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1. [bookmark: _Toc218387041]Abstract
Throughout this experiment, the author has created a RL and an RLC Circuit, calculated the capacitor to create the RLC Circuit, given graphs of this too. Additionally, the author has calculated voltages at different at resonance and at different frequencies relating to resonance, while also creating phasor diagrams too. The results outputted, in reference to PFC, determine that when the capacitor value increases, so does the Power Factor, however the phase angle will decrease, this is also true in vice-versa.


2. [bookmark: _Toc218387042]Introduction
2.1 [bookmark: _Toc218387043]What is an AC Circuit?
‘AC’ Stands for Alternating Current [1], which is described a circuit, which can be single or three phase, with the produced voltages being at 120° [2]. They are made up of windings, which can be Star or Delta [2]. These can be used in various applications, for example Power Generation, Power Distribution, Motors, Heating and Lighting.
2.2 [bookmark: _Toc218387044]What is am RLC Circuit?
An RLC Circuit is a circuit containing a Resistor (Described as ‘R’), an Inductor (Described as ‘L’) and a Capacitor (described as ‘C’) [3]. They are generally used in Filters, Voltage Stabilization and Medical Application.
2.3 [bookmark: _Toc218387045]What is Power Factor?
Power Factor (PF), refers to the measurement of the effectiveness of electrical power being converted into output that is used within an electrical system [4]. It is described as the ‘Ratio of Real Power to apparent power’ [4], which indicates the efficiency of power usage within an electrical system [4]. The highest value of PF is 1 [5], this means maximum efficiency, therefore the larger the PF is, the higher the efficiency. A method of increasing this in an electrical circuit is PFC, See section 2.6 below, for an explanation.
2.4 [bookmark: _Toc218387046]What is Resonance?
Resonance or Resonance Frequency is the maximum amplitude response [6].  It occurs when a force is applied periodically at the natural frequency of the system, this results in larger amplitudes in comparison to other frequencies, therefore being the maximum amplitude response [7].
2.5 [bookmark: _Toc218387047]What is Maximum Power transfer? 
Maximum Power Transfer differs in AC and DC Circuits, they are explained below in sections 2.5.1 & 2.5.2.
2.5.1 [bookmark: _Toc218387048]AC Circuits 
In AC Circuits, it’s when the maximum power is transferred to the load, which occurs when the impedance and complex conjugate are equal [8]. 
2.5.2 [bookmark: _Toc218387049]DC Circuits 
Additionally, within DC Circuits it’s when the maximum power transferred to the load, when the loads resistance and the internal resistance of the source are equal [9].


2.6 [bookmark: _Toc218387050]What is Power Factor Correction?
The purpose of Power Factor Correction (PFC) is to ensure that the Power Factor is as close to ‘Unity’, (the maximum value of the PF), as possible [10]. PFC is a method that will increase the efficiency of electrical power [4], a PFC Circuit will shape the current input, so that it will be in phase with the line voltage also reducing the apparent power used [11]. Moreover this uses capacitors to reduce reactive power, as it will reduce current and improve its efficiency  [12].

3. [bookmark: _Toc218387051]Method
3.1 [bookmark: _Toc218387052]RL Circuit
[image: A graph paper with lines and arrows

Description automatically generated]This circuit was created by the author, the values for the components were derived from their student number (2411525). This is shown below in Figure 1. The Graph of results for this is shown below in Figure 2.[bookmark: _Toc218387077]Figure 1 - RL Circuit Design

[image: ]










[bookmark: _Toc218387078]Figure 2 - RL Circuit Graph



3.2 [bookmark: _Toc218387053]RLC Circuit
[image: ]This Circuit was designed by the author, the only difference between this and the RL Circuit created above in section 3.1, was the Capacitor. The value for this was calculated by the author, see Equation 19 below. The Circuit Design is shown below in Figure 3 and the Graph is shown below in Figure 4. The Calculations for the Capacitor is shown below in Section 3.2.1.[bookmark: _Toc218387079]Figure 3 – RLC Circuit Design

[image: ]










[bookmark: _Toc218387080]Figure 4 – RLC Circuit Graph



3.2.1 [bookmark: _Toc218387054]Calculations for the Capacitor:

[bookmark: _Toc218387091]Equation 1 - Vrms


[bookmark: _Toc218387092]Equation 2 - Irms


[bookmark: _Toc218387093]Equation 3 - ∅1 Calculation


[bookmark: _Toc218387094]Equation 4  - Power Factor
  

The P.F. needed is 0.95, therefore:

[bookmark: _Toc218387095]Equation 5 - Cos ∅2 Calculation


[bookmark: _Toc218387096]Equation 6 - ∅2 Calculation
 = 18.2°
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[bookmark: _Toc218387081]Figure 5 - Phasor Diagram





In Triangle AOC:
[bookmark: _Toc218387097]Equation 7 - Cos  ∅1


[bookmark: _Toc218387098]Equation 8 -OA


[bookmark: _Toc218387099]Equation 9 - Sin  ∅1


[bookmark: _Toc218387100]Equation 10 - Ac



[image: ]










[bookmark: _Toc218387082]Figure 6 - Triangle OAC



In Triangle AOB:


[bookmark: _Toc218387101]Equation 11 - ∅1


[bookmark: _Toc218387102]Equation 12 - OB


[bookmark: _Toc218387103]Equation 13 - Sin ∅2


[bookmark: _Toc218387104]Equation 14 - AB


[image: ][bookmark: _Toc218387083]Figure 7 - Triangle OAB















[bookmark: _Toc218387105]Equation 15 - BC


[bookmark: _Toc218387106]Equation 16 - Xc


[bookmark: _Toc218387107]Equation 17 - Xc


[bookmark: _Toc218387108]Equation 18 - Formulae for Capacitor


[bookmark: _Toc218387109]Equation 19 - Capacitor
µF


3.3 [bookmark: _Toc218387055]Power
3.3.1 [bookmark: _Toc218387056]Apparent Power
Waldo V. Lyon, an expert and author in electrical engineering [13], describes Apparent Power as “The Greatest” power that a load can handle, while simultaneously having the RMS line Currents and Voltages the same [14]. The authors calculations for Apparent Power are shown below in equation 20.
[bookmark: _Toc218387110]Equation 20 - Apparent Power

3.3.2 [bookmark: _Toc218387057]Reactive Power
Reactive power is described as the “product of the voltage and current”,  this is whilst being measured at the same point in the circuit, this is calculated using the sin function [15]. The authors calculations for Reactive Power are shown below in equation 21.
[bookmark: _Toc218387111]Equation 21 - Reactive Power

3.3.3 [bookmark: _Toc218387058]Active Power
Similar to Reactive power, Apparent power refers to the “product of the voltage and current”, whilst being measured at the same point in the circuit, however this is calculated using the cos function [15]. The authors calculations for Active Power are shown below in equation 22.
[bookmark: _Toc218387112]Equation 22 - Active Power

3.4 [bookmark: _Toc218387059]Power Factor
The Equation the author used to Calculate the Power Factor is shown above in equation 4. With the calculations of the Power Factor, the author created a graph of Power Factor in relation to the value of the capacitor. This is shown below in Figure 8. The Table of the results are also shown in table 1, below.
	



[bookmark: _Toc218387084]Figure 8 - Graph of Power Factor in relation to Capacitor Value


3.5 [bookmark: _Toc218387060]Phase Angle
Phase Angle is a measurement of angle between resistance and ratio of reactance with the same frequency [16]. The method in which the author calculated this, is shown below in Equations 23 to 27, this method is repeated from 5uF to 35uF. With the results of the Phase angle, the author created a table and a graph of Phase angle in relation to the capacitor value. These are shown below in Table 1 and Figure 9.

[bookmark: _Toc218387113]Equation 23 - Formulae for Fr

[bookmark: _Toc218387114]Equation 24 - Calculation for Fr
207.02

[bookmark: _Toc218387115]Equation 25 - Xl Calculation


[bookmark: _Toc218387116]Equation 26 - ∅LR Formulae

[bookmark: _Toc218387117]Equation 27 - ∅LR Calculation

	
[bookmark: _Toc218387090]Table 1 - PFC

[image: ]

























[bookmark: _Toc218387085]Figure 9 - Graph of Phase Angle in Relation to Capacitor Value


3.6 [bookmark: _Toc218387061]What happens to energy stored in Capacitor and Inductor as the Power Factor Reaches 1?
When Power Factor reaches 1, the power is at maximum efficiency, as only the useful power is being used (without any waste) [17]. This Happens due to the active power and reactive power being equal [18]. In regards to energy stored in a Inductor, when the Power Factor reaches 1, the current and voltage are in phase, resulting in only the useful power being used [19]. This means that it’s at maximum efficiency and also has no reactive power within the circuit [19]. In regards to energy stored in a Capacitor, when the Power Factor reaches 1, it will result in the circuit being fully resistive, this is because it will consume all the power from the source, however will not consume any reactive power [20].



4. [bookmark: _Toc218387062]Results
[bookmark: _Toc218387063]4.1 Phasor Diagrams and Results
The Phasor Diagrams showing the component voltages and current that were calculated for the RLC Circuit, see section 3.2. are shown below. Additionally the Results of the calculations are shown below:
4.1.1 [bookmark: _Toc218387064]Resonance
The definition of resonance is outlined in the author above in section 2.4. The authors calculations for resonance are shown below:

[bookmark: _Toc218387118]Equation 28 - Equation for Fr


[bookmark: _Toc218387119]Equation 29 - Fr



4.1.2 [bookmark: _Toc218387065]25 Hz Below Resonance
For the Phasor diagram refer to Figure 9 below. The authors calculations for 25 Hz below resonance is shown below:

[image: ]









[bookmark: _Toc218387086]Figure 10 - 25 Hz Below Resonance Phasor Diagram




[bookmark: _Toc218387120]Equation 30 - Frequency


[bookmark: _Toc218387121]Equation 31 – Xc Calculation


[bookmark: _Toc218387122]Equation 32 – Xl Calculation


[bookmark: _Toc218387123]Equation 33 - Formulae For ZLR



[bookmark: _Toc218387124]Equation 34 – ZLR Calculation


[bookmark: _Toc218387125]Equation 35 - ILR Formulae


[bookmark: _Toc218387126]Equation 36 – VLR Calculation


[bookmark: _Toc218387127]Equation 37 – ILR Calculation


[bookmark: _Toc218387128]Equation 38 - Ic Calculation


[bookmark: _Toc218387129]Equation 39 - ∅LR Calculation


[bookmark: _Toc218387130]Equation 40 - ∅ Formulae


[bookmark: _Toc218387131]Equation 41 - ∅ Calculation



[bookmark: _Toc218387132]Equation 42 - ILR  Sin ∅LR Calculation




[bookmark: _Toc218387133]Equation 43 - I Calculation




4.1.3 [bookmark: _Toc218387066]25 Hz Above Resonance
For the Phasor diagram refer to Figure 10 below. Additionally, the authors calculations for 25 Hz below resonance is shown below:

[image: ][bookmark: _Toc218387087]Figure 11 - 25Hz Above Resonance Phasor Diagram














[bookmark: _Toc218387134]Equation 44 - Frequency
[bookmark: _Hlk217684793]

[bookmark: _Toc218387135]Equation 45 - Xc Calculation


[bookmark: _Toc218387136]Equation 46 - Xl Calculation


[bookmark: _Toc218387137]Equation 47 - ZLR


[bookmark: _Toc218387138]Equation 48 – ILR Calculation


[bookmark: _Toc218387139]Equation 49 – Ic Calculation


[bookmark: _Toc218387140]Equation 50 - ∅LR Calculation


[bookmark: _Toc218387141]Equation 51 - ∅ Calculation


[bookmark: _Toc218387142]Equation 52 - ILR  Sin ∅LR Calculation




[bookmark: _Toc218387143]Equation 53 – I Calculation



4.1.4 [bookmark: _Toc218387067]50 Hz
For the Phasor diagram refer to Figure 11 below. The authors calculations for 50 Hz is shown below:

[image: ]










[bookmark: _Toc218387088]Figure 12 - Phasor Diagram For 50Hz



[bookmark: _Toc218387144]Equation 54 - Xc Calculation


[bookmark: _Toc218387145]Equation 55 - Xl Calculation


[bookmark: _Toc218387146]Equation 56 - ZLR Calculation


[bookmark: _Toc218387147]Equation 57 - ILR Calculation



[bookmark: _Toc218387148]Equation 58 - Ic Calculation


[bookmark: _Toc218387149]Equation 59 - ∅LR Calculation


[bookmark: _Toc218387150]Equation 60 - ∅ Calculation


[bookmark: _Toc218387151]Equation 61 - ILR  Sin ∅LR Calculation




[bookmark: _Toc218387152]Equation 62 - I Calculation




5. [bookmark: _Toc218387068]Discussion
The author has calculated a value for the capacitor, this is to correct the power factor to     , see section 3.2.1. Below the author has described how this relates to:
5.1 [bookmark: _Toc218387069]How the PFC relates to Resonance of the Circuit
Refer to section 2.6 for a description of PFC, also, refer to section 2.4 for a description of resonance. However, in regards to how PFC relates to resonance of the circuit, if the PFC is installed in a system with non-linear loads, the capacitors can cause harmonic resonance [21]. This occurs when the system inductance and the capacitance that has been added creates a circuit, which causes the flow of harmonic currents [22]. This will result in high voltage and current at the resonant frequency, which could overload the capacitors and lead to a failure [22]. The self-healing process of PFC capacitors can change the capacitance, creating a damaged resonant frequency [22]. A graph showing Resonance in PFC is shown below in Figure 13.

[image: ]
[bookmark: _Toc218387089]Figure 13 - Resonance in PFC [22]
















5.2 [bookmark: _Toc218387070]How the PFC relates to Achieving Maximum Power Transfer
Refer to section 2.6 for a description of PFC and refer to section 2.5 for a description of Maximum Power Transfer. In regards to how PFC relates to achieving maximum power transfer, its important that the power factor be as close to unity as possible [23]. This is because, when the power factor is less than 1, the current and voltage are not in phase with each other [10], as a result less of the supplied power is being used efficiently and potentially disruptions to the device can occur [23], which can have negative effects from a business’s commercial aspect, as it can lead to increased operational costs, due to utility charges and distribution losses [24]. However if the PFC is utilised, the efficiency will be improved, due to lower distribution losses, as this will lower energy consumption also prolonging equipment’s lifespan [24], which will mitigate this risk.
5.3 [bookmark: _Toc218387071]How the PFC relates to Energy Efficiency
Refer to section 2.6 for a description of PFC, Energy Efficiency is providing a service with the same or better quality, while using less energy [25]. Energy Efficiency is imperative in today’s society and on any business [26] [27]. Some Society benefits include, reduce climate change for later generations, Economic growth, provide Jobs, Affordability and Public Health [28]. For Businesses, some benefits include, Cost savings, Economic growth and following Government Legislations [29] [30]. Regarding how PFC relates to energy efficiency, PFC is tremendously important in improving energy efficiency as when PFC is applied, it will create a high Power Factor, a high power factor, as explained in section 2.6, it will increase energy efficiency, this is as it reduces energy losses [31]. Additionally, if there is a high Power Factor, it can increase the efficiency of electrical appliances, make them more reliable for use in the future [32], making them more sustainable and energy efficient.
5.4 [bookmark: _Toc218387072]Why is Electricity Three-Phase within Developed Countries?
Electricity in the United Kingdom and throughout the developed world, is transmitted on a three-phase basis, it’s the method used by the national grid [33]. This because, its more efficient than single phase in regards to power, as they can produce more power with less current [34]. Additionally, they are proficient at power distribution, as they can distribute power over long distances without the need for additional transformers [35]. 
5.5 [bookmark: _Toc218387073]Why do systems generally not go beyond 3 phases?
However, as useful as a 3 -Phase system is, a system using more than 3 phases are not used for several reasons, for instance the cost effectiveness, as it would require a greater number of electrical components, which would come to a much larger cost [36]. Additionally, there would be limited gain as 6 & 12-Phase Systems do exist in rare cases, for example very high voltages. For normal voltages, they would not be suitable for power transmission [37], however they have an issue with dynamic overvoltage’s [37].



5.6 [bookmark: _Toc218387074]Significance of PF and PFC in Electrical Engineering Systems
For an description of PF refer to section 2.3. For a description of PFC refer to section 2.6. Electrical Engineering systems refers to an electrical system that manage and distribute electrical power [38]. Electrical systems engineering covers the design, manufacture and maintenance of electrical systems [39]. These are used in many different industries, for example; construction, aviation, domestic, aerospace, motorsport, and many more [40]. The significance of PF in relation to Electrical Engineering Systems, is that it is very critical, as it indicates the efficiency of electrical power usage, as detailed in section 2.3. Additionally, PF is the relationship between active and apparent power and is essential for optimising the efficiency of electrical systems and it can prevent issues in the systems, for example, energy losses and conductor overheating [41]. The results of these can lead to equipment failure and higher utility charges [41], which for a business are risks they would like to mitigate, as a result the PF plays a significant role in electrical systems. The significance of PFC in relation to Electrical Engineering Systems, is that it is very important, as PFC is the method used to increase the power factor, to make it as near to 1 as possible, as detailed in section 2.6. PFC is significant in relation to Electrical systems as, if the PF is increased due to the PFC, this means the issues highlighted in regards to a lower PF (energy losses and overheating), wont occur and would be a method of eliminating/mitigating these risks.



6. [bookmark: _Toc218387075]Conclusion
From the experiment, it has been determined that, when the capacitor value increases, so does the Power Factor, however the phase angle will decrease, this is also true in vice-versa, this is in relation to PFC. Additionally, with a higher frequency, this will create a higher Power Factor value. Additionally, the author has created a RLC Circuit, via PFC, using the value calculated for the capacitor to do this. Using this value the author calculated the component voltages and current for the RLC Circuit, using phasor diagrams to demonstrate the values. Additionally, explaining the relation between PFC and different subjects within electrical engineering. While also describing PF and PFC and explaining its significance to electrical engineering systems.
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Power Factor in relation to Capacitor Value

P.F	5	10	15	20	25	30	35	0.16	0.23	0.28999999999999998	0.33	0.37	0.4	0.44	Capacitor Value (uF)


Power Factor



Phase Angle in relation to Capacitor Value

ϕ	5	10	15	20	25	30	35	80.510000000000005	76.52	73.41	70.75	68.37	66.180000000000007	64.14	Capacitor Value (uF)
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