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1- Proton Exchange Membrane
2- Advanced Vehicle Simulator
3- Degree of Hybridisation

4- Fuel Economy

5- Mile Per Gallon
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- Nickel Cadmium

Nickel Metal Hydride

- Lithium Polymer

- Sodium Nickel Chloride

- Internal Resistance Model
- Neural Network Model

\IO\UI-P(TAJNH

WAt b e 5 Coms blo fin o pgige olisios gy —ole eldas 3F



Ol dens YU Ko e doxe /31 oB oy / (ool all g3/ e 4155 doeo e

2 939 (oyp Cebllte s cplply sl CS e 4 (S
b ams o cuopd () Rimogy 9 )b 1) ()55Us5 <8 > soed
ilisen &8 o gl o 3 moa VT g5 g brgus dluatd] adllae 4,
s e cnl 2 agrge gl o gl 2 550 Jeloe
oV el S 50 IV-IY] aisl o ol dud iomen o (025
SS9 9 (B Glyn 9595 (leand jlage cs g 4 ¥

2o o odalie ADVISOR jl58p 5 55 35350 3 0m o

(D] 3]

Clock Gotoesdo=

i

<ado> conv

final drive <fd || Qearboi <gb=

wheel and
axle <whe

ADVISOR 138! 0 5 -

o3lizl ADVISOR (gjlodects 13805 5 53395 55bwsSI gl
oisloj] bawgs 48 Canl 1ol )u5 (¢,l58p 3 ADVISOR .l o
My onl e 03,5 dbml ool pipies syl Gl
1o sl el g loojlsl da 05,5 L 5308 _obgy 3,Skae Vg5 e
SIMULINK MATLAB l3p 5 e cov |, ciliseo 45 e
2l yge @ bl s gl 4l e cul ) oles (giloand
bl g (ol (e s gyt (U5 )5 g 0 03y 1,3 )18 L]
NP5 onl 2 999 iloand ail o b |y o 16 o ngSl )5 yis

0 ta_of

total fuel used (gal)

pary

el N

£ )
N _’,r “““ ex_cale
c%] W fc_emis
H fuel

o 9/3

converier
clutch =cl> <> ) NOT#E’I?QS‘
Mechanical Accessary exhalst 575 ' '
Loads <ace> P m
| <[8>

[VE] ADVISOR i35 5 L1 3l g,585 (6 jlodend ogas

: ﬁ <it= el call
=

e <'.\3h>(

!
fira 'ae-ﬂd:-—‘

maar!
conTler <me:

caniro sty

s Tuslcomieter <ics nptriodel

i

0,
NOX,PH (g

[T711

) ] 1
Pl has
| 3 <0k

8

r

W

1y
FoAEr BHOTATE <gGEe
blG <pl=

a5 =all=

= o

DYJADVISOR 15865 55 (5 gu e = (5o S &893 9,995 (slossnsd g3

1- American National Renewable Energy Laboratory
2- Open Source

A VWA ek fpoler 5 Cons 8)led [t Jlo /5350 Slidod (olagly = gels delilabd



g o — oSS S e Bl g 15 o] il Bl b e 5,955 3,8kee )l

ADVISOR 138 5 g ¢51° e sliis] -0
o 290 $95 g ADVISOR 13 55 Sl 1 linelel (61
0395 (o yid ) oI (il sl (2205 Wiged Al 4 i L
Sy K9, (Soe5e ki 5l o1 pl 5l eel Cowd 4 (gla lged wun]
2oy opl sl ol duolde [B] x5 pe yd 0 wyp (555 L
b oglate il 3,509y 93 b (g =Sl 45593 9,355 S
2 Gl 005 duslde w2 b g (65LosSIIADVISOR 386 15 5 ooliiu!

(8] 20 5 aalllae 3,50 (g fr o593 ibol Clasuia B Jgio

& I Slasuie
<y gks 0 ly gks 0 By phese Olgs
S5 By YA S 6 by b
sl ypol ¥ sl ypol )
oly shsTVo g ks AY S gige g

ool ol duglie 005 b g5l by b cus L e
Pl 9> Cadls )3 Cold dg2g L 9o odalie & jghailen
Canglio 5 3l Jlae g s il )50 51 g @20 55
g b oh Lelie Sy byl iy clb cws D
9095 gwled e plad (ol 3,5, 3l edlatl LY S 4
@ Bowdn 8o slod Gy U g €S aS 2 £gyd
s @ 39800 ool 65 g (g Wi (sl cawlio 03gaxa
P S gy 3 6L 5l el ploj wglite (ol (sl S0,
4l Ar 90> addllas 3590 598U )3 5 4l ¥e 390 @2 pe o5
Ly e 2l @ g9yd b padn b plo ol >l
bwg 3l dy0 o ccwlio 3 Slas glod & SBow
oS 2,50 030 55l 0 Bl Bl g 29Be el (gl

Pybisn (b by e Gl

5-Verification

CS g ad > £

280as glopyefl 9108 s 2 il Jold (giluand g5 90
cSpdd > )b 3959 ADVISOR l38p 5 53 9065 S sl
DT amae Glis 1) ploj s 52 90995 o pos Sy (SS55e
g cnl 3 ool 3)50 C8 o &b 2 Elgl Clasedia ¥ Jgaa 5
5 00l S > 45 > S India Urban ¢Sy 48 > 0445 o0 odnliie
Wy Caol odd (Sl oS sy b Golite (g 5 S > bl p
loosoYT swyp clp g s <S> 45> S NEDCY oS >
Sy ool sl ol (b Lol (g S i Jleg
US.5 e8> a8 » 03l o EUDS™ g ECE" (claas > I oS 5
SxSoil (sl g ailo YU Qb g Copu b eS8 B2 S
VAIL2 S b ool oais dl)) 9358 (395 (slaosis Y]
B =5 oo w9 Sl p bl SO B ¥D o Ce yuo 039050 L REL
Lol ol (Sl as 0 &

[V¥] oS s o Glasuie ¥ ol

VAIL2 India
»ly Nrpr US00 NEDC - ygpon ese s
s DNF s VVAY YA obej
km  gyqaya awvAl VAT R JOHI
km/h yyyyy  avayy v £Y,08 Al Gy
ST/ BN ST OA SEN o 0 A W 4 A A W SWCACH
m/s? Y.v¥ \N74 Vo5 \Nas didn olus
m/s? Yy YA SV Al e olis
m/s’ LAy - OF XYY Lwgie ol
M/ST ¥y W S ¥ g e Ok
s vy ) YaA VeV colypal gl
- I WY oy gy olusy
% Vo5 95) 4wt o
(Y«
(YL
% vy @ ) A o
’ (omb
% va 5)) L.»A?ZA (W)
(omb &

-1 Drive Cycles

2- New European Driving Cycle
3- Urban Driving Cycle

4- Extra Urban Driving Cycle

WA sl e 5 Comsr bilo ftin o pgige Sliiod gy — e dolilsh (38



Ol dens ] YU Ko s doxe /39 oB1 oy / (ool all g3/ e 415, deeo e

14 s -
13—",—‘
12 == Reference Model |
n = Model
]
3 1
2
510
g
0
> 9
8
7 -
[l
60 01 02 03 04 05 06 07 08 09 1
State of The Charge

b oMl Al cus bl SWg @l w.liﬁ

(<)

-

00,

A ] ]
o [e] o

Vehicle Speed (km/h)

N
o

200 600 800 1000

0.74

1400

0.72}
0.7}
g o.es}
& 0.66
=
Z o064l
=
= p.e2}
0.6
0.58|

0.56

800 1000 1200

1400

-
= a N
—

Battery Output Power(w)
.o o
- 0 Qo

'

a

[}
T

1000 1200

o

200

1400

10F

Fuel Ceel Output Power (kW)

a
T

o 200 400 600 800 1000 1200

1400

0.022

0.02

0.018

= =Reference Model -4

0.016

===Model

o
2
=

o

Resistance (LA)

0012\\

~
e

o
- ~

o
=

0.0.08 \\

0.006

\\‘

0.004

0 01 02

03 04 05 06 07 08 09 1
State of the Charge

AL oy o ey (B canglie s «»e.Uin

(call)

z

bU . . ' | | |
E {‘“‘\I

i
'3 40t
& q| q\ 4 A w -
5 )« U|I {{qlf’; ﬂr"nl lf M f\f P ﬂri.
g L lmju. N
v 0 My
064 ‘ . | | | |

3 e
L .
b \“H” WAt T TN i A TN g S
g " e — Load
: ‘ I ) ' * - ECMY
RO —% 0 &0 10 20 1w
- £J(10‘
: | | | | I -*Luad
g% -~ ECM3
5l T W
0 i
b3
;]
2, . | |

0 a0 @0 @0 8o m:o e

«10°
: ’ | | ‘ ' e L0A
= ?2- ‘:-
Q 1l
E ﬂ-u E,.’EM‘ Lm J JMUE «
FETEw o w 1400

UDDS S &2 ) (Bpwdn =50yl )90 oo 5 65k (298 ol sl gadn dw..Ui»

(asdlae )90 5951 = 9 [

oY

WA ol /p)ke 5 G Byloud /piin Jlo /)gige Cliion dbglhy — sals dolilad

b g0 3 39290 NI ~ll)




g doy (SS90 Bl g (3D 3lil il Glolo b w9395 5 Shes (L)l

SilosS adol Lolys ¥ Joi

Joly Jde Slasuie
° Yo b glo
c £ 5

Jhkgk 0} bexe ole)S cud)l

e Yo Sl 0y wlobw sl (slod
°c Yo Omile GgplS” adgl led
e Yo B gw s i S5 adgl glod
°c Vo sl —yse gl sled
- Y 5l adgl sy b
50
m Fuel cell Battery 204
a0 | mHybrid m Conventional
29
o 30
5 165 17.3
g 20 113 123 3¢ 145
= 10.3 o
: 6.6 7
10 5.8
0

0-100 (km/h) 60-100 (km/h) 0-120 (km/h)

Sy s gy slogyog b ol gl 5058 i 4l [ ENERY
B =SS 45503

o 5
"2_1-1 4.2 4.2
z 4
£35
T
= 3
(=]
= 2.5
g , 1.7
5
51—
0.5 —
0 1

Fuel cell Battery Hybrid Conventional

S e b 51 3l 5058 it i 4 [ NERY
o S SN 50

92395 2 5es -1

Pl (g (Sl 45595 9395 3 Shes o0y p s
(GBI Gl slagg b g cul (lencawd Clbl g cop
Mg Ca 5L 9998) (SS9 (5L gh) 0 (B g
odbaid )5 jlai 1> adal bayl b .l o duawlio (1S o edlaiwl (g5l
5l oolaiwl 4y dsgr b g o sdalie £ Jods 3 (g5lusSl 4l y
g Olid y90jl gl 45,93 ol b g (5L o 35 gu fw ol
pin )0 daid o odblie A JSG 0 oS jshailen LSl o glitie
B g = (S5 i8I0 a8 595 wlob 3 eolitwl gy b (6,85 Ol
93365 (6l (65LwsSIl ) el Cawd 4 oy JSKb & dz g5 b sl o
el ytoglS Voo U jho o po gy )3 B gl o
S i lawgs oads pMel jludo jl agls + ¥ dgds aS LSl o 4l VYLY
45193 dows 9395 Cu po (e (il sl s ([3] @ 0) 03
Conl 45N+ ¥ sucbs py taghS Ve e U oo I (5 g Jo =Syl
d9a i 4 pald (g e g B Byl 9098 4 Cus oS
97395 Ay OLd A S 4 a5 bl il zalS 75,0 4405
Slolw 31 oslazwl b a8 wib o 4l p o VY (aB iBgw o
Wb oo ili8l agl p e BV a4 g odd ply V0 dgas 4590
ool a8l gals AV YE sgus B sl 998 4 s Ll
9P 9> dipdy Gy > BMB] cpyidy Ve JSb 4 2 L
Gy Ao I Gl g (Bawde —( Sl o550
Mibee by jeskS VAD (B glis] dew g)ded  didi
@ 4l yleglS VALY dgue (gilwand  lde opl &[4
g =S ySI] 45193 9365 At o g ol oke] Cod
B gl 508 4 Cus &5 Al Colo p JeglS YT
Colue VY S5 4 dog bocwl adl ials ZYeF e
4B 0 ) (g o = (S0l o593 diow 9,095 Lo ododgen
Ol 51 st dged 4 Camd ZA) 2gd 48T ASL o yie ¥ALY
9395 bawgs yiaghS Sy (pg0m lej VW S & g5 bl a8l
e ol oS asli +,) dgds 4590 95095 4 Can B 5l i)
Blrel sgige s93 M8 S (B il 9398 3)Sles o
Byl Ao 5095 VW S ) oo b il oo dlpe jlade 4y 81
2 oslS A D 0 1) 568 Cas g 23R, 390 o B Wil o (31
45593 9095 (gly slade (pl aS e Laas agli £r s gl colw
il TXVY (g by~ S5

WA b fpleg 5 Conn Blas [t Jlo /ygise Slisind (pimgl — ale dollad  OA



Ol dens YU Ko e doxe /31 oB oy / (ool all g3/ e 4155 doeo e

25

21.3 105
20 164 :
[y
15
Z 104
glo
5 I
o]

Fuel cell Battery Hybrid Conventional

o (BB sl Gy plenced ol anlie
g — (S Sl 48595 5 (S Sl

L 55~ S S0 45 153 5,055 g0 B sl

ol 04 duwlro ()55 0w CSgus u’r’ J.)Law JRESRE PV PRLPES

_é,m VWSS 4 g p Dy oo dnloe (/1) VR (o5 L;li%
slras > 0 B Glsl 9y008 b duslis (> a5 )50 5)095 g
Gl 48l 5alS 0o )3 OY U FA 290> oaliw] 590 <8 >

10 9. W Conventional O Hybrid

~ 9
5
= 3
é 7
g [
g 5
§ 4
5 3
53
(&)
'Tg 2
& 1

0

INDIA NEDC VAILZMREL

I3l 5 g i S S0 o 155 5,055 5 s e i [ R

@ 295 SIPl e b S b p Sy sl 5 o33l
V0] 255 g0 dnlons (5395 (53
Output Energy (V)
- Input Energy

A WA b esles 9 G b)lod [in Jlo /ygig0 libiod (ol —(ole alilad

200 120.2

= 1335 1324

E 150

T

v 100

W

5

g

8

= 0

Fuel cell Battery Hybrid  Conventional

S oo b GBI 555 5,355 Alpuhes by Aulie
Bowdn —( Sl 45593

0 . I I

Fuel cell Battery Hybrid Conventional

o
)

45.5

Distance (1)
] L Eoy Lh
L] () () ()

—
]

Gyl clogyss Lausgs agl B ke )3 00 o3gass Cdluwo duylie
Bowdn (Sl 45593 5 (Sl Bgw (3D

50 453
45
40
35 34.2 337 336
o 30
T 25
g 20
s
10
5
0

Fuel cell Battery Hybrd Conventional

B 3yl slag)353 bwg yioghS S (390 (loj dumlie
Boodn — Sy o590 5 (Sl Boe e




g doy (SS90 Bl g (3D 3lil il Glolo b w9395 5 Shes (L)l

OFuel Cell System  MEnergy Storge

EMotor/controller BGearbox
B Wheel/Axel OAux loads
EAero ORolling

A

OFuel Cell System BEnergy Storge

Ehfotor/controller OGearbox
B Wheel/Axel OAux loads
CAero CORolling

C,SP Ay )) 4559 95095 dilols 65)5‘ olals IR
(US06 — ¢India Urban —call)

100 | WINDIA g7 24 92 93 94 95
OUs06
80 67
&0 56 53
40
20
O L
S & & s >
S R
& &K & F &
o {\u éq,. Q?"\
qe-e‘ a0 &
@'L

2 (g — (S S a5 )90 5095 Calises slial (g5l ed3L
e ¢S > sloas >

2 Olhogad 4 dagi b 9058 e dlial )5 (65l Ol
53095 i sl il oaaw VO JSd 5005 L oo Cugliio oaliiun] 550 S >
SR S o 82 53 (51 S S5l (5 g = (S 1 45 59
Copw b S s ad » G aS US06 S y> a8 » 4 India Urban
oo D98 S & dogi b Ll o0 00l lis il o YU Gl 4
8l oo (g whusw bgrye C8 a3 2 93 (pl > O JS ]
cobansig Sl (uiSTy 1,0 Wy clab cle & (b gw fu ailobo
9, 5 aali ale wlels ol sl il ol 5l (46 i
3558 5 Sl (9> (alowdy pSU (iSTy 31 )3 08 g lo S
ol (6551 033L oy yiaS azcs )0 g lal oy i (sl ol s3]
Oy & Cwl (Syge a5 5b g (B Sl G (29y590 25
ol 65l by dndn (5 5 Bawdn Sl bug buwgie
2 65k il yS bhugie Gl 5l (wlss ) g a5 el g 35
Y Ol g s e 4 US06 (63005 s & > 4 13 53 3945 o0
bog o Jl (i 48 35 0 Calsd > o )90 wlobs Sl g tdn lg5
iy ol US06 &8 > a5 > 53 ol 23,5 o ool (s 5L
9335 b by Sl GialS o cpl &S 258 00 485 (5 5
Ol S JB ) 6k aeglie o8 Ay lacdls 3 g
VS 3 a8 polailen g 4Bl (yialjBl (65 Sl (B JSE) Wb e
lp bl b o als ZAY & 5l (50 od3b g o oanlin
Ol 35S9) idlie (508 S S & 08 CS > slaed 2
Byodn Slolo Sl 58 3590 (g5 piy oS Cuwsload ()b 50k
cplpliy A8l @Bl ol el ) (g 5iaS whew 5L g 395 (el
dx 43 g S India Urban ¢S 4 n 0 (o 5b (65,0 clals
Lsgio sy 4 Saalodg ] i sl o i (65b (550 035b
US06 8> a5 > lawgio cas o o lal cpl g 0l (S 95095
VO IS @ ao 95 b .l India Urban ¢S s a5 o ply ¥,V 250
Pl e sl o A S o ad s ol 3 (Sealidg ] Gl o
Cwol India Urban ¢S > a5 >

1- Parasitic Power

WA 50l /p)le 5 Cann bladd [piin Jlo /)gg0 Olisios (aidgh = sals dolibas &0




Ol dens YU Ko e doxe /31 oB oy / (ool all g3/ e 4155 doeo e

ailolw 033L -4

SIPIS e mrad b S > &2 o (gl b wlel 330,
Aol g (63959 3 W 3)90 IS 65y 2 g yn 3L 2y9e

n B Wheel Energy ()
Sven - FuelCell Input Energy

2990 4 Conad (B gu0 Sy 45 )93 Ailolio 035L VA S 4 e L

VY B VY ogas odlaiwl 0y50 S > slaas a0 B Gl
b «) India Urban ¢8> a8 > )5 ool adl il58l s )y
Bl g &Sl Jds 4 (bl yut Bg dlasi g o5 Casp
Glolw (p 02l BB sty oy od cwnlio jod & BB
P9 e odalie (LI lysl jgise o (Brgw e —(So Sl 45590
Sy oo cuolio 03gize 4 (B> 5linl jgige jed sy iul3EI L

b il 033k 5

50 : 4733
45 B Coventional L
F 40 OFuel Cell Hybrid 38.22 .
w35 -
g‘ 30 2215 |
g 95 ] 2344 |
H 16.51
Lg 20 —
§ 15 1187 B
210 -
5 |
(K . i .
INDIA TTRBATT MNEDC VAILZMEEL

EATENGE VPR NENE S PCPURIS WY |\ < :

9,395 035L -V
S5l g oadilg (Sle (G5l e L 4559 9395 3L

DIV T e o> & (559

_ (dero+ Rolling) ,,,, (¥)

n Vehicle —

Fuelh - EnergyBattery

alolw 03jb 5l g, o Saolizdgpl Slals s 4 9,565 035b
— S48 593 9395 03] VA S 4y a5 Ll oo y2eS (15550)

S et g a2y b (Joh gl 9068 4 Cund (Bguy
Sb e ial38l o pd VYO B AY i ool 590

OEngine B Clutch OGearbox
Owheel/Axel BAuxloalds BAero
B Rolling

A

OEngine B Clutch OGearbox
Owheel/Axel BAuxloalds HAero

BERolling

1%0

0. )
0% 10,

S g A Gl )68 ailele (6550 lals ANARIS
(US06 — 5 India Urban —al)

Gyl olal b8 0 sdalie VWSS &S jolailen
-India U eS8 gbhas s o A3 Gl 9008 0 j9se
Wb e (g3l Slas IS5 AVA 9 ZAY 55 4 US06 4 ban
dgds Bow o dlolw bl pl V0 S 4 g L &
cle 4 B Glpsl jeige .l asl ials ZYAY 4 ZYVY
Olabad 2929 4998 03]l Cudgiome ocn i lyal Al (s plieaasl
S ) 2puS g0 g binSgnm Ao olmesy VT a5 S e
gdion 2o 3 oo (5551 S plyis & 03920220 0gMle

Wl g (B bl 4 o (g (651 A (>

I WAt 5ol /pyle g G B)lods [otin Jlo /ygige Olasind dmgh — cole dolilad



g doy (SS90 Bl g (3D 3lil il Glolo b w9395 5 Shes (L)l

e o> (2al3l 8T g o )ls (IS, Ly Ky (05 S ige
Glo 2y Sh3 ol bl oS Wmoany VT s 4y s ] 4y
bk (i slygise 3 g 0392 Cumnl LB (Jja3 slaygige 5

.J.l.».f}lgt;o).fbo»).)s

0.05
—hc
co/10
004 —nox
g o
%
% 0.03
)
)]
o
200
)]
0
£
L
0.01

O w0 a0 e a0 100 1200
Time (s)

NEDC S 6 oV o5 [ R

1.6
14
12

1354 [mCO mHC BNOx BPM]

08
e
0.4 03
02

Emizgions (grams/lan)

0.138

Conventional Fuel cell Hybrid

By =SSN 48593 5 IS 5] 9,055 (glaeanyY] wlﬁﬁ
NED CS s by

B gw e — S0 S 45593 9)395 (clmoai VT i YV SIS s
odnliv a5 jshiled ol ol dunlie 395 Lb Glusl wges b
o gy (o ySI 4890 93,08 (slaos YT 5 29 00

el oS g Sl dlsn b (59,0 S g (iSTy donis 9 L o

45 :

m Conventicnal 41.1
40 -
35 OFuel Cell Hybrid |
30 —
25 1 =z213| |
20 —

15 —

0 i’_ 11.1 -
) I

INDIATRBAN NEDC

Vehicle Efficiency (%)
=

VATLZNEEL

G 3yl 55095 5 (55 s e S8 45,53 5,095 033t i [ NNERY

[FYRVOR R

(HC) crSyi Jols gy cnl 33 (oy 3550 sloasyVl

selr @) 5 (NOX) (jgyi gt (CO) (S S gige
PEe g wbgd (g dacn)Sophe A¥ dgas il Gl
Cogw pd g odld iiSly (a8l Cijgw 4 & A Sl S0
P (S8 Chgw Sl b ygige 3)5)15 it 39250 (o]
plod s (sl (B (et ol 53 2980 ()5 3 gige
5 lade A )3 g 3)l0 dgg (CO,) () daST (63 4 (S
Sl S S gge Gy 4 () (e g djgue Cogw
M5 I 53 dps0 039 3 Bles 035 sladens] e
2 8 Gl glendgd 9340 ol Jle 5 (S g 298 (o0
95 G 4 sl S)p glagd sles ©MSLs
oltd a4 dad p oMo gyt 4S] Mg abend la STy
Ol oyl (S lgol J30 3 Glasl o 5 Ci g 4 lga Cans
20393 Sypo 4 g Sgdioe Mg CI' (slaygise )3 odos polay dal>
sdnlin Yo S oS jelailan [VA] g o 00> (>gy3 slajlS
bl b ygige &5 (olin) (sjluioly (o 5 <S> £95 ) 25
culie Olie @ o glyel dhize o)lg> (slod g S (0 )5 (2
bl 3bj Sy pogad 4 5 baosi VT i (Sl o
oodts YT lsse 31 (3lyin] alainea o)lgs (sled Lialil g loj S
o ST o Les Ll e 4y 48 Sglis ) b g s oS

M bl ooyl 45 gus (slacn Sgyden S €S o gl BB

1- Compression Ignition

WA Sl fo)eg 9 G Bilod [eiin Jlo /550 Sl oy —(ols delad £V



Ol dens YU Ko e doxe /31 oB oy / (ool all g3/ e 4155 doeo e

sy

WA ol /p)ke 5 G Byloud /e Jlo /)gige Cliios (odbglhy — sals dolilad

S5 ao VY

Shoslaiwl b i Sl Maws 5093 S il oyl 0
— Syl 85593 iaws 9395 o 4 ADVISOR l35p 5 LIS
Loy g n o8 39 9,095 (sl vl 0ad s (Bgw e
o1 Lol Jl5be 5 & ol 4 bgsye (slo gl 4l (8,5 i o
u5)> L;Lm4>)> 0 45)9.) Slolw 9 99> D.))".g 9 Cogw d)Aa.o
Jols @l b g 48,5 515 g )90 3 (gilely s )3 Calisee
Ol gl .l ol duglie (30 5l Kiaw 9)065 (jlweSl
B ow e dlbls & baye (g5l @l IS 51 o D90 cmd 0
93095 Ciguw B ypas odlaiwl 350 ¢S > sladd > & ax g b Ll
Wged dy Comd Joyd OY U YA Dot B g fo = SO 5S) o5 )90
alols 033 5 5y095 035l pimen (Cuwl a8l EalS 5D 5l
b 78 2905 a5 @ GBI 3l 5)55 a0 Cd 4593 9355
wlobws 03jb oyt ol Bl (ialdl ZVFY G ZVeY 9 /YD
b ge ATV D5 595 S > sladd > 3 Bgw o
Sy9 9395 S W3 L lencad 5 kS (gl @l
51033k cr i I lojen ool cle 4y (g Jy =S Sl
e d8des s 65k ) d92ge Vb GlF 35 g (Bowde
@l gromed b (oSl g (Bgwdn (lagps 4 Cons
OB ogMle (B gw o = (S g8l 45 )93 9)395 oS amd e LS
sosel J ) sho (Sudl g el GRIBl 5 coge Bpae
B gl G b culsy BB cud g Gl sy (63)Slos




g g — oSS S e Bl g 15 i) il Bl b e 5,955 3,8kee )l

References:

[1] Hydrogen and Fuel Cell Bulletin, Vol. 1-5, No. 1- 44,
2006 -2010

[2] C. Spiegel, PEM fuel cell modeling and simulation us-
ing Matlab, Elsevier Inc, 2008

[3] Q. Caia, D.J.L. Bretta, D. Browningb, N.P. Brandona,
A sizing-design methodology for hybrid fuel cell power
systems and its application to an unmanned underwater
vehicle, Journal of Power Sources, Vol. 195, pp. 6559-
6569, 2010

[4] P. Atwood, S. Gurski, D.G. Nelson, Degree of hybridi-
zation modeling of a hydrogen fuel cell PNGV-class vehi-
cle, SAE International, Paper No. 2002-01-1945, 2002

[5] D. Wu, Fuel cell hybrid electric vehicle powertrain
system design and control, MSc Dissertation, Department
of Electrical and Computer Engineering, Concordia Uni-
versity, Canada, 2008

[6] P. Rodatz, O. Garcia, L. Guzzella, Performance and
operational characteristics of a hybrid vehicle powered by
fuel cells and supercapacitors, SAE International, Paper
No. 2003-01-0418, 2003

[7] S. Gurski, H. Lohse-Busch, G. Henshaw, D.J. Nelson,
Design of a zero emission sport utility vehicle for future
truck 2002, SAE International, Paper No. 2003-01-1264,
2003

[8] N. Qian, x. Dong-ji, H. Hua, CH. Pin, K.Y. Bae, Mod-
eling and control strategy development for fuel cell hybrid
vehicle, International Workshop on Information Security
and Application, Qingdao, China, Novemer 21-22, 2009
[9] Samand LX Vehicle Manual, Irankhodro Company,
2010

[10] M. Ehsani, Y.Gao, S.E. Gay, A. Emadi, Modern elec-
tric, hybrid electric, and fuel cell vehicles, fundamentals,
theory, and design, International Standard Book, No.
0-8493-3154-4, 2005

[11] V.H. Johnson, Battery performance models in ADVI-
SOR, Journal of Power Sources, Vol. 110, pp. 321-329,
2002

[12] T. Markel, A. Brooker, T. Hendricks, V. Johnson, K.
Kelly, B. Kramer, M. O’Keefe, S. Sprik, K. Wipke, ADVI-
SOR: a systems analysis tool for advanced vehicle mod-
eling, Journal of Power Sources, Vol. 110, pp. 225-266,
2002

[13] D.W. Gao, C.H. Mi, A. Emadi, Modeling and simu-
lation of electric and hybrid vehicles, IEEE, Vol. 95, pp.
729-745, 2007

[14] ADVISOR Help, 2002

[15] I. Husain, Electric and hybrid vehicle design funda-
mental, Newyork CRC Press, 2003

[16] M.J. Ogburn, D.J. Nelson, W. Luttrell,
B. King and S. Postle, Systems integration, modeling and
validation of a fuel cell hybrid electric vehicle, SAE Inter-
national, Paper No. 2000-01-0376, 2000

[17] S. Williamson, Efficiency modeling and analysis of
power electronic conwenrters and electric motor drives
for parallel hybrid electric and fuel cell vehicles, PhD Dis-
sertation, Department of Electrical and Computer Engi-
neering, Chicago University, 2006

[18] J.B. Heywood, Internal combustion engine funda-
mentas, New york McGraw-Hill Inc, 1988

WA b fpleg 5 Com e [t Jlo [ygige Cliios (odmgly — ale dollad £



A.M. Yeganeh Moghadam / F. Ommi / P. Kazempoor / M.R. Malekbala / S. Javan

Performance Evaluation of a Samand Vehicle with
Internal Combustion Engine System and Hybrid
Electric-Fuel Cell System

A.M. Yeganeh Moghadam* M.R. Malekbala
MSc., Tarbiat Modarres University MSc., Tarbiat Modarres University
aliyeganehmoghadam@yahoo.com s.alizadehnia@ip-co.com

S. Javan
F. Ommi MSc., Tarbiat Modares University
Associated Professor, Tarbiat Modares University s.javan@modares.ac.ir

fommi@modares.ac.ir

P. Kazempoor
PhD., Tarbiat Modares University
pejmankazempoor@gmail.com

*Corresponding Authors
Received: Aug. 21, 2012
Accepted in Revised Form: Feb. 11,2013

In this research, the conventional internal combustion engine system in a samand vehicle is replaced
by a hybrid electric-fuel cell system. The samand vehicle is then modeled in the ADVISOR software, con-
sidering both systems. For modeling, the body structure and wheels models as well as their corresponding
parameters are added to the software. For both cases, simulation results such as the fuel consumption and
the system efficiency in various driving cycles are studied and compared together. Results show that in the
hybrid electric-fuel cell vehicle beside the reduction of the fuel consumption, the efficiency increases with
zero exhaust emission pollutant gases. Also, the vehicle could challenge with the internal combustion vehicle
in issues such as performance parameters, the velocity, the acceleration and the gradeability.

Keywords: samand vehicle, hybrid electric-fuel cell system, internal combustion engine, fuel con-
sumption, efficiency
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