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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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1 this paper, o sensor fuc . ;
Y) h PAPCr. - sensor fusion algorithm js proposed for electric bicycles to accomplish

assist function wi ;
n without using torque sensors. The sensor fusion is observer based and uses
outputs {rom the wheel ¢

AL Wer-

ncoder and a 6 axis inertjal measurement unit to estimate the longitudinal
acceleration of the bicycle and (he slope angle of the road. It is mainly based on the kinematic
model that describes the time varying characteristics of the gravity vector in a moving frame. By
exploiting the structure of the observer model, convergence of the estimation errors can be easily

achicved by selecting two sub-gain matrices in spite of the time-varying characteristics of the

model. The fusion results allow one to conduct mass compensation, gravity compensation and

friction compensation for power assist purposes. With the compensations, riding the power assist

bike on hills is similar to riding a conventional bicycle on the level ground regardless the weight

increase by the battery and the motor. With the algorithm, one can replace the expensive, bulky

torque sensors by low-cost, compact IMU sensors and wheel encoders to achieve power assist
function. The sensor fusion algorithm is observer based. A systematic procedure to construct the
observer is provided. Although the observer model is time-varying and is fifth-dimensional, by
exploiting the model structure, the convergence of the estimation errors can be guaranteed by
properly choosing two low-dimensional constant gain matrices. The performance of the sensor
fusion algorithm and the power-assist function is validated via a road test. With power assist, the
magnitude of the rider’s EMG signal is significantly reduced compared to the pure manual
pedaling case [11]. The results in this study can be directly applied to power assist other manual-

driven vehicles such as wheelchairs.

10)  Electric Power Assisted Bicycle (EPAC) is becoming the transport and fitness tools that
people pursue because of its green, healthy and economical characteristics. Compared to the
conventional electric bike, EPAC not only reduces the burden on the rider, but also maintains the
original bicycle characteristics. Nowadays, there is few study of the control approach adaptive to
road slope and load for EPAC. This paper proposes a new control approach adaptive to load and
road slope for EPAC based on disturbance observers, which can estimate the road slope and
bicycle body load by processing the bicycle speed signal and pedal force signal. Accordingly, the
motor assisted-power ratio is adjusted in real-time to achieve the optimal assisted-power. As a
result, the rider will get better riding experience. The simulation results demonstrate that the
proposed control approach is highly effective in various riding conditions. By only processing
signals of the motor’s torque and speed, the adaptive control can be implemented at low cost. This

Paper presented a series of comparative simulation results to prove the controller’s performance in
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some extreme cases [12]. The simulation results and analysis demonstrated that the proposed

controller has significant effectiveness and hi gh control performance

11)  The market for electric bikes, scooters and bicycles is growing. There are numerous brands
of E-bikes emerging locally. All most all incorporate a rear wheel BLDC (Brushless DC) hub
motor; lead acid battery pack, a light weight chassis, and a controller. The Vehicle achieves
average speed of 30-

50km/hr, range of 70km/charge. The other drawback is the long charging time of 6-8 hrs and short
lifespan of battery pack i.e. around 2 years. Considering these limitations authors are modifying
the existing design of an electric bike which will give a better performance with the use of a
hybrid system of battery and super capacitor. The authors in this paper have tried to address the
drawbacks observed in e-bike operations and have presented the results of their experimentations.
Super-capacitor modules are used to provide the high current required during starting and
acceleration, and eventfully will help increasing lifespan of battery. A secondary source, like
regenerative braking or a small solar panel module could be availed on board so as to charge
battery/ super capacitor. IC engines had dominated and revolutionized the last century and have
been through a significant transformation from their earlier less efficient designs. Comparatively,
E-bikes are newer in market and have started to gain attention of innovators and engineers since a
decade. With more and more advancement in battery technology, electric vehicles offer a
prominent future in transportation. With incorporation of super capacitors the life of battery has
been increased. With modification of design using advanced controller, better motor, other
subsequent improvements implemented in the design, the speed of vehicle is increased
considerably. However with more professionalism and a robust chassis, it is possible to increase
the speed further. A small on board solar panel could charge the super capacitor through an
auxiliary battery. The solar panel will also help extending the range of the bike in addition to the
regenerative braking system [13]. So even if the bike is parked somewhere where there is no
charging facility, a sheer standing bike is getting charged up for the solar panel.

12)  The paper focuses on using the BLDC motor as electrical bike drive. As of today on the
market there are already different methods of controlling electrical motor of a bike. The most
common is setting the motor’s speed with a lever mounted on handlebars. Controlling motors
torque instead of speed makes new principle of how the drive works. Proposed method of control
is based on controlling the motor torque in such a way that allows the user to set a desired torque

value keeping the force on bike pedals constant. This article covers different methods of

9
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Chapter 3
METHODOLOGY

3.1 Mechanism of Operation

The basic idea is to attach a motor to the cycle for its motion. A motor that is powered by a
pattery and that can be switched on during difficult terrains and switched off and pedal to get the
pattery re-charged during motion in a flat terrain. The idea came into our mind as different stages
of project planning, firstly we wanted to implement a simple moving system so the projection of
cycle as a system came into our mind, and second stage was adding a necessarily useful
component into it that can be beneficial in the future and for common people, falling into the
current trend was that of hybrid system so we ended up planning to assemble a motor unit into the
cycle drive. There were many issues that came up while making such a system major one of them
being the power of the motor to be used, since no such previous systems were made, we could not
predict the type of motor which we should go for. Second thing being the weight factor, the
addition of extra weight on to the system, which can cause discomfort to the rider while normal
pedalling. Third was the type of battery to be used, we should go for a battery that has longer life,

economically viable, and also has less maintenance issues [15]. Fourth issue was that self-

recharging a battery with a motor alternator unit that too with the simple cranking motion of the

cycle was not viable, we had to utilize a mechanism that can come in handy here and that was by

using the flywheel rotation technique.

Input
CHARGER STORAGE PMDC
~ BATTERY MOTOR
AC DC r
LOAD BICYCLE

Fig. 3.1: Block Diagram for Electric Powered Bicycle

3.1.1 Mechanical design

The basis of this paper is to

components within the block diagram. I

construct a system for an electric bike. There are many key

t consists of a battery, a motor controller, a Hub motor

2 11
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3.2 Energy Analysis

Previous studies provided an insight into the average daily consumption of an average
male as 2440 keal, this is about 119W of power in, 10.299MJ or 2861 Wh of energy every single
day. This is approximately the same amount of energy stored in the typical car battery (2400Wh).
The primary fuel used in the production of human power is consumed food. The human body
utilizes energy stored in the chemical bonds of consumed compounds such as carbohydrate,
proteins, fats and fibre to fuel metabolic processes. These processes include basal metabolic
function that sustain life, and advance metabolic function used during physical activitics [16].
Food energy is commonly measured in the empirical units of Kilocalorics (Kcal) or food calories
(C), 1Kcal is equivalent to 1C. In the metric system, is measured in Joules, where 1C is equivalent
10 4184J.

3.3 Design Analysis

3.3.1 General design considerations
Generally, the design of this system depends primarily on the ratings of the DC permanent
magnets which produce the DC and the required output power. The output power to be produced
affects the dimensioning as well as the input parameters like torque, speed, cte. In light of the
above constraints, the following design considerations and assumptions have been made for this
project design
1. Sizing and cconomic considerations: This system is design to compact in consideration
of the power requirement as well as reduction in the cost of fabrication. For affordability,

the device is relatively small.
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2. Safety Considerations: This system is design in such a way that women and children can
use it for sustained period of time. It preserves the safety of our immediate environment
from noise and air pollution because it’s noiseless and smokeless. Stability ol the unit was
also considered to ensure that the equipment remains upright at all time, i.c. it should not
drift or bend to one direction and it should remain stationary.

3. Ergonomics: The ergonomics aspect has to do with optimizing the physical contact
between human and the equipment [17]. Four important arcas of bike crgonomics are
usually considered:

« The strain of the arm and shoulder
» The muscle support and the position of the lower back
« The work of proper pedalling
* The crank length
4. Technological consideration: The design of this system is well considered in such a

manner that it can be produced within the technology of our immediate environment.

3.3.2 Frame design

It is the skeleton of the vehicle which acts as the back bone of the vehicle and supports and
unitizes the body parts of the vehicle. It also provides good handling and safety. A vehicle such as
an electric vehicle draws an advantage if it is light in weight. The Frame of the vehicle must be
designed such that it must be able to accommodate the battery pack. The vehicle draws its main
structural rigidity from the frame and it’s supporting members on which all components arc
mounted. One of the key elements of the design process of objects under cyclical changing
loading is the knowledge of service load history. Bike frames encounter a complex sct of stresses
which in most cases cannot be calculated by hand [18]. Therefore, in designing a frame, engincers
usually make use of an older design which has proven reliable as a starting point.

Frame Dimensions:

To ensure the safety of the user and promote efficient cycling, the dimensions of the bike
and cyclist must be taken into account, along with the amount of lateral and vertical clearance
needed, in the planning and design of bicycle facilities. The dimensions of a typical bicycle are a
handlebar height of 0.75 - 1.10 m (2.5 - 3.5 fi.), handlebar width of 0.61 m (2 ft.), and bicycle
length of 1.5 - 1.8 m (5 - 6 ft.). They often provide little traction. The general dimensions adopted

for the design was (1200 x 200 x 860) mm.

Dept. of EEE, Dr. TTIT, KGF 13
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3.4 System Force Torque and Power Input

This system is designed assuming the average mass of 65kg and pedalling time as 60mins.

Irom reviewed literatures, the pedal input force, torque and power can be computed as below:
Input force

=

Tt (3.1
Input Torque
T=FxR 3.2)
Input Power
p=2" (3.3)

Where m = mass in Kg, v= velocity in m/s, t= time in seconds,

f= force in newton and N= speed in rpm

Pedal Mechanical Efficiency

Using the volume of oxygen consumed during exercising, the persons overall or gross mechanical

efficiency can be computed as follows:

power output = T; * 2mtr x N (34
This power output is equivalent to 2.1Kcal/min

Pedal power input = P in pedat = VO2/min * 5kcal/VO2 (3.5)
Expended Power in the Pedal system = Pout - Pin

efficiency = %‘f * 100 (3.6)

3.5 Slope Angle
The dynamics of a conventional bike system is first considered as shown in Fig. 3.2. From
the point of view of control, there are two components of interests: the road load and the

transmission mechanism [20]. Under the assumption that the bike system moves straight, the

balance of the force acting on the bike yields the road load equations as:

Longitudinal: Fy — Fr — Fy — (M +m)g sinf
3.7)

Rear wheel: 5— — Byheetw — FrRR = Ia
Front wheel: FpRypeet — Bwheet®@wheel = la

Where the parameters utilized for the model description are defined in Table 1. The subscript i=F,

R denotes the front and rear wheels, respcctively.

g 14
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Fig. 3.2: Free-Body Diagram of Bike System

I
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Fig. 3.3: Equivalent Block Diagram of Bike System

Table 3.1: Parameters in bike system

Symbol Quantity
Mm Mass of bike and cyclist, respectively(Kg)

f_hm_ e ér%‘\:'i'tht'ibﬁzil aécelcralion(tu%cﬁ)

f}f‘jﬁl_ radius of wheel(m)

L ¥y mh&aﬁiﬁih‘gréoeﬂ’lcicnt of wheel

6 Slopeangle(degree)

Lﬁ_\\\ speecmi";aytia B?&:inémiééibn SyStcm(rpm)

—
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5 = frictional force(n/m), wind resistance (0hm)
. longitudinal and angular accelerntion(radinnce/sec?)
angular velocity of wheel
{I)u"""l
e B cquivalent moment of inertin and damping coelticient
load torque(nm)
Tl«ﬂ‘i

3.6 Gear Ratio

The gear ratio is the ratio of the angular velocity of the input gear to the angular velocity of
he output gear. The gear ratio can be calculated directly from the number of teeth on the gears in
the system. This system is made up of 2 stage gear systems. The teeth on gears are designed so
that the gars can roll on the chain link smoothly without slipping [21]. The number of teeth on
gear is proportional to the radius of its pitch circle, which means that the ratios of the gears’

angular velocities, radii and number of teeth are equal. Mathematically

WA RB____NB=D_B 3.9)
25 Ra_Na_ Da 3.

where wa, ®p = angular speed (ohm) of sprocket A and B respectively
R4, Re= Radius (m) of sprocket A and B respectively

Na, N = Number of teeth on sprocket A and B respectively

Da, Dg= Diameter (m) of sprocket A and B respectively

3.7 Flywheel Design

Flywheels are designed to store and release kinetic energy. A Flywheel is disc-shaped, and
true to its weight on all sides and locations of the disk. The flywheel is designed to provide a
steadier flow of momentum. The size and weight of the flywheel will determine the amount of
energy that can be produced from peddling the bike. The mechanical advantages of using a
flywheel is that its energy output is consistent and, depending on the size of the flywheel, it is able

to store and release great amounts of energy even after the peddling has ceased. The Kinetic energy

stored in the flywheel is given as:

K;::.;.,,,,,a, (3.10)

——
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vhere | = polar moment of inertia
\Whets

— angular velocity of the flywheel
o=

7o tYPES of flywheel are available: Heavy and light flywhecl

g) Heavy Flywheel will take much more effort to get started but will be able to provide the

steadiest flow of energy once the heavy weighted disk is in motion. The disadvantage in

using a heavy flywheel to power a mechanical device s the individual peddling the bicycle

would also have a hard time getting the wheel’s momentum engaged and would require
more energy input than is required.

b) Light Flywheel will be easy to engage through peddling power. The amount of
momentum 1S not as great as a heavier flywheel but will be sufficient cnough to rotate the

pulley of the DC permanent magnet without causing much stress on the individual, A

flywheel weighing about 25-35 pounds is light enough for an individual to mechanically

power.

In the light of the above, the light flywheel scored higher than the heavy flywheel [21]. Because
the aesthetics of the drive is not crucial to the appearance of the design project in general, the use

of the light flywheel for the final design is chosen over the use of the heavy flywheel.

3.8 Belt Selection

There are lots of factors to be considered when selecting the type of belt to be used;

o The speed of the driving or driven pulley
¢ The power to be transmitted,;
 The centre distance between pulleys
¢ Speed ratio
¢ Service condition
Considering the above, timing-belt will be used [22]. According to Khurmi and Gupta (2012), in

analysing, the following design equations are used to generate the parameters needed for the belt

design;
Length of the belts:
L = E D (D“d)z
7 (D +d) +2C +— (3.11)
\
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pelt Centre Distance:

d)d
gzZJ(D+ ) (3.12)

where; L= Jength of the belt

D diameter of big pulley in m
{ = diameter of small pulley in m
_ centre to centre distance inm

C
Angle of lap (arc of contact) in degree

4
g = (180 — 2a) 7o (3.13)

Belt speed

The velocity at which a belt travels may be expressed as:
V=—"r- (3.14)

V= velocity in m/s
N = speed in rpm
Belt tension:

When a belt is fitted around pulleys, it is given an initial tension which only exists while the
system is at rest. Since the belt continuously runs over the pulleys, some centrifugal force is

caused whose effect is to increase the tension on both the tight as well as the slack sides [22]. The

belt tension can be obtained from the following relationship.
P=(T,-T,)V (3.15)

2.3109% = ua (3.16)

Where: P = power of motor

T1="Tension on the tight side (resisting side) in newton
T2=Tension on the slack side (pulling side) in newton
Ve Velocity of the belt in m/s

p= . . betesbon.
coefficient of static friction in newton
\

D
®PL of EEE, pr. TTIT, KGF

12



oo\ OF ELECIRIC POWERED BICYCLE
pESIC 2019-20

= contact angle in degree

3.9 Chain Drive Selection

rder 1© select a chain drive, the fl““m\'ing essential information must be known:

In0
o The power to be transmitted
o The speed of the driving and driven pulleys
To calculate the:

pitch of the chain

2a(R41)
pa T +T: (3.17)
Centre distance

r\hi 30

-t (3.18)

Length of chain

P G mrr-w—-ﬁmsrcl—e)
L:;(t1+t2)+2X+i HXZ 14 1‘\ ll)‘
Which can further be simplified as
L=Y+2X+Z (3.20)

where, t; = Number of tecth on the driver sprocket
t2 = Number of tecth on the driven sprocket

P = Pitch of the chain

X = Centre distance inm

Y '“"E (& +1;)

P nm
TCosec—~

Z_(1 22 = -icoc =)
X

3.10 Shaft Design

The shaft used for this design was designed based on a shaft subjected under combined

bending and twisting moment [23]. The following parameters were assumed for the dexign

Dept. of EEE, Dr. TTIT, KGF
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ble working stress = 63Mpa: Maxi
) allowd & IMpa; Maximum shear stress = 420 1
o Mpa. Torque on the

1is qu'll to that on the small sprocket,
whee
iy :
. maximum tension (n) on the flywheel (pulley C), T3 = tensi o () on the lack
¢ ? mthe slack side of
" on (n) on the tigh o the
ﬂ owhee ol 137 Tension (1) ght side of the chain on sprocket, T's = Tension (n) on the slack
¢ ) 1€ S1ACK,

1 load on the flywheel, We=T) + T,

yerticd (3.21)

. 110ad on compound sprocket, Wp= T3 + T.
el 9 ! (3.22)

n the flywheel, T= (T; - T5) Wc

ing 0
Torque 218 (3.23)

gince the torque on both flywheel and sprocket is same,

T
T3 - T4 ks RD (3.24)

Horizontal load on shaft due to flywheel = 0

Horizontal load due to sprocket =0

Reaction on the bearing support

Considering the vertical load on flywheel

Ry + Ry = [Ty + T2] (3.25)
Reyx0.15 = Ty + T,x0.075

Bending moment at A and B

Mey =Ry + 0.075 (3.26)

MDV = RBV * 0.038 (327)
Maximum bending moment, M = Mc

Letd= diameter of shaft in m

Equivaleny twisting moment

\
D 20
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Jorr+ T?) in nm
Pl (3.28)
P
. ZytX d?
2~ 16 (3.29)
] ding moment
£ sivalent bending
1 ' 2 L 2 e .1.
y =i MVMEET J=3M+T,)]
and
714 3
——X0pX d
M=% (3.30)

311 Bearing Selection

Bearing dimensions have been standardized on an international basis. The dimensions arc a
function of the bearing bore and the series of bearing: Extra light (100); Light (200); Medium
(300); Heavy (400) [24]. In order to select the correct bearing for the design, the basic dynamic
radial load was calculated, multiply by the service factor. The mathematical relationship for the

bearing selection is presented below:

Service life

Ly = Years x 1 day x hrs/day (3.31)
Life of bearing in revolutions

L=60x speed x Ly (3.32)

Ly=life hours

3.12 Freewheel

A freewheel mechanism on a bicycle allows the rear wheel t
xhausting, because one could never stop

o turn faster than the pedals. If

there is no freewheel on a bicycle, a simple ride could bee
pumping the pedals [33]. And going downhill would be d

would turn on their own, faster than one could keep up with them.

ownright dangerous, because the pedals

Power Train of a bicycle: The power train of a simple bicycle consists of a pair of pedals, two

ne sprocket the front sprocket, which is mounted
is connected to the hub of the rear wheel. The

the front sprocket turns. The chain

Sprockets and a chain. The pedals are affixed to 0
t .
0 the bike below the seat. The second sprocket
chaj
2in connects the two sprockets. When you turn the pedals,
\
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Fig 3.4: Freewheel

Now when forward movement it required, the pa s like 2 bk wnd yeas Verked with

the teeth called ratchet and transmits the torgue. The comples mechznism is cilled rche 2o
pawl mechanism.

But when pedal is reversed, it falls back and becomes “free”, A spring preverts it from

falling permanently. This is the reason why you hear the distinct *ick-click” sound when you

reverse pedal, Also, there are multiple “pawls” placed along the circumference Lo,

3.13 Battery Selection
The battery is selected based on the amount of time v/ med 1o operae the system 2 full
load, Generally, the relationship between the energy stored in the battery and the time of discharge

is pi 3
Sgiven by the expression below:

Power - -

wwer = Voltage x Current (Watts] -

E 4 — ‘ 4
erey = Current x Time [Watt-hr| it
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e equations to calculate the range frp
. following q g M amperage and voltage:
1= B

o pours) XV volis) = Wh (Want hoyrs)
g falde

FLIS (3.33)
,qV. 10Ah battery with 480 Wh.

gkt 3™

. L Yyye,d .
- = Work/ t(rime) in wan ’
P (3.36)
_ork = Force X distance

! (3.37)

N mass X (2(‘4_‘&’!1‘7‘0!1-012 in n

fant (3.38)
_ - .

e = Wh/ Force inm .

[ (3.39)

Flectric bicycles are often restricted 10 a speed of 30 km/p across level ground. A larger wattag
. < - 4 2T warttage
rases the range and can increase the uphill torg -

1ncdv

ue; however, a larger wattage does
inerease the maximum speed which is restricted.

S not typically

From the previously listed equations, a 480Wh battery can roughly provide a range of total 53 km
Table 3.2: Available Battery Types

' POWER

- TRAIN ADVANTAGES DISADVANTAGES

167" TYPE |

.

| * Inexpensive and simple t0 * Nottobestoredina

| ! manufacture discharged condition

! ¢ Mature, reliable and well-known * Low energy density: poor
| Lead- Acid technology weight to energy density

| (sealed) * Low self-discharge: the self- * Environmentally

| discharge rate is among the lowest unfriendly: the electrolyte
1 in rechargeable batteries. Capable andihe lez_ad contentcan

| of high discharge rate ause environmental

: g g S damage.

?\\\

; * Highest energy density to weight
| ratio
* Eliminates need for periodic care

for a long life e All lithium-ion

= . 1 . technologies require a
“ Lfthmm-lon g m OL LS protection circuit to prevent
| * Achieves a better cost- overheating

? ‘ performance ratio for battery
packs in series than for single cell
; * Isarguably better for the
environment, from a raw
\ aterials viewpoint, to other

o

¢ Can damage easily by over
charge or discharge

b
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)
/m l

/ A Lj-ion-Cobalt is the most ! |
developed Li-ion technology, with !
flexible shape options i |

/ ,_ Fast and simple charge even after
prolonged storage ~

o High number of charge and | ® Rcla%ivc]y low: energy ;
dls?ha(ge cycles if properly dc:m'ny when compared j
maintained with newer systems i,

o Good load performance: the | ¢ Memory cﬁ"@ the NiCad
NiCad allows recharging at low | must periodically be ;
temperatures exercised 1o prevent

o Long shelf life in any state-of- memory i

' charge ¢ Environmentally unfriendly |
icad . Forgiving if abused the NiCad is the NiCad conta)ins glfirédb |
one of the most rugged metals |

rechargeable batteries » Some countries are limiting

+ FEconomically priced: the NiCad is the use of the NiCad |
the lowest cost battery in terms of battery ?
cost per cycle. o Hasrelatively highself- |

o Available in a wide range of sizes discharge needs recharging
and performance options after storage 1‘

/ . .

o 30%-40% higher capacity overa * Limited service life—
standard NiCad. The NiMH has shallow rather than decp
potential for yet higher energy discharge cycles preferred
densities. . R}?Peatﬁd discharges with

o Less prone to memory than the high load currents reduce
NiCad. Periodic exercise cycles the battery ’s cycle life
are required less often « High self-discharge: NiMH

NiMH o Environmentally friendly: has abfmt 50% less stored
contains only mild toxins; shelf life than NiCad
profitable for recycling e Performance degrades if

o NiMH generates more heat during stored at elevated
charge and requires a longer te{nperat-ures 9
charge time than the NiCad » High maintenance: i e

«  About 20% more expensive than regular full dlSC-haI geto
NiCad prevent crystalline

S formation <2

2sed on the information listed in Table 3.2, Lead acid/SMF battery and Li-ion battery is selected.

Y| A
3.18ealed maintenance free (SMF) battery

Se : ) )
aled Maintenance Free batteries are widely used wh
it is used because of its maintenance

ere minimal maintenance and space

Tquirem
¢ . 5 -
nts are the main considerations. In UPS systems,

free ang :
eco-friendly features. SMF batteries do not require water and acid top up and are totally

\

D
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_There is no water loss during
ee uring the charge- discharg
3¢ cycle and th
rks

e’ o
en recombination principle [26]. SMF battery i al
s also called a
s
Valve Regulated I.cad

oxY
g JyRL A pattery

1 of
oid ° i !
A £ attery is totally maintenance free and has |
onger cyclic life, thus
compensating the

sM :
. per cOS® One of the important aspects of battery life i
ry life in relation to the use of
of equipment is

, 8
o g voltag®
i ,acut off volt
ke 1 50Ah age less than 10.5 volts can shorten the lif
ife of the batte
ry. If the

ft i
: oltag® 158

set in the equipment. F
or example in inverter system
s using high
current

of as 11.5 volts, it will i
increase the battery life since the batt
ery is not enterin
g

Fig 3.5: SMF battery

ination occurs in the Positive plate as per the following
=]

In the gMF batterys the chemical recomb

gquation

Ho= 1,02t JH++ 2¢

n occurs as

In the Negative plate; the reactio

2pb+02=2Pb0O

PbO + HaS0s = PbSO4 + H20

PbSO4+2e- + 2H+=Pb+ H ,S04
m the positive plate recombines at the

cumulation inside the

oxygen evolved T0
n of hydrogen: This prevents gas ac
ere is nO free acid of

During the chemical reaction,
Eco-friendly [26]. Moreover th
is an Absorbed

:egative plate and suppress the formatio
att
ery. So SMF Battery is clean and



| 48 " Fb,Lr‘L‘n,\_,; hlienhinstadiidc =k ¥ 57 A
GN O
e 2y

r to avoid excess pres
' In Ofde p sure and bal‘tery exp]OSiOD, vent Valves are pl‘OVided t 1
essure inside the battery. RIEIAsE

he P

o poﬂam features of SMF battery are:
The”

|, Ttis compact and can be oriented in any position like vertial, horizontal e

). There s 0 fame or smell from the battery since the acid j in gel form

ttery can be installed j ; .
;. The battery - . ed in the €quipment prior to transportation since there is no
leakage or water spill during transportation,

4, More economical than any other forms of battery.

In order to increase the life of battery, it is hecessary to monitor the battery performance
constantly. Here are some tips to optimize the battery performance

1, The SMF battery should be placed in well-ventilated area to avoid high temperature

environment. With each 10 degree rise in air temperature, the float life reduces to half. If
the battery is installed in equipment, it is necessary to isolate it from heat generating

components like transformer.

7. In order to prevent deep discharge, it is necessary to set the cut off voltage to 11.5 volts in
12 volt battery and 4.5 in 6 volt battery.

3. Tt is necessary to prevent no load battery drain [26]. The additional components of the
equipment such as sensors, displays and indicators consume power in the no load

condition. So if the equipment is not provided with automatic charging, this power loss

leads to deep discharge.

4. Boost cum float charging is suitable for SMF battery. If the power failure is frequent, the
battery should be charged immediately to acquire full charge before the next power failure.

5. If there is any problem such as low backup time, battery heating, low terminal voltage even
after continuous charging develops, the battery should be attended immediately.

6. If the equipment is not using for long time, it should be charged once in every week. If the

battery is allowed to charge and discharge frequently, its life can be extended to 3-5 years.

3.13.2 Lithium-ion battery

Li-ion batteries, as one of the most advanced rechargeable batteries, are attracting much
attention in the past few decades. Li-ion batteries are considered the powerhouse for the personal
digital electronic revolution starting from about two decades ago, roughly at the same time when

Li-ion batteries were commercialized.
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A Li-ion battery is constructed by connected basic Li-ion cells in parallel (to increase

current), i series (to increase voltage) or combined configurations. Multiple battery cells can be
imcgrﬂted into a module. Multiple modules can be intergrade into a battery pack [27]. The
clectrodes are isolated from each other by a separator, typically micro porous polymer membrane,
which allows the exchange of lithium ions between the two electrodes but not electrons. In
addition to liquid electrolyte, polymer, gel, and ceramic electrolyte have also been explored for

applications in Li-ion batteries. Figure 4illustrates the basic operating principle of a typical Li-ion
pattery cell.

7

Fig 3.6: Illustration to show the basic components and operation principle of a Li-ion cell

The commercial cells are typically assembled in discharged state. The discharged cathode
materials (e.g.,LiCo0O2, LiFePO4) and anode materials (e.g., carbon) are stable in atmosphere and
can be easily handled in industrial practices. During charging process, the two electrodes are
connected externally to an external electrical supply. The electrons are forced to be released at the
cathode and move externally to the anode. Simultaneously the lithium ions move in the same
direction, but internally, from cathode to anode via the electrolyte. In this way the external energy
are electrochemically stored in the battery in the form of chemical energy in the anode and cathode
materials with different chemical potentials [27]. The opposite occurs during discharging process;
electrons move from anode to the cathode through the external load to do the work and Li ions

move from anode to the cathode in the electrolyte. This is also known as “shuttle chair”

—
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e anism. where the Li ions shuttle between the anode and cathodes during charge and
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gischarge cycles.

Tips for extending life cycle of the battery:

T~ Try not 10 discharge the battery below 20%. Deep discharge makes the battery too difficult
1o USE and reduces 1ts capacity in future. A lithium battery starts to oxidize, which has a negative

(ffect O capacity as well as battery life. In the case of switching off (e.g. in winter), it is

rccommendﬁd that the battery be fully charged at lcast once every 90 days.

Tip2- Do not charge the battery immediately after riding. The battery should cool down before

charging. If we start charging a heated battery, it will not be able to cool down at all, and
degradation will be much faster.

Tip3-Do not fully charge the battery if it is not necessary. When charging the battery above 80%
of its capacity (around 40V), the internal resistance of the battery increases, the battery heats up

more and this significantly accelerates the degradation process.

Tip4 - Avoid extreme temperatures. High temperatures and frost affect performance and shorten
pattery life. Never store the battery outside where it will be exposed to temperatures below 0°C.
Similarly, we recommend not storing the battery at temperatures above 30°C. Furthermore, avoid

long parking under direct sunlight.

3.13.3 Comparison between Sealed Maintenance Free (SMF) battery and

Lithium ion battery
Table 3.3: Comparison between SMF battery and Lithium ion battcry

Characteristics VRLA lead acid/SMF Lithium-ion (LINCM)
Energy Density (Wh/L) 100 250
Specific Energy (Wh/kg) 40 150
Regular Maintenance No No
Initial Cost ($/kWh) - prices are
only a market average and 120 600
| cstimate
Cycle Life 1,000 @ 50% DoD 1,900 @ 80% DoD
M state of charge window | 50% 80%

——
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300

Lithium-ion has signiﬁcant]y higher cycle life than lead acid in deep discharge
3pplicaﬁ ons. The disparity is further increased ag ambient temperatures increase [28]. The cycle
rge (DoD), discharge rate,
of these factors.

lfe of each chemistry can be increased by limiting the depth of discha

and temperature, but lead acid is generally much more sensitive to each

In the figures below, AGM refers to a lead acid battery.

Moderate Climate, Cycle Life comparison

T

c

2

s e Lithivm 75%
v

¢ —AGMS80%
2

F = = AGMS0%
[

R I . S T AGM30%

0 500 1000 1500 2000
Cycle Number

Fig 3.7: Life cycle comparison in moderate climate

In hot climates where the average temperature is 33°C, the disparity between lithium-ion
and lead acid is further exacerbated. The cycle life for lead acid (flooded and VRLA) drops to

30% of its moderate climate rating while lithium-ion will remain stable until temperatures
routinely exceed 49°C.

———
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Fig 3.8: Life cycle comparison in hot climate

Analysis indicate that lithium-ion has an 18% higher lifetime cost when compared to lead
qid in moderate climates, but is much more cost effective in hot climates [28]. There is a
sienificant arca of the world that sces average temperatures high enough to decrease the life of
lead acid batteries. A factor not represented in the figure is that the battery systems are often
housed in enclosures that see internal temperatures 10°C higher than the air temperature due to
solar insolation, which would further decrease the performance of lead acid. The average
temperature is also not completely representative of how much time is spent at extreme
temperatures where the degradation accelerates in lead acid systems (e.g. one hour spent at 40°C
and one hour spent at 20°C has a worse impact on the battery compared to two hours spend at

30°C)

Another critical consideration for lead acid is how long the system will take to discharge.

The shorter the discharge period, the less capacity is available from the lead acid battery.

A 100Ah VRLA battery will only deliver 80Ah if discharged over a four hour period. fn

Contrast, a 100Ah lithium-ion system will achieve over 92Ah even during a 30 minute discharge.

As shown in the figure below, this condition makes lithium-ion very well suited for applications

Where fu]) discharge occurs in less than eight hours.

\
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Capacity vs. Discharge Rate
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Fig 3.9: Comparison of Capacity vs Discharge rate

3.13.3.2 Environmental impact

Lead acid batteries compare poorly to lithium-ion with regards to environmental
griendliness. Lead acid batteries require many times more raw material than lithium-ion to achieve
he same energy storage, making a much larger impact on the environment during the mining
process. The lead processing industry is also very energy intensive, leading to large amounts of
pollution [28]. Although lead is highly hazardous to human health, the manufacturing methods and
battery packaging make the human risk negligible.

Lithium is not without its own environmental problems. The major components of a
lithium-ion cell require the mining of lithium carbonate, copper, aluminium, and iron ore. Lithium
mining specifically is resource intensive, but lithium is only a minor portion of the battery cell by
mass, so the aluminium and copper environmental impacts are much more significant. The
lithium-ion recycling industry is only in its infancy right now, but the cell materials have shown
high ability for recovery and recyclability, so it is expected that lithium-ion recycling rates will

rival lead acid.

3.133.3 Safety

Lead acid and lithium-ion cells are both capable of going into “thermal runaway” in which
the cell rapidly heats and can emit electrolyte, flames, and dangerous fumes. The likelihood and
“onsequences of an event are higher for lithium-ion as it has a higher amount of energy in a
Smaller volume, Multiple cell and pack safety precautions are taken to prevent trigger events, such

8 short circuits and overheating, but incidents still occur.

\
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Life cycle analysis

1334
3 4 study was performed by Stanford scientists to calculate the carbon footprint of grid-scale
pattery echnologies. To quantify the long-term energetic costs, Barmnhart and Benson caml: ‘uP
aiinanew mathematical formula they dubbed ESOL. or energy stored on investment. "ESOI is the
smoust of energy that can be stored by a technology, divided by the amount of energy required to
puild that technology,” Bamhart said. "The higher the ESOI value, the bettcr' the storage

ochnology i energetically.”

Of the five battery technologies they researched, Lithium-ion batteries were the best
performers; with an ESOI value of 10. Lead-acid batteries had an ESOI value of 2. the lowest in
ihe study [28]. "That means a conventional lead-acid battery can only store twice as much energy
25 WaS needed to build it.” Barnhart said. "So using the kind of lead-acid batteries available today

to provide storage for the worldwide power grid is impractical.”

Additionally, the best way to reduce a battery's long-term energetic costs, he said, would
be to improve its cycle life — that is, increase the number of times the battery can charge and
discharge energy oOver its lifetime. Lithium-ion was the best at 6,000 cycles, while lead-acid

technology is at the bottom, achieving a mere 700 cycles.

3.14 Permanent Magnet Dc (PMDC) Motor

A Permanent Magnet DC motor (or PMDC motor) is a type of DC motor that uses a
permanent magnet to create the magnetic field required for the operation of a DC motor. Asitis
indicated in name of permanent magnet DC motor, the field poles of this motor are essentially
made of permanent magnet. A PMDC motor mainly consists of two parts. A stator and an

armature. Here the stator which is a steel cylinder, the magnets are mounted in the inner periphery

of this cylinder.

The permanent magnets are mounted in such a way that the N-pole and S-pole of cach

Magnet are alternatively faced towards armature. That means, if N-pole of one magnet is faced

towards armature then S-pole of very next magnet is faced towards armature. In addition to

holding the magnet on its inner periphery, the steel cylindrical stator also serves as low reluctance

Tetumn path for the magnetic flux. Although field coil is not required in permanent magnet DC
motor but stil] it is sometimes found that they are used along with permanent magnet. This is

Pecause if permanent magnets lose their strength, these lost magnetic strengths can be

\
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field excitation through these field coils, Generally
» Tare earth hard m

n this permanent magnet. agnetic

Pcﬂsawd 4 :
o s are used
PMDC motor is simi
e fa 1s similar to other DC motor. The rotor
: or armature of

l 1 . 3
S

arnish insulated, slotted circular lamination of steel sh
eets.

By fixing these circular steel sheets one by one, a cylindrical shaped slotted
armature core

gt 4. The varnish insulated laminated steel sheets are used to reduce eddy current 1
s urrent loss in

gmalir®
are used fO

of permanent magnet DC motor. These slots on the outer periphery of the armatu
. ’ re core
r housing armature conductors in them. The armature conductors are connected i
ina

bl manner Which gIves T1se€ to armature winding. The end terminals of the winding are

connected to the
g,aphite prushes are p

commutator segments placed on the motor shaft. Like other DC motor, carbon or

laced with spring pressure on the commutator segments to supply current to

(e armature.
The working principle of PMDC motor is just similar to the general working principle of

nC motor [29]. That is when a carrying conductor comes inside a magnetic field, a mechanical

 will be experienced by the conductor and the direction of this force is governed by

for
ature is placed inside the

Fleming’s left hand rule. As in a permanent magnet DC motor, the arm
magnetic field of permanent magnet; the armature rotates in the direction of the generated force.
of the armature experiences the mechanical force F = B.LL Newton where, B

I is the current in Ampere flowing through
d. Each

Here each conductor
is the magnetic field strength in Tesla (weber / m2),
that conductor and L is length of the conductor in metre comes under the magnetic fiel

conductor of the armature experiences a force and the compilation of those forces produces a

torque, which tends to rotate the armature.

Fig. 3.10: Permanent Magnet DC Motor
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Advantages of 250W permanent magnet e-bike dc motor are,

, The size of these motors are smaller

o These motors ar€ cheaper

t need field windings, and they don’t have the copper losses in the field

+ These motors do no

circuit

315 Motor Controller

The electric vehicle controller is t
.mdlhe motor to control the electric vehicle’
in a gasoline-powered vehicle [32]. The controll
demating current (for AC motors only) and regulate

the carh
u i
ret or, the controller will also reverse the mo

he electronics package that operates between the batteries

s speed and acceleration much like a carburetor does
er transforms the battery’s dire
s the energy flow from the batte

tor rotation (SO the vehicle can go in
ed to

ct current into

ry. Unlike

Ieverse
). and convert the motor to a generator (so that the kinetic energy of motion can be us

techar
ke the battery when the brake is applied).
lers) and peripheral components

A COnt .
roller is composed of main chips (microcontrol
generator circuit, AD circuit,

(r eSiSlo
IS, §
ensors, MOSFET, et ) [35]. Generally, there are PWM
ocessing circuit, over-current

m“e .
T Circyj
uit Ny 2
, power device driver circuit, signal acquisition and pr

g,
Mder-vo]
ta P
ge protection circuit inside the controller.
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Fig 3.11: Controller circuit board

In the early electric vehicles with DC motors, a simple variable-resistor-type controller
sommoliad the aceeleration and speed of the vehicle. With this type of controller, full current and
~ower was drawn from the battery all of the time. At slow speeds, when full power was not
;ﬁj_aj_ 2 high resistance was used to reduce the current to the motor [32]. With this type of
s, @ large percentage of the energy from the battery was wasted as an energy loss in the

zswor. The only time that all of the available power was used was at high speeds.

Modem controllers adjust speed and acceleration by an electronic process called pulse
wiith modulaton. Switching devices such as silicone-controlled rectifiers rapidly interrupt (turn
o2 2nd tum off) the electricity flow to the motor. High power (high speed and/or acceleration) is
achievad when the intervals (when the current is turned off) are short, low power (low speed

=d'or aceeleration) occurs when the intervals are longer.

The PWM outputs a corresponding pulse waveform to the MOSFET drive circuit based on
the input of the throttle or PAS. The MOSFET drive circuit controls the turn-on and turn-off of the
MOSFET circuit to control the motor speed [35].The under-voltage circuit is to protect the battery
fom discharging when the voltage is lower than the controller set value, at this time the PWM

Cireuit Stops the output. The over-current protection circuit limits the working of the controller,

batery, motor at an over higher current.

3151 Functions of motor controller he electric
The core function of an electric bike controller is to take all the inputs from all the elec

i hould
“mponents (throttle, speed sensor, display, battery, motor, etc.) and then determine what shou

Signalled ip return to them (motor, battery, display).Other multiple protection functions of the

“O0toller will be different from the controller's design.

Follgus _
Uo“mg are some basic protection functions.
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chapte’ 4
MOUNTING OF THE COMPONENTS

Fig 4.1: View of PMDC motor fixed to the rear wheel of the bicycle
r The SMF batteries are placed on the rear rack of the bicycle. Four 12V SMF batteries are

used to power the motor, where two batteries are connected in series and further these two
serics connected batteries are connected in parallel combination forming a whole of battery

producing 24V. The connection of SMF batteries is as shown in Fig 4.4.

. = e
-,

Fig 4.2: SMF battery arrangement

To Study the performance of the bicycle when it uses Lithium-ion battery, the motor

eminals are connected to the Li-ion battery as shown below

\
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Fig 4.3: Li-ion battery experimentation setup

The batteries are charged using the power charger which is ns shown below

-

e e T ————

|

Fig 4.4: Bicycle Charger
» The throttle is fitted to the handle of the bicycle and the gear of the gear can be adjusted.
The power from the battery is used by the motor when the throttle is operated. The power

utilized depends on the extent to which the throttle is twisted.
The throttle mode is similar to how a motorcycle or scooter operates [30]. When

the throttle is engaged the motor provides power and propels you and the bike forward. A

throttle allows you to pedal or just kick back and enjoy a “free” ride!
E-bike is equipped with both the throttle and the pedal assist modes. The e-bike can
be operated in the pedal assist mode and then get an additional boost by twisting the

thrott]e, E-bikes have a throttle, which may conjure visions of a motorcycle’s twist grip,
but in reality s usually just a small electric button and also can be fine-tuncd like a volume

\
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Fig 4.6: 24V, 250W Controller
the wire types and wire terminal

The ¢ .

( ) ontroller consists of various wires and

DeCtor of the e-bik

e e-bike controller could be different in the different controller design.

“.0:1
ed the electric bike C " . sl
controller wiring diagram to ensure the right winng

motor, batterys brakes, throttle/

et
ons. M :
Leleragor ost e-bike controller will have these wires
or P - .
AS Pedal Assist System (some controllers have both types of WIres:
rs, such a8 Display

ng oflh
em ]
).Some more wires are found in the advanced controlle
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Fig 4.7: Wire specifications of the controller

The above figure shows the wiring in controller. The components such as throttle,

brake lever, front light, and hall sensors are connected/linked with the controller as per the

wiring specifications shown.

TheFig4.7 shows the view of bicycle after mounting all the components on it

Motor Throttle
Motor controller

T T aresh

Fig 4.8: View of Electric Powered Bicycle
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EXPERIMENTAL ANALys;g

= gcnefa]ized circuit diagram for the electric powered b
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i whole describes the motor controler connected wigg shovn in Fig 5.1. The

throttle ap
ine the voltage and current valyes that are used 1o d other Components.

otate the -
fo oer should be used. We have used two muyl; © wheel, ammeter ang

ol : . e the voltage ang curr
o 5.2 shows the experimentation setup made 1o conduct the ey ent

i

Periment,
Controller Input
Ammeter
Controller 4@-\
4
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Fig 5.1: Circuit diagram of electric powered bicycle

Fig 5.2: Experimentation setup
Pr Ucedure

" e conpact: . .
Nections are made as shown in Fig 5.1 where the multi-meters are connected in
s

CTies i
S With the controller circuit and in parallel with the PMDC motor accordingly. The

knoh
of the Multi-meters is kept at the DC point of both voltage (200V) and current (20A)

b
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fEEE, Dy, T




2017-4Y

Fig 5.3: Multi-meter
calculate the no. of rot

1. The number of time
ns the wheel is
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ure the rotation of the whee
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ses/cuts through the tacho

and
wheel. Tacho
radium sticker pas

mtal(.'d.

uring the rotation of the wheel

Fig 5.4: Tachometer meas
amount of current drawn for

5 isitwi i
Throttle is twisted/turned allowing the motor to rotate and the

a particular voltage is noted down along with the wheel rotation in RPM. The values are

noted untj i
ted until the maximum voltage is reached.

4 Th :
¢ same procedure is followed for Lithium-ion battery as well,
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) Comparison Of Batteries
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CONCLUSION

pese Semesters the electric bicycle project has provided an OPportunity to grasp th
rasp the

ing - : .
unfw}]at it means to Design a product. This opportunity allowed an initia) idea/goal to be
ope 0 : he idea develo :
i s g environment. T ped as research and various other information on

: M lf; . ptained. The goals were divided among the team members In order to meet the
,ﬁmp’c e fina project, progress was monitored weekly and individual goals were readjusted
. inefofwnh communication between the team, and hard work, the final objective was

d. gesien project provided the team with valuable experience in design and teamwork.

jed . )
i e team members to develop skills that will be useful in futyre endeavours, It is clearly
lfﬁﬂow

ot 2OV /
- s In this project we have successfully developed, analysed and brought a comparison
me;en o batteries (i.e. lithium ion battery and SMF battery) and we have plotted the
o g o0 o .

e characteristics of the electric bicycle by giving the proper inputs and mounting the

el equipment sand by using the Two batteries successfully driven the bicycle.

day the electrical bicycle gives a clean and more economical solution to the

In project phase 1 literature survey on Design of electric powered bicycle has been made.

\hodology has been identified and it is proposed to fabricate an electric powered bicycle during

e 2

il Benefits of Using Electric Bicycle
l) Assisted biking: E-bikes have what they call battery-powered “pedal assist.” Technically,

this is a machine integrated within the bike to give your pedalling a boost. This can reduce
stress and impact on your knees and thighs [34]. Say goodbye to sweaty rides. There are E-
bikes that have specific boosting technology that can assist you to conquer hills and
inclines, so you don't have to worry about any challenging terrain. People of all ages and
health can rige flawlessly and for much longer with an E-bike.

ot and flexible: The technology gives you the extra oomph you need to cover miles of
tistance it little effort. You can also still take advantage of the multi-purpose cycle lane
a-nd Paths that are traffic free, brilliant if you're living in a city to slash your commute
= These are getting more and more popular in cities as governments and councils urge

Rople to give up their car.

J
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durabilit)’ of an E-bike without anyone being the wiger
g [0V ﬁmess.' According to a study of scientists at Switzerland's g
" .o is just as good as regular bi . § University of B

/ g-bike 15 gular bikes at Improving fitnegg, e

jing & : o .

di £ ke is pedal assisted, it's still an exercise after a] and the fAlthough cycling
retore good for

your

i '
and physically. :
pealth both mentally pay y. If you are more into fitness, there

: If you use the E-bike i :
! Cu!s-off expenses: 1LY Instead of a motor vehicle it will save you mone
y

i ; are :
Je for exercise, try looking at and comparing these before purch customizable
rchasing,

i the 1008 run. Petrol and diesel are costly in most countries, and occasional price
surges

an really impact on your budget. While with E-bikes, you can buy affordable batteri
eries

ichan [ast you 18-50 miles after a full charge depending on the level of assistance yo
u

156
) The

vehicles,

e the future of transportation: We have all seen it in sci-fi movies. Sleek and sexy
none of which look old, bulky or have jets of smoke coming out the back, un-

futuristic fransportation is no longer being made. The electric bike is on its way to being up

ihere with its smart counterparts. Considering that this invention will improve continuously

over time, what we have now might be the prototype of this promising transport. Many

countries in Southeast Asia took the lead in using E-bikes as sustainable mode of

mnsportation, and with the continuous rise of urban air pollution, there is a big future for

E-bikes.
) Nature-friendly: Climate change and global warming are serious issues and we all need to

play our part. We might be facing our last stand to save our dying earth, and we can all

wntribute to this, E-bikes emit lower pollution per kilo meter than motorcycles and cars.

Youcan help by using an E-bike instead of a petrol or diesel car. They use energy with an

wverage rate of 100 to 150 watts compared to 15,000 or SO for a car. As a result, this can

klpto improve air quality.
Wi :
e variety of designs: With technology, €ve

Mar " . . :

ketab‘]lty of bikes increases, companies produce a varie

adcco :
MMmodate your needs. If there isn't the perfect one out there right now,

and as the

7) Il
rything is almost possible,

ty of designs that can
you can be

I
Pretty sure there will be soon.
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t : )
isf’dvan ot investment: It’s not uncommpop for people leammg about electric
ot W7 be surprised by the cost of an e-bike, e
6} S;gﬂ’ﬁc pe first time t0
t

h typically ranges
J $1,000 to $10,000. And while there’s no getting aroupg

" the fact that using
kS

\Vhere .
ke requl

e-bl urchase a high quality electric bike, there are relati
y ne money top
gt !

5 te it. Similarly, the cost of purchasing an electrig bike is actually not tgq
5 erate 1t. : .
required to 0P ared to what it costs to buy a car or even a b gh-end bicycle,
hen comp
pod ¥

ventional bikes: Even after dramatic improvements i e-bike
on
an ¢

from

a significant upfront investment, the good news g that once you've
res

vely few expenses

)

d components, electric bikes remain noticeably heavier thap conventional
iag AN co ’

hnol0gies

teC:

This becomes a problem primarily when you’re trying to transport the bike
34]- ,
picyeles [ u're out on a ride and the battery dies.
0
or wheny

ing
3) Charg

d range: To make sure that the pedal assistance does not unintentionally
time an . .
i be charged regularly. Basically,
f the e-bike needs to
e battery O

this is not a
stops th ifficult task, but you need to remember doing it early enough. Once empty,
patialary e 1 t’one up to four hours to fully recharge again, Therefore, always
: takeiha; r::e of your e-bike. However, depending on the kind of battery, the
fecp an €Y€ ON

Ily, this should not be a real problem.
to over 140 km, so usually,

{ Future Scope

g‘ = i 1 Start u S llke
gy r m rc E ) ) g

‘Make i 1a’ initiative.
nd Yulu adding to influx, backed by the government “Make in India’ in

ic vehi uction up to 30% of
Government of India has fixed a target of taking electric vehicles productio hup v
two w % . The sector h
0 wheelers and cars by 2030, from the current stand of less than 1% . The

it by the hike in fuel
immenge Scope since middle and lower income groups are often hit by

: itch’ etrol & diesel-run
Pites and. henge are most likely to make the ‘Big Switch’ from p
“Womobiles 1, EV’s,
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