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[bookmark: _Toc27149326]Section 1.1 – Background Information

A flywheel is a mechanical storage device that stores electrical energy by converting it into mechanical energy (Musafa and Pullen, 2017). Kinetic Energy (KE) can be stored in the moving parts of a machine, like a flywheel. KE can be shown in an equation as:

Where I is the moment of Inertia and ω is the angular velocity. 
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Figure 1 – Diagram detailing the conversion of Potential Energy to Kinetic Energy and back again (TecQuipment Ltd, 2012)



Potential Energy (PE) is a form of energy stored inside an object and Kinetic Energy (KE) is the form of energy an object will store because of its motion (PocketLab, 2017). A mass suspended in the air, much like the one shown in Figure 1, has a potential energy. When released, like in Area 1, the mass falls and the force of gravity transfers the PE to KE. At the mass’s lowest point, like seen in Area 2 of Figure 1, the potential energy is at it’s minimum and the kinetic energy is at its maximum (TecQuipment Ltd, 2012). In area 3, the system will do the opposite and convert the kinetic energy into potential energy to raise the mass back up to the original height. 
The force in the flywheel should be equal to the sum of the forces acting on the mass (TecQuipment Ltd, 2012), which would give you the equation:

Where m is the mass, g is the acceleration due to gravity and a is the acceleration of the mass. 
Using this equation and the assumption that the length of string will not extend, the torque will be equal to the product of the force of the cord at the pulley’s radius (TecQuipment Ltd, 2012). This will give you the equation:

Where r is the radius of the flywheel, including the thickness of the wire.
The torque of the flywheel can be shown to be equal to angular acceleration multiplied by the inertia. Giving the equation:

Where α is the angular acceleration and τ is the torque.
Combing all of the previous equations together and using the equation for angular acceleration:

This gives you the equation:

Looking at this equation in the form of , where y is the y axis, x is the x axis, m is the gradient of the graph and c is the y intercept of the graph, you can see that in order to find the value for the moment of inertia (I), the gradient of a graph of  on the y against   on the x axis should be created (TecQuipment Ltd, 2012). 



[bookmark: _Toc27149327]Section 1.2 – Aim

The aim of this experiment is to calculate the moment of inertia (I) by finding the gradient of a graph of Torque (T) against angular acceleration (α). Another aim is to investigate whether or not the PE loss is affected by an increasing mass. 

[bookmark: _Toc27149328]Section 2 – Experimental Procedure
[bookmark: _Toc27149329]Section 2.1 – Equipment List

1 x 10g Mass Hanger
49 x 10g Masses
1 x 30cm Magnetic Ruler 
1 x Flywheel 
1 x Bearing Block 
1 x Metal Plate
2 x Metal Plate Support
1 x Length of Wire
[bookmark: _Toc27149330]Section 2.2 – Diagram 
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Figure 2 – A diagram of the flywheel system used in this experiment (TecQuipment Ltd, 2012)
[bookmark: _Toc27149331]Section 2.3 – Procedure 

1. Begin by setting up the system as shown in Figure 2. Take care to make sure that all components are tightly screwed together to avoid possible errors in results due to loose components.
2. Add 9 of the 10g masses to the mass hanger to bring the total mass to 100g. 
3. Release the mass hanger, with one person watching the 30cm ruler to measure the height of the rise (h2) and another to measure the time taken for the mass to fall and rise (tT).
4. Repeat step 3 2 more times and then calculate the average values for both h2 and tT and write the value down in the results table.
5. Now repeat steps 2, 3 and 4 respectively until you reach a mass of 500g.
6. Using this measured data, calculate the values for the gravitational force (F) using the equation where g is the acceleration due to gravity, which is 9.81m/s2.
7. Then calculate the PE Loss using the equation . 
8. After this calculate the falling time (tf) using the equation . 
9. Using the values for tf, find the value for the acceleration (a) using the equation .
10. With the acceleration, calculate the maximum linear velocity using the equation .
11. With this velocity, the angular velocity (ω) can be calculated with the equation , where c is the circumference of the pulley. 
12. Now, calculate the Torque (T) using the equation . Where r is the radius of the pulley, which will need to consider the thickness of the cord. 
13. Calculate the angular acceleration (α) using the equation  . 
14. Plot a graph of Torque against Angular Acceleration and the gradient of the graph will be the Moment of Inertia (I).
15. Finally, calculate the Rotational Kinetic Energy (K.E.) using the equation .

[bookmark: _Toc27149332]Section 2.4 – Risk Assessment 

The experiment involves a mass suspended from a string of a certain length. A possible risk could be that the string could snap, causing the hanger to fall onto researcher’s feet. To avoid this, researchers should keep their feet away from the system whilst it is in operation.

[bookmark: _Toc27149333]Section 3 – Results
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Table 1 – A table of the raw data measured for this experiment
[bookmark: _Toc27149334]Section 4 – Analysis
[bookmark: _Toc27149335]Section 4.1 – Table of Calculated Data 
[image: ]
Table 2 – A table of the calculated data for this experiment
[bookmark: _Toc27149336]Section 4.2 – Graph of Torque (T) against Angular Acceleration (α)


[bookmark: _Toc27149337]Section 4.3 – Analysis

Looking at Section 4.2, you can see that there is a proportional relationship, which is a relationship between the x and the y axis that results in the line of best fit passing straight through the origin, between Torque and angular acceleration. The gradient of the graph is 0.0007 which means that the value for the moment of Inertia is 0.0007kgm2. Using a similar experiment, Bin Sarman found the inertia to be around 0.05kgm2 (Sarman MFD). As well as this the table in section 4.1 shows that as the mass increases so does the PE Loss, for example at a mass of 0.1kg the PE Loss is 0.042J but at a mass of 0.5kg the PE Loss is 0.19J. This shows that the PE Loss is increasing along with the mass and therefore proves on of the aims mentioned in Section 1.2. 
[bookmark: _Toc27149338]Section 5 – Conclusion

Overall, this experiment can be considered a partial success. The experimental process itself worked well and it was quite easy to measure variables as well as calculating others. On top of this, one of the aims set out at the beginning of the experiment in section 1.2 has been found to be true. The table in section 4.1 shows that there is a proportional relationship between the mass and the PE Loss, for example when the mass is 0.1kg, the value for PE Loss is 0.042J but at 0.5kg the PE Loss is 0.19J, showing that the mass does affect the value for PE Loss and thus proving on of the aims mentioned in Section 4.1. However, when comparing the accepted and calculated values for Inertia, a discrepancy has been found between the two. The accepted value has been found to be around 0.05kgm2 (Sarman MFD) but the calculated value was 0.0007kgm2, which shows a gap of 0.0493kgm2. This discrepancy between the results could be down to possible errors in the results. 

[bookmark: _Toc27149339]Section 6 – Evaluation

Despite this experiment proving some of the aims set out in Section 1.2, errors have crept into the data causing a discrepancy between calculated and accepted values of Inertia. One of these errors could have been parallax. Parallax is described as the displacement between the observer’s point of view and the instrument being measured (Vanderplass and White, 1953, p.482), as shown in figure 3, causing a random error in the results. 
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[bookmark: _GoBack]Figure 3 – A visual representation of the effect parallax error has on a measurement (Gupta, 2016)
When observing the mass whilst it is in motion, the observer was not sat straight to the metal ruler and therefore a random parallax error between the observer and the ruler has been created, skewing the results. Another error could be the systematic error for human reaction time. The classified value for the human reaction time is 0.19 seconds (Bansal, Jain, Kumar, Singh, 2015) for a visual stimulus, therefore the results for the time taken for the mass to fall and rise (tT) will be plus or minus 0.19 seconds, which will offset the results from the true values. 

[bookmark: _Toc27149340]Section 7 – Further Work

In order to obtain a value for inertia closer to the accepted value of 0.05kgm2, research has been done to find if there are any better experimental processes that could be utilised in the future. Amrita Laboratories (Virtual Amrita Laboratories, 2011) have a simulator that looks to be useful to get a closer value. This simulator will measure the height and time the process itself, which will negate the effects of parallax error and the effects of human error. The experimental theory, as mentioned in section 1.1, assumes that there will be no frictional forces affecting the flywheel and therefore the height will return to the original drop height. This simulator will allow for this to happen as it assumes there are no frictional forces in play and therefore a closer result for Inertia could be found. The process will not have to change to accommodate this simulator as it is able to change masses freely so the process can stay the same. 
Pretty much all other experiments use similar procedures to this one (Sarman MFD). Therefore, if this experiment was repeated, Amrita Labs’ simulator would be used in order to negate the errors mentioned in section 6, which should give a value for inertia much closer to the accepted value. 

[bookmark: _Toc27149341]Section 8 – References 

PocketLab (2017) Energy Transfer Experiment: Gravitational Potential Energy to Kinetic Energy. Available at: https://www.thepocketlab.com/educators/lesson/potential-energy-kinetic-energy-experiment-gravity (Accessed: 3/12/19).
Gupta, V (2017) What causes the Parallax Error. Available at: https://www.quora.com/What-causes-the-parallax-error (Accessed: 4/12/19)
[bookmark: _Hlk27136006]Bansal, R, Jain, A, Kumar A, Singh, KD (2015) ‘A comparative study of visual and auditory reaction times on the basis of gender and physical activity levels of medical first year students’, 5(2) pp. 124-127. Available at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4456887/ (Accessed: 4/12/19)
Sarman M.F.B Experiment U4 Moment of Inertia of Flywheels. Available at: https://www.academia.edu/25345844/EXPERIMENT_U4_MOMENT_OF_INERTIA_OF_FLYWHEELS (Accessed: 4/12/19)
Virtual Amrita Laboratories (2011) Moment of Inertia of Flywheel. Available at: https://vlab.amrita.edu/?sub=1&brch=74&sim=571&cnt=4 (Accessed: 4/12/19)
Vanderplass, J.M amd White, W.J (1953) ‘Effect of Viewing Angle and Parallax upon Accuracy of Reading Quantitative Scales’, The Journal of Applied Psychology, 37(6), pp. 482-488.
Mustafa E.A and Pullen K.R (2017) A Review of Flywheel Energy Storage System Technologies and Their Applications. 1st Edition. London: Applied Sciences. 
[bookmark: _Hlk27138310]TecQuipment Ltd. (2012) Potential and Kinetic Energy ES3. 
Torque vs Angular Acceleration


0	8.8224533780329661	18.282852700212985	28.783372914243895	35.067425649143118	46.369160941115609	0	6.0037513447781079E-3	1.1980549473416001E-2	1.7913402494373197E-2	2.4024401266323707E-2	2.9923402950237862E-2	Angular Acceleration (rad/s^2)


Torque (Nm)



image3.png
fst Students » Hub x

< c

@ MAX00385 SEM1CW 2019202 X |

& moodle.uwtsd.acuk/pluginfile php/324439/mod resource/content/1/M4X00385_SEM1_CW_2019_2020.pdf

M4X00385_SEM1_CW_2019_2020.pdf

However, the true total momen of nerta (7 o theflywheel and its connected parts i very diffcul o ind
a5t equal to the sum of the moment of nerta of the fiywheel (13, and an adcitional amount for the metal
Shaf, the pulley and partof the bearing race that the shaftturns in. These Guidance Notes give a nominal
value and you can find an average value from experiment (ce later).

The angular velocity () s the velocity of the flywhel in terms of the angle that it passes through in a
given second, with the units of radians. It s simlar to revolutions per minute or per second, but one radian
is equal to 57.3 degrees, while one revolution is 360 degrees.

Therefore:

One revolution per second = 6.28 radians per second

maximum

}PE Loss = mgh,- mgh,
& m | pe=mgh,

T

] :

See Figure 17, Instep 1, the fiywhee has ot yetstarted to tum, s s Kinetic Energy KE = 0. The mass that
turns the fiywheel does so by giving up lts initial potential energy (mgh;) in turning the flywheel until it
reaches the lowest point of ts downwards trave (ig) at step 2. At this point, the flywheel turns at s fastest

hy = lowest point of travel
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