to
find the best time to compete on the Acceleration Skid pad and Autocross and find
the maximum speed of the competition on Acceleration by determine battery limit
current of 150 200 and 250 amps. Results is in Acceleration when limit current to 250
amps. It takes as low as 4.79 seconds. the maximum speed distance of 75 meters at
78.6 kilometers per hour. In Skid pad, when limit current to 250 amps takes the least
time, only 25.5 seconds in a round (Autocross). The maximum current limitation at 250
amps made the minimum time to be 95 seconds. Distance test per 1 charge in

Endurance competition is when driving a maximum limit current of 250 amps, it can a



maximum driving distance of 32.5 kilometers or 1.45 round of Endurance per 1 charge
and test the accuracy of Shutdown Circuit is the car will off system immediately when
the car has an emergency situation. which corresponds to the Inspection document

according to the TSAE rules.

Keyword: student formula electric, Lithium-ion phosphate battery (LiFePo4),

Shutdown Circuit
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WinauUasafelatudsa vadlunisandulaidenldaugunsalangg aznsivdeunaudn
H1UNYNANINISHIITUNTeld waganledeladesingg Mnedas Wu siedunuitliaisas

Auld maedie waslinuaudng weldlisidymseniniideasneiely

1.2 IngUssaenlaseey

1.2.1 Wefnwimnuuanssvesnanigudstiuluauiy Acceleration Skid pad way

Autocross aaninn1sanensewalilinvaaunines

1.2.2 Wefnwpnuduiusvasmiuiigsanvessnluniswiaduauiy Acceleration

dl o 2 1 dl
Wed1inn1snensena iU UnLe o3
1.2.3 WiBANIANUFURUSVDITLEENI9AD 1 1159159 TuNISuWYsTuauny Endurance

1.2.4 Anwiuaziaiuszuy Shutdown Circuit 19nsenung TSAE Auto Challenge

Student Formula 2022-2023



1.3 aUUAFIUYDILATIUY

[ o

1.3.1 Msaianisanensealning 250 wont Weowdstuluauinmeg avinlidud
salalainnge
1.3.2 saanansaduindeulasyeynig 30 Alawns Weuumne3iiy wazausoutsdu

Tuaunu Endurance 9

1.3.3 52Uy Shutdown Circuit @13130vulignAes ALNFNIYaINISUYe

1.4 YUUAYR9IATIU
1.4.1 \denld@slasdanainas (Synchronous motor) Ju EMRAX 228 usaaubniin

YANaN 470 Liad limdeleinesgaga 100 Aladnd uazussinvetueinesgagn 230

Tduuns Juutn 12.4 dlansy

1.4.2 \denldaoulnsaiaess BAMOCAR-PG-D3-400/400 lun1sAiununi133ne

nszudlihvesuunmeiuasniuaumINEIvedslasianewnes (Synchronous motor)

1.4.3 @ankikunnes vinaSeulasauneams (LiFePod) fdslwniaensnusl

1w 80 Aladnd wsenuliihgegaliliiu 600 Tiad
1.4.4 \Fengunsallwitluszuulniihusefugs. Asessunszualnih 250 wowd

1.4.5 N1500NLUVTUAIUANY 819BINIUNYNANINITHIITY TSAE Auto Challenge
Student Formula 2022
1.5 Ysglevunaindnazglasu

1.5.1 anansadsunmsindanssualnidy Weudstuluauiusnge lasgramngay

[

1.5.2 pupwesiiidenuiisane ielvisoanunsaassiulaynauny

1.5.3 52UV Shutdown Circuit agvlsisadiainulaonnoidl oTud wagH1unIg

MIVFDUAUNGNIVBINITUITY
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=b.
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NOE AU ALV

a =<

Tuunil azedunefsneandendiutsznauvessusudluii ( Electric Vehicle; EV)
Ifidnwaniedindnnsvihaedadls Weifiuyunimg aandile Wamndaludiy finns
oSunevdnnguivesuelnes dunefines auautAvosumneivin warsruulniingngg
aelusalihgnstndne edunumdunisesnuuuuazdnairesn nlsusyavsnimuay

AUTTONINVDITONANTIAULUNALNE

2.1 nuiiinendes
2.1.1 Uszinnuasenuaua tiiia
guUlT (electric vehicle: EV) aneis snususfisinislandamulni
Tunstuindeulpensafiesetiufen wiesusudiiondaiaseseuimilndaeluunldsusu
vowmodluih sisludiuvesnstundeunazadandssulii viosusudildmaluladves
malalnsiulunisndandsnuliihaneadidomdadiennduduiddunisiundou [3]

Aatuisanunsalawdaenueusiniiesndy ¢ Ussan wanwmnugun 2.1

[ HEVs ] [ __PHEVS [ __PEvs FCEVs

Regenerative Braking

Regenerative Braking

Regenerative Braking

Regenerative Braking

!

== Em el e
il il

|_ _1 l i

Fuel Cell Stack

Batteries

U 2.1: grusudlilisziansing



2.1.1.1 enueud li1lausa (Hybrid electric vehicle, HEV) Usgnaune

o

wraspusignauifufuidslunmsduindoundn Fddidamasiussalususuduagyina
fufuseweslififiediuihdmeseusudliadoud duinlhaTessudiivssansnmegsiu
suvdsanusatmdnunaitvaendeldlivsslenia sudundsnuliidvluunnes
doselifunamasiniively Sulmududiendemawnnitoususunimdsingnan
\n3espuduazaeimesliii silisnssweseusuigsnitemeudiiindeseudignguuLg
Weafiu

2.1.1.2 sueunliileusaudndu (Plug-in hybrid electric vehicle, PHEV)
Hurugudliiiiaunsdeinangweudliliiilauie Taganunsauszandsaulndiiledan
WASINSI9UNBUDA (Plug-in) VIR EIUBUAF 1L TAlT WA IUNTDUAUIN 2 unnad T
@133 sluszesmanazaIE LT s sens sman i laense srueusliiuuy
PHEV fin1seenuiuuey 2 Ussian laun WUy Extended range EV (EREV) wagkuy Blended
PHEV Tnuuu EREV aztiumsyiaulasldndsomulnindundnneu wakuu Blended PHEV
fimsvhanunaunaussrinaaseseuduazini fofu srusudliiuuy EREV @nnsadede

NasUlnAg1RgINNIUU Blended PHEV

2.1.1.3 grususlniluunimes (Battery electric vehicle, BEV) iusuaug

Twihnfiamzuowesindusuiddieueuiiadoun waglindsnulnihiogluwunnes

v
§ o o

Wiy Lifleseseundulusnuaus AadusEeENIaNISIUREIUEURRIVUBE TUNISERNWUU

Y

VUALAZILAYDIUALADT TIUNINTNUTINN

2114 rupud i 1iead L4 otnds (Fuel cell electric vehicle, FCEV)
Dugrusudlalsinidwadid omds (Fuel cell) fianunsondandsnulninldlaonssann
lelnsiau Fuvadidomasiimanuandsnusunefiganiuunneifiegluiiagsu srusud
Tiwad domanwdumaluladivsimsasusi@oindudmnouiiurasmwemdnuareinly

Y o w

' G a K a 1
auAn aglsnAdildedndalusenisudnlalasaunazlassadneiiugu

PMAMNIUN 2.1 wuegrueudlninuusiieg dennuuansaiuiadumunes
AuUMAe Lagaanvazvasgueud i1 lusUuuusieg Jennuunnsinsveserugudlii

aunsaazulanannsedn 2.1



M19197 2.1 Aadnwa v ueud lihUssnmsnge [4]

3185/ BEV #%38 PEV HEV FCEV
Usznmn
AUEUA
WEINEN | - uuAisel - uUAMBI/Afulsey | - wadideunds
VA lng (Fuel Cell)
- in3pseudduanigly
syuutuimdou | - uawmesliih - vatmeslni - watmeslnih
a5 essud duniy
nelu
AENYRBIAY | - Sualy uafiwn (Low - Suadiv
(Zero emission) emission) (Zero emission)
- sypzvsduddesiian | - srezmnadulanniian | - s1anEusugs
(Short driving range) (Longer range) ﬁ?jﬂ
- iﬂﬂWL?u(;fUQQ (Higher | -syuudiugou (Highest initial
initial costs) (Complex) costs)
- zpEneduiuy
nae (Medium
driving range
Regenerative Y 1 Y
Braking

2.1.2 SEUUMSHIUTOSUA AN

dA1uUsENOUT AR VOIS UR INHITIHANLANAININTOLURLAS DIUUA

duaunieluniniign [5] Ae ssuuduirdou deusenouludisdudiunanlaun vowas

Fuimdeu (Traction Motor) WiaumediumuANBuaswes (Traction Motor Inverter) :uag

SYUUNMLAUNG 19U (Energy storage system) Tufi i nunefiauunined (Battery) wiouriu

NUILAIUALLUALABS (Battery management system/BMS) waggunsalAiuAunN1¥Ise

Uszglwithiitaiiulilusuness lunsdiigunsaldanandnsslivusnssiiengunsalding1iin

On-board charger uana1ntudaligunsaliivinntAwdasseaunssaulaiinies DC/DC



converter UsznaulussuuTuLAf aUf18T UdIUNE NUDITEUUTULAR DULASTEUUNNLAY

WANU UAAIMINIUN 2.2 Uy 2.3

Power Control Unit

Electric Power Steering ECU -
Lithium Battery Pack with BMS - -Traction Motor
1.5 KWh ~40 kWh/ 144 V ~ 380 V Inverter
- e { -1SG Inverter
} o -A/C Inverter
—

- I ’” ’\'
= = g — -(DC/DC Converter)

U

L —
DC/DC converter -
1.5 kKW ~ 3.0 kW

g =

* AC/DC, AC/AC Battery Charger
Charging Station 1.2 kKW ~ 3.3 kW

,$4 %
V > ‘

Integrated
Starter

Generator (I1ISG)
o, 5 KW ~ 30 kW

Hybrid Control Unit

Traction Motor
3 5 kW ~ 100 kW

;51.117; 2.2 HEV/EV Powertrain main components

- Electric Power Control Unit (EPCLI) .,
[ « Inverter supplies power to the motor and = 3
o, ) transforms AC to DC current to charge the
% d ’ 8" Lithium=ion Polymer
SR S e B Battery
M | o High-voltaoe GEIN)
On-board Charger (0BD) battery system
- maximizes electric driving
s 70 T and ey e
.0 kw
Permanent Magnetic Electric Gear Drive Linit

MotOr  « High power & dynamic

> (118 HP)

JUN 2.3 drulseneunanvesssuuduinaouliin

JUN 2.4 wanaduninisivadeundsnuliiilusosudliin ndeuninvesusias

& a

gunsalfiiieadas Power supply mtinfisudnguszg il dussuuiufundasny
1AY91998W1UNITVITAUUUUNA (Normal charging) W& W11 On-board charger TU €4
Traction Battery 3 oldn15915 awuuida (Quick charging) asudluiAulilunumne’
e Motor dasnisndssruluii ou 19 Inverter azviuiafiua sunssualninain
nszualuiinseiildsuannuumnesidunseuaadu lunsdfinowmasluiadosnslud

nNseuaadu uaiudsuwsaiukazmudnssualiiniionuaunisinuewemes
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wawasimihmvasunaanulnindundsnuna dadrerugaiies (Transmission)

=

wWinldlunistuirdousasus lunsalNsasudiusn 3EAANTEUIUNTT Regenerative brakes

2
==

Fulnouolnos i 1azyud NI uauLuaLswasUa sundsunandusdundsaulndi

warthlumsanuilulumnmes

Quick charging connector

Charging-to-driving process
charging charger
Power Drive © ) inverter ) Motor | Transmission ) Driving
supply battery

p  Quickchaging )

Charging 4 { {44 € oo d 44 € ( Pgua™

31]17! 2.4 EV system configuration

n159A193udmsruutuRd euaunsavilanainate sULuUIEU feg1a

WaRRNUN 2.5 JUkuun1sdnnsdiudiussuutuinfeuiinansenulagnseratudiu gunsal
o N @ 9 = = v

warIsEUUBUY vassaeudluill U 2.5-a) uanin1sdninessuuduinisudausenauluaig

medawmesiiil 1 41 azFundinuaniunneiwazaiiusstuindourugafeslugunan

Y .:4' T

TUULN NeuNAzrasraluNaan1sanNeluanyzdAAgARINUNITINNTLUUTULAA DUAE

de

\PSeseuAzUT 2.5-b) uansnsinneieuanesliiii 2 f Tnsudaziazdaussiuluganan
fighattu shlssnsudannsduindouldis 4 do amuusndnsfidiunssrisssuutuedeu
Faeliinfuszuuduedeudu Aoanuanunsoluairansfndaomeslnilifinudesn
(In-Wheel Motor) Ingseinesluiidnenenairsussduindeuludsde Tnglinugunsaidug

WU fes wazmandudndely Asiuansluy U 2.5-c) way JUN 2.5-d)
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UM 2.5 NM1911958UUTUIARDUMELATEILUA

2.1.3 4aLaslWin

vawoflnAndugunsallvirduamdsnulidundsnunadmiunng
vhinlflussuutuiedeusosudlnlih nihindnuesemeiiuindeudonsadiaussdnield
Dunseduindsunenaniudhuinifuanueiwesdmiunsddsundsnunaldy
wdanulihluvagisasnivesaddglunislduemoslniimduduimuamdsusosud
ilesnanuannsalunsairsusidasesounmuveseineiinouaussnudeanisly

<

NAIUYDITALUA LT UBE9R

Y
o

Tunflagihaueemzuawesinfirfigninnldiluneweiduindeul usaaud
Il Toeanusawtadungulugq lamudnvaznszualwihfuewessuunieldvingu

loun wewmainIzLanse (DC Motor) Uag ualnasnseadadyu (AC Motor) anemugui 2.6 [1]

Overview of AC motors and DC motors
Electric Motor

< —

PMDC-Motor ™

with Permanent Induction Motor

Self Exited Separately Excited
Magnets

Synchronous Motor

Reluctance Motor

SR-Motor

Switched
Reluctance Motor

SynRM

Synchronous
Reluctance Motor

PMSM SESM

Permanent Magnet Separately Excited Slip Ring
Synchronous Motor Synchronous Motor

SPMSM
Squirrel Cage

Surface Permanent Magnet
Synchronous Motor

IPMSM

Interior Permanent Magnet
Synchronous Motor

31]17; 2.6 Classification of electric motor
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A | Y] P ' A a Ao It
WHI999INANUNUILUUYDINGINUNEINIUALUTEENTAMARNTT Hawmes AC
Faanthunlgfusasudlidudunan wusmeoIvassasudlninnensstulniinsswanss faty

Y

a s f @ o & o (% [y
dunimestedsindudmsunowmesiniinssuaaay

2.1.3.1 gaimesininnssuanss

wawwastinszuanss (DC Motor) Aleuiunldidu Traction motor Ty
sosudblinuanmugui 2.7 a1unsodl 2 Ussanlaun Series wound motor wag Brushless

DC Motor (BLDC)

Field Winding __
Pole Piece_|-
.
L 2

__ Commutator
“Carbon Brush

sU#l 2.7 DC motors

2.1.3.2 Yamas inseiaasu

uatneslulfiinszuaadu (AC Motor) Alutlagtufeaniuléidu Traction
motor leuA Induction motor (M) & st unawmas i1 Tuuszian Asynchronous motor
$19819181 Permanent magnet AC motor (PMAC) %uﬁuuamaﬂWﬁﬂumﬁm Synchronous
motor uansmugUil 2.8 lunelmesUszinnueimefindeani (induction Motor-IM) Wésay
szgnleulusalsimes Tnsnsindeniudmdnlin wileunisnszvivemsiaudadlai
uewnesnienihiidnvuzadnodu nifeuvasiimdmyy lnsiamnesiduvaugugiuay
lswesiluvanfsndl vewmeslniuwimanais (Permanent Magnet AC Motor) lyilddinng
aaEnuuindn nvRaIaULaLAeS uiazeduauNusivaniAnanusindnanisuny

Ly

Tunsufduiusiu auuwivinvesdswesiiieadransdn
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Permanent Magnet Induction

Synchronous Motor
unmafuuuwimdnuioinia PMSM i 2 uila

* Synchronous Motor (PMSM) Type i i ooy

s o Y s

;a:‘l.]ﬁ 2.8 Construction of Induction Motor and Permanent Magnet AC Motor

2.1.3.3 ®anN15YNUTeILeLas i nszuaaau (AC Motor)

1.mama§lﬂﬁwﬁmmﬁmﬁw (Induction Motor; IM)

; liting
cooling end
fan bell < eye
J nameplate

ST N\ i
‘::ﬁ : P / stator coils
- . )

bearing seal

fan ) \ r'y ’
cover - - ) , O
squirrel-

cast-iron cage ball bearin b,
frame rotor d .

;nl‘ﬁ 2.9 Induction Motor

UM 2.9 wawnos W 1vdad ldvannisauvesndoudasludin

(Transformen) tngdoundsnuluianaiauuanines vnliiAnauumanyuiiawmines

¥
a A

nduInianswmdeilugadswas dausmasiineded dldausgrwnsvanelusy

gaamnIsy LosanflyauluFesnnuudusmuniuvediasadne awnsavilnlsmasmyu
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Ialpadaulrainunasdnenszuaaduldlaenss Ingludndudesddfmmnivau wieazldau
saufuszuunUAY (Controllen) Iiguriu dsfimsAnwiismunuueinesfianansaldluy
gnamnssulsegavunzan Jaununzdmivldidunueiuinsgiu (Benchmark) il old
Wisuisuiuneimesviindu daugadesvenainesyiamieniAe fUszdnsaiwe
Tnlanzidefosiauiinnuisicn fussdadususi Adauszneurds (Power Factor)
fianligeann nszualwidldlunouEumugs TgmiFenmademevessisegiiieuilily

Tswes \usiu degruawasyiamienhntanyssgndldlumnuseudin

2. uawnos i 1wilad dasdauuulduyndnanis (Permanent-Magnet

Synchronous Motor; PMSM)

o Bearing support assembly

o Rotor core sections

from laminated steel

o Bar wound wire

Steel plate 8
Rotor hub @

Stator core o
from laminated steel

E‘Uﬁ 2.10 Permanent-Magnet Synchronous Motor

<

JUM 2.10 WJunewestiinildndnnisyauvesauiuwiindnuyuwasd
ANWULIATIAS19IVDIALMLI DI ARIEARIN ULBLADS AT TAWT o1 Tneteaunsewaluiadu
W UTIURAINVBILMN DT LT ULAEINUY AIUTNLANANAY AD 15ABsURIUaLMBs b ulndlly

] < [~ | d' 1 % ] < ) ¥ a d' I3
wiwanansundudiudsenauiiedivasisussawuudivin ilviaugadenlsmesanas
1 I3 a 1 a dy a d,,, = < 1 [
auuwiwanveataweshianunuwiuinindy usedngy Jadulamuvesusings
Infiiiail Ao TUszdnsatnas dmdnwn ilvdnsidiuseninaussdasedmtniiug sy
a o A . v o q v ° ) a v ' R .
dnTauseLen (Inertia) Uog vl msunuiidesnsnisnevaussegsviuiiviule (High
dynamic response) dmsuganeuuananes inylind Ao AunuiiAsud1awng awin

9

o’ N - v Yy 1 @ aa & N
'ﬁqﬂ"]sUaQLLllLﬁﬁﬂﬂfnﬁ/}%ﬂLuaﬁﬁnﬂma\ﬂsﬁuuLﬁﬁﬂmﬂﬂmﬂflwa\ﬁ wpNAINU N1FLUAULUAIVDY
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TiwimaniusaialanagesimdvinliiinanudesfionaazdanansenuaefuUIIAITe

waweshifnlaesin Snvsimanasiilemanavguydeamaudfivowimvan Wedelda

=)

gamgigaseiinnisanisasiiihdulunewesiniy sgralstanunewmesiniaiadidud

Jeusgraunsvarslunisirunldlusmusiusud il i sssreuamas Wi rdvuinan,

a

Tiusadngs, uazdivsednsamas vawostiiianseuaaduiinsesuauulnilaglduivin

. v

0175 wazduadu EMF wuulsinduaiu PMSM Asgnuausenineuewasivieniiuag
wawmesliulsiau Siqudnvuziimdoututewesliuussaiuwuy DC As Tsmasuidindn

D12TUAZNSHUIABIAUUALALADS 8871315AM 1Y TATIAS19UDIALALA S NINITHUYAAIALIND

o
v U s

asreanunuIbdund ngwuuledluy 097199101AVB9LAS 993 NTUUAR1UAULDLADS WU

[ |

Wile1d1 AMUMUILELYINE U UEININeme s Te 1t N gnsInsElainiY 1Ween

1Y

laififduamzananmasiieas1s@unuiman

winana159 i PMSM anunsaasiusedaainanuiandugqudls dedeanis
a s g a aa o [ [J o/ v o s a a
duneiimesvlinnuauuuuAIneadmsunsinny PMSM daldludidutemesussansam
a9 MImuAuNBmesUTEANSAMgNuIrdunald NNy UT Yuualunng9r 1w

wames n1smvaukssiafunnauindugued wazlidnsnswaranaiusaldedi

<
FIALIN

dl' v o oa Y = v ° a s Y]
LW@IM@WNWﬁﬂ@'}‘UQN PMSM @\imﬂa']?ln‘l@ QQW@QUWLW@Uﬂﬂqﬁﬂ’JUQNL'JﬂLG]E]ilI’]IGU

[
s o a a 1

wallan1smvAuNnesiuiitesendnegamiaiinsmuaulaeiuaieneauukibn

(Field-Oriented Control - FOC)

Inglulsmesregnieluamimesveswawasiii wenanlifalllaseasinilsnes

(%
Y

Aeuan — Aelunawmasiin Waluauded (Slot) TASIa519UB9aLAL B VDIUDLADTI9EDY

Usgbnv LLammmgﬂﬁ 2.11 gy 2.12

\:] Permanent magnets
stator L
Windings

sUM 2.11 ¢mulu Permanent Magnet Synchronous

u
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Winding

Motor
housing

Iron core

gﬂﬁ 2.12 %94 Slot 1AS9@519U09aLALMDS

o
6 a

ANULanANnIalassassveenesNsaesrinegilsneilaelsineives
1 <@ ;g i . o = ] 1 <
1Laas IMALLLEND17T USENauluaNn Laminations 311UNNNLazin 1stduiananis

wnlululsimes LLammugUﬁ 213

Stator winding

Permanent magnet

Stator

3Uﬁ2.13 Interior Permanent Magnet IPM-Rotor

Towuvosanasiniuivings Ae awnsaaiiussdaainanusudy
Audld wagyhmnuiaseuntsnyuvewemesligs FadenisBunesinesviinatunuuuy

Admeadmsunisiiae PMSM dnldludidunemasusedniainas n1saiuAuNawnes

o
Y [

Uszdnsnngeuazdunaldaannisnyuiiyuualunngnanusiveauones n15aUax

a 2 o < < 4 N o 1 ! [% 1 I3
LLN‘U@LV\NVIQ’]ﬂﬂ’J']JJLi’JLUu@u‘EJ LLﬁSSJ@G]i’WLNLL’dSa@ﬂ’ﬂNLiﬂlﬂ@ﬂ’]ﬂi’)ﬂﬁ’)



17

199970 PMS Motor LT unetnes 7 faausseugalunssuiunyy
Jenelhiinauiou udlugauawesialufuinionfueinia azdinnsfadaniosssuis
ANTOUTBINBLABS 138N WRaUTEU18AIILTEU (Cooling Fan) @2 Cooling Fan ag¥i1au
paoAnAfinemefinay Ansgunumaniafuiuluiandn lifosnis ndsnuandiudu

Wiy (External Power Supply) vi3elideanistiiannuasduy

2.1.3.4 szuviuindounawmesddlasiauiminans

Tneflugiuuduemesiasusenoudeanusznoundnadau (6] 1wy PMSM
dunedines yamuaumdn uazifuiesdumnis madeudeszninaiuvesdiulsznauuand
Tuguit 2.14

Sunesines dmiunnuiuazvuinvesiius dunesinesunasiouseiy
Jugunsaifudasszsuusstulinszuanssasiidunssiulinssuaadunuuuusiu saisy

]

Aluitadtu duneswasivaitinldlulasuuuusumnuisals

DC ‘
E : /
SUPPLY » INVERTER | » PMSM » LOAD
ANy
CURRENT &
VOLTAGE
SENSOR
¥ y
Control Input ROTOR
» CONTROLLER = POSITION
SENSOR

U 2.14 dulszneulasuewmesdilasilaudvingns

81 s3 85

PMSM

Ve . b >_
- c C
54 56 52

3UT 2.15 Bunedinesunadsdisussiuniouuvaidieuazlvanliiinszuanss (PMSM)
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U7l 2.15 uansdunesinesunasinoussfuiiflundsinoussdu vde uazaing
wnia Aud veanssdulwiinszsuaaduaiusaua suudaslavi onsi arunisldau
SunefinedaumausznoumeunasseusuliinnssuanssuazaindUa/Aalwivndai
Foustatu PMSM sauandlusuil 2.15 madenainddunedinefionitedisziasefan
Audnduvesnisvianu fda waznisldau dgunsaluateegdlunain laun vsawmes
niudamesansianiuen (BJTs) nerudamasieninngfad MOS (MOSFET) nsiudawnes
AostauuuINTuauIu (IGBT) uasmidadalyiawmes (GTO) finseyuudn MOSFET was
IGBT LﬂuﬁéfaqmﬂuqmamﬂiimLﬁ'aqmﬂ%’aaﬁ' MOS gating aug1nlulasunasauaazde
fuseulumsaiuay MOSFET Aeifugunsalila/Aandsnuainadmiunsldauild
wdauinazisefulning luvaegd 1GBT 18 §unisseuivedisnitewanddunislday
vawmeslasiazmslinudug Turrmdsnuiuaziiunas gunsalsreliisleldfuneineslng

o & v/ v s N o aw 1 A a a s
"\]’]L‘U'LJG]ENlILﬁ'LW]’Nﬂi%LLﬁ“UENlIE]LG]’P]?LWLJEJUU'WI"\]@MWI@EJIG]I@@@J?JH']ULNEM@EWWU

msSeurigulawmasintnwiasUssnn

Tudruiifunsisudisuauandiaznisldnuvemawesiiusas
Ussaniilginausluluundeunidasauanimauisuiisuanautffidadyuos Direct
current motor (DC motor) Permanent Magnet motor (PMAC) ke Induction motor (IM)
Tususunuiasmstigeing usslafiuowesanmsoadistuinnld mamunuvewoinos

ATINANLE LazUTEANSAIMNNISYINUlAETIULAAIAINANTIN 2.2 2.3 lag 2.4

M19197 2.2 MaSeuiisupuantRvowamasiniudazUseny

Motor
Qmamﬁ'ﬁ DC motor Permanent magnet Induction motor
motor
AUNULAZNT s1AUUNANN PUNTige TAgnuazUnzasnwdng
159501
wsaln Tuselnganag Juivarwannioly | annsnnuquussdaléi
Fuusiunseualng nsTelATa MU URaTAILE
918 VIOATUANKUULINLADS
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M15197 2.2 MalSeuiisunantRveewmesiniusazUsenn (o)

Motor
Qmamﬁa DC motor Permanent magnet Induction motor
motor
ANUNUNIU ANV ADUTNYIUNIU AIUVIUN UG
ANUENTTOgN
MHiNAEY Fuffuusasy Fuifuaudves YY1891950UN TVl
LGN LUALADS nszudlrlihaduiiteu nhafian
Tnusewmes
UszdvSamms | UsednSainiu Usgdninmaiign UszdnSnimdunans
¥N9U nag

M19197 2.3 MILUTEUTIEUAMAN BalEUBIYAAIUANNBLADS T uAaEU T8N

Motor control unit
ﬂmﬁ:ﬂ‘f@ DC motor Permanent magnet Induction motor
motor
AUV ULaY 59P1gnTign SIPUNTiIER 51AADUTN9E
s
1595091
Bnsevan | vilade Taens pupuAIATeY | amnsnnuauussnldvs
ALY AIUANTYAULTIAU nsgualnihady MsUSuLssTuLAY A
V3BAIUANKUULNLADS
QREGEAY Tonszualas aausadnlege Aoalieasiiey
usain
AN IEIER Juifuussdunumaed | Jufuauives YE18Y950UNTVINNUlA
nszualwinadui niafiae
Joulviiuneines
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M15199 2.4 msSeuiisunuantiveweslihlunisindsluwsazwuy

T
[

AR UBLAB3TIAD wamaslndde HLIRHINGY

ANNEIEIN | dAugeeinaansigies | awnsaldifesienadds | denaninsigld
Tuns sonuuulvinemaiiuseln soluddala JEUUAIMALAY

2ONLUUY BN aANSUNNSTULARDUY

Usgavsnm | asfiannsiglidaang faugapdenienatne | Imsgedelu
goyLdeniena JTUUAINAS

(@ We9)

AU | Wunsiiia unsprang load | mumiunInueinesiiae NUNIUNINY
o [l 1 al < Ly
lnlaimanzauuliiFeu N3AIUANAILTIVDS szuutagiu
volneslulsazayile

g1n

2.1.4 33n15AUIUNIALasLsIUnYaITasun HNvBINawmas Emrax 228 [10]
2.1.4.1 NEUdUADIIIN RPM Uazusadalanideanisdmiunisldanuvesn

Aowulaln RPM uazusesdaiidednis (laifliAes) laiiu RPM wazusesdngegaiuandly

msndeyamunalindmiutewes EMRAX lang dewdlame iefinsannsinuseda/

[
@

sousiouil wsslndsuegiunsyuanaulvsaaesvauewmes sunsulnsaaesinludod
nszuamaguisaneiiesulsIdnguiiasnannueines
2.1.4.2 luprs1etoyantunaia aznuaarumdivananiz (RPM/1vdc)

IAITOAIUIUIIUIU RPM N9z l@ S Uil sssumuamaI NaaInis (Vde) *uduly

)
i)
e
®©

[
2)}
=D
=)}

(%

anaglasu RPM Nasulloaunuusiviingaudias (MFW) awnsaldaunuuimviniseusiag

dl' a 1al A i <& o a 8 v ! o X
LIBLLIIUADYNANZIAR LUDAUNULILAANDDUAIAY LIIUAILAARANUDY e RPM 8 bWUYU

Y 9

e

daalinaedinuvingy (aun1sniuand) amnsnnAauly wianoauadlugandnas

(%
- ] o

Aaulnsatass uaLmes EMRAX &1 10 97A savjudnuztnlvanauiuuiivdnas 5 69 10

Y

v
Aaa < 13 1

s & ¢ A % a a a 1 ¢ P = | & a
LUDILTUR Lwaimﬂﬂﬁgﬁﬂﬂﬁﬂflw G]VIE‘!G] AELUDILTURN V]Qﬂ%usﬂaﬂﬂuqﬂLLNLﬁaﬂma@uaﬂ

& & a

¢ ° v g £ v a a a = = s
N@Lm@iﬁ’]&nﬁﬂm’]\ﬂuvlﬂLi'ﬂsﬂu@jﬂﬂigaWﬁﬂq‘WWﬂmqﬂ FIAAAUNYT 1-2 1UasLgun N 80

aa o w

Wesigus MFW Feiugidr MFW Tudasnandus windu (2-3 uifilunsafidwenasiau)

\eannnsziamlangaunnsznitueinesiazfiiniun
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2.1.4.3 dvnamdanulagligasdolui
P [kW] = n[RPM] * Mt [Nm] /9550 (1)

a' A o i s v o w ¢ v
N RPM im1n3n (ﬂ']ﬁ/il!usﬂaﬂllﬁlamai) A1UITAAINNINNIAIVDIUBDLABINANAIN LY

[

wsadauay ﬁﬂ’l’]&JL%’Ji@UN@LW@%QQ%ﬂ annsamanishdseinesiguseussdniii
2R

Tnedl

Mt @9 torque [Nm]

P fo power [kW]

n A8 motor rotation [RPM]

) o a

2.1.4.4 fpsrmunsalandndudwsueunvug (Lstmué’a)

gRIANIY
v
a = - 2
" (2)
LIIFISUNITESS
F = 1191098958 * Aus9 (3)
WSIUAUUAD
Mt = 9444,5 N * \duruaudnatsae (Asad) @)

2.1.5 NQufdutInsines

2.1.5.1 Bunesines Asgunsaludasgundsruaniniinssuansdiidu
lnszuaadundussduwazainudassiulnanliinnldludssnelng neuiazviinig
pankuudwIRsmes [7] lunilnandmaulvesdunasinesiialmanlandnnisvinauves

BUIDTWBTLALY Y VBINIINTDIANUAAIHIUAUREN
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o~ et

/ ™\

[ AC | maotor III

L L
- o

‘ control circuit |

a a e & o [y s
JUN 2.16 Buneines dmiunIAIUAN LBLABS

U7l 2.16 Buneswesnvhnisuusiumddluihanlniinssuansadunseuaaduas

anunsauus eanlalluaeanguie Bunesinesylaunaitneuwsiiu (Voltage Source Inverter

a L3 & a

- VSI) AU dunesimasyiawnadanansewa (Current Source Inverter : CSI) dua5:masyhn
WAL wsIRU Tnasmunzdmivauideanisndsliiliawnnin uiduesinesuiin
LI mzLLa%mmﬁm%’mmﬁéfaqmiﬁﬂé’qlﬂﬂﬂqq BUIBS LN YT ALNAITBLTIAU

9199% wiaduaesUszanifowihluldnufe Sunesmesuuuiiduidagidu (Pulse Width

a 2

Modulation Inverter : PWM Inverter) d3ugnUssiani doufeduiiosineswuusuaau

'
=

And b (Square-wave Inverter) ¥alassasnglududou waddoideaovuinvosgsuaing

v v 1

UAUFINY zHAES

Y

2.1.5.2 1158709 97815087 LAANT19Wad (Sinusoidal Pulse Width

Modulation : SPWM) Tuasduniesines seenisasisussiulnidiuesendusundulyia

i Yo

a13150UU vwakazaudnufesnsialaeaglddyaamuausuaduled (Sinusoidal
Control Signal) a11A311 71 985N NUTgULTEUAUTUAR Ua1amd 3 ( Triangular

Waveform) titaidlanisinauresduiesines lugun 2.1 azuanaiieavilinwed19s

'
a

BUNBILDTABNY A MIaud A Nauud bisenulniin1uITdaAIRwaLARUALANISEI G
ey fsuidagdy

N15AUILIALTIAUYRIBULIBTIMETAUAIND TagdTn1suUsURduYes

[

WSI9U @unsavinlananeISaadl

1. WuUsrunussiuedlnings (PAM: Pulse Amplitude Modulation) Lans

mmgﬂﬁ 2.17
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¥

2. 35kUANUNI19YDINad T L U A-Uans1udawmas (PWM: Pulse Width

Modulation) lngusiagizagyiliiinuasieusines uanaragui 2.18

(€ : ursdulnwrig)

FEnunu Al (uredne) n‘nuﬂga (R ] onvn

8 PAM - lgenowmo T
PULSE - VNI
AMPLITUDE — ) = MIUNHIRIAUTY
MODULATION I— : : Mufinouniofiznd

- —I 4 B - wanoudh

35 PWM - duBunTmnt

PULSE ,,;“,?,,, .-“ Zo ANVNITOATUNN

WIDTH ; . Arfiussuzein
MODULATION .ﬂﬂjﬂ L= % Tiremn

-~ - -
- Tdwdnennud

gennunnn’
35 PWM T T
AlFures Weheneen  fade Souasniaen

Dugusiod -;. - R _mﬂ - oniluileaniien
J m-_ﬂ'ﬂ HH “ ; £ vuedn

lamn

- Tidudssnrnid

gannusee’

3‘1Jﬁ 2.17 Wudsvunusenuvadlnnss (PAM : Pulse Amplitude Modulation)

78 PWM LU Sine Wave tiuazinisila-Unaindvaiseasilunilsseu waznisie-
Yaluwsazassazldaldminniu 31uunisila-Uaty 1 U1 Seninanudweses (Carrier

Frequency) §935 PWM Wuu Sine Wave d5uuuuaivaunisila-Unadng 3 wuudsgui 2.29

FUuuuMIMIUGN Amieh n‘nuﬂge ELO
wddlanis | sowduedod wwamm No it Ve h\m--h-c - awnamunNes-
(scuronEous) | miinoon S ween Ludinld
[}mr]\ [ - WIRUMIRENGIRR
[‘J'UBV ouru Ao
uraswln
wwvosdalanin | mwdunduined bi I ' i i - WTUNIINND-
(asvncHRONEOUS) | RNWuERUNIMA _l L | i ! E I 15 —MEH]I7 wof andwlve
woen BN 47 i Lhivhng
wuuRm | dwmdedu osde- - snnanmugulii

Tante uaz e

x" . ” ‘ Wagmanin
A

![’ rapaMRsnTlge

gﬂﬁ 2.18 FRuUsmnunineesvadildida-Uansiudawes (PWM : Pulae Width

Modulation)
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2.1.6 Battery in Electric Vehicles LLUGIWIE)’%“I‘IJ%Q EV

Tumsdusnsudlatiindy uvdednewdaau (Energy Source) dosfinmaudad
wngfunsfaulusalii vdng wu fundsnuldiess (Hish Energy Density) iiofiaglé
JEEENIBE0E Lazd1endauldsInga (Hich Power Density) vl o7l 9ut595aldi5uas
ﬂmamﬁ’ﬁﬁsaammnﬂiu ¥135ql6159 (Fast Charging), flangnisldauuu (Long Lifetime),
51190 (Low Price), fiUsz@nSa1md (High Efficiency) wazfinisgeutiges (Low
Maintenance) druwdumdudsiisnesnls Jsuunmes (Battery) My Enerey Source viin
nila fanmsoneulandvosanudosniamvanildoged uazgldlursnisse Ev andu

DAy wiueud a Jaguuil waluladveswunwmaslanmuinuautisie isiuegnuin

ludauuaimeiioafuuslieanidunateviin wasnanezluuu Galuusag

LY

sULUU Neslinauand® 1o

ho))}

wazdaidy Muananenuly fadu Tuunil szneissgaziBenves

[

YHlauaIkunneI AnaNUR Tafuardoldsvetiaaziul 1agnaNAITInvasLUANeINA:
Energy Density (g9faf), Power Density (g3faf), Voltage per Cell (g3a8f), Cost per
Cycle (fnfief), Discharge Rate (s"@af), Charging Time (s1faf), Lifetime (gafiof) {Wusiu

(8]
Tunsutediu TSAE Auto Challenge 2023 Idfimsayanaliliuunmeissielui (9]

2.1.6.1 WUMLMBITUANENINTA Lead acid

'
a =

wummassnzansadunumnednldtumenuiu Wukummedissalnlasdad
m'wLLdﬁqm"Luussmmemaéé”mﬁu LLammmgUﬁ' 2.19 wusmmesriadunndudulunnes
Ussivnzianse Tneiiansavanedidninslaviluvesnan dnlsdestinsiiungu elaler
LUALADS LA DUAAINE Iﬂaawqmﬂsﬁ’j’mu%agjﬁﬂizmm 500-600 A3 91ensldnuliiiy
3 ¥ 58NS IUUALAS AEAINGA %"L%L'Ja']aaviﬁﬂszmm 8-10 F7lus. azldnanuy
nwummesUsTAVBY izdewnsalaelinszualnsiluSesy warlimsuassliuunnes

PUALAIVITD
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5UN 2.19 uuameInziingg

2.1.6.2 wunme3wia Lithium Nickel Manganese Cobalt Oxide (NMC)

a

wuamesaBouiidaunsndalaveasoonled wie NMC wansmugudl 2.20
FremsiiuiliAa (Ni) s‘ﬁﬂﬁmmqwé’wmﬁmww (Specific Capacity ; Ah/kg) g4 10lUlu
drutsznavvasnslen vilummeisdn NMC famdnusinzgatu nafilddelduadd
frnussdnanioussfuliiingefisuszana 4 Waddewad WuiifoiuunmeTadn NMC
Lilsfldunanvosunaniia deandnidedalfifiuussndadnlufofiunmaiios waffe
LUALMDITTN NMC ﬁﬁgqmmaLﬁ85LLaﬂﬁffﬁulé‘lumuLmﬁugﬂ (high voltage applications)
mMsUuasudiunanszing dida wanila uaglavead lviAnvingesuasnmaidai

1 [y o [ Y a | P
LLG]ﬂG]’Nﬂ‘ULLﬁB‘ENﬂ\‘]Lﬂu@@“lﬂﬂsﬂaﬁamamLLG]ﬁ%i']EJ LLﬁ@WﬂNE‘U‘W 2.21

g‘ﬂﬁ 2.20 Lithium Nickel Manganese Cobalt Oxide (NMC)
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NMC Specific energy
(capacity)

Specific power

Life span Safety

Performance

JUN 2.21 N9 IMUARIAIAI9Y VeawUAmeIYn NMC

2.1.6.3 LUAWBSYEA Lithium Nickel Cobalt Aluminum Oxide (NCA)

Aa a

wunmasaiseuiiAalaveadegiiideeanlyd vie NCA uansmugun 2.22
waz 2.23 Inaautfndneiu NMC Aaiuliliunnuazdglliuiu uaddodadesuaiiu
Uaeasedsliresgadedissuunsiadaniuvasnsdeegnasanandetnldlusa BV audls

Haqiudl Tesla Wisadnufeniiliuunned NCA flugu Model 3 uaz Model S usn (2012)

5U# 2.22 Lithium Nickel Cobalt Aluminum Oxide (NCA)
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NCA Specific energy
(capacity)
///// ~ : \.\\\\\
Cost— _~ = Specific power
Life span \ Vo Safety
Performance

5UN 2.23 N9 muAAIA6197 VeaLUAWBIYTA NCA

2.1.6.0 wUAWBSYA Lithium Cobalt Oxide (LCO)

da o s ¢ A a v a = ] o
wunesaiseulaueadeanlys vie LCO wiaitnusdeniondt wunnes
ASeulonau wanwNUN 2.24 wag 2.25 @dligndewntin mseduunmeidiseulosay

Jumning amdnanivismssuudisouloesu) SAmasudwme (specific power)

—

[

gauallimdsuanig (specific power) #i1 na1feau1sadglilauiuuddglnlvdy

[ 6

gunsainfulngslalaid Famnzuasiildlunuaunsaldmnnsetind wu Insdnwiidlede uny

3 ]
wan e ndesateid Adeinismaslasqusieglauiug loef wuamesaSeulavaad

panlan 1 cell Jussnulninussunu 3.7V

sUfi 2.24 Lithium Cobalt Oxide (LCO)
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LiCoO, Specific energy
/ILCO (capacity)

A

Performance

5UN 2.25 n9muanA1sievelUnAeIYiln LCO

2.1.6.5 WuAWEIYin Lithium-ion Phosphate (LFP or LiFePO4)

LumMB3aBueaIn 130 LIFePO4 %30 LFP wialstenaaziindulude LiPO vde
ftudenFeniuin wuane3aly uanwuguil 2.26 1ulumnedaBouiildnluuasly
ogunnitan Wleaimduadlsn T lidiTueislun uazuusine’ LiPO flseusignisld
it Lireefidymduauiou fussansaminuadlalihia lnswumnes LFP wio
LIPO 1 wad danusnedndviseussaulniissann 3.2 Taad ergnisldauuiu Unfuds
wummesalssuroamndoignisldaiu 2000 seunieninnit uazdsUasadenaznuse

SVARIGHER
9 Y U

3U7 2.26 Lithium-ion Phosphate (LFP)

LIBYINNTUSIUMIBUILNU I UNLA DI AL sUNBALNS LiIFePO4 way WUMLABS

a A

Aieulaveadieanlen LiCoO2 finsldauetwannlugnainnssudiannsefind uakunimes

a

a ¢ ¢ . ' 1Y) A o o =3 a
aLVIU@JIﬂ‘U@aG\@@ﬂVLGUW LiCoO2 31ALWedN LLag‘lﬂJﬂa@ﬂﬂﬂ LN@@JUNﬂ'ﬂﬂJ"ﬂqQQﬂJU LLUGILABT

Aisulosaureans LiFePO4 1Uu dideniidiantudagiuil satauunneinss)adifiey
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lopaulinnuien Wewindauqawas anansadluldaulavainvats wu psuiames
waunayU LA esdiona s03auys i saansenuluidn salndn wdwssadalndn wusnmes
Asuloaunloan LiFePO4 fAnuUaonfutiguin hUsASWUUAZAINTA WARIIULSI

Wigunhwunuuuasena aiguleseu uaninugun 2.27

LFP Specific energy
(capacity)
Cost Specific power|

| > !
' i !
|

Life span Safety
Performance

5UN 2.27 n9UERIA16N9Y VBIWUALNRI ViR LiFePO4

wUALMSNNa1MY 1A Lundeuldiulususudusznn i s oo 1ueususznm
Hybrid {Wudu Tnsdulugasdununmeivieid sulossuunasiilassasrmaaiinaneiy
ponlUnazvilnuedta Anode waz Cathode M6n4fiu sAuBanIsIduwUIaantdy 4 Uszan

AIR15199 2.5

A15199 2.5 1AS9a5 19 ATikaz HeanTuN1sTuTaIsunwasTledis el ooy

Nognm
FALUALAES 42 Cathode 2 Anode Handunisldau
Lithium Nickel Lithium Nickel wn3lulsl guUNIIMINITLIME,
Manganese Cobalt | Manganese Cobalt syuvasmaslugueud
Oxide (NMC) Oxide (NMC) I, sguvdrassiv
Lithium Nickel Lithium Nickel wn3lule guNIIMINITUINE,
Cobalt Aluminum | Cobalt Aluminum syuvasmaslugueud
Oxide (NCA) Oxide (NCA) I, szuvdanslii
Lithium Cobalt Lithium Cobalt wn3bne wusmedmiugunsal
Oxide (LCO) Oxide (LCO) Budnnsetndfilaldmgs
1N
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a Y ~ 'z 19 A a aa
A1919N 2.5 Iﬂiﬂaﬁq\imqﬂLﬂﬂJLLazmﬂﬂGUUﬂ'W{LGUQ’]UEUBQLLUWL@@?%U@I&Lﬁﬁm‘l@a@u

Noana(mp)
BIALUALADS 97 Cathode 97 Anode Handunslrau
Lithiurm-ion Lithium-ion w5 LA UNTUNINITUNNEY,
SYUUAINaI U ULUR
Phosphate Phosphate
Wi, szuvd1andbn
(LiFePO4) (LiIFePO4) ! ABUUATER !

AINANT NV NAULAUDIANULANANVDILURLA DT UFRzUln LeasifenTunsldau

' '
a v = a1 U 2 a

NAANLAFINU LALURLADILAALTLAAIULTDA- VDL FINH1TU ARSI 2.6

4

AN5199 2.6 Ps1aUSeuisuden-TeldsvaswunmaIsinaseuloosunaan

a = Y Y o
RALUALIDI of VoLde
Lithium Nickel | @  fifwgsauanizas ® aunuNIHaEnad
Manganese Cobalt | ¢ g3 yspqgrenszualdunn
Oxide (NMC) ¢ a
® 15937
e fpgnisldauuiu
® Uaonady
Lithium Nickel | @ fifwasaudinigas ® anulasaniuaininviingu
Cobalt Alminum | ¢ = 43 15p518n370alHLAN ® 5IANgS
Oxide (NCA) c
o 15U
al v
o fmgnisldauuiuy
Lithium Cobalt | @  fafvasuunmasatey e pgnisldaudu Ussuia
Oxide (LCO) lAveaneanlyn Asilmn 500-1000 A39
[ o o Y] a &
NAWIUIUNIZEN FINI0 ® IARAU Tauaas fs1An
Ielilviiugunsainiula AaUt9a
Y
il o yuanusaulamIeiilem
SasrnuanuUaensivet
WOANAIT




2.1.6.6 N5V1590

Tuszninanisrsasumaeiafisulaveasesnlys (LicoO2) Foswniades
FuREUNSYID memugﬂﬁ 2.28 Sumpuusn [Wunisusanszuansit (Constant Current:
CO) wilelids 60 Wodidus Y843A¥153 (Stage of Chegre : SOC) TdaUsvunay 2 Falug
Fupouitaes HnTuileussiuluds 4.2 Taad WudadAauuussiureinsyiafosBusnsai
usaumAsTiaunInsuazanas Whnadnussana 2 3lus urnuswesaiieuleosuleaiin

LiFePO4 anansaldifieswilsiiunou e Constant Current : CC 1Uas 95 wWesdus ves SOC

IDA3VIFANI CCHCV Lialing 100 Weasidus SOC nanisvuauszana 2 97l
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w
]

Battery voltage (V)
N w

[ 8]

[ 5]
n

JUN 2.28 neuuansmdNiuSTEnIusukaznsElalun1sI T

2.1.6.7 AIANUFUNUTTENINNITVITIAVUTUIULUALADT UATAIFINITVITY Lans

A = A 3 ¢ ) [ a
MUIUN 2.29 IN5iledan15LaKe3v139g9 (Over Charge) UagUasndendl wumLAo3
LiCoO2 dN15tesian15v15aniuauNIn Useunas 0.1 1aad Mwsadueisa 4.2 1aad uasded
M3 WATINAAIUANYDINITYITILTWUATY D1¥15AU 4.3 Laadt 919 lvikunimedil
UszAninmanadls oradumgliaealnludvseidianisszide uikunme3 LiFePO4 g1unsn
lonasvifalana 30 had lnglifiastesiumunsdunmsldnulunssuanas uazaugas

d' . I v ! s s b4 U
LWUALABS LiFePO4 fianuUaaniguasAlunumann1siollasvs1sanf18iunIsnouaueIves

1.0
0.0

08

= & T  F T W W T W T T T v
' ' ' ' ' ' ' 1 1

et T T e L e T T
[ 1

' 1 ' 1 1 1 1

Satetatad D et Do el Tl
0.7
08
05

04

et Eharging-ciitrent---

! ! 1
TETEY o adl AR 0" TR T L Ll ey BT 1

I 1 I } I 1 I | 1

e e e o e o e e o o o e e

0.3
02

[ 1 1 [
o e o o o o [y e

1 ' ' 1 ' ' [ '
i 1 L 1 L " L "

0.0

0 10 20 20 40 50 80 70 20 0 100

State of Charge (%)

LUALADIHENINGA

Charging current (C-rate)
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Comparison between LiFePO, Battery and LA Battery
. ; y 10

_______________ LiFePO, hattery charge voltage __________

Battery voltage (V)
Charginé; current
(C-rate)

State of Charge (%)

JUN 2.29 Aanuduiusseninnisynsatudsnanuamesuagiainseia

2.1.6.8 @Un@RILFIOY

I3 o, ' ) % |
\WaRUBILUALABS LiFePO4 2egneiaaunsuuazdnliaunasenitnszuIuns
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2.1.6.9 izUUﬁ'@miLLumma‘é (Battery Management System)

lun19ileleL Y TILAL YNAUAATDILUALADS LiFePod diuundziyn
JoIt UL UALA DT LAZI9TNT AU 1T TN15VITA NN TIT UMDY B1lTwmrasane

UL UL SARUMLMBS LiFePod WuN1SIiu15a@aswuy Li-ion

Battery Management System (BMS) %38 S2UUMIIANTITHUALADT YINUTNT
#anqlun1s Maintain balance cell battery iadalwlififiuuniign uazdnagnisldau
LUARe3 tnesInanIuen15¥135a (SOC) a0 urduNINUead (SOH) SIUEINT1InTIaaeU

Wuasine (SOF) LLammugUﬁ 2.31.
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gﬂﬁ 2.31 (79819 Battery Management System: BMS
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Tneiandunisyinaulaenlliues BMS 9l

o Jasiunsvisauseqluliiu (Overcharge Protection)
e Jastumsldnumnitgaldauvesiunnes (Over-discharge Protection)
o Josunszualniiu (Overcurrent Protection)

a a 1

o JaaiuuunmeslilvigugiiasfiuA1iiniviun (Overheat Protection, NTC)
o  Jpafun158m1935 (Short Circuit Protection)
® ayvingamaliuaznisidsunUatumaivesunnes (Temperature sensing)

®  HFIVTATLAULITIAY WazUIaUgwad (Cell monitoring & balancing)
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e 1 1

® ﬁmi%amiiwﬁuqﬂﬂimmaww (Communication interface)

o svuudnniandsnulifiuysednsanlviuuiiauunnes (Performance
Optimization)

® {szUUATIIE@BUADY (Health monitoring and Diagnostic)

®  FUNIAUARNIENIULVBITTAUNRINULA (Power Gauge)

2.1.6.10 @18n"51991u

WawSeuisuagnsldauraunmas LiCoO02 agiiangnisidiu
Wiee 400 AT Tued wunae3 LiFePod 1d81gn15¥13311nEe 2000 AT wARIAINFUT

2.32

Charging cycle diagram of LiFePo4 and LiCoO2
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2.1.6.12 C-rate
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A519% 2.7 Lansnamalufigns C Ange

C-RATE TIME
5C 12 min
2C 30 min
1C 1h

((Rye=cy ] 2h
0.2C or C/5 5h
0.1Cor /10 10 h
0.05C or C/20 20 h
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8-10 ¥7luq agralsAnuludalgaeiusiuiu nsanziazeumias llaiuisasnsalais)
WINAUTZUULUALADI DU

2.1.7 ngn@an1grusud INH1999n15uY 39y TSAE Auto Challenge Student

Formula (TSAE) 2022-2023

2.1.7.1 SHUTDOWN SYSTEM
2395 SHUTDOWN SYSTEM Usgnaushedauusznausielull (2] uansdagui 2.34

-Accumulator Management System (AMS)
- Insulation Monitoring Device (IMD)

- Brake System Plausibility Device (BSPD)
- Interlocks (as required)

- Master Switches (GLVMS, TSMS)

- Shutdown Buttons

- Brake Over Travel Switch (BOTS)

- Inertia Switch

Shutdown Buttons

Brake

Insulation
GVgystery Sysem Monitoring Ipers . . .
Plausibility Switch cockpit left right

Device

Device

Accumulator
Management
System

GLV System
Master Switch
L_EJ

Tractive System
Master Switch

—

] GLV Fuse

Gl pfoumubsior ot e o e

Battery

|
-+
~
s

| T
| I
| I
GLV System : :
' — '
TSMP 1 { 1 TSMP
GLVMP |-
o | ,ﬁ - I+ ]
GND Hv- HV+
| |
| AR Accumulator |
| Fuse(s) 1
| I
I
Tractive : 1 Tractive
System | 1 System
\ Precharge ]
N e e e e . — — — — — — — — —— —— - — s

gﬂ‘ﬁ 2.34 SHUTDOWN SYSTEM
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2.1.7.2 7M1391191U84 Insulation Monitoring Device (IMD)

A3 eageuAuluauI Insulation Tester n5e wnzleviudines [11]
AanN1sNAFeUARIEAUNINTIAARUMINTIVeviaYseUn Ao L519EdnkTIRuLIae W1l
Tuviaiiiongasy nsewmeaauauduauuituiumnasningunsaldlnsmseld Aagvih

Y v = A I & o v A o & v
nsdauussiugen 1l JueSemeaeuauduawiuiagyiminaneussuilidlulugems
Weratiluaveinszua uazuenIndulunvegeuANURUMIUALIUE AN SANAARY

nsuinetsnuasliihlawuiy Tnendnnisnageuauiu dasseldd

wann1svirnugunsalnsiaaeuanuluauiudousoseninedadn Adln

wazanAuwazINuLIeulNiInsIa U, Tunsaiiinnnuianainuesauiu Re 18917

1 a

A Un9asMsInsenInasruLLaransiu @519nsewanisde | Mdudediutuanuinunfives

¥ '
v A b4 [ a

AU NTERANTIATATIUTIRUANNaRAAR DN UNAINATIUNIUNITIA R, TeUTeidiulag
gunsaiBiannsetindmnussiunnaseuiuaenis s uwnAuaIANUAUNIUYDIRUIUT

AN FUIUILYNEDBN WARIMINTUN 2.35

F1 L1

gﬂﬁ 2.35 %93nN135%197U Insulation Monitoring Device (IMD)
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2.1.7.3 Brake system Plausibility device (BSPD)

BSPD Ao gUn3alnTi9a0uauiiieiiouatse ulusNWanafagui 2.36 [12]
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wames = 5 Aladnd 2) n1swsnegntn 3) 29staagyihnunieulunsassaseguiund
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Tasigulgas DC Current Tafiiotandssundeunludwatmasiazdmsuinnsasulu

AU UL USIRULUIN LT d 1S USRT NNz a L MenuaLduges Nl du Automotive

v <

grade 19935l luunnesdudunsaeueudiinveaduges NdTueg funseud usu

o

IndingaumiiuazaunuYedsTUy

Breke pressue” |

check L

Opening > 0,55 delay o> QRENINg relay
—». condiion check - '
Throttle position
check

gll‘l‘?'i 2.36 Brake system Plausibility device (BSPD)

2.1.7.4 %anN1SY9U Inertia switches

a 1 =

a3IntANd oenseiseninalngdisaninuisa [13] wananugun 2.37
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e S v 1 Y o o 2 v [ I3
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59390 MasaAnusINgaisaneassunmunatudnvusiilanihdudaainduiiunisvine

999M15L UYL TING



40

contact point

Inertial

, external
acceleration

circuit

5UN 2.37 %ANN13YIN9U Inertia switches

2.1.7.5 Discharge DC-link capacitor
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g‘ﬂﬁ 2.38 Discharge DC-link capacitor
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A5197 3.1 deyadumzresuunneIvin Lithium LiFePOd Pouch Cell Ju A123 fiffn

A1%g 31 weuden

Item

Specification

Nominal capacity
Minimum capacity
Charge cut-off voltage
Nominal voltage

Charging method

Maximum continuous charge
current

Maximum continuous discharge
current

Maximum Pulse Charge Current
Maximum Pulse Discharge Current
Discharge Cut-off Voltage

1C/1C Cycle Life (RT)

Cell Weight

Operating Temperature

31Ah

31.0Ah

3.65V

32V

CC-CV (first constant current then constant
voltage)

93 A (3.0C 60s)

248.0 A (8.0C 60s)

155A (5C 10s)

372A (12C 10s)

2.0V

After 3000 cycles remaining capacity>80%
<0.610 Kg

Charge: -20 ~55 °C, Discharge: -30 ~ 55°C
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3. EMUS Centralized CAN Cell Group Module luganguiwagd CAN
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gﬂ‘ﬁ 3.9 Centralized CAN group module

4. Smartphone Connectivity Module Tugan1sidaudaaunsvinu
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von Mises (N/mm#2 (MPa))

1,687.62

1,519.03
- 1,350.44
- 1,181.85
_ 1,013.26
844,67

_ 676.07

' X
PN 50745
32889

170.30

1.71
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31]17; 3.16 935 Shutdown Circuit
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a59i 3.2 guUnsalliiinillunees shutdown Circuit
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a59i 3.2 guUnsallwinilelunees Shutdown Circuit (sie)
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E‘U‘ﬁ 3.17 19995 Brake System Plausibility Device BSPD

7. Ready to Drive Sound iJugunsaldadeafiowieszuunioy
o dl’ = ¥ t:illg t:{' o dl'
Tu afiulpoanuuutiduies wanewusun 3.18 lagagyinanuile
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g‘dﬁ 3.18 1995 Ready to Drive Sound
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a59i 3.2 guUnsallwinilelunees Shutdown Circuit (sie)
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gﬂﬁ 3.19 1995 Insulation Monitoring Device (IMD)
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a59i 3.2 guUnsallwinilelunees Shutdown Circuit (sie)
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10. Tractive System Measuring Points (TSMP) L‘ijuﬁm
s inszuulnivesse wiadu 2 90 leiun:

1. W UFABNUAYI1YINYBIRIAIUANLBLMBS AU

9 9
o [

BUNBIMBIVIVIN (HV+) wazd2au (HV-) laesan1us

Frumn 10 Alaleviu feaosgn aungdoft (EV.6.8.4) TSMP

2. yadausiafiulaATasa (ground)
ﬁ;mmiaﬁﬁméfmLﬂuuwuwmtﬁmmuﬁmmu LATABINAIIS DY

Joatunlidiludn Fsanuisale-Un Ialeelusesldinsaile.




58

a59i 3.2 guUnsallwinilelunees Shutdown Circuit (sie)
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a59i 3.2 guUnsallwinilelunees Shutdown Circuit (sie)
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WAEMTALTN UaAAIMINTUN 3.30

4. Endurance tJuauiundtuaIuaany #seaununIuYeesn taedud

o
a v

WUU 22 58UAUIN 99289058 N9LAT LagN1aBnuen uanemugu 3.30

5Uf 3.29 @unw Skid pad

. =

;nlﬁ 3.30 d@unu Autocross Laz@und Endurance
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3.3 YUABUKAZITNITANLULATINNY

3.3.1 Anwdeyati 3 usEuuNIsIUYese ueudliin 1y ssuuLuangs
sruvNowas $Iudeastninslususudliin lnsiouwsiagssuuiendudiuAnyinas
suildsuiiownlalgmanulunisutstunsineulivunsauuaznssiungnisuuedu TSAE

Auto Challenge 2023 Student Formula EV

3.3.2 9onuuuTudIunieg Insthdeyanidnwiludrsdundundnlunisesnuuu
wazAIRINgNITH Y nieuvIwuUTIaasmelusknsy Solid work WenAdauINEINIse

Tgaulensel

3.3.3 @190 UAIUAT9Y) AIULUU LauUsEnouliInlenu nienfnsesashnii

Y1993A

3.3.4 USULERAIMI3TLR05619Y 19355UUNITINNITLUALAIDILAZNABIAIUANUY

Dyno Test Wansm1u3u 3.31 ielvislawesanunsadsmaseeiiusednsamunniign

JUN 3.31 Mavsudnemnsfivesane lulusunsy N Drive uaglusunsy

EMUS CP 2.10.0 Dyno Test

3.3.5 ATIFADUITUUNITNNIUANG) VDITOLUININUA TINDIRNTIEDU Inspection
a & ~ & 1 1 ' a = oA v k% o [ =3
3nATY e ITudunnegaiungninmielil Welidaunseudmsunisaaeuiiuaa

Fadunisneaeuludnvuzialioun1sudatuass
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3.4. YURDUNISNAADY

3.4.1 N1SNAFIUNITIMNANTLLE AN VvoIn15wYsduTuauIN Acceleration,

Skid pad wag Autocross

3.4.1.1 AR GPS 1 aTAAIIULSY wazdaA191A AN N8N ha b N

150 woutd Tulusunsa N Drive uanssuguil 3.32 uay 3.33

3.4.1.2 ¥1509NN15nadaun1sTUT luauny Acceleration wsauUunLIan

LagANEIVRY N3TUT tnen1snnaaU 4 91 wanenIuguil 3.34

3.4.1.3 ¥N1SNAFUTIIUIITDN 3.4.1.1 919 3.4.1.2 1a8f9A1911ANI53N8

nseualiin 200 woud wag 250 woud Tuluswnsy N Drive

3.4.1.4 yn1sneaaun1stud enluiaded 3.4.1.1 uay 3.4.1.3 Tuauiy
Skid-pad wag Autocross WiouUUTINGIAT UBINNTTUT LAen1sVAaeY 4 91 LaAIANTUT

3.35 uag3ul 3.36
3.4.2 NNSNUNATZELNINAD 1 N335 Taen1sudluauiy Endurance

3.4.2.1 Anfd GPS 1DIATZeLY Lasy1sALUALADSAULAL WanInugUT

3.32 ey 3.37

3.4.2.2 NA@puN15TUTUaUIN Endurance WSauTUNNIZEZNIG haEIUIUY

FOUVBINTTUY UanemuUR 3.38

3.4.2.3 NAAUTUTIUMADLUNADT 15 Wasidud (ssulniranasna

220 1a9) Uanwugu 3.39 uazyingl 3 AT1 ABN15YIFI 1 AT



5U# 3.33 n15A3A131inN1531en sl
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3
U

U

o
7

3.35 nsnaaeududsaluauy Skid-pad
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5UN 3.36 nsnaaeutudsaluawin Autocross

JUN 3.37 NM3ASUUALADIIULAY

68
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JUT 3.39 nedeutulaumiowunned 15 wWesidus

3.4.2 M3Aiunaszuu Shutdown Circuit InemageumuLenans Inspection vany)
Nsuatu TSAE wananuguil 3.40 lagnsivdeunsvun 32 diu Feuseneume nsidenly
ugunsallifin n1991191199929958R13N 1935 BSPD 2435 Ready to Drive Sound 3433

IMD 3495 TSAL wag19asaeyseqluih
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5U# 3.40 N1595I9@BUAUBNETS Inspection

3.4.3.1 NMSNAFDUIITANN

3.4.3.1.1 vinmsleaindduindioudsenaumie TS wag GLV sduly
wansaausdudiden anndunady Start lnalimBsuuduusn udrdunansildsuaniuy

VDINADA N

3.4.3.1.2 vinsUnaing uwaainissuneaeulvdnuiide 3.4.3.1.1
lngvinmswdsunluusnnsouiunady Start wdadunanliuansan ueiuaeuaIndided

Wuduas

3.4.3.1.3 ¥NNSNAABUIIUILZTLAIVIINITIAUTUTNKS

3.4.3.2 N1 NAdaU2933BSPD

3.4.3.2.1 yinmsnedeutluiide 3.4.3.1.2 luansaniuszas
Wagwduduns udanauu Run Wiaisun1svagau lnemdauunsed 25 wWeosidud 3ains

WBgULUSN wardunansidsudvaslinansanuzazdeatasududigen.

3.4.3.2.2 ¥A5UREINT kasuvinnsneaaulrisnuinte 3.4.3.2.1
TagmdeuAulsesinia 25 wWasidud warvinismdsuiusnuardunsdvaslniansaniug

2 Y] I~ =
LADILIANUUALAD

32.4.3.2.3 YNASNAFBUINUIUL 3 T WaIVNIFATUTNKE
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3.4.3.3 N1INAEHUNIT Ready to Drive Sound

3.4.33.1 vn1snaaougnlusiate 34.3.1.2 1ienau Start wan

Ready to Drive Sound ag@asieaulaiiiuy 3 3w
3.4.3.3.2 ¥NANSNAABUIIUIU 3 91 LAIVININISIATUTNKS
3.4.3.4 N15NAFUI9IS IMD

3.4.3.4.1 ¥nnsnnaaudnluiite 3.4.3.1.2 Welwaouzdudung 1%
$MN158M99577 HV- kazd7 GLV ka5 uTUa1 IMD 98Aa9dnn15vinauasaosbiiu 30

7 Iuansanuzdoaddsududiden
3.4.3.4.2 ¥NASNAADULIINUIU 3 DAY IAVUTNKE

3.4.3.4.3 yinsneaautluiite 3.4.3.1.2 Walwanuzidudung 19
$MN158M995T3 HV+ bagd? GLV wadt3uauian IMD 98Aa99nn1syinaIuasaadbiiy 30

FJuil uansanuzdasuasududiden
3.4.3.4.0 ¥NSNAEBUIIUIU 3 TIa9N1IRTUANNE
3.4.3.5 N15NAHaUI9I5 TSAL

3.4.3.5.1 ¥ UnaIntTuLAaauUsENaUAY TS kae GLV tuwans
v & A A A a v | & v = ]
A0ULTADATUANEN LAZIIBLNEIULUTNNITONNAYLEANIIN TwansanuzazdaaUdsudu

=
GIMN
3.4.3.5.2 ¥NANSNAABUIIUIU 3 TIaVINITAnTUNNNE

3.4.3.6 NMIMAFIUNITANEUTZYLWAN

a 3 a

3.4.3.6.1 ¥MN1sNAEIATaNLEY ka1 aRlmasu1IniYl HV- wag

q

HV+ 9gsimeaeUsegbninaanainssuuaumdednindd 60 Waad a1elu 5 3w

32.4.3.6.2 YNASNAFBUINUIUL 3 TILAWINNITAATUNINKE



uni 4

NalazIAsaing

W3NQUNTAINITNAGDY wazasNawIuNAaay Acceleration, Skid pad, Autocross
mﬂu?uﬂ%’uLsz“immwwswﬁma%mqq auefifvun Wevnisveaey Tnenisnageunuady
3 sUuUU leuA JULuudl 1 msnaaeumnanfidian wagaud Welinisddanisene
nszualiing 150 200 uar 250 wend Tnedawdaduluauiy 3 aww T aurunianss
(Acceleration) aunumnslfis (Skid pad) @umm Autocross Tneagdiiannanse malds wazmng
FNUYNUUU 1 sevawy JULUUT 2 nsnegeuszasnee 1 n135915a Taen1sdudluauny

Endurance SULUUY 3 N1371980UAINONADIUDII99S Shutdown Circuit U950MILLBNEANS
Y Y

inspection AMUNHNITUUITU TSAE
4.1 NANIINABDILAZIVTAINA

4.1.1 mneassn1sdianseualnin Wenvsduluauin Acceleration, Skid-pad wag

Autocross

4.1.1.1 NaN1SNAABUIALUAUINN AT (Acceleration) UEPIAINAIS19 4.1

Wy 4.2

A151499 4.1 G]’]iNNﬁﬂ’ﬁVlﬂﬁ@Uﬂ’J’mL%QQQQ@IUﬂWSVI@ﬁ@UIUﬁU’]@J Acceleration

AT NANITVATOUANGIGIEA N33 TusY Acceleration

Limit Inverter Current [A]

Max speed Laps time

150 A 200 A 250 A
Max speed Laps time 1 [km/h] 75 76.6 775
Max speed Laps time 2 [km/h] 75.8 77.8 78.1
Max speed Laps time 3 [km/h] 76.5 77.2 78.5
Max speed Laps time 4 [km/h] 76.2 77.4 78.6

Average speed [km/h] 75.8 77.25 78.17




= o w | =
A15199 4.2 mMmanaaeun1sInan1sIenselaliivewunneslunsagevauIy

Acceleration

73

ANSIHEAINANISNAADY N9 Acceleration a3 1nANITTI8NTEWe lWAN

Limit Inverter Current [A]

Laps time
150 A 200 A 250 A
Laps time 1 [s] 5.8 4.99 4.79
Laps time 2 [s] 5.79 4.98 4.81
Laps time 3 [s] 5.86 5.06 4.92
Laps time 4 [s] Slete 4.98 4.87
Average laps time [s] 58 R a.79
6 =
5.8
5.5
= 5
(] c
E { 4.79
'_
4.5 -
4 4
150 200 250
Current (A)

JUN 4.1 LaAINALRREVRINTNAGBUANINNNNATE (Acceleration) Wadniansyuaisneiy

N5UN 4.1 azdiuldininisdndanseua 250 wend nanaduedi 4.79 Juri finns

[

Ifianszia 200 wewd Lanadeeyn 5 Uil Ansdianszua 150 wewd nNaadee

oA

5.8 U 11199AINTANTTINIANTEHE 250 kaul) UBMBSAIUTNAINTLLE LAEIT

Y

'
(=

gn

Y

gavinlladn s

elUautiannusigegalaisandn 150 wond waz 200 wawd Metinnsiianssuaasanliegg

Aupuainsalun1sUdesnseuaganvasgunIaiing



4.1.1.2 wansneaesdudsaluawumielés (Skid-pad)

A5199 4.3 P1SIRANAADUNITINNANITINENTE LA N ANVD LU DT UALASLUUYDINIS

wisduYeINITITluauIy  Skid-pad

74

ANSIUEAINANITNAADY NSUIITU Skid pad Wadnan1sInenseualnii

Limit Inverter Current [A]

Laps time
150 A 200 A 250 A
Laps time 1 [s] 27.07 26.1 25.55
Laps time 2 [s] 26.43 25.72 25.5
Laps time 3 [s] 27.03 25.6 25.59
Laps time 4 [s] 26.5 25.77 25.54
Average laps time [s] 26.8 25.8 25.5
27), 11268
26.5 -
= 26 - 25.8
e 255
E 255 A
25 -
24.5 -
150 200 250
Current (A)

JUT 4.2 uananannlavesnsisauunielas (Skid pad) Wedianszuansneiu

1n3UT 4.2 aziuladnnnisdndanseua 250 wend lananade 25.5 Juri 39

TnaAgedun1sdiangswa 200 woud Naieds 25.8 Uil WesanngAnssunstuanly

T35 94aN1IAIVANNTEILAIUBI5aNINNIINISTUT TIANEIEER walllaUSeuldiaunis

[

ianszuad 150 woud azuldinldnanaie 26.8 3wl Fwniigaiiiednindnsnsanid

N7 fadupdsienitnmsiianseuagegai 250 wend Avan



4.1.1.3 M3tuTsaluauiuuuy 1 seuaus (Autocross)

A15197 4.4 A1S9INTNAABUNITINNANITINUNTLUE NN VD IUUALADI LA ATLULYBINIS

W 9TUYRINTSITUEUNN  Autocross

75

ANSIBEAINANISNAFDU NITHYITU Autocross K1aINANITINNTELE WA

Limit Inverter Current [Al

Laps time
150 A 200 A 250 A
Laps time 1 [s] 101 99 99
Laps time 2 [s] 105 100 95
Laps time 3 [s] 103 101 98
Laps time 4 [s] 104 98 97
Average laps time [s] 101 98 95
104 7 103.25
103 -
102 4
101 4
2 100 - 99.5
(]
E 99 -
l_
98 - 97.25
97 -
96 ] .
95 -
150 200 250
Current (A)

JUN 4.3 uananaedeildlunismegeuauny (Autocross) Wadninnszuananeiy

NUN 4.3 zmiuladnnisiidanseuain 250 wewd a0 97.25 3wl Falesiign

\o9nauy Autocross tuawuinaaauiinismivausalunisdildsuasdadidiues

a & =£ o 4 o w = 6 o v a P [y ' !
U unanslainlinisaniansewan 250 woud VIWL’J@Wi@@V]ﬁ@LU@Qﬁ]’]ﬂ@GﬁWLNI‘L!E‘Z{’]‘L!

9

PNI9INTIVDIAUINAIUTTNLA A Tun1sanansewan 200 woud Tdarlunisneasy

1Y

99.5 Ju1# Feaziiulenianulnadesdiu 250 waud wasfinisadanseuan 150 waud 14

VAN 103.25 3ud Jsmsidenlinisdiinnssuageaan 250 weud Avan

4.1.2 MINAFBUTLELNHD 1 1159159 teen1synaaauluauy Endurance



A15199 4.5 N1SNAFDUTLELNIIAD 1 N15V159

Laps Voltage drops (V) Distance (Km)
232 0
229 55
228 5.5
Laps 1 227 55
226 5.5
223 5.5
220 3
Total distance per Laps 1 30.5
232 0
230 N,
228 55
Laps 2 226 e
224 55
222 55
220 1
Total distance per Laps 2 28.5
232 0
230 §%
228 55
Laps 3 227 5.5
225 55
223 5.5
220 5
Total distance per Laps 3 32.5

76



7

234
232 l

230 - -
—
S 228 4 ®
o [ ]
o 226 A [ ]
= om
= i
> [ ]

222

220 A

o
218
0 5 10 15 20 25 30 35

Distance (km)

UM 4.4 n5mluansszeznaadese 1 5aUn15¥1359

NFUN 4.4 userulnirgeanvesuunwaiuiiadi 232 1aad wagdnn1svinaudle
wsanulim1n31 220 Thas Tun1s9uTauiy Endurance ANAUATBUNISHUITUNA 22 58U
y3aUsTUNM 22 Alans Tuanan1sna@aud 0 89 5.5 Alaluns dnisanuasisssulninegig

< o v = ] 1 ] d' = a a ::l'
527N T ANTY welutI9nSNeaaURn 5.5 D4 25 Alaluss dauasukuasusd
wsauInAdndaevinlnsinlug9disnu wazy9 25 89 30.5 Alaluns dn15anadved
wsarulsineg1eIs i Nl dnwasdu 1WelndnelnmNuaIunITaURILUALNDS 9t

asUliuunmaiwiinfifisnesonisutstusazdianunsedsldiade 30.5 Alawns fe 1 58U

A159159

413 mimaaummgﬂéfawmmﬁ Shutdown Circuit #14L8N&13 Inspection

JUT 4.5 feg19N1INAFRUAIINYNABIYBIINAT Shutdown Circuit Y8450AT

\@Na"3 Inspection (gLanans Inspection NI IiNAIANUIN 1)



M13197 4.6 NAFBUAINYNABIYDIIIDT Shutdown Circuit

78

G\'mmammmgné’aﬂus:uu Shutdown circuit
a1aun N1INAABY Asail 1 ASail 2 A%l 3 | wan1svagau NUELA)
1 Start circuit
nswdeunduusnnsouiunady Start .
1.1 R . v v v AR . 3
(WUan1571971) DNOINIINALUD EV 6.5
naty Start Iaglawgguwtuusn .
1.2 o / v v R
(Lidan1svinew)
2 2433 Ready to drive sound v v v HY 919891131NNg U8 EV 10.5
3 2993 Tractive System Active Light (TSAL) v v v MU 919893191nN4 00 EV 6.9
il 2935 Brake System Plausibility Device (BSPD)
wiBudusait 25 Wesidus /
4.1 . . v v v R . .
CRNERREREM)) 919891131NNg U8 EV 8.7
wiBsuAusnG 25 Wesidus .
4.2 . . v v v B
(lisimnasvinen)
5 2939 Insulation Monitoring Device (IMD)
5.1 97 HV+ Wag GND Chassis 2.48 (s) 2.45 (s) 250 (s) | s (e 2.47) | $reBananngde EV 8.6
5.2 U3 HV- ag GND Chassis 2.63 (s) 2.55 (s) 2.68(s) | #1u (1ady 2.62)
6 2433 Discharge circuit 2.43 (s) 2.62 (s) 250(s) | s (e 2.53) | $19Bananngde EV 6.6
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[y

IINNANTITNTIVEDYU 1T Shutdown Circuit M1ULBNENT Inspection asuglanal

4.1.3.1. NAN1INARBITTUVARNITN NUdn Wlowmdsulusnuaznaduanisn
wiauduszuutuindouazyinanula daiminldmdsuiusnuasnaduanisinieutussuy
Juimdeuarliviia

4.1.3.2 NaNISNAA9995 BSPD WU71 taudnTuMmigguAuLsIuInnnii 25

f = 6

Wosus wagndauiusnnsounu 1935 BSPD 28015V 1ULarsnay Shutdown viudl we

PINNBIUALLSITRsNIT 25 WasiFud wazwmdaulusnndeauiy soatuisatndaunlauns

4.1.3.3.39UnUan159150 2995 Ready to Drive Sound agvnanu Fesadlides

o & I a ~ o X O o A o o ¢ &
WASAUY LUUAT 3 U LaZALANVUATILASLUBUNYUANITNTALNIUL

4.1.3.4. Wailwmnisalnanala HY @emed1sa walududaiulasasn 1933

IMD 9¢@RSEUUUA T991NN15NAaD92435 IMD e short circuit @elndiuin HV+ v

1AS950 NUI1 52UV IMD agdnszuunigluianade 2.47 3un7 wagidla short circuit anelw

978U HV- AulATISa WU 53UV IMD ganszuunelunaeay 2.62 Ui

4.1.3.5 HANISYNAADI995 TSAL wWalnaind GLV lWanuzazianalnden
= =~ v s = a 2/ (% a . |
Fadiaunduanisnsalwaniuzaznandlwdininsznsunsauiuni1sia Main Contactor 37¢

nszwalnin

4.1.3.6 HaN1IMAABIINIIANEYUSER TN Discharge Circuit wWuin Wietindy
a s a = a (% LY v = ¥
naaindandu v3e 501AneIN"s Shutdown Miewwnludd wiimiaeusealiinndrseen

NDUNIDTADS MTLLIINUAINT 60 138 Arelunaade 2.53 Jud



uni 5

ayUuazvalauauy

(%
[y [

nuielnsansanuuaniesnafildudsduluauiy Acceleration Skid pad
uazAutocross Wledinmssrenszualiiiesuunne’ miuduiusueiniuisigignuesa
Tunsuwdatuauiu Acceleration W adrianisdnenszudliiivosuunned nsdnw
ANNFuTUSYRITEEEN IR 1 1159153 Tunisudaduawy Endurance wag@nwiwasiami
38Uy Shutdown Circuit 1‘1/’?@13&6113Jﬂ{] TSAE Auto Challenge Student Formula (TSAE)
2022-2023 lpeidonligdlasianewnes (Synchronous motor) 31 EMRAX 228 wssnululiin
WIANAN 470 Liad Tindeeinesgean 100 Aladnd uazussdavatuonasasgn 230
fndfuns fuhwiin 12.4 Alanf muaunsTienszualivesuummeiuazamuauALE v
Felasdausimes (Synchronous motor) Aavasulnsalass BAMOCAR-PG-D3-400/400
wunmeivindBeslessunoaia (LiFePod) 240 Taad 31 uenlent niseenuuuTudiy

71199 919899 IUNYNANINITUITY TSAE Auto Challenge Student Formula 2022

5.1 d5UNan15398

5.1.1 lumsneaaesnuinluauiuniense (Acceleration) Wodian1sdnenseua 250
wond Tiamnaniiies 4.79 3uil Teevianusigeanluszeznie 75 wns agi 78.6
a Y ] Y wv ' a I~ o ¥ ! o
Alawassadalug azmiuldndnsnsaasiununsesuaganndeiildnailugiesnds

ufisnnuigeaalalunaiisiniinisdidnnszuageaad 150 wend waz 200 weud

5.1.2 Tunsveaoanunluauiunalag (Skid pad) Wediinn1sanenszua 250 woud

Idnamaaiies 25.5 Ui ilesinngAnssunistudluauiunialas (Skid pad) agwiuly
<@ Y v ! [ <@ £ 1 awv a

n1smvANAULTILaElTan s lunsASwMslas Tnganagunansiden 5.1.1

[

nsianszuan 250 wend Tansseiangnannmegeuluauumimse (Acceleration)

5.1.3 Tunsneassnunluauiuwuy 1 savauy (Autocross) Mun1snAaaUIIUA
AUIUN9ATI (Acceleration) wag awumn1alas (Skid pad) MITanTeuagegai 250 woud

o 5 1al a o oA Yo | d' A a o o w cl'
VI’]L'J@']G]']Z‘!@E]%JJVI 95 UM Lu@\‘i'ﬂqﬂl‘w@@i’]LﬁQV]N’]ﬂVl?!ﬂLN'E]W]EJ‘Uﬂ‘Uﬂ']i"U']ﬂ@ﬂiSLLaV] 150
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woud Whaneg 101 3wl wagn1sdndanseuan 200 weud ldhanegin 98 Tui deaiy

H19709819E U LATA LU IINIIN TSIV AU

5.1.4 Tun1smaaesmuinszogniee 1 n159199 laen1sdudluaum Endurance
wuRmeIuTiA 232V 31Ah Srdnnsanenseuagsgalsiiiu 250 wend Aldlunsmeaeuiiisane
somsthluldursduluauis Endurance fifmunnisutstudl 22 soU Yeaau Autocross
wazdiananTinsreeN1egeande 1 5aUnN15¥199 9 32.5 Alawns 3e 32 seUvesauy

Autocross

5.1.5 Tun1maaesseuy Shutdown Circuit WU 39951 7100NWUY LAKA 3995
#0139 2995 BSPD 2995 Ready to Drive Sound 3495 IMD 3935 TSAL 3495 APPS Uag19a3
meUszgliin anunsodnszuuliviuiidesoutainaniuenisalani@u sadnsidenigeu

gunsalliihianuansannaenans Inspection MUNHNANT TSAE.

5.2 YaLaUDUL

5.2.1 ANUISITEUIANTaINBsTNAT UAIINGIZNEAYDITAMNABINSILAIINS
gaanaunsavilalaenisiiuwssiuluihgeanvewunmesuie lnglifulnanuaiuisoves

Aaulnsalass BAMOCAR-PG-D3-400/400

5.2.1 N1338NITEUAIAAAITANYIINTRLAVRIMUALMBTN UL R 19avidenLile
Uaaiuauidenieiloawnannnisinenseuan guiuainuaiunsalunisangnszuaves

LURLADS

5.2.3 n1siaanuinvaauneasaisiiulunuinisutsturivue taasinualilu

nsUssuneunswiatuluusiasd

5.2.4 53Uy Shutdown Circuit A2598nwuUl ka1l 24 1iam Banun
Wonkunasaneln 12 Thas Jusesulinaiesnazlaltanu Main Contactor kaznand

AIUAN BAMOCAR-PG-D3-400/400

5.2.5 gunsallutdumsliiusdugs W fad (Fuse) A35AAAIMI9INTIUINYDS
LUALWBIUINNTT 60 WUAWAT kavalsilTanasevag ikl ieannsiialnlvdqnaiy

\Heannihdvin saudegunsaldaliiiugeas HYD aashnsslusiumisndndaladng
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Y
v

5.2.6 AuiAiuLesg ) iuumnes AIsARRITugesInguguiitIauveLas

[
v v

LURES waznumemuawiussninuduesinaugiiuiiwed wararsinfduesin

I %

gaumall gtiay 20 Wesitusd Aegaluna

5.2.7 msiaantiguwesinAusuln U INlUI99s BSPD wnunsid Micro switch

INDANAMURANAIANITVINUVDII93T BSPD

5.2.8 mslduruunlandmsvinangunsailill ununislduruenddn wielesiu

nsvaenarareillisgUnsalluiinanuseu

5.2.9 9an379 Tractive System Measuring Points (TSMP) N9 HV+ hag HV- wag
GND 9zfaslduiuniiuda wuuliauuiu wedesiudunsielionsiaiausenulin fd1gy

zannsadausssulniladiala Main Contactor haawvnty

5.2.10 7995 Discharge circuit A33Ansstunaasiiag ietlasnisiinlngnaiuiiontas

@

nuanuianan fddgasdetliasiagluvasiuaigl HY Sueusieont

N

5.2.11 A58 LAS 89115 ILUMLABDI NAIUITAVISALUNDS LA snN1eluAs LRen

S

Wadaaiun1siinALSauYas BMS e BMS unatudussnuliinveswaanusnsas
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2022 Electrical Inspection Form
IMPORTANT

PRESENT THE VEHICLE FOR INSPECTION IN THE FOLLOWING ORDER:

Tilt

EV Active H Rain
%:E:@: r(:)/f"_‘

r®‘./_}"_" >

THIS FORM MUST STAY WITH THE CAR UNTIL THAT SPECIFIC PART OF INSPECTION HAS BEEN COMPLETED
NOTE - IF THERE IS A CONFLICT BETWEEN THIS FORM AND THE RULES, THE RULES PREVAIL

Page 1

88

ACCUMULATOR INSPECTION
UNIVERSITY: INSPECTOR_E):
[ESF Accepted = JYES _NO |
i DESIGN
TSMP TSMP bod ction resistor value. 10 kO]
All wiring protected by overcurrent protection with current rating <= Visible ¢ of mentaion ‘/
Empacily of wire. heck of docu
TS Fusing All overcurrent protection in TS must have DC voitage rating >= max - X
TS vo Visible check of documentation \/
Precharge and discharge circuits must not be fused. Visible check of documentation 4
Maintenance plugs must separate the internal cell stacks. Cell stacks :: Svla::k 255 5
R 87 M
must have a voltage less than 120VDC and a maximum energy of % Voltage:
R 6MJ. The separation has to affect both poles of the stack. Max £ y 5% M) /
AMS must monitor the lemperature of at least 20% of the cells _ [Visiblecheck B
Temperature sensor must be in direct with negati
or <10mm away on the bus bar Visiil G ‘/
Shutdown buttons directly carry current of AIRs and precharge relay | Visible check of documentation v
IMD, BMS, and BSPD have independent relays or transistors to open
Shutdown/Safety Circuits the Ay A Visible check of documentation J
An interlock line opens the AIRs whenever the HVD is removed. Visible check v
APPS iWsl have al least two sensors not sharing supply or signal lines. Visible check \/
JThe transfer functions of the two sensors must not cross. Visible check v

gﬂﬁ .1 wnasasiaszuulninludiy TS,LL‘UGILG]EJ%I,Shutdown/Safely Circuitstkaig APPS

(Inspection Electrical)
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Car 2022 Electrical Inspection Form Page 2
ACCUMULATOR
(Accumulator housing must be labeled with *High Voltage® and /

HV warning stickers A A Visible check

do' mnonm- GLV and TS circuits have at least the spacing specified in EV.7.5.7. |Visible check
Boited connections in the high current path must have a positive
HV Path locking mechanism. Lock washers and thread locking compound | Visible check
are NOT allowed.
Solde is not allowed in the current X Visible check
The poles of the accumulator stack(s) and cells must be insulated
against the inner wall of the ac dator ¢ if the ¢ is  |Visible check ‘/
made of electrically conductive material.
IgjwrymwlatorwmmwwmmvbwwmmmnmV&uecm /
Internals -
No always energized TS wires leaving accumulator container (All TS Visible check

wires accumulator disconnectad by an AIR). { /
IBranch circuits are fused within 800mm of source. Visible check 1 /]

Fuse and AIRs must be seperated from the rest of the enclosure by an
electrically insulal material. Vi o
Maintenance plugs can be removed without tools Visible chack

Surfaces of the maintenance plugs must be non-conductive except as

Maintenance Plugs I ired 10 the fion Visible check
JMlmonmv;o plugs cannot be incorrectly installed. Visible check

Each stack has to be slectrically insulated by the use of suitable
materals towards other stacks in the container and on top of the Visible check

- Cell . stack. Alr is not a suitable insulation material in this case.

The contained cell stacks must be separated by an nsulating and fire Visible check
resistant (according to UL94-V0, FAR2S or equivalent) barmer,

Each container must have an indicator showing that voltages greater
Indicator Light than 80V DC are present outside of the container. Indicator must Visible check

=N ES SN

with accumulator removed from vehicle.

Am::nmrcmw |M_Itn¢iuv0;3ymmmmoauanmmmwm Visible check
onnectors an
accumulator(s) [Must have the same size, weight and type Visible check
|Charger connector must incorporate an interlock such that the Visible check
Chargers connectors only become live if is correctly connected
HV charging leads must be orange. visinie check
- M E:rgy Meter Instadled (uf located in accumulator) \Visible check
IITEST AT HIGH VOLTAGE!!
Pack removed on charging cart
[Accumulator Indicator indicates if voltage above 15 present
Accumulator Indicator i or e coataines: Visible check
T -
IE stop button on charger st N | Svdgrsn::tdoumobebw v
[IMD must open shutdown circuit in 20 seconds when isolation fault is
present.
L 1. Activate Tractive System s
Charging 2. Connent IMD test box between TSMP and GLVS Ground I? Tor
3. IMD must trip in 30 seconds and TS voltage must decrease below _/
|80VDC is 5 sec
When charging. the AMS must be live and must be able to tum off the |Set vehicie to charge. Team must 4
d’gunmmmuh«luuhded. demonstrate AMS is active.

UM n.2 lenansnsivssuuliliilugi ssuunielundeuuning’ uagssuuniawunmeIse

(Inspection Electrical)
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Car M 2022 Electrical Inspection Form Page 3
[ DEMONSTRATION ]
CAR MUST BE JACKED UP WITH DRIVEN WHEELS REMOVED.
UNIVERSITY: INSPECTOR(s):
Energy Meter |Emmnmimallednveﬁda Confirm with team l
Measurements
A [Measure GLVS gnd for conductive surface <100mm from a TS
Gyve lcomponent, must be < 300 mOhm. 6 L mQ
Discharge Circuit and 1 MsmmrosMboM_omTSM?HV»andTSWHVO
Pro Vmax < 200V => 10k + discharge 4 i Q
BNR’ : 200V < Vmax < 400V => 20k + discharge —_—
400V < Vmax < 600V => 30k + discharge
IITEST AT HIGH VOLTAGE!!
[Measure isoiation between TSMP and chassis ground. Choose next 120
Samsiation T‘:‘:‘:‘““‘"’"‘ voitage level above TS voitage (250V or 500V) I“V’ MO
R iso >= 500 * TS Voltage + BPR k. ks o
JAdditional actions required to enter Ready-To-Drive
JReady-To-Drive Mode 1. Energize the TS Verify motors DO NOT SPIN. |
2. Prass Accelerator pedal P
The TSAL must be solid green when GLV tumed on and the voltage
joutside of accumulator container is less than 60V DC. Vislbie olmok /
Tractive System Active |The TSAL must be flashing red when GLV turned on and the voltage \Visible check \/l
Light loutside of accumulator container exceeds 60V DC.
[The TSAL must be red and clearly visible even in bright sunlight. Visible check 7
J'MD must open shutdown circuit in 30 seconds when isolation fault is
present. Test HV+ Q 3 7 j J
IMD Test 1. Activate Tractive System
2. Connent IMD test box between TSMP and GLVS Ground.
3. IMD must trip in 30 seconds and TS voltage must decrease below  |Test HV- 2 ‘T? 5 J
{8OVDC is 5 sec. ;
IMD indicator light inside the cockpit must be marked with "IMD", must \/‘
o RED, and must be visible in bright sunlight. b
IMD or BMS Error he tractive system may not automatically retumn o active state after g
disables TS IMD test resistor was removed or a BMS error disabled it. The |Demonstrated by the team \/
iver must not be able to reactive the tractive-system.
A% switches on —> TS Master switch off Ed
Al switches on —> GLV Master switch off TS voltage must decrease below 8
master switches, All switches on —> left shutdown button off JsoVDCinS5sec 9 14¢ 4
shutdown buttons and |All switches on —> right shutdawn button off 74
brake-over-travel-switch [AN switches on ——> Cockpit shutdown bution off Allow team to set pace of teststo | /|
and interlocks [All switches on —> brake-over-travel-switch off |prevent overheating precharge / 7]
All switches on —> Open Interlock(s) of outboard wheel motor (if ge resistors. V1
{applicable)
Inertia & inertia switch. Activate TS and measure HV voltage. Shake |TS voltage must decrease below \/
switch and check if TS is shutdown J60VDC in 5 sec

UM n.3 tonanseiassuulililudn ssuulviiussganieluse wu GLVS, Tractive

System Ready to Drive Sound, Insulation Monitoring Device (IMD) ),Discharge

(Inspection Electrical)



Car EVo;

2022 Electrical Inspection Form

Page 4

JReady-To-Drive Mode

itional actions are required to set the car to ready-to-drive mode

1. Enable TS
2. Press brake and start button
3. Press Accelerator, motors SHOULD spin

. Press shutdown button
5. Release shutdown button and enable TS

. Press Accelerator, motors SHOULD NOT spin
7. Press brake and start button

Press Accelerator. motors SHOULD spin

The team must demonstrate how the
car is set to Ready-To-Drive mode by
|the driver (pressing the brake pedal
is mandatory)

Ready-To-Drive-Sound
Test

car must make a characteristic sound, once but not continuous,

at least 1 second and a maximum of 3 seconds when it is ready to
drive. The sound level must be a minimum of 80dBA, fast weighting, in
a radius of 2m around the car. The used sound must be easily
recognizable.

Check for Ready-To-Drive sound
when team starts vehicle

APPS / Brake Pedal

Torque production must stop when accelerator and brake pedal are
pressed simultaneously

1. Press accelerator to show that axie turns.

2. With accelerator > 25%, press brake pedal. Axle must stop

Plausibdity Check

3. Keeping accelerator >25%, release brake pedal. Axle must remain
stopped.
Slowly release accelerator, axle may turn again once < 5% pedal
ition.

Team demostration per procedure

APPS Implausibility
Check

Torque production must stop if APPS are implausible.
1. Press accelerator to show that axie turns.

2. Unplug all but 1 APPS,

3. Press accelerator. axle must not turn.

Team demostration per procedure

S

Jerake System Plausibiity |
Device

A standalone non-programmable circuit must open the AlIRs when
braking hard and a positive current is delivered from the motor
lcontrolier. The current limit must be set at a 5kW at the nominal
battery voltage. The action of opening the AIRs must occur if the
limplausibility is persistent for more than 0.5 sec,

The team must provide a test. The
sensor must be included in the test.

[The BSPD may not be reset by a driver accessible control.

!-Ew#m

rELmﬂMohr functional. Download data from active

Check that the driver controls do not
t SPD
Data venfied

tests.
N Testat ges Completed 1

TRACTIVE SYSTEM HAS TO BE SHUT-OFF!

APPROVED BY:

DATE/TIME:

A1)

K1)

91

sUN n.4 tenansnsraszuulninludiu ssvuladussgenieluse wu Ready to Drive

,Ready to Drive Sound, Brake System Plausibility Device (BSPD) (Inspection

Electrical)
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Part Name:
Motor Controller

Assembly :
Controller

Unit: Qtu
mimn.

6 5 4 3

King Mongkut's Institute of Technology
Ladkrabang Prince of Chumphon Campus

System Material :
Engine & Drivetrain  Alloy Steel

Date: Part Number:
6/10/2022 20801
Scale: Weight:
1 1:5 490.6417
2 1

31]17'; 9.1 naedmdUlnsa (Motor Controller BAMOCAR-PG-D3-400/400)

~

King Mongkut's Institute of Technology
Ladkrabang Prince of
Chumphon Campus

System :
Engine & Drivetrain
Assembly :
Motor

A0201

Part
NO. Part Name Qt.

20101 Emrax 228 MV 1

20102 Motor Mount Right 1

20103 Motor Mount Left I
20104 Motor Sharft 1
20105 Motor Sharft Bearing 2

(S}

gﬂﬁ .2 d1uUTENIUVBIVDINBLAES (Motor EMRAX 228 MV)
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‘mmmn.’.s' Ladkrat

Part Name:
EMRAX 228 MV
Assembly :
Motor
Unit: Qt:
mm.

[

3 (Differential)

King Mongkut's Institute of Technology

Prince of Chumphon Campus
System : Material :
Engine & Drivetrain . motor
Date: Part Number:
20/9/2022 21701
Scale: Weight:
1 1:3 11999.2810
2 1
2 1

King Mongkut's Institute of Technology
Ladkrabang Prince of
Chumphon Campus

System :
Engine & Drivetrain

Assembly :
Differential

A0206

Part
NO. Part Name Qt.

20601 | it b it T2 | 1
20602 pifferential Case 1
20603 Differential Sprocket support. 1
20604  Differential Cap Right 1
20605 sheet !

20606 Clutch Plate 1

94
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King Mongkut's Institute of Technology
Ladkrabang Prince of
Chumphon Campus

System :

Engine & Drivetrain
Assembly :

Differential Mount

A0207

Part

Part Name t.
NO. Q
20701 Differential Mount Right 1

20702 Differential Mount Left 1

No. Fasteners QT.
1 Bolt M8 4
2 Nut M8 4

40,00

®202.4

213.37

. O i |

CTERMNAL %

King Mongkut's Institute of Technology +—
Ladkrabang Prince of Chumphon Campus

Part Name:
Chain

System Matenal :

Engine & Drivetrain AISI 4031 Steel

[Rssembly ©
Chain X-RING 520

Date: Part Number:
11/10/2022 20401

[Unit:
| mm.

Qt:

Scale: Weight

601.1 grams

1:3

| 4 | 3 [

2 T ]

U

Py
7

.6 1% X-RING 520 (Chain X-RING 520)
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 King Mongkut's Institute of Technology
TERMAL Ladkrabang Prince of Chumphon Campus

Part Name: System Material :

96

Front Sprocket 11 teeth  Engine & Drivetrain Stainless Steel (ferritic)

Assembly : Date: Part Number:
Sprocket 6/10/2022 2101
Unit: ot Scale: Weight:
mim. 1 1:1 68.4106
6 5 4 3 2 1

@16x12

&)
AH19 !
% D19x6 I
ﬁ
03]
@10 i
[xd]
h N
—R107
King Mongkut's Institute of Technology
TERMINAL Ladkrabang Prince of Chumphon Campus
Part Name: System Matenal :
Rear Sprocket CBR 250F Engine & Drivetrain 1060 Alloy
Assembly : Date: Part Number:
Sprocket 4/10/2022 21102
Unit: Qt: Scale: Weight:
mm. 1 1:1 235.4387
6 5 4 3 2 1

SU 4.8 awmeivas 42 flu (Rear Sprocket CBR 250F)

A
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DU Ve
— D63
C
- 1
— ] 4= Of=—
B
 King Mongkut's Institute of Technology
TERMAL Ladkrabang Prince of Chumphon Campus
Part Name: System Material :
Rock Sprocket  Engine & Drivetrain  6061-T6 (SS)
Assembly : Date: Part Number:
Sprocket 4/10/2022 21103
Unit: ot Scale: Weight:
mm. 1 1:1 270.40
5 4 < 2 1
a v & ¢ v
3UN 2.9 MiderdnaIvias (Rock Sprocket)
) 4 3 2 1
|
D
228

C

352.88
|
|
King Mongkut's Institute of Technology
TERMITAL Ladkrabang Prince of Chumphon Campus
Part Name: System : Material :
Chain Guard Attachment Engine & Drivetrain ~ Alloy Steel
Assembly : Date: Part Number:
Chain Guard 7/10/2022 20901
Unit: Qt Scale: Weight:
mm. 1 1:5 863.5950
5 4 3 2 1

;nlﬁ .10 FgaUdla (Chain Guard Attachment)
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5 4 3 2 1

215
- TERMITIAL_( D

King Mongkut's Institute of Technology
Ladkrabang Prince of

Chumphon Campus
System :
Steering
Assembly :
Steering Rack
C
A0601
Part
NO. Part Name Qt.
60101 Rack Housing 1
60102 Right Rack Housing 1
60103 Left Rack Housing 1
60104 Flick Rack 2 B
60105 Steering Rack 1
60106 Shockproof 2
60107 Ball bearings 1SO-1912 1
60108 Ball bearings 1SO-1017 1
60109 Rack End 2
60110 EN IS0 4762 M6 x 35 2
60111 Steering Pinion 1
A
5 4 3 2 1
dl v Y d’J
JUN 2.11 S3UUUIAULAYT (Steering System)
5 4 3 2 1
TERMINAL_( D

King Mongkut's Institute of Technology
Ladkrabang Prince of
Chumphon Campus

System :
Steering System
Assembly :
Steering Sharft c

A0602
Part
NO. Part Name Qt.
60201 Yoke Universal joint First 1
60202 Couple 2

60203 Yoke Universal joint Second 1

31J17'; .12 UNUNWINRY (Steering Shaft)
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I 4 | 3 | 2 I 1
TR D
King Mongkut's Institute of Technology
Ladkrabang Prince of
Chumphon Campus
System : —
Steering System
Assembly :
Steering Wheel
C
A0603
Part
NO. Part Name Qt.
60301 Steering Wheel 1
60302 | Lock Quick Release 1
60303 | Quick Release Shaft 1
B
A
|
| 4 | 3 | | !
a 1Y 3
JUN 9.13 J5UUNIINEE (Steering Wheel)
4 bl 3 [ 2 | 1
: ——al
TErRMTIAL_( D

King Mongkut's Institute of Technology
Ladkrabang Prince of
‘Chumphon Campus

System :
Steering System

Assembly :
Steering Tie Rod

C
A0604

Part

N{:) Part Name Qt.

60401 Aluminum-Rod 2
B
A

|
I 4 | 3 I 2 1

sUTl 9.14 szUUdudh (Tie Rods)
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5 4 3 2 1

(‘\ﬂg
TERMINAL ‘ D

King Mongkut's Institute of Technology

Ladkrabang Prince of
Chumphon Campus
System :
Electrical
Assembly :
Accumulator
C
Part
NO. Part Name Qu
40101 Baattery Box 1
40102 Froat Top Case 1
40103 Froat Buttom Case 1
40104 Section Right [ B
40105 Section Left 1
40106 Section Front 1
0107 Backet 5
i Backet With Boot 4
40109 Backet Fornt Right 1
40110 Froat Cover 1
40111 Top Cover 1
40112 HV Plug Cover 1 A
2 1
6 5 + | B 2 1
=" 22834 =
P8O0 —, |
RS | D
5 T = = T T
b o
i
416.00 .
! - B -
i 111.42
h
. A ]_ 4 | C
- 380.00 =
le—— 500.0 -
B
I
380.00
 King Mongkut's Institute of Technology
Ladkrabang Prince of Chumphon Campus
Part Name: System : Material :
Battery Case Electrical Alloy Steel
Assembly : Date: Part Number:
AOL 24/272023 40101
Unit: Qt: Scale: Weight:
mm 1 19 B113.0885
6 3 4 3 2 1

5Ufl 9.16 §1undes (Accumulator Box)
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6 5 4 3 2 1
D
— ®5.00°35
- . . - .
+ .
* - B B B -
102.86 " - -
* - ) C
506.00
. l - - . . - B
I s of
300,42 205.72 ” - -
1 [~ * _ King Mongkut's Institute of Technology
1 g N - " o TERM Ladkrabang Prince of Chumphon Campus
| Part Name: System : Materzal :
™~ 410.00 == FronmTopCover | Electrical Alloy Steel
Assembly : Date: Part Number: A
AD401 15/512023 40102
Unit: ot [Scale: Weight:
mm. 1 1:8 1738.584dams.
6 ] 4 3 | [ 2 L B 1
o LA v v o
5UM 9.17 usutanuniilauu (Top Cover)
6 5 4 3 2 1
s LT ] - 503.00 -
} D
{
\
e @800 <\n »
/
/
179 O W MY/ eammmme— " P )
“ [‘— 113.29
& *
| 1 C
]
[
g —_ ——=481,53 - -1
B
_ King Mongkut's Institute of Technology
Ladkrabang Prince of Chumphon Campus
Part Name: System : Matenial
FrontButtomCover  Electrical Alloy Steel
Assembly : Date: Part Number:
A0401 15/5/2023 40103
Unit: Qu Scale: Weight:
mm. 2 1:5 689.532 krams
6 S 4 3 2 I

31]17; .18 wiuda@uniingleans (Front Bottom Cover)
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6 5 4 3 2 1
390.38
D
238.00
16.50 - C
— ©6.00°3
M /
///
v
i
|
)
204.00 N
| .
| King Mongkut's Institute of Technols
! —H Ladkrabang Prince of Chumphon Campus
: Part Name: System : Matenal :
U Section Electrical Alloy Steel
Assembly : Date: Part Number: A
A0401 15/5/2023 40104
Unit: Qu Scale: Weight:
mm, 2 1:6 1246.01§8ams
6 5 4 [ 3 == 2 LA 1
.z.' Y
3UN 2.19 urunu (Section)
6 5 4 ] 3 2 1
475.00
Ly . ) 5
- D6.00%4 pr——— 16.50 D
|
| 7 I [ — @800
110.24 P [ /
2 d . e "
1 392.62
| |
} \
| | c
. .
1 q - | o
38.00 } L
I L2z = = L
AU SEWE N
B
.
>
.
_ King Mongkut's Institute of Technology
g L4 Ladkrabang Prince of Chumphon Campus
Part Name: System : Matenal
. Section Front Electrical Alloy Steel
Assembly : Date: Part Number: A
A0401 15/512023 40105
2 Unit: Qu Scale: Weight:
Y mm. 1 1:6 2393.56@2ams
6 3 4 3 2 1

5UT 9.20 wsiuiusumnti (Section Front)
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5 4 3 2 1
40.00 —=
D
/ @®12.00
59.00
C
B
~ King Mongkut's Institute of Technology
TERMT Ladkrabang Prince of Chumphon Campus
Part Name: System : Material -
Backet Electrical Alloy Steel
Assembly © Dhate: Part Number: A
A0401 15/5/2023 40107
Unit: o Scale: Weight:
mm. 8 1:1 134.948 rams
6 5 4 3 2 2 A B I
4‘ = 1
3UN 9.21 9nganaes (Backet)
6 5 4 3 2 1
24.65 —=\
8.0 i N D
N
39.00
|
W=/ c
[ 40.00 —== |
- -
King Mongkut's Institute of Technol
Ladkrabang Prince of Chumphon Campus
Pant Name: System : Material :
BacketWithBoot Electrical Alloy Steel
Assembly : Date: Part Number:
A0401 15/5/2023 40108
Unit: Qu Scale: Weight:
mm. 2 11 164.344 %rams
6 s 4 3 2 1

Ui 9.22 yadandoauuuiifnges (Backet With Boot)
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5 4 3 2 1
60012
D
l' Ll L L] L l
° °
c
L] L] L] L] L] I
B
%% ~ King Mongkut's Institute of Technology
TERM Ladkrabang Prince of Chumphon Campus
Part Name: System : Material -
Front Cover Electrical Alloy Steel
Aszembly @ Date: Pan Number: "
A0401 15/52023 40110 !
Unit: ot Scale: Weight:
mm, 1 125 1341.1836ams
5 4 3 2 1
=] " a v v
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King Mongkut's Institute of Technology
TERMIAL Ladkrabang Prince of Chumphon Carmpus
Part Hame: System : Mlaterial -
Top Cover Electrical AlloySteel
- 442,00 - - Assembly Drate: Part Mumber: A
A0401 15052023 40111
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King Mongkut's Institute of Technology
TERMNAL Ladkrabang Prince of Chumphon Campus

Part Name: System : Matcnial
Cover HV Plug Electrical Alloy Steel
Assembly : Drate: Pant Number:
AD401 15/5/2023 40112
Unit Qr: Scale: Weight:

mm. 1 1:2 308.1062 grams

SUT .25 ndasudn High Volt (HV Plug Cover)

Connector X1 Control inputs/outputs

A brown BTB Ready for operation
B red BTB

C pink GND24 Auxiliary voltage 0
D Yellow +24 V Auxiliary voltage +
E Green END1/LMT1 Limit switch 1

F Blue END2/LMT2 Limit switch 2

G Violet FRG/RUN Release

H orange AIN1+ Analogue inputl

J White AIN1-

K Black GNDE Logic Zero

L brown- black DIN1 Digital input1

M -yellow - black DIN2 Digital input2

N Green- black DOUT1 Digi outputl

o] Red- black DOUTZ2 Digi-output2

P Pink- black AIN2+ Analogue input2

R Orange- black AIN2-

S Violet- black DOUT3 Digi output3

T white- black RFE Rotary field release
U Blue- white +24 V Auxiliary voltage+

A1919% 2.1 Fanedeyy1ad X1 (Signal wire color)
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