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lntroduction

This report will investigate the relationship between total Kinetic Energy (Ke) and the energy,
lost when a flywheel stores energy through rotation. This will include looking into frictional
losses, deformation of components and irregular movement of the mass. As well as this
calculating the average inertia of the flywheel and comparing that to the nominal value
given in the assignment. Significant differences here could indicate problems with the
experiment. Finally, knowing that frictional losses are less significant when the load on the
system is increased. Consider where the error between the total of Potential energy (Pe) +
potential energy loss and the kinetic energy.




1.0 Experimental Procedure

Materials

This experiment requires only the components included in the Engineering Science
Worksheets, Potential and Kinetic Energy Kit ES9, 3. Energy in a Flywheel. This includes a
bearing block, flywheel, stand, magnetic ruler, length of cord, mass hanger and masses.

Procedure

1)

2)

3)

4)
5)

6)

7)

8)

Ensure that the bearing block and ruler are securely fixed to the stand using the nuts
provided. Ensure that the bearing block is high enough, for the mass to not hit
anything when the string is fully unraveled.

- Thereis a grub screw in the bearing block that can be used as a brake.
However, when using this there is a risk. It may not be fully loosened
immediately thereby slowing the descent. This would introduce a huge
error to the results of the experiment reducing the kinetic energy
significantly.

Check that the cord is cut to a length where the plate at the bottom of the weight
hanger drops a distance of 280mm. Without hitting the surface that the experiment
ison,

Make sure that the stand is on a flat surface and is stable. This is important as if it is
not vertical the fully extended string will have travelled further than the measured
value.

Let the cord fully extend and line the Omm mark of the ruler up with the bottom of
the hanger.

The hanger weighs 10g so add 90g using the small masses. This will be the first
weight tested.

Raise the mass by turning the flywheel until the bottom plate of the hanger is in line
with the 280mm mark on the ruler, when doing so move so that you have a clear
perspective horizontal with the plate. Make sure this is done as accurately-as
possible.

- Make sure that the mass is completely stationary before releasing.
Measure the time it takes to fall and rise up to the highest point. For each mass
measure the time taken several times. Doing so reduces the impact of errors from
mistiming and other mistakes.

- One team member should film each time. This allows you to check the
time readings later. This also allows further inspection and analysis of the
motion of the mass.

Add 100g and repeat the timing. Continue adding mass until 500g total mass is
reached.

- Each small mass is 10g so add 10 each time.

Once the measurements are taken put the results into an Excel document and use this to
calculate any required values.




2.0 Results

The following table shows my experimental results. More detailed results, including

calculations are in the full table in the excel document.

Mass (kg) Average Time to Rise and Fall (s)
0.1 4,33

0.2 3.08

0.3 2.48

0.4 23

0.5 2.14

Figure 1
3.0 Analysis

3.1 Inertia and Energy storage

A flywheel has energy when rotating because it has both mass and velocity. This stored
energy is equal to the potential energy at the start of the experiment. This is shown by
the following equation:

mgh = 0.5/w”2+losses

(Where losses include any energy used that does not increase the angular velocity of
the flywheel.)

It is a simple combination of the conservation of energy and the equation for
gravitational potential energy and kinetic energy of a flywheel.

Inertia is an object’s tendency to stay in a constant state, whether this is constant
motion or being stationary (S.J. Zammit, 1987, p15). A flywheels inertia does not
change with its speed of rotation. In this experiment there are two ways to calculate
the Ke stored by the flywheel. The first is to calculate the maximum velocity of the
mass and use this to calculate the energy stored. This is easily done with Ke = 1/2mvA2,
The second way of calculating the flywheels stored energy more directly is to use the
equation Ke = 0.5 w"2. This method relies on knowing the inertia of the flywheel and
any other rotating components. Using both methods to calculate the kinetic energy
produces the same result as shown in figure 2.

Mass (kg) Ke using 1/21 w"2. (J) Ke using 1/2mv”2 (J)
0.1 0.608543491 0.608543491

0.2 2.306635402 2.306635402

0.3 5.237360383 5.237360383

0.4 8.21075672 8.21075672

0.5 12.45689695 12.45689695

Figure 2




Figure 3 plots (mg-ma)/r against a/r. The gradient is the average inertia of the system.
In this case it is 0.0005kgm”2. The nominal total value of inertia for the flywheel and
axle combined is 0.0004695kgm”"2. The value calculated by finding the gradient of the
graph is within a rounding errer.of the nominal value which is unexpectedly precise.
This is surprising because the measurements taken are of limited precision and
accuracy. The timing for example could be as much as 0.4s wrong for each
measurement, (assuming an approximate reaction time on starting and stopping of
0.2s). Alongside this we did not accurately measure the mass of the masses used. This
could introduce more small errors into the calculations. It is also possible that the
height measurements upon the raising cycle may be wrong due to perspective. Any or
all of these could cause the result to be inaccurate.

3.1.1 Effects Of Inertia on the Impact of Energy Loss
A flywheel of greater mass has greater inertia. This means that when
it has begun rotating, the frictional resistance has a lesser effect. As
although it is providing the same resistance to motion, the flywheel
has a greater tendency to continue turning. Therefore, if the only
losses affecting a flywheel are friction then the greater the mass, the
smaller the relative loss. However, Figure 5 contradicts this idea.

A graph to find the Average Inertia of a Flywheel

0.09 y =0.0005%.+.0.028

afr

Figure 3

3.2 Energy Loss and Friction
As the mass increases the total energy loss increases. Figure 4 shows this is a linear

relationship. As the mass becomes greater the proportion of energy lost increases as well.
When friction causes parasitic losses it effectively increases the force required to maintain a
given speed or increase speed. Considering that as the mass increases the frictional losses
become less significant, there must be another significant source of energy loss. This is




shown by the fact that as seen in figure 5 which demonstrates that the percentage energy

loss increased with mass.

One place where the increase might cause extra losses, is when the mass changes direction.
At this point the mass likely expends some energy stretching the string. The higher masses
also began to violently shake when reaching the point of direction change. Looking at the
video which we took during the experiment all of the masses had a wobble when
descending, although it was very slight. The higher masses significantly amplified this. At the
point of direction change they tended to bounce slightly creating a moment when the cord
went slack. This accounts for some of the energy loss that occurs at greater masses.
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Energy Lost Percentage against Mass
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3.3 Discrepancies between Pe+Pe loss and Ke

In a perfect scenario all of the potential energy at the beginning of the experiment would be
converted to kinetic energy. This does not happen due to parasitic losses such as frictional
losses and energy expended bending or damaging materials. This means that the kinetic
energy at the bottom of the rotation is actually equal to the starting potential energy, added
to the potential energy lost by the end of the experiment. However, when calculating Pe +
Pe loss compared to Ke, there is a small error. This amounts to approximately 9.992*10/-16
at 100 grams. This error may be accounted for with a rounding error as from 300g to 500g
excel calculates no difference between the values. In spite of the fact that it displays two
different numbers. There is the possibility that the error is not an experimental one but a
rounding error. This type of inaccuracy can happen in the software as it can only calculate to
a limited number of decimal places. In addition to this the number is of course stored as a
binary figure. Most programs when converting a number with a great number of decimal
places to a binary value actually only approximate the value. l.cannot-ascertain whether this
is where the error comes from as | do not know the method of conversion used by excel.

Conclusion

When a flywheel stores energy through angular momentum there are many variables which
affect the conversion of potential energy to kinetic energy. These include friction, material
deformation and vibration. The energy stored when a flywheel is accelerated is subject to
many losses;




Evaluation

When conducting this experiment, it would have been prudent to repeat each
measurement more than three times: This would have reduced the magnitude of any
inaccuracies due to timing errors. For example, if one measurement has a large error and
the rest are within a reasonable tolerance. Then the error is reduced by a factor of the
number of readings taken. Another improvement that could be made to the experiment
would be to take proper footage of the descent. This would allow each run of the
experiment to be checked to ensure that no obvious mistakes were made. Furthermore,
better filming may reveal the source of the wobble that occurs more clearly.

The experiment relies on a cord to secure the masses to the axle. This can stretch which
creates two problems. First deforming the string in this way takes energy reducing the
height which the masses will return to. Second The extra length makes the masses appear
to have risen through a smaller distance;

Personal Evaluation

When conducting the experiment, the group worked efficiently and quickly. However, | felt
that | rushed the group through some of the setup. This may have led to some timing
inaccuracies. However, | do not have the video taken from all of the runs though, so it is
impossible to be certain if this occurred.
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Background etc

QM Justify text both sides of the page. | = Skils Prof P
QM Citation Needed | = Literature
Cite Source:

Please use the link below to find links to information regarding specific citation styles:
http://www plagiarism.org/plag_article_citation_styles.html

PAGE 4

@ Comment1 | = Ka&u

Nice!

, Comment 2 | s Practical
What about the give in the string, how does that effect this?

, Comment 3 | == Practical
Images needed to help with this, either taken from the handout or photographs

PAGE 5

@ Comment4 | == Cognitive
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Conclusion | == K&U
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experiment and then quoted their findings to give your work credibility.
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Is there any research to say that this is a worthwhile idea?
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QM Furtherwork | = K&U
Given unlimited time and equipment, how could you make this experiment better?
Additional Comment You have left this chapter out.
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o Comment 11 | = Literature
No where near enough research for such an assignment. You should have also cited the
guidance notes given to you attached to the assignment brief since most of your work has
come from that.
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Too small to be of any use.
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0) wholly appropriate, thoughtful solutions / different approaches.
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group activities. Demonstrates very good skills for employment requiring the exercise
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