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[bookmark: _Toc225701373]Introduction
The aim of this experiment is to investigate the relationship between potential energy and kinetic energy in a flywheel system in order to determine the total moment of inertia. One of the main objectives is to compare the inertia experimental values with the nominal values that were given to validate the results that were calculated from the experiment and work out the accuracy of them.
Flywheels are high power density devices capable of storing and releasing energy at rapid rates. As a result, flywheel storage systems are rising as a promising technology for enhancing energy efficiency and reliability across various industries. They play a vital role in improving power stability, reducing energy waste and supporting sustainable practices (sciencedirect, 2025).
In motorsports such as Formula 1, kinetic energy recovery systems (KERS) are used to convert energy that would otherwise be lost from the braking process into more useful types of energy which can be used to give the cars a power boost. When a car is in motion, it possesses kinetic energy, however when it brakes most of this energy is converted into heat energy. Unlike most cars where all the heat energy gets wasted, KERS equipped cars store a portion up in the car which later gets converted back into kinetic energy providing a temporary power boost of  approximately an additional 85bhp for just under 7 seconds (Racecar engineering, 2009).


[bookmark: _Toc225701374] Experimental Procedure 
The experiment was conducted using the TecQuipment Potential and Kinetic energy ES9 kit. The equipment included a flywheel assembly, pulley system, mass hanger with slotted masses, stopwatch and a ruler. 
Initially the flywheel and bearing block were securely fixed onto the work panel. A cord of a specific length was attached to the pulley, allowing the bottom of the weight hanger to travel through a vertical drop of approximately 290mm. The weight hanger was then allowed to fall to the bottom of its travels before putting a magnetic ruler behind the weight hanger ensuring that the 0mm mark aligned with the guide.
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[bookmark: _Toc225701386]Figure 1- The experiment setup before adding mass to the hanger. The pulley block and flywheel were first fixed to the work panel before adding the weight hanger and metal ruler.

A mass of 100g was first applied by adding slotted weights to the hanger. The flywheel was then rotated slowly, to raise the mass until the bottom of the weight hanger reached 280mm on the ruler. The mass was released, and the total time taken for the mass to fall from the 280mm position to the 0mm position and back up to its maximum height (), was recorded using a stopwatch. This procedure was repeated a second time to obtain multiple readings for both time and height (, allowing an average value to be calculated.
.[image: A machine on a table

AI-generated content may be incorrect.]
[bookmark: _Toc225701387]Figure 2- The slotted masses were added to the hanger (100g) before carrying out the first test.
The experiment was then repeated for increasing masses from 200g to 500g. The data was then recorded in a table which was then calculated into averages for both time and height for all masses. The data was then entered into an Excel spreadsheet, where further calculations were done, including potential energy, energy losses, acceleration, velocity, and torque values using equations and data from the excel cells. (TecQuipment, n.d.)
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[bookmark: _Toc225701388]Figure 3- The final number of masses of 500g on the hanger.
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[bookmark: _Toc225701389]Figure 4- The flywheel being turned to lift the weight hanger back to its 280mm starting position.
[bookmark: _Toc225701375]Results
[bookmark: _Toc225701381]Table 1- Results of findings from 3 trials for each mass
	Mass (g)
	T1(s)
	T2 (s)
	T3 (s)
	H1 (mm)
	H2 (mm)
	H3 (mm)

	0.1
	4.77
	4.19
	4.19
	24.7
	24.6
	24.8

	0.2
	2.5
	2.99
	2.59
	24.5
	24.9
	24.6

	0.3
	2.59
	2.32
	2.27
	24.6
	24.6
	24.6

	0.4
	2.17
	2.1
	2.06
	24.6
	24
	24.1

	0.5
	1.87
	1.92
	1.89
	22.3
	22.2
	22.4






[bookmark: _Toc225701376]Analysis

The analysis was conducted to determine how the potential energy of the falling mass was converted into kinetic energy within the flywheel system. In addition, the total moment of inertia () of the system was determined using the relationship between torque and angular acceleration.
 Initially average values for time and height were calculated from the raw experimental data using a calculator. These values were then used in an Excel spreadsheet along with equations from the booklet to calculate different factors, improving both accuracy and efficiency of results.
The initial potential energy of the falling mass was calculated using the equation PE=mgh1, where mass, gravity and height are considered.   PE= 0.1x9.81x0.28=0.275 J
However, due to frictional forces and other resistive effects, not all the energy was recovered, the energy loss was therefore calculated based on the differences between the initial and rebound height.
 mg (-)      PE loss = 0.1x 9.81(0.28 – 0.236)
Mg was calculated using mass x gravity (0.1 x 9.81). Which was then used to work out the PE loss (adjusted) using the calculations PE loss x / ( + 
In the Excel table the PE loss and PE loss (adjusted) were worked out in the same column using the equation 
mg () x / (+)          0.1x9.81x(0.28-0.236) x (0.28/0.28+0.236))=0.023 J
In a flywheel system the potential energy that is lost by the weight is converted into kinetic energy of the weight and the flywheel, and heat due to friction in the bearings (Gibbs, 2013). PE loss adjusted was calculated to account for both downwards and upwards motion of the mass. The adjustment also accounts for the energy lost due to friction in the bearings and the air gap between the flywheel rotor and containment. The bearings power loss is usually dictated by the weight of the rotor and type of lubricant used, with the air gaps usually depending on the enclosure mechanism (Amiryar & Pullen , 2020).
Acceleration was determined using the initial height and estimated falling time,  (using h1= 0.28m). Although measuring the falling time ( ) accurately is difficult to measure. So, to ensure for better results the total time taken to fall from step 1 and rise to step 3 was taken and multiplied by the ratio (/+). So, for this experiment =x. (Ltd, n.d.)
 The maximum linear velocity of the falling mass is simply a product of its maximum acceleration and time so is calculated using v=   V= 0.346x1.272=0.440 m.s-1
The linear velocity was calculated using acceleration and time, which was then converted into angular velocity using the circumference of the pulley (c=0.0408m).
=              = rad. s-1
While assuming the cord does not stretch from simple moment theory the torque was equal to the product of force in the cord st the radius of the pulley so = Fr and from that =(mg-ma) r was used (Ltd, n.d.). With the radius being 0.0065. 
 = ((0.5x9.81) -(0.5x0.524)) x0.0065=0.03018 N.m.
Kinetic energy was calculated using    KE= 0.5 X 4.696x x =0.309 J
The data that were collected on the Excel spreadsheet was then used to produce a graph to determine the total moment of inertia. The total moment of inertia and its connected parts is difficult to find, as it’s equal to the moment of inertia of the flywheel ()  and also an additional amount for the pulley, metal shaft and part of the bearing that the shaft turns in. So, a nominal value was given to use when carrying out the experiment. (Ltd, n.d.)




[bookmark: _Toc225701382]Table 2- Averages of the readings from experiment
	Time to fall and rise (seconds)
	H2 (mm)

	4.38
	23.6

	2.94
	24.6

	2.39
	24.6

	2.18
	24.2

	1.89
	23.2
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[bookmark: _Toc225701390]Figure 5-Excel Table of calculations

The Excel table was used to calculate potential energy, falling time, acceleration, velocity and torque to provide accurate readings and was more efficient than working all the calculations out using a calculator.
[image: ]
[bookmark: _Toc225701391]   Figure 6-Graph of Torque vs Acceleration with line of best fit
 
A graph of torque (mg-ma) r against acceleration (a/r) was plotted, with the gradient representing the total moment of inertia. A line of best fit was applied. Following the general chart equation y=mx + c, the gradient of the graph represents the total moment of inertia (  of the system. 
=     =     =  = 3.650x kg.   (0.000365)
Looking at the value of inertia created off the graph and the manually calculated inertia the calculations were pretty accurate to each other. The total inertia for the flywheel and pulley system of the nominal value was 4.696x kg.(0.0004696).


[bookmark: _Toc225701377]Conclusion
The results obtained from the experiment showed that the calculated moment of inertia was reasonably close to the nominal value provided for the flywheel system. With the inertia of the flywheels nominal value being 3.862x and the results being 3.650 kg.x.

-    = 3.862-3.650= 0.212                                                                         
 = 3.862+ 3.650 /2= 3.756
 x 100 =    x100= 5.7 %

Using the equation  x 100 it showed that the results recorded were about 5.7% different to the nominal values. The small percentage difference between the experimental and nominal values suggest that the results were relatively accurate, although minor discrepancies were present. These differences could be due to friction in the bearing and the air resistance within the system (Amiryar & Pullen , 2020). 

 The data also demonstrates that as the mass increased, the potential energy loss also increased. Which is down to it experiencing friction loss from the air resistance causing more heat energy to be created, as a heavier mass is put on it increases the load on the bearings therefore increasing the friction (Herfatmanesh, 2023). The data highlights that a higher mass stores more kinetic energy however the efficiency of the storage may decrease due to frictional losses that it experiences.
[bookmark: _Toc225701378]Evaluation
Several steps were taken to minimise experimental error and improve reliability of the results. The same individuals were assigned to each task throughout the experiment to ensure consistency and improve reliability in data collection.
Additionally, video recordings were used to improve the accuracy of height measurements, allowing the readings to be reviewed and recorded more precisely and get them as close to the decimal place as we could. 
However, the use of a digital phone stopwatch introduced potential human error, as the reaction times when starting and stopping the timer may have been slightly too early or delayed which could have slightly affected the recorded results.
Other sources of error may have included the friction in the bearings, a slight difference in cord tension or measurement readings of the ruler. These factors may have contributed to the discrepancies between the experimental and nominal values.



[bookmark: _Toc225701379]Further Work
If unlimited time and money resources were available, several improvement factors could be made to enhance the accuracy and provide more aligned readings. For example, high speed cameras could be used to obtain more precise measurements of height readings.
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