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1.0. Introduction

The aim of this report is to explain the experiment that has been carried out in lab using the kit ES9.
The purpose of that experiment was to find Moment of Inertia (/) of the flywheel by using the falling
weights. The Mass Moment of Inertia plays important role in rotational motion concept. The flywheels
are based on rotating mass, which allow to store the energy in kinetic form for a short period of time.
Flywheels are designed for power applications to meet power requests. In this report the results are

investigated, calculations done and graph has been plotted.




2.0. Experimental procedure

This section looks at the apparatus used, and the procedure carried out for the generation of results.
In the next section, an analysis was carried out on the results obtained and reasons were given as to
why the results obtained were what they were.

2.1. Apparatus
The following pieces of apparatus (ES9) were used for the experiment:

¢ \Work panel.

e Pulley block.

¢ Flywheel.

¢ Magnetic rule.
¢ 950g masses.

e Stopwatch.

Lt

Figure 1: The experimental setupg

All the equipment was tested to ensure they worked properly and did not have any errors or
malfunctions in them, lest they compromised the results of the experiment.

2.2.  Procedure
This sub-section details the steps that were carried out during the experiment. The procedure for the
entire experiment is as follows:

¢ The rule was fit to the bottom of the work panel, as shown in Figure 1. This was used to
determine the height at which the masses would fall and rebound. The height recorded was
0.28m and was maintained at this value throughout the experiment.




The weight hanger was allowed to fall to the bottom of its travel. The magnetic rule was
moved behind the weight hanger so that its 0Omm edge aligned with the plastic guide.

90g masses were added to the weight hanger so that it weighed 100g.

The flywheel was slowly turned to lift the weight hanger until the bottom of the weight hanger
reached the 280mm/0.28m mark on the rule.

The stopwatch was used to measure how many seconds it would take the weight hanger to
fall from the 280mm position to the Omm position and back up to its maximum height (h.).
The previous step was repeated several times (3 times) so as to attain an average value for
the maximum height hs.

The potential energy, the corresponding product of mass and gravitational acceleration and
adjusted potential energy values were calculated for every increase in mass.

The falling times, acceleration values, velocities, (mg — ma)r values and a/r values were
determined as well.

The nominal / values for the flywheel and the pulley in the bearing block were added to find
the total nominal / value for the flywheel. This was used to calculate the flywheel's kinetic
energy (KE) for each line of results.

A graph of (mg — ma)r against a/r was plotted. The graph was used to find an average value
for I.




3.0. Results

The tables below show the results obtained from the calculations:

Mass, m | PE,mgh | Timeto fall andrise, t, | h, | mg | PE (loss adjusted) | Falling time, t;
(ke) ) (s) (m) | (N) ) (s)
0.10 0.27 4.03 0.25 | 0.98 0.03 213
0.20 0.55 2.93 0.26 | 1.96 0.04 1.52
0.30 0.82 2.12 0.26 | 2.94 0.06 1.10
0.40 1.10 1.97 0.25 | 3.92 0.12 1.04
0.50 1.37 1.93 0.24 | 4.91 0.20 1.04
Table 1: First set of results obtained from the calculations.
Acceleration, a Velocity, v Angular velocity, w (mg - KE
(m/s?) (m/s) (rad/s) majr afr [1)]
0.06 0.13 20.21 0.01 9.49 0.14
0.12 0.18 28.33 0.01 18.64 0.27
0.23 0.25 39.14 0.02 35.60 0.40
0.26 0.27 41.40 0.02 39.83 0.53
0.26 0.27 41.40 0.03 39.83 0.67
Table 2: Second set of results from the calculations.
Graph of (mg - ma)r against (a/r)
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Figure 2: A graph of (mg - ma)r against a/r.




4.0. Analysis

As expected, apart from the falling time, the time taken to fall and rise and the final height (h,), all
other values increased as the mass was increased. The graph produced is almost linear up to the last
two values, where it takes an exponential turn. This may be the case because the distance is too short
for substantial acceleration to occur. Another possible reason why the last two values were close,
albeit far-fetched, is because the falling mass attained terminal velocity over a very short distance.
Terminal velocity is the constant velocity that is attained when the drag force of a falling object is
equalled by the force due to gravitational acceleration (NASA, 2018). At this point, there is no
acceleration (a = Om/s?) and the velocity at this point is at its highest and is constant.

As a body falls, the magnitude of the drag force generated by the body is determined using the formula
below:

D = 0.5CpAV?
Equation 1: Drag force equation (Agrawal, 2000).
Where:

e Disthe dragforce in Newtons (N).

o Cis the drag coefficient, which is unitless.

e pis the density of air in kilograms per metre cubed (kg/m?3).

* Ais the cross-sectional area of the body that is acting against the air resistance in square
metres (m?).

e vis the velocity of the falling body in metres per second (m/s) (Agrawal, 2000).

The drag force increases as the velocity of the object increases until:
0.5CpAv? = Mg
Equation 2: The equation showing when terminal velocity is reached (Agrawal, 2000).

Where M is the mass of the falling body and g is the acceleration due to gravity. The terminal velocity
is therefore obtained using the following formula:

v = V(2IMg/CpA)
Equation 3: Terminal velocity equation.

The first explanation is more reasonable given the short distance that the falling body covers, and the
fact that terminal velocity will need much greater vertical distances for it to be attained.

The gradient of the graph gives the flywheel’s true moment of inertia (/;). The formula used to
determine the gradient of a line is Ay/Ax (MathCentre, 2009). Therefore, the gradient of the line of
best fit in the graph is:

= Ay/Ax
= (0.026 — 0.006)/(39.5 — 9.5)
=0.020/30

= 6.67*10kgm?




The total moment of inertia for the flywheel and the shaft and pulley combination is:
= (3.862 + 0.834)*10"
= 4.696*10°kgm?

The difference between the true moment of inertia and the sum of the ones obtained from the
assignment brief is:

= (6.67 - 4.696)*10"*
= 1.974*10kgm?

This figure is 29.6% less than that of the true moment of inertia. This may be the case because the
total point masses in translational motion and the effective radius of rotation have all been included
(Engineering-Toolbox, 2005). This is reasonable because, since a body’s moment of inertia is its
resistance to rotation (ARC, 2012), then other masses that are not accounted for, frictional force,
potential cord slipping and torque may be the reason behind the additional inertial value.

4.1. Evaluation

The overall experiment was a straightforward way of determining the flywheel’s approximate moment
of inertia. The steps were clearly lined out and it was simple to execute. The guidance points and
methods of evaluation made the experiment easier to understand, and it was possible to put the
theories behind moments of inertia and rotational bodies into practice. This enabled the practitioner
of the experiment to embed the theories behind this topic and to also consider areas where
assumptions are made so as to come up with solutions that can be implemented to improve the
experiment further.

Thedifference between the true moment of inertia and the given moments of inertia was substantial.
The formulae given to determine the difference between the two values was particularly helpful. This
kind of knowledge can help a lot in design work when designing components that have rotating bodies
and determining how much torque will be needed to overcome their moments of inertia.

As it is with engineering designs and processes, there is always room for improvement. Some of the
experimental improvements that can be implemented include:

« Thewse of lubrication to grease moving parts: This will help to reduce the gap between the
values of the true moment of inertia and the calculated moments of inertia by reducing the
amount of friction that needs to be overcome for the flywheel and pulley system to rotate.

¢ The use of a cord with a high friction coefficient and high elastic modulus: This can help
reduce any slippage that may occur when the weight is falling down as well as any relative
motion that will occur when the belt elongates and causes elastic creep (NPTEL, 2012). It also
aids in effectively turning the pulley and the flywheel by reducing any possibilities of slipping
during the free falling and rebounding.

* Increasing the weights in steps of 50 grams instead of 100 grams: Generating more results,
especially in between the results that have already been obtained, will help in getting values
that are fine tuned. This will help in determining an even more accurate value of the true
moment of inertia when generating a graph, finding the line of best fit and then determining
its gradient.




The use of professional digital stopwatch: The stopwatch has been used in the experiment
was on a mobile device, which increased the probability of human errors.

L

4.2.  Further Work
If there were unlimited time and resources, a further work could take a place here. For instance,
there could be used smaller weights, this would allow to take more precise calculations for 1. Also,
each weight has been fallen 3 times to get the average value, but for further work, it could be done 5
times instead of 3. Thus, the average result would be improved and more exact.




5:6m Conclusion

The difference between the theoretical and experimental moment of inertia is 1.974*10*kgm? which
is 29.6% less than that of the theoretical moment of inertia. This could happen for several reasons,
such as human erreroccurred during the experiment, lack of lubricant on the moving parts and high
friction between moving parts of the kit. The frictional forces have not been considered in the
calculations at all and thus, this could be a main reason of such big difference between the theoretical

and experimental value of moment of inertia.

This experiment showed that moment of inertia increases with the increase of the weight on the
flywheel. Therefore, this allows to store more energy.

10
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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.

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
) 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

) 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

) 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
) 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

0) 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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