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1. [bookmark: _Toc881976201]Introduction 
This report is going to discuss and analyse the findings of the (TecQuipment Ltd, 2012) energy in a flywheel kit experiment.
This kit is meant to prove the theory that covers the law of conservation of angular momentum (which states that a rotating object will maintain a constant spin unless acted upon by external forces) (Sheldon, 2022), as well as proving the correlation between the torque and acceleration affecting the kinetic energy within the system.
A flywheel is a rotating object that typically takes the form of a wheel or cylinder, which are used to store kinetic energy. It is essentially a heavy wheel/disk that is attached to a rotating shaft which spins at a high speed. To get the best weight to energy capacity ratio it is often designed as a tapered disk (thicker at the centre, thinner at the edge) made form high strength materials like steel. (Das, Tan, & Yatim, 2017)
It is one of the oldest known mechanical devices that has evolved from tools like the potter’s wheel.
[image: Iliad 18.599-602: The Simile of the Potter & the Wheel - Classical Continuum]
[bookmark: _Toc193626358]Figure 1 - Depiction of a Potter's wheel (Badisches Landes Museum, n.d.)
To becoming a fundamental component in many modern machines. Such as engines and turbines. Similar principles can also be seen in toys like yo-yos. (Hull, 2004)
[image: A hand holding a string with blue and white circles

AI-generated content may be incorrect.]
[bookmark: _Toc193626359]Figure 2 - Yo-Yo in use (Lana, 2010)
The primary function of the flywheel is to smooth out energy fluctuations in a system and in some cases help to maintain a consistent rotational speed. (Encyclopaedia britannica, 2025) It does this by storing energy when torque is applied to the flywheel, before then releasing that energy when the flywheel slows down. (Chauhan & Saini, 2014)





2. [bookmark: _Toc841789728]Experimental Procedure 
[bookmark: _Toc1171714546]2.1 Equipment required
· Work panel 
· Bearing block 
· The flywheel
· String measuring 290mm
· Weight hanger and guide
· Bag of 10-gram masses
· Magnetic rule
· Timer or stopwatch
2.2 [bookmark: _Toc409340617]Method 
1. It is recommended by (TecQuipment Ltd, 2012) that the guidance notes supplied are read thoroughly before beginning the experiment.
2. Begin assembling the equipment ready for the experiment.
2.1. Attach the flywheel to the bearing block then fix it to the work panel (ensuring it is on an even surface). (TecQuipment Ltd, 2012) suggests using the holes on the work panel as a guide to ensure it fits correctly.
2.2. Attach one end of the string to the pulley block, while the other end should hold the hook of the weight hanger.
3. Slide the plastic guide onto the hanger and allow it to fall to the bottom of its travel.
4. Slide the magnetic rule along the work panel until the 0mm edge aligns with the plastic guide. This becomes the reference point for the rest of the experiment.






[bookmark: _Toc193626360]Figure 3 - Diagram of the final set up
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5. Add 9 of the 10-gram masses to put a totalling 100 grams.
10g Masses









[bookmark: _Toc193626361]Figure 4 - Mass Added

6. Then turn the flywheel (either direction) until the plastic guide reaches 280mm on the rule.
7. A brake is installed on the bearing block and is controlled by a thumbscrew. This can be used to lock the flywheel in place during the experiment and helps align the hanger at the 280mm mark before each attempt. It is important that the brake is fully unscrewed before each attempt, as leaving it engaged will interfere with the flywheel and affect the results.
[bookmark: _Toc193626362]Figure 5 - At 280mm
280mm









8. Release the brake and use the stopwatch to measure how long it takes for the hanger to fall to 0mm, then rise back up to the 280mm start point
9. Repeat this step at least three times before adding more masses for 200g, 300g, 400g, and finally 500g

3. [bookmark: _Toc595011128]Results 
While in the lab the team decided to repeat the test with each mass three times to give a higher accuracy for the results collected. Then work out the mean for each of these to carry forward for analysis.
[bookmark: _Toc193626364]Table 1 - Original data collected in the lab.
	[bookmark: _Toc192615066]Mass (kg)
	Test 1
	Test 2
	Test 3

	0.1
	Time (s)
	4.45
	4.21
	3.90

	
	Height (mm)
	235
	230
	239

	0.2
	Time (s)
	2.71
	2.69
	2.85

	
	Height (mm)
	240
	245
	243

	0.3
	Time (s)
	2.25
	2.51
	2.78

	
	Height (mm)
	249
	249
	249

	0.4
	Time (s)
	1.83
	1.95
	2.05

	
	Height (mm)
	249
	246
	245

	0.5
	Time (s)
	1.16
	1.95
	1.78

	
	Height (mm)
	240
	238
	240



[bookmark: _Toc193626365]Table 2 - Mean of the data collected in the lab.
	Mass (kg)
	Time to fall and rise (seconds)
	Height 2 (m)

	0.1
	4.19
	0.235

	0.2
	2.75
	0.243

	0.3
	2.55
	0.249

	0.4
	1.94
	0.247

	0.5
	1.78
	0.239





4. [bookmark: _Toc643362473]Analysis 
For the experiment (TecQuipment Ltd, 2012) provided nominal details for the parts that were used in the experiment they were as followed.
[bookmark: _Toc193626366]Table 3 - Nominal information
	Additional info 
	 

	 h1 (m)
	0.28

	g (m/s2)
	9.81

	c (m)
	0.0408

	r (m)
	0.0065

	I (kgm^2)
	0.0005



This allowed for a deeper analysis to be made. Potential energy was initially calculated using the equation,
PE = mass x gravity x h1 
Before going on to calculate the potential energy loss adjusted. This loss is the total loss through both the downward and upward moment. However, (TecQuipment Ltd, 2012) states that to more accurately compare it to the kinetic energy it must also be multiplied by the height ratio. Therefore 
PE Loss Adjusted = mg x {h1/(h1+h2)} with mg being weight (mg) = mass x gravity. 
After that time falling can be calculated the equation for that is 
Time Falling (Tf) = total time x {h1/(h1+h2)}
Once time falling is calculated the linear acceleration can be calculated that is 
Acceleration (a) = (2 x h1)/Tf
After that the linear velocity can also be calculated as it is a product of the acceleration by time.
Velocity (v) = Acceleration x Tf
The next information to calculate was the angular velocity, which was
Angular Velocity = (2π x v)/circumference
This circumference used allowed for the diameter of the chord on the pulley according to (TecQuipment Ltd, 2012).
The flywheel must adhere to certain laws and equations to facilitate the necessary calculations. If the string does not stretch, the torque can be calculated using the following equation:
Torque = (mg - (mass x acceleration)) x radius
The next calculation required before determining the inertia is the angular acceleration, which can be calculated by:
Angular Acceleration (α) = Linear Acceleration / radius
An additional equation can be used to determine the kinetic energy of the flywheel:
Kinetic Energy = 0.5 x I x w (squared) 
This result will not be 100% accurate due to frictional losses from the bearings and other potential inaccuracies, discussed in the further work section.
The results for all these equations can be found in the Excel table below.
[bookmark: _Toc193626367]Table 4 - Further analysis on the results
[image: A screenshot of a computer
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[bookmark: _Toc193626368]Table 5 - Percentage loss of initial PE to KE
	
	Initial PE
	KE
	Percentage loss

	0.1
	0.27468
	0.219734772
	-20.00%

	0.2
	0.54936
	0.526078272
	-4.24%

	0.3
	0.82404
	0.625955354
	-24.04%

	0.4
	1.09872
	1.073322283
	-2.31%

	0.5
	1.3734
	1.236536916
	-9.97% 


In a perfect system the Potential Energy will fully transfer to Kinetic Energy and vice versa. However, in this system the results show that there is between a 2.31-24.04% loss of energy as the mass on the hanger changes (as seen in table 5). This shows that there is a frictional loss somewhere during the fall. 

[bookmark: _Toc193626369]Table 6 - Percentage loss of PE loss adjusted against KE
	
	KE
	PE Loss Adjusted
	Difference
	Percentage Loss

	0.1
	0.219734772
	0.032527895
	-85.20%
	14.80%

	0.2
	0.526078272
	0.0423465
	-91.95%
	8.05%

	0.3
	0.625955354
	0.044043517
	-92.96%
	7.04%

	0.4
	1.073322283
	0.053320235
	-95.03%
	4.97%

	0.5
	1.236536916
	0.072191538
	-94.16%
	5.84%


When comparing the Kinetic Energy to the PE loss adjusted that loss is slightly less for most weights, (as shown in table 6). To now between 4.97-14.80% implying that there was some loss in the system, however as the mass increased the loss percentage mostly decreased.
Now all the results have been collected a graph showing the torque against acceleration can be made. 

[bookmark: _Toc193626363]Figure 6 - Graph showing torque against acceleration
The graph above shows the correlation between acceleration and torque, showing that as the torque acting on the flywheel increases, so does its acceleration. The graph also highlights two potential outliers: the 0.3kg and 0.4kg data points, with the 0.3kg being notably farther from the line of best fit compared to the 0.4kg.
The line of best fit provides the equation of the line, which can be used to understand the inertia of the flywheel in this experiment. As seen on the graph, the calculated inertia is 0.00030665 kg·m².



5. [bookmark: _Toc1368101107]Conclusion
Overall, this experiment has confirmed the correlation between acceleration and torque, along with how it effects the flywheel. In this scenario it is clear that when the torque is increase as does the acceleration, resulting in a higher kinetic energy as discussed in the analysis. Even though there were a couple of outliers shown on the graph.
The inertia value taken from the line of best fit of figure 6 (0.00030665 kg·m².) however does not line up with the nominal value provided (0.0005 kg·m².) therefore showing that the experiment was only 61.33% accurate, and that outside factors had in fact influenced the results a significant more than expected. Proving that when acted on by an outside force the flywheels rotation will be affected. (Sheldon, 2022) 


6. [bookmark: _Toc184023272]Evaluation
[bookmark: _Toc268963838]6.1 Strengths 
To prevent errors, the person reading the results sat at eye level with the equipment, allowing them to accurately track the weight hanger’s movement and clearly see the height reached. This was also to maintain consistency as it ensured a near identical view each time.
Similarly, the person lining up the equipment remained the same to ensure the 280mm start point was as consistent as possible. To aid this, the brake on the bearing block was used, allowing the team to confirm it was set correctly each time. This approach was applied to timekeeping as well.
[bookmark: _Toc167180811]6.2 Areas for improvement
Next time the team could be more coordinated in the initial approach as the experiment had to be restarted twice due to the team being unready. 
As shown by the incorrect starting height being used for the first few attempts, or times being missed. To improve this, roles should be decided before beginning.
The communication between team members could also be improved, as multiple miscommunications led to mistakes, causing many retests. As a result of this, not all results were correct the first time and weights had to be repeated. 


7. [bookmark: _Toc1133245144]Further Work
Given unlimited time and money, the experiment could be improved with a couple adjustments. A high-speed slow-motion camera could be used to more accurately pinpoint the moment the mass reaches the rebound height.
Multiple stopwatches could also be used to time the experiment. This would enable taking an average for each attempt, ensuring that if there is an error at the start.
The stopwatch could be placed in view of the camera so that the time can be captured when the mass reaches the top of its travel.
The parts can be reweighed beforehand to take manufacturing tolerances into account, before proceeding with the experiment.
The string could be replaced by something similar to fishing wire, to help prevent any stretching as mass is added to the hanger.
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Torque Against Acceleration

Torque 	Nm	
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