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[bookmark: _Toc193576931]Introduction
This experiment was conducted to prove and demonstrate several basic scientific theories and principals. This includes the calculation and observation of kinetic energy in moving parts of a machine, the calculation of potential energy, the observation of losses in potential energy and most notably the changes observed and calculated when adding additional mass to a moving part (flywheel). 
In order to obtain the most value from this experiment, extended research around the subject area is paramount. Given that the experiment centres around the flywheel and its function, it makes sense to understand its history and purpose. Simply put, a flywheel is a piece of mechanical equipment which is used to store rotational energy. As discussed by Surwade (2017) the most basic way a flywheel can be described is as a ‘solid, flat rotating disc’. However, a more accurate and technical description of a flywheel is as an ‘inertial energy-storage device’ which serves as a reservoir for mechanical energy. In an automotive context, the flywheel is utilised in order to ensure a vehicle runs smoothly. It does so by reducing vibrations, helping to maintain steady vehicular velocity and help produce a smooth torque output. 
The benefits of implementing flywheels into machinery have been seen throughout history, with notable examples seen in potters' wheels from about 3000BC (Davy 2024) and James Watt’s steam engine in the industrial revolution (Monaco-patents.com, 2023). According to Li and Palazzolo (2022) ‘flywheel energy storage systems’ or ‘FESS’ remain highly significant and widely utilised pieces of equipment today. This is due to their long lifespans, lack of environmental impact and low cost per energy capacity when being compared to the likes of lithium-ion batteries.



[bookmark: _Toc193576932]Experimental Procedure 

The apparatus used in the experiment was as follows:
· Bearing/Pulley Block
· Flywheel
· Work Panel
· Metal Rule
· Weight Hanger
· Length of cord/string
· Disc weights (10g)
· Stopwatch

The method used for the experiment was provided by the lecturer and closely followed by the group. The method is detailed below:
Step 1- Attach the bearing block and flywheel to the work panel. The group ensured that everything was in the correct position by counting the holes in the work panel and using the image provided in the instruction booklet. 
[image: A diagram of a mechanical device]
[bookmark: _Toc193575320]Figure 1- Experiment Setup
Step 2- Attach the premeasured length of string (290mm) to the pulley.
Step 3- Attach the weight hanger to the string, ensuring to include its guide at the bottom of its construction for the weights to rest upon. The guide is used as a reference to measure the travel of the weight hanger during the experiment. 
Step 4- Calibrate the weight hanger guide. This is done by using a magnetic rule which attaches itself to the work panel. The bottom of the rule should be in line with the bottom of the weight hanger guide’s construction. It is best to make this adjustment at eye level with the bottom of the equipment to ensure maximum accuracy. The experiment has now been set up.
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[bookmark: _Toc193575321]Figure 2- A fully set up/calibrated weight hanger guide and metal rule
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[bookmark: _Toc193575322]Figure 3- The fully set up experiment prior to adding additional weights

Step 5- Add nine 10g weights to the apparatus in order to achieve a total of 100g of mass on the weight hanger. 
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AI-generated content may be incorrect.]
[bookmark: _Toc193575323]Figure 4- Nine weights on the hanger
Step 6- Turn the flywheel until the bottom of the weight hanger reaches 280mm on the metal rule. This will be the drop height or h1 used for the duration of the experiment. 
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[bookmark: _Toc193575324]Figure 5- The weight hanger with attached mass at 280mm

Step 7- Release the flywheel so that the weight hanger drops. Measure the time taken from the initial drop for the weight hanger to reach 0mm on the rule, then back up until it reaches its new maximum height or Tt using the stopwatch. Also record the new maximum height or h2 value.
Step 8- Repeat step 7 three times. Take the mean of the three h2 values and Tt values to calculate a reliable set of readings. Exclude any anomalous results from the mean and repeat as necessary.
Step 9- Add 100g of mass to the hanger and repeat steps 7 and 8. Continue increasing the mass in 100g increments until the total mass reaches 500g.
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Below are the raw results obtained from the experiment. Anomalous results are highlighted in red and have been excluded from the mean values. Any anomalies were due to human error and the experiment was repeated in the correct way after identifying the issue.

[bookmark: _Toc193575329]Table 1- Raw results collected from the experiment
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Each subheading will be explained below:
Mass: Mass on the weight hanger. (kg)
Initial PE: Potential energy in the flywheel prior to the drop. (J) [Mg x h1]
Tt: Time taken for the weight hanger to fall and rise. (s)
h2: Height reached by the weight hanger after dropping. (m)
mg: Mass attached to the weight hanger times gravity. [Mx9.81]
PE loss adjusted: Initial PE value minus the losses in energy through the upward and downward movement. (J) [Mg x (h1-h2) x (h1/(h1+h2))]
Tf: Falling time of the weight hanger. (s) [Tt x (h1/(h1+h2))]
Acceleration: Acceleration of the falling mass. (m/s2) [2 x h1/(tf)2 )
v: Maximum linear velocity of the falling mass. (m/s) [a x Tf) 
ω: Maximum angular velocity of the flywheel. (rad/s) [2πv/c]
Torque: Torque created by the flywheel. (Nm) [(Mg-Ma) x r)
α: Angular acceleration of the flywheel. (rad/s2) [a/r]
KE: The Kinetic Energy stored in the Flywheel. (J) [0.5 x Iω2)

The Inertia (I) value to calculate KE was obtained using a graph which saw angular velocity plotted against torque. The graph can be seen below. [image: A graph with a line and numbers
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[bookmark: _Toc193575325]Figure 6- A graph showing angular velocity plotted against torque
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To summarise, the increase in mass on the weight hanger saw a consistent decrease in the time taken for the hanger guide to reach its new height and the time taken for the hanger to fall. This is to be expected as an increase in mass sees heavier objects overcome air resistance more quickly, allowing them to fall faster.
The h2 values appear to increase until the mass reaches 500g, where it decreases. This is because the force required to lift the 500g mass after reaching 0m is significantly higher than before despite the acceleration being slightly higher (Newton’s 2nd law), therefore a decrease in h2 values will be observed. A further decrease in h2 value would be observed if the weight were to increase past 500g.
The Increase in linear acceleration and velocity also sees an increase in angular acceleration and velocity meaning the values are directly proportional to one another. The KE value increases in line with the angular acceleration due to its formula:                [0.5 x Iω2).
The PE increases with mass as the other elements in the formula (h1,g) remain constant whilst the mass increases. This verifies the theory that objects with greater mass have greater Potential Energy.
The torque outputs increase with mass yet remain small. This is expected as the flywheel is small and therefore produces a small amount of force which means the torque value will follow suit. 
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During the experiment the team took precautions to ensure that minimal errors were encountered, and results were accurate. One such way this was done was by ensuring that the flywheel brake wasn’t on. Although this seems simple the experiment wouldn’t have been able to be carried out at all if the flywheel was unable to move.
 Another way we ensured accuracy was by taking multiple sets of readings to obtain a reliable mean result. This allowed the group to identify both a trend in results and produce a more accurate set of readings overall.
A simple way of ensuring results were accurate was by correctly setting up the experiment, with the calibration of weight hanger guide and metal rule being of particular significance. If the equipment wasn’t correctly set up, then the results would be incorrect, and the experiment would be both unreliable and considered a failure. 
To ensure the accuracy of the table composed in excel, the SUM function and cell referencing was primarily used rather than raw figures. This meant that the accuracy of the calculations would be improved, the calculations could be done more efficiently and some excel proficiency could be displayed. 
A final way that the group ensured accurate results was by having all group members verify each step as it was carried out. For example, there were unanimous agreements on how the equipment was set up and on the drop height of each attempt of the experiment.
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There are many ways in which this experiment can be improved, and the results can be improved. A source of inaccuracy in the experiment is human error in the setting up of the experiment. Though precautions were taken to prevent this, small inaccuracies were still likely to be present. For example, the weight hanger guide was most likely slightly improperly aligned due to the limitations of the eye. A way this could be improved is by using a laser measuring tool to adjust the equipment as required. 
Another source of inaccuracy was the length of string. The apparatus had been used by multiple groups and as a result the string would’ve been beginning to degrade. Even after a single attempt of the experiment there would be an element of degradation seen in the string. A possible solution would be either to use a new length of string for each attempt or to utilise a different material with more appropriate properties such as a higher tensile strength. The length that the string was cut was also likely slightly inaccurate.
A notable source of probable inaccuracy was in the timing of the experiment. There was undoubtedly an amount of human error when observing and noting the time taken to carry out the experiment. Its difficult to find ways of improving this aspect of the experiment. One such method of improvement could be using stopwatches with higher degrees of accuracy. Another way could be to film the experiment and review the video footage to gain accurate results.
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