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Findings of experimental procedure of energy in a flywheel

Introduction
The flywheel experiment is conducted to investigate the principles of rotational motion and energy transfer in a mechanical system. The flywheel is a rotating device that stores and utilises energy in the form of rotational kinetic energy (Koohi-Fayegh, 2020).
This can then be a useful way of studying how energy can be transferred and conserved. In this experiment we had a flywheel type system using weights and a metal wheel attached to a pin held onto an small board, we used a metal rule to have a fair experiment while increasing the weight on the other side by 100g, we did this from 0g to 500g from a height of 280mm from the lowest point of the string. We did 3 tests of each weight to get the most accurate results using the time from each drop having it go to the bottom and back up to its loss of motion, we the calculated the average time of the full motion. 
This is relevant to industry due to flywheels being and essential component of an engine where they help to smooth out the fluctuations in rotational speed caused by the intermittent firing of cylinders, which then helps ensure a more consistent and efficient transfer of power throughout a vehicles journey or race (Cope, 2026). They are even more utilised in some high-performance vehicles where they use kinetic energy recovery systems know as a KERS (Abidi, 2022), where they utilise the flywheel to store energy that would be lost during the braking of a vehicle.
Experimental procedure

We set up our experiment in a fair and repeatable way so that all the results were equal and non-biased. We had a rule pinned to the board to keep an exact height from drop and catch being able to measure the results accurately. Every drop we did started from 280mm and was timed from the release of the wheel to the stoppage, we did 3 tests on each weight going from 0g-500g to collect data accurately and using the three times we got we worked out and average of the experiment.[image: ]
[image: ]During our first test we had 100g on the side with the string, when we dropped it through the three tests, we got a time of 5.35s, 4.46s and 4.28s we then calculated the average to be 4.68s. Each drop of this weight reached the same height on bounce of 240mm this was measured when the energy produced from the decent dissipated.   Our second test was 200g which was done an equal amount of time had a lower time due to the increase in weight which was 3.24s, 3.31s and 3.53s with an average top to bottom back to top time of 3.36s, due to the increase in weight and energy the height of the bounce back up was 250mm on each drop.
The third test was done with 300g on the string with a decrease in time from the 200g experiment with times of 2.63s, 3.08s and 2.33s with and average time of 2.68s, the height of bounce was the same as test 2 with a height of 250mm on ever test.
Our fourth test was conducted with 400g on the string, with a time of  2.33s, 2.35s and 2.30s this being the most accurate test with time being withing 0.05s on every test causing the average to be 2.32s with a bounce height of 250mm.
On our final test we used 500g which produced a time of 1.74s, 1.97s and 2.16s having an average time of 1.95s this being the only weight to have increased the usage of energy on the bounce and only reaching an height of 230mm.
  
Results
This is the raw data sheet we did with the times and height of all 3 tests on all 5-weight showing that the more weight added the quicker the decent and ascent was, going from an average of 4.68s to an average of 1.95s from 100g to 500g, the height of the ascent didn't change drastically through all the weights excluding the 500g test and the height reached was decreased by 20mm due to the weight being quicker at using the store momentum and energy.[image: ]

Analysis 
[image: ]
Please see here the spreadsheet for the flywheel calculations - Abi assignment Flywheel.xlsx.
To analyse the results, we used an excel document and inputted our raw data, using our raw data we calculated numerous different things from Potential energy using the calculations of Mass x gravity x original height. Potential energy loss adjusted which we calculated with Mass x Gravity (original height – bounce height).
We also calculated the falling time from time of drop to the bottom, using the Total time x (Original height/ (Original Height + bounce height);
· To calculate the acceleration, we used (2 x original height)/Falling time^2
· To work out velocity V we did Acceleration x Falling time
· To work out velocity w We did (2 x Pie () x Velocity)/ 0.0408m 
· 0.0408 being the diameter of the cord on the pulley.
· To calculate (mg-ma) r we did ((Mass x Gravity) -(Mass x Acceleration)) x 0.0065
· To work out a/r we did Acceleration/ 0.0065
· And to work out kinetic energy we did 0.5 x I x Omega^2

Conclusion
The flywheel experiment looked at how adding weight affects how a machine moves and transfers energy. The data showed a clear pattern as the mass went from 100 g to 500 g, the average time for all motion went down from 4.68 s to 1.95 s. This means that more mass means more speed and faster rotation. The height of the bounce was mostly the same for all the tests, between 240 mm and 250 mm. This means that the same amount of energy was sent back after each cycle. But when the weight was 500 g, the bounce height dropped to 230 mm. This means that more energy was lost at higher speeds, possibly because of air resistance and friction. 
Calculating potential energy, acceleration, velocity, and kinetic energy confirmed these results. They showed that as mass increased, more gravitational potential energy was converted into rotating kinetic energy. The experiment was mostly reliable because each test was done three times and got the same results every time, especially at 400 g, where there wasn't much difference. It was important to keep the same equipment and drop height the same throughout the experiment to get valid results. But there may have been some mistakes because of manual timing and small errors in measurement. The results generally match what was expected based on theory. This shows that energy changes from gravitational potential energy to rotational kinetic energy, but some of it is lost because of forces that don't conserve energy, like air resistance and friction (EBSCO, 2019).
Evaluation
During the experiment we did three tests of each weight to minimise errors this was due to if we made a slight mistake in either stopping the timer or catching the wheel we could still work out and average, this can be seen best in our first test as one of the results of time was far greater than the others but due to doing 3 tests the average was more realistic throughout the testing.
Further work
If there was no time or money limits, the flywheel experiment could be improved drastically as we would be able to get rid of human error, this could make the results more accurate, reliable and usable in real situations, this can be done by switching out the human timing the test to a high precision digital sensor, like a motion sensor that could automatically measure the time and travel more accurately. You could even get more accurate results when calculating angular velocity by you can using a high-quality, low-stretch cord and a calibrated pulley with a known radius instead of the string and pulley system. This would make the results more reliable and let you do more detailed analysis, like figuring out how uncertain they are. In real time, advanced data logging software may be able to figure out things like acceleration, angular velocity, and kinetic energy on its own. These changes would make the experiment very accurate and controlled, giving us results that are very close to what we expected. This would help us understand rotational motion and energy transfer much better.
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Can you read this?
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