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Abstract
The test performed within this report shows how a capacitor can affect the power factor rating on an RLC circuit when set to the correct farad rating. Readings have been taken before and after a capacitor has been applied to the circuit, and calculations have been performed to gain the data needed to correct the power factor of the circuit.
The results shown within this test have proven that the test was a success with it achieving the 0.95 power factor correction target from the initial 0.37 power factor value.
Introduction
This report is to inspect the use of an RLC circuit with and without the use of power factor correction methods such as using a capacitor. A circuit isn’t always going to work to its highest efficiency and will have a higher current draw than is necessary causing it to waste a lot of power [1]. 
Fixing the Power factor will also help along with lowering the current of the circuit and putting the voltage and current closer to one and another in phases.
Looking into this using an RLC circuit data was taken from the circuit to see how well the power factor was using a set of components. The circuit was inspected to observe the phase difference before any power factor correction was applied. This had to be taken into account to see how well the circuit was performing. Alongside that, other figures which were recorded and calculated were the active or real power of the circuit, which is what the circuit will use alone because of the resistive load which it contains which is measured in Watts. 
The reactive power was also calculated to see how much of the apparent power was being stored by the reactive components in the circuit and wasting power. This form of power is the opposite of creating a better power factor ratio and therefore making it less efficient. [2]
The apparent power had also been calculated to see exactly how much power the circuit was being provided with. This data would give a better insight into how well the circuit was using this power compared to the output the circuit was providing to.
Once the power factor correction is calculated and put within the circuit, resonance should be much easier to achieve along with maximum power transfer.
From the above data points gathered, the data was to be able to be used to calculate a necessary capacitor value to help elevate the power factor correction issue at hand and create a much more efficient circuit and proving that it will have a significant effect on the circuit for so little work by including a capacitor.













Method
Below is the circuit which contains the RLC including the capacitor with the correct uF value to achieve a good power factor correction.
[image: A diagram of a circuit
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The graph comparing the voltage to the current before power factor correction is below.
[image: A screen shot of a graph
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The graph to compare the voltage data to the current after power factor correction is also below.
[image: A screen shot of a graph
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Using the circuit and graphs above, data was able to be gathered from them. Initially the pre power factor correction graph was able to provide data to calculate the phase difference between the voltage and current. The formula used to calculate this was A(t) = Amax × sin (ωt±Ф). Using this formula led to show that the voltage was leading the current and thus being out of phase.
Using the phase angle from the graph the active power was able to be calculated. The formula for the active power is P=VI COS ∅. Using this formula allowed the active power to be calculated to show the actual power being consumed by the circuit because of the resistive load within it.
Following the active power is the reactive power within the circuit components. This is needed to be calculated to see how much power is being used by the active components within the circuit and to gain a better understanding of how to improve the Power factor. The formula for the reactive power is Q=VI Sin∅.
The next formula used was the apparent power formula, this formula is a sum of the active and reactive power and will give a better understanding on how much power is being provided to the circuit from an external source. To calculate this the formula S=√ (Active Power) ^2+(Reactive power) ^2).

Next is the calculation for the Power Factor before it has been corrected. This will establish the exact ratio between 0 and 1 of how well the circuit is performing and how efficient the circuit is. The formula to gain this result is Power factor =(VI Cos Ф)/VI= Cos Ф.
After all the previous calculations are done, the capacitor value needs to be addressed for the power factor correction. Before the capacitor value can be calculated, a few more calculations are needed.
The power factor 0.95 had to taken into consideration, with this being the aim for the power factor a cos^-1(0.95) had to be added into the calculation. From this calculation the phase angle to work out the VAR was figured out.
Using the phase angle* Active power = VAR of capacitance could be worked out.
After this the Qc could now be worked out using Vs^2/XL and rearranging it into XL = Vs^2/Qc which in turn will give the Xc calculation and answer.
From the Xc the formula 1/2πfC is able to be rearranged into 1/2π*F*Xc = Capacitance. This formula will give the exact micro farad amount needed for the capacitor to give a 0.95 power factor.
To test that this was correct the formula S = √(P^2 + Q^2) was used and proved correct.
When at resonance the circuit will have a cancelation of impedance or a minimum of it. During this time the will have maximum energy transfer, this is relevant for the power factor correction as it will be needed for the resonance to occur as the energy will need to be transferred the components within the circuit.


Results
From the results gathered, it can be seen that the initial circuit did have some issues. As shown below, these are the main results from the calculations performed within this test. 

The results were a slightly worrying initially but the results did manage to be useful as forms of data for the final result of the power factor correction and further calculations, allowing the expected outcome to become more of a real figure.

The result table is below.


	Active Power
	1037.208
	Watts

	Reactive Power
	-2626.33
	VAR

	Apparent Power
	6898648
	VA

	Power Factor
	0.367319
	

	Capacitor Value
	0.000118
	F

	Power factor correction 
	0.94993
	








Discussion
The results gained from the test on the RLC circuit show that the circuit was heavily inefficient from the initial Power factor rating of 0.367319. This power factor is due to the fact that there is an initial absence of a parallel capacitor to the resistor and inductor causing the inductor to have the voltage to have more control on when the current changes, this is due to the inductor having an AC voltage applied to it in which the voltage will fluctuate with the frequency.

The addition of the capacitor allows the current to catch up when the voltage changes as it doesn’t permit the voltage to change at the capacitor in an instant.  This is due to the current leading the voltage at the capacitor allowing for the inductor to be balanced out by the capacitor and thus allowing the voltage and current to almost be within phase of each other. 

The active power result of 1037.21 Watts shows to me that the circuit is using a decent amount of power from the original source, not much information is able to be gathered from this until the final volt-amperes value (S) has been calculated at the end.

The reactive power had a strange result of -2626.33 VAR for the calculation performed.  There will be an assumption that it was down to some form of human error, or the randomness of the initial values presented with the circuit specifications. This was easily corrected though later in the calculations thus didn’t have a heavy impact on the reliability of the of the end result.

The apparent power value of 6898648 Volt-amperes  (VA) seems like a very large number for the expected result, this didn’t seem to impact the end result though.


The capacitor value of 118 micro farads (uF) was mostly expected, especially in the micro farad range. It provided a good end result from the previous values it was calculated from and therefore didn’t cause any issues in this test. The value did seem slightly large initially, but it seemed to work well with the end result.

Finally, the power factor correction proved that the calculations done prior it were acceptable. Having a power factor of 0.95 from the results was the initial aim to get the circuit to, this allows the circuit to be more efficient now with the voltage and current as getting as close as realistically as possible to being in phase at a power factor of 1.0.





Conclusion

From the test done on the RLC circuit it can be found that, an AC circuit is not very efficient with power if it is powering a series RL circuit alone. The addition of a capacitor in parallel with the inductor and resistor allowed the circuit to have more equilibrium within the phases of the voltage and current due to the current leading the voltage at the capacitor.[3]
From the power factor result it can be seen that the capacitor has had a lot of benefit for getting the circuit to become more power efficient, with it going from 0.36 power factor to 0.95 power factor rating with very little change to the overall circuit.
This minor change within the circuit will make a significant difference to the whole circuit, allowing the energy input into the circuit to be used correctly and thus allowing resonance to occur in the circuit, between the components and maximum power transfer.
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