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1 Introduction

This report aims to investigate the experimental procedure and report the findings of energy
in a flywheel. The experiment session was on Thursday 1% of November.

The objective of this experiment is to investigate the change in energy of a flywheel by
changing the mass. The expected outcome is that as the weight increases the energy in the flywheel
will increasa@r finding the kinetic energy, the loss in potential energy is also found in the
flywheel system.

This experiment will display potential energy and potential energy loss along with kinetic
energy and the inertia in the flywheel system throughout the experiment.

2 Experimental Procedure

Figure 1 Experiment apparatus layout

(Flewin, zom

3|Page




Procedure description:

Figure 2: given Experiment equipment

List of steps:

1. Fit plastic Guide to the bottom of the weight hanger

2. Cutthe cord to length (allowing a vertical drop of 290mm)

3. Let the hangar fall to the bottom of its travel. Set the magnetic rule so that Omm is lined up
with the plastic guide

4. Add 90g mass so that the total mass of the hanger is 100g

5. Turn the flywheel until the weight hanger reaches 280mm of the magnetic rule.

6. Use a stop watch to measure how many seconds it takes the hanger to fall from 280 to 0 and
back to its maximum height (h2) {repeat several times to get an average for the time and the
height (h2)}

7. Now Calculate PE (potential energy), mg and PE adjusted) values

8. Calculate the falling time, acceleration, velocity, (mg-ma)/r and a/r values.

9. Add the nominal values for / or the pulley block and the flywheel to find the total nominal /

value for the flywheel. Use this value to calculate the value for K.E (kinetic energy) of the
flywheel for each set of results.

(Summerfield, 2018),
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Notation:

i
P Spring rate aNm! =
® Pi 3.142
T Clrcumderence _Jmi
h Height ’ m
PE and Potential and Kinetic |
KE Energy
I Moment of inertia kg.m?
F Force N o K
g Acceleration due to gravity ' '9_33 n.:f ==
m Masses - T kg
me Mass of flywheel kg
i Mass radius of gyration -
T Torque Nm
t Time s
@ Angular velocity it
Ya Velocity - i m.s!
-"’m Mean (straight line) m.s”
velocity

(Summerfield, 2018)
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4 Analysis

Kinetic energy can be stored in the flywheel. The larger the mass or the speed at which the flywheel
rotates the more kinetic energy that can be stored. For a flywheel, its kinetic energy is equal to half
the product of its moment of inertia and its angular velocity”2. (Summerfield, 2018)

KE = 0.5I0’
The moment of inertia is the resistance to change in rotation, as shown in the formula below.
Ip= 0.5mp”

Potential energy is mass x gravity x height (in our case from the lowest point of travel)
PE=MGH

PE loss is calculated from the difference between P.E 1, which is at the minimum amount of kinetic
energy at the top of the hangers travel, and P.E 2, which is the point at the maximum height, which
the hanger rose to on the return stroke.

= mg(h, = h;)

This formula is used as shown

P.E Loss = 0.1 x 9.81 x (0.28-0.24) = 0.04 j
PE loss (adjusted) = PE loss x ky/(hy+hy)

(0.04) x 0.28/ (0.28+0.24) = 0.02

3
Uy ,-"f_‘\‘
- L, 11| _f_ \ _L\
M) o] O |
\/Y/ \/ / \/Y/

l KE = minimum KE = maximum

}J m \ PE = mgh,
J

1 ‘ T
: IPE Loss = mgh,- mgh, [ |
k; v | mj PE = mgh,
| A
PE=0]| m \ | s
| v

h, = lowest point of travel

Figure 4: Energy in a flywheel

(Summerfield, 2018)
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The acceleration of the falling hanger / therefore the flywheel reaches its maximum at point 2 as
shown in figure 3, this is when the mass has fell a distance of h1, this over the square of the time
taken to fall. This proves to be difficult to measure falling time accurately, considering this looking at
step three in figure 3 for better results measure the total time taken to fall form step one to step
three and then multiply by h1/(h1+h2) so total time is shown in the formula below

t=t % ki
S TRy +hy

The linear velocity of the falling mass is the same as the angular velocity of the pulley and the
flywheel, linear velocity first must be into angular velocity, so using the circumference of the
pulley.(allowing ¢ = 0.0408m for the diameter of the chord on the pulley)

(]

v
o = <&

Figure 5 inertia and acceleration in a flywheel

(Summerfield, 2018)

In figure 4, the force in the chord of a flywheel at any time is equal to the difference between the
force and the acceleration due to gravity acting on the mass. (ma)

F=mg—ma

Assuming that the chord is inelastic, the torque in the chord is = to the product of the force in the
chord at the radius of the pulley.

1= (mg—ma)r
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Angular acceleration is equal to the moving mass divided by the radius of the pulley.

(mg=-ma)r = If
(Summerfield, 2018)
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Figure 6 real-world example of the experiment setup.

(Flewin, 2018)
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5 Conclusion

After completing this experiment, the moment of inertia of flywheel had can be seen in the results in
the dependency of mass and radius of the flywheel as stated in the equation | = %2MRA2. From here
as the mass of then flywheel is increased, the moment of inertia is also increased. However, in the
comparison of experimental value to the theoretical value, t is found that there is a huge deviation
from the theoretical one. To conclude human error and to frictional force may be the cause of the
energy lost.

(Sarman, n.d.)

6 Evaluation

In review of this experiment, though this experiment provides the data to calculate the needed to
work out the energy in a flywheel it does not prove to be accurate when compared to the nominal
values given in the experiment guidance notes.

In the experiment environment, it proves quite hard to read the measurement off the scale this can
be improved by reaping the experiment and recording the measurement to acquire the most
accurate readings

7 Further work
To improve the accuracy of the results human error can be eliminated by using light gates and a
connected timer, as shown below

Figure 7: Light gates

(Anon., n.d.)

To further, improve the accuracy of the experiment the measurement of the inertia of the flywheel
to eliminate error in the nominal values between the notes and actual value you could measure the
flywheel and pulley system to calculate the inertia.

One other improvement would be the use of a bigger measurement scale to further reduce
inaccuracy the human error!
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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-
0) 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.

SATISFACTORY 40- Engagement with a limited range of mostly relevant and credible sources but with

49% some reliance on information gained through class contact. Some omissions and

0) minor errors. Referencing conventions evident though not always applied accurately
or consistently.

GOOD 50-59% Engagement with an appropriate range of literature, including sources retrieved
) independently. Some over-reliance on texts rather than other sources. Referencing
may show minor inaccuracies or inconsistencies.

VERY GOOD 60-69% Engagement with a wide range of literature, including sources retrieved independently.
0) Selection of relevant and credible sources. Generally sound referencing, with no/very
few inaccuracies or inconsistencies.

EXCELLENT 70-79% Engagement with an extensive range of relevant and credible literature. Consistently
0) accurate application of referencing.

EXCEPTIONAL 80-  Exceptional engagement with an extensive range of relevant and credible literature.
100% High-level referencing skills consistently applied.

©)

K&U 0/0

Knowledge and understanding (Knowledge of the basic underlying concepts and principles of a subject.)

FAIL 0-29% Major gaps in knowledge and understanding of the basic underlying concepts and
0) principles of the subject matter. Inclusion of irrelevant material. Substantial
inaccuracies.

UNSATISFACTORY  Gaps in knowledge of the basic underlying concepts and principles, with flawed or
30-39% superficial understanding. Some significant inaccuracies and/or irrelevant material.

©)

SATISFACTORY 40- Limited knowledge and understanding of the basic underlying concepts and principles

49% within the subject area. Some elements may be missing.

0)

GOOD 50-59% Knowledge of the basic underlying concepts and principles is accurate with a good
) understanding of the field of study but lacks depth and/or breadth.

VERY GOOD 60-69% Competent knowledge of the basic underlying concepts and principles. Exhibits very
0) good understanding.



EXCELLENT 70-79% Excellent knowledge and understanding of the basic underlying concepts and
(0) principles of the subject.

EXCEPTIONAL 80-  Exceptional, detailed knowledge and understanding of the basic underlying concepts

100% and principles.
0)

COGNITIVE 0/0

Cognitive and intellectual skills (Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument and make sound judgements.)

FAIL 0-29% Wholly or almost wholly descriptive work. Little or no evaluation of the underlying
0) concepts and principles. Failure to develop arguments, leading to illogical or invalid
judgements. Minimal or no use of evidence to back up views.

UNSATISFACTORY  Largely descriptive work, with superficial evaluation of the underlying concepts and

30-39% principles. Weak interpretation of data, flawed development of arguments and

0) judgements. Information accepted uncritically, uses generalised statements made with
scant evidence and unsubstantiated opinions. Ideas sometimes illogical and
contradictory.

SATISFACTORY 40- Limited attempt at evaluation of the underlying concepts and principles, tending

49% towards description. Can interpret qualitative and quantitative data but with some

) errors. Some evidence to support emerging arguments and judgements but these may
be underdeveloped or with a little inconsistency / mis-interpretation.

GOOD 50-59% Good evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data, with minor errors. An emerging ability to use evidence to
support the argument. Mostly valid arguments and logical judgements.

VERY GOOD 60-69% Sound evaluation of the underlying concepts and principles. Can interpret qualitative
0) and quantitative data accurately. Ability to devise arguments using evidence to make
mostly appropriate and valid judgements.

EXCELLENT 70-79% Excellent evaluation of the underlying concepts and principles. Can interpret
) qualitative and quantitative data accurately and with some insight. Excellent ability to
devise arguments using evidence and make appropriate and valid judgements.

EXCEPTIONAL 80-  Exceptional evaluation of the underlying concepts and principles based evidence.

100% Outstanding interpretation of qualitative and quantitative data. Exceptional ability to
) devise arguments using evidence and make wholly appropriate and valid judgements.
PRACT ICAL 0/0

Practical skills (Different approaches to solving problems in particular contexts.)

FAIL 0-29% Limited or no use of taught, basic methods, materials, tools and/or techniques. Little
0) or no appreciation of the context of the application. Very weak evidence of different
approaches to problem-solving in particular contexts.



UNSATISFACTORY  Rudimentary application of taught, basic methods, materials, tools and/or techniques

30-39% but without consideration and competence. Flawed appreciation of the context of the
0) application. Weak evidence of different approaches to problem-solving in particular
contexts.

SATISFACTORY 40- An adequate awareness and mostly appropriate application of basic methods,

49% materials, tools and/or techniques. Basic appreciation of the context of the

) application. Can identify problems in particular contexts and propose basic alternative
approaches or solutions though there may be errors.

GOOD 50-59% A good and appropriate application of basic methods, materials, tools and/or

(0) techniques. Clear appreciation of the context of the application. Good evidence of
different approaches to problem-solving in particular contexts and proposes mostly
appropriate solutions.

VERY GOOD 60-69% A very good application of a range of basic methods, materials, tools and/or

0) techniques. Very good consideration of the context of the application. Very good
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCELLENT 70-79% An advanced application of a range of taught, basic methods, materials, tools and/or

) techniques. The context of the application is well considered, and insightful. Excellent
evidence of different approaches to problem-solving in particular contexts and
proposes appropriate solutions.

EXCEPTIONAL 80-  Exceptional levels of application and deployment skills in particular practical contexts.

100% Outstanding identification of problems in particular contexts and formulation of
0) wholly appropriate, thoughtful solutions / different approaches.
SKILLS PROF P 0/0

Transferable skills for life and professional practice (Communicate the results of their study/work
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.

UNSATISFACTORY  Work is poorly presented in a disjointed manner. It is loosely, and at times

30-39% incoherently, structured, with information and ideas often poorly expressed. Weak

) use of language and/or inappropriate style. Flawed approach to individual or group
work, meeting only partial obligations to others. Limited evidence of the skills for
employment requiring the exercise of some personal responsibility.

SATISFACTORY 40- Mostly ordered presentation and structure in which relevant ideas / concepts are

49% reasonably expressed. Work may lack coherence and/or accuracy in places. Can work

) as part of a group, meeting most obligations to others but perhaps with limited
involvement in group activities. Demonstrates the basic skills for employment
requiring the exercise of some personal responsibility, with some areas of minor
weakness.



GOOD 50-59%
)

Mostly coherent, organised and accurate work, in a suitable structure and is for the
most part clearly expressed. Can work effectively independently and/or as part of a
team, with clear contribution to group activities. Demonstrates the skills for
employment requiring the exercise of some personal responsibility, with some areas
of strength and some of minor weakness.

VERY GOOD 60-69% Work is accurate, coherent, fluent, well-structured and organised. Can work

©)

EXCELLENT 70-79%
©)

EXCEPTIONAL 80-
100%

©)

effectively independently and/or as part of a team, with very good contribution to
group activities. Demonstrates very good skills for employment requiring the exercise
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
activities. Demonstrates excellent skills for employment requiring the exercise of
some personal responsibility with an appetite for further development.

Work is accurate, exceptionally coherent, very fluent and presented well. Can work
effectively independently and/or as part of a team, with an exceptional contribution to
group activities. Demonstrates exceptional skills for employment requiring the
exercise of some personal responsibility with an appetite for further development.
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