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ABSTRACT

The c-bike is a human electric hybrid vehicle. Basically, these bikes are for people who
want an alternative to a car, get exercise, go fast without increased effort, and get you where you
want to be. The c-bike is made not to leave the rider completely idle but to assist in the movement
over hills as well as flat ground. Peddling on the part of the rider can be used both to move the
bicycle and to recharge the batteries. It’s an amazing, fast and efficient vehicle that respects the
environment. With this vehicle, it is possible to enjoy a leisurely and relaxing cruise and arrive at
destinations (such as work) at the same time. A new model of power-assisted bicycle has been
designed, set up and tested. Electric bicycles have been gaining increasing attention worldwide.
The electrically assisted bikes are normally powered by rechargeable battery, and their driving
performance is influenced by battery capacity, motor power, road types, operation weight, control,
and, particularly, by the management of the assisted power. A classification of the electrically
assisted bikes can be based on two categories a first kind is represented by a pure electric bike,
which integrates clectric motor into bicycle frame or wheels, and it is driven by motor force just
using a handlebar throttle; a second kind is a power-assisted bicycle, or called pedelec hereafter,
which is a human—electric hybrid bicycle that supports the rider with electric power only when the
rider is pedalling. The pedelec are characterized by a driving torque due to both an electric motor
torque and a rider one [2]. Consequently, the management of the assistance torque is of particular

interest in order to reach the desired performances in terms of driveability and comfort.
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Chapter 1

INTRODUCTION

Global warming and scarcity of traditional resources are becoming major problems in the
current scenario. Due to the cconomic challenges India is fucing in automotive scctor the hybrid
bicycle market has a huge growth potential, People try to move towards "clean” encrgics. ‘These
facts among others will leverage the clectric bicyele industry on the top of the agendas not only in
India, Moreover, the vision of an electric engine, which supports the mugcular strength, became
reality. Bicycles with such a supporting clectric engine belong to the innovative vehicles, which
are wholeheartedly suitable for everyday life. In face of continuous climate discussions and
permanent traffic jams, electric bikes have the potential of solving such issucs and making a more
energy efficient and environment friendly mobility possible. Accordingly, a continuous trend
towards electric bicycles can be expected simultancously in whole of India. So, it becomes very
necessary to manufacture the electric cycles so cheaply that the common people in our country can
afford to buy it. The currently existing clectric scooters are far more costly and duc to budgetary
constraints, a middle-class person cannot afford such a locomotive at his place. Along with the
development of technologies the theory must be also implemented to design and Manufacture a
product that can be sold off at a greater frequency, which has a very low production cost and onc
that is of good quality [1]. In order to implement all the above ideas, we planned to make the
design and product in such a manner that it can be competed with the existing “c-Bikes” in the
market.

The large use of the travelling vehicles has increased the problems connected to the air
quality and to the use of petroleum. The human sensibility for the energetic and environmental
problems is encouraging the research in alternative solutions for the automotive ficld, as multiple-
fuelling, hybridization and electrification. At the same time, particularly as concerns urban arcas,
new standards have imposed substantial modifications in the mobility. In this context, a vehicle as
the electrically assisted bike can be considered a promising alternative vehicle for both personal
mobility and goods delivery, especially for small and medium distances: an assisted bike is able to
move with an average speed equal to the typical one of the town traffic but it requires energy for
its mobility that is very close to the necessary energy for the displacement of the transported
people. The electrically assisted bikes are normally powered by rechargeable battery, and their

driving performance is influenced by battery capacity, motor power, road types, opcration weight,
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control, and, particularly, by the management of the assisted power [2]. A classification of the
electrically assisted bikes can be based on two categories:
a) first kind is represented by a pure electric bike, which integrates electric motor into bicycle
frame or wheels, and it is driven by motor force just using a handlebar throttle
b) second kind is a power-assisted bicycle, or called pedelec hereafter, which is a human-
electric hybrid bicycle that supports the rider with electric power only when the rider is
pedalling. The pedelecs are characterized by a driving torque due to both an electric motor
torque and a rider one.
Consequently, the management of the assistance torque is of particular interest in order to reach

the desired performances in terms of drive ability and comfort.

1.1 History of the Project

¢ First models of electric bicycles appeared in late 19th century. US Patent office registered
several electric bicycles patents since 1895 to 1899 (Ogden Bolton patented battery-
powered bicycle in 1895, Hosea W. Libbey patented bicycle with double electric motor in
1897 and John Schnepf patented electric motor with roller wheel).

e Electric bicycle is the only transportation device that managed in the last 20 years to take
significant part of the bicycle market share. With its simple design that closely mimics
traditional bicycle, small and efficient electric motor and easy control methods, it
successfully experienced rapid sales growth since 1998.

e Today, it is estimated that there are approximately over 120 million electric bicycles in usc
in China alone. Use of electric bicycles in Europe and North America is growing fast, with
the reported yearly sales of one and a half million units.

e One of the most appealing features of electric bicycles is that it has no harmful emissions
from combustion engine with zero chances of Earth pollution [3]. Even if we include the

cost of frequent battery changes, e-bike is many times more environment friendly than any

other public road transportation device.

1.2 Reason for Selecting the Project
Today’s world there is a lot of need for change to improve the present ecological
condition, The bicycles invention has had an enormous effect on society, both in Terms of culture

and of advancing modern methods. In the world we live in today, you cannot go very far without

2
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considering or being told to be more "green" and do things that are better for their environment.
With the E-Cycle, you never have to worry about that again. With rechargeable batteries, on top of
the manually powered design of a bike, the E-Cycles will get you most places a car will all while

reduced your carbon footprint.

An E-Cycle also is going to be save you a fortune in the need-to-repair department. While
E-Cycles or its components might seem expensive, an unforeseen car repair pales in comparison to
an E-Cycles purchase. E-Cycle don't have oil changes and lack many other maintenance
requirements. E-Cycle is the biggest adoption of green transportation of the decade. *Cycling is
already green® you may say, but it's more than that [4]. Think about them in small petrol scooters
rather than normal bicycles. E-Cycle use rechargeable batteries that can travel up to 25 to 45km/h

than compare to any other vehicles.

1.3 Equipments Used in This Project

¢ Bicycle

o Batteries

e Charger

o Fly Wheel

¢ Chain Drives
e PMDC Motor

e Controller
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Chapter 2

LITERATURE SURVEY

A literature survey or a literature review in a project is a type of review articles. It is a
scholarly paper, which includes the current knowledge including substantive findings, as well as
theoretical and methodological contributions to a particular topic. Literatures reviews are

secondary sources, and do not report new or original experimental work. It is a basis for research

in nearly every academic field. Concentrate on the own field of expertise.

2.1 Details of Literature Survey

1) This section of the paper deals with the mechanical design of the system and the various
parts used in the system integration. The power transmission system consists of the motor, the
chain sprockets, flywheel, housing and the rear wheel. However, before we could select these
components, we performed some basic calculations relating energy transfer through the system.
Primarily we focused on the current requirements of the system, and a number of torque-speed
relationships. Both the acceleration on flat ground and hill climbing ability of the system depend
on how much torque can be delivered by the various system components. Before we could size the
batteries, we needed to estimate when the motor would demand the most current and the duration
that it would draw its peak current. These situations would be at start up (acceleration) and when
climbing a gradient. The main components affected by the following calculations are the motor
and the battery. The PMDC motor had to be regulated by a mechanism which involved a DC
motor driver. This driver had specifications able to withstand up to 20A which was key to this
project as varying loads would undoubtedly draw more current. So, the rated current rating had to
be high enough to withstand this. The driver is controlled by an Arduino Board which receives
input signals via. a potentiometer (variable resistance) [1]. The Arduino board was programmed in
such a way that varying the resistance in the potentiometer would result in an equivalent value of

bytes which the program could comprehend and translate to proportional DC motor speeds.

2) A new model of power-assisted bicycle has been designed, set up and tested. The main
innovative solutions for the pedalled prototype are described in the present paper: the electric

motor position; the new mechanical transmission; the low cost measurement system of the driving
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: the special test i i
torque P ng. lefcrently from a common approach, in which the electric motor is

one of th .
located on ¢ three hubs of the bicycle, the idea of the pedalled prototype consists of an

ical motor in the "
Siees central position that, by means of a bevel gear, transmits the torque on the

central hub. The other innovative solution is represented by the motion transmission from the
motor to the pedal shaft, achieved by two different gearboxes: the first one is a planetary gearbox
and the second one is a simple bevel gear. The pedalled prototype contains also a new low cost
measurement system of the driving torque based on a strain gauge load cell located on one side of
the rear wheel, between the hub and the frame. Moreover, a commercial cycling simulator has
been suitably modified in order to properly install the different sensors for the measurement of the
performance of the pedalled. The test rig is able 1o reproduce an aforethought route or paths
acquired during road tests, to measure the performance of the e-bike in terms of instantaneous
power and speed. The experimental test rig can simulate the resistant torque of a predetermined

track and it aims to test and to optimize the control strategy available on the electronic control unit

[2]. The authors have also conducted an environmental analysis of the developed pedalled, in

particular comparing the e-bike with a thermal moped, in terms of environmental impact

3) This paper reviews possible approaches to the design of an electric bicycle with an
emphasis on three different domains — electrical, mechanical and system level design. It reviews
the available solutions to a wide range of issues in each of the above mentioned domains. After
grouping the solutions presented and classifying them on a domain basis the paper presents a
classification on the ways to design an electric bike, so that a designer can easily obtain the
required information in order to start their project. The primary aim of this paper was to present
the various approaches that have been accumulated in the scientific literature to design an electric
bicycle. In order to group them in some manner a new classification is proposed that groups the
various issues that the designer is faced in three broad categories — system level domain design,
electrical engineering domain design and mechanical engineering domain design. For each of the
three domains the main issues are presented alongside the most popular ways to solve them [5].

The advantages and disadvantages in choosing a particular solution are also discussed.

4)  Power assistant modes of e-bikes rely on manual switching, and its shock resistance is
much worse than that of general vehicles and motorcycles. This work proposes a vibration
reduction system for e-bikes. While cycling, the system switches the power assistant mode
automatically and notifies riders according to collected sensing data for road awareness. In the

system, we use the accelerometer for data collection and feature extraction on bumpy roads. Then,

——
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we combine the geographical information for classification and use the classified results for e-
bikes power assistant modes mapping. Finally, we implement a system prototype and evaluate the
performance of the prototype. In this paper, we have proposed a smartphone-based accelerometer
Road-aware Adaptive Vibration Reduction System for e-bikes. Our system is implemented into a
prototype system on an e-bike. It collects and detects the impacts on bumps or even subtle
vibrations during cycling sufficiently. The RAAS module switches the power assistant mode
adaptively according to the collected data. By evaluating the performance of our prototype in the
real-world experiment, we have shown that our system can effectively reduce the rider manual
switching power assistant modes and inhibit the vibration in cycling [6]. As the future work, after
collecting a large enough amount of data, we should consider to use some machine learning

algorithms to improve the mechanism on mode switching.

5) This paper deals with the assessment of the dynamics of the road vehicles with emphasis
on the

simplicity of the developed model on one hand and taking into account the dominant variables
affecting the propulsion power on the other hand. The study is initiated by a state of the art
regarding the modelling of the road vehicles dynamics. Then, a modified bicycle model is
developed considering three inputs which are: (i) the wheel speed, (ii)the road slope angle, and
(iii) the vehicle loading level, and one output that is the vehicle resistant torque. The paper is
achieved by a numerical example aimed at the simulation of the dynamics of a road vehicle under
different driving cycles. The paper was devoted to the assessment of the dynamics of the road
vehicles. The study was initiated by a state of the art regarding the modelling of the road vehicles
dynamics. Then, a modified bicycle model was developed considering three inputs the wheel
speed, the road slope angle and the vehicle loading level, and one output that is the vehicle
resistant torque. The derived model has been implemented in the Mat lab/Simulink environment
which enabled the investigation of the vehicle dynamics under two driving conditions, such that
the operation at constant wheel speed and variable road slope, and also the operation at constant
road slope and variable wheel speed [7].A good correlation has been found between the variations

of the wheel speed, the road slope, the loading level, and the vehicle load torque

6) Electric Power Assisted Bicycle (EPAC) is becoming a better means of transport that
people like and pursue because of its environmental, healthy, convenient and economical
characteristics. Compared to the conventional bicycle, EPAC reduces the pedal force and relieves

the fatigue of the rider. Nowadays, there are few researches on the torque control approach
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adaptive to road grade and load for EPAC. Therefore, this paper proposes a new torque control
approach based on Model-Following Control (MFC), which can eliminate the impact of the road
grade and the load by processing the signal of speed and trample force on the bicycle.
Accordingly, the torque of motor can be adjusted to achieve the optimal effect of assisted-power
in real-time. In result, the rider will obtain a better riding experience [8]. The simulation and

analysis demonstrate the effectiveness and performance of the proposed torque control approach.

7)  The electric vehicles industry is continuously evolving. One type of such electric vehicle is
the electric bicycle (e-bike). Electric bicycles, like other electric vehicles, use a BLDC motor
(Brushless Direct Current Motor). This paper presents a way of designing and implementing an
electronic module for an e-Bike. The paper shows how a low power, 8-bit microcontroller can be
used to drive such a motor and also manage other useful functions on an e-Bike. The entire system
has been implemented and tested. The results obtained are comparable with commercial e-Bikes,
and the proposed implementation presents higher power autonomy Ratio. The results have been
obtained using a 350W, 3-phase BLDC motor and a 36V / 5.5Ah Li-Ion battery pack, mounted on
a 13kg bicycle. The use of Li-Ion cells has been taken into consideration after studying the e-Bike
market and observing that many commercial e-Bikes use Lead-acid batteries [9]. The designed e-

Bike is compared with a commercial e-Bike of about same cost and complexity.

8) Now day’s non-conventional energy plays a dominant role in industries or environmental
protection purpose. Instead of using fuel operated vehicle we can use such sources to charge the
battery which do not harm the environment. We know in India millions of bike travels on rod and
cars which emits a large amount of carbon in the air, makes air polluted. So, the reason to use
nonconventional energy sources is to reduce the pollution also reduce the fuel problem, one of the
solutions to this is Arduino based hybrid power auto cycle. The existing system of the electric
bicycle is not charging the battery itself also using only solar source makes it cost so the solution
to this is using a hybrid power supply. We can charge the battery itself at least cost as compared to
single solar panel source bicycle. Solar assisted bicycles are modification of normal bicycles and
driven by solar energy and dynamo. They are suitable with both city and country roads. These
bicycles are cheaper, simple in construction and can be widely used for short distance traveling.
The operating cost per kilometre is minimal i.e. Rs.0.70/km. They have fewer components, can be
easily mounted or dismounted, thus less maintenance. In short, following are the various features
of hybrid power bicycle [10]. They are Eco-friendly and pollution free, as they do not have any

emissions. Moreover, they are noiseless and can be recharged.
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