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[bookmark: _Toc26996169]Introduction
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Aim: To prove the theory for energy within a flywheel.
[bookmark: _Toc26996171]What is a flywheel and what do they do?
Flywheels are mechanical systems that are generally in the shape of a conventional wheel and are found in most combustion engines. Flywheels are often very heavy and their main purpose within the engine is to help it gain momentum and stability whilst building up a storage of kinetic energy (Ryan/Technology Student 2017). The larger the mass or speed that the flywheel has can determine the amount of kinetic energy that the flywheel can store. Flywheels are connected to the crank within the engine and as well as helping gain momentum and stability like previously mentioned, they also help to control the angular velocity of the crank to prevent it from spinning too fast.
In a flywheel, the kinetic energy (KE) is equal to half of the moment of inertia (It) and the angular velocity of the flywheel squared. The moment of inertia is the resistance to the change in rotation within the flywheel measured in kgm2.
The angular velocity is the velocity of the flywheel when referring to the angle that it passes through at a specified time which is represented as ω. The standard unit for angular velocity is radians, which is not too different to RPM although one radian is equal to 57.3 degrees whilst one full revolution is equal to 360 degrees.



[bookmark: _Toc26996172]Experimental Procedure
The experimental procedure followed for the experiment is outlined within this section.
[bookmark: _Toc26996173]Equipment used
The equipment used for this experiment is as follows:
· 
· Work panel
· Pulley block
· Flywheel
· String cord
· Weight hanger
· Magnetic ruler
· Weights 
· Stopwatch

[bookmark: _Toc26996174]Method followed
The experiment procedure is completed by following these stages:
1. Collect the equipment listed above for the experiment and set up the apparatus the way that is shown in the image below.
[image: ]
Figure 1- Shows the equipment needed for the experiment set up.
2. If the string cord is not already cut to allow the weight hanger to have a drop vertically of around 290mm, then cut the string cord to allow for this.
3. Attach the weight hanger to the end of the string cord, and then adjust the magnetic rule so that the bottom of the weight hanger when it is at rest, is at 0mm to ensure for an accurate result. 
[image: ]
Figure 2- Shows the metal rule in line with the bottom of the weight hanger.
4. Add weight increments on the weight hanger and leave a total of 100g on the weight hanger.
5. Turn the flywheel and bring the weight hanger and weights up the magnetic rule until it is around 280mm in line with the bottom of the weight hanger. There is a thumb screw brake on the front of the pulley block that can be used to hold the pulley in position if needed.
[image: ]
Figure 3- Shows the weight increments on the weight hanger with it lifted to around 280mm.
6. Use the stopwatch to measure how long (in seconds) it takes for the weight hanger to drop down to the 0mm position and then to climb back up to the maximum height. This stage should be repeated around 3 or 4 times to be able to obtain an average 2nd height value. 
7. Repeat stage 5 for each weight increment from 0.1kg to 0.5kg and record an average for each of them and also ensure to record the time it took from the initial drop until the weight hanger arrived at the 2nd height value.
[image: ]
Figure 4- Adding more weight to the weight hanger to gain all of the results needed.
8. Once all of the 2nd height and time taken values have been taken, using the equation mgh, calculate the potential energy (PE), the mg and also the PE Loss (adjusted) values and make sure to record them all within a results table.
9. When all results are recorded in a results table, then create a scatter graph to show the (mg-ma)r values on the y axis and a/r values on the x axis.



[bookmark: _Toc26996175]Results
Figure 5 below shows the graph that shows the relationship between (mg-ma)r and a/r. the graph shows a fairly straight line and has little scatter, the graph was used to calculate a value for the moment of inertia that can be compared to the nominal value, this will be discussed in more detail further on in this report. 
[image: ]
Figure 5 – Showing the graph relating (mg-ma)r and a/r
[image: ]The spreadsheet below contains all the values that were calculated following from the experiment using a range of different equations and calculations, which will be outlined within this section of the report.
Figure 6 – Showing the values that were calculated during the experiment
[bookmark: _Hlk25746214]The nominal value for the moment of inertia is 4.12x10-3. In order to gain a comparison, figure 5 was used, the moment of inertia value obtained from figure 5 is 0.0009kgm2.
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[bookmark: _Toc26996177]Analysis of results
Based on the results found in this report and based upon information found from external research and my own knowledge, the chart shows that as the (mg-ma)r value increases, so does the a/r value on the x axis. The equation of the line shown in figure 5 is shown in the form of y=mx+c of which the m value is the gradient, in this case it is 0.0009kgm2 and the c value in the equation represents the y intercept which is the point where the line crosses the y axis, in this set of data the y intercept is 0.0003. Figure 5 shows a relatively linear line although there is some scatter shown around the middle section of the line, these discrepancies could be down to an inaccuracy in the measuring equipment or the reaction times of the people carrying out the experiment.
Another relationship that can be noted from the results is the PE Loss value, shown in Figure 1, the PE Loss is shown in the 6th column of the chart, the PE Loss value increases in steady increments all the way from the 0.1kg to the 0.5kg weight that was tested in the experiment. Eventually, the PE Loss value would stop its increase and would not increase any further, this is because the heavier the mass being added, the air resistance and also the friction within the bearings on the pulley block acting upon the spinning flywheel will start to have an effect until a certain point and would gradually slow the flywheel which in turn has a slowing effect on the PE Loss, hence the PE Loss value getting higher. (Woodford ExplainThatStuff 2018) This can be related to Newtons first rule of motion which stated that “A body at rest remains at rest, or, if in motion, remains in motion at a constant velocity unless acted on by a net external force.” In this case the net external force is the frictional and air resistance acting on the flywheel.
There are also differences between the nominal value given for the moment of inertia  (4.12x10-3) and the value that was calculated using figure 5 (0.0009kgm2). Frictional resistance within the bearings used in the pulley block could be a reason for the difference in the two values, although the frictional resistance becomes less significant at higher weights it can still influence the results.
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Figure 7- Shows the formulas used in figure 6 
Nominal values:
It=0.834 x104
 H1= 0.28m 
r= 0.0065m (allowing for the thickness of the string cord)
d=0.13m
c= π x D x 0.04084
Mass of the flywheel= 0.330kg




[bookmark: _Toc26996179]Conclusion
Based on the results gathered in this experiment and the knowledge found from research, it is apparent that the moment of inertia in the flywheel can change depending on the amount of mass that is applied at each stage. In the results, there is a difference between the nominal moment of inertia value and the value that was calculated using figure 5, the reason for the difference in these values could be put down to a few different sources of error within the experiment. These sources of error are outlined and discussed in the following sections of this report. 
A value for the moment of inertia within the flywheel was successfully calculated, even though there were some small differences between the value given and the calculated value, therefore the aim of the experiment has been achieved. 
Upon comparison with an experiment like the one carried out in this report, it supports the fact that there is some deviation between the calculated value and the nominal value that was given. As explained within this report, these differences could be down to human errors and through frictional resistance within the components. This therefore means that there cannot be a completely fair comparison made between the two values.(Sarman 2014)


[bookmark: _Toc26996180]Evaluation
These sources of error could be human errors, but they could also be linked to the energy loss of the flywheel through friction in the bearings on the pulley block as the experiment is repeated using more mass each time. 
The following list is a list of the human errors that could be blamed for the difference between the nominal value and the value gathered from figure 5, each reason for error could be fixed if the experiment was to be repeated: 
· Reaction times of the people carrying out the experiment.
· The string cord could stretch/snap the more it is used.
· The weight hanger moves in all different directions and can hit the work panel.
· The stopwatch could have a level of inaccuracy.
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If the experiment was to be repeated, based on the information in section 5 of this report, there are things that could be done differently in order to gather a more accurate set of results and reduce the difference between the nominal value and the value that has been calculated using figure 5. 
There is no real way to improve the reaction times of the people carrying out the experiment, although there are ways to try and make it a little easier for the people, things like using video to record the experiment and then using the frames from the video to gather the time and height values would be a good solution to take pressure away from the people carrying out the experiment. 
In the experiment, when testing 0.4kg of mass, the string cord being used frayed and completely snapped, as shown in figure 7 below, therefore suggesting that the skinny string being used wasn’t good enough in terms of endurability, meaning that the string had to be replaced with some thicker, more durable string. This is something that would be done from the beginning of the experiment if it was to be repeated, therefore, eliminating the risk of this happening again. This could also be seen as a reason for a difference in results because  of the string cord having to be changed part way through the experiment. 
`[image: ]
Figure 7- showing the original piece of string cord that snapped on 0.4kg of mass.
The weight hanger had a significant degree of movement in all directions when it was being lowered and rising back up during the experiment. There is chance for the weight hanger to collide with the work plate therefore creating an anomalous result which cannot be used to gain an average. To prevent this in the future, the weight hanger could be placed inside a clear plastic tube that is tall enough to restrain the weight hanger’s movement to straight up and down, therefore preventing the collision from happening again, whilst also ensuring that the results are more accurate as the hanger has only moved up and down and not in any other direction.
Another thing that could be done to control the movement of the weight hanger and the string would be to use balanced weights (solid) rather than weights that have slots cut into them, these weights aren’t balanced meaning that when all of the slots are facing different directions when stacked up on the weight hanger, the overall weight is not balanced and then therefore gives the weight hanger a tendency to move in an unpredictable manor. 
Figure 8 below shows the weight hanger with all the weights on with slots facing in different directions
[image: ]
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