
 

 
Abstract—Performance of vehicle depends on driving patterns 

and vehicle drive train configuration. Driving patterns depends on 
traffic condition, road condition and driver behavior. HEV design is 
carried out under certain constrain like vehicle operating range, 
acceleration, decelerations, maximum speed and road grades which 
are directly related to the driving patterns. Therefore the detailed 
study on HEV performance over a different drive cycle is required 
for selection and sizing of HEV components. A simple hardware is 
design to measured velocity v/s time profile of the vehicle by 
operating vehicle on Indian roads under real traffic conditions. To 
size the HEV components, a detailed dynamic model of the vehicle is 
developed considering the effect of inertia of rotating components 
like wheels, drive chain, engine and electric motor. Using vehicle 
model and different Indian drive cycles data, total tractive power 
demanded by vehicle and power supplied by individual components 
has been calculated.Using above information selection and estimation 
of component sizing for HEV is carried out so that HEV performs 
efficiently under hostile driving condition. Complete analysis is 
carried out in LABVIEW. 
 

Keywords—BLDC motor, Driving cycle, LABVIEW 
Ultracapacitors, Vehicle Dynamics,  
 

NOMENCLATURE 
Notation Description Unit 

A Frontal Area Of A Vehicle. m2 
A Acceleration Of A Vehicle. m/s2 
Cd Air Drag Co-efficient. - 
Crf Rolling resistance co-efficient of the front 

wheel. 
- 

Crr Rolling resistance co-efficient of the rear 
wheel. 

- 

EEO Energy output from the storage unit during 
propulsion. 

Joules 

FA Aerodynamic drag force. Newton 
Fac Acceleration force. Newton 
fb Fraction of braking. - 
Fg Grade force. Newton 
FT Total tractive force. Newton 
G Acceleration due to gravity. m/s2

Jd Moment of inertia of the driveline. Kg-m2 
JM Moment of inertia of the motor. Kg-m2

Jw Moment of inertia of the wheel/tire assembly. Kg-m2 
Jc Moment of inertia of internal combustion 

engine. 
Kg-m2 

K Regenerative brake fraction. - 
me Effective mass of the vehicle. Kg 
mv Total mass of the test vehicle. Kg 
mw Mass of the wheel. Kg 
mt Mass of the tire. Kg 
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NF Final drive gear ratio. - 
NT Transmission gear ratio. - 
PEO Power output from the energy storage unit 

during propulsion. 
Watts 

PEI Power input into energy storage during 
braking. 

Watts 

PBI Power input into brake system during 
braking. 

Watts 

PDO Power output from the driveline during 
propulsion. 

Watts 

PDI Power input into driveline during braking. Watts 
PR Power loss during regeneration. Watts 

PMO Power output from the motor during 
propulsion. 

Watts 

PMI Power Input into motor during braking. Watts 
PWO Power output from the wheel/tire assembly 

during propulsion. 
Watts 

PWI Power input into the wheel/tire assembly 
during braking. 

Watts 

PICEO Power output from the ICE. Watts 
PICEI Power input to the ICE.  

re Outer radius of the wheel. Meter 
rt Outer radius of the tire. Meter 
rw Rolling radius of the wheel. Meter 

wM/G Speed Of the motor/generator output shaft. Rpm 
TM/G Torque of the motor/generator set. N-m 
TICE Torque of the internal combustion engine. N-m 
Ρ Density of the air. (Kg/m3) 
Ө Angle of the road from the horizontal axis. rad 
ηt Transmission efficiency. - 
ηf Final drive efficiency. - 
ηICE Efficiency of internal combustion engine. - 
ηM/G Efficiency of motor/generator. - 
ωM/G Angular speed of motor/generator. rad 
HEV Hybrid electric vehicle. - 
FWD Forward wheel drive vehicle. - 
RWD  Rear wheel drive vehicle. - 
AWD All wheel drive vehicle. - 
ICE Internal combustion engine. 

 
 

- 

I.  INTRODUCTION 
OAD vehicles are immerging as the largest source of urban 
air pollution due to rapidly increasing numbers of 

vehicles & very limited use of emission control strategies. Sky 
rising cost of fuel as well as environment impact due to 
emission have drawn attention of many automobile 
manufacturing companies to divert their mind toward the 
development of a HEV. Maximum efforts in HEV research are 
on development of efficient and cost effective HEV 
propulsion system. Performance of the vehicle depends on the 
efficient drive train system as well as on the type of driving 
pattern i.e. type of roads and their physical condition, road 
traffic and driver behavior [1]. 

The driving cycle is a sequence of vehicle operating 
conditions i.e. ideal, acceleration, steady state (const. speed) 
and declaration with respect to time for a given city, region or 
a country. The driving pattern varies from city to city and 
from region to region [2]. Driving cycle can be categorized as 
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synthesized and actual drive cycles [7]. The synthesized drive 
cycles like European, Japanese, California seven modes and 
Indian driving cycle are constructed from a number of 
constant acceleration and constant speed phase. As this cycles 
are complexes in nature, transition between various models are 
somewhat artificial in nature. This type of cycles are 
unsuitable for evaluating power required by vehicle due to its 
gentle acceleration, braking & long period spent in stationary 
mode. Actual driving cycles are derived from the operation of 
test vehicle on the road under real traffic condition. Actual 
drive cycle are best suitable for heterogeneous traffic 
condition which represent short acceleration & declaration 
which are the main mode of operation responsible for higher 
emission and fuel consumption. 

 Initially drive cycles was introduce in vehicle research to 
measure the fuel consumption and emission of the vehicle. 
Indian drive cycle (IDC) was formatted around late 1985 by 
the automotive research Association of India (ARAI) with 
speed and acceleration up to 42 km/h and 0.65m/s2. IDC is a 
simulated drive cycle in a laboratory on test the vehicle. It 
assumes all vehicle activities to be homogeneous irrespective 
of variation in traffic and driving characteristic. Thus it does 
not represent the real world driving. Pune city drive cycle 
measurement was carried out for estimation of emission and 
fuel consumption of conventional vehicle 

 While designing and selecting a HEV configuration and 
component with minimum emission, the constrain impose on 
optimizing the component selection and sizing are vehicle 
range, acceleration, deceleration, maximum speed, road 
grades, level of emission, fuel economy, and amount of 
regenerative power during braking, and downhill operation. 
Almost all factors are directly related to the driving patterns of 
the vehicle. 

Design Specification for HEV may be divided into two 
categories. 

1) Hardware specification: User governed specification 
derived mostly from consumer demand. i.e. the acceleration, 
fuel economy and max speed. Using this sizing of electric 
motor, engine, transmission system, energy storage devices 
like batteries, ultracapacitor etc. can be done. 

2) Software specification: Development of efficient power 
split algorithm between motor and ICE so that vehicle 
emission should be maintained within the regulation limit. 
This control algorithm also takes care of state of charge of 
battery & ultracapacitor as well as engine operation within the 
efficient modes. 

 There are two different types of approaches to define 
vehicle specifications, 1) Selective approach in which the 
optimal sizing of HEV or EV component will be done with 
selected driving Pattern. 2) General approach which 
customizes the hardware & software specification of HEV so 
that it perform reasonably well under diverge driving 
condition. This will not give any optimize result for any 
particular drive cycle.  

[12] proposed evaluation of the merits of alternative vehicle 
design option using drive cycle. Feng & Marc worked on fuel 
economy of conventional Vehicle using drive cycle. Feng& of 

al. presented simulation result on the impacts of driving 
patterns on EV & HEV performance.    

 The focus of this paper is to understand and analyze the 
effect of real time Indian drive cycle on  selction and sizing of 
HEV components. Three real time Indain drive cycles 1) Surat 
city drive cycle (Urban drive cycle), 2) State Highway drive 
cycle, 3) Expressed highway drive cycle are measured using 
microcontroller and LABVIEW. The dynamic model of HEV 
is developed in LABVIEW and using real time Indain drive 
cycle data maximum and average acceleration, maximum and 
average speed, total tractive power and torque and power 
generated under braking conditions are calculated in 
LABVIEW. Using a generalized approach estimation of 
component sizing for HEV is carried out for above  mention 
three Indian drive cycles.  

The objective of this paper is in three folds: 
1) Modeling of vehicle dynamics considering effective 

mass of vehicle. 
2) Measurement of real time Indian drive cycles by 

operating the test vehicle on different types of Indian roads. 
3) Using drive cycle data and derived dynamic model of 

vehicle, power required by the vehicle under different 
operating conditions is calculated. Based on the above 
calculation estimation of component sizing is carried out for a 
vehicle which is to be hybridized.    

 
II.  VEHICLE DYNAMICS 

The test vehicle is configured as a parallel hybrid electric 
vehicle (FWD) as shown in Fig 2 and 4. The components of 
parallel HEV are ICE, transmission and gear system, electric 
motor(BLDC), DC-DC converter, inverter, batteries and 
ultracapacitor.  The power requires to drive a vehicle depends 
on the following factors as shown in Fig (1) [11]: 

    1)  Aerodynamic Drag: Equation (1) is the force due to 
the friction of the body moving through air.   
 

FA =   ρ Cd AV2                                                                          (1) 
    2)  Rolling Resistance: The rolling resistance is primarily 

due to the friction of the vehicle tyre on the road. The rolling 
resistance is approximately constant, and hardly depends on 
vehicle speed. The magnitude of rolling resistance depends 
mainly on the nature of road surface, types of tyre viz. 
pneumatic or solid rubber type and the weight of the vehicle 
and is given by (2). 
 

 Fr= [Crfmf + Crr(1-mr) ]mv g cosө               (2) 
    3)  Grade Force: The force needed to drive the vehicle up 

a slope is given by (3).  
 

Fg= mv g sinө                                      (3) 
 

    4)  Acceleration Force: According to Newton’s seconds 
law, acceleration force is given by (4) 

 
Fac= me  a                                         (4) 
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Fig 1 Forces acting on the vehicle 

 5) Effective Mass Of A Vehicle: All rotating components 
in a vehicle have rotating inertias, and have an effect on 
vehicle performance. Rotating inertia offered by the 
motor/generator, ICE, driveline and wheel/tire assembly are 
considered to calculate the effective mass of a vehicle which is 
given by (5). 

                 me
' =mv+ 4 +  

me=me
' +  + F                     (5) 

  

 
Fig 2 Schematic diagram of a vehicle with rotating inertia at each 

component 
The moment of inertia of wheel/tire assembly is given by (6). 

 
Jw = mw re

2 + mtrt
2                                  (6) 

 Fig 2 shows the basic idea of rotating inertia which is used 
to build the dynamic model of the vehicle. The output power 
is generally less than the input power except that there is no 
translating acceleration, because it has its own rotating inertia. 
Due to this rotating inertia, certain amount of power can be 
stored to the rotating object and the rest of power comes out 
through the output shaft. On the other hand, the stored power 
can be discharged in deceleration and it can be captured and 
stored to a storage system. Note that, in deceleration, the 
direction of angular acceleration [8] becomes opposite to 
acceleration, but the direction of rotation will remain same as 
shown in Fig 3. 

.  
Fig 3 Basic concept of rotating inertia 

 
 
The tractive force is given by (7). 

 

FT=FA+Fr+{ me
' + F} * a                     (7) 

The effected of grade force is not included in (7). 
6) Power Require To Propel The Vehicle: Fig 4 shows the 

power flow of a FWD. The total tractive power required to 
propel the vehicle is given by (8). 

 

PT=V(FA+Fr+{ me
' +  + F} * a)                 (8) 

 The total tractive power, PT, is slightly different from the 
actual tractive power required to propel a vehicle from a 
power source [8]. Power output from the wheel/tire assembly 
during propulsion is given by (9).  

 
PWO= V { FA+ Fr+ mv a}                                    (9) 

 
Fig 4 Power flow diagram of FWD vehicle 

 
 In order to propel the vehicle and driven wheels, it needs 

more power to overcome the rotating inertial force of 
wheel/tire assemblies. Thus the rotating inertial power of 
wheel/tire assemblies could be added to the actual tractive 
power. The power output from driveline is given by (10). 

 
         PDO=V {FA+Fr+ (mv+ 4 )a}                              (10) 

The power output from the motor and ICE which includes 
the efficiencies of the transmission and the final drive, and the 
rotating inertial power is given by (11) and (12).  

 
PMO= [{FA+Fr + me

'a]                          (11) 

PICEO= [{FA+Fr+ me
'a]                          (12) 

Finally considering efficiency and the rotating inertial 
power of M/G and ICE yields the actual tractive power 
required to propel the whole vehicle including rotating 
components is given by (13) and (14). 

 

PEO=
/

[ [{FA+Fr  + me
'a]+ a]           (13) 

PICEI = [ [{FA+ Fr + me
'a]+ a]           (14) 

From the PEO the energy output from the energy storage 
unit EEO can be obtained by integrating PEO over the time 
period of a drive cycle. 

 
EEO =                                                  (15) 
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7) Power Losses During Propulsion: The power losses at 
driveline, M/G and ICE are given by (16), (17), and (18). 
  

PDL=(1- ) [{FA+Fr+ me
'a]                    (16) 

PML=(1 / )
/

[ [{FA+Fr+ me
'a]+ a]    (17) 

PICEL=(1– ) [ [{FA+Fr+ me
'a]+ a]    (18) 

 
       8) Regenerative Brake Power and Energy: In order to 
capture the regenerative brake power/energy, the value of PT 
should always be negative. For example, if the tractive power 
from the M/G is less than the road load but not zero, then the 
vehicle being decelerated because there is not enough tractive 
power to accelerate the vehicle. In this situation, the 
regenerative brake system cannot capture the regenerative [8, 
9,10] brake power/energy. 

Thus when the value of PT is negative, the power input into 
the energy storage unit, which is available to be captured from 
the regenerative braking can be calculated. Multiplying it by a 
regenerative brake ratio and final drive, transmission and 
motor efficiencies for each term yields the power input into 
the storage unit. Fig 5 show the schematic configurations of 
power flow of regenerative braking for FWD. 

 
Fig 5 Power flow diagram of regenerative braking for FWD 

vehicle during braking 
 The power input into the wheel/tire assemblies at ground,  

PWI  by braking is given by (19). 
 

           PWI = V{ FA+ Fr + mva}                                (19) 
 The brake power required at the driven wheels during 

braking is given by (20) considering the effect of wheel inertia 
and brake fraction coefficient fb. 

  
       PBI = fb V { FA+ Fr + (mv+ 4 ) a}                      (20) 

The power input to the drive line is given by (21), where k is 
the regenerative brake fraction. 
 

PDI = kfbV{ FA + Fr + (mv+ 4 ) a}                   (21) 

Applying final drive and transmission efficiencies and 
adding the rotating inertial power of driveline gives the power 
input into the generator [4] which can be captured from the 
driven axles is given by (22).  

 

 PMI= V[kfbV{FA+Fr+(mv+4 )a}+ a ]       (22) 

The power input into the storage unit by regenerative 
braking, PEI is given by (23). 

 

PEI= / PMI+ /  a                          (23) 

      9) Power Losses During Regenerative Braking: The 
power loss during regeneration including all stages of power 
loss   is given by (24). 

 

PR=(1- / )[ PMI + V{ a}]              (24) 

 The torque of M/G and ICE is given by (25) and (26). 
 

       TM/G = 
/

                                                       (25) 

   TICE = 
/

                                                        (26) 

 
IV. MEASUREMENT OF REAL TIME INDIAN DRIVE CYCLE 

The drive cycle is developed for the three different Indian 
roads which reflect existing traffic conditions. The uniqueness 
of this methodology is that the drive cycle is constructed 
considering five important parameters of the time–space 
profile. These parameters are acceleration, deceleration, idle, 
cruise, and the average speed [5,6,7]. Measurement of the 
drive cycle consists of 1) hardware arrangement, and 2) the 
actual measurement of driving data and construction of drive 
cycle.  
1) Hardware Arrangement: Fig 6 represents the schematic 
block diagram for measurement of speed of the vehicle under 
test.  

 
Fig. 6 Block diagram for speed measurement 

 
Real time speed measurement for different types of Indian 

road is done with the help of speed sensor, data acquisition 
system with LABVIEW and microcontroller as show in Fig 7 
and 8. 

 
Fig. 7 Slotted disc and sensor arrangement for speed measurement. 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:10, 2011 

1115International Scholarly and Scientific Research & Innovation 5(10) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
10

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
27

63
.p

df



 

it 
se
is 
of
an
   
D
of
R
pe
LA
w
ob
tim
ro
co
re

ta
ob
(IH
ve
Fi
(IE
th
an

Fig. 8 DAQ c

 Speed senso
is mounted 

ensor (MOC 7
directly feed

f DAQ and m
nalysis as show
 2) Measurem
rive Cycle: T
f the DAQ ca
S232 serial ca
er second (r
ABVIEW wh

will be done. 
btain large am
me should be
outes during p
onditions. Fin
espected to tim

Fig 9 show t
aken during p
bserved. Fig 
HDC) for In
ehicle is accel
ig 11 shows
EHDC) for B

he maximum p
nd 90Km/hr.  

ard, microcontr
speed m

or is design u
on the wheel

7811) as show
d to DAQ card
microcontrolle
wn in fig 8.  
ment Of Driv

The speed info
ard and micr
able at every 
rps).The info

here the conve
This procedu

mount of data. 
e measured a
peak and off

nally the data 
me using the g
the Indian city
peak hours w

10 shows t
ndian national
lerated at the v
 the Indian 

Baraoda-Anan
period of IEH

Fig. 9 Indian C

roller and PC in
measurement 

using a slotted
l of the car 

wn in Fig 7. Th
d and microco

er is interface 

ving Data A
ormation avail
ocontroller is
second in the

ormation is 
ersion of spee
ure is carried
The vehicle s

and recorded 
f peak period
of velocity pr

graphical plot i
y drive cycle (
where large v
the Indian h
l highway 8 
very high rate
expressed h

nd expressed h
HDC the car i

City Drive Cycle

nterfacing assem

d disc of 60 sl
with an optic
he hall sensor
ontroller. The
with PC for 

And Construct
lable from the
s sent to the 
e form of revo

now proces
ed from rps to
d out repetitiv
speed with res

on all the s
d for varying
rofile is plotte
inside LABVI
(ICDC) for su

variation in sp
ighway drive
(NH-8).Initia
 as shown in F

highway drive
highway EXP
is driven betw

e (ICDC) 

 
mbly for 

lots and 
cal hall 
r output 
e output 

further 

tion Of 
e output 
PC via 

olutions 
ssed in 
o Km/hr 
vely to 
spect to 
selected 
g traffic 
ed with 
IEW.  
urat city 
peed is 
e cycle 
ally the 
Fig  10. 
e cycle 
P-1. For 
ween 80 

 

sho
in 
Ind

J

J

tim
ve
po
siz
dri
wi
en
are
de
giv

pro

eff
ba

Fig.

Fig. 11 In

V.  VEHICL

Parallel HEV
own in Fig 2 a
LABVIEW fo
dian road usin

MV (Kg) 
A (m2) 
mw (Kg) 
rw (m) 
mt (m) 
 rt (m) 

Jw (Kg – m2) 

JM+Jd (Kg – m
  
 Estimation o

me Indian dri
hicle and eff

ower spilt mec
zed to meet th
ive cycles wit
ith effective 

ngine [1,3,13].
e dependent 
manded by t
ven below: 
1) electric
opel the vehic
2) Engine
ficiency and 

attery/ultracapa

10 Indian High

dian Expressed

LE SPECIFICATI
CONTROL

V configuration
and 4. The veh

for three differ
ng vehicle data

T
SPECIFICA

1050 
2.1004 
5 
0.265 
3 
0.18 
1.224 

m2) 1.224 

of components
ive cycle info
ficient selecti
chanism.  Th
he desired ve
th below men
power distri

.The selection
on the ave

the vehicle. T

c mode only,
cle from batter
e only mode, 

surplus po
acitor. 

hway Drive Cyc

d Highway Driv
 

ION, OPERATIN
L MECHANISM
n is selected fo
hicle dynamic
rent measured
a as shown in 
TABLE I 
ATION OF VEHICL

Cd 
Crr , Crf 

 NT 
NF 

 
 

fb 

K 

s sizing is pro
ormation, dyn
ion of the po

he component
ehicle perform
ntioned operat
ibution betwe
n of the batter
erage power 
The vehicle o

, drawing the
ry and ultracap
engine opera

ower is use

cle (IHDC). 

ve Cycle (IEHD

NG MODES AN
M   
for the study a
c block is simu

d drive cycle o
table 1.  

LE 
0.4

0
var

4
0
0
0

0

oposed based 
namic model 
ower sources
s of the vehi

mance over di
ting modes o
een the moto
ry and ultracap

and pulse 
operating mod

e power requi
pacitor, 

ates close to i
d to charge

 

 
DC) 

ND 

s 
ulated 

on 

417 
0.01 
riable 
4.338 
0.95 
0.95 
0.6 

0.5 

on real 
of the 

s using 
cle are 
ifferent 
f HEV 
or and 
pacitor 
power 

des are 

ired to 

its best 
ed the 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:10, 2011 

1116International Scholarly and Scientific Research & Innovation 5(10) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
10

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
27

63
.p

df



 

be

en
m

m
em
pa
su
(tr
re
an
hi
su
ul
Th
th
of
H
ba
di

Fi
av
H
ke
ch
th
dr
st
gi
an
fa
re
ca
po
siz
ve
siz
co
ex

3) Engine
est efficiency 

4) Regen
nergy returns 

motor as a gene
 HEV desig

mechanism tha
missions and 
ack of the ve
upplies the 
ransient powe

egenerative br
nd supplies po
ighway and e
upplies initia
ltracapacitor a
he ICE may c

he availability 
f charge. The 

HEV componen
attery life gets
ifferent Indian

 The size of
irst, the batter
verage power

HEVs, the bat
eeping battery
harge depletin
he vehicle ran
rive cycle the
ate power) an
iven by (13).D
nd delivers po
ast rate. Due to
egenerative en
an be charged
ower returned
ze of motor s
ehicle driving
ze is based o
onstant speed 
xpressed highw

Simulation re

Fig. 12

e plus motor m
and extra pow

nerative brak
to energy s

erator. 
gners attemp
at will increas
accomplish ch

ehicle. For cit
acceleration 

er) and avera
raking mode e
ower back to

express highw
al accelerati
and  steady st
charge the ba
of extra pow
main goal of 
nts so that the
s extended by 
n road conditio
f the battery p
ry pack shoul
r [2]. Second
ttery energy 
y state of cha
ng EV/HEV, th
nge specificati
e power supp
nd Ultracapaci
During brakin
ower back to 
o chemical slu

nergy will be c
d at faster a r
d back to the su
should be equ
g under accele
on the power
as well as th

way driving). 

VI.  SI

esults for Indi

2 Velocity and 

mode, engine
wer is supplied
king mode, 
storage device

pt to design
se the fuel ec
harge sustain
ty drive cycl

power thro
age power thr
electric motor
 ultracapacito

way drive cycl
on (transien

tate power is s
attery/ultracap
wer and battery

these control 
e ICE operate
the use of an

ons.  
pack is depen
ld be capable
d, in case of
should meet 

arge within a 
he size of batt
ion). In this p
plied by the b
itor (transient
ng  the motor
the energy st
uggishness of
captured by th
rate. The am
upply system 
al to power n

erating mode. 
r need to dri

he maximum 

IMULATION RE

ian City Drive

acceleration pr

 operates clos
d by motor. 
where the b
es by operati

n a good 
conomy, redu
ability of the 
le the electric
ough ultraca
rough battery.
r acts as a ge
or and battery
le the electric

nt power) t
supplied by th
acitor, depend
y/ultracapacit
techniques is

es efficiently 
n ultracapacito

ndent on two 
 of delivering
f charge sust

the requirem
specified lim

tery pack depe
paper, for a s
battery pack 
t power)at a ti
r acts as a ge
torage unit at
f battery, initi
he ultracapacit
ount of regen
is given by (2

needed to supp
Whereas the 

ive the vehic
speed (highw

ESULT 
e Cycle (ICDC

rofile for ICDC.

se to its 

braking 
ing the 

control 
uce ICE 

energy 
c motor 
apacitor 
. Under 
enerator 
y.   For 
c motor 
through 
he ICE.    
ding on 
tor state 
s to size 
and the 

or under 

factors. 
g motor 
tainable 
ment of 

mit. (For 
ends on 
selected 
(steady 
ime t is 
enerator 
t a very 
ally the 
tor as it 
nerative 
23).The 
port the 
engine 

cle at a 
way or a 

C) 

 
. 

cy
As
de
acc
res
on
Fig
is 

dri
dif
a c
ge
po
de
(IH

Fig. 1

Fig.

 Fig 12 show
ycle and its co
s the initial ra
manded by 
celeration is 
sistance and t

n which the to
g 13. The pow
shown in Fig

Fig. 15

Fig. 16 Pow
  
Fig 15 shows
iveline for IC
fferent compo
city drive cycl
nerated due 

ower spike 
vices.Simulat

HDC) 

13 Force and to

14 Power outp

ws the velocit
orresponding 
ate of acceler

the vehicle 
only 0.6m/s

he aerodynam
otal tractive po
wer output fro
14. 

5 Power loss in m

wer input durin

s the power lo
CDC. Fig 16
onents of HEV
le, large numb
to frequent d
is used to

tion result fo

otal tractive pow
 

ut for propulsio
 

ty profile for 
acceleration/d

ration is low i
is also low

s2. At a low
mic drag force
ower required
om different c

motor and drive

ng regenerative 

oss taking pla
6 shows the 
V during regen
bers of negati
deceleration. 
o charge th
or Indian Hig

wer for ICDC 

on for ICDC 

the Surat city
deceleration p
in ICDC, the 
w. The max

w speed the 
e is also small
d is low as sho
components o

eline for ICDC

braking for ICD

ace inside mot
power input

nerative brakin
ive power spik
This large ne

he energy s
ghway Drive 

 

 

y drive 
profile. 
power 

ximum 
rolling 
l based 
own in 

of HEV 

 

 
DC. 

tor and 
to the 

ng. For 
kes are 
egative 
storage 

Cycle 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:10, 2011 

1117International Scholarly and Scientific Research & Innovation 5(10) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
10

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
27

63
.p

df



 

pr
(i.
sh
de
in
th
hi
ul
ac

th
ac

Fig. 1

Fig. 1

Fig.

 Fig 17 show
rofile for IHD
.e 1.5 m/s2) an
hown in Fig 1
evices is 16 K
n motor and d
he motor and 
igh power dem
ltracapacitor. T
cceleration po

Fig 20

Fig 21 Po
 
 Fig 20 show

he driveline d
cceleration the

7 Velocity and 

18 Forces and t

. 19 Power outp

ws the velocity
DC. The vehicl

nd demands a
18. The powe

Kw as shown i
driveline. Fig 
ICE and the g
mand for a sh
Thus the sizin
wer demande

0 Power loss in 

wer input durin

w the power l
during propul
e motor dema

acceleration pr
 

total tractive po
 

put for propulsi
 

y and the acce
le is accelerate
a high tractive
er drawn from
in Fig 19 inclu
19 shows the
green line sep

hort duration h
ng of ultracapa
d by the vehic

motor and driv
 

ng regenerative 

loss taking pla
sion. Due to 

ands a high cu

rofile for IHDC

ower for IHDC

on for IHDC 

eleration/decel
ed at a very hi
e power of 14
m the energy 
uding the pow

e power delive
parates the tw
has to be supp
acitor is based
cle.  

veline for IHDC

braking for IHD

ace inside mo
high initial 

urrent. As a re

 
C 

 

 

leration 
igh rate 

4 Kw as 
storage 

wer loss 
ered by 

wo. This 
plied by 
d on the 

 
C 

 
DC. 

otor and 
rate of 
esult of 

the
los
rot
en
the
dif
Th
ge

(IE

me
dis
wh

pro
pe
is 
dif
po
va
res
 80

HE
50

e high current
ss inside the 
tating compon

nergy in the ro
e time of bra
fferent compo
he maximum 
nerated as sho
Simulation re

EHDC) 

Fig. 22
 
 The Indian 

easured on th
strict. This dri
here the speed

Fig. 23 F
 
 Fig 22 show
ofile for time
riod the chang
no rapid ac

fferent forces
ower needed 
ariation in ve
sistance force 
0 N. 

Fig. 24
 
Fig 24 shows

EV for IEHDC
000 watts. 

t large i2r loss
driveline is 

nents. This lo
otating unit. T
aking. Fig 21
onents of HE

regenerative 
own in Fig 21
esult for India

Velocity and ac

express hig
he expressed r
ive cycle is si

ds range is  of 

Forces and Tot

ws the veloc
duration of 4

ge in the spee
cceleration ta
s acting on th

to maintain 
elocity is sm

is small and h

4 Power Output

s the power ou
C. It shows th

ses occur in th
due to the 

ss is stored in
This stored en
1 shows the 
EV during re

power peak
.  

an Express Hi

cceleration prof

ghway drive 
route between
imulated for 4
80 to 90 km/h

al Tractive Pow

ity and accel
448 to 1471 s
d of the vehic

aking place. 
he vehicle an

the constan
all, the varia
has a value in 

t For Propulsion

utput from var
hat the averag

he motor. The 
inertia of di

n the form of 
nergy is feedb
power input 

egenerative br
k of 10.4 kw

ighway Drive

file for IEHDC

cycle (IEHD
n Baroda and 
448 to 1471 s
hr range. 

wer For IEHDC

leration/decel
seconds. Durin
cle is small an

Fig 23 show
nd the total t
nt velocity. A
ation in the 
the range of 7

n For IEHDC.

rious compon
ge power requ

power 
ifferent 
kinetic 

back at 
to the 

raking. 
watts is 

e Cycle 

 
. 

DC) is 
Anand 
econds 

 
C. 

eration 
ng this 

nd there 
ws the 
tractive 
As the 
rolling 

75 to 

 

nents of 
uired is 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:10, 2011 

1118International Scholarly and Scientific Research & Innovation 5(10) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
10

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
27

63
.p

df



 

26
du
ex
co

dr
re
ra
ve
co
th
be

el
re
cy
re
ba
ef
po
th
fo
on
fo

po
th

su
po
au
15
40
de
th

Fig. 25 P

Fig. 26 Pow
 
Fig 25 shows

6 shows the p
uring regenera
xpress road, t
ompared to the

 
VII. SELECT

Vehicle perf
rive cycles is 
esults the pow
ate of accele
ehicle compo
onsidering the
hree measured
est possible ef

In this study
lectric motor 
equired by the
ycle during st
espectivly. As 
attery size a
fficiency of b
ower device li
he wieght and 
or the same po
n the maximu
or any of the th

For an ICDC
ower  demand
he total power 

For an IHDC
ummation of t
ower requried
uxillary power
5Kw consider
0%.For highe
emanded by th
he extra power

Power Loss In M

wer Input During

s the power lo
ower input to 
ative braking
the negative 
e ICDC. 

TION AND EST
COM

formance unde
shown in Tab
er requiremen
ration of the
onents is ba
e maximum po
d drive cylces,
fficiency unde
y the initial 
through ene

e vehicle oper
tarting are 54
this power is

and wieght 
battery opera
ike ultracapac
size of an ultr
ower demand

um acceleratio
hree drive cyc
C, the battery
ded by the ve
requirement i

C and IEHDC
the average po
d to maintain t
r. Thus the to
ring the engi
er acceleratio
he vehicle is m
r is supplied b

Motor And Driv

g Regenerative 

oss inside mot
the different 

. As the vehi
power spike 

IMATION OF T
MPONANTS 
er three differ
ble II and III. 
nt is dependen
e vehicle.The
ased on a g
ower demand 
 so that the ve

er diverse driv
acceleration 

ergy storage 
rating under th
420watt, 1500
s required for 

increase wh
ated HEV/EV
citor’s can res
racapcitor is lo
.The size of u

on power dem
cles.  
y sizing is ba
ehicle plus au
is nearer to 40
C, the size of
ower demande
the battery SO
tal power req
ine efficiency
on during dr
more than the 
by the electric 

veline For IEHD

Braking For IE

tor and driveli
components o
icle is driven 
is of a lowe

THE RATING O

rent indian re
From the sim

nt on the veloc
e estimation 
generlized ap
of the vehicle
ehicle operate

ving condition
is provided 
device. The 

he three india
00watts, 1100
a short durati

hich decreas
V.Choice of a
solve this prob
ower than the 
ultracapcitor i
anded by the 

ased on  the a
uxillary powe
000watts.  
f engine is ba
ed by the vehi

OC at a safe le
quirement is ne
y of  approx
riving if the 
engine capaci
motor.  

 
DC. 

 
EHDC. 

ine. Fig 
of HEV 

on the 
er value 

OF HEV 

eal time 
mulation 
city and 

of the 
pproach 
e for the 
es at the 
ns. 

by the 
power 

an drive 
00watts 
ion, the 
ses the 
a pulse 
blem as 
battery 
s based 
vehicle 

average 
r. Thus 

ased on 
icle, the 
evel and 
earer to  
imately 
power 

ity then 

ele
on
on
rat
the
de

rot
en
ele
ob
reg
tur
fre

the
tab

D
cy

IC
IH
IE

D
C

IC

IH

IE

E
M
M
M

Q

Since the ac
ectric motor, t
n the maximum
n the rating o
ting of the in
e switching an
vices.   
During regen
tating compon

nergy by opera
ectrical energy
bserved from 
generated pow
rn is higher t
equency and r
Based on the 
e vehicle to b
ble IV and V.

RESU

Drive 
ycle 

Dur
of 
cyc

CDC 2
HDC 6
EHDC 6

RESU

Drive 
Cycle 

Initia
acce
tion 
m/s2

CDC 0.55

HDC 1.

EHDC 1.
 

RAT

Energy Storag
ModuleCapac
Maximum Vo
Module Mass

Quantity Con

System Nomi

celeration du
the peak powe
m peak power
of the electric
nverter and co
nd conduction

neration, the
nents of the v
ating the mot
y is stored in
the simulatio

wer is more th
than IEHDC.
ate of deceler
above, the es

be hybridized 

TA
ULTS OF SIMULAT

ration 
drive 

le 

velo
in K

2161 65
631 85
6274 93

T
ULT OF SIMULATI

al 
elera-

in 
2 

Initial
outpu
energ
unit 
from 
speed

 452

5 150

3 110

T
TING OF ENERGY

ge System 
city/ 
oltage 
s (Kg) 

figuration 

inal Voltage 

uring starting 
er rating of ele
r demanded by
c motor and u
onverter are e
n losses of th

e kinetic ene
vehicle is conv
or as a gener

n the energy s
on result tha
han in the cas

This is due 
ation is highe
stimation of c
is carried out

ABLE II 
TION FOR THREE D
ocity 
Km/hr 

Peak 
power
during
drive 
(Watt

5 105
5 110
3 120

 
TABLE III 

ION FOR THREE D
l power 

ut from 
gy storage 

(Starting 
zero 

d) 

I
S
T
(

20 

000 

000 

TABLE IV 
Y STORAGE DEVIC

Battery
80Ah/12V

12 - 1
Kg 

4 in
Series 

48 
Volts 
 
 
 

is provided 
ectric motor is
y the vehicle.
ultracapaitor, 
estimated cosi
he power elec

ergy stored 
verted into ele
ator. This gen
storage devic

at during ICD
e of IHDC wh
to the fact th
st in ICDC. 
omponent siz
t and is presen

DRIVE CYCLE 

r 
g 
cycle 

ts) 

Aver
powe
durin
drive
cycle

500 20
000 25
000 40

DRIVE CYCLE 
nitial 

Starting 
Torque 
N-m) 

Pea
reg
-tiv
pow
dur
driv
cyc
(wa

40 7

98 3

80 2

CE FOR HEV 
y Ultracapa
V 167 F/4

5 8 Kg 

n 2 Paral

48 Volt

by the 
s based 
 Based 
power 

idering 
ctronics 

in the 
ectrical 
nerated 
e. It is 

DC the 
hich in 
hat the 

zing for 
nted in 

rage 
er 
ng 
e 
e 
000 
500 
000 

ak 
genera
ve 
wer 
ring 
ve 
cle 
atts) 
7700 

3000 

2200 

acitor 
48V 

lel 

ts 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:5, No:10, 2011 

1119International Scholarly and Scientific Research & Innovation 5(10) 2011 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:5
, N

o:
10

, 2
01

1 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/1
27

63
.p

df



 

TABLE V 
MOTOR AND POWER ELECTRONIC DETAIL FOR HEV 

Motor  15Kw peak power, 48Volts, 
1500rpm, 100 N-m 

ICE 15 Kw, 2500 rpm 
Power Electronics Interface --- 

Peak Power 18 Kwatts 
Dc Buss Voltage 48-50 Volts 
Switching Frequency 20 KHz 

Thermal Dissipation Mode Air Cooled Heat Sink 
 

VI CONCLUSION 
India is a country with dense population and diverse types 

of roads and road conditions.  Under such road conditions the 
vehicle operates with high emissions and fuel consumption. 
Hence in this paper an attempt is made to design and estimate 
the size of HEV components for different driving patterns of 
Indian roads (urban, highway and expressway) , so as to 
reduce the emissions and fuel consumption of the vehicle, 
with the same performance as that of a conventional vehicle. 
The vehicle component ratings are estimated based on virtual 
testing of the vehicle in LABVIEW using power split 
mechanism and proper selection of operating modes of the 
vehicle. In this analysis, increase in the overall mass of the test 
vehicle  due to rotating inertia and the actual variation of 
acceleration, deceleration and  speed of the vehicle has been 
considered to estimate the performance and sizing of vehicle 
components. Due to above consideration the calculated power 
demand of the vehicle under test is more accurate and near to 
the power demand of the actual vehicle operated on the road. 
Even under regeneration, the stored kinetic energy of each 
rotating component starting from wheel to electric motor will 
be used to charge the energy storage device. This helps to size 
the vehicle components more realistically. 
The reduction of emission is achieved by supplying the initial 
acceleration power by the electric motor. A combination of 
ultracapacitor with a battery helps to reduce the size of battery 
as well as the overall weight of the vehicle. 
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