


Electrical engineering assignment

Abstract
The topic of this report is an RL-C circuit in which a capacitor value was calculated in order to increase the power factor of the circuit to a value that was >0.95. The report contains all of the formulas that were used in order to achieve the desired power factor as well as graphs that show how changing the capacitor value affects the phase angle and the power factor.  In the report there are also other topics covered that are all linked to the RL-C circuit such as resonance and maximum power transfer.
Intro
The main topic of this report is RL-C circuits which are circuits that contain an inductor and resistor in parallel with a capacitor as shown in figure 1. The report will go into depth about why and where this circuit is used and will also cover how an RL-C circuit can be made more efficient. To make a RL-C circuit more efficient the power factor needs to be improved to a value that is as close to 1 as possible because when the power factor is 1 it means that the circuit is 100% efficient. The reason that a capacitor is used in this circuit is because if there is just an inductor on its own then it causes the current in the circuit to lag the voltage because [1] “current in the inductor does not change instantly as there is no such thing as an infinite voltage source”. If there was just a capacitor on its own the opposite would happen meaning that the voltage would lag which is known as [2] “capacitive lag and is the time needed in order for the capacitor to charge to its full capacitance between the wires”. Using both an inductor as well as a capacitor reduces the lag of both current and voltage as long as suitable values are used for both. In this report the values of the components in the circuit were determined by a student number. RL-C circuits also have a resonant frequency at which the circuit will have its maximum impedance as it becomes a pure resistive circuit and therefore the current in the circuit will be at its minimum. Which when compared to a series RLC is the opposite as in series at resonance current is maximum and impedance is minimum. Some common uses for RL-C circuits are in [3] “oscillator circuits and they are also used for tuning as band pass filters in applications such as analogue radios, audio equalization and television sets”. 
Here is a list of the tasks that were completed:

Task 1
Using Proteus, plot a graph of:
i) Circuit current and load voltage plotted against time, on the same graph – Voltage on one axis and current on the other to allow scaling. Use your graph to determine the phase difference BEFORE power factor correction is applied.
Using Excel:
ii) Calculate Active, reactive & apparent power 
iii) Calculate Power factor 
iv) Calculate an appropriate capacitor value to correct the power factor of the load to 
v) Plot a graph of power factor against capacitor value.
vi) Plot a graph of phase angle against capacitor value.
vii) Describe what happens to the energy stored in the capacitor and inductor at power factors close to 1.
 

Task 2
 
Draw phasor diagrams showing the component voltages and current for the circuit in task 1 at 
i) 25 Hz below resonance, 
ii) resonance 
iii) 25 Hz above resonance.
iv) 50 Hz
 
Task 3
 
For the circuit in Task 1, you have calculated a suitable capacitor value to correct the power factor to, discuss how this relates to:
i) resonance
ii) maximum power transfer
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Figure 1

Method
The first step to complete task 1 was to create a simulation of the circuit in the proteus software as seen in figure 2. The values that were used for the source resistance(2.2Ω), the inductor value(033mH) and the resistor value(78Ω) were all chosen by using a student number. The circuit was also connected to a 300Vrms, 50hz sinusoidal supply. The circuit was first built without a capacitor connected as shown in figure 2 and then a capacitor was added for task 1 section iv shown in figure 1.
In order to complete section i of task 1 the voltage and current of the circuit were measured using a voltage and current probe as seen in figure 2 and then added to a graph seen in figure 3. Then using the graph, the phase difference was calculated by first working out Δt which is the time between waveforms and T which was the time taken to complete one cycle. Then the equation shown in figure 4 was used to calculate the phase difference between the two waves. The next step was to calculate the active, reactive and apparent power of the circuit. To calculate those firstly the current of the circuit needed to be calculated which was done by first working out the impedance of the circuit. To calculate the impedance the equation in figure 5 was used where XL=2πfL. Once the impedance was calculated so was the current through the LR branch using the equation in figure 6. Once the current was calculated it was used in the formulas in figure 7, 8 and 9 to calculate active, reactive and apparent power. Then the Power factor without the capacitor was calculated using the formula in figure 10. Once the power factor was known the next step was the find the value of the capacitor that would be necessary in order to increase the power factor of the circuit. This was done by using a phasor diagram as shown in figure 11 which was used to first find the value of IC which then makes it possible to find the value of C. Using the trigonometric formula shown in figure 12 and applying it to the phasor diagram the value of IC was calculated. Then using the formula in figure 13, the capacitor value was calculated. Then a graph was created using excel as shown in figure 14, which plotted different capacitor values including the one that was calculated against power factor. The same was done but instead of using power factor the values of phase angles were used as shown in figure 15.
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Figure 2
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Figure 14
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Figure 15
For task 2 the first step was to calculate what the resonant frequency of the circuit was. This was done using the equation shown in figure 16. Once the resonant frequency was calculated IC, I and ILR were also calculated so that they could be used in a phasor diagram as shown in figure 17. The same calculations were also completed at 50hz, 25hz below resonance and 25hz above resonance as stated in task 2.
.

Figure 16
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Figure 17

Results
This section of the report contains all of the results that were collected for each task that was set for the assignment including screen shots of graphs as well as all of the results that were calculated using excel.
Task 1
i.) Figure 18 shows the current plotted against voltage of the RL circuit and using the equation in figure 19 the value of the phase difference was calculated.
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Figure 18
Figure 19


ii.) Firstly, inductive reactance was calculated using  =10.38Ω. Then the impedance was calculated using the equation in figure 20. Next the current of the circuit was calculated using figure 21. Then active power, reactive power and apparent power were calculated as shown in figure 22,23 and 24.
Figure 20

=78.69Ω

Figure 21


Figure 22


Figure 24


Figure 25

iii.) The power factor was calculated using figure 25. Figure 23


iv.)  Using a phasor diagram as shown in figure 26 and using figure 27 and 28 the capacitor value was calculated.
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 Figure 27

Figure 28

   







v.) A graph was created using excel as shown in figure 29 which plots power factor against capacitor value.
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Figure 29

Vi.) Using excel a graph was created to show the relation between phase angle and capacitor value as shown in figure 30.
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Figure 30

Task 2
i.) Figure 31 shows the phasor diagram for the RL-C circuit when the frequency is 25hz below resonance.
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Figure 31


ii.) The phasor diagram for when the circuit reaches resonance is shown in figure 32. Resonance was calculated using the formula in figure 33.
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Figure 32
hz


iii.) In figure 34 the phasor diagram when the frequency is 25hz above resonance is shown.
[image: Image preview]
Figure 34
iv.) shown in figure 35 is the phasor diagram when the frequency is at 50hz.
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Figure 35

Discussion
Whilst completing task 1 for this report one thing that stood out was that the circuit already had a very high power factor as it was already at 0.99 without a capacitor in the circuit. This most likely because the inductor value was relatively small which meant that it didn't take much time at all in order to induce the current through the component meaning there wasn’t much lag. The voltage may have also had an effect on the charging time of the inductor because the value was quite high at 300V when compared to the small size of the inductor at 33mH. Even though the power factor was already at 0.99 it was still improved by a capacitor. When calculating the value of the capacitor that would be needed to improve the power factor of the circuit it was calculated to unity which is [4] “when current and voltage wave forms are in phase which each other”. This was to ensure that the power factor would be even closer to 1 as even at a power factor of 0.99 the two wave forms were still slightly out of phase with each other as shown in figure 18. The capacitor value that was calculated was 5.3 μF which did improve the power factor of the circuit to 0.9999 which put the two waveforms in phase as shown in figure 36. Even though the power factor value didn’t change by much it still made a difference and Figure 29 shows that the value that was calculated does bring the power factor as close to 1 as possible. But in a real world scenario the power factor would be slightly different as all real components have tolerances which [5] “are a components deviation from the stated value.” So, in the real world the power factor that was calculated likely wouldn't be possible as you would need perfect components in order to achieve that value.
The resonant frequency of the circuit was also calculated to be 379.49hz by using the equation shown in figure 33 at which the inductive and capacitive reactance were the same which was a value of 78.685Ω. This meant that the current was in phase with the voltage which is shown in figure 32. At resonance the impedance of the circuit will be at its highest which means that the current will be at its lowest which can be calculated using ohms law.
When the power factor is close to 1 the inductor and capacitor will be in phase which one another which means that there will almost be no reactive power in the circuit meaning that [6] “the apparent power will be the same as the active power that the circuit consumes” making it more efficient. This also means that there will be no lag in the circuit as the voltage and the current in the circuit will be in phase with one another.
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Figure 36

Task 3
In a parallel circuit, resonance is [7] “when the reactance of the inductor and capacitor cancel each other out which creates a pure resistive circuit.”[8] “For a parallel circuit, resonance is when the impedance is at its highest and current is at its lowest.” The current will also be in phase with the voltage as shown in figure 32. This also relates to maximum power transfer because [9]” when the reactance's are equal, they cancel each other out and allow maximum power to be transferred through the resistor” which means that maximum power transfer occurs when resonance is reached. 

Conclusion
In this report it was concluded that a capacitor wouldn’t be needed to improve the power factor of the circuit as the power factor was already at 0.99 but when a 5.3 μF capacitor is added to the circuit it does improve the power factor to 0.9999 which also changes the phase angle as shown in figure 30. This means that adding a capacitor to the circuit would make it more efficient as more apparent power is being used as active power instead of reactive power. It was also concluded that the circuit has a resonant frequency of 379.5hz which is when the inductive and capacitive reactance cancel each other out, which is also when the impedance of the circuit is at its highest and the current is at its lowest. This is also when the maximum power is transferred through the resistor.

Reference list
[1] Khanacademy “Inductor i-v equation in action” found at: https://www.khanacademy.org/science/electrical-engineering/ee-circuit-analysis-topic/ee-natural-and-forced-response/a/wmc-inductor-in-action#:~:text=The%20current%20in%20an%20inductor%20cannot%20change%20instantaneously%20because%20it,in%20the%20inductor's%20magnetic%20field.&text=analogy%20to%20mass-,The%20current%20in%20an%20inductor,(will%20not)%20change%20instantaneously.
[2] Douglas kranz “What is capacitive lag? Found at: https://www.douglaskrantz.com/ElecCapacitiveLag.html#:~:text=Capacitive%20lag%20is%20the%20lag,signal%20would%20look%20like%20this.
[3]  Interesting engineering “Parallel RLC circuits: What are they and how do they work? Found at: https://interestingengineering.com/science/parallel-rlc-circuits-what-are-they-and-how-do-they-work
[4] Neca.asn.au “”Power factor” What is it and what is its effect?” found at: https://www.neca.asn.au/sites/default/files//media/state_nsw/Publications/Technical/1603-TECH_78_79.pdf
[5] Rideon “Resister characteristics and their definitions” found at: https://riedon.com/blog/resister-characteristics-and-their-definitions/#:~:text=Tolerance,as%20tight%20as%20%C2%B10.005%25.
[6] aktif.net “Power factor correction” found at: https://aktif.net/en/power-factor-correction/#:~:text=Hence%20the%20inductive%20power%20caused,flow%20of%20current%20more%20efficient.
[7] EEpower “Understanding resonance in parallel RLC circuits” found at: https://eepower.com/technical-articles/understanding-resonance-in-parallel-rlc-circuits/#
[8] University of North Carolina Charlotte “Resonance in series and parallel RLC networks” found at: https://ece.charlotte.edu/wp-content/uploads/sites/301/2023/05/ecgr2156-experiment-9-resonance-in-series-and-parallel-rlc-networks.pdf
[9] cadence “How to determine and use RLC circuit in parallel resonance” found at: https://resources.pcb.cadence.com/rf-microwave-design/2020-how-to-determine-and-use-rlc-circuit-in-parallel-resonance
image6.jpeg




image7.png
Power factor

1.001

0.999
0.998
0.997
0.99%
0.995
0.994
0.993
0.992
0.991

099

A graph to show how capacitor value affects
power factor

2 4 6 8

Capacitor value(yF)

10




image8.png
A graph to show how capacitor value changes the
phase angle

Phase angle(Degrees)
orNwWE LD N ®

o 2 4 6 8 10
Capacitor value(uF)




image9.jpeg




image10.jpeg




image11.png
Phase angle(Degrees)
PP

A graph to show how capacitor value changes the
phase angle

0 2 4 6 8
Capacitor value(uF)

10




image12.jpeg




image13.jpeg




image14.jpeg
25 h2 apeve reSenance
Tc b -0624

Q2 L7.0°

N S
TER=2-6lGA




image15.jpeg




image16.png
5.00F Current: 20
.00 o
2.00] 220
0.0 a0

.00 =

-4.00 a0

5.0 Vol o

B T FTy Ty E T T




image1.png




image2.png




image3.png
RSRC QA RSRC 7 Ot Votsge
22

=L prc

sauF

g. :





image4.png
RSRC()

£

RSRC

S}

Gurent

Votage

22

el

g i}
i





image5.png
o] i AN
-\ \





