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Performance Measurement and Comparison of Hybrid
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Abstract— At recent, tremendous research work is
carried out in the field of automobile engineering to
counteract the problem of conventional fuel depletion and
harmful pollutant emissions. Electric vehicles has been
proved for low running cost and reduced pollutant
emission compared vehicle powered by conventional fuel
like gasoline and diesel. However, electric vehicles are not
popular because of low range of vehicle and require long
charging time. Whereas, IC engine powered vehicle
provides longer range, smaller refilling time and higher
efficiency at cruising speed. However, during part load
operation of Gasoline based IC Engine, higher harmful
pollutant emission and poor fuel economy is observed. A
hybrid two wheeler is developed to tap the advantage of
long range and higher efficiency at cruising speed of IC
Engine and lower emissions & efficient operation at low
speed of electric power. The hybrid TVS Scooty ES two
wheeler is tested in Vadodara city with driving conditions
involve congested city driving and driving at cruising
speed. The result shows 11.41 % improvement in fuel
consumption compared to conventional gasoline based
two wheeler.

Index Terms— Electric vehicle, Fuel, Hybrid power, IC
Engine

I. INTRODUCTION

Automobile world is currently facing severe problems of
depletion of fossil fuels and regularly strengthen emission
norms. Research has been carried in the field of alternative
fuels and alternate power train technology, renewable energy
and hybrid technology. Bio fuel has shown improvement in
this concern however availability and infrastructure
requirement is quite large. Renewable energy sources like
solar energy have good potential but technology development
is still under progress. Electric powered vehicle has shown
remarkably acceptance and has considerable penetration in an
automobile market. IC Engine fueled by conventional fuel has
proved their importance in automobile market and still today
majority of the vehicles are powered by IC Engine. However,
IC engines are facing problems of depletion of fuel and
strengthen emissions norms. Further, during the city driving
conditions of low speed, frequent start and stop, longer idling
operation of IC engine worsen the problem [1]. In contrast,
electric vehicle shows remarkable advantages like low
running cost, less pollutant emissions (considering emissions
production due to production of electricity) and silent
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operation. However, low range, longer charging time and
higher cost has made acceptance of electric vehicle limited.
To tap the advantages of IC Engine like efficient operation at
cruising speed, long range & negligible refueling time and
Electric like low running cost & efficient operation at city
driving conditions, a hybrid vehicle is developed. Hybrid
vehicle has two or more power sources, delivering energy for
propulsion either solely or in combinations, to run the
vehicle[3]. During low speed and city driving conditions
power for the propulsion will be provided by electric
energy[4]. During cruising speed condition the IC Engine
provides power for propulsion.

II. DEVELOPMENT OF HYBRID TWO WHEELER

A. Present Vehicle

The vehicle selected for this purpose is TVS Scooty ES model.
Major specifications are as given in Table .

Table I: Specification of Two Wheeler

Make TVS

Model Scooty ES

Engine 4-stroke, Single cylinder
Displacement 60 cc

Max. Power 5 BHP@6500 RPM
Max. Torque 5.8 Nm@4000 RPM
Weight 75 kg

B. Modification and major components

Original vehicle is rear wheel drive vehicle. The IC Engine is
powering the rear wheel only. To make the vehicle hybrid, a
250 W Brush Less DC motor, shown in fig.I, is fitted in the
hub of front wheel. Front brake is removed to place the BLDC
motor. The BLDC motor is a closed loop synchronous motor.
It can save 30-50% of power consumed by a normal motor
and efficiency range of 80-90%. It can provide high torque at
low speed. To provide constant voltage to the motor
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Fig. I: BLDC m;)tor fitted in front wheel hub

controller is needed to vary the current to produce necessary
torque. The power electronics are designed to the specific
characteristic of the electric motor. It is loacated at the front of
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the vehicle as shown in Fig I. Four lead acid batteries, 12 V
and 20 Ah capacities each, are connected in parallel to
provide necessary current at 48 V to BLDC motor are shown

¥

Fig II Battery pack connected in Parallel

A Battery charger, shown in Fig III, is used to charge the
battery by converting domestic supply AC current in to DC
current. Charger also records the consumption of electric unit
and displays same. A Battery charging point is placed under
the seat near choke. Speed of the electric motor is controlled
by accelerator lever (fig. V) placed on left side of steering by
adjusting current through controller. A changeover switch (fig
VI) is provided to change the power supply from electric to IC
Engine or vice versa. The QStarz BT-Q1000eX GPS data
logger shown in fig IV is used to record the data for lap. This
device records Time duration, Distance travelled, moving
time, stopped time, Maximum speed and average speed
during the lap. The data recording was done at 10Hz i.e. 10
times location in 1 second.

Fig: V — Accelerator for Electric mode

Fig: VI —Electric Changeover Switch

Table II shows the major specification of modified vehicle as
below.
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Table II Specification of Modified Vehicle

Make TVS

Model Scooty ES
Displacement 60 cc

Max. Power

(Gasoline Mode) 5 BHP@6500 RPM
Max. Power

(Electric Mode) 250 W

Max. Torque 5§ Nm@4000 RPM
(Gasoline Mode) .

Max. Torque

(Electric Mode) 3.6 Nm
Battery 48 V/20Ah
Charging Period 6-8 Hours
Max. Speed

(Electric Mode) 24 to 28 kmph
Weight 87.46 kg

III. PERFORMANCE MEASUREMENT AND COMPARISON

To measure the performance of vehicle fuel consumption is
considered in both the case. The route selected for the test is
stared from Malhar point followed by Shrenik cross roads,
Dandia bazar, Mandvi, Panigate, Vrundavan cross road,
Sardar estate, Panigate, Mandvi, Dandia bazar, shrenik cross
road and Malhar point in Vadodara, Gujarat. The total route is
17.8 km long. The stretch from Dandia bazar to Panigate 3.7
km comprises of heavy traffic city area where vehicle is
required frequent start and stop and heavy idling due to dense
traffic and signaling. For the rest stretch of 5.2 km comprises
of light traffic and wide roads which allows vehicle to run at
cruising speed at most of the time and less stop and go &
idling time. At first lap the vehicle run in only gasoline mode
throughout the lap. Fuel consumption and other data are
recorded and shown in Table III. In second lap the vehicle is
run in Gasoline mode through 5.2 km stretch of light traffic
and in electric mode through the 3.7 km stretch of city area
with dense traffic. Fuel consumption, Units required to charge
the battery and other data are recorded and shown in Table III.
In both the lap, The QStarz BT-Q1000eX GPS data logger is
recording the data and connected to the internet to show the
lap on Google map. The captured data with QStarz
BT-Q1000eX GPS data logger is

Table III: Data Collection for major comparison

Vehicle Vehicle
(Gasoline) | (Hybrid)
Max Speed (kmph) 53.13 36.2
Avg. Speed (kmph) 20.72 20.49
Idle Time (min) 11 12
Moving Time (min) 52 53
Total Time (min) 63 65
Lap Distance (km) 17.8 17.8
Gasoline Consumption (gm) 587 248
Electric Unit Consumption | ----------—-- 0.83
Electric to gasoline(gm) 272
520
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Fig VII: Data recorded by QStarz BT-Q1000eX GPS data logger in Gasoline Mode
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Fig VII: Data recorded by QStarz BT-Q1000eX GPS data logger in Gasoline Mode
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CONCLUSION

From the Table III , it is seen that maximum speed attained is
less in hybrid vehicle. The cause for the same is increase in
traffic in second round, higher weight of hybrid vehicle due to
battery and other components. The average speed of gasoline
and hybrid vehicles is comparative. In similar manner idle
time, moving time and total time are very similar in gasoline
and hybrid mode. At first, tremendous savings in fuel is
observed 49.23% in hybrid mode compared to gasoline
mode. However, considering electric energy supply the (
0.830 (Unit-J/S)*3600(Time-S)/1000=2966kJ: Considering
Coal to Home energy efficiency 0.25: hence Energy Supply =
11864 kJ. Considering CV of gasoline as 44000kJ/kg the
electric energy equivalent amount of fuel comes to be 272 gm
and total fuel consumption in hybrid mode comes to 520 gm.
Thus, Hybrid vehicle shows 11.41 % less fuel consumption
compared to gasoline vehicle. As 67 gm of fuel is saved for
the lap the same amount of pollution emission is also reduced.
Further, power plant emits CO, which is less harmful than CO
and HC[2].
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