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ABSTRACT

The project is to study for designing and creating model of electric car used in
the city. The computation used energy within the system of electric cars, were explained
by MATLAB program, load burden and driving cycle. The project bas a DC motor with 35
kW and 15 lead-acid batteries (100Ah/10hr) and total weight is about 950 ke. The weight
of drivers and passengers are about 150 kg. According to create model of this project is
for computing acceleration and maximum distance which can run furthest, in order to
compare the information's creating of model of electric cars (Generat Motors EV1). This
can conclude that computing acceleration is 3.98 w /s? and maximum distance which is

85 km for charging once.
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To+k T +k +k +C

]]m

o 5 =

k, fp Aduusyansnsandeviouns

k, Ao duszAvsnsaaudesinvi

k,  #e dnssAvinisgydennusadoaviuuasinay

C Ao msgydsnimitlulidemuiilag@uagiuanudisevuassitn)

(2.19)
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fuus wewoiuue 2—5kW Nowasvun 100k
k, 1.5 0.3
k; 0.1 0.01
k 1o~ 5%10°
C 20 600

o <
2. 300U URILAID G

2.3.1 wssnulvnudazviinvasuunnes
wqﬁnsmwai’mmmu:umLma‘%‘%ﬁwanszwUaEJ"mnnﬁ’uﬂisﬁﬂ%mmaﬁﬂauﬁlwﬁw
= = e = = o v i o oa o
Fauamwasyalull 3 Usuiowm Ae wusieeineninge  (Lead acid), HNRawARLLNY way
t:ia = 1 = s =y -:I'al'd
awusneiatiisulossy unavussianasiussnulvfansasile (E) vasuunmeifiinis
WasuwUasaniue Msfsunlaifanananinsn Amunnnsidelvenunnastaastin

= o .
LURLABIRENINSA (Lead-acid)

A 1 J = f-ll o/ o d. o L3 o
wusieasidunnasiiialnwihiendendnnisideuuyamdsueiinilundnu
Tihuunmeiusznaudmegadiiiaie 1 wadvieninndy wuawmesUssnaussgunanl

£=n-(2.15-DoD-[2.15-2.00])

ey e ar o
wuaLnasuninamalalase

uaﬂmﬁammwmma‘%mxﬁ";ﬂim

(2.20)

(Lead-acid) Turaisauidadiniswmunumeaas

infianialalasd (Nickel Metal Hydride) w3afiienlageadn NiMH Alln2uqwaaeugat
L o e u oty o ar . ¢ W oo
wumaed NivH tuidumaluladibiaussousAidniummeingiina (Lead-acid) uda &l
9 ] & = 2 < !
AMsaensiy nunuremstiviulasiiongnislinunenuiuni

-8.2816Dol)’
+2.35749 DoD®
~30DoD’

E =n-| +23.7053DoD"* (2.21)
-12.5877DoD’

+4.1315DoD?
—-0.8658D0D +1.37
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wummaaLiinloasy

PInLummpInEiINTA (Lead-acid) Miwnmaiiaunsusudlwiumiuanisse inde
wualae3 NiMH duguuuumdnlugoudignuaniutiopiu uwmneidifieslesaudildsy
auauladusehannlumstauniteldlusueud fildieamwdinugesusduss
mhitesg (3.6 ladremiseen) svaiuwumaeiisesnsnsigenei

E=n-33 (2.22)

(WA UUNA =3.3v up to 80% DoD )
io ¢ = ' =
R 1 VBATATUUAADINEE D oD HWumInIUANNTINEUIEUaIMUALRET ( O to 1)

2.3.2 N1591R0IN1S M TUUBALUALADY
0‘; = 0 s i i v :J o s
JuppuLINABNISIANNISEMSU 7 nssiannuuaeastilegnnatduninaaty
P(W)\aeriianniseisil
P=Vx]

fajuan P=VxI=(E—~IR)xI=EI-RI’

ar QI; s Cﬂ' 1 A
AIUUNRIUYIUGaseD NAINUUALADIFD

E—\JE*—4RP,,
Iy = (2.23)
2R
9N I =FE+ IR
Faiu V=VxI=(E+IR)xI=EI+RI’

favunsyudlWvihswuamaSRLBlUTIAUTNAD

~E+E*+4RP,,
B (2.24)
2R
A1 R Aaesununeluegaaunid
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> =
2.3.3 N15I1BBIAUYVDINUALADS
ABUAUYBINITINGBINNVBILUALADTAB TAmasnsalunisynssualuii
il

s

SunAsg Peukert Falumnsiivildaainaunises

C,=I'T (2.25)

Tnefian k wuawaineiinse (Lead-acid) (k=12)uasdvivulossu (k~1)

3N AdUUTEans Peukert Weuvinfiuamy Amp hours
A = s o ar Qlj 1 O‘.)} ol
awveunmes (CR)Insswandmiviunsuluwiasass (87) duandluauns

N1IIUNTEUAVIIBUADDNAINUUALABILAE 1 TU Yasnsdiaas

k
Cr NN NN, (2.26)

P n 3600

AUANYBINTUADENSLUATDIUUALADIFRENI1ENVBINITTI T TN UTIANAINAY
faie 11 17 Tuneuh veIn1stessturaulnsTuRaulAD

r

DeoD, = C(;R” (2.27)

P

AT BNAINYINUTN

; |
CR, =CR -1 4 (2.28)
3600
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wieliiivsz@vanm nissasanislinasmududssudulumsiunnuasyiulpsng
nslandsrululudiutssnounieg vessasusldfdlgeuludios wazdofuauy aedu
sunvuassieainnvannsalunsdeemuadinaansuasnszualiilunsduluasnsiusn

namdluzUii 2.3

Pb.?! Pmo"_'n

Pmo.‘_ ot

Battery I'J" Motor and

Controlier

h

i,

2

N

A

h 4

Atcessones,
average
power = P,

m

Normal forward

driving

Gear “J‘“ Road
System > ‘Wheels

‘____

f'lg

Energy
o move
vehicle
Regenerative
braking

i @ = e ,
JU 2.3 uwunwnisivadigureandsauima - esndaudssnaunielussuuusasalnilh
MIUTaNGETsHAT UaENISIUIAT

o o o E @ a e
2.4.1 tasmindulunmssisudrenmuzdmiundundide:

Ph‘ = F‘fﬁ' x v

o e ey
2.4.2 n1a39 aﬂ“alﬂaﬂuzﬂ LUUNTILARDUNAD.

mal _oul

mol _in

.

2.4.3 Mmasvewainesluguuuunisusnie:

mot _in

=£

.
nol _out ,]m ’

2.4.4 WALIURITAINLUALAESAa:

P

Yot _owt

_L
1 o
mof _ont = Bc"] 4
+PF,

(2.29)

(2.30)

(2.31)

(2.32)
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Saiulasau

Tumsduiulassnistianansastseandu 2 dumvdnfe N15a39MUUINADIANTIOUY
sopunlihlTuludiswaznsafwuuiassnistudsneunldildanuluias

3.1 NsESIkUUIansEausIauzsaeudinin It uluiias
As9ansillunsassianiayssaurvessnsus i ldululsdeomianusawas
ﬂ'mlL%'Jqaegmﬁsnﬂuﬁﬂﬂﬁ?l%’qquiuﬂaaﬁﬂuwsnﬁalﬁ

3.1.1 Anendoyaigaiunuudiassaussouzsvassneudlwildeuluiios
tiumeunssiiivnususanmseendisasanuniuarsmeunasineiduat
dayanisvapssneunliilinuhuiisdeslindnniaideiunsdasssaliviusinmesouds
drepduvassapudluirldeuluiownuiiosminiosudlwi-ldouludasdindnnisvianu
wislousalieilu Seiudsddaifinaseuuusiasilseaninmsaondlni ldnulmioad
Faraluil
vmiinsmvessaeudlildantusies (mass, 77)
Aduvsyansusadenuennia (Drag coefficient, C, )
Arduysvavivesnisdinusioniswau (Rolling resistance, £7,,)

dnsdaunes (Gear ratio, G )

Uszansnmarelaes (Motor efficiency, 77,,)

1
2
3
4
5. UszAvonmiies (Gearing efficiency, n,)
6
7. wuneuawmes (Power, P)

8. Seilnesnaunliniildenludios (Tire radius, 1)

9. uidumhvassnoudlninidendudies (Frontal area, A )

10. ussUngegauastaimas (Max motor torque, 7,q)



3.1.2 NMTATUIMNAENNTSUUUINADINATAAEAT

Uit 3.1 soousiiFendusiesilslunisdrass (n)

5Ui 3.2 snsudliblFouludesiililunsdans ()

15
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gﬂ‘ﬁl 3.3 sopusiiin Smart i:u Fortwo Electric Drive

e s liannsainsiamdusyansannuiuniveinia (C,) vessnoudlvild
sludladdios dniusdeUssunamdudssansanuiumemalasaonuuusoausivils
snludloslifinuauarsusilndiAoeiusooudlsi Smart §u Fortwo Electric Drive titefias
dadnsyandanuiunuenavessosudivith Smart §u Fortwo Electric Drive uldlu
wuvihae InsiiAdssavsa uiumiuaineie 0.38 fajusidszsnaadussiniany

FuntuenAvassasunlinldeuludleavinfu 0.38 Wisldluwuuanans
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Total Vehicle Mass 950 kg
Passengers mass 150 kg
Climbing ability 5%
Coefficient of drag 0.38

Frontal area 1.225 x 1.525 x 0.8 m (1.6 1)
Tire radius 12 “ (0.305 m)
Rolline resistance 0.015

Gear ratio 1:9

Gear efficiency 95%

Motor efficiency 94.9%

Power 35 kw

Limit motor torque 120 N.m

Max motor speed 6000 rpm

Max car speed 120 km/h
Battery Type Lead-acid
Peukert coefficient 1.15

Nurmber Of cells 90

Cell voltage 2

Capacity (Ah) 100

Depth of Discharge 80 %

Motor Type

Electric Vehicle Brushless Permanent Magnet DC Motor




< 3
JUN 3.4 uewmeanssuanisvun 35 AW

= : a W =
UIdUnNG LL‘NUﬂﬂﬁﬂu‘iz HZLTURUANAUNTN (2.15)

ﬂ
dt

y max 77g

G2
=y mg+0.6254Cv" + [m +I— J
oy

unuAaLn 5l 2.15) 9zld

905 x120x0.95 = (0.0Ile IOO><9.81)+0.625 x1.6x0.38v" +1155

geunsaunsasln

1 155% =3202.07-0.38v’

av =2.77-0.00033v*
dt

dv
df

3.1

18
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SyeE 2

[-3 4=I 1 L7 =] 4 L7 1 ‘ﬂv
NVBHATYUATWITY 354 wiusslnanaunisi 2.12 sedeluil

T — Tma.‘\.a)t‘ — iqua\Za)(‘
@ Gv

_0.305x35000 1186.11
' Ov v

T

wmamSvnznsiaganaridiviiiy

r - 0.305x628.32

v=—, =21.29m/s
G
w1mmﬁwmsﬁmmﬁﬁawamaéqaqﬂlﬁwhﬁ'u
r 0.305x9R83.51
vVe—w =— " =3333m/s

max

& — I al @ 1 &
Wamnandade 33.33 m/ s awnsavnaunismiusilaainaunsi 2.16 fweluil

2 '
E‘Tgwqg—;1"mg+0.625ACdv2+{m+[ 4 Jd‘

! " dr
wurluannisit 2.16 Taermualsi 7, =L
st v
? x L180} x{.95 =(0.015x | 100x9.81)+0.625x1.6x 0.38v% +1 155ﬂ
0.305 v dt
w =161.86x0.38v" +1 155-@
v df
gnedneaunTg
@ = 28.78 —0.14-0.00033+° 32
dt v

AstuaglaaunisauiusDifferential equation) TeaAIIsANMSA 3.1 LAYAUANTA 3.2
i luAmuumanssougsovuslwihldulugiedseld MATLAB  Tasazlansavainussves

sogudlviihudiosazmunigsganisosudluiildouludissennsadld
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v .
3.1.4 YunduN1TIIRaaIuLIUsHNSY MATLAB

Tudumeunssiassuulusunsy MATLAB azvinisiieudds (Code) tialdmiunnma
nymaaseesinsudinildnludieslasldaunisayius (Differential  equation) a4
AMBLTIAUNTTN 3.1 wazaun1sh 3.2 wldly Code  U0ILUUIIAILAEAIMUAYVIULTADDS

AT NemeSTiuslingsaadngs

L =
3.1.5 BHUASIURDUNITRISIUYDILUUIIARIENTI DU souud I Ty lusias

SURY

[ Anwuvudnaessosudliildanludauas Taadmuusangildlunisaiuuusiasy l

[ ATIMAIEUNITLUUTIABINS J

¢

\
[ asadinamgnneltUaulluuuuiassnouiulusunsy

.
#‘-

Uaurn ( Input) feauniseyiusuasimusmmniininkssbnues

~

vpmeTgIEaLazianaslu code nauGuulusinsy
; /

v

[ Sulusunsunuudnaataussouzsnoud i ldnuludios ]

Y

Wsunsuazvimsdnmandayaideuadulaenmsitaunseyiusinduamaiua

Suauauluterusigedn a vamidlanswaruisslasimuauny x uny y Aelaat

A5 1eiua

[ RHANTIVNU ]

A 4
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o @ 4 (3 =l ar ! & 1 1
MIIEBINUUY Lﬂuﬂ'}'i"il'laﬂﬂﬂ']'ill“ﬂaL'JEIUWﬁN'WUﬁﬂﬂLLUWLmaglﬂﬂﬂﬂiuﬂﬂﬂ‘]ﬂﬂﬂﬁﬂﬂu&

3.2.1 niﬂﬂ"i'ﬂ{fn'snﬁ{fuﬁ (Driving cycle)

40 . . : =7 .
6y ';,l ll\.
70} |,'/ \.. . ."'.
60t f \"-.
& o | '\
[ .f'/ | /ﬂ'., ff '.\ \
Q2 / I| / \
20} / ) /f' { ! / ||
10 / || f / | ]
ol Mg | Ay ,L_ [L ~—/ _¢______J1 _____ |

Q 50 100 160 200 pal]
Timelsec

aco 40 400

nsW¥ 3.1 wamd Driving cycle vassnaualwilgauludios

3.2.2 Asenaain1studvessoeudlni deuludlodlulusunsy MATLAB

3.2.2.1 AuantRvauuawaslalunisdtans

4 a & ’ ]
1. LUALMBITUARENINTA (Lead-acid)

YUINLTIAY 12

N IMUDINo of cells = 90, Capacity = 100 Ah

2. IMANUapENIEUATDINUALADS (Limit discharge) 7 80%.

3. Regenerative ratio : Regen = 0

L = 4 a “” 2/ - { ) 5
Trlilgauludlasamnsaviivisseudlwihldenludiesndeululdlnaualuuranisvida 1 a5
29 -] a AE‘ ' -3 - = 2/ [ o
Insagldfudsdrdyidaadanuudtassuszdninmsssud i ldauluiiedunisdrassain

w e o o = I | 4 o w | e
vadeh 3.1 uaglduummaiuum 12 Taad 15 gneisiuuuveynsuBeazldussiuumindu 180
2 o . o e A W ow o o L. = o e ar o o
lad lneaziiu input Wandinke Jginin1sdul (Driving cycle) Bwasdanigdnsmsduiued
solwfhldeuludisaiewinimuialndifusiu delddoyadilananuiudniuasiily
Annilulysunsy MATLAB Wevnssoznnsiisnounivinldaulugiosanseisldldlnagegasie

e H) PS [o P v o
N59159 1 Assuaznsitnuassosudliildganuludin s dud

Lad 15 an,
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=J ._-i = Y] ' @ L4
3U 3.5 wusmastilanzmingn (Lead-acid) vwnusesiy 12 1ad

3.2.2.2 nsannalulusunsy MATLAB

AsAalBlUIunIy MATLAB  @11M50%inla 91NN sa519vealUsunsuvidniasany

1 s J
Tsunsueaesiail

1. EVCARm (Duldsunsumanlumsdiany)
2. one cycte.m (Wuudaesnisivavemdsmulunilssounisdud)
3. VELOCITY.m (Driving cycle vavsnlnilganulugioy)

‘sl' o 5 -’ a A )
ialdlusunsunisdnunns 3 Wsunsulaslusunsumdnasvimimdugudnanslunisiu
' A o o i 2 o o] 5 ¥

Input 91N 2 TusunsutiveefasAImmssazmsfisa i ldmuluiissarunsomdaunluls

o v a d & pr) Y o =
IﬂEJﬂ'W‘i‘lJﬂﬂ1i°lﬁWﬁﬁﬁ'lULLUﬁLﬁﬂiVlﬂ1ﬁMﬂ 80% Lwaﬂax‘muﬂ'}‘iLﬁEILI“UENLL‘UG’lLﬂE]'S
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1. TUsunsy EVCARm Wlldsunsuudnlunissnassnistudvessasusliuinlgeulugie

Ad3 (code) BoalUsunsuuanlunNAIMTRMUUTIReINsTUTsnoealF gl
Wieslasmsimusaimiudanieg Asndulunisfiuin wu Adudsaneg vessnsudlvid
14 <5 = o i v 1 or = ’ i = 3 L
ldaluiiies viisvesunneiild uavdamdsnungydeieiistulunewss Wudu
wdssnuulusunsuazinasulsanegasdiiulusunsy ONE_CYCLE.m iR ain sty

Y o v o 13 o w
wasuRDwliinszuunsiuvessasud Wi lguludiewnshsasualdvildauly
4 = 2 & A M w : ) v e
Wisadefimu5ivusuy WeldnmasuvasumneslUsunsuay update AmMstindasu
a PLSEeY aundsrufieglulumasivun TWsunsuazuanniiunsmianssseznanms

Fwassnsunlwirldeuludisafivuiunis ItnassLosLunnes

2. TUswnsy ONE CYCLEm iluldsunsumsarwiunissiansnisivalisundsaudilaly

syunsaasoeus Wi lgaulugiag

AdY (code) 9aalUsunas ONE_CYCLE.m misAwamunis vadisunassmbuiuudians
") i a 2 P ' ar
vassnsun i ldmuludiosluvneisnaudlvihldavluds vinnusunngreaiusauly
=f > s 1 lﬁl (-3 1] ar @) L] 1 L LXs d -]
panTslewdsuduvansiusniniAINa lTnasun e asludlusunsundniieritnig

update waly

3. TUswnsu VELOCITY.m Julysunsunissnaesnissnansniderassosusliviidyuly
Wiog
Ands (Code) woslusinag VELOCITY.m 1tunnsuaninmanialunisisaniginsnistud

WU (SFUDS urban driving cycle) vasspitdnulugiosduanslunswd 3.5 taldly

Waunsuelaidluan input Tunsdaeemsis
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s o & ° o o =
3.2.3 a1audunaun1sIassnstudsopudivin idnuluiioslulusunsy MATLAB

[ Sadu ]
I

[ 1hamnd Vo aldmeranss ]

Yy

v ° v = ° 3 =
[ g wee vV fwam F, Tegldaunsi 2.11 waziwanm B, Taunisi 2.29 ]

Y \

° o = H
[ AMunnmasasuawadineldaunisi 2.30 waz aunnsh 2.31

A4

Annuwausadawan V wazussieanaums 7=
@
[ wianssouzsawasan T was @ Tawgunish 2.19 ]

v

[ Taunsh 2.30, aunish 2.31 lumsuin P winen P Susaussifiunderivadi }

[ fmusmsldndatudiugunsaliady P, tdldsmuiunisde ]

[ wimn 2w P flusmaussilundionlvadinemes J

h 4

[ Swan LoD ]

wuAmeIUdey N N
SYUANIUIUTEUVEY Main Vian

nszualvish

[ MEANSYIaU ]
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3.3 Yayavessnauslui General Motors EV1

gﬂﬁ 3.6 sa6untW¥ General Motors EV1

25

yinsasmaoulusunsulesyinnisoasssoeusiiiy General Motors EV1 iWansI9d@au

ailirwaupaeiulaeidoyasneulii General Motors EV1 dsmgnafi 3.2

A9 3.2 specification of General Motors EV1

vehicle mass 1400 ke
driver and a passenger 140 kg
gear ratio 11:1

max Torgue 140 Nm
Continuous speed 7000 rpm
Max speed 19.8 m/s
Power motor 102 kW
frontal area 1.8 ni’
Gear efficiency 0.95
Motor efficiency 90 %
Battery Type Lead-acid
Peukert coefficient 1.12
Number Of cells 156

Cell voltage 2V
Capacity (Ah) 60

Limit discharge 80 %




3.3.1 nsruansEusIaUENSTUTvassnaudingn General Motors EV1

Full power (WOT) acceleration of G EV1 eleclnic car
140 ¥ ¥

120} 1

100 i

welocity/kph

60 il b

40 s 4

Timefseconds

NSIMA 3.2 KEnIaussnuzTasinounluin General Motors EV1

1 L} T T T T T T T
0at < - ]
. . qqq +++
o gL Headlights, radio, and A +++ i
N
o7} heater on. A ¥ i
\ qq ++

o) q<1 i
= 06} 4 i
S AN,
I <] ol
& L <] +
= 05 < ++ \ 1
6 Q7+
= <] ++
a 04t <y .
a <1(']<] + .

01l 5 L+ Only the radio on i

<1<]+++
02r ~’J++ i
i
0 1 ﬁ N
: 1 1 1 1 1 1 1 1
0 20 49 60 80 100 120 140 160 180
Distance traveled{km)

A L7 5
N3N 3.3 uEmIsy smwuﬁ'ﬂnaqqqmmaamauﬁﬂ.ﬂﬁw General Motors EVi

WIuiausenIng Headlights, radio, and heater on.uagOnly the radio on
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<
Unvi 4

NANISNARDIALIATIZN

4.1 Han1595998au Code

o o
4.1.1 @an15959980U Code SLUsUUVVRITAUUNINAI General Motors EV1 Ranang
Mavslulusunsy MATLAB wWSsuiieufunani1ssnaosuanilsds Electric  Vehicle

Technology Explained

1 L] T T T ¥ T T T
0.9+ <]<j<] +++ 7
< +

(1) Ll A SO A S ey o - ‘.éq ......... -i‘-‘-" .
ERHINRCE

07} Q{I +++ -
2 Headlights, radio, < =+ i

5 06f g : _
< and heater on. qﬂ +++

B 05f AL :
= 3 o+ : 3

2 04 g : 5 .

2 +

O ¥ : ;
<"+ i :

03 B q<] ++ : E -
<j‘3+++

02F < : ; _
o 5 :

01 ﬁ Only the radicon i
M 1 1 | 1 E l

a 1 1 A i
0 20 40 60 éo 100 120 140 160 180
Distance traveled(km)

N5 4.1 wanintsnsraemstuligianuassosudlng General Motors [V1 9inms3tassiu
Tsunsat MATLAB



04:

Depth of dscharge
=
w

03

02

Headhghts, adio, .
and heateron. —».

80 100 120
Distance travefied/km
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140 150 180

NS 4.2 wamsnavnszaduligegnuessoeusiliih General Motors EV1 2 nwanssiansuas

wisds Electric Vehicte Technology Explained

MANsWA 4.1 war nswin 4.2 apdlahssesmstuigsgaueannidiasszosiuivessooud

v General Motors EV1 wWsuifisuffunanisdiasseamiisde Flectric Vehicle Technotogy

Explained fanssfi 4.1

= i o
M 4.1 a'gﬂwam'imwaauLtazﬂmuﬂmmLﬂﬁaumamnumaaa

Headlights, radio, and Only the radio on
heater on
HANITIEE 95 118
HAN15I9 117 145
error 18.8 % 18.62 %
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4.2 NaaINN15INaeaNsInusYaITnaud W Iveuluias
4.2.1 MIiPmamsnsusggavassasudlinirldaulubios

yamsaemeusiggavesasudldildnuludiedesldaunsi 3.1 wavauns
- 3 Y w =
# 3.2 annndlulusunsy MATLAB waavwaTilsiuansnansma 4.3

Full pover (WOT) acceleration of GR EV1 electric car

140 T T T T ™ T
snoualvvh
120} General Motors EV R
Tt/ | - '"""""'f"-'-!""'"/':: ........................... o
£ 80} e 1] -
o e § sourlivlgnuludias
2 i :
a9 60 | j/ H _ |
st P ]
20} / 1
0 / 1 al 1 is 1 1
0 5 10 i5 20 25 30 35
Time/seconds

N3N 4.3 nansnsilSeuiigunuudiansseninssoaudlndldauludios
AusneuRlWHN General Motors EV1

NNSIA 4.3 wansliviunsnsusivihldenludssdunuudassannsaisldanumia

gegniinnse 120 Alamssiataluanassasudluilt General Motors EVIlutuudiassaunse

Y

|
=

Aldarusigegafiannda 130 Alawnssedalug Tuns it 4.3 [Wuwuudaomnsnsusses
sopudlvlganuludisdesinimninin 0 8 100 Mawmsradalue nsldnassum 21

Fumnazsasud vt General Motors EV1 viwaalassanm 9 Jua
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’ ° o = A
4.3 Nan1531829n159u508ud IR IdeuTubiag
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° = [ o 2 ..
nsdasmnsezmssasudlnildawludiedislulalnageanlaely Driving cycle 2o

’ | | ° o = v o ey
sosudlWinfiuansnsmi 3.5 iuvuiseimsiudvessasunliihldnuluiiswarldanaudn
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HaYBIN1sIWIBUINBUANYIELazuIavesagud Wi lduludiesivsngunlwilh
General Motors EV1 fluuaa 2 s Huswesnszuansauuul$uysdiu (Brushless DC Motor)
w1 35 Alaind uwinuessneudlwisudivinasdlneans 1100 Alaniy wumasingngn
(Lead acid ) 12 Taad 417 15 gn wazsasudli General Motors EV1 Tduainasvuim 102
Alatad dudnsauvanunvessosudlid 1560 Mlandy wummadazianse (Lead acid ) 12

Taad 1o 26 an

° 2 ' o 1 < =
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MHaUseanm 21 Gui wagsosualnvln General Motors EV1 119m51153 0 - 100 Alaumsea

ALy TeanUseunn 9 Fuadl

nanisinassmiszazntstudnsesualwihldouluiiissauisnislissezniasga
Jszunfy 85 Nlawmssanisyisa 1 ase wassnoud vy General Motors EV1 @nansoisia
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AMNAGIALAGDUINNENTMSY LA lunsTud Inellgunsaliadu (Headlight radio
and heater on) fAMAUAGIALAGDY 18.8 % uavNamsiiasmIssurgaalunisiul laeidl

gunsallaSuniies (The radio on ) fiAAsRAAAGEY 18.62 %
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1. WIsuNTIMYLYaIEe Rolling resistance force

M F.=pn mg
lag 4, = 0015 (@nes19 g, = 0.015 dmiuenswila Tire radius)
m =1100 kg

F_=0.015x1100x9.81 = 161.86 N

2. WIWIUNTIAGBUNINDINA Aerodynamic drag
1 2
N Fd=§PACdV

-] Qs n’i’ q‘ voow 1 =
lag p =12 @nasn p = 1.2 kg/m’ dwsunuiminsnvessoaudaiui

AmnuaINA 1.6 m?)
A= 08wh = 08x12254x1525 ~ 1.6 m"

v = 120 km/hr = 3333 m/s

F, = %(1.2xl.6x0,42x33.332) = 44791 N

3. UM R eatadu Hill climbing force

2N FE, = mgsin®
oy 0 IF
F, = 1100x9.81sin(5) = 940.49 N

AL LIINTUNISLARDUNIIALMYINAY
F,=F +F +F,

ie

161.86 + 447.91 + 940.49

1550 N
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vela wssliniiae (7,) dAnviniv
T, = Fr(log r fefellvasenssnou)

= - ) - P ] | e 2 - ot o
laeit FAswsaduedauisasnnImIamiiuLswun siedeuniaiwin( £, )

T, = 1550x0.305 = 472.82 Nem
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V = g = 2r s

@, = — (e @, AR NTBIBIAINAT)
P

w, - Gxa, (ot @, AoAamniuTupuaweine: G fAedrsdnios wiiu 9)
33.33 o

o, = ol = 109.28 rad/sQoe V =120km/ hr w30 ¥V =33.33 m/s)

@, = 9x109.28 = 983.5} rad /s

o = ol & = [
aeleusstindinamas (T, ) dawvaiu

7, x100
A0 T, = “‘X_
ey
Iy 7, = 95%
T = 472.82x100 _ 553 Nom
95x9

5. AUANIAURRBLADS

ﬂﬁln }Dﬂl = a)m X 7’!‘71
= 983.51 x 55.3
= 54388.67 W
" 54388.67
59 =— W
746

= 729 hp
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The

Rated |Peak Peak Peak _
Power|battery |Speed current Efficiency
torque |torque |power current
voltage

10kw |72V 1500rpm [63.7Nm  [130Nm  [25KW |154A  [260A 93.6%

10kw 144V 1500rpm (63.7Nm  |130Nm  |25KW  |77A 160A 93.6%

12kw (144V 3500rpm [32./Nm  [7ONm 30KW  [91.3A |180A 93.7%

15kw {144V 3500rpm {40,1Nm  [90Nm 40KW |114.9A |220A 93.8%

18 kw |19V [3500rpm [49Nm - [120Nm |90KW [137.5A |270A  [94.5%
25 kw |14V

4000rpm |60Nm  |130Nm  [60KW  [191.4A |380A  194.8%

27 kw {144V |4500rpm [57Nm  |130Nm |65KW [206.8A [380A  |94.8%
30 kw |333V  |6000rpm [47Nm |100Nm  |65KW |100.1A [180A

94.8%

sskw 533V 6000rpm |sshim _120Nm [70kW [116.64 [2108  [oa9%
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Code Tun1531a9952UUYDI508UA IR

o

Ad9 (Code) Tunuudtassuszansnimvassosualnrldaulugios

0p *xxxxxxxxsx RBAN FLECTRIV SMALL CAR **sxsxssxsx
% Simulates the WOT test of the electric small car.
t=linspace(0,50,501); % 0 to 20 seconds, in 0.1 sec. steps
v=zeros(1,501);% 301 readings of velocity

d=zeros(1,501);% Array for storing distance traveled

dT=0.1; % 0.1 second time step

% In this case there are three phases to the acceleration, as
% explained in the text.

for n=1:500

if v(n)< 21.29

vin+1) = vin) + dT*(1.72 - {0.000329%(v{n}»2)));

elseif vin) > 33.33

% Controller stops any more speed increase

vin+1) = vin);

else

vin+1) = v(n) + dT * ((28.77/v(n)} - 0.14 - (0.000329*(v(n)A2))),
end;

d(n+1)=d(n) + 0.1*w(n},% Compute distance traveled.

end;

v=v.*3.6; %Multiply all v values by 3.6 to

%convert to kph

%plot(t,d); axis([0 20 0 100));

plot{t,v); axis({0 35 0 140]);

xlabel('Time/seconds’;

ylabel('Velocity/kph');

%pylabel('Distance traveled/m),

title('Full power(WOT) acceleration of Urban electric small car');

holdoncommand
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A1d9 (Code) Tunuudiansuszansniweasnsunliii General Motors EV1

% GM Evl R R HEREREREEEREXRR

% Simulates the WOT test of the GM EV1 electric car.
t=linspace(0,150,1501); % 0 to 15 seconds, in 0.1 sec. steps
v=zeros(1,1501); % 151 readings of velocity
d=zeros(1,1501);

dT=0.1; % 0.1 second time step

% In this case there are three phases to the acceleration, as
% explained in the text.

for n=1:1500

ifv(n)< 19.8

% Equation 7.21

vin+1) = vin) + dT*(3.11 + (0.000137*((n)A2)));

elseif vin) > 35.8

% Controller stops any more speed increase

vin+1) = vin),

else

% Equation 7.722

v(in+1) = vin) + dT * ((62.1/{n)) - 0.046 - (0.000137*(v(n)A2)));
end;

d(n+1)=d(n) + 0.1%v(n);

end;

v=v.*3.6; %Multiply all v values by 3.6 to

%convert o kph

plot{t,v,’k);axis(f0 15 0 1401);

xlabel(Time/seconds?;

ylabel('velocity/kph');

title('Full power (WOT) acceleration of GM EV1 electric car’);
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EVCAR.m 1WulUsunsunanlunissiasinistudvsesaous Wi ldauludias
9696%%9%%2%% FVCAR %%9%969%9%%69699%%

% Simulation of the EVCAR running the SFUDS

% drivine cycle. This simulation is for range

% measurement. The run continues until the

% battery depth of discharge > 80%

VELOCITY;

N=length{V); % Find out how many readings

V=V./3.6; %Divide all velocities by 3.6, to convert to m/sec
% First we set up the vehicle data.

mass = 1100 ; % Vehicle mass+ two 70 kg passengers.
area = 1.6; % Frontal area in square metres

Cd = 0.38; % Drag coefficient

Gratio = 29.5; % Gearing ratio, = G/r

G eff = 0.95; % Iransmission efficiency

Regen_ratio = 0; % This sets the proportion of the

% braking that is done regeneratively

% using the motor.

bat_type='LA", % Lead acid battery

NoCells=90; 9% 15 of 6 celi (12 Volt) batteries.
Capacity=100; % A100 Ah batteries. This is

% assumed to be the 10 hour rate capacity

k=1.15; % Peukert coefficient, typical for good lead acid about 1.15
Pac=250; % Average power of accessories.

% These are the constants for the motor efficiency

% equation, 7.23

kc=0.3; % For copper losses

ki=0.01; % For iron losses

kw=0.000005; % For windage losses

Conbk=600; % For constant electronics losses

% Some constants which are calculated.

Frr=0.015 * mass * 9.8; % Equation 7.1



Rin= {0.022/Capacity}*NoCells; % Int. res, Equ. 2.2
Rin = Rin + 0.05; % Add a little to make allowance for

% connecting leads.
PeuCap= ((Capacity/10)Ak)*10;

%PeuCap= ((Capacity)*k);% See equation 2.12, (Capacity/10)= 1, 10 = T

% Set up arrays for storing data for battery,

% and distance traveled. All set to zero at start.

% These first arrays are for storing the values at

% the end of each cycle.

% We shall assume that no more than 100 of any cycle is
% completed. (if there are, an error message will be

% disptayed, and we can adjust this number.)

DoD end = zeros(1,100);

CR_end = zeros(1,100);

D end = zeros(1,100);

% We now need similar arrays for use within each cycle.
DoD=zeros(1,N); % Depth of discharge, as in Chap. 2
CR=zeros(1,N}; % Charge removed from battery, Peukert
% corrected, as in Chap 2.

D=zeros{1,N); % Record of distance traveled in km.
CY=1,;

% CY controls the outer loop, and counts the number
% of cycles completed. We want to keep cycling till the
% battery is flat. This we define as being more than

% 90% discharged. That is, DoD end > 0.9

% We also use the variable XX to monitor the discharge,
% and to stop the loop going too far.

DBR=0; % Initially zero.

~ while DD < 0.9

%Beginning of a cycle ¥ xsexstex
% Call the script file that performs one
% complete cycle.

one_cycle;

% One complete cycle done.
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% Now update the end of cycle values.
DoD_end(CY) = DoD(N);

CR_end(CY) = CRIN);

D_end(CY) = D(N);

% Now reset the values of these "inner" arrays
% ready for the next cycle. They should start
% where they left off.

DoD(1)=DoD(N);

CR(1)=CR(N);D{1}=D(N);

DD=DoD_end(CY); % Update state of discharge
OEND OF ONE CYCLE **ssssmssrsnsx

CY = CY +1:

end; %axis([0 150 0 1]}

plot(D end,DoD end,'k+";
ylabel('velocity/kph');

%ylabel('Depth of discharge’);

xlabel('Distance traveled/km";

title{’ Urban electric small car simulation’);

holdoncommand

a4



GM_EV1.m Dulusunsamanlunissrasamsduiives
500uAlWR1 General Motors EV1

%%%%% Code GM EV1 %%%%%%%%

% Simulation of the GM EV1 running the SFUDS

% driving cycle. This simulation is for range

% measurement. The run continues until the

% battery depth of discharge > 90%

%sfuds; % Get the velocity values, they are in
VELOCITY,

% an array V.

N=length{V); % Find out how many readings
%Divide all velocities by 3.6, to convert to m/sec
V=V./3.6;

% First we set up the vehicle data.

mass = 1540 ; % Vehicle mass+ two 70 kg passengers.
area = 1.8; % Frontal area in square metres

Cd = 0.19; % Drag coefficient

Gratio = 37; 9% Gearing ratio, = G/r

G_eff = 0.95; 9% Transmission efficiency

Regen ratio = 0.5; % This sets the proportion of the
% braking that is done regeneratively

9% wusing the motor.

bat type='LA", % Lead acid battery

NoCells=156; % 26 of 6 cell {12 Volt) batteries.
Capacity=60,; % 60 Ah batteries. This is

% assumed to be the 10 hour rate capacity
k=1.12; % Peukert coefficient, typical for good lead acid
Pac=250; % Average power of accessories.

% These are the constants for the motor efficiency
% equation, 7.23

kc=0.3; % For copper losses

ki=0.01; % For iron losses

kw=0.000005; % For windage losses



ConlL=600; % For constant electronics losses

% Some constants which are calculated.

Frr=0.00048 * mass * 9.8; % Equation 7.1

Rin= (0.022/Capacity)*NoCells; % Int. res, Equ. 2.2

Rin = Rin + 0.05; % Add a little to make allowance for
% connecting leads.

PeuCap= ((Capacity/10)Ak)*10; % See equation 2.12

% Set up arrays for storing data for battery,

% and distance traveled. All set to zero at start.

% These first arrays are for storing the values at

% the end of each cycle.

% We shall assume that no more than 100 of any cycle is
% completed. (if there are, an error message will be

% displayed, and we can adjust this number.)

DoD end = zeros(1,100);

CR end = zeros(1,100);

D_end = zeros(1,100);

% We now need simitar arrays for use within each cycle.
DoD=zeros(1,N}; % Depth of discharge, as in Chap. 2
CR=zeros{1,N}; % Charge removed from battery, Peukert
% corrected, as in Chap 2.

D=zeros(1,N); % Record of distance traveled in km.
CY=1;

% CY controls the outer loop, and counts the number
% of cycles completed. We want to keep cycling till the
% battery is flat. This we define as being more than

% 90% discharged. That is, DoD end > 0.9

% We also use the variable XX to monitor the discharge,
% and to stop the loop goine too far.

DD=0; % Initially zero.

while DD < 0.9

%Beginning of a cycle Frrxxrexxxxs

% Call the script file that performs one

% complete cycle.
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ONE_CYCLE;

% One complete cycle done.

% Now update the end of cycle values.
DoD_end(CY) = DoD(N);

CR end(CY) = CR(N);

D_end(CY) = D(N);

% Now reset the values of these "inner” arrays
% ready for the next cycle. They should start
% where they left off.

DoD(1)=DoD(N), CR{1)=CR(N);D{1)=D(N),
DD=DoD_end(CY); % Update state of discharge
OEND OF ONE CYCLE **#xsaxxxexssnx

CY = CY +1;

end;

plot(D_end,DoD_end,'k*); axis([0 180 0 1]);
ylabel('Depth of discharge);
xlabel{'Distance traveled/km);
holdoncormmand

a7



ONE_CYCLE.m Wulusunsudtassnisinaisundsnuvauunned

%%%%%%%% ONE_CYCLE %9%9%%9%%%%%%%

% FFERHHEERREKEXERERRRARFEEEXXXEHR

% ONE_CYCLE

% This script fite performs one cycle, of any

% drive cycle of N points with any vehicle and

% for lead acid or NiCad batteries,

% All the appropriate vartables must be set

% by the calling program.

G HHEEERHEXKERE KRR AN ERERR KR AR R

for C=2:N

accel=V(C) - V(C-1);

Fad = 0.5 % 1.2 * area * Cd * V(C}"2; % Equ. 7.2

Fhc = 0; % Eqg. 7.3, assume flat

Fla = 1.05 * mass * accel;

% The mass is increased modestly to compensate for
% the fact that we have excluded the moment of inertia
Pte = (Frr + Fad + Fhc + Fla)*V(C); %kEqu 7.9 & 7.23
omega = Gratio * V(C);

if omega == 0 % Stationary

Pte=0;

Pmot_in=0; % No power into motor

Torgue=0;

eff_ mot=0.949; % Dummy value, to make sure not zero.
elseif omega > 0 % Moving

ifPte< 0

Pte = Regen ratio * Pte; % Reduce the power if

end; % braking, as not all will be by the motor.

% We now calcutate the output power of the motor,
% Which is different from that at the wheels, because
% of transmission losses.

ifPte>=0

a8



a9

Pmot_out=Pte/G_eff; % Motor power> shaft power
elseifPte<0

Pmot_out=Pte * G_eff; % Motor power diminished

end; % if engine braking.

Torque=Pmot_out/omega; % Basic equation, P=T * omega
if Torque>0 % Now use equation 7.23
eff_mot=(Torque*omega)/((Torque*omega)+{{Torque? 2)*kc)+{omega*kiH{(omegan 3)*kw)+Co
nt);

elseif Torque<0

eff mot=(-Torque*omega)/(-Torque*omega}

+{(TorqueA 2y*ka)+H{omega*kil+{(omeegar 3)*kw)+Conl);

end;

ifPmot_out>= 0

Pmot_in = Pmot_out/eff mot; % Equ 7.23
elseifPmot_out< 0

Pmot_in = Pmot_out * eff mot;

end;

end;

Pbat = Pmot _in + Pac; % Equation 7.26
ifbat type=="NC'

E=open_circuit_voltage NC(DoD(C-1),NoCells);
elseifbat type=="LA'

E=open circuit_voltage LA(DoD(C-1),NoCelis);
elseifbat type=="11'

E=open_circuit_voltage Li(DoD(C-1),NoCells);
else

error('invalid battery type”;

end;

ifPbat> 0 % Use Equ. 2.20

| = (E - ((E*E) - (4*Rin*Pbat))A0.5)/(2%Rin);
CR(C) = CR(C-1) H({I"k)/3600); %Equation 2.18
elseifPbat==0

I=0;

elseifPbat<0



% Regenerative braking. Use Equ. 2.22, and

% double the internal resistance.

Pbat = - 1 * Pbat;

| = (-E + (E*E + (8*2*Rin*Pbat)*0.5)/(2*2*Rin);
CR(Q) = CR(C-1} - (1/3600);, %Equation 2.23
end;

DoD(C) = CR{C)/PeuCap; %Equation 2.19
ifDoD(C)>1

DoD(C) =1;

end

% Since we are taking one second time intervals,
% the distance traveled in metres is the same
% as the velocity. Divide by 1000 for km.

D(C) = D{C-1) + (VC)/1000);

XDATA{O)=C; % See Section 7.4.4 for the use
YDATA({C)=eff _mot; % of these two arrays.

end;
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open_circuit_voltage_LA.m Wulusunsudransussfununnasyiinasniaiinse

functionE_oc=open_circuit_voltage LA(DoD,NoCells)
% Find the open circuit voltage of a lead acid

% battery at any value of depth of discharge

% The depth of discharge value must be between
% O (futly charged) and 1.0 (flat).

ifDoD<0

error('Depth of discharge <0.Y;
end

ifDoD> 1

error('Depth of discharge >1

end

% The lead acid ocv is approximately linear

% with respect to depth of discharge, varying from
% 1.15 fully discharge to 1.25 fully charged.

% N is the number of cells

E_oc= (2.15 - ((2.15-2.00*DoD)) * NoCells;
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open_circuit_voltage NC.m Wulusunsusrassussiuuunmasuiintinfiauaaiiey

%%96%%%%E=0pen _circuit_voltage NC %9%%%%%%

function E=open_circuit_voltage NC(DoD,NoCells)
% Find the open circuit voltage of a nickel cadmium
% battery at any value of depth of discharge

% The depth of discharge value must be between
% O (fully charged) and 1.0 (flat).

ifDoD< 0

error('Depth of discharee <0.)
end

ifDoD> 1

error{'Depth of discharge >1"
end

% discharge curve.
E=NoCells*( -8.2816 *(DoDA7)+23.5749%(DoDA6)-30*(DoDA 5)+23.7053*(DoDA4)-
12.5877%DoDA3)1+4.1315*DoD*DoD - 0.8658*DoD +1.37);

end
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open_circuit_voltage_Li.m Wulusunsudrassussiununmaivisdiivylosau

%9%6%%%%%E=0pen_circuit_voltage Li %%%%%%%
function E=open_circuit_voltage Li{DoD, NoCells)

% Find the open circuit voltage of a Li ion

% battery at any value of depth of discharge

% The depth of discharge value must be between

% O (fully chareed) and 1.0 (flat).

ifDoD<0

error{'Depth of discharge <0.";
end

ifDoD> 1

error{'Depth of discharge >1"

end

% See equation >2.10 in text.
E = 3.3 * NoCells;

end
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VELOCITY.m Wulusunsusnansanunznisaud luiles

V={0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
24
48
7.2
9.7
11.1
12.2
134
14.6
15.8
16.9
17.9
18.7
19.5
20.1
20.8



21.4
220
227
233
24.0
24.5
24.9
256
26.1
27.5
29.0
303
31.5
32.8
34.0
351
36.0
37.0
37.8
38.8
39.6
37.8
359
341
32.0
301
217
253
227
17.1
11.4
5.8

0.2

0.0

55



} |

0.0
0.0
0.0
0.0
0.0
0.0
0.0
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