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ABSTRACT

Flywheel Energy Storage Systems (FESS) is a kind of flywheel quality that provides a way to
improve the productivity of electrical frameworks in the presence of unequal characters in
micropower generation and request. Moreover, they are key elements for the stability of electrical
companies and the improvement of nature. These include adaptability to electrical structures by
reducing flexible irregularities such as late growth as a result of extended penetration of the
permanent generation. Flywheel Vitality Stockpiling Framework (FESS) is currently one of the
most powerful stockpiling inventions that stimulates extraordinary conspiracy, as this innovation
may present many points as a more lively stockpiling system than other alternatives. The flywheel
features high cycle life, long operational life, high full circle efficiency, high power thickness, low
natural impact, and the designs designed on the banks can store mega zone (MJ) layers without
breaking most points. This paper presents a preliminary survey of the policy part and its application
(FESS), which is not caught before the audit method. Also, previous surveys do not exclude the
latest writing in this fast-moving field. The diagram of the flywheel structure and its initial parts
are given and the bearing framework for use in various types of electrical machines, power gadget
converting geotextiles, and flywheel stockpiling frameworks is tested. The policy use of FESS is
clear and the economically accessible flywheel models are illustrated for each application. The

paper closes out future test proposals.
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CHAPTER 1
INTRODUCTION

1.1 Background

Flywheel as a technique to accomplish excess before long existed for a long time as one of the
structures to safeguard mechanical necessities. For instance, the potter's wheel was utilized as a
pivoting article utilizing the flywheel impact to keep up its need in a sort of postponement.
Flywheel applications were performed by equivalent turning objects, for instance, water wheels,
machines, hand plants, and other pivoting objects worked by people and creatures. These changing
over wheels have not been utilized since the mid nineteenth or mid twentieth century. In the
eighteenth century, two enormous improvements were the removal of wood in the headway of
machines and the utilization of flywheels in steam motors. The progression of cast iron and iron
age accomplished the formation of trips in a total piece with a more clear see of dormancy for
relative space. The term ‘flywheel' showed up toward the start of the bleeding edge change (to
explain in 1784). Right now, flywheels were utilized in steam motor canal boats and as
organizations utilized for assembling. Nine In the nineteenth century, because of the ascent of cast
iron and cast composite steel, bowed flywheels with bowed spokes were made. The basic three-
wheeled vehicle was appointed by Benz in 1885 and can be named for instance. After some time,
a few sizes and plans were actualized, regardless, in the 20th century rotor estimates and pivoting
excitations were dissected and flywheels were viewed as possibly unmanageable capacity
frameworks. An early case of a flywheel framework utilized in transport was the gyro transport

loaded up with 1500 kg of the flywheel, which was accounted for

Switzerland during the 1950s. During the 1960s and 1970s, FESS was proposed for electric
vehicles, static force back-up, and space missions. In the next years, fiber composite rotors were

made and attempted. During the 1960s, sensibly low-speed enticing courses started to show up.
The utilization of flywheels has not been extraordinary and has declined with the progression of

the electrical organization, disregarding the enormous increment in the underlying time frame.

Notwithstanding, because of the presentation of materials, alluring titles, extraordinary gear, and
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quick electronic machines, FESS has advanced as a strong option in contrast to excess sparing
applications.

A flywheel stores necessities that depend on Turning Mass standards. This is a mechanical
amalgamation variation that imitates the scope of electrical impedance with mechanical necessities
by the public The vitality of a flywheel is dealt with as a rotational solid shortcoming. The
information necessity in FSS as a rule begins from a force source beginning from the organization
or some other wellspring of electrical shortcoming. The flywheel stores the necessities to conquer
the collected repetition and makes conveyance simpler. The pivoting flight is controlled by an
electric engine generator (MG). Mechanical repetition is identified with the trading of electrical
needs with the excess and the flywheel and MG playing at the same time the other way around,

empowering control of the MG controlled flywheel.
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Figure 1.1: Geography of Banglades |

Excessive reliance on coal begins with the widely accepted notion that the most economical option

for obtaining coal, renewals are generally removed as uncompetitive. It has controlled the district’s
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approach to the wind and economic power sources, paying very little attention to extraordinary
and generally unknown possibilities. For example, the International Energy Agency (IEA) predicts
that coal will record a vital energy mix and its recording situation for a 40% increase in basic vital
energy demand somewhere in the field in 2017 and 2040.

Primary Demand in South-East Asia

480

306 433

2017 2025 2030

Renewable mGas ®mOil ®m Coal

Figure 2.4: Primary Demand in South-East Asia

1.2 Significance of study

Energy storage system (ESS) Electrical vitality can be used to transform the natural market. The
strategy incorporates open-source electric vitality with other types of vital energy changes, which
can be converted to electric vitality when needed. The types of live stockpiling changes can be
compound, mechanical, warm, or appealing. ESS should be taken care of when it is needed and
exceeds the age conspiracy. At the same time, take care of vitality can be eaten in case of fame,
high age expenditure, or when no alternative age is open. Significant demand is growing as nuclear
families and organizations point to higher growth rates in the BRIC and Making countries. This
has resulted in increased vitality costs and less readiness to change regular living age practices,
reducing problems due to ad release, power quality issues, and loads to limit the sequence of carbon

dioxide. Practical Force Source (RES) and Potential Allocated Age (DG) are considered as

©Daffodil International University 3|Page



improvements or substitutions for age strategies [3]; Regardless, the huge problems characterized
by vitality, starting with the flexibility from the recoverable ones, are due to their intermediate
nature in several times calls. While RS is giving life, there can be a very little conspiracy, with the
mention of vitality it will surpass the RES vitality generation. Furthermore, month after month,
standard and annual changes in the RES occur perfectly, as their exposure is regularly bound to
atmospheric conditions. On the other hand, vitality needs vary from time to time, which usually
does not sort out the abnormalities of RES, thus creating reliability problems. Thus, ESS is
required to add standardized plants to meet the required demand and to supplement the incredible

RES for their blending with electrical structures.

As a collaborator of current electrical structures, Vitality has a reputation for being a reliable,
effective, robust, and generally powerful vitality stockpiling framework to assist in the
management of stockpiling applications. With advances in material development, direction, and

energy shrinkage, flywheels for vitality stock filling have progressed.

The most commonly used use of flywheels in electrical vitality stockpiling is to provide
uninterrupted power supply (UPS) and improve power quality. For these applications, electronic
chemical batteries are incredibly complex and face insufficient cycle life, since the amount of
cycles per day is usually significantly higher. Manufacturers note that this is usually not enough
for a few UPS with significantly stronger mesh, so the power is simply called gaseous. Electrical
enhancements are somehow monitored briefly, especially to improve the quality of electricity,
most of which continues at wide intervals under 5 years of age.

Such excesses operate the flywheels satisfactorily and improve the battery considering the speed
of reaction time and the long lifespan of the past. Undoubtedly, even with one cycle per day, an
electronic chemical battery probably cannot last more than 10 years in this situation (3650 cycles).
The significance of the distribution is kept low and the battery is operated perfectly both
electrically and thermally but it must be practiced. Moreover, to reduce the significance of the
supply, it is necessary to set the limit of double biographical preservation at different times as
much as possible to provoke more significant expenditure.

Supercapacitors are gone for this kind of use; Nevertheless, their operational lifetime is usually

shorter (up to 12 years), mainly with comparative capital expenditure as a flywheel.
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To use such a structure and reduce its capacity to reduce costs, it is important to use the power
system gradually, consider it dynamic during conspiracies, and strengthen the grid in case of
temptation. (Ii) Once the charges are set up the excitement for this new approach to how life will
be used will greatly improve.

The article shows several summaries of the flywheel stockpiling structure, along with several
papers. An assessment of vitality stockpiling development is performed, where a mathematical
and graphical review shows the new forms and topics identified with FESS. An assessment of
vitality stockpiling progress for high power applications will be completed and an inspection of
the FSS for power structure applications will be provided. FESS is quickly examined and an
observation of some past initiatives appears, in any case suggesting a lack of such a source.
Manufacturers focus on upgrades of motor generators (M-G) for FSES where common electric
machines used with flywheels near their control are presented. A study and reconstruction of the
FSS for isolated wind power structures have been presented. This review adopts an alternative
strategy from previous works and jumps into very uninterrupted writing especially on the subject
of quick creation.

This paper revolves around the depiction and recruitment of FESS, providing a chart of some of
the initiatives for each application. The numerous papers above give an overview of FESS, yet
what is missing in the composing is a comprehensive review of FESS, including images of
financially open applications. Following the introduction, an image of FESS will appear. The
standard pieces of FESS, including rotors, electronic machines, courses, and flywheel guides, are

analyzed in detail and the paper is wrapped with recommendations for future testing.

1.3 Problem Statement and Motivation of Study

Despite abundant energy-saving resources, various companies survive without admissions to
control from utility forged or free-to-manage energy sources. There is a test for the flexibility of
the general public considering two factors. First and foremost, there is not enough power age to
meet the current electricity demand. Second, whether or not there is an age of adequate electricity,
the foundation of a grid system in each city is trying to result in the constraints of their geographical
area and budget. Strengthening these remote locales by extending transmission lines from utility
companies to these general companies is very work and time appropriate because the need is

capital centralized. The few basic entities that should be given to the obvious entities are energy,
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water ultimately, correspondence, transportation; Healthcare, and preparedness are some of the
prerequisites for any organization to develop away from poverty. Thus it is fundamental to feed
all these bodies of fully energetic energy. Conspiracies are on the rise in our country just like the
rampant abuse. To meet the country’s reliably extended prayers, energy age systems should be
developed to mislead practical sources. FES is a potential energy-building strategy for a nation in
remote areas. Lots of humble energy from rational energy sources and energy-generating standard

wellsprings instantly contribute to poverty alleviation in the nation.

Consistently women get water, gather encouragement, cook for the whole family, and contribute
to their events for various activities, cooking is supported indoors which introduces innate
happiness with various ailments, it probably affects the prosperity of women and young people
stay there for a long time. Staying, excluding members of the nuclear family from the family.
Given the advantages that economic energy source designs have, providing access to food reliable
energy to the regular activities of ordinary residents, redesigning industrial development, almost
nothing, and little opportunity is a helpful prerequisite for the initiative. Appropriately, energy has

become the heart of perceived improvement in the nation’s economy.

1.4 Objectives of Study

The main goal of this thesis work is to design an off-grid flywheel energy storage system that can

generate and supply expensive electricity for those in need of electricity. The objectives of this

thesis are:
% The electricity pressure required for community services such as domestic use,
commercial areas, and primary schools was determined.

++ Optimization for FSS application in rural areas through flywheels, pulleys, permanent
magnet alternators, induction motors, controllers, and batteries.

¢+ Sensitivity analysis of power systems.

¢+ Improving the living standards of rural people through the FSS system in rural areas.

+»+ Reduce power generation fuel consumption.

+« Working to meet the growing electricity demand.

«+ OQutline decisions and recommendations.
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1.5 Methodology of the Study
Flywheel vitality organizes large amounts of energy to form parts of stockpiling structures, for
example, flywheels, sails, permanent magnetic alternatives, induction motors, controllers, and
batteries. An important part of the best creamer of the proposed site depends on the rules of mixing
trade-dependence between cost, acceptance, development progress, saving, and minimum use of
fuel. The techniques used in this experiment are recorded below:

» Various off-grid systems were studied.

» The FESS optimization model for electronic storage equipment has been used to

design off-grid power systems.
» Microsoft Office Excel.
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CHAPTER 2
OVERVIEW OF THE ENERGY GENERATED SYSTEM

2.1 System Components

Flywheel’s energy storage system (FESS) uses electronic vitality inputs that are taken care of as
engine vitality. Dynamic vitality can be described as the “vitality of development”, in which case
the development of a turning mass known as a rotor occurs. The rotor turns into a fence-free zone
of friction. Precisely when considering the need for bayonet power that the utility power is isolated
or lost, the suite gives the rotor the ability to keep turning and consequently changes the engine's
vitality control. (An edge attached to a post) that is maintained on a stator - a fixed bit of an electric
generator - carries an unusually suspended load. To take care of the capacity, the flywheel structure
is worked to reduce the pull in a vacuum. The flywheel is related to a motor-generator that

communicates with utility companies through frontline power devices.

The Flywheel Energy Storage System (FESS) works as a rotating vital force, maintaining the
vitality of the system quickly and reproducing a rotor (flywheel). Exactly when the life force is
detached from the structure, the speed of rotation of the flight decreases as a result of the law of
survival; Accelerates the flight by adding vitality to the system. Most FES frameworks use the
ability to animate and reduce the flywheel, yet compressions are created that use mechanical
vitality.

Pressurized FESS frameworks made of top carbon-fiber composites have been suspended by
heading and diverted into a vacuum-bed-in zone at speeds of 20,000 to 50,000 rpm. These types

of flights can speed up in minutes - their vitality is displayed faster than their range of power.

Solar energy is used to heat water, which can be used for cooking and
bathing.

Batteries or fuel cells can be used to store the extra electricity
produced by PV panels for night use.

Capacitors can be used to store electrical charges inside electrical
storage appliances for short periods.
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The water is pumped up a hill using additional electrical energy and
the water is then pumped down the hill and converted to a turbine to
convert it into mechanical or electrical energy.

Flies store kinetic energy through spinning discs. Flywheel systems
can last a long time (decades) and save a lot of energy but are more
expensive than battery technology, for example, due to the need for

a vacuum to reduce spinning resistance.

DIMETRIC VIEW

ettt 9 o

Figure 2.1: Diametric view of flywheel energy storage.

e Back to Battery

Output Current

¢ To Load
e Flywheel Mechanism
Generator ¢ Directshaft
e Controller
Motor e Battery

Figure 2.2: Connecting system each other with Flywheel Multiplication systems
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Battery

Induction
Motor

Permanent
Magnet
Altenator

Flywheel
Mechanism

Figure 2.3: Circle Diagram of Flywheel Multiplication Systems

2.2 Main Components of FESS (Flywheel Energy Storage System)
* AC Induction Motor

*  Pulley

*  Flywheel

* Permanent Magnet Alternator
* Controller

+ Battery
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2.2.1 AC Induction Motor
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Figure 2.4: Classification of Electric Motors Slip

If the squirrel's rotor drives the motor at a certified coordinated speed, the rotor's progress will not
change in some irregular places on the rotor and no current will be created at the squirrel's
boundary. Thus, the standard squirrel-moving motor moves somewhere at a speed of a few RPM
slower than the integrated speed. Since the rotating field (or relative pulsating field) becomes
precisely faster than the rotor, it can be said to slide outwards of the rotor. The qualification
between integrated speed and certified speed is called slip, and the motor stacking motor produces
aratio of slip as it shuts down some degree. Certainly, without a shop, internal mechanical disasters
protect the slip from scratch.

The speed of the AC motor is generally determined by the repetition of the ACT in the sense and
the number of posts in the conjugation of the stator, according to the association:

120F
NS: P

where

Ns= Synchronous speed, in revolutions per minute

F= AC power frequency
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P= Number of poles per phase winding

This decision by the whole known as a certified RPM slip for a recognized motor will not exceed
the integrated speed, which increases with the ball created. There is no pile, the speed will be closer
to integrated. Standard motors have 2-3% slip when stacked, exceptional motors can have up
t0%% slip, and a class of motors known as force motors is priced to operate at 100% slip (0 rpm /
full log jam). . The slip of the AC engine is determined by:

S= (Ns- Nr)/Ns

Where,

Nr = Rotational speed, in revolutions per minute.

S = Normalized Slip, 0 to 1.
For example, an average four-shaft engine running at HO Hz may have a nameplate rating of 1725
rpm at full load, while its set speed is 1800 rpm. The speed of this type of engine is generally
adjusted so that the engine can be turned on or off with an additional arrangement of loops or posts
to change the speed of the interesting field revolution. However, improvements to power gadgets
suggest that the repetition of the power supply can similarly now fluctuate to give the engine a

smoother control.

This type of rotor is the basic tool for acceptance controllers, which avoids the use of pivoting

interesting field as an unfiltered electrical (not electronics) application.
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Figure 2.6: Flywheel energy storage system contribution

Single-phase induction motor:
Single-stage motors do not have the field to give unusual turns like multi-stage motors. The field

exchanges (pivots limit) and the two fields can be seen as turning into opposite behavior in post
joining. They need an assistant alluring field that moves the rotor in a certain way. As a result of

the start, the subbing stator field changes relative to the rotor. Several methods are regularly used.

Shaded-pole motor:

A typical single-phase motor is a camouflage post motor and is used in shorts requiring low start,
for example, electric fans, small siphons, or little household appliances. In this motor, the minimal
single-turn copper "hidden circles” creates an alluring field running. Some parts of each post are
covered by a copper twist or tie; Severely pressed flow limits the running difference through the

circle. This leads to a time lag in progress in the experience of the camouflage circle, with the
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objective that the pole of each field transfers higher to get the best field above the face. It reveals
a low-level rotating tempting field that is infinitely large enough to bring back both the rotor and
the problems associated with it. As the rotor accelerates the force builds up to its full level as the
basic application field rotates near the turning rotor.

Many years ago Barber-Coleman created a reverse camouflage post motor. It had a single field
twist and two boss posts, splitting more than half to accommodate two of each shaft. These four
"half-shafts™ all crossed a bend, and the sharp rear half-post circles were connected to a few

terminals. One terminal per pair was common, so only three terminals were needed in all.

The motor will not start with the terminals open; The motor was driven in one direction by
interrelating the values with each other, and the partnership below drives the element differently.

These motors were used in current and valid devices.

An attractive, adaptive speed, low-power head shaft motor can be found in the promotion of
gridlock lights and lighting regulators during busy times. The faces of the poles were equal and
the plates were almost close to each other, with some h to be centered in the middle of them. The

covering twists were in the parts that stood next to each other.

The ACT has created a field applied to the twist that cuts the gap between the poles. The plane at
the stator base was attracted to the non-existent flow of the circle, so the traveling appealing field

dragged the plate and turned.

The stator was mounted on a pivot so that it could be arranged for ideal speed and subsequently
raised in position. Setting the presentations at the point of expression of the circle drives it faster,

and towards the edge, makes it even more medium.
Split-phase motor:

And a common single-stage AC motor is a part stage recognition motor, commonly used in

significant machines, for example, articles on the atmosphere control framework and
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clothing dryers. Separated from camouflage shaft motors, these motors provide significantly

more significant starting power.

A split-stage motor has an isolated startup winding that focuses the required access up to 90
electrical degrees, is centered between continuous central rotation poles, and is connected
to the rule curve through abundant electrical communication. These winding circles are
contracted with fewer bends of the winding wire than required bending, so it has lower
inductance and higher resistance. The wind situation shifts a slight phase between the
movement of the basic winding and the change of the initial wind, which turns the rotor.
Just when the speed of the motor is enough to keep the torpidity of the pile away, the
contacts are usually opened with a diffused switch or electronic hand-off. The heading of
the rebellion is limited by the relationship between the main curve and the initial circuit. In
applications where the motor needs a certain rotation, termination of the starting circuit is

permanently connected with the necessary bends to establish a relevant relationship.

The capacitor starts motor Schematic of a capacitor start motor:

Figure 3.5: Schematic of capacitor start motor

A motor starting from a capacitor is a section-level enumeration motor with an initial capacitor
during operation with the startup winding, creating an LC circuit that runs at a more uninterrupted
stage than both dividers (in this method, more significant starting power) providing stage and

camouflage. Motor.

Resistance starts motor:
A resistance starts motor is a split-phase induction motor, with a starter continuously with

the startup winding, generating feedback. This added starter helps in starting and starting
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the direction of rotation. The initial winding is made of thinner wire with less bending to
make it more resistant and less induced. The main rotation is made with a larger number of

turns with thicker wires which makes it less resistant and more persuasive.

Permanent-split capacitor motor:

Another variation is the Changeless Part Capacitor (or PSC) motor. This sort of motor, in any case
called a capacitor-driven motor, utilizes a non-enthralled capacitor with a high-voltage rating to
run at the electrical level between the run and the winding. PSC motors are the primary kind of
split-stage motor in Europe and a critical aspect of the world, yet in North America, they are
regularly utilized inconceivable factor force applications, (for example, blowers, fans, and

siphons) and in different circumstances where variable velocities were wanted.

A capacitor with a tolerably low capacitance, and normally a high voltage rating, is identified with
the underlying winding and remains in the circuit during the whole run cycle. Like other split-
stage motors, the essential air is utilized with a slight beginning winding, and the rotate is
continually associated with a capacitor by the last trade of the rule air between the underlying
winding and the underlying circuit by pivoting or beginning the winding. However there is a
gigantic difference; Other split-stage motors must work at or almost a greatest choke, requiring
the utilization of a speed inconspicuous outward switch. PSC motors can work in a wide scope of
rates a lot of lower than the electric speed of the motor. Furthermore, for applications, for example,
customized gateway openers that require standard turn modifying of the motor, the utilization of
a part that makes it simpler to re-visitation of a motor closure before contact with the underlying
rotator is reestablished. The 'ceaseless' gracefully with capacitors in the PSC motor suggests that

the changed unrest is immediate.

Three-phase motors can be changed over to PSC motors by making essential level windings and
utilizing the third to pivot a capacitor toward the beginning. Regardless, the ball rating ought to at
any rate behalf as extensive as that of a indistinguishable single-stage motor because of unused

breeze.
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2.2.2 Pulley
We specialize in finding ancient Egyptian pyramids that specialize in finding and planning
and developing basic machines. Currently, we will go further in our understanding of palis

to verify whether we can use this information to help make our work easier.

A pulley is a straight wear machine that attaches a string to a wheel (now and again with a
notch) attached to the finish of a string and the opposite end attached to a person or engine.
Pulleys may seem straightforward, yet they can give an incredible mechanical desired

position so that the lifting activity can be carried out effectively.

Engineering connections:

Experts are experts in abusing the encouragement of straight machines in a wide range of
actual applications that benefit society. They integrate the mechanical bits of the pulley
veins into the design of many advanced structures, machines, items, and equipment, for
example, cranes, lifts, flagpoles, zip lines, engines, bike rings/chains, garment lines, a water
well/rowing, Window blinds, and cell/angling vessels. Using different shifts related to
engines and gadgets, engineers create complex current gadgets that work a lot later without

any power.

Different Types of Pulley:

3inches 8 inches

Pulleys

Figure 3.6: Different size
of pulley
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3. 5inch

2.9 inch 3.0inch

1.3inch

| 1.8inch
j 0.9 mch

Figure 3.7: Three steps pulley

Pulley and Belt Systems:

Equation:
dout - Wi - Tout
din Moyt Tin
6im.  30rpm 55ft-1b

2,

10181
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Where,
d =
diameter
w = angular velocity (speed)
7= torge

Coefficient Fluctuation of Speed (¢):

@ = variation of speed/mean speed

Variation of speed = “max ~ wmin

w _ WmaxtWmnin
mean — 2

Coefficient Fluctuation of Energy:

_ Greatest Fluctuation in Energy
~ Work Done per revoloution(W)

BW = Greatest Fluctuation in Energy

W = Maximum KE — Minimum KE

—Ia)mmz

1
PW = S1wpaxz — 2

2

Determination of Greatest Fluctuation of Energy

1
pW = E I(Wmaxz — Opinz)

1
BW = E I (Wmax — Omin) (Omax + Omin)

1
pwW = E ]¢wmean(2wmean)

BW = 1¢ Wmean?
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Table 2.1: Reading of pulley, A

SL.No | RPM Time taken to supply Time taken to consume Efficiency
energy Tin(5) energy %
TI'JE.I!E(S)
1 1900 21.11 5.13 75.69
2 1915 21.23 6.17 70.93
3 1931 21.25 7.12 66.49
Average | 1915.33 21.19 6.14 71.03

TIME OUT

Table 2.2:

8
7
6
5
4
3
2
1
(0]

Pulley A

Figure 2.8: Graph pulley A result

Table of pulley B

SL.No | RPM Time taken to supply energy | Time taken to consume energy Toue Efficiency %
Tin(5) (s)
1 1375 21.81 4.65 78.67
2 1386 21.75 4.76 78.11
3 1379 21.65 4.83 77.69
Average | 1380 21.73 4.74 78.63
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Pulley B

Figure 2.9: Graph of pulley B result

Table 2.3: Reading of pulley C

SL.No | RPM Time taken to supply Time taken to consume energy Toue | Efficiency %

energy Tin (5) ©)

1 1145 21.32 4.11 80.72

2 1158 21.45 4 .21 81.37

3 1165 21.53 4.39 79.60

Average | 1156 21.43 4.23 80.50
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Pulley C

-
2
o
w
2
-

Figure 2.10: Graph of pulley C result

When looking at this table it can be very well argued that a larger measurement than the larger one
will bring less RPM and brakes and other means. As the breadth of the case expands, further efforts
will continue to be made to end the insurgency, which will upset the RPM as it breaks the wheel

of the aircraft.

2.2.3 Flywheel:

A flywheel is a last wheel, a gigantic talked wheel with many metallic edges before yet now more
ordinarily made utilizing carbon-fiber mixing material to make a somewhat more adjusted and
empty structure that is about a quarter overwhelming. In the two cases, the standard is proportional
- it requires basic power to set the wheel to pivot, and to keep it from turning. As it seemed to be,

it has a quite certain force.
The outcome is that at high speeds it can store a huge amount of motor vitality, which makes it a

mechanical battery. This is on the grounds that it stores vitality as dynamic vitality rather than
composite vitality like an ordinary electric battery.
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Theoretically, the fly ought to have both the choice of quick aggregation and focus and release at
a higher speed and with no point of the constraint of the anticipated total cycle over its lifetime.

Notwithstanding, their cost, weight, and thickness of vitality are regular worries with flywheels.

These are being tended with the impetuses of material science and turning system structures.

Common concerns are comparably tried on flywheel vitality stockpiling frameworks (FESS).

The flights are customary parcels and enough since they can spare more vitality that way. Of
course, the lighter and lighter wheels are utilized similarly and by bigger as they can turn all the
more rapidly, thus enough dynamic force is made thusly. Accordingly, the flight has various sizes
and states. With the openness of lightweight composites and earthenware of right now, flywheels
are typically prepared to pivot marginally and at high speeds.

Working Process of Flywheel

The FESS comprises of a generous rotating part, including an electronic motor/generator, and a
flywheel. The inbuilt motor uses the electric capacity to pivot the flight wheel at fast to transform
it into its working rate. This outcome in engine vitality investment funds. At the point when power
is required that motor obtains limit as a generator because the flywheel drives its turning power.

In the wake of going into electric force, it changes by finishing the cycle.

As the flight turns quicker it experiences more perceptible vitality and spares more vitality as such.

Flywheels in this manner offer a ton of assurances to convey normal lead-devouring batteries in
vitality sparing frameworks.

For a flight, the dynamic vitality is dictated by a bent item, for example
E =%lw2

Where,

E-is Kinetic energy.
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I-is a lazy snapshot, which depends on the actual mass, and the farther the field of that mass from
the bend, the greater the laziness snapshot.

o-Is the rakish speed of the flywheel.
For instance, the best trip of the inactivity run gauge might be one that is bigger, with a huge edge
of metal, talked, and lightweight. Then again, multiplying the best possible speed of yield pivot,

which quadruples the proposed essentialness.

Flywheels turn the side that needs appropriate oil to restrict frictional powers. Wind opposition
ought to be as empathetic as it very well may be as normal as touchy. Next, the most recent
advances in flywheels are mounting them toward low-confinement inside fixed metal chambers
or, tragically, skimming in superconducting magnets that keep contact impeccably and keep air

strain in the vacuum chamber to avoid.

FESS is prepared to produce a couple of megawatts of power for a brief period. Flywheels are
generally reasonable for producing 100 kW to 2 MW of high force in a short period of 12-60
seconds.

There are two huge flywheel game plans. A sort of flywheel is appended to the post and both return
together. It is named after an ordinary rotor. Another sort of flywheel includes turning a pole that

doesn't move, comparatively back to the front rotor.

Configuration

The motor/generator is typically a perpetual magnet-based machine since it has high effectiveness
and is little for some arbitrary force appraisals. They additionally have low rotor misalignment and
pivoting beginning materials, making them progressively valuable in a vacuum working condition

and the quick force development of flywheel applications fits into regular zones.

Vitality stockpiling itself is performed utilizing a three-phase IGBT based PWM inverter/rectifier

framework.

The alluring course is made out of lasting magnets that utilization the intensity of appetite to

suspend the heaviness of the flight run, while it is offset with the utilization of electronic magnets.

©Daffodil International University 24|Page



The alluring part of high temperature superconducting is ideal here because they position the

flywheel without the requirement for electrical force or flexible control structures.

An outer marker is similarly significant because when utilized in the configuration with the
machine in charging mode, the shape of all consonants is typically diminished to a specific range.
Constant magnets offer a portion of the other charming offers that expansion THD and broaden

the misalignment and temperature of higher vitality.
FESS has three working modes, charging mode, reinforcement mode, and delivery mode.

2.2.4 Permanent Magnet Alternator

Permanent magnetic alternators (also known as PMA, never-ending magnetic generators, PMG,
or magnetic) depend on the appeal field created by the constant magnet to convert it into electrical
energy. It can provide AC, which allows it to control the entire engine and charge the battery.
In this article, we will focus on the normal structure of a constant magnetic structure and give a
brief introduction to its functional value.

Figure 3.11: Permanent Magnet Alternator
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Figure 2.12: Simulation of Permanent Magnet Alternator

A cutting edge alternator contains both moving and stationary circles of wire. In alternators,
however, the slip ring uses a moving circle, called a rotor, to create a moving field. Energy is

removed from fixed field circles.

Figure 2.13: Schematic Design of Permanent Magnet Alternator

» The stator has six circles of copper wire on the fiberglass pitch. It is mounted above the

spine and is not removed.
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» The magnetic rotors are mounted under the heading to turn the shaft. There are two rotors:
one on the back of the stator and one on the front, apparently related to the experience of
opening the stator by long studs.

» The sharp edges are mounted on the comparative feni. They can rotate the magnet rotors
ists electrical power is generated during this system.

» The rectifier is mounted on an aluminum and L DQ); heatsink & rdquo; Cooled copper wire

drives AC power.

2.2.5 Battery

The focal point of the battery electrical framework. It is broadly utilized as a basic crucial amassing
preventative and for the most part, accommodating assistant storing cells. Without it, the motor
can't be begun with turning over the engine. Notwithstanding, it isn't just utilized in vehicles yet
additionally in different situations where force amassing hardware is continually required. It is a
force accumulating an area that communicates the development of an electron through an outer
circuit. In this framework, the essentialness of the issue is changed over into electrical
imperativeness in the light of the responses that occur between the cathode materials and the
electrical plan or electric flow. This idea of electronic blending imperativeness amassing started
with a legitimate evaluation of intensity. In 1898, while directing an examination, Luigi Galvani
saw that the frog's legs started to shake when they interacted with a weird sort of material. From
this acknowledgment, an electronic substance cell was made, and from that point forward two
electronic synthetic cells have been found at any rate containing any battery enhancements. Much
of the time, move up to the essential parts of battery improvement has happened. These days, the
protection between the positive and negative cathode and external layers is made of hard plastic,
PVC, and so on. These days, an electronic plan has made more. These days' glue type electrolytes,
for instance, ammonium chloride are being utilized in part of batteries rather than fluid damaging
strategies. Such batteries are called dry cell batteries. Notwithstanding, the utilization of dry cell
batteries has not yet spread adequately. Wet cell batteries, then again, have a tremendous
application and require more ideas. Consequently, our vital concern is about the help of wet cell
batteries. At present, wet cell batteries are monetarily made via vehicles and different relationships
for various purposes. They set the battery presence season for their employment. The present
example of the battery relies upon the idea of the battery as clients keep up the battery. With all
trustworthiness, the size of the life expectancy relies generally upon whether the battery can be
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kept appropriately. Most batteries so far have not considered the most standard support strategy
for batteries and subsequently, they can't end their cash related life. If the battery is appropriately
held, at that point the existence cycle will increment similarly as the rating of the battery
organization from which the purchaser can profit monetarily. Subsequently, the battery's genuine

assist note with waring can't be excused.

Significance

The battery is a delicate electronic gadget. The batteries are kept appropriately to guarantee solid
quality. Under perfect working and sponsorship conditions, it can drop battery life in seven or
eight years. It's not bizarre to discover a few batteries to play well. If you have such an issue in the
fifth or 6th year of battery life, it is fundamentally inconceivable that perceptible fixes can be
upheld. Musings honed for five to six years as an ordinary future. Operational maltreatment or
powerless help younger than five might be illustrated. Likewise, as indicated by the insights of
Hamco Battery Industry Limited, a battery can help for 7-8 years, while the assistance rate is 100%.
In any case, when the guide rate is half or typical it will just serve for 3-4 years. In any case, if the
help rate is not exactly a large portion of that of the battery and isn't kept in any way, it will just
satisfy its guaranteed life or not. The histogram got from the statics of Hamco Battery Industry
Limited tends to the significance of having a battery to make a day-to-day existence identified with

its importance.

2 3 4
= Maintenance %
= Service time(year)

Figure 2.14: Relation of service time of battery with maintenance rate
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Various problems occurred in the battery due to a lack of maintenance. Undercharging or
fraudulent issues usually occur due to a lack of proper maintenance of the battery. If the battery
charging is not taken care of or kept properly, it can reduce the battery limit in daily practice.
Undercharging not only lowers the battery limit in daily work practice, but motivations further
limit abnormal salvation and further reduce the frustration of the primary cell. Cheating consumes
meaningless utilities but increases cell frustration at high temperatures and indomitable times.
Battery related problems are exacerbated due to improper water treatment. If the water is not
properly drained in time and the battery electrolyte level is allowed to drop significantly, the
amount of gas inside the battery brings a broad measure of the proportionally combustible gas
mixture. Any sparkle outside or inside can bring about an oxyhydrogen explosion. Moreover, the
plates are never protected by electronics again and this can lead to corrosion which can cause
extreme frustration of the battery. Once again, overeating causes a flood of electronic transmission.
As time goes on the water and in the long run, the electronic system gradually weakens, thus, low
gravity reading and battery limit decrease. Besides, external erosion and foundation are
accelerated, forklift hardware and somewhat affecting battery life extend the problems. Moreover,
countless battery issues are brought about by free or decaying associations which have the effect
of the absence of valid consideration of the battery. Regardless of this, running the battery as long
as possible guarantees regular legitimate charging, adequate water supply, and proper
consideration of the battery. This keeps the battery-free from all problems and guarantees the long
existence of the battery. It additionally maintains continuity in terms of battery application. Thus,

the significance of valid battery maintenance is beyond any investigation.
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Figure 3.15: Battery regularly maintained Figure 3.16: Wasted batteries due to lack of
maintenance

Way of Maintaining Battery

The correct way of battery maintenance means that there is a method of combining resistance with
predictive and correctable battery maintenance methods, i.e. there are three ways of battery

maintenance:

> Preventive Battery Maintenance: This is a process of increasing battery reliability by

taking measures to prevent skin deterioration.

> Predictable Battery Maintenance: This allows measuring and trending analysis of

battery condition changes and predicts battery health and expected economic life.

> Repairable Battery Maintenance: This is a method of providing remedies to diagnose
defects or problems.

» Preventive Battery Maintenance: The preventive battery support measure incorporates
watering, ventilation, charging, and mindful. In the event that those cycles are looked after
appropriately, at that point it tends to be conceivable to get the battery far from all issues

or disappointments.

a) Watering
The principle purpose behind the requirement for battery water is the decrease of electrolytes for

which electrolysis is capable. Different variables incorporate inside created heat, substantial work

©Daffodil International University 30|Page



pressure, unavoidable warmth, unequaled batteries and charging hardware, vanishing from battery
use without satisfactory chilling off time. These elements can be maintained a strategic distance
from however the requirement for water because of electrolyte misfortune can't be evaded. As the
battery is charged, a modest quantity of water from the electrolyte separates into hydrogen and
oxygen. In this way, the battery should be recharged after a specific period. The entire watering
measure is given underneath:
e Before beginning the charging cycle, every cell must be checked to ensure that the
electrolyte level is at any rate over the isolating defender.
e In the event that the electrolyte layer is beneath the separator defender, adequate water
must be added to bring the layer over the defender.
e Overabundance water ought to be stayed away from and refined water must be utilized.
e When the electronic level and temperature are viewed as agreeable, the charging cycle can
be begun.

b) Ventilation
Appropriate ventilation is required for batteries because of gasification. The battery ought to have

enough space to get away from the gas produced during the electronic examination. On the off
chance that this isn't done the blast can be brought about by the gas created. For this reason, a vent
top can be utilized in the battery. This improves assurance in powerless ventilated zones. It is more
helpful than all other ventilation frameworks. It basically gives a break course to destructive and
undesirable gases and keeps fumes from getting away. It consolidates the fume in the water which
thus assists with diminishing the water hole. In any case, the vent tops ought to consistently be
kept tight and the gas vents ought to consistently be kept open. Any absent or worn vent plug
gaskets ought to be supplanted. The room in which the battery is kept ought to likewise have a
legitimate ventilation framework so that there is sufficient space for the gases to escape from the

house.
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Figure 2.17: Vent cap of the battery

c¢) Charging
The motivation behind charging the battery is to bring back the force that has been taken out. A

battery that isn't charged appropriately will perform unsatisfactory capacities and show a short

lifetime if cheating, undercharging, and cheating the battery is consistently destructive. The plates

are inclined to unnecessary release. The voltage per chamber ought not be permitted to fall

underneath 1.75 volts [3]. Hence, legitimate charging of the battery is basic for a standard

exhibition and long life. The entire charging measure is given beneath:
1. The AH limit of the battery ought not surpass 80%. Along these lines, the battery ought to

6.

be charged if the release rate is 80% [2].

The battery should just be charged after visual review. Never attempt to accuse the battery

of a harmed case or a low electrolyte level.

A state-charge test ought to be taken before charging.

Continuously interface the positive terminal of the battery charge to the positive cell of the

battery and the negative terminal of the battery charger to the negative cell of the battery.

Unplug the charger or turn it off before disengaging the battery terminals. This ought to be

done after the battery is completely energized.

Intermittent testing of batteries and chargers is important.

Table 2.4: The method of charging batteries that are fully discharged [4]

Reserve Capacity Rating

Slow Charge

Fast Charge

80 minutes or less

15 hours @ 3 amps

2.5 hours @ 20 amps

80 to 125 minutes

21 hours @ 4 amps

3.75 hours @ 20 amps

125 to 170 minutes

22 hours @ 5 amps

5 hours @ 20 amps

170 to 250 minutes

23 hours @ 6 amps

7.5 hours @ 10 amps

Above 250 minutes

24 hours @ 10 amps

6 hours @ 40 amps
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CHAPTER 3

TECHNICAL ASPECT OF SYSTEM

3.1 Structure and Components of FESS
FESS includes a turning rotor, MG, direction, a power tool interface, and housing control, which
is discussed in detail with the subsections going on. A conventional flywheel system suitable for

ground-based power is schematic.

3.1.1. Flywheel Rotor

The energy stored in a flight is determined by the size and material of the rotor. It is proportional

to the square of the moment of inertia and its angular velocity (1):

1
E=2lw?

Where E is the stored momentum energy, | am the moment of inertia and that angular velocity.
The effective power of a flywheel between the range of minimum speed (o value) and maximum

speed (o max) can be obtained by:

1 1 Wnin”
= El(wmaxz - U--’mirlz) = EIUM’max2 (1 - an)

Wmax

E )
Normally, electrically controlled flywheels are typically worked between (® amin) and (max) to
dodge an excessive amount of voltage variety and to restrict the most extreme MG force for a
given force rating. The snapshot of inactivity is a factor in the mass of the rotor and the size of the
rotor. Flywheels are regularly built as inflexible or empty chambers, from short and plate type to
long and drum-type. For an inflexible chamber or plate type flywheel, the snapshot of inactivity is

as per the following:

1
| =2mr? )

Where the meter is the mass of the rotor and r is the outer radius. For the outer cylinder flywheel

of the outer radius B and the inner radius described in Figure 2, the moment of inertia is:
_l (2 2
=3 () (4)
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For length h and mass density flywheels, the moment of inertia is determined by:

| = %nph (b4 - .514) ®)

Thus:

E~ }Zﬂphwz (b4 — a4)

Figure 3.1: Hollow cylinder flywheel.

The maximum speed limit that a flywheel can operate is controlled by the quality of the rotor
component, called rigidity. The biggest concern of a young pivoting ring is given:

omax = or2n2 where ¢ is the maximum extreme pressure and is the thickness of the flywheel
material. More confusing situations are accessible for different rotor calculations, yet the
maximum extreme pressure can be forced to the effect of rotor calculation by continuously

representing and the square of the fringe motion, and its equivalent ® representing a shape factor.

£=K0max[L]
m p lkg
E J

7 = Komax 1]
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Conditions (8) and (9) show that the specific (vitality per unit of mass) and vitality thickness
(vitality per volume unit) of the flywheel depends on its size, the shape factor which communicates
with Vitality that can be kept away. The shape factor is an estimate of the use of flywheel material.
Figure 4.2 shows K's projections for the geometry of the most well-known type of flight.

b, |

g | Thintim 7 K=05
D 77 77
[e]
Q
(o] 7 i/ 7/ /
O | Thickim 7/ 7 D/ K=0305
©
@
Solid disk / /////// K=0606
Laval disk ~ _ ~ K=1

Figure 4.2: Different flywheel cross-sections.

As indicated by Equation (1), the set-sort necessity of a flywheel can be improved by expanding
the inclination to fly (®) or dormancy (I). It permits two decisions for FESS: low-speed FESS
(typically up to 10,000 rpm) and quick FESS (up to 100,000 rpm). Low-speed flywheels are
generally made of weighty metallic material and upheld by a mechanical or charming course.
Quick flights are normally light yet utilize solid composite materials and require customary
application courses. The expense of quick flight leaves can be any longer than the expense of a
low-speed flywheel, as producers find that the expense of a flywheel framework is driven by the
structure of the entire framework, however not the rotor, despite the fact that this center division
can incorporate various pieces of the framework. Hence the all-out expense. Because of the paltry
work of steel materials, flywheels with more appropriate rates are being made with different
classes, also thinking about the utilization of overlaid steel. It is difficult to work to arrange, yet it
can offer extra restricted choices.

Electric Machine

As now explained, the electric machine or MG is combined with the joined flywheel, so that the
requirements of the flywheel change and the charging system is enabled. The machine rotates as a
motor and excites the aircraft and charges by bringing electrical waste from the source. The set-
sort requirement on the flywheel is taken out by the comparator machine as a generator and in this
method, the flywheel cools during discharge. Common electrical machines used in FESS are
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recognition machines (IM), tolerant magnetic machines (PM), and variable reverse machines
(VRMs).

Used to apply high energy in the light of an IM's energy, high energy, and trivial labor. Speed
limitations, complex controls, and higher support requirements are important issues with IMs. The
type of squirrel limitation may be a more reasonable decision to apply a moderate response. The
double-supported recognition machine started late in FSS applications due to its versatile control
and low power conversion rating, allowing the evaluation of reduced power tools. An IM is widely

used in wind turbine applications to employ the power smoothing of window structures.

A VRM is very generous and has low waiting adversity and a wide speed run. It has more clear
control materials than IM related to fast exercise. The disadvantage is that it has a low power factor
and low power thickness, similar to high strength swells. Both business reluctance and integrated

disaster types are applied to fast FSS applications.

A prime is a regularly used machine for FESS under its superior efficiency, high power thickness,
and low rotor difficulty. It is commonly used in fast applications due to the speed limitations of
IMs and the sounds of force waves, vibrations, and VRM. The current downturn in stator Twitter,
its significant cost, and low flexibility make it a problem for the Prime Minister to sit on. Brushless
DC machines (BLDCM), intermediate magnetic simultaneous machines (PMSM), and Halbach
cluster machines (HAM) are the main types of machines used in FSS applications [20]. An
assessment between IM, VRM, and PM is shown in Table 1. Concerning the evaluation of
unequivocal power, [18] the makers understood that the features were missed. Presumably,
depending on the rotor speed, the specific power of an IM and VRM will connect to the PM half,
and there is no unprecedented difference between [18]. Further examination of the principal
composing revealed that the specific power thickness of PM composite machines is usually 1.2
KW / kg.
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Table 3.1: Comparison of electrical machines suitable for use in FESS.

Machine Asynchronous | Variable Reluctance Permanent Magnet
Synchronous
Power High Medium and low Medium and low
Specific  power | Medium  (~0.7 | Medium (~0.7 KW/Kg) High (~1.2 kW/kg) Very
Rotor losses kW/kg) Copper | Iron due to slots low
and iron
Spinning losses | Removable by | Removable by annulling | Non-removable, static flux
annulling flux flux
Efficiency High (93.4%) High (93%) Very high (95.5%)
Control Vector control Synchronous:  Vector | Sinusoidal: Vector control.
Control. Switched: DSP | Trapezoidal: DSP
Size 1.8 L/kKW 2.6 L/kW 2.3 L/IkW
Tensile strength | Medium Medium Low
Torque ripple Medium (7.3%) | High (24%) Medium (10%)
Maximum/base | Medium (>3) High (>4) Low (<2)
speed
Demagnetization | No No Yes
Cost Low Low Low
Advantages Low cost Robustness of | Low loss, high efficiency
temperature overheat
Simple Overcurrent capability High power density
manufacture
Technology- The excitation coil can | High load density
matured repeat adjustment

Adjustable power

The lower loss at starting

High torque density

factor torque
No Easy to dissipate heat Small  volume, light
demagnetization quality
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High

storage

energy

Lower loss, higher

efficiency

low rotor resistance loss

No running loss

High power density

No field winding loss

Flexible shape and size

Simple control mode

High reliability
Disadvantages High slip ratio of | Complex structure poor robustness of
rotor temperature

Limited speed

Difficult to manufacture

Demagnetization

Larger volume

Low power factor

High cost

Low power to | Torque ripple, vibration, | Materials fragile

quality ratio and noise
High losses, low | More  outlet ~ from | Difficult air gap flux-
efficiency machine

Difficult to regulate the | field adjustment

speed

To abuse the two PMs and VRMs, the cross-breed PM reluctant machines have started late. Other
abnormal machine types for FESS are shown in [20] and recent extensions of MG for FESS are
discussed in [19].

In the flywheel assessment, the result is a very remarkable proportion of the collection centered
within a certain maximum span of material and cunning sorting. The mechanical nature of the
material, the optimal speed of the motor/generator, the system crash, and the physical projections
are the boundaries of the most significant configuration.

Cultivation was done using a spinning spinner, which is essential to the voltage regulation of a
space station. The energy starting from the sun-based sheets feeds the stack and spinner during the
time the satellite shows the sun. This is known as the “charging stage” of a cyclone. In charging
mode, the motor animators show the rated speed and rotate at this speed. In this mode, the
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essentials of the engine kept in vortices are again stored in a place called "discharge period™ due
to electrical impedance, at which time the regulated requirements of the sun are not exposed to
satellites. In this mode, the line voltage rule is also practiced by rotation. Between the charging
and delivery periods, there is a period of change called “charge reduction,” in which daylight-
based inertia is at a low level and only an indomitable requirement can be achieved from sun-
controlled sheets. In this mode, the vortex is similarly responsible for the voltage regulation of the

line.

The motor/generator unit is the most essential piece of flywheel requirements systems. As such,
its assurance and control setup should be done first. In general, intermediate magnet AC is the
basic choice in simultaneous motor applications due to higher profitability and brushless structure.
In combination, uncensored methods are designed to reduce hardware requirements and to

eliminate limitations by sensors [8-10] -

Although several testing opportunities have arrived about these techniques, the system is not
experienced enough to be used in space applications.

Because of their boss and trivial work, brushless DC motors are similarly widely used in relentless

requirement structures as compressions can be used to save flywheel redundancy.

Evaluations of fast-flying wooden structures and the incidence of a flight were presented in the
application India proposed to reduce mechanical difficulties and it was presented that the use of
vacuum housing can eliminate windage accidents. The adequate amount of flight at the most lethal
speed was given as 95.98% yet the required efficiency (round trip capability) was not given.

The structure was designed to accommodate the need for a low-speed litter scope flywheel [13]. It
was proposed to suspend the rotor without any mechanical contact with the stator with no appeal
bearing. It was represented to achieve high power; The structure was operated in a vacuum region.

Regardless, the efficiency of the system is not given in this paper either.
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A review of flywheel-based requirements accumulation systems was shown in [14]. All parts of a
flight (motor, bearing, housing, wheel, power converter) were evaluated. To reduce accidents,
application bearing and vacuum housing must be used. Flywheel adequacy was given at about
90% -95%, under vacuum conditions (ignoring the age-old gust of wind) and without mechanical

accidents (using tempting bearing).

This paper evaluates the essentiality of a flywheel collection unit. Regardless, the parametric
conditions must be used in the system to balance the system requirements. By then the fragment
has been decided, and the boundaries that affect the balance of obsolescence have been settled.

Finally, the structure evaluation using these boundaries is completed.

3.1.2 Bearings

Due to grinding, misfortune, and the need for grease, the mechanical title quickly became entwined
in the flywheel vitality stockpiling frameworks. The attractive direction has been used extensively
due to its ability to work quickly without any mishap with high accuracy and having attractive
longevity. According to the rules of control, the attractive bearing can be distinguished between
latent attractive bearing (PMB), dynamic attractive bearing (AMB), and mixed attractive bearing
(HMB). The undisturbed attractive bearing holds the variable magnet in both fixed and rotating
rings, for this situation it does not need to worry about control or force, however, the PMB's
contradiction is that it is difficult to complete the static levitation in each case because of Ernshaw's
hypothesis Achieving stable living is not understandable, as described in the terms (10).

Kax+ 2Krad < 0 (10)

Where the strength of the axial suspension, KRD is the radial suspension stiffness and the product
of 2 is due to two radial spaces.

It can be seen that if the axial suspension is fixed Kax> 0, which leads to KRad <0 which is unstable
and vice versa. Many methods are used to overcome this problem, such as the use of passive
magnetic for axial suspension and the use of active magnetic for radial suspension or the use of
high temperature driven superconducting magnetic bearing (SMB). The effective principle
regarding active magnetic bearing is based on the electromagnetic force to maintain the position

of the rotor, so it requires a controller and position sensor as illustrated.
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Figure 3.3: left: Active magnetic bearing structure. Right: Axial and radial bearing

As indicated by the load support, the attractive header can be separated into hub bearing (push)
and spiral bearing (journal), and to maintain stable livability, two diary courses for the flywheel
stockpiling structure and a push load as described in Figure 6 require loading. Attractive bearing,
it is produced using a mixture of isolated attractive bearing and dynamic attractive bearing.
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Figure 3.4: Flywheel with a bearing system
3.2 Housing

One of the significant detriments of flywheel amassing structures is the smooth drag hardship
(windage disaster), so to restrict setback the flywheel structure is set in a vacuum chamber or
low-thickness gases, for example, The appeal weight of the flywheel chamber is 10-1 hp a 10 h3

hp and less, van turning siphon is utilized to convey this weight, and 10-3 hPa turbo siphon is
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added to the vacuum for pressure The heap is made of strong steel because of structure insurance

Made and presented underground, in case of distress, there will be two limits to do any harm.

Terminal voltage (V)

The motor alternator will be controlled from the DC transport of the vehicle and the RMS gauge
of the line-to-nonpartisan terminal voltage must surpass this voltage. In this plan, the terminal
voltage will be fixed to the transmission voltage. A particular voltage arranging plan may appear
to be compulsory, yet as the models will show, it doesn't put any constraints on the ideal machine
goal. The terminal voltage of a motor can be changed at any optional upgrade without changing
the pertinent arrangement properties. A terminal voltage of 155V was utilized in this proposition.
The objective of the arrangement is to concoct the machine that meets the requirements for this

introduction and shows the most intriguing showcase of going with characteristics.

Rotor eddy current loss (Pr)
This recovers the cost of copper and magnets for the machine. For example, the cost collection
of other machines will add up to the total cost of the machine, in any case, they are not obliged

to rely on common sense on the parameters of the structure and are excluded.

Material cost (Ct)
It remembers the cost of copper and magnets for the machine. The cost of other machines, for
example, will increase the cost of the assembling absolute machine, but they are not obligated to

rely fundamentally on the parameters of the structure and are eliminated.

Material weight (wt)
Electrical efficiency (Effj)

The electrical misfortune that exists in the instrument is ohmic and the misfortune of rotating
current in the armor wires. Rotor misfortune, though a significant feature, is irrelevant in

determining functionality.
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3.3 Power Converter

The primary part of the change in the intensity of the flywheel vitality stockpiling structure is the
bidirectional converter which acts as a power interface between the mesh and the

engine/generator mixture and strengthens the ability to flow on two bearings as illustrated.

4’Input B-Directional >

Inverter

Output [ B-Directional

enerator
Inverter

Figure 3.5: The flow of power in the flywheel converter

The operating value of the bi-directional converter depends on the AC-DC-AC topology, it is
converted from AC power to DC and then from DC to AC, giving it the ability to control
repetition and voltage, so the bi-directional converter is divided into three sections. : Machine
Side Converter (MSc), DC Connection, and Matrix Side Converter (GSC).

Pulley Flywhee| Permanent Magnet Alternator Convener 1 Conver[er 2 Utlllty

T DC-Link
. X 2%
| ‘ ° it = ﬁ

| | | | Shaft
Shaft

W =

Load Battery

Figure 3.6: Machine and grid side converters

©Daffodil International University 43|Page



The DC interface gives the likelihood to associate various flywheel frameworks in corresponding

to the interest for high force stockpiling.

There are three modes in the activity of the converter: charging mode, reinforcement mode, and
delivery mode. During charging mode, the organization side converter goes about as a modifier,
while the motor side converter fills the converter as an inverter when the flywheel goes to the
necessary speed when the converter is set to save mode. The side converter goes about as an
inverter to summon the essentialness required for the grid, it defers the flywheel, and a help DC
converter is remembered for the DC interface, with an assurance that a steady DC voltage level is

shown in the voltage vacuum foresting techniques.

Flywheel Converter T Uhhty Converter

. {} 1 4 ﬂ ﬁ £} 4
g

e - T Y
43 4 4

Figure 3.7: Flywheel converter with boost converter in the DC link

Sizing of flywheel energy storage device

Before beginning a quick and untidy framework structure, design necessities ought to be depicted.
The breaking point gadget must give the necessities to the satellite subsystems during the dull time
of the circle. In this investigation Bilsat satellites utilized in the beginning phases of the restricted
need structure of S-band transmitters. This false piece expends 23 W when information is
eliminated [15]. Since the fixed time is more like 30 minutes for a satellite of the lower Earth
circle, the utilization of the imperativeness for this progression is supposed to be steady and the

average circumstance is settled as 11.5 for the most far-fetched circumstance.
The structure must have a repetitive strategy and all boundaries are interdependent. In the early

stages of the structure, the dynamic necessity of separating the wheel of the motor/generator unit

Is assessed when it is spinning at the most objectionable speed. This value is given to it. (1).
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1. o
5 ‘]“’max(l)

The essential standard of the trip in the application is personality control and as needs are, its speed

Eﬂ‘m‘- -

ought to be over a base for each working condition with a definitive objective that the base power
accomplishes regard. The speed of the flywheel can be changed between this base speed and the
most extreme speed. Something contrary to the whole of the existing power between these two
speeds is the existence of a power that can be utilized by the structure. This distinction is

distinguished as the Uniqueness of Release (DD).

1 (
Eairg = 59 (Whax — Winin)

‘0
9 “max min

)
One. (1) Valid for a harmless system. Equations also include round trip efficiency (1) and the
amount of effective energy available.

1 ; .
Ef‘-.f'f = ?]QJ (wrzlmx - wlzuin) =1 Eff-"ff (3)

The entire circle of expertise has been utilized in the unit. (3) The generator is recognized as the
proportion of the imperativeness (re) movement given during the activity of the motor. The speed
of the movement shifts regarding round trip abilities relying upon the timespan.

Since the transient effectiveness will be diverse for variable loads and states of activity, the time
ought to be settled first. The essential condition for beginning the cycle is the electrical force
condition. Motor activity time:

] y
T =J + Bw+Ty
dt

(4)
The torque equation during discharge (generator) interval is given below:

dw ‘
JE — 7:.!” + TL + Bw (5)

As is unmistakably perceived in this condition, the existence power stream has been turned on and
the source is presently exhausted life power. Additionally, it ought to be noticed that the setbacks
of the windage won't be found here as the ebb and flow search arrangements will acknowledge
them, even though they should be zero outside of the genuine space application. Hip force is zero

again as there is no such heap in the structure. In any betrayal minutes, the usefulness of the system
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entire circle can shift utilizing the time-fundamental technique for force as follows, and the speed

of movement is equivalent to the speed of movement.

t2
. E(.’ ~ tjl\ Tcmw dt
Ediff %J(wlgnax o L""1211in) (6)

Utilizing attractive direction or oilless orientation can diminish grinding misfortune in frameworks
in flying holders. Even though there is no feeling of obstruction in the framework, without
satisfactory vacuum levels, the framework exists blustery misfortune and disorderly force for

different reasons.

System design
Exactness metal balls have been utilized on account of basic structures and will be settled relying
upon every essential. Due to this choice, mechanical pounding incidents ought to be considered in

the arrangement.

Since there are various inquiries, one aspect of the boundary praises must be chosen and the rest
be resolved. The dormancy of the flight is taken as 0.008 km2. The heaviness of the structure as
of now relies upon this boost similarly as the material decides and the mechanical structure.
Aluminum material has been utilized as the material for gathering the flywheel. At long last, a
circle was acquired by shaking a flywheel 20 cm wide and gauging 2 kg.

Figure 1 shows the powerful work of the flywheel plan.

Figure 3.8: Solid work of the flywheel design.
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As mentioned earlier, a minimum standard of angular motion exists for attitude control systems.
This value is human = 0.4 NMS for the satellite used in the design. The minimum speed of

operation is now obtained using these values.

Hmin < J @min= @min> (0.4 Nms)/(0.008 kg.m?) = 50 rad/s = 477.46 RPM

Even though this worth will guarantee the working of the temper outline, the voltage created at
this speed by the flywheel will be low in transport control. Along this line, the motivating force
for base speed has been taken to be 5000 rpm. Of course, the base speed can't be gotten to over

5000 rpm as the debasement of the delivery stays as extensive as it is canny.

It isn't suitable to distinguish explicit efficiency for generators because of variable speed
movement. Thusly, the speed of action is the organic parity condition for interval dynamics

(alone).

%J(wz - u"';lnin)

max

12 2
[ Temwdt + [ Bw?dt
i1 t1

t2 12 t2

'Tr,mw 1t + P'r It + Hue’nr 1t
| Tt ] Pyodt 4 f Pusnac )
The variation in the speed of the generator system of activity is only direct if the pile is stationary.
As it is, the pile is never adjusted in the light of the misfortune under-motion. This is especially
true for the ground model due to the Windage misfortune. Then again, the plan falls apart as a
result of accepting a consistent burden. A multiplier is known in the controller with makeup for

this error.
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CHAPTER 4

SOCIO-ECONOMIC ASPECT OF THE SYSTEM

Through the persistent reasonability and the executives of the test work, the utility specialists and
field engineers have ventured out to the end that the metropolitan, similar to the common clients
in Bangladesh, must be watchful when utilizing electrical aptitudes and eliminated at the most
recognized compensation to guarantee remarkable productivity. They further said that complete
scheme insufficiencies could be accomplished together by guaranteeing the proficient utilization
of existing vitality in an adaptable way just as by putting another period in the lattice. Bangladesh's
capacity transmission framework will invite all working environments and all center points of the
lattice if the current framework concurs in a general sense with the course structure. Consequently,
current issues, for example, arranged weight shedding will be featured because of the free intensity

of the given force and the luxurious motivators as opposed to the moderate nature.

4.1 Benefits of Smart Power Distribution

Some major benefits of the smart distribution system for Bangladesh are:

A. Reliable Power Supply

It is a common occurrence in Bangladesh to be forced due to unforeseen problems. With the
features of Bangladesh FESS restoration and fast exchange features, errors can be found and
cleared naturally without too much elaboration. This reduces blackout time and other related costs.

Thus, acceptable power backing and voltage profile support can be monitored similarly.

B. Distributed Energy Resources

FESS is a burden and burden subject throughout the board for the power age and is gradually
becoming well known. This will reduce the popularity of stress from the off-framework. Using
a battery reinforcement structure, it can be used in the evening as well as in the evening. In fact,
for more efficient performance related to efficiency-related and money-related approaches, AC
electronic appliances can be introduced in homes and businesses in urban areas rather than DC

machines.
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Misfortune will diminish. The sensors will respond quickly to gauge any wonderful practice off-

network.

F. Electricity Market
This activity will create a degree to create current strength for an uncontrolled market display.

Thus, new challenges, business, and research zones will be created.

G. Load Shifting and Switching
Understanding the moving and force controlling framework will be basic and programming
because of the mechanical segments of the matrix. The administrative control and information

securing framework would be such unimaginable assistance.

H. Economic Benefit
The elements referenced before lessening the expense of extra gauges and preservation which can
be required to present extra ball age and exposure workplaces, which implies less money-related

endeavor and general work. These save assets can be utilized to improve extra structures.

I. Digitization

The means taken by the administration to actualize the savvy matrix will be a strong path for
Bangladesh to handle the production of a "Computerized Bangladesh". The assembly has declared,
"Vision 2021" which centers around an inventive and current country dependent on a
"computerized Bangladesh” [12] through the effective utilization of information and

correspondence advancements by 2021.

Customers need to flexibly a strong, straightforward, and quality ball gracefully in an area
extravagant way. Considering all the particular, reasonable, geographical, biological, and social
points of view, it keeps on being uncovered that the structure of wise extension is an inescapable

choice for Bangladesh.
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4.2 Financial Aspect of the System

One of the deterrents to flywheel progress is the immense expense of different turns of events and
others like batteries. In any case, it has been seen that the accomplishment of these compressions
has been available and they accomplish expansion when irregular applications, conditions, and

destinations are on the table.

Since one of the primary objectives of the headway of a flywheel is to accomplish a solid cost, an
astounding exertion is vital on the grounds that it relies upon the particular states of use.

» Prototype cost

> ldentification of the overall load in the complete expense of the gadget.

> ldentification of fixed and variable expenses.

Some basic expenses think about the course of action of differentiations. There might be blended
mechanical frameworks, electronic attractive structures, electronic structures, and control
programming. While thinking about creation, an unprecedented methodology must be made as a
phenomenal procedure. These expenses are treated as fixed costs just a single time and once thusly.
Until the end, a few upgrades can be applied to the fundamental arrangement and it will be

considered for this first practice so a variable structure will be sent now.
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Recommendation

Even though the flywheel is the most tedious sort of fundamental storing, negligible, unbending,
low-upheld flywheels have gotten decently open starting late. The numbers provided were
exceptionally low, and continuously the utilization of unfamiliar materials and their taking care of,
for instance, carbon fiber composites, cost just about multiple times more than steel flywheels
[10,18]. , Which will currently have the option to work at a lot higher paces than steel is viewed
as safe for hard rotators [6]. Steel has the preferred position that parts and preliminary courses are
discarded and acknowledged on the reserve base as it is currently, with negligible exertion to
deliver all essential brace sizes from 10 to 1000s. As opposed to batteries, steel is viably recyclable,
despite the fact that reuse may not invest enough energy, giving a boundless timetable of life and

cycle life for a huge number of individuals.

The disaster of open flywheels right presently recognizes another worry, including the charge
holding limit of flywheels. These disasters are mechanical (pulling, bearing, scouring), electrical
(hysteresis, vortex stream, copper), and effect transformation related (trade and transport) [89].
Given the open advancement and minimal effort of steel flywheels, the possibilities for these
applications are surely promising if flywheel disasters can be kept to a one-time over-consistently
premise. The vacuum required for this isn't excessively high and will be held by the technique for
airtight decided structures, requiring just intermittent re-siphoning. The vast majority of the weight
can be suspended on the withdrew alluring side, with the structure of the carefully adorned metal
ball staying excellent in the 20% run setback with irreversible hardship. The remainder of the
hardship is the generator's electromagnetic medication and it relies upon the arrangement. Since a
flywheel for this commitment is presumably determined by an electric machine with a KW rating
like kWh rating, mathematically, the electromagnetic draw of a very much planned structure can

be kept inside an also tragic cost plan.
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5.2 Conclusions

This paper presents a primer review of FESS with respect to its fundamental classifications and
applications. The structures and segments of the flywheel are introduced and the bearing systems
for electronic machines, essential sorts for power devices, and the flywheel accumulating system
are delineated in detail. The essential employments of FSS in improving force quality, continuous
force flexibly, transportation, feasible vitality source structure, and essentialness accumulating are
explained and their activity under every application just as some monetarily open flywheel storing
models are referenced similarly. FESS offers an exceptionally high cycle and unique component
of timetable life and is the best advancement for applications that meet these necessities. A solid
capacity, transient reaction, and effortlessness of reuse are extra key ideal conditions. The
enthusiasm for ESS is growing impressively, and the presence of these astounding characteristics
in FASS, while proceeding to lessen the expense of imagining Li-particles and other science
batteries, makes the eventual fate of FESS amazingly brilliant. Future works will arrange exact
demonstrators and trial of a flywheel structure for fortification powers and grid counterbalance
applications.

Conflicts of Interest: The authors declare has no conflict of interest.
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