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[bookmark: _Toc25683435]Introduction

In this experiment, we will be investigating the feasibility of a flywheel as a means of storing energy. This means we are able to set up an apparatus and carry out an experiment to identify possible physical principles of a flywheel that may determine the efficiency of said flywheel. We will be applying multiple different physics-related principles to our data in order to search for relationships within our data collected from our experiment. 

[bookmark: _Toc25683436]Basic Physics-Related Principles Used

i. [bookmark: _Toc25683437]Mass- Mass is a term in physics that describes the amount of matter in a body, without taking into account its location in space(weight). This means the mass of an object is always constant, given not external force is acting on its dimensions and density.
ii. [bookmark: _Toc25683438]Potential Energy- This is the amount of energy a body has to ‘do potential’. This means any energy that can be used to do work can be considered as potential energy. This can be due to a body’s location relative to a reference, changed in a charge/gravitational field or many more factors. In this experiment, we will be using gravitational potential energy, which is due to a change in height relative to an origin, i.e. the further the body moves away, the more work its doing against a force, the more potential energy it has. 
iii. [bookmark: _Toc25683439]Kinetic Energy- This is the type of energy a body will inherit due to its motion. All body’s that move will have kinetic energy which usually comes from a type of potential energies, and our kinetic energy for this experiment comes from our gravitational potential energy.
iv. [bookmark: _Toc25683440]Weight (mg)- The weight of an object depends on the multiplication of a body’s mass with its local gravitational strength. The weight of a body is proportional to both a body’s mass and the local gravitational strength (usually taken as 9.81m/s/s).
v. [bookmark: _Toc25683441]Acceleration- The rate of change of a body’s velocity,   or .
vi. [bookmark: _Toc25683442]Velocity- The rate of change of a bodies displacement, .
vii. [bookmark: _Toc25683443]Angular Velocity- The angular velocity of a body is the change in a body’s rotational displacement relative to a point with respect to time. It is also relative to a body’s tangential velocity and its radius of rotation from an axis, (v=ὠr)
viii. [bookmark: _Toc25683444]Angular Acceleration- The rate of change of a body’s angular velocity.
ix. [bookmark: _Toc25683445]Torque-  Torque is, simply put, a rotational force. If a body has an increasing angular acceleration, then the body is experiencing a torque force. Torque is also what force is considered as in linear kinematics. Using Newtons 2nd law, we can see similarities between newtons 2nd linear law of motion and his 2nd rotational law of motion.
, 
I being moment of inertia.
More on torque later.
x. [bookmark: _Toc25683446]Moment of Inertia (MOI)- Is the resistance to rotational motion due to a torque acting on a body. This principle shares the same relationship that mass has in linear acceleration, meaning a body with a higher moment of inertia will require more torque to produce the same level of rotational acceleration as a body with a lower moment of inertia. Moment of inertia relies on the mass distribution within the body, meaning if mass acts at a further radius from the axis of rotation, MOI will be higher, (Stephen Pople, Carol Tear, 2009).
[bookmark: _Toc25683447]Experimental Procedure
[image: ]Figure 1- Experiment Setup picture given to us before the experiment was carried out


· Read the guidence noted (supplied).
· Fit the plastic guide to the bottom of the weight hanger.
· Cut a chord to a length such that the bottom of the weight hanger is able to travel through a verticle drop of just under 290mm.
· Allow the weight hanger to fall to the bottom of its travel and move  the magnetic rule behind the weight hanger so the 0mm point is now concentric with the plastic guide.
· Add small masses to the system to give a total of 0.1kg.
· Slowly turn the flywheel to lift the weight hanger until the bottom of the hanger is at the 280mm mark. 
· Let it fall and use a stopwatch to time the fall and rise of the weights from its maximum point, minimum and max bounce height. Record the maximum bounce height (ensure minimal parralax error). Repeat this for 3 runs for each weight inclination of 0.1kg until 0.5kg.

Figure 2- Picture of experiment (vlab.amrita.edu, n.d.)
[bookmark: _GoBack][image: ]
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[image: ]
Table 1- RAW results collected from our experiment.
[image: ]These are the collected results from the experiment we carried out. As we can see from Table 1, the time to fall and rise is inversely proportional to the increase in weight added to our weight hanger which is to be expected due to an increased downforce applied to the pully given by the larger mass. The bounce height, or h₂, remains fairly constant throughout the experiment, with slight variation in some of the results. The potential energy increases as the mass increases. This is to be expected, as with increased mass means more work against gravity has to be done to move a mass to a location, giving it more potential energy. 

Figure 3-Velocity-Time graph of a falling object
(Brennan, 2019)

[bookmark: _Toc25683449]Analysis

[image: ]
Table 2- Calculated results
[bookmark: _Toc25683450]Potential Energy Loss

This table 2 shows all the calculated results I needed to find in order to get my final two sets of values of torque on the flywheel and the angular acceleration of the flywheel. MG is the weight of the falling masses, and as weight is a force, as seen from newtons 2nd law F=ma, this is important later. To find our PE loss, we needed to analyse the data from the bounce height. If the bounce height was the same as the distance the mass fell through, this means that no energy is lost and therefore there is no PE lost in this motion. This is unrealistic though, as this isn’t an ideal setup. We have multiple factors that may contribute to a loss in energy, like drag and friction within the bearings of the axle. 

This is the equation we use to find the TOTAL potential energy lost in the upwards and downwards motion of the masses. This is fine, but we want to compare it closer to the KE of the system, so we must multiply this by the height ratio  to get a more realistic result for the PE lost in the fall. We could work out where the losses in energy are coming from but we don’t need to with respect to this experiment as that isn’t what we are investigating. As mass increases, the potential energy loss will also increase. This only works up to a certain point. This is due to a falling object having a terminal velocity (meaning a maximum final constant velocity). As mass increases, this causes a larger tension force within the chord, which will then contribute to a larger downward force and a higher final velocity. But it will get to a point that an increase of mass will not make the body travel faster , as it has reached its terminal velocity. Terminal velocity is reached when the drag force gets equal to the force pulling an object downwards (gravity) resulting in a net acceleration of 0 and a constant velocity. See Figure 3 for a graphical representation.
[bookmark: _Toc25683451]Falling Time 

The falling time can be calculated by simply multiplying the total time by the height ratio again. We can see that the falling time decreases as mass increases which is to be expected. This is due to a larger tensional force within the chord that results in a larger net force acting downwards, accelerating the masses faster than its less massive counterparts.
[bookmark: _Toc25683452]Using Circular Motion to find Torque and Angular Acceleration

The linear acceleration and velocity are both needed in order to attain the flywheels angular acceleration and the torque acting on the flywheel. When we see the relationship between the torque on the flywheel and its angular acceleration, we can see a direct linear correlation between the two data sets. We can obtain these two data sets by manipulating newtons 2nd law of circular motion, and well known circular motion equations.
As we know F=ma and ma is just a force, which can be describes as a mass multiplied by an acceleration. There are certain laws of governing equations that the flywheel must obey, one of which is the force in the chord of a flywheel is equal to the difference between the force due to gravity acting on the mass, and the force due to the accelerating mass on the string. All of which results in the tension of the string. We can now refer back to simple laws of moments, that a moment is a force acting at a distance from an axis of rotation, torque. 
Moment=force*normal distance or :

Torque = (weight-force due to acceleration)*radius from centre pully
This is the torque in the chord. In order for this to be true, we must assume the chord does not stretch. This we can negate if we replace the chord after each use to reduce strain in the chord.
[bookmark: _Toc25683453]Finding I from calculated data sets

Now, in rotational dynamics, the torque of a rotating body may be describes as:

Being Torque=Moment of inertia*angular acceleration
As we want to find out the value of  I, we need the angular acceleration which can be found from the equation:

Compare to:
We now have:

We know the values of a, r and τ, so we can now rearrange the above equation to find I:

We have an equation in the form of y=mx+c, so we may now represent this equation as a linear graph.
[bookmark: _Toc25683454]Graphical Findings for the Value of I

[image: ]
Figure 4- Graph of Torque vs Angular Acceleration
[bookmark: _Toc25683455]As we can see from figure 4, the graph we have create is linear and has a strong correlation to the ideal best fit line. This means that we have had consistent results taken from our experiment. The results show that the line has an intercept of very close to 0 and a gradient of 0.0007. Unfortunately, excel doesn’t allow us to see any more decimal places, so we have to settle with  as our gradient. Looking back at our equation, we can see that the moment of inertia is actually equal to the gradient of this graph. We have been given a nominal value of the MOI of the flywheel as 
Error

Using our efficiency equation:


49% Error



[bookmark: _Toc25683456]Conclusion

In conclusion, we can see from the value of the MOI of the flywheel, that its resistance to motion is very low. This results in a very good storage of energy, due to minimal energy loss in getting the flywheel in motion. Our result of 7x10^-4 is only 49% out, which given the circumstances is very respectable. I believe we made the most of the resources we had and produced a decent result at the end. We had good time management with half an hour to spare to check over the feasibility of our results. 

[bookmark: _Toc25683457]Evaluation

If I was to carry out this experiment again, I would try and increase the accuracy of the data collected. Ideally, we could use a laser to record the bounce heights, and use light gates to time the falling time a lot more accurately. I believe if we had more time, we would’ve repeated the experiment more times. I would’ve liked to swap roles so everyone gets a chance to do everything, thus getting rid of any specific errors a person may have, such as increased reaction times due to tiredness. I would like to repeated the experiment again with all these changes to get a more accurate result .We naturally have errors that we can get rid of without using advanced technology, which unfortunately we don’t have access to.
Overall, I think the experiment has been a success, and we can say that the flywheel is a very efficient method of storing energy. 
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