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[bookmark: _Toc215760157][bookmark: _Toc219048485]Introduction
Flywheels are used frequently in engineering, particularly in transportation, such as cars, buses, trains, and other heavy machinery, including cranes and hoists. A flywheel is a rotating mass specifically designed to store and release built-up energy in the form of rotational kinetic energy. Understanding how this works is important due to the many machines that fluctuate their torque outputs; flywheels can help control and store energy to make a smoother machine. Providing an output of energy when the power output is lower helps the machine have a smoother transition. The energy stored is calculated by  . This experiment demonstrates how energy stored within a flywheel can be calculated, allowing for comparison of the amount stored with the work done on the flywheel. 
[bookmark: _Toc219048486]Experimental Procedure
[image: ]This experiment aimed to record the time it took for a weighted hanger attached to a flywheel to fall and return to its original position. A flywheel is attached to a work plate, with the base of the weight 280m from the base.[bookmark: _Toc219048838]Figure 1 : Experiment Setup

The experiment was repeated from 100 grams, going up each time by 100 grams till 500 g was reached. The weights are timed for how long it takes to fall and return to the starting position. The ruler is placed behind the weight to measure its distance from the original position. Figure 1 shows the setup of the experiment, with the flywheel at the top of the work plate. The recorded time and distance 3 times for each weight are used to find an average, which is placed within a table, allowing further data to be calculated.
[bookmark: _Toc219048487]Results
[bookmark: _Toc219048800]Table 1: Data gathered from the experiment
	Mass (kg)
	Tt (s)
	 
	 
	h2 (m)
	 
	 

	0.1
	4.54
	4.05
	4.6
	0.23
	0.232
	0.236

	0.2
	3
	2.99
	3.23
	0.25
	0.253
	0.255

	0.3
	2.98
	2.39
	2.38
	0.253
	0.255
	0.255

	0.4
	2.06
	2.09
	1.96
	0.258
	0.26
	0.255

	0.5
	1.86
	1.83
	1.74
	0.243
	0.245
	0.23


From the experiment, the data gathered were the time taken and the new height measured. The experiment is repeated 3 times for each weight to ensure accuracy within the experiment and to prevent anomalies. Using the 3 sets of data from each weight an average is calculated for the time taken and the height reached. The new data averages get plotted into calculations, enabling more information about the flywheel to be calculated, helping the understanding of the energy stored within the flywheel itself. Using 3 sets of data and an average time helps to reduce human error when reading the distance or recording the time taken. The average was found for each weight using the equation .
[bookmark: _Toc219048488]Analysis
From this experiment, the data gathered can be used to calculate the acceleration of the flywheel, initial potential energy and potential energy loss adjusted. The initial PE is found using the equation . Gravity is a given, being 9.81 (m/s2), and the h being the start height at 0.28m. As shown in Table 2, the Initial PE is calculated and put in according to the weight on the flywheel. The PE loss adjusted is the change in potential energy within the experiment from the start to the end of each run. The equation to work that out is the  using the original start height and average height measured from the lab, shown in Table 1. 

	Mass
	Initial PE
	Tt
	h2
	mg
	PE loss adjusted

	kg
	J
	s
	m
	N
	J

	0
	0
	0
	0
	0
	0

	0.1
	0.27468
	4.39
	0.232
	0.981
	0.02575125

	0.2
	0.54936
	3.07
	0.252
	1.962
	0.028913684

	0.3
	0.82404
	2.58
	0.254
	2.943
	0.040121798

	0.4
	1.09872
	2.03
	0.257
	3.924
	0.047058771

	0.5
	1.3734
	1.81
	0.239
	4.905
	0.108495954


[bookmark: _Toc219048801]Table 2: Experimental data
The time the weight is falling is calculated via the equation . Tf is the time falling, Tt being the total time, h1 and h2 are the original and the change in height. Time falling is calculated so we can determine the acceleration of the flywheel and weights when they fall. 
[bookmark: _Toc219048802]Table 3: Experimental data
	Tf (falling time)
	Acceleration
	Velocity - v
	Velocity - ω
	Torque
	α
	KE

	s
	m/s2
	m/s
	rad/s
	Nm
	rad/s^2
	J

	0
	0
	0
	0
	0
	0
	0

	2.40078125
	0.048579479
	0.116628702
	17.96077805
	0.00634492
	7.473765954
	0.113586

	1.615789474
	0.107247822
	0.173289902
	26.68658255
	0.01261358
	16.49966496
	0.252264

	1.352808989
	0.152997759
	0.206976744
	31.87434407
	0.01883115
	23.53811683
	0.362017

	1.058472998
	0.249918534
	0.26453202
	40.73783577
	0.02485621
	38.44900519
	0.594845

	0.976493256
	0.29364292
	0.286740331
	44.15790779
	0.03092816
	45.1758339
	0.703027


To calculate the acceleration of the weights, the equation  Using the time falling from the previous equation. The data from the equations are shown in Table 3. The linear velocity in m/s uses both the falling time and the acceleration. Multiplying the values of those gives the velocity. For rad/s, which is the angular velocity of the flywheel, the equation required is  Where c is 0.0408m, allowing for the diameter of the cord on the pulley attached to the flywheel to be calculated. Table 3 shows α being calculated. The equation  With r being the radius of the pulley. These were done so the final inertia could be calculated to see if the experiment was done accurately and the calculations were correct. The given inertia was 0.0005 kg.. Plotting a table of Torque against the angular acceleration. As shown in the graph in Figure 2, the gradient of the trendline is 0.0007. This gives the inertia found from the data collected from the experiment, and was used to find the final Kinetic Energy column in Table 3.


[bookmark: _Toc219048839]Figure 2: Torque against angular acceleration Graph

[bookmark: _Toc219048489]Conclusion
From the data collected, the calculated moment of inertia was found to be very close to the given inertia, with the given being 0.0005 and the calculated being 0.0007. Being so close shows that the recorded data from the experiment was done accurately by hand. Human error can be an issue with this experiment due to factors such as reaction time when needing to record when the flywheel stops moving on a stopwatch. The Kinetic energy increased because the weight increased. In the data recorded, the secondary height increased until 500 grams. As shown in Table 2, the height at 500 grams declined in value in comparison to 400 grams. This could be due to there being friction loss due to too much mass being added. This flywheel is at capacity, and the mass increase may also be increasing the energy lost. Another reason could be human error; the data anomaly of 500 grams may not have been set up correctly, causing the data to be read incorrectly.
[bookmark: _Toc219048490]Further work
This specific experiment could be improved in many ways. If the timer were more accurate and not from a handheld stopwatch, the time for the weight to fall and return could be a more accurate reading. Not requiring the distance data to be read by hand from a ruler behind the weights could give a better reading of the data. And more tests of the same runs, and maybe increasing the data changes so there are more readings in between every 100 grams. Going up by 50 grams instead could give a better understanding of how the flywheel reacts in smaller increments.
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