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Introduction 
This experiment is to see the effects of potential and kinetic energy and the effects it has on other objects. The experiment will involve putting a flywheel under the effects of potential energy and converting it into kinetic energy. There will be a range of weights added to the flywheel and then the results will then be recorded. Then calculations will be made showing the varying effects that this has to the time and distance of the dropped weight. The results will be recorded in a table and then using the results to work out the rest of the information needed. While taking the results make sure to take a few to calculate the average and help with inaccuracies. 
A flywheel is a rotating wheel that has a central spinning axis to which it rotates around. The energy that is produced is called kinetic energy. Flywheels can be used to smooth The Flywheels have been used throughout history on various systems to have a constant power output.
 One example of this is a crankshaft flywheel in a car used to smooth out manual gear changes and is also used to store power to help the car from stalling. Another use in a car for rotational energy is the crankshaft. The crankshaft works in a very similar way to a flywheel in a reciprocating engine in that it turns the up and down motion from the pistons into a rotational motion. (Brain & Hall-Geisler, 2019)

‘When an object falls, its gravitational potential energy is changed to kinetic energy. You can use this relationship to calculate the speed of the object’s descent. Gravitational potential energy for a mass m at height h near the surface of the Earth is mgh more than the potential energy would be at height 0.’ (dummies, 2019)



Experiment Procedure 
· You will need potential and kinetic energy kit ES9
· Affix the block pully to the work panel. 
· Attach the flywheel to the block pully. 
· Using figure 1 you can count the holes to make sure everything is correctly positioned. 
· Make sure that the brake on the block is fully loosened 
· Fit the plastic guide to the bottom of the weight hanger 
· Cut the cord to length so that It allows the weight hanger to travel through a vertical drop of just under 280mm
· Allow the weight hanger to fall to the bottom of its travel. Move the magnetic rule behind the weight hanger, so its 0mm edge aligns with the plastic guide 
· Add 90g mass to give a total of 100g on the weight hanger. 
· Slowly turn the flywheel to lift the weight hanger (either way) until the bottom od the weight hanger reaches 280mm on the metal rule. 
· Using the stopwatch measure how long in seconds it takes for the weight to fall from the 280mm to the 0mm position and back up to the maximum height (h2). Do this several times to get a good average value for time and height and record results.
· Calculate PE (mgh1) the mg and PE loss (adjusted) values
· Calculate the falling time, acceleration, velocity, (mg - ma)r and a/r Values and record results.  
· 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 calculate the KE Value for the Flywheel for each line of results.
· Use excel to create a chart of (mg – ma)r against a/r. your results should give a reasonably straight line with little scatter. Use the chart to find an average value I for the flywheel. 
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	Figure 1 – Experiment setup
Use the kit ES9 and construct it using the instructions included.
Potential and kinetic energy Kit ES9 Should contain:
1 metal rule (magnetic)
1 flywheel
1 pully block
3 screws 
1 string 
10g weights 
1 stopwatch 
1 work panel and stands 

Use a table like this one to record results.[image: ]
Figure 2 – example table
While conducting the experiment a few people will be needed for different roles, but you can get away with a minimum of two people, however four people would be recommended. 


Results 
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			Table 1 – recorded data table
			

Table 2 – scatter chart with results 


















Analysis
The PE is calculated by using the equation mass x gravity x h1 (the original height). The standard for gravity is 9.81m/s-2 and the original height is 0.28 metres.
To calculate the PE with the loss adjusted we take the PE loss x . Potential energy is measured in Joules(J). 
mg or mass x gravity is calculated my multiplying the mass of the current weight by 9.81
The falling time is calculated by using the equation . Falling time is measured in seconds(s).
Acceleration is calculated by using the equation  . Acceleration is measured in meters per second-2 (m/s-2)
To calculate velocity v multiply the acceleration by the falling time. Velocity v is measured in meters per second-1 (m/s-1).
The velocity ω (omega) is calculated by using . Velocity ω (omega) is measured with radians per second-1 (rad/s-1)
To work out KE first calculate force by using (mass x gravity) – (mass x acceleration) then use force to find torque (τ). To properly calculate τ use Fr (Force x radius). From this then use τ = (mg – ma)r. 
τ = I (torque = Inertia x alpha) 
α =   therefore it can be reasoned that (mg – ma)r = I x . 
If the formula is transposed so that  = I, the gradient It  can be calculated. 
Using It the kinetic energy of the flywheel can be calculated by KE = 0.5Itω2

One thing we can see from the table is that as the potential energy (PE) grows so does the PE Loss. meaning that as the weight increases it effects the bounce time however the bounce height roughly stays the same. With each addition of mass to the hanger the PE loss increases and the time it takes for the weight to fall is significantly reduced. The fall time is less than half the original fall time, with a weight of 0.1kg the fall time is 2.262s and with a 0.5kg mass the fall time is 1.023s, 54.8% faster than the original mass time. As expected, the acceleration has increased with every weight added to make the acceleration time increase. 


Conclusion
The experiment for energy in a flywheel was conducted to see what happens when you add mass to a flywheel to see what happens. The experiment was conducted by a group of people with varying roles: there were two people measuring the time it took for the weight to fall and rise, another two timing the time it took for the weight hanger to fall and rise once and another person releasing the flywheel and another recording the results taken from everyone else. There was no need for the amount of people involved in the experiment, but it did help slightly to help iron out some of the inaccuracies by averaging out the times and lengths recorded. The fact that we redid the experiment twice helped with inaccuracies also. 
The experiment has confirmed that the increase in KE was as a direct result of the increase in velocity from the addition of mass added to the hanger. This mass did line up with the increase it the velocity and kinetic energy as you can see from the graph below.
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Table 3 – mass v PE v KE 


The experiment was a success however the results were potentially inaccurate mainly due to human error and equipment durability. This could be from many different sources. One of these such examples could be human error in reaction times with the stopwatch and the measurement height of the bounce. Another error in results could come from the friction force from the cord making contact with the flywheel itself. 

Evaluation 

In this experiment we came across many things that could have been done better, if we had more time and/or equipment. The first thing that was noticed was the bounce from the cord as the weights were being added, half way through the experiment the weight did make contact with the table meaning that the cord did in fact stretch over time, this leaded to the cord breaking on one of our tests and having to be replaced.
This could be counteracted by using a stronger tensile strength cord. However, using a stronger cord could also lead to higher frictional resistance and again changing the final results.
Another thing that was noted was the delay in reaction speed from some of the members conducting the experiment regarding the speed in which they recorded the time. The two people recording the time were always a few milliseconds apart. The time was averaged out and recorded in our tables but that had some effect on the total accuracy of the experiment. 
The best way to stop these such inaccuracies would be to add what is know as a data recorder to the experiment. A data recorder would be able to monitor the hanger and record the exact moment of release and the exact height I witch it bounced back to. 
‘Data logging is a collection of data over time. It is often used in scientific experiments and can monitor a process using sensors linked to a computer. Most data logging can be done automatically.’ (BBC Bitesize 2019)
[image: ]
 Figure 3 –data logging setup (BBC Bitesize 2019)
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Figures

Figure 1 – Experiment setup
Figure 2 – Example table 
Figure 3 - data logging setup (BBC Bitesize 2019)

Tables

Table 1 –recorded data table
Table 2 – scatter chart with results
Table 3 - mass v PE v KE
Energy in a Flywheel

a/r	0	8.4224165856818907	17.148962148962148	24.881230769230775	34.997881936657457	41.155520379897098	6.3409152899254941E-3	1.2608091269841269E-2	1.88141304E-2	2.491453579527049E-2	3.1013089631974675E-2	a/r
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