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[bookmark: _Toc27128800]Introduction
The aims of this experiment are:
· to compare the theoretical inertia value of a flywheel to the actual calculated value. 
· To study the potential energy loss changes with load increase
There are many different equations that will be used in this report taken from the brief:
Kinetic energy is calculated by:  where I is the total inertia and ω is 1revs.s which need to be put into basic units of 6.28rad.s
Inertia is found by:  where m is the mass of the flywheel
Potential Energy is calculated :  and   where is the initial height and  is the measured height at the end of the loads travel upwards
Potential Energy loss from this is: 
Acceleration of the flywheel:  where tf is the mass falling time
Linear velocity of the mass: 
Converting the linear velocity of the falling mass to angular velocity will take into account the constant of circumference: 
To find the force in the string the accelerating mass must be removed from the acceleration due to gravity:   and from this the string is assumed not to stretch the torque in the string can be calculated  or 
The angular acceleration is equal to the acceleration of the mass divided by the radius of the pulley:  this can then be put into the graph to find the actual inertia, which is the gradient of the trendline.
(TecQuipment LTD, 2012)










[bookmark: _Toc27128801]Experimental Procedure
Before the experiment takes place some factors of limitation must be considered:
· The height is being measured by eye
· The reaction time of the people doing the timing
· There is an assumption the string is frictionless
· Each run is being done only twice and an average taken
There are constants that need to be taken into account for the calculations later on, these are either given in the brief or are known beforehand:
 [image: ]
[bookmark: _Toc27138202]Figure 1 - constants given in brief (TecQuipment LTD,2012)

[bookmark: _Toc27128802]Equipment
The equipment needed for this experiment are:
· 2x Base plates
· 1x Back plate
· 1x Pulley block
· 2x 300mm string
· 1x flywheel
· 1x weight hanger
· 49x 10g slotted weights
· 1x 1m magnetic steel rule
· 1x Stopwatch
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[bookmark: _Toc27077065][bookmark: _Toc27138203]Figure 2 - Experiment setup
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[bookmark: _Toc27138219]Table 1 - Blank raw data table
[bookmark: _Toc27128804]Method
Before the experiment can begin a blank table must be created to collect raw data into (see Table 1) and the equipment needs to be set up (see Figure 1). 
The string should be wound on the flywheel pulley, so the bottom of the hanger is at 280mm from the base of the stand, then 90g of weight added to make it 100g or 0.1Kg.
The hanger should then be released, and a timer started. Keeping a close eye on the base of the hanger the timer should be stopped when it has reached the highest point on the return up, and the measurement of how high it got should be recorded onto the table.
Repeat this experiment three times for each weight amount to then take an average and record results on the table.
Once the experiment has been completed and all data collected, the table must be completed in order to analyse the results (see Tables 2 & 3).
[bookmark: _Toc27128805]Results
[bookmark: _Toc27128806][image: ]Results Tables
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[bookmark: _Toc27138211]Graph 1 - Force in the string vs. Angular acceleration with gradient 
[bookmark: _Toc27128808]Analysis
The data collected from this experiment shows a gradual positive correlation between the amount of load added and the angular acceleration of the flywheel. This shows that the more load is added to the flywheel, the more energy the flywheel is storing so there is a reduction in the time taken for the mass to rise and fall.
From the graph alone it can be seen that some of the data may have an error. This is shown from a couple of the data points being off the trendline whereas the rest is lining up well. These errors could be from human reaction time with the stopwatch or from rounding errors in the data itself. As the data gathered in this experiment was taken from an average if even one number was out this could drastically change the result.
In the brief a theoretical Kinetic energy value can be calculated from the values given: I = 0.00038+0.000083 so the theoretical value for inertia should be: 0.00046Kg.m^2. However from the actual data that was collected the gradient was calculated to be 0.0007Kg.m^2. This suggests there is an error somewhere in the experiment. This could be from the numbers given in the booklet differ from real world values or that there was human error in the data collecting and this was carried through to the calculations.
The difference in inertia values may also have come from the disregard of friction in the equations used, if this had been taken into account the answer may differ and/or match correctly.
The theory and data can be backed up by research done by others in a similar experiment:
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[bookmark: _Toc27138212]Graph 2 - weight against  relaxation time (Garison, 2018)
The graph completed by a similar experiment proves the theory from this report correct as the trendline is similar but shows the same positive correlation between the load increase and the time taken to revolve. In Garison’s report they have also calculated the theoretical inertia to compare to the actual value: 
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[bookmark: _Toc27138204]Figure 3 - Theoretical calculation of inertia (Garison, 2018)
While this data backs up the experiments done by both parties it does also show a similarity in errors.
[bookmark: _Toc27128809]Conclusion
The experiment itself was a success, the data proves that the flywheel stores energy from the loads descent and uses it to pull the load back up on a revolution, this energy storage reduces the time taken for a whole revolution.
However the data from this experiment is unreliable, this is due to the reliance on human reaction and measurements. So digital equipment would have reduced the chance of errors being made. From the data collected it can be seen that some errors were made, from the 4th and 5th data points being so far from the trendline, this could have altered the gradient therefore making the inertia value incorrect.

[bookmark: _GoBack]
[bookmark: _Toc27128810]Further Work
From research into other reports on this particular subject, the method of this experiment was not the most effective and was not carried out by others. This made validating the work done very difficult. In future a different type of data point would be advisable to make it more comparable with others. 
In experiments done by others a mark was placed on the flywheel and when the load was released the number of revolutions was counted until the flywheel stopped moving (Sarman, 2014).
To make this experiment and the data more reliable, if this experiment was to be done again, trying to automate as many of the measurements would be advisable and would reduce the human error that all the attempts have Eg. Trying to make a digital simulation of the experiment or having machines do most if not all the work involved.
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