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Abstract
This experiment was conducted to find the power factor (PF) of an RLC circuit before power factor correction (PFC) has been applied, which in the case of the circuit used (see Figure 2) was 0.9511. The next task within the experiment was the required capacitance of a capacitor for a PF of 0.99, which in the case of the circuit used was 5.868x10^-6F. From this the active, reactive and apparent power were found using Excel as well as graphs showing the relationship between phase angle and power factor against capacitor value (see Figures 4 & 5). The resonant frequency was then found for the capacitor correcting the PF of the load to 0.99, which came to 306.335Hz. phasor diagrams were then made to show the component current values using: the resonant frequency, 25Hz below resonance, 25Hz above resonance and at 50Hz (see Figures 6, 7, 8 and 9 respectively). These show that as the power factor and resonance is neared the circuit becomes more resistive.
Introduction
This experiment is conducted on a parallel RLC circuit (see Figure 1). This is a parallel circuit with a capacitor in parallel to a resistor and inductor. The circuit is structured like so to simulate an AC circuit, where the resistor and inductor take the place and essentially ‘mimic’ an inductive load and the capacitor is the load’s PFC (power factor correction). The supply voltage is the same across the parallel branches in the circuit whereas the supply current differs [1]. Therefore, the current across the load (inductor and resistor, ILR) and capacitor (IC) must be calculated from what information the circuit components provide.
The first step of the experiment is to allocate the circuit components with accordance to the author’s student number.
The second step in the experiment is to find the phase difference before power factor correction was applied. This can be found by using a graph with voltage and current plotted against time. The resultant two waveforms are then used to determine the time difference them. This time difference is then divided by the time taken for either waveform to complete one cycle and is then multiplied by 360 degrees to find the phase angle. The result is the phase difference before PFC is applied. The PF before PFC is applied can also be found by using COS(phase angle).
The third step in the experiment is to find an appropriate capacitor value to correct the PF of the load to ≥0.95. This can be done with the information at hand using a phasor diagram (see Figure 1).
[image: ]
Figure 1
 Firstly, the current through the load (ILR) must be found. This is found by finding the inductive reactance (XL), using it to find the impedance of the load (ZLR) and then dividing the voltage over the impedance, giving us ILR. Then, the equation 
  can be used to find the appropriate capacitor value. The equation shown is derived from the phasor diagram shown in Figure 1.
The third step in the experiment is to find the active power, apparent power and reactive power of the circuit with PFC. To do this, the supply current must first be found. This can be found using the phasor sum, where:[image: ][2]. From this, the active power can be calculated using the equation  The reactive power can be calculated using the equation. The apparent power can be calculated using the equation . 
All these results can be collated in Excel and turned into a spreadsheet. This spreadsheet can be used to plot graphs to show the relationship between power factor against capacitor value and phase angle against capacitor value.
 
 
 
Method
Here is the simulated circuit for the experiment (see Figure 2):
[image: ]
Figure 2
The author’s student number was used to assign the circuit component values. The author’s student number is 2104693. RSRS is to be measured in Ω and have the first and second values of the student number. The inductor is to be measured in mH and to have the third, fourth and fifth values of the student number. R is to be measured in Ω and have the sixth and seventh values of the student number. The values for the circuit are as follows:
· V=300V
· F=50Hz
· RSRC=2.1Ω
· R=93Ω
· L=46mH
Here is the simulated graph for voltage and current plotted against time (see Figure 3):
[image: ]
Figure 3
 
The first step of the experiment was to determine the phase difference before PFC is applied. To do this the graph shown in Figure 3 was used. As shown, the time difference between the voltage and current waveforms was 1ms and the time taken for one complete waveform cycle to occur was 20ms. Using these values we can do (0.001/0.02)*360degrees= 18 degrees, which is our phase angle. The power factor of the load before PFC is applied was calculated using Cos(18)=0.9511.
The second step of the experiment was to calculate an appropriate capacitor value to correct the PF of the load to ≥0.95. As the PF of the load before PFC is applied was 0.9511, the value of the PF after PFC was applied was changed to 0.99 and thus is the new PF value in which we will use to determine the capacitor value. 
To calculate the appropriate capacitor value for a PF of the load to 0.99, the inductive reactance (XL) was first found:
XL=2πfl
XL = 2xπx50x(46x10^-3) = 14.451Ω
Using XL, the impedance of the load was found:
ZLR = SqrRT(R^2+XL^2)
ZLR = SqrRT(93^2+14.451^2)
 = 94.116Ω
Using the voltage and the impedance of the load, the current through the load (ILR) was found:
ILR = V/ZLR
ILR = 300/94.116 = 3.188A

Using the new power factor of 0.99, the new phase angle can be found by using:  Cos^-1(0.99)= 8.11 degrees
By using the ILR and new phase angle, a phasor diagram was drawn to derive a formula for input into Excel (see figure 1).  [image: ]is the derived formula from the phasor diagram shown in figure one, where:
 [image: ]
Using this formula, C can be calculated:
[image: ]

The third step of the experiment was to calculate active, reactive and apparent power. However, the supply current of the circuit is required to calculate these. Therefore the phasor sum is used:
[image: ]
The active power can now be calculated:
[image: ]
The reactive power can now be calculated:
[image: ]
 
The apparent power can now be calculated:
[image: ]



 
Results
The collective results for the experiment are as follows:
[image: ]
Using these results, graphs are plotted for power factor against capacitor value (see Figure 4) and phase angle against capacitor value (see Figure 5).
[image: ]
Figure 4
[image: ]
Figure 5
Using the results listed above, the resonant frequency was determined to be 306.335Hz. The formula for resonant frequency is:

Using the results listed above as well as the determined resonant frequency, four phasor diagrams were produced. They all show the current flowing through the capacitor (IC) and the load (IRL). However, they were all produced with four separate frequencies: 25Hz below resonance (281.335Hz, see Figure 7), Resonance (306.335Hz, see Figure 6), 25Hz above resonance (331.335Hz, see Figure 8) and 50Hz (see Figure 9).
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Figure 6
[image: ]
Figure 7
[image: ]
Figure 8
[image: ]
Figure 9
These phasor diagrams were made using a combination of rectangular and polar form, where the current and angles provided in polar form were used to create the phasors and angles.
Discussion
The graph of power factor against capacitor value (Figure 4) shows a positive correlation of results. This means that as the value of the capacitor increases so does the power factor, making them directly proportional. This also means that as the value of the capacitor increases, the more efficient the circuit becomes. This is because it decreases the reactive power as the power factor increases, making the capacitor value/power factor inversely proportional to the reactive power of an AC circuit [3]. Reactive power is the power which is unused and is sent back to its source [4].
The graph of phase angle against capacitor value (Figure 5) shows a negative correlation of results, meaning that as the value of the capacitor increases the phase angle decreases, making them inversely proportional. Figure 3 shows voltage and current waveforms on a graph where they are out of phase by 1ms. By increasing the capacitor value (up to the point of resonance), the time in which these waveforms are out of phase decreases. Due to the phase angle also decreasing, the time delay between the waveforms is reduced.
The phasor diagram displayed in Figure 6 shows the component currents when the circuit is at resonance. This allows us to have a ‘baseline’ to see how frequency can impact the current across the load and capacitor, as well as the angle between the ILR (load current) and IS (supply current) and the voltage. 
At 25Hz below resonance, Figure 7 shows that as the frequency decreases so does the supply current and capacitor current (IC). It also shows that as the frequency decreases the load current increases. In addition, as the frequency decreases, the angle between the supply voltage (VS) and the supply current increases. The opposite happens when looking at the angle between the supply voltage and the load current as it decreases in comparison to the resonance phasor diagram. 
At 25Hz above resonance, Figure 8 shows that as the frequency increases so does the capacitor current. However, increasing the frequency decreases the supply current and capacitor current in comparison to the resonance phasor diagram shown in Figure 6. It is to be noted that even though the supply current is lower at 25Hz above resonance compared to resonance, the supply current higher at 25Hz above resonance compared to 25Hz below resonance, meaning that past resonance increasing the frequency to increase the supply current is sub-optimal and yields diminishing returns past this point. The angle between the supply current and supply voltage as well as the angle between the load current and supply voltage have both increased. This means that as the frequency increases past resonance so too does the angle for both parts mentioned previously.
At a supply frequency of 50Hz, Figure 9 shows that as the supply frequency is drastically reduced so is the capacitor current and supply current in comparison to resonance (shown in Figure 6). However, the load current is greatly increased. The angle for both the supply current and supply voltage as well as the load current and supply voltage are both smaller than the angles shown in Figure 6.
These results show that as the power factor increases towards 1, resonance occurs. At resonance, the circuit becomes purely resistive. A purely resistive circuit is a circuit which has no capacitance or inductance. In essence, when resonance occurs, the inductor and capacitor effectively cancel each other out leaving only the resistor to impact the RLC circuit. The current and voltage are also in phase with one another at resonance [5]. 
Conclusion
In conclusion, this experiment has yielded numerous results. It has proven that power factor and capacitor value are directly proportional, and that phase angle and capacitor value are inversely proportional. It has also shown that increasing the capacitor value (up to the point of resonance) decreases the time delay between the voltage and current reaching their peaks. 
The experiment has shown that increasing the supply frequency above resonance yields a higher supply current than the supply frequency being lower than resonance. In addition to this, the supply current reaches its maximum when the circuit is at resonance. 
Finally, the experiment has also shown that as the power factor increases towards 1, resonance occurs. The circuit becomes purely resistive at resonance which is also when the circuit is at its most efficient.
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