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[bookmark: _Toc225710729]Introduction
Flywheels can be used in many different industries and can serve many different purposes. The main purposes of flywheels are to store kinetic energy, ensuring smooth operation, and to provide quick energy releases. (Anon., 2026) They have been used for hundreds of years and early on were used for collecting water out of bore holes. There are many different types of flywheels and they can be made from different materials such as cast iron or steel. (Kumar, 2021)
Our aims for this experiment were:
· Carry out a successful experiment to look at energy in a flywheel 
· investigate how altering the weights on a flywheel changed the time taken, for said weights to fall and rise again. 
· Calculate kinetic energy, inertia and potential energy loss, along with more equations.
· Using calculations to back our experiment
We also aimed at calculating multiple equations such as acceleration, potential energy, inertia and velocity. This then gives us the data needed to determine the kinetic energy stored in a flywheel. We also recorded at what height the weights rose to after falling. 



[bookmark: _Toc225710730]Experimental procedure 
Firstly, we were given all the experimental equipment needed. We were provided with a booklet which clearly set out the experiment and data that we needed to collect. 
The equipment provided for us included a flywheel, string, weight holder, and weights. The weight holder was placed on the end of the string and the string was attached to the flywheel. We firstly set up the equipment by attaching the flywheel to the stand along with the string wound up and the weight holder. 
We firstly timed and recorded the height of the weight holder with 0g attached in order to see how long it took without any weight. We wound the string up fully to the fly wheel and timed and videoed when we released it. We then recorded it in slow motion to try and gain the most accurate results. This allowed us to review the footage and be more precise with our calculations. We then stopped the flywheel after it had risen and gathered the time taken and height it reached. We had created a table in order to keep track of our results and averages. We repeated this process with 5 different weights, 100g, 200g, 300g, 400g, and 500g and recorded all of results.
We completed each test 3 times on each weight to get and overall average and therefore ensuring a fair test. Our independent variable was the change in mass. We added 100g each time and our max weight was 500g. Our dependant variable was the time taken to fall and rise along with the height reached after letting go. Our control variables were the person timing and filming, the position of the flywheel, same length and position of the string, and same release height. We also performed each weight 3 times to conclude an average and ensure reliability and no bias.
Figures 1,2,3 show how we set up the equipment and what was provided. The magnetic ruler attached to the holder and therefore allowed us a more accurate reading then a loose ruler. The flywheel was attached to the top of the board in order to allow the string to fully reach the bottom of the ruler, making sure nothing was interrupting the fall.
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[bookmark: _Toc225709930]Figure 3-Equipment set up

[bookmark: _Toc225710731]Results 
[bookmark: _Toc225709955]Table 1- time taken for weight to rise and fall.
	Mass (g)
	Trial 1
	Trial 2
	Trial 3
	Average 

	
	(Seconds)
	(Seconds)
	(Seconds)
	(Seconds)

	100
	4.77
	4.19
	4.19
	4.38

	200
	2.50
	2.99
	3.18
	2.89

	300
	2.59
	2.32
	2.27
	2.39

	400
	2.17
	2.10
	2.60
	2.29

	500
	1.87
	1.92
	1.89
	1.89



[bookmark: _Toc225709956]Table 2- height that the weight reached after falling and rising
	Mass (g)
	Trial 1
	Trial 2
	Trial 3
	Average 

	
	(cm)
	(cm)
	(cm)
	(cm)

	100
	25.0
	24.9
	25.3
	25.1

	200
	24.5
	24.9
	24.6
	24.6

	300
	24.6
	24.6
	24.6
	24.6

	400
	24.6
	24.0
	24.1
	24.2

	500
	22.3
	23.0
	22.7
	22.7





[bookmark: _Toc225710732]Analysis  
[bookmark: _Toc225710733]Graphs and tables
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[bookmark: _Toc225709932]Figure 5- graph showing time taken for weights to fall and rise

[bookmark: _Toc225709933]Figure 6-line graph showing average time for masses



[bookmark: _Toc225709934]Figure 7-torque/acceleration graph



Our experiment provided strong results and allowed us to gather further results through multiple calculations. 
[bookmark: _Toc225710734]Trends and calculations 
The overall trend for the time taken for the weights to fall and rise again continued in the same pattern though out the experiment. As the mass increased the time taken decreased with the fastest time being 1.87 seconds for 500g. The slowest time was 4.77 seconds with a mass of 100g. We used these results to falling time.

In finding the time taken we can calculate the falling time which allows us to work out acceleration and therefore use acceleration to calculate velocity.

Our values for acceleration ranged between 0.099m/s2 for 100g and 0.524m/s2 for 500g. This is due to the heavier mass having more downward force and therefore more of a pull. From this we can also work out torque. The more mass we added the greater the force and therefore increases the torque on the flywheel, which we calculated. The torque increased from 0.006N/m at 100g to 0.030N/m at 500g.

The general trend for the heights that the weights rose too is also decreasing as the mass increases. With 100g starting at an average of 25.1cm and 500g with an average of 22.7cm. This is due to the heavier mass taking more energy to rise and loosing energy in different parts of the flywheel, even though it has a greater acceleration than the lighter masses. For 200g and 300g we reached the same average. This could be due to a number of factors like not accurate enough equipment or delayed reactions. We used this data to calculate the potential energy loss.


The potential energy loss can tell us a lot about this experiment. It shows us how much energy is lost and how the weight never reaches its original height. This is due to energy being lost in various places such as friction and heat. We then calculated the potential energy loss (adjusted) in order to get a fairer calculation, as heavier weights have more potential energy to start with.
Calculating falling time and acceleration allowed us to work out linear velocity. Which then calculated angular velocity.


The linear velocity helped us to see how fast the mass was moving and angular velocity showed us how fast the flywheel spun. With working this out we could then work out kinetic energy. (c was given to be 0.0408m). The torque/acceleration graph shows us that the gradient is equal to the moment of inertia. Therefore, we could calculate that inertia is the change in torque ÷ the change in acceleration. (Hulatt, 2023)
 = =
We then then calculate kinetic energy:

This helps us see how much energy the flywheel produced. As the mass increased the kinetic energy did too as a heavier mass produces more force. Newtons second law is also shown here as the more mass we added the more the force was and therefore acceleration.





[bookmark: _Toc225710735]Conclusion 
Overall, the experiment proved a success. We were able to complete our aims of calculating kinetic energy, inertia, potential energy, velocity, acceleration and more to back our results. The experiment proved that there is a general trend with mass. The heavier the mass the more energy produced by the flywheel. This also caused for a continued decrease in height reached as the mass increased. We found that the heavier the mass the greater the linear and angular velocity, acceleration, and potential energy. However, the falling time decreases. This experiment produced the results expected and shows how even though the greater the mass produced better results, in many areas it also causes disadvantages such as not reaching the same height as lighter masses. The torque/acceleration graph also produced the results we expect to see. Overall, the experiment showed transfers of energy through a process and how energy inputs and outputs vary according to mass.


[bookmark: _Toc225710736]Evaluation 
We tried to minimise bias by having the same person timing, filming, and releasing the weights. This was to ensure it would be a fair test and keep consistency. However, to improve the experiment further we could have used a high-speed camera to gain more accurate results. Yet, this would have been hard to implement into this experiment as it would need time and proper handling. By keeping the same person recording and timing we were able to minimise bias and therefore should have accurate results. We also recorded the videos in slow motion in hopes to gain better footage of the weights falling and rising.
We also could have tested the same weight more times in order to get a more accurate average, and run more trials on each weight. This would have helped get a better and more reliable range leading to better results.

[bookmark: _Toc225710737]Further work
As explained previously a high-speed camera would have captured a more accurate reading of the height the weights rose too. This could have also captured the time if the stopwatch was in view creating results that could be accurate to the hundredth of a second or more. 
This experiment could be carried out with heavier or lighter masses as well as different size flywheels in order to see how the relations change. A strong string or chain could also be used to ensure no stretching occurred and therefore precise results.
More accurate calculations could also be calculated, such as looking into friction and where it occurred. Ensuring that you have the best equipment to make sure all parts run as smoothly as possible would also benefit the results.
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Other:
· Booklet provided in lecture


A graph to show the heights that the weights rose too.

Trial 1	100	200	300	400	500	25	24.5	24.6	24.6	22.3	Trial 2	100	200	300	400	500	24.9	24.9	24.6	24	23	Trial 3	100	200	300	400	500	25.3	24.6	24.6	24.1	22.7	Weight (g)


Height (cm)




A graph to show the time taken for weights to rise and fall.

Trial 1	100	200	300	400	500	4.7699999999999996	2.5	2.59	2.17	1.87	Trial 2	100	200	300	400	500	4.1900000000000004	2.99	2.3199999999999998	2.1	1.92	Trial 3	100	200	300	400	500	4.1900000000000004	3.18	2.27	2.6	1.89	Weight (g)


Time (Seconds)




A graph showing the average time for each mass.

Average	100	200	300	400	500	4.38	2.89	2.39	2.29	1.89	Mass (g)


Time (Seconds)




Acceleration/torque

Y-Values	15.25	35.18	53.23	63.01	80.64	6.0000000000000001E-3	1.2E-2	1.7999999999999999E-2	2.4E-2	0.03	a/r (m/s)


Torque (N/m)
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