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1.0 Introduction:
This report contains details of an experiment designed to prove the theory of energy in a flywheel. 
Flywheels are rotating mechanical devices to store kinetic energy. They capture the momentum in a rotating mass and release the energy by applying torque to a mechanical load. (Wagner, 2014)
Before a load is applied to a flywheel it holds Potential Energy (P.E) which once applied is converted into Kinetic energy in the movement of the flywheel. In this experiment the load is applied via a mass hung off a pulley attached to the flywheel. When potential energy in the mass = 0, in this case when the mass reaches its lowest point, the flywheel has gained its maximum kinetic energy giving it enough energy to pull the mass back up and try to return it to its original position. However as there are energy losses from processes such as air resistance of the mass and resistance in the pulley bearings there will be a loss in potential energy of the mass when the flywheels kinetic energy returns to 0 and it will return to a different height. By measuring this new height it is possible to calculate the P.E loss and find out how efficient the flywheel is. 
The hypothesis for this experiment is that the results will give a positive linear relationship between the total moment of inertia and the angular acceleration. The gradient generated from this will give a value of  that will match the nominal value given. 





2.0 Experimental procedure:
The first step for the experiment is to set up the equipment as shown in figure 1. 
Equipment list:
· Work panel and supports
· Metal rule
· String
· Weight hanger
· 49x 10g masses
· Plastic guide for weight hanger
· Flywheel
· Flywheel retainer grub screw
· Pulley block
· Screws to mount block to work panel
· Stopwatch
· Blank table to record results 
Figure 1 (below)
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1. Work panel
2. Flywheel
3. Pulley Block
4. String
5. Metal rule
6. Weight hanger
7. Masses
8. Plastic guide


2.1 Step by Step Guide:
1. Mount the Pulley block to the Work Panel with the 3 provided screws
2. Attach the flywheel to the pulley block and secure with the retainer grub screw
3. Ensure that the twist knob on the pulley block is wound out enough so that no brakes are applied to the pulley
4. Using the metal rule measure 280mm up from the base of the support legs and mark the point
5. Attach the string to the pulley block
6. Attach the weight hanger to the other end of the string and align the base of the hanger with the 280mm mark by slowly turning the flywheel by hand
7. Add 9 of the 10g masses to the weight hanger to bring it up to 100g
8. Have a stopwatch ready to time the first run
9. Make sure someone is ready to watch how far up the metal rule the weight hanger returns after it is dropped
10. For the first run align the base with the 280mm mark
11. Start the stop watch at the same time as the weight hanger is dropped
12. Time from the point it is dropped to the point it reaches its maximum return height
13. When it reaches its max return height make a note of the height it returns to 
14. Repeat this process a second time recording results each time and calculate an average of each reading to record in the results table
15. Add 10 of the 10g masses to the hanger and use the plastic guide to clip it securely in place, this will ensure that it doesn’t bounce on the hanger when dropped
16. Repeat the dropping process recording the two runs and calculate an average for each value
17. Continue this process increasing the mass on the weight hanger by 0.1kg each time until the mass reaches 0.5kg
18. Once all results have been collected in the table start filling in the other sections
19. Calculate a P.E value for each different mass using the equation  where  and 
20. Calculate the P.E loss using the equation  where observed return height
21. Calculate the falling time using the equation  
22. Calculate the maximum acceleration using the equation  
23. Then using the value for  calculate the maximum linear velocity using the equation 
24. Next calculate the angular velocity of the flywheel using the equation  where  the diameter of the pulley with the chord/string. In this experiment the value of 
25. Then using the equation  calculate the total moment of inertia where radius of the pulley
26. Convert the linear acceleration into angular acceleration using the equation  
27. For the last calculation, calculate the max Kinetic energy in the flywheel using the equation   using the total nominal value for  
28. Finally plot a graph of against  and use the gradient to work out an average value of .

Figure 2 shows an example of a blank table to record the results in.
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Figure 2.
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Figure 3 shows a table containing known values and nominal values used in the experiment.















3.0 Presentation of Results:
Figure 4 shows the completed results table from the experiment. 
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Figure 4.



Figure 5 shows a graph of Total moment of inertia against Angular Acceleration .





4.0 Analysis:
In this experiment the expected result was that there would be a positive linear relationship between the total moment of inertia and the angular acceleration. The graph obtained from the results shows that there is a strong positive correlation between the two giving evidence towards this hypothesis.
There are a couple of results that fall just outside of the trend line. This is most likely down to a random (parallax) error in the experiment, this is an error caused by humans reading equipment wrong when measuring. In this case the error could have come from inaccuracy with the stop watch (starting or stopping too early or late), measuring the initial dropping height wrong or measuring the new height wrong. One way around this would be to introduce a system of light gates to time and measure the new height as these would reduce the chance of error in the results.  
As the data gives a linear relationship the equation for the trend line can be given in the form  where the gradient of the line and the Y intercept. The trend line shown on the graph has an equation of . This shows that the gradient and therefore the obtained average value for . The nominal value for . Therefore there must be an error either in the experiment or with the nominal value as they are expected to be the same. Furthermore the equation of the trend line does not pass through the origin as noted by the +0.0002 for the Y intercept. This proves that there are errors in the experiment as this line should pass through the origin if all results are correct. 
Looking at the results table it shows that as the mass is increased the P.E loss also increases, this could be due to the heavier masses having a larger surface area and therefore giving more loss of energy to air resistance. 

4.1 Comparison with Secondary Data:
Comparing results with secondary data obtained from other people’s experiments is a great way of validating the accuracy of the experiment. In this case the secondary data comes from Macharia, D. 
In his report he also calculated a value for  which I will compare with my obtained value. Below in figures 6-8 are the results from his experiment. 
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Figure 6 (Macharia,unknown) available at: https://www.academia.edu/36510440/Title_Flywheel_Lab_Report








[image: ]Figure 7 (Macharia, unknown) Available at: https://www.academia.edu/36510440/Title_Flywheel_Lab_Report 
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Figure 8 (Macharia, unknown) Available at: https://www.academia.edu/36510440/Title_Flywheel_Lab_Report
The secondary data shows that the obtained value for                       . This is significantly greater than the value obtained from this experiment. However the graph  against  in figure 7 shows a very similar relationship to the graph of
 against  in figure 5. Therefore it is difficult to say if these results are accurate or not as not all of the data matches that of the secondary data. 



















5.0 Conclusion: 
To conclude, the results from this experiment have partly proven the original hypothesis that there is a positive linear relationship between the total moment of inertia and the angular acceleration. However, the results failed to prove that the nominal value and obtained value for are equal. Therefore it is not possible to say that the experiment has conclusively proved the theory or the hypothesis. 



















Evaluation: 
[bookmark: _GoBack]To evaluate, this experiment was successful in many ways as it went a long way to proving the hypothesis laid out as well as giving comparable results to secondary data. It would appear that there is some inaccuracy either with the value of  obtained or with the given nominal value, but as the gathered data matches the expected relationship it is likely that the nominal value contains more error. However, this could have been avoided if the measurements had been checked during the experiment. Also taking more repeat readings would have been beneficial to solving this problem as more conclusive data would better highlight an error in the nominal values. 


















Further Work: 
If this experiment were to be carried out again there are several changes that could be made to improve its accuracy. Firstly, the nominal values for  and  could be checked and re-measured in order to ensure that they are correct. This would be useful to do as it would help to back up the validity of the final obtained value for  as there would be less uncertainty as to whether or not the values are correct. Secondly, more repeat readings could be taken for each run. This would help to reduce the impact of parallax error on the results as a better average could be calculated from the multiple runs. Expanding on this it would also help to have more people measuring and timing. In this experiment all runs were repeated once and in each run there were 2 people measuring the new height reached and 2 people timing. For each run an average was calculated between the two sources and then a final value was calculated from the average of the two runs. In future it may be beneficial to run each different mass 3 times and have more people measuring each parameter in order to calculate better averages. Finally, to further reduce random error the areas measured by humans could be measured instead by using light gates or sensors. This would improve accuracy of the experiment as it would massively reduce the tolerance of each measurement giving a smaller error bar. Furthermore it would eliminate the possibility of starting the stop watch at the wrong time or measuring the wrong return height as it can only be triggered by the object passing through it. 
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Calculations
The theoretical mass moment of inertia s found using the formula below.
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All the other values for the table are calculated similarmannerly.
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Figure 6: Graph of mg-ma against "2
Discussion

The gradient from the graph can be calculated as shown below
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Gradient = 0.80176x107*

‘The gradient is equivalent to 1. The experimental flywheel’s mass moment of Inertia is

calculated as shown below,
The experimental value of the mass moment of inertia = gradient X the radius
=0.80176x107% x0.015
=1.20264 x107° Kg.m?

‘The value of the theoretical and the Experimental mass moment of inertia is not equal. The
value calculated from the experiment slightly lower than the value caleulated from the

theoretical approach.
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