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INTRODUCTION

= Using a normal grass cutting machine is not a trend in this
modern world since it causes pollution as a result of the
noisy motor as well as contamination in the surrounding air
as a result of the motor's ignition

= Hence we design a remote controlled solar grass cutter that
utilize solar power as energy source

Progress Through Education :



SOLAR GRASS CUTTER- AN OVERVIEW

= The solar grass cutter is a modern eco-friendly device
designed for the maintenance of lawns, gardens, sports
fields and outdoor green spaces

» The operations of the grass cutter is governed by the
microprocessor

= Ultra sonic sensors are used to detect obstacles
» The motions of the grass cutter is controlled by a RF remote
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Important Findings

Currently, high-intensity lasers are
used for obstacle detection, but they
can potentially blind pilots, which 1is
a safety concern

The proposed solution presented in
the paper involves using ultrasonic
sensors with time-of-flight (TOF)
data to detect obstacles

Four signal metrics are wused to
determine the obstacle's location in
the sensor's field of view

A multipurpose agriculture machine
has been invented to assist farmers
In various tasks such as seed sowing,
water spraying,grass cutting etc.
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Important Findings

The excessive heat absorbed from
the sun limits energy generated by
the solar cells

The Introduction of a
microcontroller-based thermal
control water spraying system using
an Arduino board was found to
improve the efficiency of the solar
cells

To design an autonomous remote
control solar power lawn mower
robot that can be control through
mobile phone

The use of robotics and electronics
devices helps iIn increasing the
overall efficiency of the cutting
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SCOPE AND RELEVANCE OF THE WORK

= Sustainability: Solar grass cutters harness renewable energy,
reducing the carbon footprint associated with traditional gas-
powered lawn mowers

= Environmentally Friendly: They produce no emissions,
contributing to cleaner air and reduced noise pollution

= Cost Savings: Solar power reduces operating costs compared
to gasoline or electric mowers, as it's essentially free once
the system is set up

= Market Demand: As sustainability and automation gain
popularity, the market for solar grass cutters is likely to grow
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OBJECTIVES OF THE STUDY

« To reduce the need for manual labor in maintaining lawns,
gardens, and agricultural fields, making it more efficient and
cost-effective

« To save on operational costs by eliminating the need for fuel
and minimizing maintenance requirements compared to
conventional lawn mowers

= To minimize the risk of accidents related to manual lawn
mowing by using advanced sensors and safety features that
can detect and avoid obstacles

= To lower the environmental impact by using clean, renewable
solar energy as the power source, reducing emissions from
traditional gasoline-powered lawn mowers
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MATERIALS

COMPONENTS SPECIFICATIONS

SOLAR PANEL 20watt 12v Polycystalline panel
350x280x22mm 183¢g

DC GEARED MOTOR Johnson Geared DC Motor
12V 100 rpm 164¢g

Nominal Voltage -12V
Rated power (W) : 8

No load current (mA) : 317
Output power (Watt) : 8.509

CHARGE CONTROLLER XY-L10 A10 Lead-acid charge controller module
6V-60V
BLDC MOTOR A2212 1000KV DC Motor

2'7.5X72 mm, 72g

Shaft Diameter : 3.17 mm

Max efficiency — 80%

Max Efficiency Current(A) - 4A-10A

13
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MATERIALS (Contd..)

L298N MOTOR DRIVER Double H Bridge L298N
44x44x28 mm
Max Operating Current (A) : 2A
Max Supply Voltage (V) : 46V

ULTRASONIC SENSOR HC-SR04 Ultrasonic sensor
Ranging distance : 2-400cms
5V DC power supply
High resolution : 0.3 cm

ELECTRONIC SPEED CONTROLLER SIMONK 30A ESC

45x24x9mm , 23g
Constant Current(A) : 30A

LEAD ACID BATTERY 12V 7.2Ah lead-acid battery
120x65x82 mm 2.43 kg
Capacity rating : 10

14
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MATERIALS (Contd..)

RF REMOTE FS-CT6B2.4GHz 6CH Transmitter with FSR6B
Receiver
189x97x295mm
Sensitivity (dBm) : 1024
Band-Range (GHz) : 2.40-2.48
Bandwidth (KHz) : 500
Operating voltage : 12V

ARDUINO NANO Operating voltage: 5V
Input voltage : 6-20V
Digital I/O pins : 14
Analog input pins : 8
Flash memory : 32 kb
BUCK CONVERTER LM2596 Buck Converter
Input voltage : 4.5V-35V
Output current : 3A maximum
Conversion Efficiency : 92% (maximum)

15
Progress Through Education



METHODOLOGY

3D Modelling

Selection of Components

Sensor Integration
Prototype Development

Programming Phase
Testing

Documentation and Reporting
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METHODOLOGY (Contd..)

Research and Requirement Analysis: The research begins
with a thorough understanding of the needs and preferences
of potential users and understanding the existing
technologies.

3D Modelling : A 3D model of the desired prototype is made
using Autodesk Fusion 360

Selection of Components: The selection process involves
considering factors such as power source, motor type,
cutting mechanism and control system

Sensor Integration : Integrating object detection technology
ensures that the grass cutter can effectively identify and
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METHODOLOGY (Contd..)

. Protot%pe Development :Build a prototype of the solar grass
cutter based on the design plan and selected components.

« Programming Phase : During the progﬁamming phase the
focus is on creatingh code to control the operation of the
cutting motor and other motors based on input from sensors
and user commands.

» Testing : Conduct thorough testing of the solar grass cutter in
real-world conditions, Including different types of grass,
terrains, and weather conditions.

* Documentation and Reporting : Document the entire
development process, including design specifications, test
results, and any modifications made during prototyping.
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RESULTS & DISCUSSION

« The remote controlled solar-powered grass cutter represents
a breakthrough in lawn maintenance, delivering superior
performance and exceptional environmental advantages
compared to traditional methods. Through the integration of
solar panels, batteries, brushless DC motors, and a cutting
mechanism, the grass cutter effectively harnesses solar
energy to power its operation, reducing reliance on fossil
fuels and minimizing environmental impact. The remote
control functionality enables convenient and precise
operation, allowing users to navigate the cutter across
various terrains and adjust cutting parameters as needed.

Additionally, the inclusion of obstacle detection sensors
Progress Through Education Jtter to identifv and avoid



RESULTS & DISCUSSION (Contd..)

« The prototype is developed

Progress Through Education
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RESULTS & DISCUSSION (Contd..)

= UPDATES REQUIRED

« Using IoT to control the machine could enable the users to track the
cutters performance, receive updates and adjust settings

- Implementing advanced battery technologies with higher energy
density and faster charging capabilities would extend operating
time and reduce downtime for recharging

- Implementing advanced object detection technologies could
improve obstacle detection capabilities, allowing the cutter to
navigate more complex environments with greater precision

« Using light weight materials for body fabrication would reduce its
weight thereby increasing its efficiency

Progress Through Education



CONCLUSION

« The development of a remote-controlled solar grass cutter
machine represents a significant advancement in both
agricultural and technological fields. The remote control
feature enhances efficiency and convenience, allowing for
precise and customizable operation.

The project offers the following facilities
- Superior control
. Customization
- Low maintenance
. Safety

Progress Through Education



REFERENCE

= Gibbs, G, Jia, H., & Madani, I. (2017). Obstacle detection with ultrasonic
sensors and signal analysis metrics. Transportation research procedia,
28, 173-182.

= Chadalavada, H., Kumar, N., srujan, P.S., narayana, O.L., & Kumar, C.N.
(2021). Solar powered semi-automated mutlipurpose agriculture
machine. Materials Today: Proceedings.

= Daniyan, [.A., Balogun, V.A., Adeodu, A.O., Oladapo, B.l., Peter, J.K, &
Mpofu, K. (2020). Development and Performance Evaluation of a Robot
for Lawn Mowing. Procedia Manufacturing, 49, 42-48.

= Jaiganesh, K.P., Reddy, K.B., Shobhitha, B., & Goud, B.D. (2021).
Enhancing the efficiency of rooftop solar photovoltaic panel with
simple cleaning mechanism. Materials Today: Proceedings.

Progress Through Education



REFERENCE

= Ibrahim, B., Brahmaiah, V.S., & Sharma, P. (2020). Design of smart
autonomous remote monitored solar powered lawnmower robot.
Materials Today: Proceedings, 28, 2338-2344.

» Laseinde, O.T., & Ramere, M.D. (2020). Efficiency Improvement in
polycrystalline solar panel using thermal control water spraying
cooling. IEEE International Symposium on Multimedia.

= Agyekum, E.B., Praveenkumar, S., Alwan, N.T., Velkin, V.I., & Shcheklein,
S.E. (2021). Effect of dual surface cooling of solar photovoltaic panel on
the efficiency of the module: experimental investigation. Heliyon, 7.

Progress Through Education



REFERENCE

= Sasikumar, G., Mujiburrahman, K., Subhashini, R., & Begum, S.S. (2024).
IoT enabled solar-powered grass cutter utilizing radiant solar energy.
Journal of Integrated Science and Technology.

= Brauer, J., King, A., & Kowalewski, S. (2013). Abstract interpretation of
microcontroller code: Intervals meet congruences. Sci. Comput.
Program., 78, 862-883.

= K, B, & N, R. (2022). Design of Remote Monitored Solar Powered
Grasscutter Robot with Obstacle Avoidance wusing IoT. Global
Transitions Proceedings.

= Jemisha, F., Jothi, S.S., Priyanka, R.S., & Ramola, E. (2023). Smart Solar
Agriculture Grass Cutting Robot. Mediterranean Journal of Basic and
Applied Sciences.

25
Progress Through Education



Thank You for Listening!

26



DESIGN AND DEVELOPY
HYBRID TWO-WHEELER

»

A PROJECT REPORT




DESIGN AND DEVELOPMENT OF
HYBRID TWO-WHEELER

A PROJECT REPORT

submitted by

ADHARSH A J : LVAK20ME040

AKHIL SAJEEV : LVAK20ME044

AKHIL V : LVAK20ME045

ANOOBU SUDHI : LVAK20ME047
to

the APJ Abdul Kalam Technological University

in partial fulfilment of the requirement for the award of the Degree
of
Bachelor of Technology
In

Mechanical Engineering

- . — e o
. - i
'}J{"f' S

B, i

(D
' Through g

Department of Mechanical Engineering
VIDYA ACADEMY OF SCIENCE AND TECHNOLOGY
TECHNICALCAMPUS, KILIMANOOR, 695602
MAY 2024

Scanned with CamScanner



DECLARATION

_dersigncd hereby declare that the project report ‘Design and Development of
ybrid Two-Wheeler' submitted for partial fulfilment of the requirements for the award
::' degree of Bachelor of Technology of the APJ Abdul Kalam Technological
ive ity, Kerala is a bonafide work done by me under supervision of Sajith Krishnan

Assistant Professor, Department of Mechanical Engineering, VAST TC. This

 been included; 1 have adequately and accurately cited and referenced the original
ees. | also declare that I have adhered to ethics of academic honesty and integrity
Thave not misrepresented or fabricated any data or idea or fact or source in my
nission. | understand that any violation of the above will be a cause for disciplinary
n by the institute and/or the University and can also evoke penal action from the
es which have thus not been properly cited or from whom proper permission has
en obtained. This report has not been previously formed the basis for the award

f degree, diploma or similar title of any other University.

: Kilimanoor
:29-04-2024

Scanned with CamScanner



DEPARTMENT OF MECHANICAL ENGINEERING
- VIDYA ACADEMY OF SCIENCE AND TECHNOLOGY

TECHNICAL CAMPUS, KILIMANOOR - 695602
(Approved by AICTE and affiliated to APJ Abdul Kalam Technological University)

CERTIFICATE

This is to certify that the report entitled ‘Design and Development of Hybrid

‘Two Wheeler’ submitted by Adharsh A J (LVAK20ME040), Akhil
Sajeev(LVAK20ME044), Akhil V (LVAK20ME045), and Anoobu Sudhi
(LVAK20ME047) to the APJ Abdul Kalam Technological University in partial
fulfillment of the requirements for the award of the Degree of Bachelor of Technology
in Mechanical Engineering is a bonafide record of the project work carried out by
him/her under my/our guidance and supervision. This report in any form has not been

submitted to ar

other University or Institute for any purpose.

k W)
PROJECT CO-ORDINATOR PROJ];%EJPERWSOR

Mr. MIDHUN S S Mr. SAJITH KRISHNAN
Assistant Professor Assistant professor

Department of Mechanical Engg. Department of Mechanical Engg.
Vidya Academy of Science and Vidya Academy of Science and
Technology Technical Campus, Technology Techmcal Campus
Kilimanoor, 695602 Kilimanoor, 695602

HEAD OF EPARTMENT

Dr. Thilakan H
Professor and Head,
Department of Mechanical Engineering,
Vidya Academy of Science & Technology Technical Campus,
Kilimanoor, 695602

Scanned with CamScanner



ACKNOWLEDGEMENT

B eXpress our extreme sense of gratitude to Dr. Thilakan H, Professor and Head, Head
he Department of Mechanical Engineering, Vidya Academy Science and Technology,

Chnical Campus, Kilimanoor for his constant encouragement and whole-hearted

€ wish to sincerely thank Mr. Midhun § S, Project Co-ordinator, Mechanical

hgineering Department, VAST TC, Kilimanoor for his immense support and

> are greatly indebted to our Project guide Mr. Sajith Krishnan R, Assistant
rofessor, Department of Mechanical Engineering, VAST TC for his keen interest,
ant encouragement, constructive suggestions and inspiring guidance in every aspect

fthe work which has enabled us to complete this report successfully.

¥e are thankful to all the faculty members of Department of Mechanical Engineering

or their help and cooperation.

pecial thanks to all our trade instructors, classmates and friends at VAST-TC who stood

)y our side during the endeavour.

And finally, we thank the almighty for showering the blessings upon us.

Scanned with CamScanner



ABSTRACT

[the invention of the combustion engine is one of the best inventions of mankind.
ventional vehicles with ICE provide an honest performance and long operating
However, they need caused and still cause serious problems for poor fuel
ny, environment pollution, and human life. Reducing fuel consumption and
s is one of the most important goals of modern design. Since the fuel prices not
n India but throughout the planet are increasing day by day thus there is an
ible got to look for an alternate to conserve these natural resources. Thus, a Hybrid
Vheeler is a vehicle that provides that alternative by harnessing electric energy to
3¢ the battery and thus provide required the voltage to run the motor. Thus, hybrid
become a very vital alternative to the fuelled automobile thus its manufacturing
ential. The hybridization of a conventional combustion engine vehicle with a
plicated electric motor drive may greatly enhance the general efficiency and achieve
fuel with reduced emissions. Considering the urban status in India, a well-

ed and fuel-efficient scooter has to be designed and developed. Hybrid Electric

hicles are the vehicles with more than two energy sources are present. The major
allenges for Hybrid Electric Vehicle design are managing multiple energy sources,
y hooked into driving cycles, battery sizing and battery management. owing to the
gasing number of automobiles the need for petroleum products is reaching its peak
pint. Currently, there has also been a focus on the environment, and it seems that the
and for cleaner alternatives for fuel has become critical. The increasing demand for
pllution-free transportation has boosted the utilization of electrical power for
portation thereby reducing the reliance on automobiles.

This project involves the fabrication of a Hybrid Two-wheeler which is driven by
poth fuel and electric energy with the help of engine and electric motor. The electric
motor is the hub motor which drives the front wheel which is driven by the battery and
ithe engine drives the rear wheel, By driving the fabricated two-wheeler in engine mode,
electric mode and hybrid mode the performance of the bike is tested and analysed by
mparing with the conventional bikes. This vehicle hugely reduces the pollution, fuel

‘consumption and vital scope in future.

Keywords: Hybridization, Hub motor
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CHAPTER 1
INTRODUCTION

1.1 GENERAL BACKGROUND
The present-day sustainable transport solutions demand bringing down the pollution

levels and fuel costs. Need for alternative fuels and alternative powertrains arises from

this. Many of these alternative solutions are in their premature stages of research and
are facing lot of challenges in implementation. Though electric vehicles (EVs) are
supposedly more environment friendly, EVs cannot completely replace the case of use
and case of refuelling that a conventional IC engine offers. But the switching to a new
technology seems inevitable and so, a compromise between today's IC engine
technology and Electric Vehicle technology will be a good option for this transition
period. Here begins the era of Hybrid Electric Vehicle (HEV) -a technology which uses
both conventional Internal Combustion Engine coupled with an Electric Motor for its
working. Hybrid cars are already available in the market. Two-Wheelers being the most
preferred personal transport means in mass populated countries like India, China etc.
they have been significant on society, economy and technology. In one such work,
expecting the results obtained and analysed from this to pave a way to the creation of a

cost-effective hybrid solution for conventional Two-Wheelers.

For developing a hybrid electric two-wheeler, the electric motor is a key component
and the use of a high starting torque motor with good speed range is essential for an
efficient hybrid concept. The size of the motor has to be smaller for space savings. For
an entry level vehicle of interest, a performance equivalent of nearly a 100cc
motorcycle suits the need. As it is necessary for any modern vehicle to have some
flexibility in usage it should be capable of long highway hauls as well as challenging
city driving conditions which can be fulfilled by having separate modes of operation
for different terrains and different conditions. An improvement in acceleration of the
vehicle is one thing that can be achieved with a hybrid vehicle with good starting torque
and it helps a lot in city traffic conditions. A detailed control strategy has to be
developed for fulfilling these conditions. An advanced power transmission system
strategy is a key factor in the development of a vehicle combining more than one
powertrain. It all depends on the hybrid transmission system that how fast and how

efficient both the powertrains can be either combined or isolated to deal with different

1

Scanned with CamScanner



~6A L 1 A}

ant aspect. Using low cost

driving requirements. Cost consideration is another import
design

making some trade-offs to the
anned cost effective designing etc.

r using conventional

manufacturing techniques wherever possible,
without affecting the desired parameters, a well-pl

can be considered to achieve this. The design can then conside
savings, though the

battery and conventional metal parts (o be made use of for cost
VW of

orage system and increase in G

same might result in a lower life cycle of the st
ts intact. Procedure for

the vehicle to some extent while keeping the performance targe

transmission and control system design can affect the cost factor and time factor. The

tecture can be thought of if there's a correct

ore no: of components and

ry. The complex

ideas like series - parallel hybrid archi
methodology for that. Since hybrid vehicles usually have m
complex construction, emphasis on reliability and safety is necessa
electrical and electronics in HEVs shall be carefully designed for functional safety.

@)

O Engine

O Centrifugal
-L, CVT1—, clutch

- / Final drive

and wheel

Fig 1.1 Conventional Vehicle

1.2 OVERVIEW OF HYBRID TWO-WHEELER

A hybrid electric two-wheeler represents a ground-breaking convergence of traditional
internal combustion engines and electric propulsion, ushering in a new era of
sustainable and efficient urban mobility. This innovative vehicle seamlessly combines
the benefits of both power sources, aiming to optimize fuel efficiency, reduce
emissions, and enhance overall performance. The hybrid electric two-wheeler typically
operates in three modes: purely electric, solely combustion engine-driven, and a
synergistic combination of both. In the electric mode, the vehicle relies on a battery-

powered electric motor, offering a clean and silent alternative for short-distance
commuting. This is particularly advantageous in urban settings, where noise and
pollution are significant concerns. On the other hand, the combustion engine provides

the hybrid two-wheeler with an extended range and the capability to tackle longer

2
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joumeys, ensuring versatility and adaptability to various commuting needs. The
transition between these modes is often seamless, managed by sophisticated control
systems that intelligently switch between power sources based on factors such as speed,
load, and battery charge. The design and engincering considerations for a hybrid
clectric two-wheeler involve a delicate balance between optimizing the efficiency of
both power sources, integrating advanced energy regeneration systems, and
maintaining a compact and aesthetically pleasing form factor. As the automotive
industry continues to embrace sustainability, the development of hybrid electric two-
wheelers represents a significant step towards a greener and more environmentally

conscious future for personal transportation.
1.2.1 Existing Hybrid Two-Wheelers

There are no hybrid motorcycles commercially existing. But they exist separately as
fuel powered or electric power vehicle separately. In fuel-based two-wheeler, internal
combustion engine is used to drive the vehicle, and in electrical based vehicle, electric
motor is used to drive the vehicle which gets energy from rechargeable battery. Electric
based vehicles have zero emission but have low torque and power compared to fuel-
based vehicles which produce more power and torque but also more emission. In order
to overcome this issue, we go for hybrid two-wheeler which is able to produce

good power and torque with low emission. However, some scooters utilize hybridizations

techniques.

Series Hybrid Systems: In series hybrid two-wheelers, the internal combustion engine
acts as a generator to produce electricity that powers an electric motor, which then
drives the wheels. The engine, in this case, doesn't directly propel the vehicle but serves
to recharge the battery, This setup is designed to maximize the efficiency of the internal

combustion engine and provide an electric-only mode for short distances.

Mild Hybrid Systems: Mild hybrids have a smaller electric motor that assists the
internal combustion engine during acceleration and other high-power demand
situations, The electric motor cannot propel the vehicle on its own but helps improve

fuel efficiency by reducing the load on the gasoline engine.
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122 Types of Hybridization
Serles HEY

In series HEVS the wheels are only driven by the electric motor that also operates as
generator during break and coasting, augmenting thus the overall energy efficiency.
This topology simplifies the powertrain design, since clutch and reduction gear are not
necessary, Speed and torque control is carried out by controlling the electric motor only,
which is o very efficient power converter. The ICE's role is charging (or recharging)
the battery and supplying energy to the electric motor, always being operated at
maximum efficiency. This is another strategy that helps increasing the overall energy
efficiency. Series HEVs are said to be ICE-assisted electric vehicles, for obvious
reasons, An ICE, one generator and one motor are one of the main disadvantages of
series HEV. Morcover, as the vehicles must be capable of cruising with maximum load
against a graded road, all the machines, i.c., the ICE, the generator and, of course, the
clectric motor, must be powerful enough, which will result in relatively over-

dimensioned machines. This leads to cost increase.

Fuel tank =1 IC engine

Gienerator

g Pu\\cr converter e . ]
; | Electric |

Battery (electric coupler) |- - —
° | motor |

Fig 1.2 Series Hybrid Vehicle

Transmission

Parallel HEV

In parallel HEVs, propulsion can be the result of torque generated simultaneously by
ICE and the electric motor. This technology provides for independent use of the ICE
and electric motor by the use of two clutches. One of the key features of parallel HEVs
is that, for a given vehicle performance, the electric motor and ICE too, can be
significantly smaller than that achieved with series architecture, what allows for a
relatively less expensive vehicle. On the other hand, wheel propulsion by the ICE leads
to superior dynamic performance of this topology. Complex powertrain controller may

enable up to the following six different operation modes: electric motor on and ICE off;
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ICE on and electric motor off; electric motor on and ICE on, with both of them

cooperating to propel the vehicle; ICE on supplying power to drive the vehicle and to
¢ the batierics

an be

drive the electric machine that, in this case, runs as generator to recharg
with energy coming from the fuel tank (maximum overall energy savings ¢
achieved by running the ICE at maximum efTiciency speed, while pumping the excess
energy to the batteries); ICE on and dedicated to recharge the batteries through the
electric machine (i.e., the vehicle is stopped); regenerative breaking, with energy being
stored in the batteries (or in a supercapacitor), via the electric machine. This profusion
of operation modes can be conveniently handled by the controller to optimize the
driving performance or fuel savings, for example. Parallel HEVs are said to be electric

motor-assisted ICE vehicles.

Fueltank = 1C engine

Mech. coupler
Fransmisston

Pmu,r
converier

| Llectric I—
| mn!nr
e

Fig 1.3 Parallel Hybrid Vehicle

Series-parallel HEV

At the expense of one more electric generator and a planetary gear, a quite interesting
architecture for the powertrain is obtained , which blends features of both series and
hybrid topologies, and is conveniently named series-parallel architecture. Though more
expensive than any of the parent architectures, series-parallel is one of the preferred
topologies for HEVs, especially when automakers target excellence in dynamic
performance and high cruising speeds for their models. Like parallel HEVs, the
hybridization degree is adjusted as a trade-off of performance, cruising speed, fuel

economy, driveability, and comfort.
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Fig 1.4 Series-Parallel Hybrid Vehicle

1.3 PROBLEM STATEMENT

Designing an efficient hybrid two-wheeler poses several challenges. Firstly, integrating
the electric and combustion engine systems seamlessly requires careful engineering to
ensure optimal performance. Battery placement is a critical concern, requiring
thoughtful design to maintain the bike's balance and stability. Weight distribution
becomes a key challenge, impacting both handling and overall efficiency. Ensuring that
the hybrid system does not compromise the traditional motorcycle's speed and power
is vital for consumer acceptance. Furthermore, developing a reliable and durable energy
storage system, considering the demanding conditions of two-wheeler usage, presents
a significant hurdle. Cost-effectiveness is crucial, requiring innovative solutions to
balance the expenses associated with hybrid technology. Regulatory compliance and
adherence to safety standards add complexity to the design process, necessitating
thorough testing and validation. Addressing the environmental impact is another layer
of complexity, as the goal is not only to improve fuel efficiency but also to reduce
emissions. Achieving a harmonious blend of electric and combustion power while
maintaining affordability and meeting market expectations forms a multifaceted

problem that demands a comprehensive and innovative approach.

T st I R L AREME S M BRI Sl e e L f AR
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Fig 1.5 Hybrid Two-Wheeler

OBJECTIVES

The primary objectives of this project are:

1.5

To conduct a literature review on the design and fabrication of Hybrid Two-

Wheelers.

To develop a methodology for the design and fabrication of the Hybrid Two-
Wheeler.

To fabricate the Hybrid Two-wheeler using the identified materials and

developed methodology.

To test the performance and efficiency of the Hybrid Two-Wheeler and compare

it with traditional petrol powered 2 wheelers.

To make conclusions and make recommendations for further improvements in

the design and fabrication of hybrid 2 wheelers.

REPORT OUTLINE

The chapters in brief are as follows. Initially, Chapter 2 deals with background

information on the approaches and studies which are related to the Design and

fabrication of Hybrid Two-Wheeler. It also includes an exhaustive literature review.

7
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CHAPTER 2
LITERATURE SURVEY

The purpose of this chapter is to provide a literature survey of past research effort such
as journals or articles related to various hybrid vehicles. Moreover, reviews of other
relevant research studies are made to provide more information to un derstand more on
this research. Current and previous research related to the Hybrid Two-Wheelers will

be discussed in the literature review.

2.1 LITERATURE REVIEW ON VARIOUS HYBRID TWO-
WHEELERS

Subramani et al. [1] investigated on Fuel enhancement of parallel hybrid electric two-
wheeler motorcycle. In this design and simulation of a parallel hybrid electric two-
wheeler motorcycle (PHETM) by means of continuous variable transmission (CVT) is
illustrated. For simulation, the parallel hybrid electric power train model type in
MATLAB/ADVISOR is customized. The internal combustion engine (ICE) be
supposed to drive at elevated efficiency areas, in order to attain enhanced fuel economy
and a reduced amount of emission. Simultaneously, the ICE must not activate at values
of low torque areas. For that reason, get better it while ICE is ON, a new energy control
strategy-is proposed. In the new strategy, the electrical machine absorbs the extra torque
of the ICE. It proposes a PHETM system to propel the vehicle efficiently with reduced
amounts of emission on comparing with a conventional vehicle. This system includes
two modes of operations for achieving the better results known as motoring mode and
generating mode. The switching from one mode to other is based on the vehicle speed

which is sensed in real time. A drive cycle is generated by running the vehicle in normal

and slightly gradient condition and finally the results are compared.

Hua et al. [2] analysed Toward Sustainable Reuse of Retired Lithium-ion Batteries from

Electric Vehicles. As
widely integrated in renewable resources and electric vehicles (EVs)

attractive energy storage technologies, Lithium-ion batteries

(LIBs) have been

due to their advanta
though EVs basically do not produce pollution, the end-of-life (EOL)

ges such as high energy/power densities, high reliability and long

service time. Al

issues of LIBs cannot be ignored due to their potential economic benefits and

environmental risks. Current methods for the retired batteries mainly include disposal,
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recycling and reuse. EV LIBs can be reused in a variety of applications with less
demanding. Compared with recycling and disposal, reuse process can obtain better
cconomic and environmental benefits. Many second life EV LIBs projects have been
undertaken and demonstrated the great potential of reuse. However, the reuse should
consider economic, environmental, technical, and various market perspectives.
Technical challenges that must be faced include safety issues, assessment methods,
screening and restructuring technologies, and comprehensive management during the
reuse process. Economic feasibiiily issues, comprehensive supply chains, and the lack
of relevant regulations also hinder large-scale development of reuse. It is foreseeable
that improvements including standardization, big data and cloud-based technologies are

desperately needed to maximize the industrialization of reuse and recycling.

Dong et al.[3] tested PHEV could reduce the working range of engine to a certain extent
through the electrification of powertrain, but the tank-to-wheel efficiency increases
little. This indicates that the design purpose of powertrain topology is to ensure that the
benefits of improved engine thermal efficiency outweigh the losses caused by longer
energy transmission paths. Brake energy regeneration could reduce the demand for
effective engine output, which contributes the most to energy saving, so the braking
energy should be recovered as much as possible on the premise of safety and driving
comfort. The proportion of exhaust gas enthalpy-increase for the tested PHEV is
relatively high, and the use of exhaust waste heat recovery technology can further
improve its energy efficiency. Compared with tested conventional vehicle, the energy-
saving contribution rates of tested PHEV under NEDC are 5% for idling condition, 20%
for braking condition, and—5% for driving condition, respectively. These provide

guidance for further tapping the potential of hybrid vehicles.

Joseph et al.[4] developed a uni-wheel bike which is a one wheeled single-track
vehicle powered by a hub motor. The main aim of uniwheel is that it reduces the space
occupied when a single occupied vehicle is necessary and environment friendly. The
rider sits on the top of concealed wheel included by a motor driven mechanism. This
vehicle follows gyroscope technology as working principle. The motor driven
mechanism includes mainly a hub motor which is of Brushless DC motor type driven
by a motor driver circuit and battery backup for self-starting. As an on-road vehicle, the
speed control is necessary, and it is achieved by using electronic circuitry incorporated

in the motor driver circuit. Also, Brushless DC motor offers more torque to weight ratio

10

Scanned with CamScanner



and increased cfficiency compared to Brushed DC motors. All these parameters
considered, a design of uni-wheel bike is planned with a prototype. Based on the case
study for understanding working of hub motor, it is evident that a 60V, 1000 W hub
motor can be driven by using a lithium ion battery bank which gives voltage output in
the range of multiples of 12V basic battery output. However, the researches in the
battery bank and its constituents is on the way to reduce the area occupied or simply
rugged in construction. The cost related issues of any type of E-Vehicle depends on the
overall expenses on battery bank. The advantages of BLDC motors over conventional
motors are valued. The concept of Hall effect sensors and its use in BLDC motors are
interesting Conventional BLDC motors are coupled with windings outside and
permanent magnets tend to rotate in the electromagnetic field. It is the main feature of
this hub motor that the permanent magnets are coupled on the rotor and windings are

in stator.

Turksoy et al.[5] presents a comprehensive overview of the DC-DC converter-
based battery balancing system because of the impactful contribution to the charge
balancing control and the design of balancing control algorithms. Moreover, other BMS
functions such as state of charge (SOC) estimation, which affects balancing
performance, are handled in this review.In this study, a comprehensive evaluation of
DC-DC converter-based active BBS, which is an obligatory process for improving the
service life of serially connected battery packs and preventing unwanted situations such
as overcharge and over-discharge, has been made.To improve the efficiency and
reliability of the balancing unit, the effect of other functions of BMS such as SOC
estimation was compiled by examining. Various DC-DC converter-based balancing
topologies are presented by comparing the number of circuit elements, cost, efficiency,
balancing time. Power converters allow the design of a large number of charge
balancing circuits according to the optimum design criteria which provide the desired
specifications. Determining and implementing the balancing control strategy after the
selection of components for suitable topology is another important step. So, this study
evaluates the battery balancing control strategy of the DC-DC converter-based
balancing system. From this study, it is concluded that energy storage systems must
have control and management facilities for reliable and efficient use even if they have

the best battery technology. Of these, the developments of charge balancing control

11
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which is handled the solution to the aforementioned challenges have become an

important research topic, especially in the rapidly increasing EV market.

Qin et al.[6] studied the need for more cfficient and renewable means of transport makes
the development of hybrid electric vehicles (HEVs) an important topic for both
automobile manufacturers and academic researchers. Noise, vibration, and  harshness
(NVH) of a vehicle are important factors for vehicle users and essential for successful
commerciali zation of this vehicle type. This paper is a compact state-of-the-art review
of both NVH characteristics and relevant suppression methods for HEVs. The NVH-
related problems are categorized into three categories: engine, powertrain, motor-
related. A detailed overview of each category/problem-type is provided, the NVH-
suppression methods for different types of HEVs are introduced, and their respective
advantages discussed. In addition, emerging developments and ideas for future

improvements are summarized.

Mugtadir et al.[7] proposed Design and Development of Hybrid Bike.The invention of
the combustion engine is one of the best inventions of mankind. The conventional
vehicles with ICE provide an honest performance and long operating range. However,
they need caused and still cause serious problems for poor fuel economy, environment
pollution, and human life. Reducing fuel consumption and emissions is one of the most
important goals of modern design. Since the fuel prices not only in India but throughout
the planet are increasing day by day thus there is an incredible got to look for an
alternate to conserve these natural resources. Thus, a hybrid bike is a vehicle that
provides that alternative by harnessing electric energy to charge the battery and thus
provide required the voltage to run the motor. Thus, hybrid bikes can become a very
vital alternative to the fuelled automobile thus its manufacturing is essential. The
hybridization of a conventional combustion engine vehicle with a complicated electric
motor drive may greatly enhance the general efficiency and achieve higher fuel with
reduced emissions. Considering the urban status in India, a well-organized and fuel-
efficient scooter has to be designed and developed. Hybrid Electric Vehicles are the
vehicles with more than two energy sources are present. The major challenges for
Hybrid Electric Vehicle design are managing multiple energy source s, highly hooked
into driving cycles, battery sizing and battery management, owing to the increasing
number of automobiles the need for petroleum products is reaching its peak point. An

Electric Bike is a low-cost alternative to an automobile. Although the concept of electric

12
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bike is not new, it has not been completely explored. Currently, there has also been a
focus on the environment, and it seems that the demand for cleaner alternatives for fuel
has become critical. The increasing demand for pollution-free transportation has
boosted the utilization of electrical power for transportation thereby reducing the
reliance on automobiles. Then our “hybrid two-wheeler” is an aspect. The goal of this
project was to implement the foremost efficient and less polluting vehicle. In our project
the Hybrid Electric Vehicle model combines the internal combustion engine of a
standard vehicle with the battery and motor of an electric vehicle, leading to twice the
fuel economy of a conventional vehicle. We implement this hybrid electric vehicle
concept for two wheelers. This paper review focusses on the design and testing of a
hybrid electric bike. This paper is challenging with reference to the conversion of the

prevailing system to the one that incorporates both petrol engine and electric motor use.

Zhao et al.[8] investigated on the air cooling battery thermal management system for
electric and hybrid electric vehicles. Battery Thermal Management System (BTMS) is
critical to the battery performance, which is important to the overall performance of the
powertrain system of Electric Vehicles (Evs) and Hybrid Electric vehicles (HEVs). Due
to its compact structure, high reliability, and safety characteristics, the air-cooling
BTMS has been widely used in Evs and HEVs industry with cost-reduction demand or
under severe and unpredictable working environments.In this work first reviews
battery heat generation mechanisms and their impact (e.g. Thermal aging, thermal
runaway and fire accident) on the powertrain system in Evs and HEVs. Then the basic
air-cooling BTMS design is reviewed, and a variety of novel design improvements is
evaluated to explore the benefits and challenges of the use of the air-cooling BTMS. It
is found that with the help of advanced computational numerical simulations and
sophisticated experiments, the air-cooling efficiency is greatly improved by introducing
new concepts of battery packs, innovative designs of the cooling channel, and novel
thermally conductive materials. Based on the review, this paper suggests future research

directions and potential solutions in a discussion for further development of the air-

cooling BTMS in the EV and HEV industry.

Hasan et al.[9] discusses various aspects of lithium-ion batteries based on a review of
420 published research papers at the initial stage through 101 published research
articles that have been finally reviewed. This review paper focuses on several topics,

including electrical vehicle (EV) systems, energy management systems, challenges and

13
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issues, and the conclusions and recommendations for future work. EV systems discuss
all components that are included in producing the lithium-ion battery. The energy
storage section contains the batteries, super capacitors, fuel cells, hybrid storage, pOWer,
temperature, and heat management. Energy management systems consider battery
monitoring for current and voltage, battery charge-discharge control, estimation and
protection, cell equalization. This paper’s challenges and issues discuss some of the
critical aspects of lithium-ion batteries, including temperature and safety, life-cycle and
memory effects, environmental effects, and recycling processes. The Li-ion batteries
are getting well known in ESS for EVs, convenient gadgets, and utilities. Their
lightweight properties make these batteries an acknowledged option for use in cell
phones. Since their dispatch, the retail costs of Li-ion batteries have slowly declined.
Further value decreases are anticipated to be about 75% of the market cost by 2030.
Nevertheless, the price is usually not high. The safety issues and adverse environmental
effects of the ESS were viewed with some criticism in this study. The battery
observation outline, the executive’s framework, charge and discharge control, security,
condition gage, energy protection, and assessment are explained to improve the
exhibition of Li-ion batteries for EV applications. Issues related to sustainability and

environmental effects are highlighted and applications for future research and
development recommendations.

Akhoundzadeh et al.[10] analysed a rolling stock hydrogen hybrid powertrain using
different power splitting scenarios based on the load’s frequency contents. The model
used for this purpose mimics the dynamics of a hydrogen hybrid powertrain from the
component scale. The simulated powertrain consists of five different subsystems
including the lithium-ion battery, hydrogen fuel cell, vehicle dynamics, power split, and

high-level controller. As a novel case study, utilizing a customised frequency based

power splitting scenario, a real world load profile is observed throughout an

implemented observer subsystem. The duty cycle is extracted based on the real world

drive cycles of the current Diesel Multip
in the Greater Toronto Area (GTA), Ontario, Canada. The model and its submodules

le Units (DMUs) which are currently running

are implemented in the MATLAB Simulink. As a result, the sensitivity of the system
to the frequency content of the drive cycle were assessed in terms of different

parameters such as simulated power, voltage, temperature, and state of charge (SOC).
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CHAPTER3
METHODOLOGY

The purpose of this chapter is to introduce the research methodology for the design
development of Hybrid Two-Wheeler. This chapter gives a deeper understanding of the
design and fabrication of a Hybrid Two-Wheeler. The research plan, including the
methodology, components, fabrication and testing methodology of the developed

Hybrid Two-Wheeler, are the primary components of this chapter.
3.1 METHODOLOGY OF THE PROPOSED SYSTEM

A petrol-powered hybrid motorcycle with front-wheel electric drive operates by
combining the benefits of both internal combustion and electric propulsion systems.

The internal combustion engine, typically fuelled by petrol, powers the rear wheel and

serves as the primary source of propulsion. Simultaneously, an electric motor integrated

into the front wheel provides additional power and supports the bike during acceleration

or when extra torque is required. A control system seamlessly manages power

distribution between the electric and combustion components, optimizing fuel

efficiency and minimising emissions , resulting in a versatile and environmentally

conscious transportation solution.

The working methodology of the proposed system is given below;

Self motor,
Master L

controller. light

— _
=
@)

s

speed Buenking
o4 feedback Thuotile
prosition

Fig. 3.1 Methodology block diagram for the proposed system
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3.2 THEORETICAL ASPECTS OF SYSTEM COMPONENTS
3.2.1 Battery

In this current work a 48 V 20AH Battery is used. The 48-volt 20 ampere-hour (AH)
battery employed in hybrid two-wheelers represents a crucial component that
underscores the cfficient and eco-friendly nature of these vehicles. Operating at a
voltage higher than conventional lead-acid batteries, the 48V system enhances the
overall power delivery and efficiency of the hybrid system, allowing for seamless
transitions between electric and internal combustion modes. The 20 AH capacity
ensures an extended range on electric power alone, contributing to reduced emissions
and fuel consumption. This battery configuration not only supports the electrification
of two-wheelers but also embodies a balance between performance and sustainability,
making it a key enabler in the evolution of environmentally conscious transportation

solutions.

Fig. 3.2 48V 20AH Battery

3.2.2 Hub motor

The hub motor is a critical component in hybrid two-wheelers, plays a pivotal role in
driving the electric propulsion aspect of the vehicle. Positioned directly in the wheel
hub, this electric motor eliminates the need for a traditional drivetrain, resulting in a
more compact and integrated design. The hub motor's location enhances the overall
efficiency by minimizing energy losses during power transmission. In a hybrid
configuration, the hub motor seamlessly supplements the internal combustion engine,

providing electric assistance during acceleration and low-speed maneuvers, Its compact

17
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size and direct integration contribute to a sleck design and efficient use of space,
cnabling manufacturers to scamlessly blend electric and combustion power sources in
a harmonious and spacc-cfficient manner. This technological integration underscores
the adaptability of hub motors as a key cnabler for the advancement of hybrid two-

wheelers, offering a balance between performance and eco-conscious commuting.

Fig. 3.3 Hub motor (48V / 60V 1500W 18 inch wheel drum brake)

3.2.3 100 CC Petrol Bike

A 100-cc petrol bike integrated into a hybrid two-wheeler exemplifies a versatile
approach to urban commuting. The combustion engine, typically known for its fuel
efficiency and compact size, serves as the backbone for longer journeys or higher
speeds, ensuring optimal performance on highways or when extended ranges are
required. This smaller displacement engine aligns with the lightweight and nimble
characteristics of two-wheelers, contributing to overall energy efficiency. In the hybrid
setup, the 100 cc petrol engine collaborates with an clectric motor to provide a well-
balanced combination of power and fuel economy. The integration of a petrol engine
in the hybrid system offers riders the flexibility to secamlessly switch between electric
and combustion modes, optimizing fuel consumption and minimizing emissions,

making it a practical solution for diverse commuting needs in urban environments.

18
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Fig. 3.4 100 CC Petrol Engine

Table 3.1 Bike specifications

B Specifications Descriptions
Max power(bhp@rpm) 8bhp@7500
Max torque (Nm@rpm) SNm@5500rpm
Kerb weight (Kg) 115 kg
Fuel type Petrol
Fuel capacity 15
Range 55km

3.2.4 30A Sine Wave Controller

The 30A sine wave controller represents a critical component in the hybrid two-

wheeler's electric propulsion system, responsible for regulating and optimizing the

power delivery from the battery to the electric motor. Operating on a sine wave, this

controller ensures a smoother and more efficient distribution of power, minimizing

energy losses and enhancing overall performance. The 30A capacity implies a robust

capability to handle moderate power demands, suitable for the demands of two-wheeled

urban commuting. This controller's sophisticated sine wave modulation facilitates
seamless transitions between electric and combustion modes, enabling a harmonious
Integration of both power sources. The use of such a controller not only enhances the

clectric drive's efficiency but also contributes to a quicter and more refined riding
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Fig. 3.5 30A Sine Wave Controller

3.2.5 MCB (DC MCB ,63A DC 12-220V)

The DC MCB (Miniature Circuit Breaker) serves as a vital component in the electrical
s;rstem of the hybrid two-whecler project. Designed to handle direct current (DC) power
within the range of 12-220 volts, this MCB ensures reliable protection against
overcurrent and short circuits, safeguarding both the electrical components and the
vehicle itself. The DC MCB (63A DC 12-220V) finds application in the electrical
distribution system of the hybrid two-wheeler, serving as a critical protective device to
safeguard against overcurrent and short circuits in the vehicle's electrical circuits. Its
compact design, high current rating, and wide voltage compatibility make it an ideal

choice for ensuring electrical safety and reliability in the project.

Fig. 3.6 MCB (DC MCB 63ADC 12-220V)
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3.2.6 Thumb Throttle

The thumb throttle in a hybrid two-wheeler serves as the interface between the rider
and the clectric propulsion system, providing intuitive control over the vehicle's speed
and power delivery. Typically mounted on the handlcbars for casy accessibility, the

thumb throttle allows riders to modulate the clectric motor's output seamlessly. This
enabling

a hybrid

user-friendly control mechanism enhances the overall riding experience,
smooth acceleration and deceleration with a simple thumb movement. In
context, the thumb throttle integrates with the overall control system, allowing riders to
engage the electric motor in conjunction with the internal combustion engine. This
intuitive and ergonomic design fosters an efficient transition between electric and
combustion modes, empowering riders with a flexible and responsive means of
managing their two-wheeler's power sources and contributing to the user-friendly and

adaptable nature of hybrid vehicles.

Fig. 3.7 Thumb Throttle

3.2.7 Charger (54.6V 6A)

The charger, rated at 54.6 volts and 6 amps, is a critical component in the electrical
system of the hybrid two-wheeler project. Designed to efficiently recharge the vehicle's
battery pack, this charger ensures reliable and rapid charging, enabling optimal
performance and extended range for the vehicle, The charger (54.6V 6A) serves as the
primary charging device for the hybrid two-wheeler, enabling convenient and efficient
recharging of the vehicle's battery pack. Whether at home, in the garage, or at charging
stations, the charger ensures that the vehicle is always ready for the next ride, providing

the necessary power for optimal performance and extended range.
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Fig.3.8 Charger (54.6V 6A)

3.3 FABRICATION

The hybrid vehicle conversion process involves replacing the front wheel of the two-
wheeler with a BLDC hub motor integrated wheel. The control mechanism for the
BLDC motor is linked to it and positioned within the vehicle's storage compartment.
Powering the hub motor drive is a battery, seamlessly connected to the motor and
securely housed on the vehicle. The battery is recharged with a charger. The speed of

the hyb motor is controlled by using a thumb throttle which is fixed to the handle bar.

3.3.1 Fixing Hub Motor to the Front Wheel

We removed the front wheel and fork from the bike. The 10" hub motor is altered to
19" hub motor with spoke wheel in the lathe shop. The width of the hub motor wheel
is larger than that of the front wheel of the bike, so the fork gap of the front wheel has

to be enlarged. For enlarging the gap, the fork steering plate and T- stem has enlarged.
The hub motor wheel is assembled to the front wheel of the bike.

Fig.3.9 10" Hub motor and 18" Hub motor
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Fig.3.10 Enlarged Steering plate

Fig.3.11 Enlarged T-Stem

3.3.2 Assembly of Electrical components

The electrical components are assembled and interconnected to the bike. Which
includes connecting the Hub motor with the controller, giving connections from battery
to the bike, connecting the digital speedometer to the controller, providing the
connection for starting up the bike. Connecting the MCB to the circuit to avoid short

circuits. And also providing the charging pin connection.
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Fig.3.13 Assembling electrical connections from Controller
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3.4 DESIGN

We are using electric mode only on horizontal roads without inclinations. Therefore
inclination can be considered as zero. The motor should have the power to propel the
vehicle against the total resistance. So we have to choose motor with designed power
which overcome the resistances.

3.4.1 Calculations

Mass of vehicle=125kg

Mass of passengers=140kg

Total mass=265kg

The total resistance can be determined by,
Total Resistance Force=Rolling Resistance + Gradient Resistance + Aerodynamic
Resistance (Aero drag)

Fr=Fr+Fg+Fa

1.Rolling Resistance

Fr=Crx mg

Where,

C= Coefficient of rolling resistance (0.001-0.018 for concrete pavements)
m = mass in kg

g = acceleration due to gravity in m%/s

Fr=0.018 x265 x9.81 =46.79 N

2.Gradient Resistance

Fo = mgsin0 = 265x9.81 xsin(0)=0

3.Aerodynamic Resistance

Fa=0.5(pxV*xCaxAy)

Where,

p=Density of air medium in kg/m?® (1.23 kg/m” for air at sea level)
V= Velocity of two-wheeler in m/s = 40kmph=11.11m/s
Ca=Coefficient of air resistance (0.88 for bikes)

As=Frontal area of bike=1.63mx0.78m= 1 27m?

Fa= 0.5(1.23%(1.11)?x0.88x1.27) = 84.83 N
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Total Resistance Force = 46,79 + 0 +84.83 =131.62 N
Power Required = Force x Velocity= 131,62 x11.11 = 1462.29 N

Therefore, we have chosen Hub motor of 1500W power.

3.5 COST ESTIMATION

Table 3.2 Cost Estimation

SL NO DESCRIPTION COST IN Rs
1 Bike 6000/-

2 Hub motor, Controller kit 15500/-

3 Li-ion Battery 19500/-

4 Charger 2700/-

5 MCB 300/-

6 Thumb throttle 1000/-

7 Wire, connecters etc 320/-

TOTAL 45320/-

3.5.1 LABOUR COST
Lathe, drilling, welding, grinding, power hacksaw, gas cutting;
Cost = Rs.4500/-

3.5.2 TOTAL COST

Total Cost = Ma
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CHAPTER 4
RESULT AND DISCUSSIONS

In this section, we analyse the results obtained. We have designed a model for a Hybrid
Two-Wheeler and procured necessary components for our project, such as a hub motor,
lithium-ion battery, controller, thumb throttle, and notably, a second-hand two-wheeler.
A minor modification was made to the two-wheeler to accommodate the hub motor in
the front wheel. The major issues prompting the fabrication of our hybrid two-wheeler
are: the escalating cost of petroleum products, the inadequate efficiency of electric

vehicles, and the increasing levels of environmental pollution.

4.1 WORKING MODES

The working of hybrid electric bike involves two modes, in engine mode the vehicle

is driven by internal combustion engine and in electric mode vehicle is driven by

electric motor. Mode selection can be switched manually based on speed.

Engine Mode:

In engine mode the bike works as conventional bike. The engine supplies the power to
the rear wheel with the help of transmission system. Bike rider can control the speed

of vehicle with the help of ordinary accelerator placed on the handle.

Electric mode:
In electric mode battery is connected to motor controller. Hub motor is fitted into the

front wheel of the two-wheeler vehicle. It is also connected to the motor controller. As

the motor rotates the wheel rotates too, thus, leading to vehicle motion. The speed of

the vehicle during electric mode can be controlled with the help of a thumb throttle

which is connected to the controller. The throttle supplies input signals to the control

in form of voltage. The controller then supplies the power to the hub motor and it starts

to rotate.
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Fig.4.1 Hybrid Two-Wheeler
4.2 TESTING AND VALIDATION

Mainly the testing and validation can be divided into two categories as:

e Component testing and
e Vehicle testing
4.2.1 Component Testing
Most of the components used is at least tested once before the final assembling for

hybrid vehicle. The component testing includes testing of:

e Electrical components

e Electrical connections

e Motor mounting

e Threaded fastenings

e Welded parts quality by visual inspection
4.2.2 Vehicle Testing
Road trials are conducted for real-world testing of the hybrid two-wheeler on different
types of roads and under varying conditions. During road trials, quantitative data are
collected using onboard instrumentation and GPS tracking systems. Key performance

metrics collected during road trials include:

Range: The distance the vehicle can travel on a single charge of the battery, measured

in kilometres or miles.
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