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[bookmark: _Toc225690146]Introduction
This experiment was carried out to find the amount of energy in a flywheel. The main aim was to calculate the moment of inertia from our own personal experiment, to learn how about how to collect and interpret raw data and use it to calculate numbers that will help to us get our final value for inertia.

 This is useful to learn in a motorsport engineering course as inertia refers to the resistance of a body to change in motion, meaning the moment of inertia in a vehicle will affect its response to different conditions which can affect it. (Anthony, 2024)



[bookmark: _Toc225690147]Experimental Procedure

To carry out this experiment, we needed a flywheel shaft, a weight hangar, weights, a frame, a stopwatch, a ruler and paper and a pen to record our data.

Firstly, we set up our flywheel shaft by attaching it to our frame. We made sure it was level and secure so we could get accurate readings. This setup can be seen in figure 1.
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Figure 1

Next, we hung the weight hangar on the flywheel crankshaft. We made sure it was hung correctly and there was nothing impacted the movement of the weight hangar. Then we slowly started adding weights in 0.1kg at a time. We started at 0.1kg, and we gathered three readings for this weight. Then we moved up to 0.2kg and made another three readings. This process continued all the way up until we got to 0.5kg.  We made three readings for each weight to make sure we had accurate readings and make sure nothing went wrong when measuring numbers. For each reading, we got the time it took for the weights to fall, and the height that it fell to before bouncing upwards. This was all the raw data we needed to start making calculations. The final setup of collecting this raw data can be seen in figure 2.
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Figure 2
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Table 1: Raw Data
	Mass
	Initial PE
	Tt
	h2

	kg
	J
	s
	m

	0.1
	0.275
	3.41
	0.23

	0.1
	0.275
	4.71
	0.24

	0.1
	0.275
	4.24
	0.24

	0.2
	0.549
	3.02
	0.25

	0.2
	0.549
	3.12
	0.255

	0.2
	0.549
	2.9
	0.25

	0.3
	0.824
	2.62
	0.249

	0.3
	0.824
	2.6
	0.255

	0.3
	0.824
	2.57
	0.25

	0.4
	1.099
	2.22
	0.24

	0.4
	1.099
	2.24
	0.245

	0.4
	1.099
	1.84
	0.245

	0.5
	1.373
	1.99
	0.234

	0.5
	1.373
	1.98
	0.238

	0.5
	1.373
	1.95
	0.237






		

This table shows all of the raw data that was collected during the carrying out of our experiment of the lab. It shows three readings for each weight. 
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Table 2: Calculated Data
	mg
	PE loss adjusted
	Tf
	Acceleration
	Velocity
	Angular velocity
	Torque
	Angular acceleration
	KE

	N
	J
	s
	m/s2
	m/s
	rad/s
	Nm
	rad/s2
	J

	0.981
	0.049
	1.872
	0.160
	0.299
	46.018
	0.021
	24.580
	0.883

	0.981
	0.039
	2.536
	0.087
	0.221
	33.970
	0.011
	13.394
	0.481

	0.981
	0.039
	2.283
	0.107
	0.245
	37.736
	0.014
	16.529
	0.594

	1.962
	0.059
	1.595
	0.220
	0.351
	53.999
	0.028
	33.845
	1.216

	1.962
	0.049
	1.633
	0.210
	0.343
	52.761
	0.027
	32.311
	1.161

	1.962
	0.059
	1.532
	0.239
	0.366
	56.233
	0.031
	36.704
	1.319

	2.943
	0.091
	1.387
	0.291
	0.404
	62.126
	0.037
	44.799
	1.609

	2.943
	0.074
	1.361
	0.302
	0.412
	63.314
	0.039
	46.529
	1.672

	2.943
	0.088
	1.358
	0.304
	0.412
	63.454
	0.039
	46.735
	1.679

	3.924
	0.157
	1.195
	0.392
	0.468
	72.072
	0.050
	60.292
	2.166

	3.924
	0.137
	1.195
	0.392
	0.469
	72.115
	0.050
	60.364
	2.169

	3.924
	0.137
	0.981
	0.582
	0.571
	87.793
	0.075
	89.463
	3.214

	4.905
	0.226
	1.084
	0.477
	0.517
	79.474
	0.061
	73.313
	2.634

	4.905
	0.206
	1.070
	0.489
	0.523
	80.497
	0.063
	75.212
	2.702

	4.905
	0.211
	1.056
	0.502
	0.530
	81.578
	0.064
	77.245
	2.775



From the raw data collected in the lab, these were the calculations made. This table shows three calculations for each weight on mass by gravity, potential energy loss adjusted, the time taken for the weights to fall, acceleration, velocity, angular velocity, torque, angular acceleration and kinetic energy. All of this calculated data was useful as it contributed to finding each set of numbers leading up to the final moment of inertia value.
To find the moment of inertia, the values for torque and angular acceleration need to be plotted against each other and form a generally straight line through the origin of the graph to be accurate. This graph can be seen in figure 3.


Figure 3: Graph to find Moment of Inertia
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The graph in figure 3 clearly shows a generally straight line through the origin, meaning the last thing is to calculate the average moment of inertia from the points and compare it to the total moment of inertia given in the guidelines of the assignment.

The total moment of inertia given in the guidelines is:
	Total I(kgm^2)
	0.001220




The calculation of the moment of inertia from the experiment carried out:
	Average Angular velocity
	62.876

	Average Torque
	0.059

	Average Moment of Inertia
	0.000946



The original, given value for inertia in the guidelines is 0.001220. My value of the average moment of inertia in our flywheel experiment is 0.000946. 

The margin of error is the percentage of which two values differ from each other. It is ideal to get a number as close to zero as this means you are close to the number you were intending to reach. Experimental error can be calculated by taking the calculated value from the original, dividing it by the original value and then multiplying it by 100. (Iowa, 2026)

These values are within a 22.46% margin of error. This shows that the experiment was quite successful, but there was still a high experimental error so it was not as near as accurate as it could have been.
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As stated in the conclusion, there was quite a high margin of error between the given value of inertia and the one calculated from the experiment. This can come down to many different reasons. 

One reason why this could have happened is that in the experiment, to find the second height of the weights, a ruler was used and the value was determined off of reading the ruler when the weights fell. This is not a very accurate way of measuring the height as it is hard to see with your eyes the exact number the weights had reached.

Aswell, another factor that could have increased the margin of error was that a stopwatch was used to time the fall of the weights. This is also not a very accurate way of measuring time as it involves a person stopping the stopwatch when they believe it had fully fallen. It is not possible to get a very accurate reading with just a stopwatch as a human can not exactly pinpoint to the millisecond when the weights had stopped falling. 
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If this experiment had possibly been carried out with unlimited time, money and resources, the final moment of inertia calculation would have been a lot more accurate.

One thing that could have helped make the experiment a lot more accurate would have been a high-speed camera. This would allow us to get a very accurate reading for the time it took for the weights to fall, making our numbers and calculations a lot more accurate. This high speed camera would also be able to measure the height of the weights after falling to the millimetre, which would also have helped to get a lower experimental error due to more accurate measurements and readings.

Something else which would allow for a lower margin of error would be ultra low friction bearings. These are expensive bearings which attach the experiment parts together. Friction is when one objects force is affecting another’s force when in contact. The forces on one body are impacting the other and balancing out the force which is being applied. (University of Kentucky, 2012) . Cheaper bearings will cause a lot more friction due to cheaper material and less work gone into manufacturing them. This is causing values which are being read to not be correct as friction is impacting them, most likely slowing the time taken for the weights to fall. With more money, more expensive bearings could be bought which have a lot lower friction, therefore impacting the values and making them more accurate.
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