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Abstract

This thesis aims to study the feasibility of using energy generated by the physical activity
of children playing in playgrounds. More particular, the goal is to generate clean energy
by playing games and showing them the effort about how energy is produced.

The ease of turning on lights or using electrical appliance by simply pushing one button
causes unawareness of the actual effort and negative impacts of the generation,
transmission and distribution behind energy sourcing. The idea of this study arises from
the concern of the damage that has already been caused to the environment by the
excessive use of the main energy resources. The different prototypes presented in the
following document are based on the mechanical swing operation, merry-go-round and
the piezoelectric tiles; energy sources that are not typically utilized on this matter. The
intention is the usage of human mechanical force, in this case the physical activity of
children, to generate electric current, which would be stored, sent to the grid or used
directly in parks at night or in surrounding houses.

The main idea behind this project is to change the view on energy generation in order to
avoid further environmental damage. To ensure long-term success children must be well
educated e.g.: by designing an educational municipal or local playground, where they can
gain first-hand insights of the process of energy production while they are playing, losing
weight and feeling good with themselves.

Language: English / Key words: Environmental, sustainable, mechanical, new alternatives.




PREFACE

The presented thesis has been carried out to obtain the Double Degree title in
Environmental Engineering and Mechanical Engineering. The main topic is based on a
feasibility study of to generate clean electricity with energy derived from the physical
activity of children in playgrounds in parks or schools.

This project showed a good way to pair both bachelor programs. On the one side, this
project used previously acquired mechanical knowledge such as calculations and physics
theories, and software’s like SolidWorks 3D CAD and AutoCAD. On the other side, in the
field of Environmental and Renewable Energies are the concepts about renewable
resources as well as several concepts that have been applied to ensure a cleaner and more
efficient way of energy production. Furthermore, it shows a ‘green vision’ to generate
electricity for the population.

This thesis has been divided into two parts.
The First Part contains General Introduction collected in three chapters.
Chapter 1 introduces the main concept of Energy and Energy as a Resource.

In Chapter 2 and 3 the main topics of this project are developed, as which mechanisms
are going to use in the designs.

The Second Part contains the main objectives of this project and three more chapters that
collect the Research work.

Chapter 4 shows the first mechanism of entertainment for children: The electrical
generator Swing which the design of it is explained.

The Chapter 5 is about the mechanism known as: Merry-Go-Round that explains the
function of the design of the mechanism, which collects electrical Energy to use directly
or to store it.

Chapter 6 looks on a different way to gain energy from the habitants such as when they
are walking.

Finally, the final conclusions are listed of the investigation project and the appendixes.

‘The Earth provides enough to satisfy every man's need but not for every man's greed.’

Mahatma Gandhi
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First part. General Introduction

1. Introduction

Generating clean electricity is constantly developing through multiple projects and new
mechanism operating around the world. Despite this, the use of these mechanisms is still
in process. Gradually, these mechanisms are more frequently developed in more and more
countries. The majority of these projects are still in the design stage, but it can be seen
that these have already been applied in underdeveloped countries, for example in Africa.

It is generally known that children have unlimited energy. This energy could be used in a
different way than just having a good time or running. We have often heard that children
never get tired of playing and adults usually demand them to sit still and not to disturb,
however what would happen if the energy that children use playing is harnessed to
generate electricity? The idea is to use children’s playgrounds outdoors or in local
elementary schools to produce energy in form of electricity.

First of all, a study to design a model of a traditional swing which could generate either
electricity in alternate current (AC) or continues current (DC), depending on the use that
is wanted, like for example the main purpose, illuminate the parks (AC) has to be made.

Next, there is the design of a traditional merry-go-round that can produce electricity in
both ways. There are many projects related to this children game, many of them in
underdeveloped countries. Nowadays it is still built in Africa, to provide electricity for
flashlights enabling children to study at night.

Nevertheless, this project about the merry-go-round focuses on trying to generate
electricity either in DC to charge mobiles, tablets, etc. or in AC to help to illuminate the
municipal or school playground. Finally, a more recent technology is in continuous
development for many companies, piezoelectric tiles are studied. A design with these
piezoelectric plates is presented, covering the entire playground floor to generate
electricity.

Furthermore, it has a positive influence on the children’s live by designing an educational
municipal or local playground where they can feel involved in the process of producing
energy while they are playing, losing weight and feel good with themselves.

Constantly, media says that children are the future. This thesis takes advantage of these
words making this project to increase the general motivation of the people. Here,
producing energy in a useful mode while keeping the users enjoying their time.

Novia U.A.S
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Thinking about that approximately one calorie is equal to 4.18 Joules (J), and one child
tends to generate roughly 2200 calories/day, this is fascinating from a perspective of
energy sourcing, although much of these calories are used for biological functions. This
project is associated with energy and how it is possible to source energy in a clean way,
but “What does energy mean?”

Energy is defined as a property associated with the substances and objects that are
appearing in the transformation. These occur in nature, in physical changes such as
transport, lift, deforming, heat an object or chemical changes such as melting a piece of
ice.

The main sources of energy of our ancestors were the strength of men and animals,
however with their ingenuity they developed some machines to take advantage for grind.
For example the cereal with the hydraulic force, obtain heat by burning wood, windmills
etc. The big revolution came with the steam engine from the industrial revolution, where
the large-scale usage of enormous amount of energy contained in renewable and non-
renewable resources started.

Novia U.A.S



The Energetic playground: Green Energy
alternative |3

2. Problem Statement

Actually the human requires energy to survive, manage their environment and produce
goods?. For some time now, the world is watching all the energetic problems due to the
depletion of the world oil reserves, which are used as a direct source of energy (engines
of automobiles or others) or to generate other energy as electric. This phenomenon has
been termed as 'energy crisis'.

The reasons are various: the consumption of electrical energy due to the constant growth
of the industrial and the residential sector. These have the highest amount of energy
demand and exploit natural resources most. To face this crisis the necessity to take
advantage in the best way has emerged. The available energy resources currently generate
new ways of making better use of available natural resources to transform into energy.

It is known that almost all types of energy comes indirectly from the sun. For example,
wind energy is caused by energy kinetics of solar radiation which produces a difference
pressure between the differences temperature of the air masses. Fossil fuels or
hydrocarbons come from energy transmitted by the sun and the decomposition process in
the absence of oxygen of plant species, which inhabited the earth millions of years ago.
There are two large groups of energy sources, which are renewable and nonrenewable.

The non-renewable energies (petrol, coal, natural gas or uranium principally) are from
sources that are depleted, such as uranium, gas fields, coal and oil. Once out they cannot
regenerate or take too long to do so. Renewable energies are those that are non-exhausted,
such as the sun's energy, wind energy, the energy produced by the gravitational pull of
the moon (tidal power), the energy of the earth (geothermal energy), etc.

After the industrial revolution, humans turned largely to the use of fossil fuels (natural
gas, coal and oil), which have been used in high amounts because of its high efficiency
considering its energy transformation.

However, many of these fuels pose serious environmental problems, as they emit toxic or
polluting gases into the Earth's atmosphere harming life. Additionally, as fuel fossils
begin to dwindle in the future, these will rise in price according to offer and demand.
Many countries have tried to reduce their dependence on fossil fuels through research
into sources of "green™ or renewable energy to reduce the heavy pollution that exists
today. Hence, todays’ fossil fuels are the prime energy source on the planet.

1 Roman L, (2006).

Novia U.A.S
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Globally, all these fuels: oil, coal and natural gas, represent 78% of the total consumption.
Approximately one third of the primary energy is used to produce electricity. Also 40%
of the electricity comes from coal, while oil and nuclear energy only cover between 12%
and 15% each. In terms of energy consumption, electricity accounts for 12% of the total
consumption equally the industrial and residential sectors.

A quarter of the world population consumes three quarters of the total primary energy in
the world. These inequalities are more significant, considering electricity consumption.
Poor countries (characterized by a dispersed habitat) exhibit large gaps in rural
electrification. Nowadays, we have a huge population that demands large amounts of
energy. Consequently, there is the necessity to make certain changes which generate
development, but these in turn are hand in hand with the sustainability of the planet.

The proposal of this thesis aims to deepen the issue of power generation by the mechanical
energy that people can produce, in which has been working in recent years on other
projects.

These sources of cleaner energy than fossil fuels have the advantage that they are not
exhausted, as this energy is produced by our own efforts. For this reason the awareness
of the people could be improved by offering opportunities to learn the fundamentals of
energy, e.g.: through the mechanisms in the playground it can be showed how the work
performed by a human is harvested, stored and used.

The green technology could be the biggest opportunity in the 21" century

John Doerr

Novia U.A.S
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3. Energy

Energy is a property of the matter which is the ability to perform work or produce
transformations. Any material body passing from one state to another, produces physical
phenomena that are nothing more than manifestations of this property. Therefore, it can
be in various forms to be transformed from one energy state to another.

Energy can manifest itself in different forms: gravitational, kinetic, chemical, electrical,
magnetic, nuclear, calorific, etc., with the possibility of transforming each other with
respect of the principle of conservation of energy.

The principle of energy conservation: Energy can neither be created nor destroyed; rather,
it transforms from one form to another.? Practically all the energy has come from the sun.
The sun produces wind, surface water evaporation, cloud formation, rainfall, etc. Its heat
and light are the basis of many chemical reactions for the development of plants and
animals, whose remains over centuries originate to fossil fuels such as coal, oil and natural
gas.

3.1. Energy as a resource

Energy sources are existing resources from nature, which humanity can derive usable
energy from. The origin of almost all types of energy is the sun.

Energy sources that regenerate naturally and bring the idea of being "clean” are called
renewable energy sources or alternatives. These can become non-renewable sources if the
level of consumption is higher than their regeneration capacity. Some sources of this type
are:

Hydro power
Geothermal
Bioenergy
Solar

Wind

o O O O O

In contrast, it is understood by non-renewable sources, those involving the consumption
of exhaustible resources and energy contaminants. Some examples are:

o Petroleum
o Coal
o Nuclear fission Generation

2 Conservation of Energy. McGraw-Hill Dictionary of Scientific & Technical Terms, 6E, Copyright ©
2003 by the McGraw-Hill Companies, Inc.

Novia U.A.S
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Energy availability of renewable energy is higher than of non-renewable energy, but its
use is limited. The development of technology, increasing social demand, lower
installation costs and fast amortization are driving greater use of sources of energy from
renewable sources in recent years.

3.2. How is electricity generated?

Currently, most of the electricity is produced by burning fossil fuels like oil, coal, natural
gas, etc. Part of the energy comes from the nuclear power plants and big dams. To
understand why clean energy is needed to replace fossil fuels and nuclear power plants,
it should be understood how electricity is produced from renewable sources or from
polluting sources.

Most of the electricity produced by fossil fuels is produced when the energy source heats
water to produce steam and this steam turns the big turbines to produce electricity,
different from the big hydroelectric dams which are not fossil fuels. The hydro power is
used in a different way to produce energy: the waterfalls spin the turbines to produce
electricity. All these techniques of energy production result in toxic pollution, destruction
of communities (dams) and many serious health problems. None of these options are
healthy or sustainable, especially when used in a large scale.

The fossils fuels become scarcer every day and more difficult to find. They are not
renewable which means that once used, they will be exhausted. At the same time, the
danger of the climate change and pollution from burning fossil fuels has become a higher
environmental health problem.

If the clean energy is used, it is possible to reduce the damage that the fossil fuels and
other pollutant technologies for the non-renewable energy production cause to the human
health and the environment. Clean energy renewable sources can provide electricity
without causing damage.

Novia U.A.S
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4. Mechanism for Energy conversion

In this chapter the following mechanisms can be applied to the prototypes that will be
explained in the second part of this project. This mechanisms are explained considering
that in the prototypes are going to be use to get electricity from mechanical energy by
the children.

4.1. Speed multiplier

This gear uses the mechanism to transmit mechanical power between different parts of a
device. It serves to transmit circular movements by sprockets in contact. One of the most
important applications is the transmission of motion from the shaft of a power source, to
another shaft located at some distance that still has to perform work.

Figure 1. Speed multiplier.

A speed multiplier is a transmission system formed by gears. It characterizes that the
output speed is higher than the input. It is an opposite system to the speed reducer, because
in most cases the speed of the motors spin is more than adequate for the work in machines.
It is similar than a speed reducer but with the difference in the input shaft and the output.
The efficiency of this device can reach from 90% to 97%.

If we look the figure 7, the Ni (hnumber of the teeth) and D, with i =1, 2, 3, 4, the angular
velocities and the diameters for the gears 1, 2, 3 and 4. Then it holds that:

D;N; = D,N, (Equation 3.1)

D;N; = D,N, (Equation 3.2)

3 Source. http://iet-journals.org/archive/2014/april_vol_4_no_4/8213113821526.pdf

Novia U.A.S
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N, = N5 (Equation 3.3)

DDy

N, =
17 DD,

N, = kN, (Equation 3.1)

To conclude, if the factor k is greater than 1, the gear arrangement represents a speed
multiplier in case the input to the system is given at the gear shaft n°4.

4.2. Driveshaft or propeller shaft

A driveshaft is a shaft that transmits a driving force and it is subjected to some torque
effort because of the transmission of couple of forces, as it might be subject to other types
of mechanical stresses at the same time.

Figure 2. Driveshaft or propeller shaft.

A propeller shaft is a rotating member that is used to transmit the rotatory movement and
power between coaxial transmission elements, such as flywheels, gears, pulley, etc. The
driveshaft also transmit around the rotating members such as crank. Generally, it has a
revolution form and a section in the diameter smaller than its length.

4 Source. Teoria de Mecanismes - Arbre de transmissid. University of Lleida (UDL)

Novia U.A.S
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Figure 3. a) Fix solid shaft; b)Rotatory solid shaft; c)Solid shaft; d)Gap shaft.

4.2.1. Loads on the driveshaft

Generally, in the driveshaft analysis the structural point of view looks at the beams of
constant section or variables around its symmetric shaft. The different types of efforts in
the driveshaft are:

o Torsion. Caused by the torque that is transmitted between the different elements
coupled with the driveshaft. (Pulley, gears, etc.)

o Bending. Caused by force components perpendicular to the shaft (tangential or
radial), in the transmission elements, weight, roller bearing, etc.
Shear strength. Caused by the same force as in the bending efforts.
Axial. Caused by the loads parallel in the shaft direction.

4.3. Roller bearing

Definition. The Roller bearing is an element consisting of two concentric rings (two
rolling surface with rolling elements in contact these), in order to allow the rotational
movement of one ring over the other around their common axis.

5 Source. Teoria de Mecanismes - Arbre de transmissié. University of Lleida (UDL)

Novia U.A.S
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QOuter Race
v uter

Inner Race

Figure 4. Roller bearing.

Advantages

The bearing allows a lower friction torque between the rings even with high loads.
It can have no movement assembling the balls under pressure with some
theoretical interference with the surfaces.

High load capacity.

Minimum wear.

Easy replacement.

Relatively low cost, mainly with the most common types.

o O O O

Classification

Cylindrical roller

Spherical roller

Gear bearing

Tapered roller

Needle roller

CARSB toroidal roller bearing

0O O O O O O

Classification according to the contact direction

o Thrust loadings. Support axial loads.
o Radial loadings. Support radial loads.
o Linear motion. Support axial and radial loads.

® Source. Teoria de Mecanismes - Rodaments. University of Lleida (UDL)

Novia U.A.S
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Figure 5. Roller bearing classification 7
Loads that can support the different types of the Roller bearing

o Axial load (Fa)
o Radial load ()
o Bending moment load (Ms 0 M)

Figure 6. Different loads that can support the Roller bearing.

" Source. Teoria de Mecanismes - Rodaments. University of Lleida (UDL)
8 Source. Teoria de Mecanismes - Rodaments. University of Lleida (UDL)
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4.4. Drawn cup Roller clutches

The drawn cup roller clutches are considering bearing assemblies, these type of bearings
have the function to transmit the torque, to the shaft, in one direction between the housing
and shaft, and allow free rotation in the opposite direction.

The roller clutches selected for the electrical generator swing (see chapter 4) have the
same small radial section as the cylindrical roller bearing. Further, it is easily adapted to
the shaft; these designs are pressed in it.

Figure 7. Drawn cup roller clutch.®

4.5. Gears

Definition. It is a combination of two gears that mesh with each other, so that they can
transmit motion and force in a different way.

Functionality. Rotational movement transmission between two shafts, with a relation
between the angular velocities of these constant throughout the movement.

Particularities and characteristics of the gears

o Relation between the velocities
o No limited by friction in contact

Advantages and disadvantages

Table 1. Advantages and disadvantages of the gears

Advantages Disadvantages

No sliding = High torque capacity Complex manufacturing = High cost

No sliding = Synchronization Requires high precisions forms
Regularity of operation Need lubrication (not all)
Less maintenance More noise than belts
Allow high speeds Do not avoid overloading

® Source. https://www.fastenal.com/products/details/4121798

Novia U.A.S
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Types of gears according to the relative position of the shaft

o Parallel shaft. Cylindrical gears. It is the gear rack and pinion, where the rack
could be considered a wheel of infinite radius.
Intersecting shafts. Conical gears.
Intersecting shafts in the space. Helical gears, hypoid gears and worm gear.

Types of gears according the tooth

o Straight teeth
o Helical teeth
o Double helical

Spur gear or Helical or dry
Straight-cut gears Rack and pinion Epicyclic gears fixed gears
gears

Double helical
gears or
herringbone
gears

Hypoid gears

Figure 8. Different types of gears. 1°

Applications of the gear which is going to be used

Cylindrical gears.

o Itis cheapest, and therefore most used.
o The function, according to the regularity, is quite good.
o Very high performance.

10 Source. Teoria de Mecanismes - Engranatges. University of Lleida (UDL)
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Table 2. Efficiency of the gears. 1

Quiality and lubrication of the gears Efficiency
Dirty teeth without machined 0.9...0.92
Machined flanks of the teeth and lubricated 0.94

Machined flanks of the teeth with precision and lubricated 0.96

Figure 9. Representation of a cylindrical gear with straight teeth. 12

4.5.1. Synchronous generators

| 14

The synchronous generators (alternator) is a type of rotating electric machine able to
transform mechanical energy into electrical energy. This generator is mainly composed
of amoving part or rotor and a fixed part or stator, the principle working of a synchronous

generator is based on the Faraday’s law, explained above.

In the rotor, an electrical current (DC) is inducted to create a magnetic field, when the
rotor is rotating by a gear for example; it generates a magnetic field, which induces a

potential difference in the stator that will create the electrical current (AC).

&« Elgctro-Magnebes

Figure 10. Rotor and stator.'?

11 Source. K. H. Decker, Elementos de maquinas

1250urce. Teoria de Mecanismes - Engranatges. University of Lleida (UDL)

13 Source.
http://www.anaheimautomation.com/manuals/forms/ac-motorguide.php#sthash.fKgjzlyl.dpbs
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Second part. Research work

5. Energy-generator swing

The main idea of this project arises from the concern of the damage we have already
caused to the environment by over usage of the main energy sources. The prototype
presented in the following document is based on taking advantage of the mechanical
energy that is provided by children’s movement for electricity production and how it
can be stored for later use (such as in parks overnight, schools, nearby residential, etc.)
or send directly to the grid if it can be sourced.
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The Energetic playground: Green Energy
alternative | 16

5.1. Introduction to the energy-generator swing

The main idea to build this energy-generator swing is that children have the opportunity
to have a playful installation in the one hand and on the other hand interact with the
production process of electricity. It is intended to build a driveshaft with a one-gear
assembly coupled with an alternator on the swing to derive the energy of the children.

Thanks to the project built by Moradavagal*, “for the Pop up Culture competition”,
promoted by Guimaraes, Portugal in November of 2012 the first swing was introduced.
This project has served as a support and motivation. The function is quite simple.
Basically, there is a bicycle chain attached to the swing with a counterweight in the back
to spin the bicycle wheel. At the wheel a common bicycle dynamo is fixed to produce
electricity for a hidden light bulb underneath the floor. (See appendix 1. Low-tech system.
Project SWING / Moradavaga.)

This study tries to find out an efficient mechanism because usually young people try to
touch all the visible things and at the same time destroy it. Due to the complex mechanism
in the swing such as gears, generators, etc. it is perhaps better to hide these so children
will not get hurt and at the same time they can play without their families to worry.

The goal of this project would be to invent a small-scale alternative to replace the
traditional energy generation by fossil fuel by using structures in a playground (like
elementary school or Childcare Center). There is hope that this initiative could create
educational playgrounds where children feel involved in the production of energy while
playing, feeling good and get fit at the same time. When the public gets more involved in
the process of clean energy, they will contribute more to ensure the wellbeing of our
planet.

The driveshaft of the electrical generator swing is composed of one cogwheel, two roller
bearings, two drawn cup roller clutches, and one generator. In addition, the Roller
bearings shall be mounted on the driveshaft at the point where the two bars supporting
the swing meet the driveshaft. Moreover, the two roller clutches are situated at the points
where the strings of the swing are coupled to the driveshaft. The cogwheel is situated in
one of the extremes of the driveshaft, this cogwheel is connected to a smaller gear which
is driving the alternator.

14 Source. http://moradavaga.com/SWING
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Figure 11. Components of the driveshaft

Novia U.A.S



The Energetic playground: Green Energy
alternative |18

5.2. Theoretical Bases

5.2.1. Conservative forces

Conservative forces, if applied to a particle follow a closed path, with the same start and
end point, no work done. As a result, the work done by a conservative force between
certain start and end points is independent of the route followed by the point of application
of force.

Note: For the study of mechanisms two types of conservative forces must be considered:
the weight due to the gravitational attraction and the power made by a spring.

Given this property that the work done by conservative forces is independent of the path
followed and only depends on the starting and ending points of the route: you can define
the potential energy of a system, as energy that is in a certain position within a field of
conservative forces. Then, the increase of potential energy is the absolute value of the
work done by a conservative force to move the system from one position to another.

2
AE, = —(W)1-2 = —f F - dr

1

Said in another way, the difference in potential energy is consumed to perform
conservative force, a work between the start and end positions.

Replacing the expression of energy theorem and separating the not conservative work and
conservative:

Wiz = Exs — Eja
(We) 1oz + Wo)1-2 = AE
Wie)1o2 = AE — (W) 1-2 = AE, + AE,
Mechanical energy is defined as the sum of kinetic energy and potential energy. Then:

(Wnc) 1-2 = AEp,

A particular case, which frequently occurs in is when you have a system in which the
work done by non-conservative forces is zero. Then the mechanical energy is maintained
and in any case that can happen is that there is an exchange between kinetic and potential
energies.
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Whe = 0 = E;y = Ey + E, = constant
(Principle of conservation of mechanical energy: If the work done on a system that the

forces not conservative is zero, then the mechanical energy system remains constant.)

5.2.2. Potential energy due to the gravitational field

Mg

£

Figure 12. Potential energy due to gravity®

It has a solid mass m, which acts on the Earth's gravitational field, if you want to analyze
how the solid moves from a first position (a height hy with respect to the ground) to a
second position (at a height hy).

Assuming that the intensity of the gravitational field is constant (g = 9.81 m / s?)
hypothesis that can be considered true in virtually all studies of mechanisms, the work
done by the force weight, conservative, will be:

2
Wm=—f meg-dh=—m-g-(hy— hy)
1

Applying the definition of potential energy, we come to the following expression which
shows that the potential energy due to the gravitational field depends only on the height
at which places this solid.

Ep, —Ep; =m-g- (hy —hy)

15 Source. Teoria de mecanismos, University of Lleida (Udl)
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5.3. Design of the electrical generator swing

The design of the electrical generator swing, has been dived into three steps. In the first
step, the energy balance is calculated from the initial position of the swing (0°), until the
supposed maximum position (70°), which can be reached, to find the maximum velocity
that the swing can have. Afterwards, the point with the force of the string that the system
can support and also the maximum torque on the shaft that the children can do is
determined.

In the second step, the reactions on the first cogwheel are calculated on the roller
bearings. Finally, in the third step, the driveshaft is studied and calculated, including the
fatigue resistance of it. Finally, the driveshaft is recalculated to adapt all the components.

5.4. First step: Energy balance

To start with, the energetic balance between the highest and the lowest positions is
measured. This is used to calculate the maximum velocity, which takes place at the
minimum height. At this point the force of the string is the maximum force that the string
has to support (T).

Table 3. Assumptions for the energy balance

Assumptions Value Units of measures
L (length of the string) 2000 mm
m (mass) 70 kg
© (maximum angle of the swing) 70 °
Safety factor 1,2 -
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T1

T1 Ah

Figure 13. Diagram of the energy balance from 1 to 2
Ah=L—L-cos6 =2—2-cos70°=1,316 m
Energy balance 1 — 2

E, = E, (Equation 4.3.1)

v=,9g-h-2

v =5,079 m/s
v=w-"L

rad

w = 2,53T

Calculation of the maximum force that the string will have to support (T1).

Z FE, =m-a (Equation 4.3.2) (Second law of motion)

UZ 2

T. —-T + i
—_— . = . = .
1 m-g m I 1 m-g I

T, = 1.589 N

Now, the safety factor is applying in order to avoid any problems in case of misuse of the
swing.

T; =1.906,642 N = 1.91 kN
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Moreover, the maximum torque is calculated to know the torque that will be applied to
the cogwheel. The radius and the angle is assumed, also it is needed to say that this radius
belongs the ring where the string is attached.

% Detail A ™\

. K/

°/

[ F

Figure 14. Diagram to calculate the torque.
F=T,
M=F-r-sin@ =T, -r-sinf (Equation 4.3.3)
r=55mm; 6 = 30°
M = 52,433 N-m (Maximum torque)

Moreover, this torque will have to be borne by the roller clutches and the cogwheel, when
it is proceed to the choice from them. It is needed to add the torque which each roller
clutches will receive (it will be the half of this torque).

5.5. Second step: Reactions on the cogwheel

From the torque calculate before it is possible to determine the maximum reactions the
first cogwheel will have to support. These reactions need to be considered in the
calculations of the driveshaft.

Table 4. Assumptions for the calculation of the reaction on the cogwheel

Assumptions Value Units of measure
R (radius of the cogwheel) 400 mm
o (Pressure angle) 20 0
Mmax (Maximum torque) 52,433 N-m
Gear ratio (i) 1,3 -
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A

N .

o /M2
| )

1\ -

w2 -

Ft

Fr

Figure 15. Cogwheel assembly Figure 16. Reactions on the cogwheel of the driveshaft
Myax = Fr - Ry (Equation 4.3.4)
F, = 131,082 N
Fr =Ft-tana (Equation 4.3.5)

Fr=47,71N

W2

w1

The angular velocity affecting on the first cogwheel is 2, 53 rad/s, calculated previously.

SO, [ =— :(,UZ:I:‘(UI
1

W, = 3,29ﬂ In the opposite direction to the w,
S

Finally, to know the radius of this second cogwheel:

R
i=R—1 = R, = 0,308 m = 308 mm
2

5.6. Third step: Design of the driveshaft

The design of the driveshaft is studied from the reaction on the roller bearings. Then, the
bending moment, the torque (moment), and the axial strain in the driveshaft are
calculated. Finally, the fatigue resistance is calculated of the driveshaft. In order to
calculate the strain on the driveshaft, it has been considered radial loads on the two roller
bearings and roller clutches.
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Figure 17.Reaction on the driveshaft

5.6.1. Calculation of the roller bearings

Two cylindrical roller bearings, one cogwheel, and two roller clutches are situated on the
driveshaft. It is possible to calculate the reactions on the roller bearings with the forces
applied in the driveshaft from these elements. It also has to be considered that there are
no axial forces on the system. In addition, it is to be assumed that the reactions on the
roller clutches in the z-axis have been underestimated. It has to be also taken into
consideration that the weight of the cogwheel in this specific case, has been ignored.

Table 5. Necessary date before the calculation of the reactions on the roller bearings

Data Value Units of measure

Ft 131,082 N
T1
— 953321 N-m
Fr 47,71 N-m
A B C D E
300 750 500 750
[mm]

Figure 18. Diagram with the distance between the elements of the driveshaft.

Novia U.A.S



The Energetic playground: Green Energy
alternative | 25

X-Y Cartesian coordinate system

By =y

Vv V
T1/2  T1/2

Figure 19. Diagram of the X-Y Cartesian coordinate system of the driveshaft-
(Z M,) =0 (Equation 4.3.6)
B

T1 T1
(ZMZ) = —Fr-03-—-075-—"125+Ey-2=0
B

E, =960,478 N
Z E, =0 (Equation 4.3.7)

ZFy=Fr+By—T1+Ey=0

By = 898,454 N

X-Z Cartesian coordinate system

Ez

Figure 20. Diagram of the X-Z Cartesian coordinate system of the driveshaft
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(Z My)E = 0 (Equation 4.3.8)
(ZMy)E = —Ft-23+Bz-2=0
B, = 150,744 N
z F, = 0 (Equation 4.3.9)
ZFZ =—Ft+Bz—Ez=0

Ez =19,622 N

Therefore, the radial loads on the roller bearings are:

Br = /By? + Bz? (Equation 4.3.10)

Er =\/Ey? + Ez? (Equation 4.3.11)
Cr =+/Cy? + Cz? (Equation 4.3.12)

Dr =./Dy? + Dz? (Equation 4.3.13)

o |11, T
r=(5)°=3
o |(TL, _T1
r= ()%=

Table 6. Values of the radial loads

Radial loads Value
Roller bearing point B: Br 911,012
Roller bearing point E: Er 960,679
Roller clutches point C: Cr 953,321
Roller clutches point D: Dr 953,321

Selection of the roller bearings

Unit of measures

z =z Z

| 26

Both roller bearings have radial loads; therefore both will have the same type of roller

bearing.
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Dimensioning of roller bearings for dynamic application from the catalogue®®:

a s~

Select
loads).

Select the type of roller bearing depending on the type of load.

Suppose a lifetime (L).
Calculate the equivalent dynamic load (P).
Analyze alternatives of roller bearing with the required load capacity (C).
Choose the diameter from C.

| 27

roller bearing “B” and “E”: Cylindrical roller bearing (only support radial

¥V Rodamientos de rodilios

o

Rodamiento de rodillos cilindricos,

de una hilera

Tipo de rodamients

Rodamiento de rodillos cilindricos,

de doble hilera

Rodamicnto de redillos cilindricos,

lleno de rodillos

Figure 21. Different types of cylindrical roller bearing.

|
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Rodarientos de bolas
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Aodarisntos de bolaes
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Rodariertos pera
husdlas

o op

Rodariertos aon ousto
cEmings de mdadura

Rodarientos oacdlan e
di bBolas

Rodariiertos de mdillos

MU, N

i

1.

e e eee

O™ @e @ B czmnms

@0 OO0 |0]|0 |

Ol O™ & &) @& e

Figure 22. Characteristics of roller bearings

16 http://www.baleromex.com/catalogos/C-FAG.pdf
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The lifetime for both roller bearings that is assumed is:

288dies 4h 60min 20rev
lany 1dia 1h 1min

(15 anys - = 20,7 - 10° rev) (Equation 4.3.14)

Roller bearings “B” and “E”: Cylindrical roller bearings

Following the steps of the catalogue “Rodamientos FAG” the previous inner diameter is:
®B == ®E == 15 mm

To see how it has been calculated the diameters above see Appendix 1. (1.2 Calculation
of the dimensioning on request dynamic of roller bearings.)

Selection of the roller clutches

Both roller clutches have radial loads, and equal torques they need to support. Hence,
both will have the same type of roller clutches.

Dimensioning of roller clutches for dynamic application from the catalogue’’ NTN
Americas.

Select roller clutches “C” and “D”: Cylindrical roller bearings (only support radial
loads).

1. Classification and Characteristics of Rolling Bearings

1.1 Rolling bearing construction

Most rolling beanngs consist of rings with raceway
(inner ring and outer ring), rolling elements (either balls or
roflers) and cage. The cage separaies the rolling
elements at regular intervals, holds them in place within
the inner and outer raceways, and allows them io rotate
frealy.

Raceway (inner ring and cuter ring) or raceway washer 11
The suriace on which rolling elements roll is called the
*raceway surface”. The load placed on the bearing is
supported by this contact surface.
Generally the inner ring fits on the axe or shaft and the
outer ring on the housing.
Mobe 1: The raceway of thnust bearing is called “raceway washer,”
the inner ring is called the *shaft racewsy washer® and the
ouler ring is called the “housing raceway washer.”

Rolling elements

Rolling elements classify in two types: balls and rollers.
Rollers come in four types: cylindrical, needle, tapered,
and spherical.

Balls geometrically contact with the raceway surfaces of
the inner and outer rings at "points”, while the coniact
surface of rollers is a "line” contact.

Theoretically, relling bearngs are so construcied as to
allow the rolling elements o rotate orbitally while also
rotating on their own axes at the same time.

Heedle roller bearing
Fig. b

Cages

P N YT S SN S S SN S — -

Figure 23. Characteristics of roller bearings

http://www.ntnamericas.com/en/website/documents/brochuresandliterature/catalogs/ntn_2202-ixe.pdf

Novia U.A.S



The Energetic playground:

alternative

Rolling
bearings

Radial roller
bearings

Green Energy

@ Single row cylindrical roller bearngs ---B- ??l

@ Double row cylindrical roller bearings ---B-102

g Needle roler bearings®

Roller bearings

h

s

Figure 24. Classification of roller bearings

Roller clutches “C” and “D”’: Cylindrical roller bearings

29

Following the steps of the catalogue “Ball and Roller Bearing - NTN” with the radial
load, the previous inner diameter is:

(Z)c=(Z5D=20mm

To see how it has been calculated the diameters above see Appendix 1. (1.3 Calculation
of the dimensioning on request dynamic of roller clutches.)

5.6.2. Study and calculation of the driveshaft

Bending moment

Table 7. Data to calculate the bending moments in the both Cartesian coordinate systems

Loads

Ft
By
Cy
Dy
Ey
Fr
Bz

Ez

Value
131,082
898,454
953,321
953,321
960,478

47,71
150,744

19,662

Unit of measures

N
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Sign criteria to follow:

[ > &
- |- ZM = 0 (Equation 4.3.15)

T

Bending moment Mz (X-Y Cartesian coordinate system)

453321 M 453321 M

1 2 3 4 5

?4?}1 M
898,454 N 960,478 M

Figure 25. Load diagram on the driveshaft (Cartesian coordinate system Y-Z)

Stretch 1-2: 0 < x < 300 mm

M(x) = 47,71(x) - 1073

Stretch 2-3: 300 < x < 1050 mm

M(x) = 47,71(x) - 1073 + 898,454 - (x — 300) - 1073

Stretch 3-4: 1050 < x < 1550 mm

M(x) = 960,478 - (2300 — x) - 1073 — 953,321 - (2300 — x — 750) - 1073
Stretch 4-5: 1550 < x < 2300 mm

M(x) = 960,478 - (2300 — x) - 1073

Table 8. Results of the bending moment X-Y

Bending moment 1 ON-:m
Bending moment 2 14,313 N:m
Bending moment 3 723,937 N-m
Bending moment 4 720,359 N-m
Bending moment 5 ON-m
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The previews bending moments has been cheeked with the “Barras software” developed
by the professor Javier Bradineras from the University of Lleida.

Table 9. Results using the software "Barras"

Esforgos |
Barra Al T (M) Esforcos tallants T (M| Moments flectors 7 (.. Al T (N) Esforcos tallants T (M) Moments flectors T (..
[1-2] 0 -47,71 0 0 -47,71 14.313
[2-3] 0 -946,165 14.313 0 -946,165 723.936,375
[3-4] 0 7,157 723.936,375 0 7,157 720.358125
[4-9] 0 960,478 720.358125 0 960,478 0

Representation of the bending moment in the Cartesian coordinate system Y-X.

Bending moment My (X-Z Cartesian coordinate system)

131,082N

2

Figure 26. Diagram of the bending moment Mz.

Stretch 1-2: 0 < x < 300 mm

TW 50,744 M

Figure 27.Load diagram on the driveshaft (Cartesian coordinate system X-Z)

M(x) = —131,082(x) - 1073

Stretch 2-3: 300 < x < 1050 mm

M(x) = —19,662 - (2300 — x) - 1073

Stretch 3-4: 1050 < x < 1550 mm

M(x) = —19,662 - (2300 — x) - 1073

Stretch 4-5: 1550 < x < 2300 mm

M(x) = —19,662 - (2300 — x) - 1073

Novia U.A.S
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Table 10. Results of the bending moment X-Z

Bending moment 1

Bending moment 2

Bending moment 3

Bending moment 4

Bending moment 5

ON-m
-39,325 N-m
-24,578 N-m
-14,747 N-m

ON-m

32

The previews of the bending moments have been checked with the “Barras software”
developed by professor Javier Bradineras from the University of Lleida.

Table 11. Results using the software "Barras"

Esforgos
Barra Al T (N) Esforcos tallants ' (N} Moments flectors ' (... Al T (M) Esforcos tallants f (N)| Moments flectors (...
[1-2] 0 131,082 0 0 131,082 -39.324 6
[2-3] 0 -19 662 -39.324 6 0 -19,662 -24 577 875
[34] 0 -19,662 -24 577 875 0 -19,662 -14.746 725
[4-5] 0 -19,662 -14.746,725 0 -19,662 0

Representation of the bending moment in the Cartesian coordinate system Z-X

Torque moment

Figure 28. Diagram of the bending moment My.

All torque that is produced by the swing on the roller clutches is transmitted to the

cogwheel.
52 433 N
Lo 26,217 N
A C D E

Figure 29. Diagram of the torque moment Mt.
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5.6.3. Calculation of the fatigue resistance on the driveshaft

Based on the DECKER, K.H. “Elementos de maquinas” bibliography, the diameter of the
driveshaft is calculated by the worst-case scenario from bending moments and torque
moments, obtained previously.

It is expected, that point C (roller clutches) will be in the worst section. However, it is
also calculated at the point B (cylindrical roller bearing).

To ensure that the diameter of the tree can withstand the strains mentioned above, it will
have to achieve: .4 = 05, Where o4, = % and g, is the equivalent tensile stress.
O-W'b(]

Brp-(1-R)
traction and compressive fatigue resistance, that considers a steel with the traction

The fatigue resistance in the considered section is: o, = , Where gy, is the

resistance, oy = 450 - oy = 210%.

N
mm2
The other values which are needed to calculate o, are found it in the appendix 1. (1.4.
Dimensioning the diameter of the driveshaft).

The equivalent tensile stress is calculated as: o, = /o& + (3a3)tZ, where gy, is the value
composed of the stress (produced by the axil and bending stresses, in this case there are
no axial stresses in the system), that are in the studied section.

a, is the fatigue factor, in this case the torque and bending moments diagram are
considered pulsating, by the DECKER, K.H. “Elementos de maquinas” bibliography it is
obtained that @, = 1; 7, is the torque stress.

The composite stress is calculated as, o, = % + :7 where M, is the bending moment
b -
4

(vector sum of bending moments obtained in each Cartesian coordinate system), in the
studied section, W, is the moment resistance, that considered a smooth shaft, W, ~ 0,1 -
d3. N is the value of the axial stress that in this design there is no axial stress.

The torque stress in the studied section is, t; = % where M; and W, are the torque
t

moment and the resistant moment, that considered a smooth shaft, wt = 0,2 - d3.

Study to point B (cylindrical roller bearing):

For a diameter d = 20 mm , the results of the stresses are:

227,74 _

o; = 227,74 N /mm? , and considering a correction factor of C; = 1,3, 6,41, = 3

175,19 N/mm? . g, = 77,19 N/mm? .

As 175,19 N/mm? > 77,19 N /mm?, this diameter can withstand the loads in point B.
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For more information about the previous results of the study in point B, see Appendix 1.
(1.4 — 1.5. Dimensioning the diameter of the driveshaft at point B).

Study to point C (roller clutches):

For a diameter d = 40 mm , the results of the stresses are:

og = 225,92 N/mm? , and considering a correction factor of C; = 1,3, g4qm = 2215':2 =

173,78 N/mm? . 0, = 113,4 N/mm? .

As 173,78 N/mm? > 113,4 N/mm?, this diameter can withstand the loads in point C
without being “too” oversized.

For more information about the previous results of the study in point C, see Appendix 1.
(1.6 — 1.7. Dimensioning the diameter of the driveshaft at point C).
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5.7. Remodeling and selection of the components

To determinate the final dimensions of the driveshaft, the elements have to be decided to
permit affix union on the cogwheel and roller bearings. Furthermore, it has to be kept in
mind that the assembly of these elements has to be possible. The dimensions found in the
first part are:

Inner diameter cylindrical roller bearing = 15mm
Inner diameter drawn cup roller clutches = 20mm
Outside diameter shaft = 50mm
Inner diameter shaft = 40mm

In order to affix all the elements on the drive shaft, the outside diameter of the driveshaft
is considered, based on the study of point C (the worst section), so the two roller clutches
need a large inner diameter to attach on the shaft. To be noted, with this alteration the
roller clutches will be able to support more loads than the loads calculated.

Moreover, with the roller bearings at the same level the new inner diameter will be 50mm,
since the inner diameter for the shaft has been calculated with 50 mm.

The finals dimensions of the driveshaft will be:
Inner diameter cylindrical roller bearing = 40mm
Inner diameter drawn cup roller clutches = 50mm
Outside diameter shaft = 50mm
Inner diameter shaft = 40mm
Inner diameter cogwheel = 25mm

See appendix 1 (1.8) to know how these elements have been selected.
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Figure 30. Drawings of the principals views of the driveshaft and roller bearings
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5.8. Estimation of the power output

Once the design of the driveshaft has been calculated, it is possible to estimate the output
power. The second cogwheel is attached to an alternator, which converts the rotational
energy into electricity. For this calculation the efficiency is assumed at 92%. The
efficiency of the gears normally ranges between 90% and 96%.

Table 12.Data assumption

Data Value Unit of measure
M1 52,433 N-m
W1 2,53 rad/s
W2 3,29 rad/s
1 (efficiency assume) 0,92-0,96 -

P, = M; -w; (Equation 4.5.1)
Pyt = M, -w, (Equation 4.5.2)

Pout
p;

n= (Equation 4.5.3)

Pyyt = Pip - = (52,433 -2,53) - 0,92 = 122,043 W
Py = 0,122 kW

Finally, it is observed that if the swing were used continuously during one hour at the
maximum rate, the energy generated would be 0,122 kWh.

To understand this value: a common light-bulb used in playgrounds would have around
100W.8 If this bulb remains switch on during 1 hour it consumes:

(Common light-bulb) 100W =0,1kW = 0,1kW - 1 hour = 0,1kWh
(LED): 10W =0,01kW > 0,01kW - 10 hours = 0,1kWh

Therefore, the power generated by the proposed design is enough to have one LED
switched on for 10 hours or 10 LED’s during 1 hour, or one common light-bulb switched
on for 1 hour.

18 Source.  http://www.iluminet.com/luminarios-para-alumbrado-publico-de-vialidades-con-lamparas-de-
induccion-electromagnetica/
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5.9. Conclusions

In the completion of this work many concepts have been acquired and consolidated, such
as: designing transmission gears and the design of a driveshaft and roller bearings
selection according to the type of forces they are subjected to, especially roller clutches.

The design part of the driveshaft has needed much attention due to the high amounts of
calculations to find out the forces, which the driveshaft is subjected to, plus it was needed
to work in three dimensions and work with calculations unlikely to a bachelor level. It
would have been better go more in depth on the study of this element; however due to
lack of time and knowledge acquired to calculate the dimensions of pins for example it
has not been possible.

From the negative point of view, it can be say that if is probably that the kids need to do
more force than with one conventional swing, because of the alternator is required to
rotate at one speed to produce electricity. Also this can produce that it would be not very
fun to play with it if the kids cannot go very fast, but on the other hand, it could teach the
children to learn the difficulty of producing electrical energy in a clean way, without non-
renewable sources.

In conclusion, the design outcome is positive being that it is possible to produce electricity
in a small scale. It was possible to make a re-design of a swing. Furthermore, it was
possible to use prior gained knowledge from the past study years to select and design a
piece that is useful for everyday life.
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6. Merry-Go-Round Mechanism

How to get electricity in a clean way using our own energy? This project tries to pair
providing energy and at the same time supports children to play, have fun, do exercise
and learn how to produce energy in a non-polluting way. Thanks to generators in
children play-parks this might be possible. This project intends to redesign the well-
known merry-go-round. Using human power to produce mechanical energy and
transform it into electrical one.

6.1. Introduction to Merry-Go-Round

As known, the field of the renewable energy is rapidly growing. In the last 10 years this
field had the highest increased and thus, investments rose. Moreover, it is expected that
in 2030 the government investment around the world will be 2 or 3 times more than is
now. This increase can be explain as the nowadays way of energy production is not
sustainable because of the high use of non-renewable energy such as fossils. The need of
electricity will never end; therefore finding new ways to source is crucial.

In the world, the most common human power generator is the bicycle or the hand cranked
generator. The way they work is attaching a bike tire to convert the rotation into electricity
or using a hand-cranked apparatus. The last one is used to power small devices such as a
light or a mobile charger. We have to bear in mind that this type of technology has been
around for decades, now we are only improving it but without changing the basic way of
function. One example of this improvement is the exercise machine to produce electricity.

Thanks of this machine; people get fit while producing no pollutant electricity. So, what
about the use of this energy production in parks where children play? The main idea is
using a marry-go-round to produce electricity to illuminate parks or to charge any electric
device with an USB port.

The merry-go-round generator will operate by turning the human mechanical work to
electricity that it could supply to DC house. The children will be the ones providing the
work without knowing that they are helping to produce electricity for the house. Further,
the merry-go-round is a small part of a bigger project, as we can apply this basic to another
way in energy production using the play actions of children in the playgrounds.
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6.2. Design

As it has been mentioned before, the merry-go-round is going to be an energy generator
to take advantage of the human mechanical energy to produce DC voltage in a clean way.
Now the design is going to be analyzed level by level. From the most general to the most
detailed one.

6.2.1. Level 1 Block diagram

In this level it is shown how humans produce mechanical energy by rotating the merry-
go-round generator. This generator converts AC voltage to DC. Then, the DC will power
a battery for different uses.

Human
Mechanical Energy DC Voltage to use
O O O
Merry-Go-Round
Generator

Figure 31. Level 1 Block Diagram of Merry-Go-Round

It describes all the functionalities and the main points of the block diagram in the text
bellow:

Module. Is the merry-go-round.
Inputs. The human mechanical energy produced by the rotation of the module.
Outputs. The DC output is to charge the battery.

Functionality. The merry-go-round will produce power which will be rectified and
regulated. This power will be connected to a DC battery.
6.2.2. Level 2 Block diagram

The next diagram shows how the energy that can be produced by humans, using a
Dynamo Generator, a Rectifier and with two Boost/Buck converters, can be used for
batteries, to illuminate parks or schools.
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mechanical ynamo AC/DC Rectifier Boost converter
energy generator
USB or Buck Rechargeable
LED bulb converter Battery

Figure 32. Level 2 Block diagram. The complete system of the Merry-Go-Round.

The mechanism is basically that of a Merry Go-Round, which rotates and spins a rotor
from the Generator to produce AC voltage. This voltage needs to be rectified to a DC
signal for the future uses. This is the function of an AC/DC rectifier, convert the signal
from AC to DC. Then the DC voltage goes inside the boost converter circuit. In order to
produce an output Voltage that helps step-up the desired output. The buck converter
module will be used for testing purposes, it is used to step-down the voltage to the output
wanted voltage.

The following section discusses the different material, electronic equipment and how they
are connected within the system.
6.3. Electric circuit estimations

It is assumed that the merry-go round has a radius of 1500mm and an average of 10 laps
per minute per child:

rev 2nrad _ 1min
w=10—X——X——
min 1rev 60 s

The angular velocity will be:

a)—3ra /s

Applying the formula of the angular velocity, the merry-go-round spins approximately
with a linear velocity of:

v d/
w=—rad/s
r

v=16m/s =576 Km/h

In a dynamo generator the AC used is rated at 6V and 3W. A study has been done to
obtain the output voltage with different speeds in a constant resistance load testing.
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Table 13. Constant resistance load testing with 18 ohms*®

Speed (km/h) Output Voltage (V)
5 2.45
15 5.78
30 7.23

It is decided to take a range of voltages between 1V to 4V in alternate current because of
the merry go round can spin in different velocities depending on the force that they rotate
it.

Next, the rectifier convert the alternate current (AC) to a continuous current (DC) more
or less equivalent with the output voltage rippled. Otherwise, it can be reduce this rippled
with one capacitor. If it is not reduced this rippled, it can produce a little buzz for example
in the audio equipment.

Then the boost converter steps up the output voltage from the rectifier and increases it to
the desired voltage. In this proposed circuit an output voltage of approximately to 12V
from the rectifier is needed to store it into a rechargeable battery of 12V.

In order to select the rechargeable battery, it has to be beard in mind that the majority of
the dynamo generators with this characteristic have a 500mA output. Therefore, the
requirement of rechargeable batteries is:

. Device'sWattage (W) x Time to run (hours)
B Battery Voltage (V)

A higher unit of electricity charge in the battery (Ah) then the input current that enters in
is needed, because in case the battery is charged with more current than allowed, it may
cause damage to the plates or causes the battery to overheat or produce excessively gas.

Therefore, as an example the intention is to load an IPad, that it is rated at 12W and
usually takes between 6 to 8 hours to a fully charge or to illuminate the park with LED
bulb of 6W between 6 to 8 hours, a rechargeable battery is needed as in the following:

19 Source. http://www.seeedstudio.com/wiki/Bicycle_Dynamo_With_Bracket - 6V_3W
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Table 14. Batteries for the circuit design

Device’s Rechargeable battery of 12V
IPad — 12W - 8h Rechargeable battery 12V 8Ah
LED bulb-7W -8h Rechargeable battery 12V 5Ah

Finally, to charge the IPad properly, a buck converter has to be connected to the output
of the battery to the desired value for the device. The input of the converter can cover
approximately between 4V to 35V and the output between 1V to 30V. Therefore, it is
possible to adjust the desired output voltage from the devices (5V for the USB), for the
LED bulb it will not be necessary because it needs 12V input.

6.4. Financial study

To have an approximate idea of what this circuit design might cost, a general estimation
of the necessary elements for the construction of the components for the electrical circuit
has been made, without considering the merry-go-round mechanism.

Table 15.Financial study

Cost to purchase

Material Optimistic  Realistic Pessimistic ~ Estimate
AC Generator 6V — 20€ 30€ 50€ 25€
3wW

AC - DC Rectifier 0,5 € 1€ 5€ 2,5€

Boost Converter 10 € 14 € 20 € 17 €

Buck Converter 12 € 21€ 30€ 25€

12V Rechargeable 10 € 16,71 € 25€ 20 €
Battery 8Ah

12V Rechargeable 10 € 17,5 € 25 € 20 €
Battery 5Ah

LED bulb 28.8 € 35¢€ 30 €

82.5€ 129,01 190 € 139,5€

In the table 13 the financial study about the circuit designed for generating electricity of
the human mechanical energy is shown. It considers four dynamos, one book converter,
one boost converter, one AC-DC rectifier, the two different rechargeable batteries (12V-
8Ah/12V-5Ah), and one LED bulb. (See appendix 2: 2.1. Materials selected.)
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6.5. Hardware

6.6. Material and Electronic Equipment

In this section all the different materials and equipment that are used in this system and
how they are connected are discussed.

6.6.1. Ac Dynamo Generator

The dynamo consists of a stationary structure that provided a constant magnetic field and
a set of rotating windings spinning beside the field. In small machines, the magnetic field
was delivered by one or more permanent magnets; in larger machines it is driven by
electromagnets.

The AC generator uses the dynamo effect to produce energy in form of electricity. As it

iIs known, a generator is described as an electric motor however working in reverse,

instead of using electrical energy to produce kinetic energy but in this case, kinetic energy

is used to produce electrical energy. Right after, it shows a diagram of an AC generator.
Current is induced

The coil is rotated in
the magnetic field
in the rotating coil

[ ' slip rings connected

to the coil

Brushes make
continuous contact

between the
external circuit and
the slip rings

Current flows in
external circuit

Figure 33. An AC generator®. The slip rings are connected to the coil. The brushes are connected to the external
circuit. The brushes touch the spinning slip rings, which maintain electrical contact between the coil and the external
circuit.

20 Source. BBC. GCSE Bitesize has changed; Home>Science>OCR Gateway Triple Science
Topics>Electricity for gadgets>Generating. The AC generator.
http://www.bbc.co.uk/schools/gcsebitesize/science/triple_ocr_gateway/electricity for_gadgets/generatin/r
evision/2/
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The use of the dynamo is necessary for converting the rotation to electricity. The rotation
of the merry-go-round will spin a rotor causing the generator to produce an unregulated
voltage. This one will then be rectified and fed into the boost to convert an AC regular
output. Four dynamos can be used if they are put in the shaft below the merry-go-round.

If the Dynamos Generator is connected in parallel, it would allow more current flow
through the circuit and help charge the battery faster.

Figure 34. AC dynamo generator.?

Table 16. AC Dynamo Generator

Module AC Dynamo Generator 6V-3W
Inputs The human mechanical energy produced by the rotation of the merry-
go-round
Outputs The AC output is between a ranges of voltages (1V-4V)

Functionality ~ The merry-go-round will produce power thanks of the conversion of
the mechanical energy to AC electrical voltage

6.6.2. AC-DC Rectifier

Simply defined, a rectifier is an electrical device that converts the alternating current (AC)
to direct current (DC), which flows only in one direction. This process is often called
rectification that means a device only allows unidirectional flow of electrons. This only
allows one half of an AC waveform to pass through the load.

21 Source. http://www.amazon.com/Bike-Bicycle-Dynamo-Generator-12V/dp/B0000BWMGK
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The half-wave rectification is insufficient for most power applications, it is expected that
in this project there is no need for a full wave rectifier. Instead the half-wave rectification
is a simple way to reduce the power to a resistive load.

The output from the dynamo is AC voltage. This voltage will pass by a Rectifier that will
convert the AC voltage to a DC voltage. We have to bear in mind that this voltage will
be always equivalent to the output voltage AC ripple. This AC ripple can be reduced
thanks to a capacitor filter.

Figure 35. Rectifier AC-DC.?

Output Voltage AC ripple

After the electricity passes through the rectifier, we obtain half of the electrical wave.
This wave has a little distortion due to the diode, since we have used a real and not an
ideal one.

Due to the materials the diode has an electrical wave with distortion for the interaction
with the harmonics of the materials of the diode. Trying to avoid this distortion would be
a good idea because the battery will not get damaged in the use of years.

Capacitor filter

Therefore, trying to avoid distortion or ripple the best idea is adding a capacitor filter in
the rectifier. This is a compensator put in parallel with the output. The idea is the
following:

The capacitor will charge and discharge when the ripple goes up and down. The result
will be a rectification of the ripple and, if we use the adequate capacitor we will practically
avoid the completed ripple.

22 Source. Silicon Bridge Rectifier. http://www.feeneyinc.com/Rectifier-Block-12V-DC#
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Table 17. AC-DC Rectifier

Module AC-DC Rectifier
Inputs AC voltage inside a range (1V-4V)
Outputs DC voltage inside a range after the rectification signal (1V — 10V)

The AC-DC rectifier convert the AC voltage to DC voltage with a

Functionality
peak value quite similar.

In the table 15, the AC-DC Rectifier describes all the functionalities of the Rectifier
module. The Dynamo Generators sends a signal to the Rectifier AC-DC then, the Rectifier
will convert it to a DC signal and avoid the AC output voltage ripple from the generator.

6.6.3. Boost Convert Module

Figure 36. Boost Converter.?

The Boost Converter Module is an electronical analogical circuit made with a switch or
a mosfet, a capacitor a diode and a bovine. It has the following levels: The switch is open
so the electricity does not pass by. The electricity goes through the bovine and charges
the capacitor. This is when it turns off the pulse to the MOSFET.

L1
Returning Energy to Circuit
* = +
o e e e P
1d 1
DC D1 + DC
Input ﬂ ON Output]
Vin < C 1T Load Vi + V|
ra— s _
Square MOSFET 1
Wave Switch Charges
LOW OFF to Vi, +V,

Figure 37. Current Path with MOSFET Off.?

23 Source. http://www.digikey.es/suppliers/es/texas-instruments.page?lang=en
24 Source. http://www.learnabout-electronics.org/PSU/psu32.php
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The switch is closed so the electricity passes through and returns to the circuit. Then, the
capacitor discharges and gives the output voltage. Then the pulse is equal to 1.

L1 1
Storing Energy Supplies
'y b _ - 4 Load
O ] !
DC D1 |J__'+ DC
Input OFF Output
w | T4 c1'|' Load ) [V, +v,
oA=L -
Square MOSFET
Wave Switch
HIGH ON

Figure 38. Current Path with MOSFET On.?

The boost converter will take the small input voltage and step it up to the expected output
voltage. It is expected to have a small AC output voltage ripple.

Table 18.Boost Converter

Module Boost Converter
Inputs DC Voltage inside a range with an AC ripple output
Outputs A specific voltage output to charge a battery (12V-14V)

The boost converter will step it up the small DC voltage to a DC
specific voltage wanted.

Functionality

6.6.4. Buck Converter module

The Buck Convert module is an electronical analogical circuit made with a switch or a
mosfet, a capacitor a diode and a bovine. It has the following levels: The switch is closed
so the electricity passes through and returns to the circuit. Then, the capacitor charges and
the output voltage is the electricity that passes through the switch. Then the pulse is equal
to 1. In the following picture, the scheme of the circuit is shown:

Switching Field
Transistor Expanding
N
Vo o W -
_@ Py
* +
D1 1 Load
Reverse | = Charging
Biased

Figure 39. Switching Transistor ‘on’ Period.?®

25 Source. http://www.learnabout-electronics.org/PSU/psu32.php
% Source. http://www.learnabout-electronics.org/PSU/psu31.php
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The switch is open so the electricity does not pass by. The capacitor discharges and gives
the output voltage. Now, the pulse goes out and is equal to 0. In the following picture, the
scheme of the circuit is shown:

Switching Field
Transistor Collapsing
OFF NS
k\/ ) A uN
D‘I_A- c1 Load
Forward| 4 Discharging
Biased
an

Figure 40. Switching Transistor ‘off” Period.?’

The buck converter module will be used to take the input voltage and decrease it to the
output wanted voltage.

Table 19. Buck Converter

Module Buck Converter
Inputs DC Voltage
Outputs A specific voltage output to a USB port (5V)

Functionality The boost converter will step down the voltage output

Figure 41. Buck Converter.?

27 Source. http://www.learnabout-electronics.org/PSU/psu31.php
28 Source. http://www.aliexpress.com/item/LM2596-DC-Step-Down-Voltage-Converter-Circuit-Board-3-

2-40V-t0-1-25-37V-Regulator/609516218.html
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6.7. Conclusions and recommendations

After the efficiency study it is possible to convert the mechanical energy from a child into
electricity, with the merry-go-round principle. After implementation of the designed
circuit, it is needed to evaluate all circuits in the simulation program to confirm that all
designs are correct, no errors occur and it is efficient. If proven correct, it should be
considered to generate sufficient electricity to satisfy the people either with illumination
of public places or to charge mobile devices.

From the opposite view, it could be said that all this energy generated is only in a small-
scale, also this amount of energy is calculated with 6 km/h, which for the children is a
considerate velocity, but it has to be taken in consideration that the output electricity
generated calculated before is in one hour in constant motion.

Therefore, two circuits are designed with two dynamos each, which they would be
coupled in the four shafts down of the merry-go-round. There the two results suggested
it could be obtained. On the one hand, providing electricity for illuminating parts of the
playground where the merry-go-round would be situated, and on the other hand, for
parents to charge their mobile devices such as tablets, mobile phone, speaker to listen
music, etc.

Finally, the two circuits that could provide electricity in a clean way are:

Human
. Dynamo .
mechanical ge\r/\erator AC/DC Rectifier Boost converter
energy
Rechargeable
uUsB 5v Buck converter
Battery 12V 8Ah
Figure 42. Circuit design for the USB connection.
N
Human Boost
. Dynam
mechanical eZIe?atgr Rﬁgfi?igr converter
energy g ~——
O
Rechargeable
LED 12
bulb 12V Battery 12V 5Ah
—

Figure 43. Circuit design for the LED Bulb.
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7. Other ways of capturing human kinetic energy

The aim of this chapter is the demonstration of the feasibility to generate energy on the
floor through footsteps of people. In the long term it could revolutionize power
generation systems in the form of massive installation of piezoelectric devices under the
asphalt. This principle can be applied to roads, highways, railways, airports and the
generation could be achieved not only by the footsteps of the people but also with
vehicles such as trains and even planes as it is already developed elsewhere.

7.1. Introduction

This chapter describes the advantage of capturing human kinetic energy, for example, the
endless resource of energy through piezoelectric tiles on the floor at children’s
playgrounds. One way to save energy and make use of sustainable energy in a clean way
is to start using this system of piezoelectric tiles. This technology is relatively new in
terms of social knowledge. It is basically the “use of crystals, natural or artificial, that
when is submitted with a mechanical stress (treads of the people) release electrical
charges”.

How many people pass through the center of a city, the subway entrance, hallways
schools or playgrounds floors? All this effort is wasted energy, for this reason, this project
aims to use this energy trying to create a system, which transforms and takes this
“resource” into electrical energy.

Nevertheless, the piezoelectric materials as power generators are under development,
although they are a reality, they still need more time to be competitive in the market
system. With the evolution and the research of these materials, these will become an
option for the world to generate electricity.

7.2. Antecedents

Around the world there are many companies specialized in developing methods to take
advantage of the mechanical energy generated by the piezoelectric plates for railways,
runways and automobiles or pedestrian traffic. These plates operate by mechanical
stresses that are obtained by putting down certain crystals in a certain pressure to acquire
an electric polarization in its mass and give rise to a potential difference generated by
electrical charges on its surface.
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Consequently, the plates take advantage of the pressure exerted naturally by certain
human activities to transform it into electrical energy that can be stored and it can be used
for different applications. It is based on the large amount of movement that can occur
daily in crowded areas like train stations, subway stations, bus stations, airports, schools
or shopping centers.

There are many projects related to electricity production using footsteps, for example the
summer 2013, this intelligent system was implanted near the access to the Olympic Park
in London where twelve million football fans produced around seventy two millions of
Jules. This is enough to charge ten thousand mobile phones for one hour of energy.

After the project in London, they got more evidence in mass and promotional events,
from the Paris Marathon to Earth Hour held at the Marina Bay in Singapore. In the UK
and Europe, they have developed nearly 30 projects from ‘Pavegen?®®’

or temporary. [ABC.es — SCIENCE/Invents/Intelligent Tile.]

either permanent

The East Japan Railway Company has installed a piezoelectric pavement in the turnstiles
and the entrance gates at the Tokyo subway that serves the purpose of generating
electrical energy. The total amount of surface employed for this system is approximately
of 25m2 and estimated to be generating up to 0,4 kWh a day.

Figure 44. Conceptual drawing of the piezoelectric floor in traffic areas. °

Energy efficiency systems that work with pedestrians, automobiles and railway traffic
have been developed by Technion institute of technology and later on by the Israeli
company Innowatech. This energy conversion system for the road traffic consists in
introducing several piezoelectric elements in a way where its surface is placed 3cm
underneath the pavement. These generators are wired to a number of batteries placed
outside the system so that the energy can be stored for later use in the electrical grid.

Following the same structure, a piezoelectric generator was placed in the heel of a shoe,
dedicating amount of energy generated to charge a battery by J. Paradiso and N.S. Schenk.
The device installed in the shoe managed to get 11% of efficiency.

29 http://www.pavegen.com/
%0 Source. http://www.ingenieriaverde.org/genera-energia-con-solo-caminar/
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Another application for this kind of technology can be found in what is known as WATT
club, based in the model of the Sustainable Dance Club, which franchises ecological
clubs. This is a project where piezoelectric materials form the dance floor of nightclubs
so that the energy from each step can be stored and later be used for the basic utilities of
the local municipality and save up to 10% of the energy consumption.
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7.3. Piezoelectricity

What is a piezoelectric material?

A piezoelectric material is a crystalline element which by submitting an effort mechanical
acquires an electrical polarization and a difference potential appears which produces
electrical energy.

7.4. Introduction to the piezoelectric phenomenon

Piezoelectric materials have an induced polarization by an external electric field, the
polarization is also produced under the influence of the mechanical stress. When a
piezoelectric material is deformed, it is produced a displacement of the charged particles,
resulting in a dipolar moment in the material and influence on opposite charges facing
surfaces thereof.

In addition, the crystals are given the reverse piezoelectric effect resulting of a material
deformation by applying an electrical voltage. When the material is subjected to an
electric field an internal forces on the loads that constitute the crystal appears, and the
loads will change their position, producing a mechanical deformation of the crystal.

7.5. Piezoelectric materials properties

The materials that present piezoelectric properties are divided into two groups: those with
present properties in the natural way and those that need to be polarized (which are the
piezoelectric ceramic). The first have a very small piezoelectric effect. For that reason a
second alternative with a greater effect was developed.

In the industry, titanate barium (BaOTiOz) and the combination of zicronate lead
(PbZrOz) and titanate lead (PbTiOs) are most used. This combination is called PZT
(zicronate titanate of lead) and are manufactured by powder compression at high
temperature, molded and baked in an oven.

The PZT

The PZT has an advantage over the other ceramics as it can be manufactured at a very
low price, is physically strong and chemically inert. Further, it has shown to be more
sensitive than other piezoelectric ceramics.
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7.6. Piezo generators

The piezo generators are statics machines, which convert mechanical force and movement
into voltage. The piezo generators can be configured in layers or in multi layers,
connected in series or parallel.

7.6.1. One layer piezo generators

When in the longitudinal directional (parallel polarization), a mechanical stress is applied
to one layer piezo ceramic; it generates a voltage that tries to return to its original
thickness. It is obtained a longitudinal piezo generator.

Table 20. Forces of the longitudinal Piezo generator
Vout Output Voltage
Fin  Applied Force

P Pressure

ATin Layer Thickness

7.6.2. Multi layers Piezo Generators

When mechanical stress in two-layer laminate is applied it results in an electrical
generation depending on the direction of the force, of the polarization direction and the
wiring of the individual layers. The wiring for two layers in a series that uses only two
wires, each one is attached to each outer electrode. The wiring for two layers in parallel,
requires three wires, one attached to each outer electrode and the other connected to the
support plate center.

Figure 45. Function of the longitudinal ~ Figure 46. Two layer generators. 1) Series connection,

Piezo generator.31 2) Parallel connection.*?

31 Source. http://www.piezo.com/catalog7C.pdf
32 Source. http://www.piezo.com/catalog7C.pdf
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7.7. Use the piezoelectric tiles to harvest energy

7.7.1. Introduction

For energy harvesting piezoelectric effect is widely used. Companies like PowerLeap,
Pavegen, Innowattech and others have developed trading systems pavement which
generate electricity under this effect.

The generation of the electric energy with the help of piezoelectric tiles depends on at
least two groups of variables: constructive aspects of the tile and the particularities of
human walking.

7.7.2. Principle of the operation of the piezoelectric tiles

The tile consists of two aluminum plates separated between 4 to 10 mm and with the
ability to move relative to each other when it is footfalls. In the middle of the plates the
piezoelectric material is located.

When pressure is applied on the tile, the plates move and trigger the piezoelectric material
where the mechanical energy is converted to electrical energy.

Figure 47. Mechanical scheme and piezoelectric tile. The piezo electrical material is placed between two aluminum
plates.3

33 Source. POWERIeap Product. Source. POWERIeap SmartFloor Overview 2011
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7.8. Description of a piezoelectric tile PowerLeap

The piezoelectric tile PowerLeap (figure 51), is assembled on an aluminum structure of
3 ¢cm high, 50 cm wide and 50 cm long which supports up to 100 KN of weight. This
structure consists of two metal plates of aluminum of 3 and 4 mm thickness, which can
be moved to 5 mm over the whole surface (when they are footsteps). Between the two
plates the piezoelectric material is embedded.

Figure 48. Piezoelectric tile PowerLeap®*

The piezoelectric material used, is a compound of piezoelectric microfibers (MFC)
developed by the NASA Langley Research Center. The MFC consists of fine fibers PZT
embedded in an adhesive polymer film and covered with a pattern of interdigitated
electrodes.

The piezoelectric fibers have rectangular transversal sections with regular space and
parallel line-up precision. The polymer film combines electrical, thermal, chemical and
mechanical properties for environments with extreme temperatures and vibrations.

As a result, the MFC have a higher electromechanical coupling coefficient and produce
force at a higher shift than any other compound. A PowerLeap tile, has a MFC with 8.4
cm long and 8.3 cm wide that is parallel polarized. A PowerLeap tile is designed for the
use of 20 years or more and the manufacturer estimates a positive payback between 3 to
5 years.

3 Source. POWERIeap Product. Source. POWERIeap SmartFloor Overview 2011
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Results and general Conclusions

8. Results and conclusions

From the mechanical point of view, it is possible to design a playground where the
mechanical energy is obtained to illuminate the park or to charge different types of
devices. This study has not taken into account the economical aspect, except in the case
of the merry-go-round. In this case, the feasibility of the system has shown to be relatively
high, since the elements used are inexpensive.

Nevertheless, throughout the study different assumptions have been made in order to
simplify the calculations of the systems. In the case that the project would be carried out
by a group of experienced engineers in this sector the assumptions might be argued. In
addition, the uses of sensors and other measurement devices would make the study more
realistic.

Moreover, if the project was going to be carried out, it would be necessary to perform
both an economical study and a safety study. Regarding the economical study it is
obviously important to know the prior investment amount needed and the exact payback
period. Regarding the safety study, it must be ensured that the structure of the swing will
not break or fall. Otherwise, the engineer in charge of the project would be held
responsible for any accident. Furthermore, before building or commercializing this
technology at a large scale, it is necessary to study the behavior of a prototype of each
design.

From an environmental point of view, it can be said that the main goals of creating a
sustainable playground have been achieved. In addition, it has been only possible to study
the swing and the merry-go-round; however, there are still many other designs to develop
for other kind of games. Nonetheless, this project could be largely developed in order to
find new alternatives to generate electricity.

Moreover, this initiative would hopefully have a positive impact on growing up children.
Nowadays, the global awareness on environmental impacts and economic cost of
generating electricity increases steadily. This attempt shows a greener vision of energy
generation.

Furthermore, the results that have been obtained do seem to be fairly realistic. In the
merry-go-round, a system to charge electronic devices has been established. Besides,
some of this energy would be stored in small batteries to use to illuminate the playground.
The results from the swing have shown to be fairly good; with only 1 hour working at the
highest rate it is possible to illuminate the park from 10 hours onwards.
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Appendix 1

1.1 Low-Tech system. Project SWING / Moradavaga

S\ || EET R blcycle wheel

concrete counterbalance - - - -

dynamo

bicycle chaln | |

light bulb | |

Figure 49. Low-Tech system
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1.2 Calculation of the dimensioning on request dynamic of roller
bearings.

As the roller bearings “B” and “E” only support radial loads:
P =B, =911,012N

P =E, = 960,679 N

c \3
L10=L=21=(m> S C=23KN

10

C 3
L10=L221=(m> S C=24KN

It is entered the value of C in the tables on page 276 of the catalogue “Rodamientos Frag”
and is removed the inner diameter of the roller bearings “B” and “E”.

Rodamientos FAG de rodillos cilindricos

de una hilera
a
n I, My
a gt Tn Ta b M M
4| F| d E| D H| J| d — F (i JlF| 4 - H|E|D ‘
e L =%
B Lel
N NUP M y HJ
Eje Dimensiones Peso Capacidad
- de carga
diri. ekl
d o B rn 1, E F H J n a B &) Rods Anllo G,
min  min - - rmarla angular

17 17 2 % 3 249 12 $§ 14
1F P X 2 i 287 9,0 4 2 0,008 14
i 2 F 1.2 14
pEd P g 2 t 248 A5 % 14
17 K 5 2 2 247 -] ] 1.7 053 00 = e
1 0.3 g 2 1.z 1 F
17 0.5 ! < 2 228 4 055 2 ek
ki o 0, = 2 il g0 4 1,2 24 002 & 4
17 o i) ] T 12 122 F i
17 o 1 2 el B3] 127 £ 21,4

Figure 50. Catalogue Roller bearings

®B=®E=15mm

1.3 Calculation of the dimensioning on request dynamic of roller
clutches.

As the rolling clutches “C” and “D” only support radial loads:
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Bearing types Deep | Angular | Doublerow |  Duplex Self- | | Cylindrical
T | T | e | e | 2| oerese
~_ NJ|&a |8 | el
Load Camying Capacity
i i i i
Racinl lon 41- -|T i - =
Axial load

Figure 51.Performance comparision of roller bearings

Cr = D, = 953,321 N = 0,9KN

It is entered the value of Cr in the tables on page B-80 of the catalogue “NTN — Ball and

Roller Bearings” and is removed the inner diameter of the roller clutches “C” and “D”’.

d 20~40mm
Boundary dimensions Basic load ratings Limiting speeds" Bearing numbers=
dynamic static dynamic siafic
mm kN kgt miri™* type type  type type
d ] B fame®  Faee® O Car Car grease woil NU NJ NUP N
47 14 1 0.6 257 226 2 620 2310 15000 18000 NU20ME NJ NUp —
=r =] T L WITF L= o W TURF oo = U OO W
20 52 15 11 0.6 s 26.9 3 200 2740 13000 15000 NU3ME NJ NUp —
52 21 11 0.6 420 39.0 4 300 3950 12000 14000 HNU234E MNJ NUp —

Figure 52. Boundary dimension of roller bearings (roller cltuches)

®c=®D=20mm

1.4 Dimensioning the diameter of the driveshaft at point B.

1. Table 19. 5 = 450

Tana 73.

N

mm?2

- oy = 210

N

mm?2

Table 21. Resistance fatigue

- p"= 0,09mm

Resistencia a la fatiga por traccion y compresion o, y radio e*, de las
entalladuras equivalentes £n materiales tenaces (acero)

os N/mm® | 300 | 350 | 400 { 450 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 |1300
ow Nfmm? | 140 | 170 | 190 {210 | 230 | 270 | 320 | 360 | 410 | 450 | 500 | 550 | €00
e* mm 0,2 |0,15| 0,12 | 0,00 | 0,08 | 0,06 | 0,04 | 0,03 {0.025 | 0,02 | 0,02 [0,015 |0.01

2. Figure 54. 65 = 450 N/mm? - b, = 0,88
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Figure 53. Influence factor bo in the relation with the fatigue resistance

3. Considering d = 20 mm and with the figure 57.
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Figure 54. Coefficient ao
App:
d p
5=0'8 =D =25mm; p=2mm;t=4mm —>?=O,5 = ayp = 2
X:
Considering torque, more unfavorable:

X= 22—0 +% = 0,6 (considering the torque equation)
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4. Byp:

5. R =2 Considering R = 0,5 (Pulsatory moments)

OJo

6. Og:

M, N 41,85-103 0
%=, 7dZ T 800 ' m-50°
4 4
3aj: (Considering pulsatory torque and bending): a, = 1
M, 52,43 - 103
Ty, T T T 1600

O¢g

kb

2

ﬁxb

210-0,88

Oadm =

162 -(1-05)

" 1+/p*x  1+/0,090,6

=1,62mm

N
= 227,74‘@ = Ogdm —
227,74
1—3 = 175,19 N/mm2

oy = 1/0-02 + (36!5)‘[?

7. My =./(Mp)% + (Mg)Z = /39,332 + 14,312 = 41,85 N - m

Wb = 0,1 * d? = 800 mm?

Og
Cs

;Cs =1,3

= 52,31 N/mm?

= 32,77 N/mm?

W, - table 20 > W, =0,2-d® - 0,2-203 = 1.600 mm3

TaBLa 71. Momentos de resistencia W, vy W, contra flexién y torsién, asi como mo-
mentos de inercia I, vy I, en distintas secciones de ejes

Table 22. Types of shaft

Eii: rnnF;j;do Ejti::;:f:](:h dcﬁ:‘;do ncE?:du Eje poligonal P3 e P]_%Eoml
We| 018 | moa0* | = %'- 5”{-' 0,1 (Esz)' ~0,1 (2—2‘3-5]‘ so,1f—-)~:? = 0,15 10}
w, | 028 | x02¢ | =2Wn ~0,2 {’i’é‘fr ~0,2 {?)a ~0,2D} = 0,2D}
In | %0,05d¢ | ~0,050¢ | = % d—g 0,05 {E%’-i‘—]' au,os(l-)-ét‘f *lx 0,05D% ~ 1,2D%¢%| ~ 0,076 D}
I | a016s | =018 | s2h 0,1 [D—;'l’}'l ~0,1 l'f‘-'n'é‘f ‘| = 0,104~ 2,4D%¢* | ~ 0,14D}

Solution: ¢, = /52,312 + 3 - 32,772 = 77,19 N /mm?

8. ougm =0, = 175,19 277,19 - OK
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1.5 Calculations in Excel at point B

Rolling bearing B Calculation driveshaft

Fatigue resitance

adm =—
FOam Tz

_— ow * bo -
= ERb (LR

oB(steel stress) 450,00 M/mm2
ow [taula 73) 210,00 M/mm2
p* (taula 73) 0,09 mm
bo (figura 189) 0,88 Surface finish.
d 20,00 Assumption (mm)
akb (figura 190} 2,00 Grafico (p/t)
d/D 0,80 mm
D 25,00 mim
p (rounding r) 2,00 mm
t [profundity) 4,00 mm
p/t (figura 190) 0,50
X (torgue + unfavorable) 0,600 mm"-1
2 1
X= E + l_}
]
| Bkb 1,62 mm |
kb om ow * bo
Bkb_HJ{p**m =70 = iRy =™
1
R 0,50 pulsatory
o 227,74 M/mm2
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k= aw

i ov = oo + [3a07) + T°

k= (flexion)

2,10

Tarwna 75, Resimencla & la Fasigs por traccidn v compresidn o ¥ radie §*, de las
entalladurns squivalentes en maleriales [ERBees (acers)

re Wymmt | o0 | 380 | 400 | aso

S | R | 1000 | 1000 | 1200 | LB

rw Bimm®* !:I.rlﬂ LT | e | 20

230 | 230 | 330

380 | 410 | 4B0 | S0 | B0 | B0

m |01 |818( 012 | om

9,08 | 0,06 | o0

B0 [o.02d | 00F | 0eE R0 |98

Codlcisaie de forma gy, —=

Ficuma 190

Crsficentes de forma de la
entalladura o, de gjes con
escalones.

ﬁ'l o
”' o L
F,
5 A W ]
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o
A
) //f’/_r'/ f"lw %
] & A A A o
3 L= ]
I /’ j-;/
f -
P i 2 i
z e A B
o
T R 2 1
L ——
. : [
- Iﬂﬂe.m—-—“ d
G
gadm =—
175,19 H/mm2

=

1,30
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v
77,19 M/ mm2
Mb (bending moment) 4184875 H*mm
whb {smooth shaft) (T.71) 200,00 mm"3
oo 52,31 M/mm2
oo (bending/torque = type load) (pulsatory) 1,00
T 32,77 M/mm2
Mt (torgque moment + unfavorable) 52433.00 MN*mm
wi (taula 71) 1600,00 mmA3
gadm = ov

Tama 70, Momenns de resisien
ranins de lmangis

i
-
=
g
E
g
3
:
g

Eic
rarsvTas ity Lad . E‘ludn

06 94 &

e pelgeeal fn (Ehidigonn)

1
k| w g el 100 -%-% il —"‘r"|'|.u. iﬁ"—"]' -.l.-%

PN
w, | soan | sesn | eow, g —i‘— ‘e [5-;-!)' by -end
| P By T
o | womtes | wapmes | w - S u,u[ :‘":| - rn| i BAAEL L AR e w N 1]
B | wmia -1 . a8 I-n;‘ - th_'.'fl'-g_“:‘__“ﬁ- - I
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l“b + lﬁr
B
4

Mb  My*+ Mz?

My 39,33
Mz 14,31
My 39325,00
Mz 14313.00
wh=0,1=%d3
Mt
T =
wt
wt=102=+d*?

N*m
N*m

N*mm
N*mm
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1.6 Dimensioning the diameter of the driveshaft at point C.

N
mm?2

N
2

—Z TP = 0,09 mm

Table 23. Resistance fatigue

TaBi.a 73. Resistencia a la fatiga por traccion y compresion 6, y radio e*, de las
entalladuras equivalentes £n materiales tenaces (acero)

op Nfmm?® | 300 | 350 | 400 450 | 500 | 600 | 700 | 800 | 900 | 1000 | 1100 | 1200 |1300

aw Nfmm? | 140 | 170 | 190 | 210 | 230 | 270 | 320 | 360 | 410 | 450 | 500 | 550 | €00

2* mm 0,2 |0,15| 0,12 | 0,00 | 0,08 | 0,06 | 0,04 | 0,03 {0.025 | 0,02 | 0,02 6,015 |0.01

2. Figure 60. 05 = 450 N/mm? - b, = 0,88
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Figure 55. Influence factor bo in the relation with the fatigue resistance

3. Considering d = 40 mm and with the figure 59.
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A
Ficura 190 R
Coeficientes de forma de la g ==

entalladura a,,, de ejes con 04 05 G ¢ g8 49 7
escalones. . Relaciéon d/D-—e

Figure 56. Coefficiens ao
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Akp-
d p
5=O,8 - D=50mm; p=2mm;t=4mm —>?=0,5 - Ayp = 2
X
Considering torque, more unfavorable:

X= 42—0 + % = 0,55 (considering the torque equation)

2

. — QAkb — —
4. Bxp: ﬁxb—Hm—Hm—l,&me
5. R= ‘;—m . Considering R = 0,5 (Pulsatory moments)

0
6. Og:
210-088 o592 % .05 =13
= = _— > = — =
O-G 1,64 K (1 _ 0’5) ] mm2 O'adm CS ;LS )

225,92 5
Ogdm = 3 - 173,78 N/mm

Oy = 1/0—02 + (3&3)1’?

7. M. =/(M)Z + (M.)Z = /24,582 + 723,942 = 724,36 N - m
M, N N _ 724,36 - 103 N 0
W, md® 6400 - 472
4 4
3aj: (Considering pulsatory torque and bending): a, = 1

= 113,18 N/mm?

0-0:

M,  5243-10°

T, = - T, =
w0t 12800

= 4,1 N/mm?

Wec =0,1x*d3 = 6400 mm3

W, - table 22 > W, =0,2-d® - 0,2-40% = 12800 mm3
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Table 24. Types of shaft

TapLa 71. Momentos de resistencia Wy, v W, contra flexién y torsién, asi como mo-
mentos de inercia I, y I, en distintas secciones de gjes

Ei:: rnnEj:udo EJ:;D;:?;EICh deE{:do neE:do Eje poligonal P3 e ‘;:30 el
Wo| ~0,10° | 2010° | = %'- ‘?T‘D-' %0, (Egﬁ)'zo,i (25-5]' 30,1%{‘1‘ = 0,15 D}
we | x028* | 028 | x2W 20,2 (?)’ ~0,2 (?)’ %0207 =~ 0,20}
L | =00sa | =005 | = -G =008 (P25 0,05(250) |+ 0,050k~ 1,200 0,075 Dt
I | w0a¢ | =014t | mony 0,1 (D—;;it]9 ~0,1 (i‘)-gf]' % 0,1D%— 2,4D%¢* | & 0,14D}

Solution: g, = /113,182 + 3 - 4,12 = 113,4 N/mm?

8. 04gm =0; — 173,78 =2 113,4 —» OK

Novia U.A.S
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Xii

1.7 Calculations in Excel at point C

Roller dutch C Calculation driveshaft ot
oadm = ov gadm == i ov = 470’ + (3ao”) * T
Fatigue resistance P L L k= (flexion) 2,10
Bib=({1—R)—
|
UB{StEEl ‘STTES‘S] 451}_. oo mem? Taml.:fs. Resisencia a la Fasigs puar 1r|-l:ci5.n ¥ compresitén o ¥ mdic §°, de lus
eatalladuras spuivalentes em maleriales Ienaces (acers)
oW {tﬂLIlEl ?3] 210,00 memz v d/mmt' | moo | 350 | oo | a0 [ o0 | eeo | o0 | sw [ o0 |00 |1ie |1mee |iew
p" Et,auha ?3} 0,09 mm ru Bimm* | 240 | 070 | 1e0 =10 | ze | 230 [ 220 [ae0 [ 410 | azo | 500 | sso | eoe
bo |figura 189) 0,88 Acabat superf. e L L L L KL K L L L L
d 40,00 suposem (mm] fr il e i
akb (figura 190) 2,00 Grafico (p/1) #] -y [—?'w*'_i
r.
d/D 0,80 mm g ;f 7 " L 1]
D 50,00 mm t F
p (rounding r) 2,00 mim ; * ;"’, /, /- 0% %
t (profundity) 4,00 mm i” e e s el
b/ (figura 190] 0.50 sAAAAAA" E‘B
X (torgue + unfavorable) 0,550 mm*-1 i B s et L
P e A =
pol.t =, @l
-4 +E Ficuma 190 F,.--"f —
Creficienies de :I';:m d:“: ' r i )
“ entalladwra o, L ) f;hﬂ-ﬂ d'.lﬂ—lv-ﬂ I
| Bkb 1,64 mm |
okb am aw = bo
Pkb = ————— = — 06 =——————=ksow _o
1+(p'+X) 7o Bkb+(1—R) gadm = e

R 0,50 pulsatory m 173,78 M/ mm2
a3 225,92 M/mmz2 Cs 1,30
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v

113,40 M/mm2

Mc [bending moment) 72435317 N*mm

wi [smooth shaft) (T.71) 6400,00 mm"3
oo 113,18 M/ mm2

o (bending/torgue = type load) (pulsatory) 1,00

T 4,10 M/mm2

Mt {torque moment + unfavorable) 52433,00 N*mm

wi (taula 71) 12800,00 mm®3

gadm = av

T 71. Mamentus de resiswncin I, ¢ B, conten flesén v taradn, s some mie

mentcs de Inardda &y 7 1, o dstiames seceknes. de cies

@

©® 6 ¥ ¢ @

B cons il Ex Eic [ r— Y [-kwmd
Wil soar | maim -5- ? - [Ei— s {”—;—']' .l.-% 1 T
w, | b | waEs | wEW, - 12‘:_"."" “—'i"‘!)' wh B -ipE

-M‘n'.“ '-llm{f;- e L 1

w02 ]

SAD | i-u. i, [—’-}'-ﬂ'-na |E;!|' EERT ST

L RTF

Novia U.A.S

Fo =

Mb+ N
wh ' md®
4

Mc =/ My® + Mz"

My 2458
Mz 723594
My 24580,00
Mz 723936,00
we = 0,1+d°2
Mt
T=—
Wt
wt=0,2=d°%

Xiil

N*m
N*m

N*mm
N*mm
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1.8 Materials selected

o Roller bearings
Cylindrical roller bearing
With the next catalogue, it is chosen the following roller bearings.
http://www.baleromex.com/catalogos/C-FAG.pdf

Rodamientos FAG — Catalog WL 41 520/3 SB

B
My HJ
Eje Dimensiones Peso Capacidad
- de carga
_ dire estil
d [§] B T Tre F F H J n R 1 5" Rodz= Anilo [ Ca
min iR =~ - mierts angular
im kM
o [I8] 1 nyid 1,id e e g il v [Tyl o =15
Al 27 w
I o
1‘3 7 5 @Ay gﬁ 855 Eﬁ—m E ﬁ_
7 B k arg E
}i i 1 ﬁ 241 35 i=i] E
FAG I7R ') Displazabilidad axisl desde s posicion cenrel. Bajo denzands cambi

Novia U.A.S



o Roller clutch

Cylindrical roller bearing

With the next catalogue, it is chosen the following roller clutches.

NTN Ball and Roller bearing. CAT.NO. 2202-IX/E

http://www.ntnamericas.com/en/website/documents/brochures-and
literature/catalogs/ntn_2202-ixe.pdf

XV

8 B
r ¥ @ l._ Fi Tﬁr.
n ] F i n r 7|
o -p|d #Fu T; & D fEw T' i
— L
_H @ —
Typa NU Typa NJ Type NUP Typa N Typa NF
d 45~ 60mm
Boundary dimensions Basic load ratings Limiting speeds’ Bearing numbers®'
dynamic  static dynamic  stafic
mim ! type type  type type
d 1] B Famad  Tam® O [ (3 Car grease ail NU M HUp N
75 16 1 0.6 3.0 340 3200 3450 9800 12000  NU1OD09 HdJ HNUFP N
B5 19 14 14 48.0 47.0 4700 4 800 8400 0000  NU209 NJ NUP N
B5 19 11 14 B3.0 66.5 6450 6800 7 600 9000 MNU209E NJ NUP —
B5 23 14 14 B1.5 68.0 6250 6800 7 600 9000  NUZ2209 HdJ HNUFP N
a5 g5 23 14 14 76.0 B4E T 750 B 800 6 800 2000 NUZ200E NJ NUP —
100 25 1.5 15 T74.0 710 T 550 7250 7200 8400  NU309 NdJ NUFP N
100 25 1.5 15 ars g8.5 9850 10000 6 500 TEDD  MNU3IME HNJ NUP —
100 36 15 16 0o.0 104 0100 10800 6 300 7400  NUZ2300 HJ NUP N
100 36 1.5 15 137 153 4000 15600 5700 6800  MNUZIWE NJ NUP —
120 20 2 2 107 102 0800 10400 5100 G000  NU4D9 HdJ HNUFP N
B0 16 1 0.6 32.0 36.0 3300 3700 8000 11000  NU1D1OD NdJ NUFP N I
- —) ™ T1 qey Ry oo g, T oo oo U210 T
o0 20 14 14 BE.O 720 6750 7350 6 000 2100  HNUZOE NJ NUP —
o0 23 1.1 14 64.0 7a5 6550 7 500 6 900 8100  MNUZ210 NdJ NUFP N
90 23 14 14 79.5 1.5 8100 9350 6 200 7300  MNUZZIDE NJ NUP —
S0 490 27 2 2 NJ N

87.0

86.0

8800

Novia U.A.S

7700

NU310

NUP



XVi

o Cogwheel
Spur Gear with hub — Straight tooth
With the next catalogue, it is chosen the following cogwheel.
Metric Spur Gears and Racks. PTI. Module sizes 1-8

https://mdmetric.com/prod/ptic/375_PTI_CATALOG.pdf

Metric Spur Gear with Hub | PTi

Module 2.5 Module 2.5
20° Pressure Angle Teeth Part No. De [ Dp | 4 | D | M| w
Straight Tooth Hub Type | Plate Type | mm | mm | mm mrm N':I“ kg
12 | WZsaie — 30 | W0 | o2 70 59 | 017
13 | MZ5ei3 — 375 | %25 | 5 10 a7 | 021
T | MisEl — a00 | 350 | 28 0 76 | 025
Hub T}'PE 15| MZSBIS — 425 | w5 | 30 10 E3 | 030
16 | ML5Ei5 — a50 | 400 | a2 1z B9 | 0.3
‘ 7 | MIsETT — a5 | 425 | 3% 1 57 | 038
[——H— 18 | MZ58i8 — 500 | 450 | 35 1 04 | 042
h— 18 | ML5Eig — 535 | 475 | 35 1z 118 | 045
I— 30 | M25EI0 — 550 | 500 | 40 W | 13.4 | 054
- ] MZ.5821 — 575 | 525 | 40 1 151 | 056
77 | Mis5Ezz — GO0 | 550 | 45 1 168 | 066
e — 25 | 575 | 45 L 187 | 410
\\\ 3| MZsEad — 50 | 600 | 45 1 WA | 074
j_ N 35 | MZ5Eas — 75 | 625 | &0 T 726 | 085
i 0 4—-—-—} Dpope 7 | M5B — 700 | 650 | &0 1 0 | 080
1 i — 725 | 615 | &0 L] 73 | 095
| ﬁ 78 | MZ5828 — 750 | 700 | &0 1 EFET
\ 79 | M2sE — 775 | 725 | &0 1a 27 | 106
B 0 | MZ5E30 — B00 | 750 | 55 16 e | 118
= N MZ 5631 — B25 | 775 | 55 16 s | 192
= 32 | MZsE3 — B50 | 8O0 | 55 16 A6 | 178
33 | MZ5E33 — B75 | 825 | 55 16 438 | 134
W | Mzsea — 500 | 850 | 55 16 BT | 141
Plate Typg 35 | mzsB3as — 525 | 75 | &0 16 502 | 154
3 | MZGE3s — 550 | a0 | 60 16| 543 | 1.6
_— 7| MzsEa — 575 | W5 | 60 16| 545 | 1.6
3 | MZ5Ean — M0 | &5.0 | 60 16| 608 | 1.0%
— 38 | Mz5Eag — 025 | 75 | 60 16| 663 | 183
7 a0 | Mz5E40 — 1050 | 1000 [ 70 0 |71z | 208
/ a MZ 5841 — 075 | 1025 [ 70 20 | 774 | 214
/ A7 | MzhEdz — 100 | 1050 | 70 20 | B2z | 2w
/ [ | w25 — 1125 | 075 | 10 70 | 524 | 23
o | Mzsead — 1150 | 100 | 70 20 | Wb | 20
F I A A5 | Mzheas — 1175 | 1125 | 10 20 | 1000 | 247
! A5 | MZ5E4E — 1200 | 1150 | 70 20 | w70 | 252
[ L T — 1225 | 1175 | 80 20 | 140 | 28
/ B | M25eas — 1250 | 1200 | 80 20 | 1200 | 288
/ A5 Mzheas — 1275 | 1225 | 8D 20 | 1280 | 2
50 | MZS5Es0 — 1300 | 1250 | 80 20 | 1350 | a7
. A | 5 MZ5E51 — 1325 | 1275 | 80 20 | 430 | anw
Part No: M2.5627 3 [T — 13RO [ 1anmo [ on FIT] 400 | A48
3 MLIDDE — [ETaT) 13U i) £u 1w 8 .90
M2.5 = Module Size 51| MZ5ES3 — 1375 | 1325 | W0 20 | 1560 | 3.58
B =HubTypeor A= Plate Type 51| MZS5Es4 — 1400 | 1360 | 90 70 | 1650 | 3.68
55 | MZSEs5 = 1425 | 1375 | 90 20 | 1730 | a8
27 = Number of Teeth &6 NZ.5855 — 450 | 140.0 | 100 20 | 1810 | 413
Material: C45 E Steal 57 25857 — 1475 | 1425 | 100 20 | 100 | 4
58 NZ5058 — 1500 | 1450 | 100 20| 150 | 4w
5t 25858 — 1525 | 1476 | 100 20 | 2080 | 446
&l 125850 — 1550 | 150.0 | 100 20| 2170 | 457
Module | b mm) [ Himm] 82 | M2spe — 160.0 [ 9550 | 100 | 20 | 2400 | 459
1 ] 2 61 | M2.5BE3 — 1625 | 15756 | 100 | 20 | 2600 | 460
15 17 a0 ] M2 5B5S WMIERES | 1675 | 1625 | 100 70 A0 | 199
i b &7 MZ5B67 = 1725 | 1675 | 100 20 | 2850 | 461
| 75 i L] | 70 NZ.5670 MZSATD | 180.0 | 1750 | 100 20 | 3240 | 464
T ki) ) 71 — MZ5ATZ | 1850 | 18AD | — 20 | 3320 | 481
L] a i 75 — MZEATS | 1925 | 1875 | — 20 | 380 | 533
: = = — iaa Py T F——T il
B []] [ [ 50 — wzssA0 | 2050 [ 2000 [ — 75 PN |
7 = = o = T AT T Ten | B
al — MZSABD | 23000 | 2250 | — 25 | 3480 | 768
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o Alternator
Harmonic alternator / Monophasic / Industrial / Lighting application.
With the next catalogue, it is chosen the following alternator.
Fujian Mindong Electric Co., Ltd.

http://www.directindustry.es/prod/fujian-mindong-electric-co-Itd/product-126201-
1571100.html

MINDONG
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XVilii
Appendix 2

2.1 Materials selected

o AC Dynamo generator 6V-3W
With the next catalogue, it is chosen the following dynamo for the circuit designed.

http://www.bumm.de/fileadmin/user_upload/Katalog/B_M__Catalogue 2014 15 Eng
lish.pdf

DY MOTEC® DYMOTEC 6
High output tyre dynama with approx. 40% efficency. The

position to the tyre as well as the contact pressure can be

[ | aligned perfectly with two easy adjustments. With easy touch
trigger: a quick press of the finger suffices, and the dynamo
pivots toward the tyre.

Bracknt type 406ALU u Unique efficiency: approx. 40%
= Position and contact pressure adjustable
® Separate versions for mounting to the

f . left or right of the bicycle
S~ ) >
\— A special separate roller with high alloyed steel brushes
is available for temporary use under extreme conditions.
During rain, slush, snow or ice it works with optimised
Tyre rokes for

Cxtrome conaitions contact pressure and maximal traction - genlle Lo the tyre
Tyeo 06 and sell-cleaning.

Then, the estimated prize is chosen through the amazon company:

http://www.amazon.co.uk/BUSCH-MULLER-Dymotec-6-Dynamo/dp/BO0FSHWZEE

anlqzon co.uk Sports & Outdoors ~ R e m

Shop by Hello. Sign in Try
Department ~ Your Amazon.couk Tod 2 Gift Carc Se Your Account ~  Prime ~

Sports & Outdoors  Clothing Shoes - Fitness - Camping & Hiking - Cycling - Sports Tech Winter Sports - Golf ~ Running -

Cycling » Accessonies » Lighting Parts & Accessonies

BUSCH + MULLER Dymotec 6 Dynamo o
by Busch & Miller
W Wil - 4 customerreviews T
Choost
Price: £23.70 - £44.99
Select v
Add to

Spend £50 or More, Save 20%
Cn selected sportswear with code SPRING2016. Leamn
more

Roll over image to zoom in

Date. 16/04/2016
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Xix

o LED bulb
With the next catalogue, it is chosen the following LED bulb for the 2™ circuit designed.

http://www.gelighting.com/LightingWeb/apac/images/LED-LED-ctlg-EN-052012-PG47-APAC_tcm281-33329.pdf

T I

) Voltage MR16

The new LED MR1E from GE consumes just 6.5W/TW | producss virtually the same light outout 550
of a 35W/50W halogen bulb. With high quality of LED technology, it provides with enviranmental

CBCP Eeam Angle L7 Lifa
KU Calor = oCT CRI
friendly sclutions. And its stonderd IEC size mckes it eosy to install lcd) [ fhrs}
Begad Shvar 1ete 24 Fjel 25000
EESZ1 Sivar 1E00 4 000K 23000
P uct Fe = ggzz2 Sivar 1EL0 24 20008 25930
BEEFT  LEDAS/MAI&BETI120CN A Shvar s2b0 12 TR 25048
RS LED& 5/MRALE/ 20CN BS e} Sivar Jao0 12 000K 23000
- Eficiant highting, 5.5W LED MRLS fully replace 35W HAL, BeE3T  LEDSS/MRIE/EGOVIZDCN 1 Es 329 Siver 3300 12 =0 25000
W LED MR16 fully raphacs SOMW HAL W
= 30% energy saving compared with HaL MR16 KU LI:IIIWIHQE mﬂnp ﬁr| Lumens . :::-ﬁ:ﬂ :ﬂ;mﬂnje coT cal mrfﬂiw mlﬁe
= Less replocement to sove maintenance cost CEEVAC I VI
35U Equv

= Standard IEC size, standard lamp holder, compatibla with

Sher 3500 15 B0 1
electranic fransformer Sher 1500 23 = 1
« Dimmable Sheer 1000 35 Eal 1
Sher 3700 1S5 a, 1
Sier 1500 25 = 1
Sher 1100 35 80 1
Siver bt is e 1
Sier 2100 25 £ 1
Sher 12300 35 = oy 1
Applicat Technical Specifications
7 208 Sier 2at0 25 £ 1 25006
E i Shar at0 33 = 1 asamm
To creots on elegant atmosphera ot very low energy costs - Average life: 25.000hrs LEDTXDMALEESENES 7 483 Glear 2500 23 Exl 1 25000
. - . - - LEDTHDMRLEEIL'IS T 550 Sher 1500 35 a0 1 25000
|eomparsd to helogen or incondescent lamps = Multiple color temperaturs: 2700K/3000K/4000K
= Hotels = Color rendering indasc B0 LE:rx:\'zla-!n:.'ss 1LEWECNDE T 517 Silvar '_E-to ] 000K 80 BT 1 35000 I
= Restouronts
= Ciofes
= Household
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SKU SKU Description Input Voltage Wattage Initiol Lumens . CBCP B'aﬂnu'rgeccr cp PowerFactor  L70Life
! wl (Lm) fed ) 12VaC  12vDC (hrs)
35W Equv
66847 LEDTOMRLG/SZTIS  1ZVACNDC 7 370 siver 3500 15 00K 80 07 1 25000
66843 LEDTOMRLG/B21/2S  12VACNDC 7 370 siver 1800 25 200K @0 07 1 25000
66844 LEDTOMRLE/SZT/3S  1ZVACADC 7 370 siver 1000 35 MoK a6 a7 1 25000
66845 LEDTOMRLE/S3ONIS  1ZVACADC 7 300 siver 3700 15 000K a0 07 1 25000
56845 LEDTOMRLG/S30/25  1ZVACADC 7 300 siver 1900 25 300K &0 07 1 25000
66847  LEDTOMRLE/S3ONIS  1ZUACADC 7 300 siver 1100 35 000K &0 07 1 25000
56848 LEDTOMRIG/SAOMS  1ZVACADC 7 430 siver 4000 15 4000K 80 07 1 25000
86840 LEDTOMRLE/SAOMZS  1ZVACADC 7 u30 siver 2100 25 400Dk 80 07 1 25000
86850 LEDTOMRIG/SAOMIS  1ZVACNDC 7 a30 siver 1200 35 400K &0 07 1 25000
SOW Equv
B7503  LEDTXOMRIGEZT(IS  1ZVACADC 7 asl siver 2000 25 a0k B 07 1 25000
67504 LEDTWDMRIGEZTIS  1ZVACADC 7 asl siver 1400 35 ZoK B0 07 1 25000
B7505  LEDTWOMRIEEIONS  1ZVACADC 7 460 siver 2500 25 00K a0 07 1 25000
67506 LEDTWOMRIGEZOES  1ZVACADC 7 460 siver 1500 35 00K &0 07 1 25000
67507 LEOTADMRIGAAO/ZS 12 VACNVDC 7 510 silver 270025 anopx_ap__ 07 1 25000
[ ems06  LEDTAOMAIGAAONS 12 VACAIDC 7 510 Siver 1600 35 G00K & 07 1 25000 |

Then, the estimated prize is chosen through the ADL (All Day Light) company:

https://www.alldaylighting.com/shop/led-light-bulbs/ge-67844-led7dmr1684025/

DESCRIPTION

HOME ; SHOP / LED LIGHTING / LED REFLECTOR
LEDMR16

GE 67844
LED7DMR16/840/25

$32.87

ADD TO CART

Categones: LED Lighting, LED MR16, LED Refiecior

GE 67844 Energy Smart 7WAC/DC 4000K GU5.3 Flood 25D Dimmable 12V AC/DC LED-

MR16 Light Bulb

« CRIB4
« Wattage 7TW
» Lumens 430
« UL Damp Rated
Cap-Base GUS5.3
« Bulb LED-MR16
» Bulb Finish Silver
« Voltage 12V AC/DC
« Equivalent 35 Watts
« Center Beam 2100-CBCP
« Flood 25D Beam Spread
« MOL 1.88in x DIA 2in
« Rated Avg. Life 25000hrs
« Color Temp 4000K Cocl White
» UPC Order Code 0431686738445

Date 16/04/2016
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o Rechargeable battery 8Ah

With the next catalogue, it is chosen the following battery bulb for the 1% circuit designed.

http://www.elkproducts.com/product-catalog/elk-1280

ELK-1280 ¢-| ELK-1280 Data Sheet
ELK Sealed Lead Acid Batteries are excellent for the following <-| Batteries - MSDS
applications with regard to size. Amp hour rafing, and proper
terminal connections: battery backup (for Access Control
Systems, Fire Alarm Systems, and Security Alarm Systems),
emergency lights, lighted =xit signs, and uninterrupfible power

supplies.

= Mominal Voltage: 12 Woits

= Rated Capacity: 8 AH (20 hour rate)
= Length: 5.24" {151mm})

= Width: 2.56" {85mm)

= Height 3.74 (25mm)

= Total Height: 3.88" (101mm)

= Terminsls: F1-Faston Tab Mo, 187

Then, the estimated prize is chosen through the Amazon Company:

https://www.alldaylighting.com/shop/led-light-bulbs/ge-67844-led7dmr1684025/

12VOLT 8AMP HOUR RECHARGEABLE SEALED BACKUP ALARM TOYS LIGHTS 12V
8AH BATTERY

by Universal Power Group
~ 28 customer reviews | 5 answered questions

List Price: $38.00
Frice: $18.99 & FREE Shipping
“fou Save: $21.00 (53%)

In Stock.
Estimated Delivery Date: April 22 - 27 when you choose Expedited at checkout.

Ships from and sold by Ace Comp Solutions.

= High Capacity SLA Batteries

= \oltage: 12V (12 Volts)

= Capacity: 84h

- Battery Life 3-5 Years Under Mormal Condifions
= 1 Year Warranty

5 new from $18.89

Date (16/04/2016)
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XXii

o Rechargeable battery 5Ah
With the next catalogue, it is chosen the following battery bulb for the 2" circuit designed.

http://www.communica.co.za/catalog/Details/P2647837992

(Catalog > Consumer Electronics > Batteries and Battery Accessories » Lead Acid Rechargeable

BATT 12V5
Battery

12 5AH Lead-Acid Rechargeable Battery - L=86 W=70 H=38mm
BATT 12V5

162.45 70"

i
fsr 4 Bl

Mote : Spadfications, Prices & Avallabity may change without notice. images: are far Mustration purposes only. E&OE

Additional Information
Electrochemical System Lead-Acid

MNominal Voltage 12w
Mominal Capacity SAH
Size L=8& W=70 H=3Emm
Rechargeable True

Then, the estimated prize is chosen through the Amazon Company:

http://www.amazon.com/12V-5AH-SLA-187-FASTON/dp/BO000BPCUXO

12V 5AH SLA 187 FASTON
by Interstate Bstteries
Wit wiyy -~ 2060 customer reviews | 26 answered questions

Pricz: $19.79 & FREE Shipping

In Stock.
Estimated Delivery Date: April 26 - 28 when you choose Standard at checkout.
Ships from and sold by Batterysharks.

- Not Used

4 new from $19.79 1 refurbished from $20.00

Date (16/04/2016)
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o Book converter, input voltage 12-14V, output voltage 5V

With the next catalogue, it is chosen the following book converter for the 1% or 2" circuit
designed.

http://www.powerstream.com/dcdc-12V.htm

— Il

[Boost bE converter
3.3 (o 38V ﬂ (122.\;\ifnt%u:§5\,’) %&t IThis convenient module increases the input voltage over the range 2.9V to 38V with up to 95% efficiency.
output boast converter JHn lios s 12y ||CUIPUL power is 12V to 25W depending on inputioutput voltage ratio.
to 24V_or 12/19V
’:‘dé\‘j,s'ttgb'e 4 Adjustable step-
11.4V out 12V (BV-32v) in % \Weather resistant DC converter potted module with flying leads infout
:;'m 2V continuous

Adjustable
Ifrom Constant current

0025V to buck converter 3.5A(|Suitable for constant voltage or constant current applications, including battery charging, supercapacitor

near input continuous. 5A charging, electromagnet control and filament power.
voltage

[PST-DCCP |[Specifications

Input
voltage:

3V to 36V input

gg}ﬁ;gé‘?r 0.025V to 36V output (input voltage must be at least 0.5V higher than output)

Peak output ||\ 11 5 Amps, current limit is user-adjustable

current:
Continuous
output 3.5 Amps
current
— Non-isolated, common ground. To operate in constant current mode
both the positive and the negative output wires must be used
. Pots accessible on the top of the unit.
PANSITENT | The pot labeled W103 adjusts the output voliage fimit

The pot labeled W102 adjusts the output current limit.
[Efficiency  |[Up to 96% efficient with 5V or higher output, up to 87% with 3.3V output
[Form ||Potted module with flying leads

Then, the estimated prize is chosen through the PowerStream products:

http://www.powerstream.com/Product3.htm

PST-DCCP constant current DC/DC step-down converter
Cuantity 1-9 10-99 100-999 1000+
Frice 52495 52270 §19.90 51625

Add to Car('

PST-DCCP-XX-YY factory adjusted constant current DC/DC step-down conver
specify output voltage and cutput current settings

Cuantity 1-9 10-99 100-999 1000+

Frice 52995 F26.70 52290 51975

Add to Cartl

Optional barrel socket to screw terminal adapter
$2.50
Add to
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XXiV

o Boost converter, input voltage 1V-10V, output voltage 12V-14V

With the next catalogue, it is chosen the following boost converter for the 1% or 2" circuit
designed.

http://www.ti.com/tool/tps6734evm#descriptionArea

TPS67341
FIXED 12-V 120-mA BOOST-CONVERTER SUPPLY

SLWS127A — AUGUST 1885 — REVISED JANUARY 1999

® Pin-for-Pin Compatible With MAX734 D OR P PACKAGE

® Programming Voltage for Flash Memory (TOP VIEW)

® 2.7V to 11-V Input Operating Range EN[] 1 U &[] Vee

® Qutput Current of 120 mA or Greater From REF [] 2 7l FB
3.75-V or Higher Input 558(] 3 &[] ouT

®  3.uA Maximum Supply Current in COMP [ 4 51 GND
Shutdown

& Only 5 External Components Required

® High Efficiency . . . 85% Typical (5-V Input,
120-mA OQutput)

® B8-Pin SOIC and DIP Packages

® -40°C to 85°C Free-Air Operating
Temperature Range

Then, the estimated prize is chosen through the Amazon products:

http://www.amazon.com/gp/product/BOODWX8PM2/ref=pd_lpo_shs_dp_ss_2?pf_rd_p=1944687502&pf_rd_s=Ipo-top-stripe-
1&pf rd t=201&pf_rd_i=BO0JO3PBWO&pf rd_m=ATVPDKIKXODER&pf rd_r=11CNKP9SAPBD436VR1JA

amaz70n Electronics ~ $
S —
Hello. Sign in
Departments ~ Your Amazon.com Today's Deals Gift Cards Sell Help Your Acco
All Electronics Deals BestSellers TV & Video Audio & Home Theater ~ Computers Camera & Photo Wearable Technology Car Electronics & GPS Portable
Shop by vehicle:| vear v ake ~ odel v
Electronics » Accessories & Supplies » Batteries, Chargers & Accessories » Power Converters

DROK® LTC1871 3.5V-30V DC Boost Converter Power
Transformer Voltage Regulator 5V/12V Step Up Volt Modt
Power Supply Board for Car Auto Motor Motorcycle

Automotive etc
by DROK

I IrIryr v 32 customer reviews | 6 answered questions

Price: $15.95 & FREE Shipping on orders over $49. Details

In Stock.

Want it tomorrow, April 22? Order within 1 hr 3 mins and choose One-Day Shipping at
checkout. Details

Sold by DROK and Fulfilled by Amazon. Gift-wrap available.

Color: Blue

‘ @ $15.95

&e Q808

oD sisss
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XXV

o Rectifier AC-DC, input voltage 1V min, output voltage 12V max

With the next catalogue, it is chosen the following Rectifier AC-DC for the 1% or 2"
circuit designed. Then, the estimated prize is chosen through the Alibaba products:

http://www.alibaba.com/product-detail/the-best-selling-international-market-
AC_60304474644.html?spm=a2700.7724857.29.117.cDEc12

SHANGUING RECTIFIER
since 190

http:/lwww.sjrectifier.com/ g‘c c€ 1§° i
i i oo |

Product Details Company Profile Transaction History Report Suspicious Activity
Quick Details
Place of Origin: Zhejiang, China (Mainla... Brand Name: Shangjing Model Number: KBPC5010
Type: Silicon Controlled Rectif... Application: Inverter / Converter Package Type: Surface Mount
Peak Repetitive Aeverse Voltage:  100%-1200V Peak Non-Repetitive Reverse  100V-1200V Mean On-State Current: 25A

Voltage:

Dimensions: international standard item: rectifier KBPC2510 material of chip: malybdenum
warranty: 180 days advantage: competitive price, reliab... certificate: CERoHS IS0
insultation performance: good heat dissipation perfermance: good Wim: 1.2v
Vrrm 100V-1200% Irrm: <54

the best selling international market AC to DC bridge diode rectifier
KBPC2510

FOB Price: US 50.5 - 3/ Piece | Get Latest Price
Min.Order Quantity 12 Piece/Pieces KBPC2510

Supply Ability: 2000 Piece/FPieces per Week KBPC2510
Port Shanghai, Ningbo

Payment Terms L/C,T/T Western Union,MoneyGram

B Contact Supplier Leave Messages

Date (16/04/2016)
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