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[bookmark: _Toc27162618]1.0 Aim and objectives of report.
Based on the group project undertaken the aim of this experiment was to prove the theory for energy stored in a flywheel. By thoroughly investigating the dispersal of energy in a flywheel system the aim is to prove the theories:
 1.“the larger the mass or speed of the moving object, the more kinetic energy it can store.” 
2.“for a flywheel, its kinetic energy is equal to half of the product of its moment of inertia and its angular velocity speed” (TecQuipment Ltd, 2012) 
 

This report will further discuss a Flywheel Energy Storage System or (FESS) in consideration of its components and applications. Along with the main applications of a flywheel explained, a brief history revealing its origin, early applications and operation back then and now.  

















[bookmark: _Toc27162619]2.0 Introduction

Inertia is a measure of how difficult it is to change an objects velocity.
A flywheel’s mass is accelerated around a central axis which gives it “inertia”. The larger the mass being accelerated, the greater inertia it has.
In essence, the greater the inertia, the more force will be required to oppose and stop the flywheel rotating.
 
As an electrical motor powers the flywheel, its rotational velocity increases simultaneously it begins to store energy. Once the external force is applied and rotational velocity decreases it then releases the energy mechanically using torque. As the flywheel rotates it produces and stores kinetic energy which can then be released again as mechanical energy once a mechanical force is applied. (Breeze, 2019)


 2.1 A brief history of Mechanical Energy storage systems
The word “flywheel” originally didn’t appear until the early stages of the industrial revolution; around 1978.
One of the earliest mechanical energy storage systems (MESS) is the flywheel and can date as far back to approximately 2500+years ago. A prime example of a rotary object using the “flywheel effect” to maintain its energy under its own inertia would be a potter’s wheel. (Genta, 1985)

From the middle ages to the 20th century flywheel applications evolved from lathes and hand mills operated by people and animals to mechanical applications in steam engines. This was due to the replacement of wooden flywheels: In their place arrived iron flywheels in one complete piece with greater amount of inertia for the same amount of space used; thanks to developments in iron casting and iron production in factories. Later in the mid 19th Century the production of much larger industrial flywheels was made possible owing to further growth of technology in cast iron and cast steel. 
Although we have witnessed through the years the evolution of the flywheel along with many major developments proving significant during its early stages. Flywheels have not been significantly utilized and the developments of FESS has suffered due to the success of the electric grid.













[bookmark: _Toc27162620]3.0 Structure, components and applications of a flywheel.
To be able to convert and use renewable energy as electricity there needs to be a process for storing it. A flywheel is a perfect device to store rotational energy and convert it to electric energy when desired.
A flywheel accumulates energy that is based on the rotating mass principle. It’s a mechanical
storage device which copys the actions of the storage of electrical energy by changing its form to mechanical energy. (Mustafa E. Amiryar, Keith R. Pullen, 2017) 


                        3.1 Modern flywheel components description…
[image: ]
[bookmark: _Hlk534636427]Figure 1. Structure and components of a flywheel. (Mustafa E. Amiryar, Keith R. Pullen, 2017)



Inertia.
The moment of inertia is simply a measure of how resistant an object is to changes in its rotational motion. ( Raymond A. Serway, John W. Jewett, 2009)
A flywheel is intended to have a high moment of inertia so that, once spinning, it is strenuous to reduce its speed.
The moment of inertia of the cross-section of a body is its resistance to changes in its rotation. It depends on the distance each part of the body's mass is from its centre. (HarperCollins, 2018)
Angular velocity.
The angular velocity is the velocity of the flywheel in terms of the angle as it passes through in each second with the units of radians.
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Figure 2 Experimental setup
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 4.0 Experimental procedure.
· Fix the bearing block and flywheel to the work panel.
· Make sure everything fits and is placed correctly in the work panel.

· Read the guidance notes carefully and thoroughly. 

· Fit the plastic guide to the bottom of the weight hanger.

· Use the length of chord provided by your lecturer to measure 290mm vertically in length from the top of the chord to the bottom of the weight hanger.

· With the weight hanger being allowed to fall to the bottom of its travel. 

· Take a steel rule and measure behind the weight so the base of the plastic guide is level with the 0mm point.

· Add 90g to the weight hanger to achieve a total weight of 100g.

· Raise the hanger to the 280mm point on the steel rule by turning the flywheel.

· Use a stopwatch measure how much time elapsed during the course of the weight hanger to fall from its position at 280mm and rise again to its maximum height. This was repeated in order to collect substantial information for an average value.  

· Calculate PE (mgh’) the mg and PE loss (adjusted) Values.

· Calculate the falling time, acceleration, velocity, (mg-ma)r and a/r values.) 

· Add the nominal I values for the flywheel and the pulley in the bearing block to find the total nominal I value for the flywheel. Use this to to calculate the KE value for the flywheel for each line of results.


· Use the chart paper to create a chart of (mg-ma)r against a/r. These results if accurate should give a near perfect straight line with minimal scatter.
Following this we used the chart to find an average value I for the flywheel.
 (TecQuipment Ltd, 2012)
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5.0 Calculations.
The following calculations were calculated using values from the recorded data produced by the completion of the experiment. From these, a graph was produced using Excel to aid in visually representing the results and the gradient of the line of best fit was calculated to give our actual calculated “total inertia”. (Figure 4)

Included in this was the “Potential Energy”, weight (mg), and adjusted values for “Potential Energy Loss” to compensate for the height lost due to other factors on return of the hanger to its maximum height. 
As well as this the “acceleration” and “velocity” of the mass and flywheel were also calculated, as was “torque” due to the turning flywheel and the forces involved. 
“nominal value for Inertia” for comparison with the actual calculated “total inertia” based on the results of conducing the experiment. (Table 2)












[bookmark: _Toc27162623]6.0 Results
Figure 3 Time taken to fall and rise
Table 1 Actual results taken from experiment.
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Figure 4 - Graph displaying Torque in chord ((mg-ma) r) against Angular Acceleration (a/r)
(axis have no units??) [image: ]
Table 2 - Excel Spreadsheet displaying obtained and calculated results from the experiment undertaken.
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From looking at the data produced in Table 2, it is clear to see a positive correlation between the mass, angular acceleration and kinetic energy produced.

The graph displays evidence that as both the mass and angular acceleration increase, so does the kinetic energy. Also noted is as the kinetic energy increases, so does the loss of gravitational potential energy.

The mass doubles from 0.1kg to 0.2kg as a result Kinetic Energy also doubles from 0.07-0.14.
again as the mass increases from 0.2-0.4kg, the Kinetic Energy again can be considered to more or less double again in value as it increases from 0.14 – 0.30.

This supports the theory that a flywheel stores kinetic energy as it rotates and the larger the mass of 
the flywheel, or the greater the acceleration, the more kinetic energy it can store. (Mustafa E. Amiryar, Keith R. Pullen, 2017)

In a perfectly conditioned environment, the height would stay constant regardless of weight; just like the way a pendulum would behave in the conditions of which a vacuum would create. 
 However, displayed also is that the maximum height in which the weight hanger returns to after it has descended through the 0mm mark is slightly less each time it is measured. 

Displayed in Table 1
Here is an increase in the torque in the cord, this is produced as a direct result of increasing the mass on the hanger therefore also increasing the angular acceleration.
Calculating the gradient of the line of best fit generates a total value for inertia in the overall system this can then be compared to the calculated nominal inertia. 



[bookmark: _Toc27162625]8.0 Conclusion 
Based on the analysis of the results obtained from the experiment and the research that was conducted.
We can see that as the mass of the flywheel is increased its resistance to change in velocity is raised accordingly; therefore the inertia possessed is increased.
This confirms the theory “the larger the mass, or speed of a moving object, the more kinetic energy it can store.” (TecQuipment Ltd, 2012)

Coinciding with the theories stated in the aims of the experiment.
 As the flywheel decreases in ‘gravitational potential energy’ during its rotation around the fixed axis, it simultaneously increases its ‘kinetic energy’ the opposite is also true. When an external and opposing force is applied to the flywheel, stored energy can then be transferred elsewhere by producing torque.
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9.0 Evaluation.
The experiment went well considering the conditions of the room it took place in.
I feel that while performing the experiment there were elements which could have been improved to give more accurate results.

1. Human error due to the operator’s reaction times from hearing said voice commands “start/stop”, till the moment the button on the stopwatch was actually pressed and the timer was started.
2. Further human error could be found when the operator has to judge when the hanger is at its maximum height; stopping the stopwatch simultaneously.
A viable solution to this could be using light gates set to a timer; which would determine when the hanger has passed the relevant heights marked on the scale and stop/start the time. 
3.The amount of air resistance or drag opposing the flywheels movement and the amount of heat generated due to friction could differ accordingly.

In regards to the results from the experiment, there is evidence that shows that the correlation coefficient (r^2) value to be close to 1.0. This reassures that the calculations and experiment had been efficiently conducted with reasonably accurate results.




[bookmark: _Toc27162627][bookmark: _Hlk25758936]10.0 Further Work
Calculated results differ to the actual results. Reasons for this consist of the timing method mainly not being accurate enough; along with friction in the nylon cord (which increases with higher mass). There's friction inside the nylon wire at particle level and so some of the energy will be wasted as heat.

As seen in figure 4. The line in the graph isn’t perfectly straight due to mainly human error the experiment.

I’d like to repeat this experiment in different conditions; further subject knowledge on the basis that it would produce a more accurate result. By minimizing human error in areas already discussed also by reducing the group of four to two. My suggestion being 1 person could be holding the stopwatch and releasing the flywheel simultaneously to reduce time delay and furthermore accurate results. Thereby eradicating inconsistencies caused by the delay time between the “start/stop” command. 
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Graph Displays (mg-ma)r against a/r, using the Line of Best Fit to calculate Moment of Ineteria.
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Figure 1. Structure and components of a flywheel.
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