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1. [bookmark: _Toc225713930]Introduction

In this experiment, the aim was to investigate the transfer of energy within a flywheel. The flywheel is a rotating device which stores kinetic energy. (energy storage, 2024). It also converts gravitational potential energy into rotational kinetic energy; it does this when a mass is attached to a flywheel with string and when the mass falls this happens. Once the mass is dropped some of the energy is used to raise the mass again, showing that the energy transfer happens within the system. 

The aim of this experiment was to analyse the relationship between the torque and angular acceleration, to then determine the moment of inertia of the flywheel. According to the rotational motion theory torque is proportional to angular acceleration:  

Where ‘I’ is the moment of inertia, rearranging and plotting the right variables, helps the gradient of the graph to get the correct moment of inertia.

Flywheels have many real-life uses such as being used in internal combustion engines, energy storage systems and industrial equipment (UN Climate Technology Centre and Network, n.d.). This is why this experiment is important and flywheels must have rotational subtility to store energy efficiently.

























2. [bookmark: _Toc225713931]Experimental Procedure

Firstly, the flywheel had to be set up. According to the worksheet which is experiment is based of (Engineering science. n.d.). The pulley block, bearing block and flywheel were all attached to the work panel. Following this, the plastic guide was fitted to the bottom of the weight hanger – which was attached to string connecting it to the bearing block. From this, the weight hanger was able to sit at the full length of the string in order to measure the alignment alongside the magnetic ruler. 90 grams of weights were added to the weight hanger to give it a total mass of 100 grams. Starting with 100g the mass went up in hundreds until 500g thought the experiment. For each mass, the hight of the fall was measured and the time for the mass to fall and rise again was recorded on a stopwatch. This was repeated 3 times for each weight so an average could be taken.


The data and results where then put into excel to create a table. Using the values within the table thing like potential, acceleration, velocity and adjusted energy loss was calculated. 

Finally, a graph was created plotting against . A trendline was added to the graph to find the gradient, which was used to estimate the moment of inertria of the flywheel.
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[bookmark: _Toc229176572]Figure 1: shows the fly wheel

3. [bookmark: _Toc225713932]Results

The results were collected and recorded into excel. It was noticed as the mass increased the potential energy, acceleration, velocity, and energy loss all increased. After plotting the graph, it was clear that there was a positive linear relationship between  and . When the trendline was added to the graph it gave the equation, y=0.0004x+0.0001. The R2 value is about 0.996, which shows that the data fits a straight line with minimal scatter. This shows that the relationship between these variables is linear, as was expected from the theory.


	Mass (kg) m
	Number of attempts
	Time to rise and fall (seconds)
	Hight (meters)

	0.1
	1
	5.63
	0.25

	
	2
	4.88
	0.245

	
	3
	4.39
	0.247

	
	
	
	

	0.2
	1
	3.28
	0.255

	
	2
	3.18
	0.255

	
	3
	3.26
	0.256

	
	
	
	

	0.3
	1
	2.84
	0.26

	
	2
	2.83
	0.255

	
	3
	2.51
	0.257

	
	
	
	

	0.4
	1
	2.51
	0.245

	
	2
	2.26
	0.25

	
	3
	2.13
	0.25

	
	
	
	

	0.5
	1
	2.14
	0.235

	
	2
	2.10
	0.23

	
	3
	2.01
	0.242


Figure 2: Initial results









4. [bookmark: _Toc225713933]Analysis

By analysing we can determine the moment of inertia of the flywheel by using this equation. 

From this equation the gradient of the graph shows the moment of inertia. The graph shows that the gradient is approximately 0.000400 kgm2. This value represents the experimental moment of inertia of the flywheel. With the R2 value being high, this shows that the data is reliable and follows the expected trend. This supports the theory that the torque acting on the flywheel is proportional to the angular acceleration. But even though the graph is very close to a straight line, there are still small deviations. This might be because of experimental errors such as the stopwatch timing being inaccurate or there being friction.
​


Table 1: results and calculations
	Mass (Kg) m
	PE (J) mgh1
	Time to fall and rise (seconds) tt
	H2 (m)
	mg
	PE loss adjusted (J)
	Falling time (seconds) tf

	0
	0
	0
	0
	0
	0
	0

	0.1
	0.27468
	4.97
	0.247
	0.981
	0.017200076
	2.640607211

	0.2
	0.54936
	3.24
	0.255
	1.962
	0.025671028
	1.695700935

	0.3
	0.82404
	2.72
	0.257
	2.943
	0.035294078
	1.418249534

	0.4
	1.09872
	2.3
	0.248
	3.924
	0.066589091
	1.21969697

	0.5
	1.3734
	2.08
	0.236
	4.905
	0.117111628
	1.128682171


	Acceleration (m.s-2) a
	Velocity (m.s-2) v
	Velocity (rad.s-1) 𝜔
	
	
	KE

	0
	0
	0
	0
	0
	

	0.080311996
	0.212072435
	32.65907856
	0.006324297
	12.35569163
	0.000322501

	0.1947554
	0.330246914
	50.85790576
	0.012499818
	29.96236921
	0.003792967

	0.278408652
	0.394852941
	60.80721075
	0.018586603
	42.83210032
	0.011626707

	0.376429922
	0.459130435
	70.70592162
	0.024527282
	57.91229564
	0.028339897

	0.439586855
	0.496153846
	76.40751363
	0.030453843
	67.62874699
	0.048309151






Table 2: The values
	H1 (m)
	0.28

	g (m/s2)
	9.81

	c (m)
	0.0408

	r (m)
	0.0065

	I (kgm2)
	0.0005




Graph 1: shows the relationship between and 
















5. [bookmark: _Toc225713934]Conclusion

In conclusion, the experiment was successful though investigating the transfer of energy within the flywheel and showing the relationship between the torque and angular acceleration. In the results it showed a very consistent linear relationship between  and which is also consistent with the theoretical equation . This confirms that the torque acting on the flywheel is directly proportional to its angular acceleration.


From the graph in excel the gradient was calculated to be approximately 0.000400 kgm2 which shows that the moment of inertia of the flywheel. The value was 14.8% lower than the theoretical maximum which is 0.0004696 kgm2.  This inaccuracy could have been caused by things such as aerodynamic drag. Overall the experiment and method showed to be fairly accurate and was effective in determining the rotational properties of the system.

With the R2 value being quite hight at about 0.996, this shows that the data was very consistent and followed the strong linear tend. This also proves that the results are reliable and the experimental method was appropriate (Fernando, J., 2025).

Although the experimental and expected values weren’t quite the same, this small inconsistency were mostly unavoidable experimental errors such a friction and timing inaccuracies.

Overall, this experiment achieved its aim and demonstrated how energy is transferred 
and stored in a rotating system.























6. [bookmark: _Toc225713935]Evaluation

There were a few errors throughout this experiment which may have an effect of the validity of this experiment. One of the biggest errors was the use of a stopwatch to measure time. This is because the human reaction time isn’t perfect therefore starting and stopping the timer isn’t 100% accurate leading to inaccuracies in the recorded time. Where using this to calculate accelerations a small error can significantly affect the results.

Friction in the flywheel is another important factor that needs to be considered within the experiment. Friction in the bearings and between the moving parts would reduce the amount of energy transferred through the system. This means that not all the gravitational potential energy was converted into rotational kinetic energy, which might explain why the calculated moment of inertia differs slightly from the theoretical value.

Another one is air resistance. Air resistance could influence the falling mass although this is probably a minor effect. But this force opposes motion and does contributes to energy loss and slightly reduces the accuracy of the results.

There could also be measurement errors when recording the hight of the mass. If the ruler wasn’t lined up properly or if the ruler wasn’t read at eye level it could lead to inaccurate hight readings. Similarly, if the weights were not exactly 10g each this could affect the calculated potential energy.

Another issue is that the string may have not been perfectly aligned or could slip on the pully which would affect the motion of the system.

Although this experiment was fairly accurate there are several changers that can improve this experiment. Using electronic timing equipment such as light gates would remove human reaction time errors and provide a more accurate reading. Friction could also be reduced by improving the condition of the bearing or maybe lubrication would also help to lessen the energy loss.

By taking a larger number of readings, it improves reliability as it reduces the effect of outlier results. Also using more precise measuring tools would help reduce uncertainty in both hight and mass measurements.

Overall, while there were multiple errors, the experiment produced consistent results and showed the expected relationship between torque and angular acceleration.







7. [bookmark: _Toc225713936]Further work 

If more time and better resources were available, the experiment could be made long and be improved in many ways.

One possible improvement would be to use digital sensors to measure motion more accurately. For example, light gates or motion sensors could be used to record time and velocity as this would be better as this would remove manual time there some removing human error.

Through further testing, the experiment would be able to be repeated using a broader range of masses, allowing a more in-depth investigation into whether the linear relationship remains consistent throughout a larger range of values; allowing a more detailed understanding of the system. 

Another method would be to test a variety of flywheels with a varied radii and masses. Allowing a comparison of their moments of inertia and help to show the difference in how physical properties affect rotational motion.

Furthermore, a more thorough investigation into the effect of friction would help the experiments' reliability massively. For example, an experiment could be carried out before and after lubrication the bearings to observe how friction would affect the results.

A more in-depth study could also include analysis of the energy losses more closely to determine how much energy is lost to friction and air resistance. Through carrying out these proposed improvements, the accuracy of the experiment would increase, and a deeper understanding of rotational dynamics could be built.
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Figure 1: Graph of (mg-ma)r plotted against a/r for the flywheel experiment

relationship between (mg-ma)r and a/r	
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