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1. Abstract
Within this report the fundamental principles of AC and RLC circuits will be demonstrated with a key focus on power factor, power factor correction, resonance and maaximum power transfer, the initial system measured a lagging power factor of 0.82, indicating insufficient power transfer and use. A suitable power factor correction capacitor of 20.3uf was applied and improved the power factor to be greater than 0.95.
Resonance frequency was also derived to be at 86.06Hz, at which both inductive and capacitive reactance's cancel out. Phasor analysis confirmed that at resonance, voltage and current are in phase, while reactive power is minimised and maximum real power transfer occurs with improved energy efficiency.
[bookmark: _Int_lrcXpe94]The results highlight the key uses of power factor correction and resonance in order to achieve an efficient system as highlighted in assignment tasks, this means reduced losses and optimal power transfer in electrical engineering circuits.

2. Introduction 
This report focuses on the electrical principles of AC and RLC circuit principles while also demonstrating and using power factor and power factor correction techniques, resonance and maximum power transfer. 
Alternating current is an electronic current that changes in direction and varies in magnitude periodically [1] AC circuits are fundamental in electrical engineering as they are widely used for power generation and distribution due to its efficiency of voltage transformation. [2]
RLC circuits consist of resistive, inductive and capacitive components [3] these components react differently which leads to inductors and capacitors to store energy [4] and cause current to lead/lag voltage by 90 degrees.
[bookmark: _Int_GathRpwP]Power factor measures how efficiently electrical power is being used and converted to useful power, it is measured from a range of 0 to 1. 1 meaning that all of the power is useful and <1 indicating only some power is reactive [5] lagging power factor occurs in an inductive circuit while leading power factor occurs in capacitive circuits.
Power factor correction is the process of improving the power factor by reducing the phase difference between voltage and current. There are two main types of power factor correction, passive and active. Passive power factor correction includes the use of capacitors to reduce the reactive power drawn from the supply. On the other hand, active power factor correction uses electronic converters to adjust the power factor [6] this is crucial for electrical engineering systems as it is both efficient and cost effective.
Resonance in an RLC circuit occurs when inductive reactance equals capacitive reactance. [7] at resonance the voltage and current are in phase and supply current is minimum therefore meaning power factor is 1. Resonance within this project is significant as it represents optimal and maximum energy transfer.
The use and relationship between these principles are fundamental as it ensures an optimal and efficient system that respects all the targets and goals of this project as by improving the power factor it reduces the reactive current which helps with power transfer. Resonance will achieve the elimination of the reactive components and maximum power transfer will occur when the power factor is unity.
3. Method
This project requires a RL & RLC system with the user's student ID number. Therefore, the following system in figure 1, was built with the component values:
Student Number 2410644
Resistor: 2.4 Ohms
Load inductor: 106 mH
Load resistor: 44 Ohms
Vrms: 300
Sine wave source: 50Hz
[image: ]
Figure 1: The original RL circuit, before power factor correction with student ID
In order to determine the phase difference and power factor before power factor correction. A set of calculations were made, firstly a voltage and current probe was used to determine the graph time.
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Figure 2: are the times for current and voltage which were use for time period and time phase
These times derived from the circuit were then used to calculate the power factor and Phi of the circuit BEFORE power factor correction.

The time phase for this circuit is 2.1ms. Worked out by simply subtracting R1 time, 12ms by R2 time 9.9ms
The time period for this cycle was 22ms
Using the formula:
[image: ]
Figure 3: Is the formula used to work out Phi
Phi:
Φ = 2.1/22 * 360
Φ = 34.4
Power factor:
[image: ]
Figure 4: power factor formula
Using the power factor formula,
P.F = Cos (34.3)
P.F = 0.82
This shows the original circuit power factor to be 0.82 which less than the targeted 0.95.
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Figure 5: Shows the values from the graph of the RL circuit
In order to calculate the active, reactive and apparent power along with the phasor diagram the following calculations were performed.
Max Voltage from graph: 410 (Vm)
Max Current from graph: 7.38 (Im)
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Figure 6: Shows the formula for Vrms and Irms
Irms = 7.38//2 = 5.21 A
Vrms = 410 //2 = 289.9 V

Cos-1 (0.95)
Φ = 14.06
As the new power factor is required to be >=0.95

OAC of Phasor diagram
Cos Φ = ADJ /HYP
Cos (34.3) = OA / 5.21
Ir = 5.21* Cos (34.3)
Ir =4.30
AC = 5.21 x Sin (34.3) 
AC = 2.93

OAB of the phasor diagram
Cos Φ =ADJ/HYP
I = 4.3/Cos (14.06) 
I = 4.43
Sin Φ = AB/OB
Sin (14.06) = AB/4.43
AB = 4.43 x Sin (14.06)
AB = 1.07
Ic = AC – AB
2.93 - 1.07
Ic = 1.86

XC
Ic = V/Xc
1.86 = 289.9/Xc
Xc = 289.9/1.86
Xc = 155.8

New capacitor Value was calculated with the following capacitor equation rearranged
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Figure 7: Is the capacitance formula
155.8 = 1/2Pi*50*C
C = 1/2Pi*50*155.8
= 20.3uf
Active, reactive and apparent power were calculated last as all the necessary values were calculated and can now be rearranged into the power calculations.

[image: ]
[image: ]
[image: ]
Figure 8: power calculation formulas

These equations were used to derive the power calculations 
· Apparent power is the total power supplied, which is the combination of real and reactive components.
S =VI
300*4.43 =1329 VA
· Reactive power is power that is alternately stored that oscillates back and forth
Q =VI Sin Φ
300*4.43 Sin (34.3) = 748 VAR
· Real power is power that is useful and performs work in a system
P =VI Cos Φ
300*4.43 Cos (34.3) = 1097W
Resonance frequency
Resonance frequency occurs when the inductive reactance equals the capacitive reactance, equal in magnitude and opposite in direction, causing maximum current flow. This beneficial as it maximises real power transfer in the circuit while also reducing current. [13]

[image: ]
Figure 9: is the formula for resonance frequency

Fr = 1/2Pi * square root of 1/ (106*10^-3) *(20.3*10^-6) - 44^2/ (106*10^-3) ^2
Fr = 86.06Hz
To check if new capacitor value and frequency correct the power factor of the load to >0.95. The following calculation proves this:
New P.F 
(0.93/20.3) * 360 = 16.7
Φ = Cos (16.7)
= 0.957

4. Results
[bookmark: _Int_Kgn43F65]The following are the results for the calculated and drawn phasor diagrams, their respective analysis can be found in the discussion section.
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Figure 10: shows the phasor diagram for 50Hz
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Figure 11: shows the phasor diagram for 61.06Hz
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Figure 12: shows the phasor diagram for 86.06Hz
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Figure 13: shows the phasor diagram for 111.06Hz
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Figure 14:  shows the calculated figures for the graphs at different capacitor stages
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Figure 15: Is the capacitor against power factor graph
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Figure 16: Shows the graph for capacitor against Phi
[image: ]
Figure 17: is the calculated figures on an excel sheet
This is all the respected results assigned on one excel sheet. These answers contain the original power factor along with the new capacitor value, resonance frequency and power calculations

5. Discussion
5.1 Analysis of graphs 
As the capacitor value increases the power factor also directly increases indicating more energy transfer is taking place and less reactive current. As at it reaches 35uf, maximum power transfer occurs. The time phase also gradually decreases to 0. from the results it shows that approximately at a capacitor value of 20uf the power factor is greater than 0.95. this is important as it respects the new capacitor value that was calculated to be 20.3uf.
5.2 Analysis of phasor diagrams – task 2
Phasor analysis at 61.01Hz shows that the capacitive reactance, Xc = 128.6 is greater than inductive reactance of 40.7 Xl resulting in a net capacitive system. Furthermore, the diagram indicates inductive current is smaller and therefore the current leads voltage. Which consequently is producing an excess of current which is not useful and results in reduced energy efficiency.
At resonance frequency, 86.06Hz. Inductive reactance equals capacitive reactance which causes the reactive currents in the inductor and capacitor to cancel each other out. At this frequency the supply current in minimum and maximum energy transfer occurs. Therefore, voltage and current are in phase, and all power is converted into useful real power. This frequency and conditions indicate optimal power factor correction and maximum energy efficiency.
At 111.06Hz the inductive reactance Xl is greater than the capacitive reactance Xc, making this graph inductive dominant. therefore, the current lags as the voltage leads. The reactive power is inductive whereas it was capacitive in the 61.01Hz diagram. As the power factor is lagging it causes inefficient power transfer meaning the supply current is inefficient.
At 50Hz the graph shows capacitive dominance similar at 61.06Hz, in both of these cases the current is leading voltage, however at 50Hz there is a greater in balance between inductive and capacitive current suggesting lower energy efficiency. Furthermore, the difference is seen more when compared to resonance at 86.06Hz as at 86.06Hz the inductive and capacitive reactance are equal and reactive currents are cancelled out. Voltage is also in phase with current and shows maximum energy transfer which means the energy efficiency is maximum while supply current is minimum.

5.3 Resonance, maximum power transfer, energy efficiency -Task 3
The calculated capacitor value is not only essential to improving the power factor but also determining the resonance frequency. Using the following formula, a suitable resonant frequency was achieved, 86.06Hz. This demonstrates that while the capacitor value was used for power factor correction at 50Hz, resonance was not achieved. Therefore, with the pairing of the correct capacitor value and resonant frequency it ensured a desired result and correct system behaviour for resonance in the circuit.
[image: ]
Figure 18: Resonance frequency formula
Calculating a suitable capacitor value >= 0,95 is essential to achieving maximum power transfer, as maximum power transfer occurs when voltage and current are in phase [8] meaning that at 86.06Hz , this condition is satisfied as the reactive components cancel out resulting in minimised supply current, power factor at approximately 1 therefore real power transfer is at a maximum [9]
Calculating a suitable capacitor value also improved the power factor from the original 0.82 to >0.95 which in return enhances the energy efficiency. At resonance energy efficiency is maximised as the supply is delivering mostly real power. As seen from the testing results of the 50Hz system, it does not operate near maximum power transfer, therefore the selected capacitor paired with 86.06Hz system creates an optimal condition and significantly improving overall efficiency.

5.4 Why does UK use 3 phase bases – task 4
Electricity in most of the developed world is transmitted using a three phase AC as it offers the best engineering compromise between practicality, efficiency, reliability and cost.
Factors like the efficiency are low with a single-phase AC whereas with a three or even higher phase it allows for higher and better efficiency [10] On the other hand, the practicality uses are more tailored for a three phase AC as it is more common as its universally standard and allows for global integration, whereas the practicality for one or more than three phases are limited. Furthermore, in a three-phase system electricity has a higher power capacity than single phase therefore delivery more power at a faster rate [ 11] while also staying constant whereas single phases have power that rises and falls. Moreover, a three-phase system is more optimal as anything more than three phases becomes complex and demand more complicated infrastructure with increased costs. [12] And as the infrastructure becomes more complex, the fault management and protection also become harder as fault detection and isolation becomes more challenging.

[image: ][image: ]Figure 19 and 20 show the RLC circuit system graph before and after power factor correction
Before power factor correction the waveform can be seen lagging behind voltage, and there is a clear phase shift between current and voltage, and voltage reaches its peak before the current. This shows the reactive power is significant and the power factor is low, only 0.82.
[bookmark: _Int_5wv8EtV3]After power factor correction the voltage and current are almost in phase and the peaks of the voltage and current occur at the approximately the same time. And the current wave form is lower compared to before. Meaning that most of the current drawn from supply is real current. 

6. Conclusion
This project referred to the principles of AC and RLC circuits, with focus on power factor, power factor correction, resonance and maximum power transfer. Through simulations and calculations, the behaviour of the system was successfully demonstrated and evaluated.
Initially when calculated the system operated a power factor of 0.82 indicating insufficient supply. By calculating and implementing a capacitor of 20.3uf, the power factor improved to greater than 0.95, which indicated the effective reduction of reactive current which led to low supply current and therefore improved the useful energy.
The calculation for the new capacitor value also helped derive a resonant frequency of 86.06Hz, at which the inductive and capacitive reactance's are equal and cancel each other. The analysis of the phasor diagrams also showed that voltage and current are in phase, meaning supply current was minimised and maximum real power transfer occurred. These conditions represent the circuit was efficient and useful.
[bookmark: _Int_coqWqJIb]Overall, the results confirm that power factor correction and resonance play a critical role in this circuit, by correctly picking capacitor and resonance values it not only improved the system but ensure that the principles of maximum power transfer and optimal energy efficiency were met, which are essential objectives in this project.
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