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1 Introduction

1.1 History

The flywheel has a long history application in mechanical industry It was during the Industrial
Revolution between 1760 and sometime between 1820 and 1840 that the awakening of the use of
Flywheel was observed, it took till the early twentieth century for the present study of the shape of
the rotor and analysed the stresses in the rotation. Later in 1970, it was proposed o a flywheel as a
storage system implemented in electric vehicles and alternative for storage in case of power failure.
At the same time due to the development of technologies, the rotors would be constructed from fibre
compaosites, and in the '80s magnetic bearings began to appear that is when the flywheel started being
applied in several segments and since then has been attracting more researchers as an energy storage
method. One of the advantages for a flywheel energy storage system is long life-span, environmentally
friendly and high density of power output. It can be used as a smart grid energy storage, train lights,
wind powers, and many more applications. s an old and well-known mechanical element which adds
inertia to a system to store kinetic energy when in rotational motion. There are elements used in most
of the motorized machines and continue their movement when the torque of the motor that moves
them varies. In this way, the flywheel opposes abrupt accelerations of a rotary motion, thereby
reducing the angular velocity fluctuations of the set or slowing the loss of speed. Today the Flywheels
is a complex construction that has been the subject of several studies due to its potential and possible

applications;

1.2 Aims

This report aims to prove the theory for energy by calculating the kinetic energy stored in the

moving parts and the moment of inertia.
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2 Experimental Procedure

2.1 Materials s8ed

Bearing block

Flywheel

Waork panel

Magnetic rule

Stopwatch (in this specific case a mobile phone stopwatch was used)
Weight hanger

2.2 Experiment

1- First the guidance notes supplied by the teacher its read,
2- The plastic guide was fitted to the bottom off the weight hanger.
3- The length of the cord is checked by making sure that the weight hanger travel around vertical

drop under 290mm.

4- A magnetic rule is used to make sure that the weight hanger was falling to the bottom, by

aligning to Omm the edge of plastic guide with the weight hanger.

5- 90 g masses added to give a total of 100g on the weight hanger.
6- The flywheel is slowly turned to lift the weight hanger until reached 280mm on the rule.
7- A stopwatch is used to measure how many seconds it takes for the weight hanger to fall from

its 280mm position to Omm and back to its maximum height (this step is repeated five times with

different masses and each one of them is repeated three times).
8- PE (mghl), the mg and PE loss adjusted values must be calculated.
9- Falling time, acceleration, velocity (mg-mga)r and a/r values is calculated.

10- Moment of inertia (1) values is add for the flywheel and the pulley in the bearing block to find
total nominal value for the flywheel. Total nominal value for the flywheel is used to calculate the value

of Kinetic Energy (KE) for each line of results




11- A chart is created by plotting radius against a/r to help find the average value of moment of

inertia of the flywheel.




3 Results

By realizing the experiment, it was possible to record time (in seconds), weight (in kilograms) and

height (in meters) to be used for the calculation of moment of inertia by using the formulas listed in

pages.
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Mass 0.1 Kg Time (s) Height (m)
First attempt 3.99s 0.23m
Second attempt 4.30s 0.235m
Third attempt 4.18s 0.232m
Mass 0.2 kg Time (s) Height (m)
First attempt 3.33s 0.244m
Second attempt 321s 0.246m
Third attempt 2.94s 0.243m
Mass 0.3 Kg Time(s) Height (m)
First attempt 3.14s 0.242m
Second attempt 3.22s 0.248m
Third attempt 3.00s 0.246m
Mass 0.4 Kg Time (s) Height (m)
First attempt 2.48s 0.24m
Second attempt 2.36s 0.236m
Third attempt 2.09s 0.24m
Mass 0.5 Kg time height
First attempt 2.36s 0.231m
Second attempt 2.10s 0.233m
Third attempt 2.22s 0.23m

3.1 Equations used

This is a list of the'equations used in order to calculate moment on inertia and kinetic energy:




Torque

T=la

Kinetic energy

kE = 0.5I,w?
Moment of inertia

Iy = 05myr?

Potential energy loss
PEigsse = mg(hy — hy)

Acceleration of the falling mass

h
3

a=

]

For the kit used was difficult to measure the falling time’ with the preview equation for that

reason the equation used was the one below

hy

br=te® Ity iy
Maximum linear velocity

v = aty

The falling mass linear velocity (v)

2mv

W =—

Force (F) due to the accelerating mass (ma)
F=mg-ma

Angular acceleration

a
a=-
r




4 Analysis

Chart paper:

torque against angular acceleration
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5 Conclusion

A better mechanical material to minimize the erfors, the results would be more accurate. Still, it was
able to prove that the theory of flywheel is right when it states that "Flywheels resist changes in
rotational speed by their moment of inertia. The amount of energy stored in a flywheel is propertional
to the square of its rotational speed" (Jiang, Zhang, Ma, & Wu, 2017). Is noticeable the importance of
the execution of angular speeds of the flywheel superior to those used in this work, which would allow

a more accurate calculation of the energy balance.
Other applications with the flywheel, for example, the Safety and Magnetic Bearings

Safety Flywheels, also called electromechanical batteries, receive electrical power from a
motor/generator, store it as kinetic energy in a rotating wheel, and "return” it to the motor/generator
whenever it needs electricity. Flywheels have very high levels of electrical and mechanical energy,
some safety concerns have to be considered. However, environmental issues do not arise, since
Flywheels do not emit radiation or waste that affects the environment. In this respect they are benign.
Mechanical Safety Measures The energy that is released during a (mechanical) failure of a "Flywheel"
is enormous. The energy in the rotor of a 1 kWh Flywheel can lift a medium-sized vehicle over 30
meters in height. That is why special care must be taken in the development and construction of the
"container" of the "Flywheel." In mechanical terms, we must consider the following aspects: Ejection
of rotor fragments when the container breaks during its operation or accident with the vehicle that
carries it; The gyroscopic effect of the "Flywheel" can cause the vehicle to overturn in a turning
manoeuvre; The bad condition of the floors affects the proper functioning of the "Flywheel's".
Electrical Safety Measures Due to high power requirements for "Flywheel's" in motor vehicles (20 - 40
kW), the required voltage is usually high (300 - 500 volts). Due to these values, there is a risk of electric
shocks that can cause serious damage to those who directly or indirectly work with it if they are poorly
developed. There is some safety measures that must be taken into consideration on the development

of a "Flywheel" to be applied in a vehicle (liang, Zhang, Ma, & Wu, 2017)
Magnetic Bearings

The magnetic bearing has a principle of operation the magnetic levitation. The advantage of these
bearings lies in the fact that there is no physical contact between the fixed part and the moving part

and therefore the friction will be very close to zero.

The magnetic bearing consists, basically, of a rotor levitated by a magnetic field. This magnetic field is

controlled by feedback consisting of Hall Effect sensors (production of a potential difference across an

7




electrical conductor when a magnetic field is applied in a direction perpendicular to that of the flow

of current) or, more recently, Laser sensors.

Current amplifiers control the force in each of the directions (X and Y) inside the bearing, and that

they act on the rotor. This results in an unstable system of four inputs and four outputs to be

controlled.

Figure 1 - Typical example of a magnetic bearing the following figure (Figure 2 and Figure 3) shows

the typical bearing arrangement and its equivalence of the magnetic circuit to the electric circuit:

6

Figure 2




Figure 3

Regarding to the relationship between the mass applied and the Potential Energy loss it showed that

has to do with gravitational potential energy

Havier masses give larger Potential energy loss due to the amount of energy the system has available
to convert into other forms of energy. That energy change could be within the system, or result in
energy leaving the system. In this case, the potential energy is the amount of energy the flywheel has

available to turn into the kinetic energys




6 Evaluation

Was learned that that flywheel is causing a big revolution; especially in industrial and
emergency applications where it delivers large amounts of energy in fractions of time. Thus,
the technology used in a flywheel for static situations such as those referred to in the previous
paragraph is not critical. The biggest problem with this technology is that the flywheel can
withstand possible shocks and mechanical stress due to "space” movements, such as a vehicle.
In this sense, the great research area in the field of building energy storage systems is the
search for and development of new materials and the implementation of state-of-the-art
systems that make "Flywheel's" mobile and safe. Finally, another aspect to emphasize is the
constant search for new materials that allow raising, even more, the speed of the rotor of a

"flywheel" increasing.
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7 Further work

To complete the report, understand fully the theory of stored energy and to do the
calculations, results were checked at least five times each, and some research to other
experiments related with flywheel kinetic energy from other universities. (Hedlund,
Lundin, Santiago, Abrahamsson, & Bernhoff, 2015)

While researching it was noticed that the other experiments related to energy storage
system are realized mechanically which is more efficient. Using mechanical method
would minimize the human error as in with experience realized in university it doesn’t
allowed it to affirm that the flywheel reached its maximum speed and consequently the
values that was got from the calculations is not accurate as if done mechanically and
the fact that the stopwatch was being controlled by different person, to minimize that
a temporizer could be used by being integrated it in the main control board that has
four counters or timers (Genta). All these Counters / Timers are used in the codes
implemented in the four bench-mounted configurations. Is important to say that it
wasn't even the same person that was checking the height and it was visible during
the experience that was realized that there was some discordance when checking the
height. Other errors.that.was noticed was the level of the table were the flywheel was
standing wasn't on'the same level with her eyes and this could be one important factor

later when calculating moment of inertia and kinétie energv&ggﬁ (¢ d [Abi S 2]: Needs citations
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RUBRIC: NEW BACHELOR'S RUBRIC 0/0

LITERATURE 0/0

Engagement with literature (including reading, referencing, academic conventions and academic honesty)

FAIL 0-29% Little or no evidence of reading. Views and findings unsupported and non-
() authoritative. Referencing conventions largely ignored.

UNSATISFACTORY  Poor engagement with essential reading. No evidence of wider reading. Reliance on
30-39% inappropriate sources, and/or indiscriminate use of sources. Heavily reliant on
) information gained through class contact. Inconsistent and weak use of referencing.
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) independently. Some over-reliance on texts rather than other sources. Referencing
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0) accurate application of referencing.
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K&U 0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)
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0) principles of the subject matter. Inclusion of irrelevant material. Substantial
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©)
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©)
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GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
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accurately and reliably, and with structured and coherent arguments; the qualities needed for employment
requiring the exercise of some personal responsibility within a structured and managed environment.)

FAIL 0-29% Work is poorly structured, disorganised, inaccurate and/or confusingly expressed.

0) Very weak use of language and/or very inappropriate style. Failure to work effectively
individual or as part of a group. Little or no evidence of the skills for employment
requiring the exercise of some personal responsibility.
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) use of language and/or inappropriate style. Flawed approach to individual or group
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) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
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of some personal responsibility, with just occasional minor weakness.

Work is coherent, very fluent and is presented professionally. Can work effectively
independently and/or as part of a team, with an excellent contribution to group
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