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Power Train Design and Analysis of Urban EV Using Battery
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Abstract

The objective of this thesis is to design power train of electric vehicle
and build 4-wheel electric vehicle (urban electric vehicle). High ratio of km per kWh is
our design target. Moreover, measuring is required to find efficiency of inverter and
motor. Efficiency of overall urban electric vehicle is analyzed in order to be high
efficiency urban electric vehicle as expected result. The design is done based on
regulation of Shell-eco marathon 2019. Proper size of selected motor is calculated as
1,500 W based on gross vehicle weight which is 150 kg and driver weight which is 70
kg. Driving pattern is proposed to find the best pattern while driving on track using
Microsoft Excel. The urban EV consumes 123.21 Wh to cover 10 km distance or 81.16
km/kWh. The urban EV prototype powered by lithium battery is built and developed

to reduce the weight and size of the EV.
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ANAUTUUUYDINAU (Wh/Kg) WsIdUAYa (Volts)
Lead Acid 123 2
NitMH 46 i 78
USABC Mid-Term 80-100
LiMnO4 100 q
LiFePO4 100 23
LiNIO2 130 3.6
LiCoQ2 140 34
USABC Long-Term 150-200
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A5199 2.2 SdunpNTRtuEmMIUNIIYY

Electrical Hall sensor Phase current Switch
angle H1 H2 H3 la b lc closed
0-60 1 0 1 + - off Swl Swi

60 - 120 1 0 0 ¢ off - Swl Swé

120 - 180 1 1 0 off + - Sw3 Swé

180 - 240 0 il 0 - & off Sw3 Sw2

240 - 300 0 1 1 - off ok Swh Sw2

300 - 360 0 0 i off - + Swh Swi
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vawmosuiinszuansauuuliuusanny (Brushless DC motor) auadidasidaluing 50
wsedin ndeant 39ldBudnsnanuoweslninsruansanuul¥uUsasiu (Brushless DC
Motor) Afirinfagalulisingeg faust 0.5 HP. fla 300 HP. saust® 1980 aufisdagiiy
Tulligtuueweslwinssuansddsudssaulivsy@niammasdadseanm 96 %
Joildvameslnihnszuanssuuulsuysasiu (Brushless DC Motor) Wudifiould Tuau

QAAIMNTTUDLWNNINYIINTUAY

2.4.2 vanmsiazduuseneuiugiuvestamosiniinssiuanssuuuliuuse
a7 (Brushless DC Motor) — wataasinirnszuanssuuuliuussanu %3e Brushless DC

Motor Wusawmasnseuansaildiuusouuazroudnsmess auisasuldlunisduiniou

apvese U Imuzlalaenss nefiosdinmuvenrenaimesidiiussuuilosuosniossudag
i ¢ A Ao ¢ A A A | -l - 3 o A
Fernuuandasawmeivilailfutamesuiinaude dwnviunislamesvewewmesvin
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sragiuuen lnsngludiuvedlsinedasluaiindnands (Rare Earth Magnet ) uavdauiie

fufivseammesazagdly figul 2.5 meluamemeiusznevssunainensunees 3 %
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muaudya Il 3 wia liun e A, e B uaz e C Safinduunude uazdidnsiady
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sUil 2.5 waweslwihnsuansauuul$idsediu Brushless DC Motonllunisdinm

2.4.3 laseainvesuamosiniihnssuanswwuuliudsedu Brushless DC
Motor) Tassadrsvasuaimasiadinszuansswuuliuyseaiu (Brushless DC Motor)
Usznauday3 daumdn dail
Lawdivyuvielanes Suiivdnamsnseaeadnanelnusou
2 dwdlegfvfvieamaed melulsznaudemnaimerdiuieed 3 un

1 A @ 1 of A
3.ﬁ?U%L‘fJUﬁﬂ@i'}ﬁ]'ﬂUﬁU?ﬂJLLMWigﬂ ﬂ\‘lgﬂﬂ 2.6
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Stator-

Rotor:

Hall sensor

JUN 2.6 fMedulanainvewamesiniinsvuanswuuuliuuseam (Brushless DC Motor)

FYUNFDIT?

2.0.4 a4 LaLeIAINI9Na Walswasindauialndniannnisen
= 5 1 = n’:' =1 = [ -:i al (-1 q; 15 @ u’; [l 3
witle ly9aLmanosLme ayeniundeuiilusrevniegus (Uussosdiniman
aswlle-lanlsines) aewinulswmeseanunnsusau 360 aeamalwin

el psm el = TuiugUIvewngn x arvena
"3 6,==8, (2.1)

2.5 aunuusiannuy

auuiminuyuisiainesvesnowes 3 ia Anainnissgludi
nazuaadu 3 wd Iiueeadn 3 g fio 4n A, 4n B uazyn C ueglusoanuimani
awnes Insrnmniia 3 on veilqudnwnsfmslouuynedns lidnsdusuinvesmnain
AIFIUY WazdueauauduasunaIn Tneansyuminaiy 120 esainiadeiuuasiy s
seldauldvauuvaniiuazinadn dedu iedrsussiulsifuunaints 3 wmavsiilhiia
nszuglwihlvalumaansts 3 90 vhauieiu 120 ssrlwituguiioai Faguil 2.7 uazgy

7 2.8
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sU# 2.7 nnwasnseuali
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(Source: http://xn-m.blogspot.com/2011/10/blog-post.html)
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sUfi 2.8 wiaweslaozunsunsyualih
(Source: http://xn-m.blogspot.com/2011/10/blog-post.html)

(1) Avaan 4, (2) w2, (3) fwoan 1y (4)Tan E

JUN 2.9 Maifnauuuslinanyy

(Source: http://xn-m.blogspot.com/2011/10/blog-post.html)
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aunwiminuyuiliAetuiianinoivesuewmed 3 wia namafaguil 2.7 uas
3UT 2.8 Afianudiiusiuvesguadunsuudlaihfuidussusimdnfifatuilannesniunis
Wasuuawanan lumsivisanguedutunssualwihiilnalusameamnes fvdnnsieo
fnusueduvesnsualninegluduuinuansinssualnilnaddiduuazesnmisuas
voswnadn lunemsitudwdwusuaduvesnseualniiieglufuay uansit nssualwih
Inalihianeuazeaniiduvosumnain

oy sndufinsandine 1 wuhgunduveanseudlni 7, did
aglusinuuan uansiinszualniilvaluenainsndiiidy (A) wavesniivans (A7) dau
sUnduvesnszualwih 7, uavs, Seviduegluduay wansinszualniilualy
yamnazdniivaty (B,C") wazoaniigy (B.C) satiy iesuduussuwlimdnsousniuda
duusualvdnsmesienndunniielumsnudreiieniugnas wansdagudl 2.9,(1)

defosaniivan 7, wugUnduvoanszusliil 7, war 7, fewiniueg
Tusnuuan wansinssualniviilvaluwaainiia 2 49 110 (A.B) waresniiuaiy
(A, B) dwgUrduvasnszualuin i, woagluduay tansinszualwifilnalusaainas
\ihiivay (C7) wareeniisy (¢) Wesiudunsausimdnseudaiiugs @uuswslmins e
fjwmﬁméwLﬁmﬁuﬁmuumuqﬂm LLﬂmﬁqgﬂﬁ' 2.942)

Hefasaniinan «, wugUedunasnssualwity 7, dewvhiuegluduuan
wanain nszualuiilnaluveain asdndidu (8) wazeeniats (8/) ﬁaugﬂﬂﬁuwaa
nasualwily 7, wez 7, dewviiueglusiuay wansinssualiinilnalusaaanst 2 YAY
diivans (ALC') waveaniidu (A.C) feiudlosiudunsautvmsnsaufniudy tduusse
wiwdnsungdmndudadeduinuusugnas wanssuil 2.9,3)

definsaniinat «, wusUnaurasnssualily 7, uay 7, fiaviniuey
Tuguuin nszualwiilvalusnains 2 YA qudidy (B.C) wazeaniiuany (BLCY)

v

dugurdurasnszualii 7, wuegludwau wansinssualnihdilvaluveainazidad

v

Uane (A') wazeaniinu (A) Weniudunssuadivdnseudiudy duusaudinansiuagls
nndudreiielumurnilonugnastiues wanaiagud 2.9,4)

[
LYY A

-~ ¥ 1 A [y rg =5
ALY Lll@Wﬁ]ﬁ‘imqkﬁULL‘NLLQJLWSﬂ'i"JlJ‘VILﬂWU‘Uﬁ!’m‘lﬂﬂWN‘UENQﬂWi ATUNTT
a =4 ! £ 1 =4 a [ a (Y] A
Wasuwlaswaaianan ¢ —r, sxiituinduusismdnagnyuluiiavimuduuniing dsgud
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2.6 Aans9UAUINIWAN (Hall Sensor)

o e

1 [ -4 = i =3 @ 1 1 =l
wsian (Magnet) Wuingiflauuwsivdneguinalaeseu uwimvanluadn
arunsanslgevinvinaladauuwdmanlneldiduiia wildaiuisansivauinees
auruLdmanld dningrmansdamersrumisnisinawiuwivin Faddudegtuansale
' & o < [ o ' o = o
auuniwanlaazainuazsiasy lavlddmsaduauiundivan (Hall sensor) Fevireulag
e1favnNN1sYeIIINgN1Talanad (Hall effect) Mnsiaduawuudinanidureassmiivinli
- 1 ar o d s 1 s o 1 A 1 q' { [ %)
Waauadnddududadrulaenssduanuduresauiuniivandiniulunwng Wetida
[y ] < 1 [ fa L3 3 2 a qiql [ [~ o £

fs13vaN LN lURaulaflwes wavihlundlndusnaundauiuudwinaevinlvmsiu
ANAIIUT VD IAUUIAEN LS

%) @ 1 (-4 i =1 =Y 4 at [ [

fnsvduauNutlvaniuaduy 2 vila Ao damsiadunuusuiden (Analog
Hall Sensor) wazfasaduiuuAinea (Digital Hall Sensor) Insiuvauidensglinavase

1 L t:slq./ b2 1 oa ¥ 1 ¥
AU AUIL WA NN LI INV LRI UNTALS druLuufineavrIiuevom 1A LTy

aunuudvineanyn 2 A1 A A1e (Low) wazAge (High)

l,llr_' § 1

S+ | | analog 2 ’ OUT
et I SOuT 5k
Ju,

GND
JUN 2.10 fMnsaduauuuivinuuueunden wasfmnsiaduauuiadivanuuuiines

Source: http://www.theorycircuit.com/hall-effect-sensor-arduino-program/
fnsraiuanuusimdniuiassiu fdnwuefisui 2.6 wavlanaudRsd
- input voltage 4.5-6V
- offset voltage 2.5 V (laaUseuneu)
- Sensitivity 13 V/T

o o U @/ 1 A U 1 1 M
2.6.1 ‘Wﬁﬂﬂ"l5%’7\3’]‘14{‘?.1?NC-‘]’JGI‘S’J’{]"{JUE'{UWEJLLQJLWG‘%ﬂ Wenounasulnnszlanss

wolwadinii 4.5-6 Trad 1nfuvl 5V+ wazw GND ntuyinnisseliadnimasidnfu

9
& 1«

GND Waz21 Analog output Tiadfiimasazianiauszunm 2.5 1ad Arlilupiudredng

vnuAlaiaunuusingn Sondt ussiueeriam (Offset voltage)
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= & | dY a o & P o Lo L a o -1 o ¥ & Y
Fudumngndnimuaduun Fadusidazuion drilleradfousdadfidniestuegiv

WSIRUTRILMaIRelnnsELansaisiatuY 5V+ Lazwl GND

] ]

dethwiwmandnlndusianinsedu (Active area) v0adansiaduauiuusiivan

- =

ANuAeEndeliafivdunioanasuegiuiiruasauiuiiivgn nanme dnharladlngan

U

v
- - | ¢ =

ANURSANGTANRANTY wWRE1EITIMRadNIndAIAUAIAngAziiF1anas AILRNNANET

§

WaswlUdaudu i us fuA U dau Nk A nnS oA LR UL U S NT wlinan
(Magnetic flux density) fsil
]
B=,,(B)-V,, (0)*S (2.2)

r—*ll [ 1 a € 1l 1 & = 1 & &
do ¥,,,(0) \Wumnuadndeaslidauiamiman Smbhodu had (v)

V,u(B) Wupmusnedndvnediaunudman dwhelu Tad (V)

S Juduuseavsanuly Swhuduladsomaan (v

=1 o [l a =l 1 o 1 a =i 1 <

uaz B WUANMULYUYDIFUILLULAEN WIDAURUILUUNS NDLUEN Uvrenlumaan

(M

@/ [ I

fns99uduINBlmananLsotnauukiimanluusnalndudndnais,

1 @ o a o a < V-, [ v o aal
au’uJLLﬂJLViﬁﬂ‘V]Lﬂﬂ“UUU‘iL'JQJUa'TEJI‘ULau@EJﬂ LLﬁ?dﬁU']iJLLiJWfaﬂlﬂalﬁ‘ua?ﬂﬂ’lquuﬂﬁg&a‘twwf}

Tanulg

2.6.2 Usingniinigeas (Hell Effect) Tu a.f. 1879 1803 s0ad (Edwin
Hall) Unfinwiuminerdeaeiu sendud tenudn Wahudusathunsdisnseualwiilvanu
Miluinuifaunuusingn winsdszluikusithasinnsdeauy waymsdesuuiine
WliAnautulviinlufiiung lufieseannfunanseualafiuasaunuualvgn nseumu

Sundn Usingmsaiaead (Hall Effect)
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Ul 2.11 msiinusingnsaisead
(Source: https://web.ku.ac.th/schoolnet/snet3/saowalak/hall/hall.htm)
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nsfieUsINgnisalgaadeduelaniguil 2.7 a-a fall
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'
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5U 2.11 n waneuruaa1u19N8a10n919 d wun t wazfinszualuin
(Conventional current), I lwanuluiianisaindugneludue wivielszydedidnasou
wieudl (Fhednsniranadou vy ludiansetuiunszualain 9nsuaarlugudne

sU 2.11 v deldauuuimgn 8 lufimadmuagsisanfussunuusugah
UNNITONTZAY LLAALSIUALNAN Fe nTeyifuBiannsau vilisidnaseuuuluniseay
ATUULVDILNUMITIUNG

U 2.11 A Lﬁaumﬁhulmaﬂﬁﬁl,ﬁﬂmiaugﬂwﬁ'nlﬂﬁ‘uauﬁwuuuﬁmumn
duvouiuadasiaUsegliihuindwausnuiy asiiduseginiivhssinfuiiveuds
any ilviAnauuluds Senin awnlniieead (Hall Field), By Tuksusuuisiifiaain
gausuaallrouduuy auliiagyinlmiausdnlin Fo nssviudidnasou Feasyile
didnaseugnuantumisveuiudns Weussliuasusasimanduuaify Sdnaseuas

@ &

wwdouiluialunesie wazliifanisidesuy auuluiidelunsusuiuisdaudunug

as

AUAINUANNFNINIBUIIAU (V) ATl

7N
H
B = y (2.3)
1 ot & A L :l = -:y A‘(J ~l 1 1 o f [2 -
AINUANANYNTOLIIAUNNAVUU LF8NIT AUEANEgoas (Hall Potential
' A

Difference %38 Hall Voltage), Vi, wu31 aauenedndgoaaieuniian iioukusaiiuieyi
1NENIAIFIUT LU Faneu warvtasnilen dumtWing amaussdndesasazinitey
A731470 91nauNIs (1) 9¢lf7n

Vg =Egd (2.4)
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B(x)
x|
FT+++++ 4 Vi
B T'-\- 1‘-":——:::;:\1
iV, A
Y| \

sUH 2.12 msinanussdndseas (V)

YU

(Source: https://web.ku.ac.th/schoolnet/snet3/saowalak/hall/hall.htm)

srawnsada v, 1a lnegdeliaddmesidaiuge x uazqa y Ae3Ue 2.12 n @nindaves vy

- [

nsulfanesesnenoulsnlanine s

a &

91n5U 2.12 n wimzlsey Ae SlanAsoUTNUILaU DN msUsyiiusyy

uan Anee Vg uay V., szasstmiulugy 2.12 n usfirves Fy uay Fe Sinady fuandugy
2.12 v bivssquangnudnluiivaudue dwlsyaavgnudnlufiveududie wavanw

H

14 Vy dwassdwmiunsdifinmvesUsgalivsygay

=3

93U 2.12 n vaseusaudwdnuavusalwifisuiawiiy sezla
(me)Ey =(-e)VyB
Ey =V,B
1NEUN1S (2) e
I”H = EH d

Wowndnsusudeuass v, G
I

neA

Vd' =

I 3

A A o = 1

o » A9 IMNUNINEUTERN0ENUIANLAT (MIDAMUNUIMUUYBINUEUTET)
(-¢) fip UszaBlanaseu

way A Ao AUNMEAaUeIWNLAIUNS

wvuauns (5) asluaunis (4) azla

(4

P

Wo9n r=2 A AUV ILHLIIUIUN Aetiy

|

(2.5)

(2.8)
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gy ot (2.9)
net
aums (7) Weoulndlamdu
B=netl™'Vy (2.10)
Y 17 wag  Tuaunis (8) mlaninasda Janiduansiadiin aud
Tunuwmdszadesniidgnhlwiing uanddannnwedfissyhliifansvualwifiarunsa
Jald drwawiudiduwmedszgpdesunn witseuldnszualiiiSuandndosiiu a1n
NMIANBINUIT @15ReF AT oANTaUulA »=102m 3 uarlaneludar =102
fatiy dseansomanuduresauiuudndniilinsiuaiainaunis (8) 16 Aruiduves
1 & = ' <3 & @ v & 1 =
aunwiwaniviheluszuuealolumaa (Tesla) unumedydnwal 7 uavmbeifiuves

17 [ ] = < o s s & G < a4
ANULVUYDIAUILLLLVAN AR WNE (Gauss) BN URIYEEY AN IWFJ‘W 17'=10"G

2.7 NMSAUINUBIABS VUMD S INHA
wowmasiludiud Ay lunstuindeusoedlni Fsdududosiuinmien
Nolne I gaudmsuTasualia druawmesiivuinidsiosazyilvsaluauisavineansa

¥

¢ viietuewesiivuamdsilngiiuagyiliuemesivminunuayldnd i des o

[

M lvuawosdusyans nnlun1svnauiian feuuuenes

o

My ldtumdaum sia N za
A a ) w g v al
WenavUsendanasliuniign

o @ s

Tumsnnuanasfesmdfieiuseineg inseyitussalaun wsed
rrughssimun sy usslumstunisaiades usdlumsisiennuiiiangudauiniu
guaauaLIwUeINIA Landluaunseel

Fn: FT!'+ Fgr+ Fac+ Fad (211)
S
F, ADLIIvMUA
F,; AOuseilo1wuenssimuniswyuy
Fyr ABusslunsiumeatnides
Fye ABUsslumsissmuiimingudaudsninnigean

F,afousinuenia
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e Fy, 190

B = by % Cgp (2.12)

Gvw Aot munYeIsa

Crr AeduUsednsanudmumunIIyU mlana1s9

Rolling Resistance Coefficient

c ¢; (mm)

0.001-0.002 0.5 railroad steel wheels on steel rails
0.001 bicycle tire on wooden track

0.002 - 0.0056 low resistance tubeless tires
0.002 bicycle tire on concrete
0.004 bicycle tire on asphalt road
0.005 dirty tram rails

0.006 - 0.01 truck tire on asphalt
0.008

bicycle tire on rough paved road

0.01-0.015 ordinary car tires on concrete, new asphait,
cobbles small new

0.02 car tires on tar or asphalt
0.02 car tires on gravel - rolled new
0.03 car tires on cobbles - large worn
0.04-0.08 car tire on solid sand, gravel loose worn, soil
medium hard
02-04

car tire on loose sand

JUN 2.13 Anduusyansanuduynumsuyu

(Source : http://coachrobmuller.blogspot.com/2017/11/rolling-resistance-revisited.html)
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A1 F,, 0910
ar

Fo = Gyw X Sin 6 (2.13)
6 Foyuvewnaades
WA F,. 16a7n
Vy—v
Fae = Gow X ot (2.14)

Uy Aonnusagaing (m/s)
V1 Aomuiansusu (m/s)
L AalunInss (s)

g feranuaiasanusitindasaeslan ¢ = 9.81 m/s?

WA Foy 19370
Fu= 3XpXcgXArxv2 (2.15)
P AeenuvuIwiuYesaInIa (0 = 1.2 ke/m?)
Af fofuflvaatse (m?)
v Asaransa (m/s)

A e

Cq Aodulszdniusianuateinia mildan
= o & v & o a Ay 1 «:7
dalanasinvessiuaids fhlumusedaids anaunsseludl

Ty = Fy X Ry X Ry (2.16)
R, Fafsadvasdosiueny

Rf ADANUAUNIUYDIADLAZLNEN
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Wiolaawsesdafdesenhunieuiuamussdafidoasaniasvinlideluaay Ineauwssdefide

U q

2/ o

azfendesnidusidandogianiavilvaoldady
MTT = WC() X u, X Rw (2.17)
My fousstafenmuldlaglilifnady

W, #Ashwidniiasuude

L

JUsEANTLIWFIANIY

U Ao

solufatAwsslardadlalummdwasames arnauniseelul
P, =1, XW (2.18)

A LA

2T My

Pp =14 X 0

n =4 & - -1 s
rpm ABATIULINTIHUUNTTUNUTDINBDLAD I

2.8 gUnsnin1sin

l'nl'n.f

2.8.1 Arduino Mega 2560 AnuasalulasreulnsaaeiNimuain
ATmega2560 i1 54 Buwm / 11aneAdnealaedl 14 viaansaldidueidnawuy PWM L6l
Bunauuezwden 16 118l UARTS (ne3naunsusninias) 4 ¥winaiudl 16 MHz a1unse
Fousie furenfumesmuany USB vieldesuauines AC-to-DC iladudumsldiuuass

YuSidmansasiediulafissniuuiiieldanuiu Arduino Duemilanove %38 Diecimila

1 fiurhly

« VIN [uussdudunnrasuasa Arduino lngldumasitganneuen

« 5V Wuendnaiufienuay 5 V 91nuedn

- 3v 1T 3.3 volt supply fiad1eduann requlator NIGHAIE PG PIIGERGE
50 mA

« GND Ju groud pin
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« 1OREF Jufiudilusssudredatululasmoulnsalaasiiodonalsasu

Tvnulanundeusaduuasa

2. MUIEAMUDN
ATmega2560 iniaa11udn 256 KB (8 KB 19d1m3u bootloader)

W
o

UBNINUELDN 8 KB d@1w15U SRAM way 4 KB d@1m§u EEPROM

- (3

3. SUNALRTLE AN

a4

lusUiTneanyans 54 fuunvesa Arduino Uno anansnsunisdunauas

i
ldnmlnpasyhawiinsesiu 5 V uazldnazua 40 mA
faridudu
. JuwessUANBuan: 2 Buwmassud 0), 3 Buwmasiud 1), 18 Buwassus
5), 19 Buinassus 4), 20 Buwaiiud 3), 21 @ademe 2) ruameniannsafuunafizen
indomgludshanvauniiuiarawiawdsundas
« PWM: 2 i3 13 uar 44 §3 46 iie1svn PWM 10161we 8-bits
« SPI: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (55) 19 SPI TneitlsiAgadossu
du ICSP Feawdidnwmradteiu Uno, Duemilanove uay Diecimila
o LED 13: {u LED wuudadduiideudetufiudinea 13 La‘jaﬁuﬁmqq
LED 9¢fin usdofudiu LOW LED sy
« TWI: 20 (SDA) uay 21 (SCL) awmeslonisidousionuy TWI (120)

* UB3A Mega2560 fdunnuuueruniion 16 Yemyalisieasiden 10 U

2
=

o WUT WseAueIBedmsuBunaRUUaZUIaDN

[

« SgaldlunsSidnlulasreulvsaaailnemlvaldlaonisiiiugudidnls
A

1 A @ 1 1 &
vulaivevesiuduieguuvain
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g‘lJ‘i‘fI= 2.14 Arduino Mega 2560

(Source : https://uae.souq.com/ae-en/arduino-mega-2560-r3-6567186/1/)

2.8.2 Data Logger Shield 1¥u shield #ilddmsuifuasie oy
afifiesnns Wy ewes Sensor Aee IneFrfiFesn ey uiinArasun SO Card lu
shield Usznausig Real time clock (RTC) ¥osidau SD Card wazaodldaiu Back
up \fietaely RTC gavinnueglunsilliddlnideavesa Idnuldiuvesa Arduino

UNO, Duemilanove, Diecimila, Leonardo, ADK/Mega R3
Library fithunldsuazusynaudeiu 2 dawude

e Library SD CARD
o Library Real Time Clock (RTC)

g‘dﬁ' 2.15 Data Logger Shield

(Source : https://www.arduinoall.com/product/166/data-logger-shield-arduino)
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2.8.3 Current Sensor Module ACS712-30A Current Sensor
Module tTu Module Fanszualvidilaegng Outout eonundudayyia Analog

annsoseldialyl DC uay AC Tnganunsoyneruld 3 Mode Ao 5A, 20A way 30A

5U9 2.16 Current Sensor Module

(Source : https://www.amazon.com/ACST 12-Current-Sensor-Arduino-Raspberry/dp/BO1F 134PWY)

2.8.4 Voltage Sensor Module \Julugadmiuiauseiulnsia DC
dwsu Arduino FaUnfudr1 Analog 999 Arduino {1 ADC uae 10 bit Sneanan
e 0-1023 Wugaideraelumsudaissdulnilianunse Saussiuldgeand 24.9
vDC ynldlvidndduga 5 VDC uaganusnfaussiuasanldd 16.5 vDC wnld

wsssulwideadt 3.3 voC

gﬂﬁ 2.17 Voltage Sensor Module

(Source : https://www.amazon.com/ACS712-Current-Sensor-Arduino-Raspberry/dp/BO1F 1 34PWY)
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3.1 dauusenauvassosudluili
3.1.1laseades0

1. jUsulassaiesa gusvadlastadesaazladu
PENUUVEUEUAMNIUT 3.1 WolvengUvsasaiinisiuematios

LIRS, ANNETT 2.6 LUAT, g9 1.1 1UA3

27

N1S9BNLUUNIULN

iam loedia1undng 1.20

= ' o
JUN 3.1 sUsnlaseainese
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2. faniltlunmsvilaseaiise TunseanuuumsvinTaguedaseadiesn

v
o o et

TADIRITUIANMUANY hazANuI U@ A Ferudeld ”Lwiuiwwaﬁcﬂ P60 wnas1alu

&

1A59a51950 Tagusulnusia P60 uuummmmmmau HOINTUAVIATIAITLAINY

)

fatul &°1LUUG\@ﬁLﬁ‘iMﬁS’Nﬂ’N&JLL"U\?LLiﬂWLLN‘LJMﬁJI@E}I‘U&J'lﬂ’l‘ﬁuaul‘lf\lw@ﬂumim‘il}ﬂ’J’m

< |
LU

3.1.2 ssuunelusasasudluin

nsoanuuusyuunglusnazuuseanld 2 du fo

3.1.2.1 szuuliih
® Lunmes uumnoIendudauunaiendniliitfieldluduindeusasus
Tl
e Funefinei duneswestuludniifundinunnuunmeiied g
Ieluldlunsenunuueines

o yowmes wowmesiludiua GIAN] ’TEJVW?UWﬂ\‘N’W‘\]']ﬂLLUWL@B%ﬁﬂS?UWﬁN’WNWN

= )
meduesimesiiovmdsuilslUflunsiulvasniena

3.1.2.2 S¥UUASDINA
o s 1 dy 1 t:J L7 H &
e SsyuuLUaInIdmnena adrndanludiulasunlamatuiioonannuaines

logldifesruiiandamdsuninalimiesnadmsunisdulunan

Electrical Power Train Mechanical Power Train

» »

g‘dﬁ 3.2 szuulwinelusosudlni
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o
3.2 wuaLmas

wuamasN il lunnasinendsnuieldlunistuirdousosudnasauluii

Ao wunnesaduulosaunadaina (LiFePO, LFP) w517 wuawesaifeulosounoamnil

-

dminiuuasansalindanlwihlagaduieuiviunmeidu annsaviouldiigampias
llnnuaeadelunsldnugs wassimitligunndedioutuunnedvindu vili
wummasaiseulosauneanmgaudmiuluwrasitendinuielilunsiumdou

sosudndaulnin

Lithium Iron Phosphate(LiFePO,, LFP)
Specific energy

Performance

l=' ey na‘n. =
3U# 3.3 Ausutiveunmesiieulossuneaa (LiFePO, LFP)

9

Lithium Iron Phosphate(LiFePO,, LFP)

Lithium Iron Phosphate: LiFePOy cathode. graphite anode
Short form: LFP or Li-phosphate

Since 1596
Voltages 3.20. 330V rominal; typical aperating range 2 5-3.65Vicell
| Specific energy X }
city) 90-120Wh/kq
Charge (C-rate) 1C typical, charges to 3 65V 3h charge time typical

1C, 25C on some cells, 40A pulse (2s), 2.50V cut-off (lower that 2V

Discharge (C-rate) comus B

Cycle life 1000-2000 (1=lated lu dzpth of discharge, lempersure)

[ Thermal runaway 270°C (518°F) Very safe battery even if fully charged ]
Applications Portable and stationary needng high load curents and endurance
Conaiasiie Very flal voltage dischaige cuve bul low capacity One ulsaresb_‘rﬁu:

Li-ons. Used for specia markets. Elevated salf-discharge

JU# 3.4 mnauaneyauuninesdiduulosounaama (LiFePO,)



3.3 qmﬂQUﬂumﬂuﬂﬂﬁﬁuuamaﬂ%ttﬂﬁ\idm 2000W BLDC Motor Controller

Model: BAC-0501

® Cruise/Regen Controller, Programmable!
® Multi-Voltage of 24V/36V/48V/60V(MAX)
® Continuous current: 50A

® Max current: 100A

® Rated output power:2000W

® Weight: 1.5kgs/unit

® PC Programmable

® Regen Braking

i

e PORRCITON | | M- 6Vdeimay)
| ERETREREEER> 1 oo
i
BACLSH 100A Max
BAC-0501 PC Programmable
Regen Braking

BLDC Motor Controller [48V/2000W)

g‘ﬂ‘ﬁ 3.5 2000W BLDC Motor Controller

{Source : https://www.goldenmotor.com/frame-bldcmotor.htm)
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3.4 N1SATUINNBNBSVBITANEIUINTN

wowmesilududdylunisduimdeusa Urban car Sedifudiosduinmia

LWMaNMLNTaLdMIUTa Urban car druawmasivuinmdtssazyinlisaliauisavinesn

fila Miatwamesivuiamamivgiiussiilusmesivminunuazldndeuilies

v i i
o et s al o

i Newasiusednsamlunisinemuisn duluuawesninunldtuindeunisiled

=l

wanzaueiavUsendandslvunnian

TunmsAunnuemeifosrfdermusmneinseyiussoldun wsed
UM YL WRalunsTumaIndes ustlunisisinuinngudauiienusa

geaniorusueINA uansluauntseail
R Bt Fgr+ P ot ot (3.1)

F,, Fousaviane
F, Aouseilonsugussdiunisvay
For fAousslunastumsanmides
F.c Aousslumsiismnuianingudauiisninansagsge
F,,AOLIIUDINA
WA F,

Fr = Guy X G (3.2)
Gvw Fethwiinvessa

Crr fiedudssAnsanusumunismyu mldanmsa
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Rolling Resistance Coefficient

c ¢ (mm)
0.001 - 0.002 0.5 railroad steel wheels on steel rails
0.001 bicycle tire on wooden track
0.002 - 0.005 low resistance tubeless tires
0.002 bicycle tire on concrete
0.004 bicycle tire on asphalt road
0.005 dirty tram rails
0.006 - 0.01 truck tire on asphalt
0.008 bicycle tire on rough paved road
0.01-0.015 ordinary car tires on concrete, new asphalt,
cobbles small new
0.02 car tires on tar or asphalt
0.02 car tires on gravel - rolled new
0.03 car tires on cobbles - large worn
0.04 - 0.08 car tire on solid sanq, gravel loose worn, soil
medium hard
02-04 car tire on loose sand

sUfi 3.6 sURTTLARSAN Rolling Resistance

Y U

(Source : http://coachrobmuller.blogspot.com/2017/11/rolling-resistance-revisited.html)

F., = (145 x 9.81) X 0.005
E,=711N

WA Fy,

Fo = Gy, X Sin6 (3.3)
G Foyuvesmnsaindus
F, = (145 %X 9.81) X sin0
F, =0N
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VAN .
_ Up—Vq
Fac GUW gxtg (3.4)
v, fonnuiiigaving (m/s)
vy Aomnuidauzusiu (m/s)
tg Aavialunisgs ()
g femmnusadesnusdifudisedian g = 9.81 m/s?
145 x 9.81 x o0 0
F,. = X Y. Npyrvmeras
y 8157
F,, =172.62 N
WA Fuy
1 2
Fg = 5XPpXCqg XAp XV (3.5)

P faAuvuILiuYeINIa (0 = 1.2 ke/m?)
Af AaNLAUDINLNSE (M?)
U Asanuisa (mss)

Cq AadulsyAniusmavenim milaain
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HUMAN POWERED VEHICLE PERFORMANCE

CROUCHED) o Y

AERODYNAMIC DATA LEVEL .:RDUND NO WINDS i_"’f T OF HILL
DESCRIPTION | B | s S | i) e
| e ‘ Yo ..“:_; }u wr ] AT ek N (i ADE

] Cﬂ AR e | .

e 0B EnE i | ‘
(0] o moac i Ga o C§‘ 11 4.9|5.4 |.014| 146% 10.1 '27.8|12.2 19.8
T s Aa . i
U - - _— . —

Gl e e | I
S Do e s, 1.1 5.5(6.0 f.oos 140%  11.3 27.6|10.9 240
o
S:! TOURING < B | | : N
S THE, nfﬁ 1.0 | 4.3 | 4.3 po4s5 100%‘ 180 8311 128 | 287
< v o . :
5 aAc-NG e J | I ‘
I 1 -f- 88 | 3.9|3.4 |.003| 77%  14.7|33.9|13.0 312
. e | | |
nERGCOMPoNENL‘ﬂ ) 3.27 | | { | |
= 27 .83 3.9 3.2 |.003| 73% |15.034.6| 13.0 32.2 |

f

: i ‘ ‘
4.1 | 2.9 .003| 67% |15.4 i IS 13,1 33.9

PARTIAL FAIRING
{&ZIPPER, <!
CROUCHED

&
o

RECUMBENT

| .77 3.8 2.9 |.005| 75% 14.4135.2 | 12,5 | 33.7

PROVEDPRODUCTION

5.2 (0045 66% | 15.2 ' 36.6| 13.0 35.2

EASY RACER)
12E par

80 L6 g P
e : 3 5
TANDEM ;s e
Mnléfh

."::'l *

LiNCHE e =

(L .L.’ﬂ PMERSOM | )

= < i DOFgon! |

L
by |
N

&7

DHAFTFNG sgnepe : ;

eouome AR ~§¢~ £ 4‘31-94! 50 | 3.9 1.9 |.003| 47% | 17.5 41.0|18.6 41.
e

Anc ER RO AT SEWP TIRES \ b - - 54| T
B':,:,Jf BE"DI' Ac'fﬁu;;c: N C 61 - ;
& | SnoE Roen e = T liag | 12|50 | -6 |.004f 270% |22.5 58,6 | 12,6 774 !
?:-: KYLE w3 (P BnE 1 . ] B
2 WHEELED W2 edts g2 .'%4 | I
a TWGC RIDERS ;lw:;‘ . 1.12 A 7.0 1..4 .003 24% 0233 | 56.6 14.0 69.9
o B LES PER PERSOM i e [ 56 betien |
O| vECTOR SINGLE % B0 " cﬁ i
O ke " ¥ e ‘%E{i}z 11 ]a.56| .5 (0045 29%  21.8 |61.2|11.3 901
| vecTor e 52 108.4]
TANDEW (1,6 5 oS S .13 4.7 | ;8 |00as| 28% '25.6 | 72.5(.13.0  108.4
TRIKE 134 LPS unwpm =l 189 { person | '
PERFECT BIKE | | |
e B e e =3.07/.8 | 3.8 |'3.0| 0 | 59% |16.7 |35.8 | 13.4 34.7
T FUNG “’:1”’0;- b &= 0 ?
[47] asl:ﬂil;dess&mmammm f"r:‘"‘ ‘ N
= SO, 4 CE1.831 111 1.2 1.3 |0045] 41% ‘18.4 ‘45.8 13.3 | 50.3
E MNCLUDES MUMANS WEIGHT ot <=l .81 |
= [PERF OHAG On FLAT PR
F RECUMBENT Siincr Y Sm— =72 6412 | 7 o | 1a% 27.1(58.3[16.8 660
D A e L B2 | |
< | PERFECT PRONE I .5 | l I e
O . - Zral .8 | 5 | 0100 30.4]653 | 23.2 65 3
o [rerFeCT 2roNE ‘-_'ﬁ‘ e L
& | STREAMLINER - .%? .05(1.4 07] 0 1% 58.3 J125.’E 5.6 1174.5
MOTOR PACED — 2 —4— Vie — = i —
L[ temme _ T e lw n:-‘-n[b ! l
B i e e o4 of & 0| == - I |005 23% | 29.4 [294.0 12.6 oo
LB EOR ROER iy L2 Lk ~—|1.21 |
MOON BIKE 5B e ] | ] o
TN 11 T -§., | o | =1 —=|o0 looas 3% |237.52.975.| 78.4 | oo
: =] .15 ‘ |

JUN 3.7 3UR1519u4aneen Aerodynamics lieAuInd Air Drag Force

(source : http://flocycling.blogspot.com/2012/11/flo-cycling-cycling-wheel-aerodynamics.htm)
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1
= 5 X 1.2X 0.3 x 085 x 8337

Fy=10.63 N

e Fy
Fi= Fpt Fgr"’ Faet Fud

Fe =711+ 0+ 172.62 + 10.63

F, = 190.36 N
AasnAusdndide

Ty = Fa X Ry X Ry (3.6)

R, Aorsallvosdasauens

Rf ADAIIUAITUN UL DIADLAZLNGN

T, =190.36 X 0.28% 1.1

T = 6, 0NN
diolarussUandedesiwniluiuausidedegeafivsyivdelisdy Tnorusidnide

o 9] [ Py o ° v " a

avApatoenifusstndegannasyinlvdeluady

My =W, X u X R, (3.7)
Myq fousslnnenamulalaglaiinady
W, fouwidniiasuude

o

U AeduussAvdusadeaniy
Mrr = 145 X 9.81 X 0.6 X 0.28

MTT - 238.97 N
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Woum Ty, iniieufiuen Mpr

T < Mpr

i 1%
4 = o o o/ e/

Ausidnndetesninawsalnnaeasgaiissvinlvasliady Auiuniseonsazluyvilyde

U 9

snaay

WIVUIANIEIVDINDLADS

Bp=1,Xw (3.8)
=T, X21f
2 Nypm
= W\ 3.9
Pn =Ty 73 (3.9)

Nypm FomuEudaulummureiweines

VX60
) & Ry, X2T Al
) 4383489
pm T 028 % 2 % 3.14
Nypm = 284.35
a1 By,
Znn.rpm
6 =5 CX g e
284.35
0569 2,2 3.X4-% .~
B.=175k0"

leaunidesuawasivindu 1.75 kw



3.5 wawmasniinssuwansauuliuussaruouia 1500W (1500W BLDC Motor)

Model: BLDC-108

Voltages: 48 Vdc
Rated power: 1.5 KW
Peak power: 3.0 KW
Speed: 3200-5000 rpm
Rated torque: 4 Nm
Peak torgue: 8 Nm
Efficiency: >85%
Dimensions: 11x10cm

Weight: 4.5kgs

1500W BLDC Motor
. BLDC-108

www.goldenmotor.com

37

ﬁﬂ‘fi 3.8 wawmasWnsianssuulsnuseonurunn 1500W ( 1500W BLDC Motor )

(Source : https://www.goldenmotor.com/frame-bldcmotor.htm)
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® Voltages: 48 Vdc

® Rated power: 1.5 KW
® Peak power: 3.0 KW

® Speed: 3200-5000 rpm
® Rated torque: 4 Nm

® Peak torque: 8 Nm

® Etfficiency: >85%

® Dimensions: 11x10cm

® \Weight: 4.5kgs

o

QN

i
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® Voltages: 48 Vdc

® Rated power: 1.5 KW
® Peak power: 3.0 KW

® Speed: 3200-5000 rpm
® Rated torque: 4 Nm

® Peak torque: 8 Nm

® [fficiency: >85%

® Dimensions: 11x10cm

® \Weight: 4.5kes
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¥ INPUT QUTPUT
Um
Duty w
un
Cycle , Pin Vab | Vbc Vea Efficiency | Speed
0 M| A V{A) la(A) | 1b(A) | lc(A) | Viag(V) | Ilavg(A) A Pout{W) @
(%) k) w) ™ W W %) (RPM)
no
load 176 52.14 91.76 34.4 344 3.4 5 15 1.5 34.4 L 0.93 82.76 90,19 5099
1.095 4.15 51.39 | 213.06 33.6 33.6 336 3.58 358 3.58 33.6 3.58 0.93 19292 90.55 4993
2.095 6.41 50.46 323.44 3235 | g2.35 |=-3835 567 5.67 5.67 3235 567 0.93 294.19 90.95 4748
3.095 8.57 49.34 422.84 2214 | 3214 | 32.14 7.82 1.82 7.82 32.14 7.82 0.93 403.11 95,33 4572
100
4.095 10.53 | 4858 | 511.54 | 3167 | 3167 | 31.67 9.56 9.56 9.56 31.67 9.56 0.92 485.59 94.92 4436
5.095 12.09 | 47.34 | 572.34 | 30.26 | 30.26 | 30.26 | 10.75 | 10.75 | 10.75 30.26 10.75 0,932 521,73 91.15 4360
6095 14.55 46.8 680.94 | 29.95 | 2995 | 2995 | 1294 [ 1294 294 29.95 12,94 0.93 6521.58 91.28 4339
7.095 16.33 46.5 759.24 | 29.48 | 2948 | 2948 | 14.78 | 14,78 | 14.78 29.48 14,78 0.93 698.83 92.03 4231
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d o d 1 Cﬂ‘ b o 1 g at Q’ é’
A919N 4.2 NaN1INAAININITAINIAT Duty Cycle 91 100 % LA INITOMNUIRUNLNLTY

Input

Duty wl-wl Output
Load{kg) | W2k
oyde() | (kg} | W2lkg) "

, SPEED | Torque Efficiency
Va(V) | Vb(V) | VelV) | T1a{A) | [b(A) | Ic(A) PF | Pin(W) wom | i N (rad/s) | Pout(W) %

10% | 021 | 0885 | 336 | 336 | 336 | 358 | 358 | 35 | 093 [ 19292 | 498 | 02 | 5312 | 11343 | 5879
209 | 03 | L735 | 3235 ) 3235 | 3235 | 567 | 567 | 567 | 093 | 29419 | 4748 | 046 | 49696 | 21124 | 718
3095 | 05 | 2595 | 3214 ) 3214 | 3204 | 78 | 78 | 78 | 093 | 40311 | 4572 | 064 | 47854 | 304.24 | 7547
10 | 409 [ 07 | 33% | 3167 | 3167 | 3167 | 956 | 95 | 95 | 093 | 48559 | 4436 | 083 | 4643 [ 38619 [ 7193
5005 | 09 ) 4195 | 3026 | 3026 | 3026 | 1075 | 1075 | 1075 | 093 | 52173 | 4360 | 103 | 45635 | 469.02 | 89.89
6095 | 087 | 5225 | 2695 | 2995 | 29% | 1294 | 1294 | 1294 | 093 | 62158 | 4339 | 128 | 45415 | 58137 | 9383
705 [ L1 | 599 | 2948 | 2948 | 2948 | 1478 | 1478 | 1478 | 093 | 69883 | 481 | 147 | 44284 | 65044 | 93.08
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: Abstract

This paper presents the power-train design and analysis of Urban
electric vehicle using lithium bartery. Urban electric vehicle is created to
serve the desired low energy consumption vehicle nsed in urban, also
observe high efficiency electric vehicle for Shell eco marathon
competition 2019, Urban electric vehicle is emphasized 1o power-train and
improved to save energy consumption. Urban electric vehicle is designed
with 4 wheels and | seat pattern model and can be operated at 1500 W axl
reach 27 km'h to cover 15 km distance

Introduction
&y

Shell Eco-marathon 1s one of the world’s lcading energy cfficiency
competiion programs. In the name of ‘lnnogen’. has developed high
efliciency vehicle, all of the part of vehicle such as power-train
development, structure and material which are the most important key in
operation of Urban cleetne vehicle.

Moreover, electnic vehicles play an important role in communication
and transport. Loss of encrgy is less than internal combustion engine 1ype,
also mnovation is modern and  environment friendly. Required  Urban
electnic 1s desipned and created 1o comply domestic industry. Another
purpose is to reduce import spare parts, in result that the trend of
consumption of electric vehicle will be incrcased in the future

EVs arc promoted to achicve a better global environment. Therefor
design of very low energy consumption for innovative Urban EV is very
beneficial

Met
taigoiolony,

Urban electrical vehicle power train design process
Step 1: Clarify Urban EV specification.
Urban EV has 4 wheels and can be operated by | driver. Urban EV should
reach 30 km/h speed from standstill within 7 second. Urban EV can run at
maximum speed at more than 30 km'h on asphalt road
Step 2: Calculate motor size
Calculate enough force to drnve the EV Prototype as shown in (1)

Frr=Fgg + Fag + Fae + Fap (1)
The wheel torque is based on the total traction force. The wheel torgue can
be calculated in (2).

w™ Frr X Ry X Ry 2)

the motor power is calculated from (3)

Po=t,n X0 (3)
Maximum power from calculation is 1.83 kW. Then 1.5 kW brushless DC
(BLDC) with 3 kW peak power motor is sclected.
Step 3:Define motor
BLDC motor has many advantages such as high efficiency and relinbility,
low acoustic noise, small and light, great dynamic response. According to
mentioned advantages, BLDC motor is selected 1o used with Urban EV.

E-mail: kkveerac(@ yashoo.com

Step 4:Define battery
Urban EV is required batiery to supply desired main power to power train, also
10 be energy storage with enough encrgy. LiFePO4 battery s selected 1o
pravided 48 V, 10 Ah with LC discharge rate to cover 15 km distance.

Results
H A O e
Relation Batwuan Velotky and Power Relsticn Between Time ant Lasrgy
<l -
i = !ﬁh—-—-—- . gy L W -
Tie§ The remilt of croing: teodc ou ssplhdl Toud Fog.2 Tt vesa of m;«“.v:‘m,.. [ReRp——r—

" s d mon I

Pt Toout Frcsency of Ustvs s Power 11

\ uS‘g:rkcll.n gny

Urban EV is designed and tested, also calculation is proposed. After on-track
test the flat road condition as asphalt road, Urban EV consume low encrgy and can
be operated to cover 15 km distance allowing Shell-cco marathon 2019,

y oy of Ul A 1
* The efficiency of clectrical power train is 71.5 percent.
* The efficiency of mechanical power train is 77 percent.
* The total efficiency of Urban EV power train is 55.5 percent

References
TS o

(1) Shell Eco-Marathon Asia. Retricved March 3, 2019, from
https://www.shell com/make-the-future/shell-ecomarathon/asia. html.
(2)  Electric bicycle battery modules and accessories. [Online]. Retrieved March
4, 2019, from
www.vision-batl com/site/product_files/V-LEP-48V 10Ah.pdl
(3)  Solar Car BLDC Motor, [Online]. Retrieved March 10, 2019, from
s://www.mitsuba. co jp/scr/productsmi548-
% E2%83%A2%EFY%BCY%EFMI 096-%E2%:85%A2
(#)  IRF2807PbF MOSFET [Online]. Retrieved March 20, 2019, from
https://www.infineon.com/dgdlirf2807pbf pd 2fileld=5546d462533600a4015355
dea79¢1812 =

==

ENGINEERS

LADKRABANG




66

q 1197
MAAAAAN
NN
o 205555

- -~

5 =)
' 11E
k!

}{i‘ll..lllll_‘_i'l.lluﬁl'l‘
g

& PN v o Y] ] A P O | ) o ¢ v o
whanstiduenansfiasull dwsumsldanuiienisfnwiintu lleygaliiluldussTeviiunisen

ladnsdila 9 viadu Bnvaihudilidnulasiiont wagdesandadsivesenasynasaninistluly



67

Design and Analysis of Urban EV Using
Battery

Wichapas Chaiseya, Watchara Sriprapapong, Sirawit Aungwiboon, Setthawut Yiwhiang

Advisor: Assoc.Prof.Dr. Werachet Khan-ngern, Dr. Wiwat Keyoonwong

Department of Electrical Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang,
Thailand,

Abstract— The objective of this project
is to design power train of electric vehicle
and build 4-wheel electric vehicle (urban
electric vehicle). Energy consumption trend
in order to consume the least energy.
Moreover, measuring is required to find
efficiency of inverter and motor. Efficiency
of overall urban electric vehicle is analyzed
in order to be high efficiency urban electric
vehicle as expected result. Design is following
regulation of Shell-eco marathon 2019.
Proper size of selected motor is calculated as
1,500 W based on gross vehicle weight which
is 150 kg and driver weight which is 70 kg
Driving pattern is proposed to find the best
pattern while driving on track using
Microsoft Excel. The EV urban prototype
powered by lithium battery is built and
developed to reduce the weight and size of
the EV.

1. INTRODUCTION

Shell Eco-marathon is one of the world’s
leading  energy  efficiency  competition
programs. in the name of ‘Innogen’, has
developed high efficiency vehicle, all of the part
of vehicle such as power-train development,
structure and material which are the most
important key in operation of Urban electric
vehicle.

Moreover, electric vehicles play an
important role in communication and transport,
Loss of energy is less than internal combustion
engine type, also innovation is modern and
environment friendly. Required prototype
electric is designed and created to comply
domestic industry. The other purpose is to
reduce import spare parts, in result that the trend
of consumption of electric vehicle will be
increased in the future.

EVs are promoted to achieve a better global
environment. Therefor design of very low
energy consumption for innovative Urban EV is
very beneficial. Section Il proposes design of
Urban electric vehicle model to describe steps

of calculation to reach the purpose of vehicle
design. Power train of Urban electric vehicle is
planned and calculated. Section III proposes
power train design process. Section [V provides
Urban electric vehicle test and show test or
experiment result while conclusion of result is
analyzed in Section V,

I. DESIGN OF PROTOTYPE EV
MODEL

The first requirement is to create 4 wheels
electric vehicle which is follow Shell-cco
marathon 2019 regulation. Urban electric
vehicle: 1 seat model; is operated at 1500 W and
can reach 30 km/h speed to cover 10 km
distance within 25 minutes.

Battery can be the main energy supply to
provide power to Urban electric vehicle to reach
30 km/h and can run within total 25 minutes.
The purpose of low energy consumption Urban
electric vehicle is to consume low energy, thus
Urban electric vehicle should be as light as
possible and follow Shell-eco marathon 2019
regulation. Material of vehicle, type of battery,
size of motor can be calculated and chosen to be
used with Urban electric vehicle.

5 steps calculation of power train on Urban
electric vehicle is shown as follow:

Clarify EV specification
Calculate power-train
Define motor

Define motor driver
Define battery

Yos W



EV category: 3 wheel . 1 seat
Rate motor power & 500W
Maximue: speed > 30 kmh
Gross weight: 145 kg with driver
:Vehicle weighs 452 kg

Defining
requirement

:Drover weighs 50 kg
Road surface: Asphalt

|
=

L.Clarify Prototype E\'specification

55 tep o : 2 Calculate power-train Powertram
desing 3. Define motor
4. Define motor driver

5. Define battery

Testing

Meet Input

requirement

Fig.1. Urban EV design model

The diagram of Urban electric vehicle
model design as shown in Fig.l. Once the
specification and used material are suitable,
calculation of motor size is done, motor and
battery are chosen, motor drive and Urban
electrical vehicle body are built. The gross mass
of Urban clectric vehicle is 55 kg.

The suitable driver is 50 kg. allowing Shell-
eco marathon regulation. Then operation
solution is including to testing to find power
train efficiency, also on-track testing to find
consumed energy.

II. PROTOTYPE EV POWER TRAIN
DESIGN PROCESS

Step 1: Clarity Prototype EV specification.
Regulation of Shell Eco-marathon 2019 for
Urban EV as shown below:

a) The vehicle maximum height must be less
than 1000 mm.

b) The vehicle track width must be at least 500
mm, measured between the midpoints where
the tires of the outermost wheels touch the
ground.

¢) The ratio of height divided by track width
must be less than 1.25.

d) The vehicle wheelbase must be at least 1000
mm.
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e) The maximum total vehicle width must not
exceed 1300 mm.

f) The maximum total length must not exceed
3500 mm.

2) The maximum vehicle weight, without the
Driver is 155 kg.

So, specification of prototype electric
vehicle is designed allowing Shell-eco
marathon 2019 as shown in Tablel. And
feature of prototype electric vehicle design is
shown in Fig.2

Tablel. Specification of Urban EV

Width 1200 mm,
Dimension | Length | 2600 mm,
Height 1100 mm.
Gross mass 130 kg.
Driver mass 50 kg.
Maximum speed 50 km/h
Wheels 2 front wheels 2
back wheel
seat 1 seat

Fig.2 Feature of Urban electric vehicle
design

Carbon fiber is chosen to be used as body
of Urban electric vehicle, graphite fibers
contain up to 95% carbon and yield the highest
tensile strength in the FRP industry. These
fibers woven together form graphite fabric,
These fabrics offer higher strength and
stiffness-to-weight ratios than any other
commonly available reinforcements. While
there are hundreds of types to choose from, we
have selected three styles of standard modulus
carbon fiber which are suitable for use in
racing, aircraft, competition marine, and light
industrial applications. To maximize the
property of fiber we recommend using only
epoxy or vinyl ester resin, although polyesters
will bond to the fabrics. This 2x2 twill weave
fabric offers the cosmetic appearance so
desirable on modern composite parts. But
don’t just use it for looks, this fabric is highly
formable and slightly stronger than the plain,




General Properties for Carbon Fiber
Fabries:

* Lightweight

* High Modulus

« Fire Resistant

« Dimensionally Stable

« Fatigue Resistant

Step 2: Calculate power-train

Powertrain

The power flow between 48 v battery and
wheels which need to pass inverter and BLDC
motor as shown in Fig.3 Direct current
electricity flow from battery into inverter.
Inverter coverts energy from main battery to
motor. The power {rom battery into Inverter as
show in (1)

P=V xI (1)
Which
V is direct voltage (V)
I is direct current (A)
Data logging

The system collects the measured values
according to the time that the user set to save
automatically .The showed values are as
follows speed, voltage, current, power, total
energy

Calculate motor size

Calculate enough force to drive the EV
Prototype as shown in (2)

Frr=Fgrr + For + Fac + Fap (2)
which

Fy is Total Tractive Effort (N)

F,. is Force to overcome rolling

resistance (N)

Iy is Force required to climb a

grade (N)

F,. is Force required to accelerate to

final velocity (N)

F.qis Force to overcome air drag (N)
Due to competition without slope

FGR=0N
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Determine wheel torque

The wheel torque is based on the total
traction force. The wheel torque can be
calculated in (3).

w= FrrxRwxRs (3)
Which
tw 15 wheel torque (N.m)

Rw is wheel radius including tire (m)

Ry is resistance factor of the wheel and
axles

Determine required motor power
the motor power is calculated from (4)

Py=twmxxw (4)
Which

Pm is maximum power. Maximum power from
calculation is 1.83 kW. It is confirmed that
required motor power should be 1.83 kW,
Then 1.5 kW brushless DC (BLDC) and 3 kW
peak power motor is selected.

E — ;

s ) m

b -‘4

Fig.3 Powertrain

Step 3: Define motor

The BLDC motor is widely used in
applications including appliances, automotive,
acrospace, CONsuImer,

medical, automated industrial equipment and
instrumentation.

The BLDC motor is electrically
commutated by power switches instead of
brushes. Compared with a

brushed DC motor or an induction motor,
the BLDC motor has many advantages:

* Higher efficiency and reliability

* Lower acoustic noise

* Smaller and lighter

* Greater dynamic response

» Better speed versus torque characteristics

* Higher speed range

* Longer life



According to mentioned advantage, BLDC
motor is selected to use with Urban electric
vehicle as shown in  Fig.4

1500W BLDC Motor
BLDC-108

Fig.4 1.5 kW BLDC motor

Step 4: Define motor driver

To drive a DC brushless electric motor,
most of which use energy from batteries which
supply direct current to control the electric
motor for high efficiency can be supplied to
inverters to control torque and speed, the
inverter has been developed and used to drive
the DC brushless motor more widely,

The motor driver circuit consists of the
main parts, namely the MOSFET circuit, which
has a rectifier, a gate pin driver and a regulator
12V, maintaining the voltage level of the
rectifier and the control circuit with the
microcontroller, The signal is received from the
Hall sensor and processed and sent to the
Rectifier in order to drive the gate of the
MOSFET. The regulator 5V maintains the
voltage level of the microcontroller.

Three phase inverter which has 63 V rated
voltage, 50 A rated current, 2 kW output power
and more than 90% efficiency is designed with
input 48 Vpc link voltage supplied to control the
BLDC motor from 0 rpm to 5,000 rpm. 6
MOSFETs of IRFP2807 with 82 A rated
current, 75 V rated voltage and 13 mQ, Rpsen
are selected to operate 1.5 kW BLDC motor
controlled by dsPic30F4011. 12 V auxiliary
battery for horn and other light as shown in Fig.
5.
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a) BLDC motor driver

BLDC Motor Controller (48V/2000W)

b) Inverter and line voltage and current
waveform

Fig. 5. Inverter drive diagram and the
controller

Step 5: Define battery

Urban electric vehicle is required battery to
supply desired main power to powertrain, also
to be energy storage with enough energy. So
LiFePOybattery as shown in Fig.6 is selected to
provided 48 V, 20 Ah with 1C discharge rate to
cover 10 km distance with 100 kg gross weight
Urban electric vehicle allowing regulation of
Shell-eco marathon 2019 competition. LiFePOy
battery is designed for lower voltage, lower
power and longer run-time applications.

Lithium  Tron  Phosphate  Battery

Advantages:

* High Voltage DC Distribution Improves
Efficiency

* Lighter Than Conventional Batteries
* Increased Cyclability
* Longer Life

L

Fig.6 Battery




111, EXPERIMENT RESULT
Urban car was tested on-track with 1 driver
at 30 km/h within 20 minutes to cover 10 km.
distance. Power consumption is 380 W Energy
consumption is 123.2 Wh or 81.17 km/kWh.

Relation Between Velocity and

Current

Relation Between Velocity and Voltage

e

Tioma 1

Relation Between Velocity and Power

N

Fig.7 The result of test to find energy and power
consumption

IV.  CONCLUSION
Ultramodern Urban EV is designed and
tested, also calculation is proposed. Afier test,
Urban EV consume low energy which is 123.2
Wh and can be operated to cover 10 km distance
allowing Shell-eco marathon 2019,
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