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1. [bookmark: _Toc27082447]Introduction
[bookmark: _Toc27082448]Aims
An experiment was conducted by students at the University of Wales Trinity Saint David to show that a flywheel can be used to store energy and release energy. The theory behind this is that a rotating mass can store energy that has been converted from potential energy into kinetic energy and turn it back into potential energy by using a weighted flywheel to store energy via momentum. By taking certain measurements from this experiment if the results are accurate and the theory is true. The moment of inertia (resistance to rotation) should be calculatable from the Torque and acceleration produced by said flywheel. There is a direct relation between potential and kinetic energy. Potential energy is stored whilst at rest, if it is released such as an item falling from height it will become kinetic as the object accelerates. (Nestler, 2013) As the kinetic energy increases, the potential energy is decreased. When the potential energy is increased, the potential is decreased.
	
[bookmark: _Toc27082449]Objectives
The specific experiment conducted was to show that Kinetic energy increases with mass and velocity. To do this various weight was suspended via a flywheel from the same height and released. The time was measured each time to calculate falling time and acceleration, the potential energy that was regained by the weight was measured via the height of ascension for the weight after reaching the bottom of its travel one time. This is to be used to show the loss of potential energy within the flywheel and outside variables such as friction. In theory, up to a certain point the loss of potential energy should continually increase with mass.

1. [bookmark: _Toc27082450]Experimental Procedure
[bookmark: _Toc27082451]Set up procedure
[image: ]
Fig.1 – Example of equipment used (Tecquipment, 2012)
The equipment required to conduct the experiment is as follows:
Work panel with holes to bolt through, two legs, bearing block with pinch bolt, flywheel with grub screw (allen key to tighten grub screw), 7 fixing bolts, stopwatch, steel rule, 10g weight hangar, 49 10g weights, plastic securing clip, and an inextensible piece of string of negligible weight.
	The equipment should be set up as follows:
	Use 4 of the fixing bolts to secure the legs as low down as possible on the work panel. Use the other three to bolt the bearing block to the front (side without return edge) of the work panel. The flywheel will slide onto the side of the bearing block and should be fixed onto the shaft by rotating the grub screw clockwise with the allen key. The string should be tied to the other end of the bearing block shaft with a loop tied at the bottom. The weight hangar is to be hung upon this loop. The ruler (magnetized) should be stuck to the work panel and the length of the string and position of the ruler are to be adjusted so that the bottom of the weight hangar is level with the 0mm mark on the ruler, whilst being able to raise to the 280mm mark and have at least 10mm clearance below the ruler. Place 9 10g weights on the weight hangar and slide the plastic clip over the hangar, up against the weights so as they cannot bounce or shake.
[bookmark: _Toc27082452]Conducting the experiment
Rotate the flywheel either clockwise or anti-clockwise until the bottom of the weight hangar is level with the 280mm mark on the ruler. Simultaneously release the flywheel and start a stopwatch. The flywheel will begin to rotate, allowing toe weight to fall. After the weight hangar reaches the 0 mark, it will rise as the flywheel keeps spinning. As the weight comes to a halt for the second time, simultaneously stop the stopwatch and note the height at the bottom of the weight hangar on the ruler. Write both values down. Repeat two more times and take an average for each figure. Note these values as they are the ones that are to be used for calculating the data. Remove the plastic clip and place 10 more 10g weights on the weight hangar for a total of 200g and replace the plastic clip. Repeat the test 3 more times, noting down figures as well as an average again. Repeat the test with 300g, 400g and 500g.



1. [bookmark: _Toc27082453]Results
[image: ]
Table 1 – Calculation set number 1
[image: ]
Table 2 – Calculation set number 2

Graph 1 – Average moment of inertia

Graph 2 – Average moment of inertia adjusted

1. [bookmark: _Toc27082454]Analysis
[bookmark: _GoBack]There are several statements that can be extrapolated from the results received and calculated. The first of which being very clear, in this experiment Kinetic energy correlates positively with mass in a significant way. This shows that it is indeed possible to store mass within a flywheel. This energy gain is also made clear by the potential energy (negating outside variable) e.g. Mass*Gravity (mg). The values for mg rise significantly and consistently.
The next data of note is the correlation between the falling time, the velocity, and the acceleration. This shows accurate data via the equation v = u + at. As acceleration and velocity increase, time will decrease. 
H2 (height that the weight can be raised to by converting kinetic into potential energy) remains equal. This also shows that there is an increase in Kinetic energy as the momentum within the flywheel raises a larger mass to the same height.
As predicted, the PeLoss also increases as well as the PeLoss adjusted for the height ratio. This is a clear indication that as the kinetic energy increases, so does the resistance and friction of the components. It is likely that this extra energy is converted into heat by the friction of rotating masses.
The value for I was not as accurate as was hoped for, the gradient of Graph 1 – average moment of inertia has a gradient of (6x10^-4) whereas the estimate for the moment of inertia, calculated from the individual moments added together was (4.696x10^-4). These are calculated from the equation y = mx + c or, the (difference in y values) / (difference in x values). However, for reasons explained in the evaluation, it is believed that figures from 0.1kg and 0.2kg were measured incorrectly. The figure for Graph 2 where they were removed was (5x10^-4) which is much closer to the value that is expected. 


1. [bookmark: _Toc27082455]Conclusion
The experiment has without doubt shown that the relationship between increased mass and Kinetic energy is a direct link. This is obvious since when mass increases, mg also increases meaning potential energy is increased. As the potential energy is higher, excluding any losses due to friction this is converted into a higher number of Joules. This direct correlation is proof that Kinetic energy and Potential energy are directly proportional, and the energy and mass are directly proportional.
Another aim of the experiment was to prove that there is a direct link between PeLoss increases directly with mass. The numbers show this to be true also. However, it was expected that as mass increases, PeLoss will increase by a lesser amount with each subsequent addition of weight. If this is indeed true, then enough weight was not used in the experiment to either prove or disprove this theory. For this same reason, the height h2 was observed to be similar for each test. With more weight variables it would be possible to determine for sure whether h2 can indeed expect to remain equal or whether the weight would begin to raise either higher or lower as the mass is increased further.
The value of I was a long way off the expected value. The Torque (τ) and angular acceleration would have been affected by friction but its is unlikely that the result would be this significant. The value however I still believe was close enough to establish a relationship between the Torque, Acceleration, and moment of inertia. As previously stated, a second graph was produced that eliminated suspected outliers and the result for I was much closer.


[bookmark: _Toc27082456]Evaluation
There were several factors that affected the efficiency and reliability of the experiment. Most of these were related to human error. Firstly, the grub screw on the flywheel was not tightened. This caused the flywheel to spin on the shaft and dissipate all its energy without raising the weight hangar. After this issue, the results were entirely scrapped as they were deemed extremely unreliable. The grub screw was tightened to the shaft and the experiment was re-commenced from the beginning.
The second case of human error was potentially even more disastrous as it had a direct affect on the results. The student responsible for starting the stopwatch did not realize it should be started in the same instance as the flywheel was released. Instead, the stopwatch was started as the student saw movement in the flywheel with their eyes. This negates the data for 0.1kg and 0.2kg as the acceleration time has been neglected. This is the reason it is believed that the second graph conveys a more accurate representation for the moment of inertia. The percentage efficiency for the second graph is 93.92% whereas the percentage efficiency of the first is 78.26%. Although it is unlikely that the percentage is off by 6.08% due to friction alone, this would account for a reasonable amount of the discrepancy.
Another potential fault that may account for some of the efficiency was when the weight hangar swung into the rule and knocked it off the work panel. This had to be re-placed onto the work panel, but it is very unlikely that the rule was in precisely the same place afterwards. 
Although the one timing mistake was not noticed until there was no time to repeat the figures for 0.1kg and 0.2 kg, a measure was put in place to try and prevent more mistakes of a similar nature by having two students time the experiment and having two students take values for H2, This game 6 values to be averaged for each mass and allowed several outliers to be identified, discarded and re-tested.



[bookmark: _Toc27082457]Further work

The main area that must be improved with the experiment is the potential for human error. A way that can drastically remove this is by simply conducting the experiment more times, over a greater range of mass. A good starting point would be to conduct the experiment 10g at a time with 10 instances of each weight. However, if there is human error in the terms of someone doing something consistently wrong, this would make no difference. Therefore, humans should be taken out of the equation entirely wherever possible. An excellent example of this would be (vlab.amrita.edu, 2011) conducting the experiment via simulation. Providing the extrapolated data can be taken as accurate then human error is completely removed and is no longer an issue.
	There are however ways to help humans acquire accurate and reliable data much more accurately. For example, the university has access to a high-speed camera. As long as this was set up perfectly straight with the ruler, not only would the camera be able to time the experiment very accurately but would also allow h2 to be read very accurately by analyzing each frame individually to ascertain in which the flywheel was released and in which the weight had given up its upward momentum. From in these two frames the time can be accurately measured and in the second, a very accurate rule measurement could be taken.
The rule should also either be fixed or protected from the swing of the weight hangar, this would prevent it from being knocked off, affecting measurements.
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Aims
To prove the theory for energy in a fywheel.
Experiment Setup

As shown in Figure 1, fix the Bearing Block and Flywheel to the Work Panl. Count the holes in the Work
Panel if you need to make sure everything fts corretly

280 mm

Figuro 1 Experiment Sotup
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