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The aim of this experiment and this report is to prove the theory for energy in a flywheel.

A flywheel is device that is created to store rotational energy (kinetic energy) in a resourceful manner. The square of the rotation velocity and mass of the flywheel wheel is related to the amount of energy it holds. So, the larger the flywheel, the more energy it stores. They resist any drastic changes in the rotational velocity by the moment of inertia. (Wikipedia, 2019) 

This therefore means that flywheels oppose any fluctuations in energy which makes the energy flow driving a machine more constant. Which makes them perfect for use in an internal combustion engine. Moment of inertia measures the rotational inactivity of a rigid body. (Engineering Toolbox, 2005)

We have performed an experiment to calculate the Kinetic energy and the Moment of Inertia for a flywheel. We can then compare these values to actual results in order to prove our aim. 

    [image: ] 
figure 1 – flywheel in steam engine (Engineering expert, 2017)
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Figure 2 – flywheel in 4-stroke engine (SoftInWay, 2019)
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Below is the method we used to carry out the experiment and produce our results.

1. We stood the metal Work Panel on a level surface and attached the pulley block at the top centre of this stand using nuts and bolts. 
2. We then attached the flywheel to the pulley block ensuring the flywheel brake hasn’t locked the flywheel in position, as shown in Figure 1 below.
3. Attach the magnetic ruler to the Work panel.
4. Attach the weight hanger to the string that is attached to the pulley.
5. Add 90g to the weight hanger so it now has a total mass of 100g.
6. Turn the flywheel, in any direction, until the bottom of the weight hanger reaches 280mm on the ruler.
7. Then measure the time it takes for the weight
hanger to fall from its position to the bottom and bounce back up and reach its maximum height. Repeat this a few more times and calculate an average value for the time, in seconds, and the maximum height reached, in metres. 
8. Repeat the last step each time adding an extra 100g to the weight hanger until 500g is reached.


[image: ../../../Pictures/Photos%20Library.photoslibrary/resources/derivatives/C/CB934BF9-D76C-4DC4-BBA6-656F7ACD8CC1_1_105_c.jpeg]

Figure 1 – experiment apparatus set-up
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See the results table below illustrating the maximum height the flywheel reached and the time it took to perform this. We recorded these variables three different times for each mass and then calculated the averages of these values.
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	Mass (kg)
	h1 (m)
	t1 (s)
	h2 (m)
	t2 (s)
	h3 (m)
	t3 (s)
	Average height (m)
	Average time (s)

	0.1
	0.241
	3.93
	0.238
	4.25
	0.239
	4.00
	0.239
	4.06

	0.2
	0.250
	2.90
	0.252
	3.00
	0.251
	3.10
	0.251
	3.00

	0.3
	0.253
	2.53
	0.254
	2.73
	0.253
	2.70
	0.253
	2.65

	0.4
	0.249
	1.90
	0.248
	1.88
	0.250
	1.87
	0.249
	1.88

	0.5
	0.242
	1.70
	240
	1.78
	239
	1.74
	0.240
	1.74




[bookmark: _Toc27170327]Analysis
	Mass m (kg)
	Time (s)
	Max. height (m)
	mg
	PE mgh1 (J)
	PE loss
	PE loss Adjusted (J)
	Falling time Tf (s)

	0
	0
	0
	0
	0
	0
	0
	0

	0.1
	4.06
	0.239
	0.981
	0.275
	0.040
	0.022
	2.190

	0.2
	3.00
	0.251
	1.962
	0.549
	0.057
	0.030
	1.582

	0.3
	2.65
	0.253
	2.943
	0.824
	0.079
	0.042
	1.392

	0.4
	1.88
	0.249
	3.924
	1.099
	0.122
	0.064
	0.995

	0.5
	1.74
	0.240
	4.905
	1.373
	0.196
	0.106
	0.937



	Acceleration a (m/s2)
	Velocity v (m/s)
	Angular Velocity (rad/s)
	(mg-ma)r
	a/r
	KE

	0
	0
	0
	0
	0
	0

	0.058
	0.128
	19.686
	0.0063
	8.979
	0.091

	0.112
	0.177
	27.258
	0.0126
	17.214
	0.174

	0.144
	0.201
	30.974
	0.0188
	22.228
	0.225

	0.283
	0.281
	43.333
	0.0248
	43.504
	0.441

	0.319
	0.299
	46.023
	0.0308
	49.072
	0.497


Below are two tables showing the calculations I have made on the results I gained from performing the experiment. 
Graph 1 – the graph above shows the values for (mg-ma)r against the values calculated for a/r.

If we were to calculate the gradient of graph 1, it will give us a good value for the total value of the moment of Inertia for the flywheel. To find the gradient of a graph we use the general line equation, y = mx + c. Where the gradient, m, is calculated by dividing the change in y-value by the change in the x-value. 

Gradient of graph = change in y / change in x = (35-13) / (0.0223-0.01) = 1789kgm2

Looking at graph 1, there is a general positive correlation between the two sets of results. The graph should have a generally straight line, which it does apart from the values calculated from the results for the 300g mass. Due to this we can count this piece of data as an anomaly. This may be down to human error or other circumstances.  

As you increase the mass, the PE loss increases with it. This is due to when you add more weight to the flywheel the further and quicker it rotates, and therefore, the more energy it loses.  
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When performing the experiment, we made sure to keep the work panel on a level surface. In doing so, this meant that the fall of the weight hanger was not impeded in any way. We also made sure that the flywheel brake wasn’t in the locked position so that it affected the rotational velocity of the wheel when it was released. As this would then affect both the variables we were recording during the experiment and so would then affect all further calculations. When turning the flywheel to repeat the steps, we also made sure that we turned it in the same fashion and direction to not allow any anomalies.

Looking at the results, and the graph in particular, it shows that the correlation is a good straight line. Discounting the values calculated at 300g, it is a good example for the relationship between those two sets of data.  

[bookmark: _Toc27170329]Evaluation
As you can see by looking at the graph and the raw data table, it shows some anomalies. The graph shows an anomaly for the values at 300g. this could be down to human error at using the stopwatches effectively and getting an accurate reading of the maximum height with just normal vision of sight. 

Also, looking at the data table, the average time looks reliable. The results decrease in systematic increments, which is expected, and do not include any surprises. The results for the average maximum height, however, look peculiar. It increases for the first two masses, then decreases after. This could again be due to human error when recording data.  

[bookmark: _Toc27170330]Further Work
In the occasion that I had unlimited time and money to carry out this experiment to improve it, to achieve more reliable and accurate results, I would do a few things. I would carry out the experiment much the same, but instead of a stop watch and using eyesight to determine the max height, I would purchase a slow-motion camera. This would enable me to slow down the motion in order to give a better, more accurate reading on the max height and therefore the total time it took to reach that height.
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