Kielder Francis

Energy in a flywheel
Introduction:
On 14th November 2019 a small group of us set up an experiment to find various values for the movement of a mass attached to a flywheel from a light inextensible string. In this assignment I am going to explain to you how we, as a group, worked out the kinetic energy and the moment of inertia of a flywheel from the certain data values that we collected using a stopwatch and a ruler and compare the mass moment of inertia we found with the value that is given, as well as some other results as well and show that energy can be stored in a flywheel. I will also give reasons as to why some of the data values may not be 100% accurate, how we could later improve them if we were to repeat this experiment again, and will give data supporting the theory of energy in a flywheel.

Experimental Procedure:
As most experiments go, they need a checklist of all the parts needed in order for it to be completed and to get the results as well. Firstly, there are the parts needed to complete the procedure, which includes a flywheel of mass 0.33kg, some string the length of about 0.29m, several 100g weights, a thing for holding it together and the thing that holds the weights, all the parts to hold it all together. In order to collect the results and find other values later on, we will need a stopwatch, a magnetic ruler, a notepad (of course, for recording the data), and a calculator (if you can’t quickly do some mental arithmetic). Once you have made sure that you have all of these things, you can start to set up the apparatus. (Summerfield)

To set up the apparatus, take the flywheel and the pulley block and put them together. Then tie the piece of string to the weight hanger at one end and to the pulley block at the other end so that the total length is 0.28m (or 280mm). Once you have done this, attach the pulley block to the work panel so that the pulley block is at the top of the work panel. Place the magnetic ruler on the work panel, so that when the weights fall as far down as possible, the weight is at 0m to the ruler. To prepare collecting the results, test the weight at 0.28m up the ruler and see if there are any errors in the apparatus. If there are any errors in the apparatus, make sure every part is properly assembled, and then test it again until believe there are no more errors with your apparatus.
[image: ]

Now that the apparatus has been set up, you can start to collect the results. To collect them, all you have to do is time how long it takes for the weights to drop to the bottom and to rise to the highest point again, as well as recording the highest point it reaches again as well. You can do this by timing it on a stopwatch and using the magnetic ruler and reading off there. Of course, you will have to establish which side of the weight you will be measuring from (i.e. the top or the bottom of the weight hanger). Repeat this so that you have three values for time and height. Also repeat this for each weight, from 0.1kg to 0.5kg, going up in steps of 0.1kg each time. Once you have all these values, you can then get the average of each of these by adding each time or height to the other attempts and then divide by three (i.e. the number of attempts) to get the average. 




Results:
After recording all of your results, you should put them into an excel spreadsheet and it should look something like the table below. After taking a few test runs, we took three attempts at getting the time and height gained for each weight and then took the average.
[image: ]

As you can clearly see, as the mass of the weight hanger increases, the time taken to reach the highest height decreases. From this data you can also see that as the mass of the weight hanger increases, the average height gained from moving upwards also increases slightly with each 100g mass added.


Analysis:
Place all of this data into Excel (or use some equations and do it by hand on a calculator on a piece of paper and add the data into it one by one) to find the answers to all of the values needed to calculate (mg-ma)*r and a/r, and hence the values of moment of inertia and then kinetic energy.

In order to find I, you divide (mg-ma)*r by a/r, where me is the mass of the weights, g is the acceleration on Earth due to gravity, a is the rate of change of speed (for the of the weight hanger) and r is the radius of the flywheel. As we already have the mass of the weights, the radius of the flywheel and g, which is a constant here on Earth, all we need is the acceleration. To find this, we will need the falling speed, and to find this we will need the falling time, which we can get using the total time taken, the total height and the height gained, using the equation:
[image: ] where tf is the falling time, tt is the total time, h1 is the maximum height possible for the weight holder to travel (0.28m) and h2 is the height gained going upwards. We start off with all of these values, so it is possible to calculate this. If the value of tf is larger than the value of tt, then you have made an error somewhere and you need to check this again. Now that you have the falling time, you can work out the falling acceleration by using the equation a=h1/tf^2, since h1 is 0.28m, we plug these values in and get a value. After this, we need to find angular velocity, and we find this first by getting a value for velocity, using the equation v=atf for velocity and ω=2πv/c, where v is the velocity, ω is the angular velocity and c is 0.0408m. 
Finally you can now plug these values back into (mg-ma)*r, to get a value for τ (tau), and a/r to get α (alpha). Since τ=Iα, you can plot this on a graph to find the moment of inertia of the flywheel. The value that I got for I was 0.0007kgm^2, which is different from the value of I that is given, which is 0.000362kgm^2.  
Below shows the graph used to find the value of I, which in the end I found was roughly equal to 0.0007kgm^2.

[image: ]
To find the Kinetic Energy of the flywheel, you can use the equation KE=0.5*I*ω^2. 
Below shows the table of all of the results that I got from my calculations.
[image: ]


Conclusion:
When the weight holder has reached the bottom of the ruler, there is no velocity, so therefore there is no kinetic energy in the weight holder. However, the flywheel is spinning at its fastest speed, eventually being able to pull up the weights once the string wraps the other way around the axel, so therefore I conclude that energy can be stored in a flywheel.

Evaluation:
 As you can see from this data, there are some differences in the data, but there are also some similarities. Both of the values of I are very small, and was only off by 0.000338, so it was just under double the given value of I. There could have been some possible errors due to human error, such as when one of us read the height off from the ruler; it was probably hard to get it very close to the nearest millimetre, and even if it were correct, there would still be a problem with the value for time since they might not totally match up, so again, another human error. There could also be an error, for example, when the weights fall down and the bounce to the side. They could have gained some sideways kinetic energy from the person holding the weights or from the fall itself, so that the overall values for time and height gained could differ, especially for the values for the greater masses. Looking at the graph above, you can see that there could be an outlier for the 4th value. The first three values look fairly consistent but the fourth looks like it could be an outlier, and maybe should not be considered. 
To improve the results, the team should maybe do many practice runs to get the best results and reduce human error to a minimum, and maybe should try as hard as possible to not let the weights move from side to side, which will become increasingly more difficult with more mass added.
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Worked Example of Finding PE

Mass m =500 9 (0.5 ka)

g=981ms

g =280 mm (0.28 m)

PE=0.5 x9.81x028=137]

Worked Example of Finding PE loss

hy = 280 mm (0.28 m) and iy = 250 mm (025 m)
m=05kgandg=9.81

PE loss = 0.5 x 9.81 x(0.28 - 0.25) = 0.147

PE los (adjusted) = 0.147 x (280/(280+250)) = 0.078 |
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As shown in Figure 1, fix the Bearing Block and Flywheel to the Work Panel. Count the holes in the Work
Panel if you need to make sure everything fts correctly.

Pulley
Block
Fywheel

Figure 1 Experiment Setup
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