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Introduction.
What is a flywheel?, a flywheel is a rotating mass used as a mechanical store of kinetic energy or the measure of how much energy it took to accelerate the flywheel, the amount of energy it stores depends on the angular velocity and mass.
[image: ]Flywheels were first mainly used in steam engines to absorb energy and deliver it smoothly as the power input wasn’t steady and energy impulses would spike and drop, the rotating mass can absorb this much better, today they’re found in cars, trucks, ships and does the same job.








Figure 1, First generation flywheel

This experiment aims to find the specific moment of inertia in a flywheel experiment, We aim to find this out using multiple experiments with varying weights measuring the time taken to fall and rise, and the new height reached upon retraction, through this we can find the energy stored, energy lost, acceleration, velocity, angular velocity, torque, angular acceleration and lastly kinetic energy in the system. By recording the data from our weighted tests spinning around the flywheel the inertia can be calculated and validated by the results and multiple tests.

2. Apparatus. 
Flywheel, this was two components, the mounted rotating assembly which fastened to the backboard and the flywheel itself which screwed into the main assembly and the string was already attached.
Weighted platform, this attached to the spring and allowed us to add weight to our experiment.
Weights, these were small weighted masses which attached to the platform.
Stopwatch, we used these to measure the time taken from the start of descent to the point of its highest ascent.
Steel rule, it was magnetic and easily attached to the backboard and allowed us to measure the newest point of ascent. 





The experiment. 
Firstly before the test began the equipment was inspected, these consisted of the backboard which the experiment attaches too, the flywheel and rotating assembly which fastens to the backboard, the string and weight hangar which were measured and then both tied to the flywheel, the magnetic ruler which attached to the backboard and measured the weight hangars point of most extension. The stop watches which recorded the time and lastly the 10g weights. 
The equipment was assembled as can first be seen in fig.67 without the weight hangar attached and shows the experiment clearly. In fig.12 the experiment was being fastened to the backboard. What this also shows is the weight hangar attached to the string and was retracted to a measured 28cm as this was the control height the experiment was dropped from for each experiment. Fig.23 shows the experiment being dropped to its most extended state to ensure the weight stops at the 0cm mark, when dropped for example the first test with 100g weight attached, the weight was dropped from the control height, allowed to drop to 0cm and subsequently rise back to the new recorded height. Other equipment used in this test was the steel rule which being magnetic didn’t move and allowed the experiment to gather accurate results, the stop watches were used to measure the time from fall to rise and stopped at exactly the moment the weights stopped rising. Fig.45 shows the rotating mass being retracted by hand and is validated by Fig.34 showing a close up of the measured height aiding in accuracy. 
Comparing Fig.56 to the other images recorded during the experiment its also observable that the weights differ through the rest, the test was conducted in measures of 100g incrementally rising by 100 grams each time until 500 grams was reached,  each test was conducted three times in a row. 
The raw results collected were then used to calculate other measurements which couldn’t be recorded conventionally. 
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Figure 1,2, attaching the assembly to the backboard.
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Figure 23, comparing the extended mass to the 0cm mark
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[image: ]Figure 34, photo of mass on 28cm / 11 inch










Figure 45, retracting mass to 28cm before start
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Figure 56, steel rule and lesser mass.
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Figure 67, backboard with flywheel assembly attached
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Figure 78. Pulley, flywheel and mass platform.
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Table 1 raw data found in averages.
 

Constants.

G = 9.81
C = 0.04084
R = 0.0065
I = 0.0085 
I for shaft and pulley =  










Analysis 
[image: ]Calculation table 

Table 2. Calculations completed 











Chart 1

Calculations used. ( using test one for reference ) 
Calculating the potential energy or PE:   or mass in newtons x initial height. This was calculated as  
Calculating the potential energy loss adjusted. First use:  or the first equation x weight in newton x new height, to find the simple loss, then PE loss ( simple ) x ( initial height divided by initial height plus new height or;                                                                  This was calculated as  
Calculating the time spent falling, we use:                                                                         This was calculated as   , The reason this is calculated is to be used in future equations such as the acceleration or velocity.
Calculating acceleration linear, The equation used was   and is how fast something accelerates in a straight line. The alternative calculation is, 
Calculating linear velocity ( straight line speed ) , we use                                            this was calculated as  , linear velocity like linear acceleration is simply how fast something travels in a straight line
Calculating angular velocity. The equation used was                                                This was calculated as:  , Angular velocity unlike linear velocity is how fast the mass travels through a curve.
Calculating angular acceleration. The calculation used was                                                    and was calculated as,   ,Angular acceleration unlike linear acceleration is how fast something accelerates through a curve or rate of measured acceleration through a curve.
Calculating Torque, This can be calculated in 2 ways, firstly is   or as                     
. The second equation was used and this came out to be 
    , Torque is simply the measure of how much force is being applies through a rotating mass such as the flywheel for example.
Lastly calculating the kinetic energy Ke. The equations involved are   The reason this is done is to make sure that the potential energy and potential energy loss calculations match each other to confirm they’re accurate.
And KE =   . This was calculated as 
 Analysis. The findings from the experiment show that as the mass increases so does the acceleration leading to increased linear, angular velocity, torque and kinetic energy and this is to be expected however there are visible anomaly being the average height recording which was likely due to human error however comparing to the graph this is more noticeable in test 3 & 4, other variables that could effect the results are friction in the system. 
The figure: chart 1, shows the correlation between torque and acceleration and the positive gradient they create as well as what can be calculated with it, the gradient is what gives the resulting moment of inertia through the flywheel, this validates the theory of how we should calculate I and the results we achieve and how they’re validated by real world physics and tests.
Some energy loss was evident from the Pe loss measurements and the further adjusted findings. This can be more reliably a result of friction within the system such as the ball bearings or the string however this will be nullified to as much of a degree as possible through smooth surfaces and lubrication however the end result was some energy lost.
Over all the findings correlate to how they would be theoretically expected to be presented however this is minor anomalies. The results however were successful and show a positive correlation between the force applied and the accelerating rotating mass and thus proves we can accurately use this method to determine the I value from the flywheel. 
Referring to “A flywheel stores energy in the form kinetic energy, this varies between the moment of inertia or I, and the angular velocity applied to it. ( Barelli et al 2022 ).








4. Conclusion
The aim of this experiment was to find the moment of inertia in a flywheel by reviewing the calculated results from found data in the experiment, these being the applied and increased mass, the subsequent increased acceleration and energy created and lost through the experiment. 
The increase in mass directly linked to the increase of measured acceleration, velocity, torque and KE, this is validated by real world physics and applied laws including rotational calculations. The graph created showed a positive gradient comparing torque / . And angular acceleration /     To estimate the moment of inertia in the flywheel.
Although this wasn’t a perfect test, energy losses and discrepancies were observed and the reasons why explained the results are still very close to what would be expected from a purely hypothetically calculated test and successfully demonstrates how the inertia can be determined without directly measuring it.                                             










5. Evaluation. 
There are multiple explanations for the discrepancies in the findings above. 
Firstly human error, there’s a chance that when conducting the experiment individuals could have incorrectly measured the weight from the drop height or the weight itself. There is also delay, Stop watches could have started late and stopped late or early which could also induce inaccuracy in time taken to fall.
Human error also has a part to play in the new height as the weight had to be `1`caught at the exact moment it stopped rising and this could have lead to`1 inaccurate new height readings leading to further energy loss discrepancies, velocity and acceleration calculations would also have been affected.
Mechanical loss in the system due to friction with the ball bearings inside, the string itself could create loss through the same affect. This leads to higher PE loss and lower KE to use as a result. 
Additionally energy could be lost through unintended vibrations or wobbles in the spring or mechanism which could also create unplanned resistance impulses which could have affected the results. 






4. Further work
Given unlimited time and budget, Firstly we’d employ an electronically locked rotor, slow motion camera, a laser measurement system. This would allow us to measure the top and bottom values with certainty as the lasers wouldn’t move and would be positioned at the top and bottom values for clarity, the electric rotor could go unpowered for the extension and retraction of the weights to reduce friction and lock at its new height ( new point of least to no resistance ), this would guarantee that it drops exactly when it needs too without friction or human interference and correctly lock at the correct new height. The slow motion camera would be used to monitor our repeated tests and look for anything that might cause anomalies such as the weight extending past the bottom marker or the rotor releasing or locking at incorrect times or places giving us inaccurate data. In this way we could script the experiment to not need any human involvement whatsoever except for resetting the experiment. 
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Acceleration ( rad/s )

 t	( Nm )	
0	16.122738598437863	32.294236375869026	43.415882647033555	65.347154944461963	75.16295405845382	0	6.3083814294215999E-3	1.2480113702623908E-2	1.857920368744885E-2	2.4401633081438594E-2	3.0294682595515165E-2	
Torque ( Nm )
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