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1. [bookmark: _Toc27049060]Introduction
Electrical energy can be stored in a rotating flywheel as kinetic rotational energy and converted into mechanical energy. For any rotational object the theory remains that an object of heavier mass and rotating at higher angular momentum, can store more kinetic rotational energy (Amiryar.M and Pullen.K, 2017). In an experiment using the ‘Potential and Kinetic Energy Kit ES9’ provided by the university the values of potential and kinetic energy, and the true moment of inertia can be calculated and evaluated in accordance to the change of weight. The aim of this experiment is to prove the theory for energy in a flywheel. By taking note of the relationship between the change in mass and its Kinetic energy calculated using both the given nominal value for the true moment of inertia and also the calculated value from obtained results, the theory can be proved as well as the reliability and validity of the experiment. 
This report begins with a detailed description of the experimental setup and procedure carried out using the Potential and Kinetic Energy Kit ES9. Followed by the equations used to calculate nominal values for energy. Ended by a thorough conclusion and evaluation of the experiment and how valid and reliable it was in proving the theory for energy in a flywheel. 


2. [bookmark: _Toc27049061]Experimental procedure
[bookmark: _Toc27049062]2.1 Experimental Setup
[image: ]The apparatus from the ‘Potential and Kinetic Energy Kit ES9’ is set up as shown in figure 1. The Apparatus used includes: 
· Work Panel
· Bearing block with attached flywheel break
· Flywheel
· Cord already cut to appropriate length 
· Magnetic ruler
· Weight hanger 
· Plastic guide to fit onto weight hanger
· 0.1kg weights
· Stopwatch 

[image: ]Figure 1 Jenkins, Olivia. Flywheel Apparatus, 2019. JPEG file.

Firstly, the bearing block and flywheel are put together and attached to the top of the work panel. The string is already cut to an appropriate length and tied to the end of the pully block by one end and the hook of the weight hanger at the other end. It should allow the bottom of the weight hanger to travel around 290mm. This can be calculated by the magnetic ruler that can be placed vertically on the work panel as shown in figure… The bottom of the ruler and the plastic guide are aligned. Next, the weight hanger is put into position. Manually spinning the flywheel in any direction coils up the cord and the weight hanger attached. The weight hanger is brought up until the plastic guide reaches the starting height (h1) of 280mm shown in figure 2. Figure 2 Jenkins, Olivia. Flywheel Apparatus 2, 2019. JPEG file.


[bookmark: _Toc27049063]2.2 Experimental Procedure 
1. Weights are added to the weight hanger until it weighs a total of 0.1kg. The flywheel is released, allowing the weight hanger to fall until the cord is completely taught and then rise back up to its maximum height ().
2. The time taken for the weight hanger to fall and rise back () up to  is measured using a stopwatch and taken note of. 
3. The maximum height is also approximated by closely watching where the plastic guide aligns against the ruler at  before falling back down again. This is also taken note of.
4. Previous steps 1-3 are repeated 3 times for the weight 0.1kg, so an average  and  can be found using the equation:  


5. Steps 1-4 are repeated for mass 0.2kg, 0.3kg, 0.4kg and 0.5kg.
[bookmark: _Toc27049064]2.3 Experimental Calculations
After recording and calculating average values for  and  for every mass (m), the forces that took effect in the experiment are calculated. All calculations are as follows:
[bookmark: _Toc27049065]2.3.1 Potential Energy (PE):
This is the total amount of energy held in the flywheel and mass before it is released (Joules).

Where g = 9.81N
PE loss Adjusted (PE loss): This is the energy lost during the t (time to fall and rise) multiplied by the height ratio. This way PE is more easily compared to the gained KE value. (J)

Where mg = mass x gravity
[bookmark: _Toc27049066]2.3.2 Acceleration and Velocity:
Falling time (tf): The time taken for the weight hanger to fall (seconds).

Acceleration (a): The momentum of the flywheel/mass (m/). 

Linear Velocity (v): This is the rate of change of direction of the flywheel (m/s). 

Angular Velocity (): This is how fast the angular position of a flywheel changes in a given second. The value of the perimeter of the pulley and flywheel if the same as v once converted from linear into angular (rad/s).

Where c = 0.0408m the perimeter of the pulley
[bookmark: _Toc27049067]2.3.3 The true moment of Inertia ():
The true moment of Inertia calculates the moment of Inertia for the flywheel and all it’s connected rotational parts. This will give a value for how much force is required to rotate the flywheel around a given axis for each mass in the experiment, therefore presenting a relationship between m and .


Where r is the radius of the pulley = 0.0065
Due to the turning flywheel 
Where is the angular acceleration 
Therefore: 
By plotting a graph using these values, that will be shown in the Analysis section of this review, the nominal value for  can be found. 
3. [bookmark: _Toc27049068]Results

[image: ]Table 1 shows the recorded experimental values. The determined mass and recorded  and . There is a pattern between m and , as m increases so does the .Table 1 Recorded values

Presented in table 2 are the necessary calculated values from the experiment, carried on from Table 1.  There is a consistent trend in these results, that all values increase as the mass increases, that is apart from the falling time of the weight hanger (tf) which decreases.
[image: ]Table 2 Calculated values of Energy








Table 3 Calculated values to find  and KE

[image: ]Shown in table 3, the trend continues, as mass increases so do these values of force and acceleration, including the experimental nominal value for Kinetic Energy. The Kinetic Energy value shown in this table was calculated using the equation:
(J)
Where  is the gradient of the graph in figure 1. 


4. [bookmark: _Toc27049069][image: ]Analysis
Figure 3 Graph using the gradient to find the 

In order to find a nominal value from the experiment of  a graph is plotted from the (mg-ma)r and  values shown in table 3. The gradient was found using the general chart equation , where m and therefore =0.0008
The value for  can also be found using the equation: 

Inputting the values in table 3:

This gives a more exact value of  to be used as the experimental value and compared against the given nominal value in the guidance booklet. 
For the flywheel the given value of  is  and for the shaft and pulley is . (Guidance notes, 2012)Table 4 Difference in KE values

[image: ][image: ]Adding these together the given nominal value for = 0.0004696. This is exactly 0.0002788 smaller than the calculated value from the experiment. This shows that the experiment is not completely reliable, which could be due to human error. 
The KE calculated with the given value is shown in second column of Table 4. These values compared to the calculated values from the experiment in the first column, although following the same ascending pattern, are much smaller. This indicates less energy is being lost in the experiment than expected and the flywheel is running more efficiently. The higher values of KE is determined by the higher value of  as the angular acceleration in both equations stayed the same. Therefore, this could be an error in the  and  values calculated. 
However, shown by the line of best fit in the graph in figure 3 there was little room for improvement in the (mg-ma)r and  values, used to find the , there are no anomalies to account for and the results almost go up directly proportional with a few values out of place. 

5. [bookmark: _Toc27049070]Conclusion
The objective behind this experiment was to prove the theory of energy in a flywheel using the ‘Potential and Kinetic Energy Kit ES3’. The theory for energy in a flywheel states the higher mass or angular velocity, the more rotational Kinetic energy that can be stored, which is determined by the moment of Inertia. 
Potential energy theory shows a higher mass also increases frictional potential, and therefore increases amount of PE lost during the movement. In the results the more mass that was applied, the higher the PE energy that was lost, and therefore the less energy that was being transferred, this shows that there is a reduction in efficiency of energy transition as mass increases, even though the KE gained increases with mass, proving this theory. 
The calculated value of  does not compare well with the given value as it is much higher and therefore suggests that in the experiment, more energy was transferred into KE than should have and also less PE was lost during the  in the experiment than should have been. This could be due to less intricate calculations of the PE loss, for example, frictional losses were not exactly calculated. This implies there has been an error in the experiment and it is not reliable, consequently concludes that the experiment may not be valid in proving the theory of energy in a flywheel.
The experiment should prove the Law of conservation of energy, that energy is never lost or destroyed, but only transferred. (Stratford.M, 2018) The equation  suggests that, take the values for 0.5kg for example;  however, the calculated value for KE was 0.728304769. As energy cannot be lost or destroyed, this suggests that PE is being transferred into other factors that haven’t been accounted for. 
In conclusion, this experiment shows trends that does prove the theory of the energy in a flywheel, however more scientific modifications to the method should improve the validity and reliability of calculations obtained.
6. [bookmark: _Toc27049071]Evaluation
The results from this experiment have proven the theory for energy in a flywheel, however, on reflection the experiment allowed opportunity for human error, reducing the reliability of the experiment and the validity of the results. 
The values of energy obtained from the experiment were based on human recorded values. Apart from the dictated mass, these values can be considered a close estimate due to the possibility of human error. For example, the  values were recorded by one person using a stopwatch, where the values precision is based on the persons reaction time. The  was approximated by another person’s eyesight and again reaction time. The value of the research, because of this human error, is reduced. However, by calculating these values multiple times and finding an average, the results can be considered reasonably validated. 
In calculating the  value, the (Mg-ma)r value is assuming the cord does not stretch however the cord was not beforehand tested for its elasticity, and reusing the cord multiple times in the experiment it could have slightly increased the elasticity of the cord, altering the values for (mg-ma)r and therefore modifying the results for  and therefore, the values for KE, reducing the validity of the experiment.  This could be one of the reasons to explain why the calculated value for  was so far from the given nominal value in the guidance booklet. 
Taking this into consideration, the results from the experiment still support the stated theory of energy in a flywheel and therefore proves it, making this a repeatable and reliable experiment to prove the theory for energy in a flywheel. 
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