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[bookmark: _Toc27163156]Introduction
In this report my goal to find the kinetic energy in a flywheel. I plan to achieve this goal completing the given experiment and then using the data I have collected I will calculate the kinetic energy. To achieve my goal for my project I have set some aims and objectives that will help me reach my goal.
[bookmark: _Toc27163157][bookmark: _Toc27163158]Aims
1. Valid experimental procedure
2. Valid results
3. Descriptive experimental procedure
Objectives
1. I will validate my experimental procedure by researching other experiments done by different people, by doing this I will be able to see how my experiment compares to other and how useful the experiment is to reaching my goal of finding kinetic energy.
2. To validate my results, I will look for experiments that have used the same equations as me to calculate the kinetic energy. I will also look for experiments that have got similar graphs to me as this would validate my inertia value that I will use to calculate the kinetic energy
3. To achieve this, I will include relevant images that will back up the text to help give a description to the user that is easy to follow and would allow the reader to do the experiment of the description I gave.



[bookmark: _Toc27163159]Experimental Procedure
Before setting up the experiment, you should get all the components needed in a box apart from a metal stand with holes cut into it.
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The components in the box are the parts for the flywheel, magnetic metal ruler, 10g weight stand, 50 10g weights, stopwatch and string to connect the weight stand to the fly wheel.
[image: ]
We setup the experiment on a metal stand with holes cut into it where we place the components for our test. First, I attach the bearing block with the string attached to the metal stand there are 3 washers on the back of the block that have to be unscrewed from the block and placed on the back on the bearing block after it has been inserted into holes of the metal stand.
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Secondly attach the fly wheel onto the pulley block, when the flywheel has been attached to the block and tightened to the block you need to fully unscrew the brake by at least 1 turn, this is done to help keep the results accurate.
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Finally attach a magnetic ruler on the metal stand then attach the weight hanger on the end of the pulley blocks string, the base of the hanger must be 280mm above the bottom of the ruler.
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When starting the test add nine 10g weights should be placed on the, this will make the total mass including the hanger 100g.
[image: ][image: ]
 Next turn the flywheel till the bottom of the weight hanger is at 280mm. When doing the test, you should be record how long it takes the hanger to fall from 280mm to 0mm on the ruler and you also want to record the maximum height of the hanger when it bounces back up.  The test should be completed 3 times or more as this will allow you to find trends in the data, this is a good way to spot any mistakes that may have happened during the test. The weight of hanger should then be increased by 100g by adding an additional 10 weights, once the weight has been increased to 200g the test should be repeated 3 times again. This experiment should be repeated until the total mass is equal to 500g.
[image: ][image: ]
I know that I set up my experiment correctly as when I compare my experimental procedure to other experiments the experiments are similar.
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[bookmark: _Toc26655775]                           Figure 1- Example of alternative experimental procedure Ranjan (2019)
This experiment is similar but has some differences to mine as the user times how long it takes the platform to fall one metre while increasing the mass each time by 100g each time from 200g to 500g, 3 repeats are done each weight class. Whereas in my experiment the bounce height of hanger is measured and the time take for the complete bounce. Both experiments do multiple tests at each weight class to help make sure the data is correct and to stop any errors from effecting our data.















[bookmark: _Toc27163160] Results
Too find the energy in a flywheel I’m going to use the potential and kinetic energy. 
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To find the different results for these columns I used different equations. With the data I gather I was able to fill in the Mass column and the h2 column. I was also given the data of h1 is equal to 0.28m, r is equal to 0.0065m and the inertia is equal to 3.862*10-4kg.m2.  To calculate the PE, I used the equation PE=mgh where m is equal to the mass, g is the gravitational constant and h is equal to the value of h1. To calculate mg, you multiple the mass by the gravitational constant. To calculate PE loss adjusted you have to use the equation mg(h1-h2)*h1/(h1+h2) this will give the answer in Joules. To calculate the falling time, I used the equation Tt*(h1/h1+h2) where Tt is equal to the time to rise and fall. Acceleration is calculated using h1/(tf)2 where tf is the falling time. Linear Velocity V is calculated using acceleration*tf, Angular velocity W is calculated using 2*PI()*V/0.0408, 0.0408m is the circumference of the pulley. To calculate the kinetic energy, I use the equation 0.5*I*W^2. I in the equation is the moment of inertia, I got the number for inertia by calculating the gradient of the graph I plotted. The graph was plotted with (mg-ma)r on the y axis and a/r on x axis I then displayed the equation using excels display equation function to give me a value of 0.0062m for my inertia .
I made sure I used the right equations for calculating the kinetic energy by research other experiments to see if they use the same equation.
 [image: ]
Figure 2- Kinetic Energy Calculation (Engineering Tool Box, 2005)
I found the same equation on multiple experiments that show me that I am using the correct equations for the experiment. This then verified to me that I was using the right equation for the kinetic energy.
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When looking at my data some of the values for h2 don’t fit the trend with the rest of the data as the 2nd at 3rd results increased in height whereas the 4th and 5th values decreased.
[image: ]
This data error could be caused by a parallax error, “Parallax error occurs when the measurement of an object's length is more or less than the true length because of your eye being positioned at an angle to the measurement markings” (Wallulis, 2018). When recording results this error can occur if the person reading the heights of the ruler changes where they position themselves as each time could yield a different set of results due to the angle, they are looking at the ruler. The data errors don’t oppose a big problem as in all of places on the table the data follows a trend of either increasing or decreasing depending on the respected column. When looking through my data I see that I don’t have any data that has a negative knock on effect onto other columns, this is good as it suggests that my data is reliable and the data further on in the table is also trust worthy as it uses that same data. The only errors could come from is by making a mistake using the wrong or incorrect equations in certain areas as this could also give a negative effect to the data that comes after it that uses the same numbers. To make sure this doesn’t affect my data I check over equations I have used and made sure they are used in the correct situations.
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To create this graph, I plotted my values for (mg-ma)r on the y axis and a/r on the x axis. Using this graph my goal was to calculate the value for inertia, to do this I would need calculate the gradient of the graph as it was equal to the inertia. To find the gradient I right clicked on the points on the graph, I then added a trend line to graph which gave me the value of 0.0062 in the form of y=0.0062x-0.0061. I used the inertia to calculate the KE value in my table. I know that my graph is correct as when I compare the graph to the graph, I found in a research document from Edivaldo Bartolomeu at Coventry University doing mechanical engineering. In the research document Edivaldo Bartolomeu plots a graph of torque on the y axis against angular acceleration on the x axis, he then uses the gradient to calculate a value for the inertia.

Figure 3- Graph of Torque vs Angular acceleration by Edivaldo Bartolomeu (2015)
 ‘The gradient of graph Torque vs Angular acceleration represents the moment of inertia of the aluminium flywheel, which is: 0.006 kg*m (3 d.p).’(Bartolomeu’s, 2015)
Comparing my inertia result of 0.0062kg*m to Edivaldo Bartolomeu’s 0.006kg*m. To verify if the data is viable, I would calculate the percentage uncertainty in the data. First, I would have to calculate the absolute uncertainty, I would do this by using this equation (0.0062-0.006)/2 = 1*10-4. To absolute uncertainty into the percentage uncertainty I used divided the absolute uncertainty by the mean and then times the number by 100 to convert into a percentage, (1*10-4/0.0061)*100 = 1.64%. This give me confidence in my results as the percentage uncertainty is a low amount. As my inertia value is correct, I can then calculate my kinetic energy knowing that my value is correct due to the research I have done.



[bookmark: _Toc27163162]Conclusion
In conclusion the experiment was a success as I manged to achieve the goals, I had set for myself at the start of the project. Firstly, I was able to achieve my first goal to have an experimental procedure that is valid. I validated my experiment procedure by researching other experiments looking at energy in a flywheel and comparing them to my experiment. Secondly, I achieved another goal of having valid results. To complete this goal, I researched other experiments that had used the same equations as me to calculate the kinetic energy and got results close to mine using a graph to calculate the inertia of a flywheel as this would also help verify my results for kinetic energy. I completed my final goal of having a descriptive experiment procedure, this was achieved by including lots of images that would enhance the description of the experimental procedure and would also help the reader be able to follow along with the instructions that they were given. The report was successful as I was able to complete the task of finding the potential and kinetic energy of the flywheel. I found these two values by using calculations that I verified along with number I had verified by researching other experiments that have given results similar to mine.

[bookmark: _Toc27163163]Evaluation
I believe that I have met the overall task for the experiment as I have been able to find the Potential and kinetic energy in a flywheel. Throughout the task I believe it has been completed correctly apart from a possible data error which occurred. This possible error may have been caused by parallax’s error where the person reading the number of the ruler may have changed positions between different reading. A way this error could have been stopped is by recording the experiment with a camera that would allow me to find the correct peak each time, this would also make the experiment more reliable as when it’s in a fixed position parallax’s error can be eliminated. Another way to find out if it was an error is to do another set of data to try and then compare it to the first set of data collected, doing this would let me look for trends in both sets of data to see if it was a data error. Doing a 2nd test would also show me if I had made any mistakes during the first test that caused the numbers to look like a data option. After doing a secondary test if my data still doesn’t match up, I could ask another person to do the test and compare my data to their data as this would be the most efficient way at finding any potential errors in the data. 


[bookmark: _Toc27163164]Further Work
If I were to redo this experiment, I would like to be able to use a slow-motion camera on a fixed position to record the experiment. The reason it would be at a fixed position is to remove parallax’s error as the camera would stay focused on a single spot. Using a slow-motion camera would allow me to re-watch the experiment to see the exact point of the bounce height of the weight hanger, because it’s a slow-motion camera I can go frame by frame to make sure the data is correct. I could also use the camera to record the time taken for the first complete bounce as I would be using   slow-motion, I can find the exact time taken for the first bounce. The downside to using a slow-motion camera they can sometimes be very expensive to purchase. Another downside is any human error that occurs from weight hanger not being realised correctly would lead to error that could not be stopped by recording the footage. 
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where

E; = flywheel kinetic energy (Nm, Joule, ftIb)
1= moment of inertia (kg m?, I %)

w = angular velocity (rad/s)
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