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[bookmark: _Toc224665305]Introduction
The main aim for this project is “To prove the theory for energy in a flywheel” (TecQuipment, 2012, p. 3) using a controlled physical test using a shaft, pulley, fly wheel, string and a various number of weights as the independent variable to find the results: Potential Energy, Time to fall and rise, maximum height after release, weight, Potential Energy Loss Adjusted, Falling Time, Acceleration, Velocity, Angular Velocity and Kinetic Energy through calculations. Furthermore, the correlation between [a/r] and ((mg-ma)-r) will be used to find the Nominal inertia Value. As well as this close attention towards the apparatus when conducting the experiment is crucial as human error may pose a key factor hence would want to be minimisation of error would want to be maximised.
 “A flywheel is a mechanical device designed to store and release energy” (Hagler, Gina, MBA, 2019) it ensures energy is transferred efficiently through kinetic energy in turn keeping engines running smoothly, helping to optimize fuel usage by maintaining the momentum when there is no fuel being utilized. How efficient a flywheel depends on the Inertia Value for any given flywheel in turn adding a smoother ride with a longer lifespan.
This project will show how well the team will work together, seeing how effectively each member will be able to notice other people’s mistakes, maintain focus, and take responsibility when conducting the experiment.

[bookmark: _Toc224665306]Experimental Procedure
This project was conducted in a team of six each tasked with a different role within the experimental procedure also swapping to understand the project in a greater depth. Before conducting the procedure, it was important to identify the risks of the experiment and how to negate any injuries that may occur, fortunately due to the small nature of the experiment it was unlikely cause any harm however precautions were made when dealing with the heavier weight being careful not to drop them when the string was slack. 
[image: ][image: ][image: ][image: ]After assembling the apparatus, the ruler was then attached magnetically and aligned at 280 mm to set the starting position. The mass was then attached, with the weight hanger set to the starting position the empty hanger was released for the first experiment. The group collected two sets of data, the amount of time it took to fall and bounce back up to its highest point and the highest point itself (TecQuipment, 2012, p.4). This was repeated three times to create an average, an average in this situation was extremely important due to the multiple factors that could change the experiments results. These were the accuracy of the position when releasing the weighted hanger, accuracy of stopping the stopwatch at the highest point and starting the timer coordinated with the release of the weighted hanger. One hundred grams were then added each time to repeat the experiment up till the hanger weighed half a kilogram.Figure 4 -  View of apparatus (Weight hanger, Weights, Ruler and supporting frame).
Figure 3 - Side view of apparatus with member attaching weight hanger. (Weight hanger, Weights, Ruler and supporting frame).
Figure 1 – Head on view of apparatus (Weight hanger, Weights, Ruler, Flywheel, supporting frame, shaft and pulley).
Figure 2 - Head on view of apparatus (Weight hanger, Weights, Ruler, supporting frame and Experiment book).

A member rotated with another member partly through the experiment which may have also affected the accuracy of the results. Variables should have been kept the same throughout the experiment to minimize error. Unknowing of this error until later when the experiment could not be repeated and had to work with the data that had collected. The team did however effectively work together, each communicating when an error was detected to then adjust it. 
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	Mass
	T_1
	T_2
	T_3
	T_(Average)

	0.1
	4.77
	4.19
	4.19
	4.383333333

	0.2
	2.5
	2.99
	2.59
	2.693333333

	0.3
	2.59
	2.32
	2.27
	2.393333333

	0.4
	2.17
	2.1
	2.06
	2.11

	0.5
	1.87
	1.92
	1.89
	1.893333333

	
	
	
	
	

	Mass
	H_1
	H_2
	H_3
	T_(Average)

	0.1
	0.238
	0.235
	0.234
	0.235666667

	0.2
	0.245
	0.249
	0.246
	0.246666667

	0.3
	0.246
	0.246
	0.246
	0.246

	0.4
	0.246
	0.24
	0.241
	0.242333333

	0.5
	0.223
	0.234
	0.239
	0.232


Table 1 – Time taken to fall and rise.

Table 2 – Height reached


[bookmark: _Toc224665308]Analysis 
Table 3 – All Relevant Equations throughout the experiment
	KE = 0.5(I_t)(ω^2)

	I_f = 0.5(m_f)(r^2)

	PE_loss = mgh_1 – mgh_2


	a = 2(h_1)/(t_f^2)

	t_f = t_t * (h_1)/(h_1 +h_2)

	v = (a)(t_f)


	ω = (2πv)/c

	F= mg - ma

	τ = Fr


	τ = (mg - ma) r

	τ = Iα

	α = a/r




The higher the mass the time to fall and rise decreased however the difference between each result grew smaller each time 100g were added. The variance between 0.1 to 0.2 and 0.4 to 0.5 had a 1.46 second difference.
Table 4 – Mass, Potential Energy and Time to fall and rise.
	Mass (m) (kg)
	PE (mgh_1) (J)
	Time to fall and rise (t_t) (seconds)

	0
	0
	0

	0.1
	0.231189
	4.383333333

	0.2
	0.48396
	2.693333333

	0.3
	0.723978
	2.393333333

	0.4
	0.950916
	2.11

	0.5
	1.13796
	1.893333333



Table 5 – Height Reached, Weight and Potential Energy Loss
	H^2 (m)
	mg
	PE Loss (J)

	0
	0
	0

	0.235666667
	0.981
	0.043491

	0.246666667
	1.962
	0.0654

	0.246
	2.943
	0.100062

	0.242333333
	3.924
	0.147804

	0.232
	4.905
	0.23544



The height that was measured stayed remarkably similar to the initial test, not increasing or decreasing but increasing then decreasing as the final weights were added however this change could have been due to human error is a linear pattern was expected.
Table 6 – Potential energy  Adjusted, Falling Time and Acceleration
	PE loss Adjusted (J)
	Falling Time (t_f) (seconds)
	Acceleration (α) (m.s^-2)

	0
	0
	0

	0.023615023
	2.380090498
	0.098855557

	0.03476962
	1.431898734
	0.273126234

	0.053264943
	1.274017744
	0.345014282

	0.079231244
	1.131078494
	0.437726195

	0.12875625
	1.035416667
	0.52234534



Table 7 – Velocity, Angular Velocity and Torque
	Velocity (v) (m.s^-1)
	Velocity (ω) (rad.s^-1)
	Torque (Nm) (mg-ma)r

	0
	0
	0

	0.235285171
	36.23383162
	0.00631224

	0.391089109
	60.22758193
	0.01239794

	0.439554318
	67.69120661
	0.01845672

	0.495102686
	76.24563529
	0.02436791

	0.54084507
	83.28994608
	0.03018488



With each increase of mass, the velocity increased in a linear manner.
Table 8 – Angular Acceleration and Kinetic Energy
	a/r
	KE

	0
	0

	15.20855
	0.244198

	42.01942
	0.674689

	53.07912
	0.85227

	67.34249
	1.081292

	80.36082
	1.290322



Table 9 – Control Values + Calculated Inertia
	c (m)
	0.0408

	g (m/s^2)
	9.81

	H_1 (m)
	0.28

	r (m)
	0.0065

	Total Nominal I Value
	0.0004694

	Flywheel Inertia 
	0.000386

	Shaft and pulley Inertia
	0.0000834

	Calculated Total Flywheel Inertia (Trendline Gradient)
	0.0003648



The difference between the calculated total inertia and the total nominal inertia value was close being off by 0.0000212 so through all the calculations the resulted stayed consistent.
Table 10 – PE + PE loss
	PE + PE loss

	0

	0.27468

	0.54936

	0.82404

	1.09872

	1.3734




Figure 5 – Torque against Angular Acceleration Table

The mass was the independent variable, and the dependent variables were time to rise and fall (t_t) and the maximum height the bottom of the weight hanger reached (H_2). The rest of the results had to be calculated using these variables along with the most results already given to the group (Table 7). The equations being used in Table 1 were required to find all the necessary data using excel using the formula function, selecting the cell for each proceeding equation compared to copying numbers could result in a higher chance of human error and would be significantly less accurate as powers were involved multiple times and each result then had to be used to find the result of another equation.
After finding all the numerical data the results were plotted on to a graph using a trendline to then find the Total Inertia which is the gradient (Figure 5). Looking at the graph, it shows the results that were recorded were within an acceptable tolerance, as seen by the similarity between the solid and dotted line in Figure 5. 
It was extremely useful that averages were used and the group did not use the first result on each test as this would have resulted in a potential data set with decreased accuracy. Furthermore, as we can see in table 2 when looking at the time to fall and rise data it follows a predictable pattern without the inclusion of any obvious outliers in the experiment.




[bookmark: _Toc224665309]Conclusion

The aim of this experiment was to prove the theory for energy in a fly wheel and despite the minor inconvenience of human error, the findings demonstrated that as the mass was applied that the energy within the flywheel increased, proving the relationship between what had been calculated (torque, angular velocity, velocity, etc).
It showed through this experiment that the group was able to find the inertia of the flywheel using the torque and angular acceleration (Figure 5) which matched similarly with the flywheel inertia value. The value that was calculated using the trendline was extremely close with a variance of 2.12x10^-5 however due to the minute nature of the original value this maybe a lot bigger of a difference than it looked like. This was a great outcome as there was opportunity for the experiment go wrong and not match up at all from assembly of the apparatus, testing, and calculations.


[bookmark: _Toc224665310]Evaluation
Evaluating the experiment, it was understood that the human error was an impedance when trying to find exact values of inertia which was proved by the variation in the first measured results however proving the main theory for energy in a flywheel was clear to see with the results of an inertia matching closely to the one calculated. In contrast to the human error as there was one apparatus between the group there was no way to find out whether the experiment had a faulty piece of equipment. It would have been beneficial to compare data with others using a vastly different setup but testing for the main theory to see the margin of error and how close we should have been, not using them as a control but to understand. Using them to understand, if another group were close to us this showed that it was not likely that we encountered errors however if we were completely off from each other, I would be more sensible to redo the experiment.


[bookmark: _Toc224665311]Further Work
If this was to be completed again but given unlimited time and money to make it the best experiment sensors and robots, reinforced with the six-sigma rule, ensuring quality and defect levels are below 3.4 defects per million opportunities (Hayes, 2024). The robots and sensors using this rule would be acquired to pick up the data at the exact moment the weight is released and to measure the mark at which the weight hanger was at its highest point. Despite the automated and extremely precise nature of sensors, the experiment would still be run a thousand or more times to be sure there were no external factors causing a problem with the experiment.
To create an experiment that would be extremely controlled the air temperature and density would be monitored and made equal along with multiple setups of the same test to ensure they all produce the same results. Furthermore, it is essential that all the mass weights are weighed exactly and although extreme, made aerodynamic when added to the hanger to reduce the minor air resistance that even though negligible would impact the experiment.
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Torque Against Angular Acceleration In a Flywheel

Inertia	
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