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[bookmark: _Toc223120402]Introduction
Flywheels are mechanical components that store energy as rotational motion and are widely used in engineering applications. The energy stored in a flywheel depends on both its rotational speed and the distribution of its mass around the axis of rotation. As a result, flywheels are effective at storing and releasing energy quickly, making them suitable for use in automotive systems, industrial machinery, and energy recovery technologies (Olabi et al., 2021).
 The kinetic energy stored in a flywheel is given by the equation 𝐾E=1/2I𝜔^2, where 𝐼 represents the moment of inertia and ω is the angular velocity. The moment of inertia describes a rotating object’s resistance to changes in its rotational motion and is influenced by its mass and geometry (Amiryar and Pullen, 2017). When a suspended mass is attached to a flywheel via a pulley and cord arrangement, gravitational potential energy is converted into kinetic energy as the mass falls and accelerates the flywheel. However, not all of this energy is conserved, as losses occur due to friction within the bearings and air resistance acting on the rotating components (Kondoh et al., 2018).  
This experiment aims to investigate the transfer of potential energy into kinetic energy in a flywheel system using the Potential and Kinetic Energy Kit ES9. In addition, the experiment seeks to determine the total moment of inertia of the flywheel by analysing experimental measurements, calculations, and graphical data. By comparing theoretical energy equations with experimental results, the performance and limitations of the flywheel system can be assessed. This experiment provides practical insight into fundamental energy principles that are directly applicable to real-world mechanical and automotive engineering systems (Feng, 2022).








[bookmark: _Toc223120403]Experimental Procedure
The experiment was conducted using the Potential and Kinetic Energy Kit ES9 in the Engineering Science laboratory to investigate energy transfer in a flywheel system. The apparatus (Figure 1) comprised a flywheel mounted on a horizontal shaft with an attached pulley, a cord, a mass hanger with slotted masses, a vertical measuring scale, and a stopwatch. Prior to testing, the apparatus was inspected to ensure that all components were securely assembled and that the flywheel was able to rotate freely without mechanical interference.
The flywheel brake was fully disengaged to allow unrestricted rotation, as braking would significantly affect the accuracy of the results. A cord was wound evenly around the pulley, ensuring correct alignment and preventing overlap, as uneven winding can introduce additional frictional losses (Romero Piedrahita and Rodríguez, 2021). A mass hanger was attached to the free end of the cord, and known masses were added incrementally throughout the experiment. The initial vertical height of the mass above the lowest point of travel was measured using the vertical scale and recorded as h1. This height was maintained at 0.28 m for all trials to ensure consistent experimental conditions. Measurements were taken at eye level to minimise parallax error, in accordance with recommended laboratory practice. The mass was raised to the initial height and released from rest without any additional force to ensure that motion was caused solely by gravitational acceleration.
As the mass descended, it caused the flywheel to accelerate, converting gravitational potential energy into kinetic energy. The total time taken for the mass to fall to the lowest point and rise back to its maximum height was measured using a stopwatch and recorded as the total time. The final height reached by the mass after rising was recorded as h2, allowing energy losses within the system to be identified. Similar experimental approaches are commonly used to analyse rotational inertia and energy losses in flywheel systems (Amiryar and Pullen, 2017).
The procedure was initially carried out using a mass of 0.1 kg and then repeated with masses of 0.2 kg, 0.3 kg, and 0.4 kg. Each test was repeated five times to improve the reliability of the data. Throughout the experiment, care was taken to ensure consistent conditions, including checking cord alignment and confirming that the flywheel brake remained fully disengaged.
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[bookmark: _Toc223120422]Figure 1- Image of the apparatus used in the experiment.
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The results obtained from the flywheel experiment are presented in Table 1. The experiment was carried out using four different masses: 0.1 kg, 0.2 kg, 0.3 kg, and 0.4 kg. For all trials, the initial height of the mass, ℎ1, was kept constant at 0.28 m. The final height reached by the mass after rising, ℎ, and the total time taken for the mass to fall and rise, 𝑡𝑡, were measured and recorded.
As the mass increased, the total time taken for the mass to fall and rise decreased. The recorded time reduced from 4.26 s for the 0.1 kg mass to 2.43 s for the 0.4 kg mass. The final height ℎ2 varied between 0.2408 m and 0.2533 m and was consistently lower than the initial height, indicating energy losses within the system.
The calculated potential energy at the initial height increased proportionally with mass, ranging from 0.27468 J for the 0.1 kg mass to 1.09872 J for the 0.4 kg mass. Adjusted potential energy losses were also recorded and showed an increasing trend as mass increased. These values, along with the measured times and heights, were used for further calculations and graphical analysis in the following section.
[bookmark: _Toc223119801]Table 1- Raw experimental data showing mass, initial height, final height, and total time for the flywheel experiment.
	Mass m (kg)
	h2 (m)
	Falling Time tf (s)
	h1


	0
	0
	0
	0.28

	0.1
	0.25
	5.31
	

	0.2
	0.25
	4.08
	

	0.3
	0.25
	3.31
	

	0.4
	0.24
	3.02
	

	0.5
	0.21
	2.18
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The experimental data obtained were analysed to investigate the relationship between gravitational potential energy, kinetic energy, and the moment of inertia of the flywheel. For each mass used, the gravitational potential energy was calculated using. , where the initial height was maintained at 0.28 m. The potential energy loss was calculated from the difference between the initial and final heights () and adjusted to account for the total distance travelled by the mass during both the downward and upward motion, in line with established flywheel energy analysis methods (Amiryar and Pullen, 2017).
The acceleration of the mass was calculated using the adjusted total time. , and the maximum linear velocity was determined from the acceleration–time relationship. This linear velocity was converted into angular velocity using the circumference of the pulley. 
To determine the total moment of inertia of the flywheel, a graph of against was produced. The data showed a strong linear relationship, confirming that the governing equation for rotational motion was valid for this system. A linear trendline was applied, and the gradient of the graph was calculated. The gradient represents the total moment of inertia of the flywheel and associated rotating components, as described in rotational dynamics theory (Amiryar and Pullen, 2017).
Minor variations in calculated values were observed and are attributed to friction within the bearings and air resistance acting on the rotating components, which are common sources of energy loss in flywheel systems (Kondoh et al., 2018).
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[bookmark: _Toc223120423]Figure 2- Graph showing acceleration v torque

Conclusion
The aim of this experiment was to investigate the conversion of gravitational potential energy into kinetic energy in a flywheel system and to determine the total moment of inertia of the flywheel. This aim was achieved through experimental measurement, calculation, and graphical analysis.
The results showed that increasing the suspended mass reduced the total time taken for the mass to fall and rise, indicating increased acceleration of the flywheel. In all trials, the final height reached by the mass was lower than the initial height, demonstrating that energy losses occurred within the system. These findings are consistent with established studies of flywheel energy storage, which identify friction and air resistance as unavoidable sources of loss (Olabi et al., 2021).
The graphical method used produced a linear relationship, allowing the total moment of inertia of the flywheel to be determined with reasonable accuracy. Overall, the results aligned well with theoretical principles of energy conservation and rotational motion, confirming the validity of the experimental approach (Amiryar and Pullen, 2017).


4











Evaluation
Several factors may have affected the accuracy of the results. The use of a manual stopwatch introduced human reaction time error when recording the total time taken for the mass to fall and rise. In addition, friction within the flywheel bearings and air resistance acting on the rotating components reduced the amount of recoverable energy, resulting in a lower final height of the mass (Kondoh et al., 2018).
Steps were taken to minimise these errors by repeating each test to improve reliability and ensuring that the cord was correctly aligned on the pulley to reduce additional friction. Height measurements were taken at eye level to minimise parallax error, and the flywheel brake was fully disengaged before each trial. Despite these measures, mechanical losses could not be completely eliminated, which is consistent with the behaviour of practical flywheel systems (DeTeresa, 2013).















Further Work 
If unlimited time and resources were available, the accuracy of the experiment could be improved by replacing the manual stopwatch with electronic timing devices such as light gates or digital sensors. These methods are commonly used in modern experimental setups to reduce human error and improve data precision.
Further improvements could include the use of low-friction or magnetic bearings to reduce mechanical losses and increase energy efficiency. Advanced bearing materials and precision flywheel designs have been shown to significantly reduce energy losses in high-performance systems (DeTeresa, 2013; Flückiger et al., 2024). These enhancements would allow more accurate determination of acceleration, angular velocity, and moment of inertia.
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