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[bookmark: _Toc100683552]1. Abstract 
The following document outlines the findings of the simulations for an RLC circuit, to calculate capacitance to achieve a power factor of 0.95 or better, along with calculating the phase difference after power factor correction had taken place. The circuit used to research and calculate the results to these problems, was modelled and simulated using proteus. 
Phasor diagrams were also produced to see the effects that various frequencies had on the RLC circuit, ranging from resonance frequency, 25Hz above and below resonance and 50Hz using an excel spreadsheet to plot the phasor diagrams. 
The document also explores the effects capacitance has on power factor, and shows although capacitance can improve Pf, too much can have a negative impact on Pf. 
Finally, the document also explores the relation maximum power transfer has with power factor, and what happens to the energy in a circuit with power factors close to 1. 

[bookmark: _Toc100683553]2. Introduction 
This section of the report will go over some of the background information on the subject, and on the problems which have been looked at throughout the report. 
[bookmark: _Toc100683554]2.1 Active, Reactive and Apparent Power 
[bookmark: _Toc100683555]2.1.1 Active Power 
[1]Active power is the actual amount of power that is consumed in any electrical circuit. This power can also be converted into other forms of energy, which include heat energy or light energy. This measurement is represented in the unit of Watts. 
[bookmark: _Toc100683556]2.1.2 Reactive Power 
[1]Reactive power doesn’t perform any real ‘work’, essentially meaning that this power can’t actually be utilized for things such as heating or lighting. [2]Reactive power just ‘pulsates’ back and forth in the system. This measurement is represented in the unit of VARs. 
[bookmark: _Toc100683557]2.1.3 Apparent Power 
[1]Apparent power is the Volt Amperes (VA) used by the circuit. This is the multiplication of the voltage (rms) and current (rms). This gives an indication of losses in the circuit. This measurement is represented in the unit of VA. 
[bookmark: _Toc100683558]2.2 Power Factor 
[3]Power factor essentially determines how much of the power used by a system is active power, and how much of the power used is reactive power. 
Power factor can be calculated by the following equation. 

It is important to calculate power factor, as the reactive power in a system is essentially wasted. Therefore, it is important to keep this waste as low as possible. Most industrial customers will have to meet a standard power factor value, which is typically around 0.9. 
[bookmark: _Toc100683559]2.2.1 Power Factor Correction 
[3]By correcting power factor, the phase difference between voltage and current is essentially being improved/lowered. This is done by simply adding capacitors into the circuit, which controls the amount of reactive power in the system. [4]For large industrial applications, big capacitor banks are used for power factor correction. These will be seen in buildings that use a high volume of inductance loads, such as motors and heavy machinery. 
There are typically 2 different locations where Pf correction can take place. These 2 locations are Individual Compensation or Central Compensation. 
The difference between the 2 locations are for individual compensation, the Pf correction is wired at single loads (motor terminals) and central compensation has a bank of capacitors on the main power distribution board or at the substation supplying the facility. 
Both methods have their advantages over the other. Individual compensation is better suited to places where the majority of reactive power is concentrated on large loads. For example, a motor that drives a continuous convey belt. Whereas central compensation is better suited for system where the load will fluctuate throughout the day. For example, factory that uses a lot of CNC and milling machines. 
[bookmark: _Toc100683560]2.3 Phasor Diagrams 
[5]Phasor diagrams are relevant only to AC sinusoidal quantities. These diagrams are used to aid in visualising phase difference or angular difference. 
[bookmark: _Toc100683561]2.4 Resonance 
Resonance frequency is achieved when a frequency or frequencies have reached their maximum amplitude. 
[6]”In an LC circuit, i.e., one involving inductors and capacitors, energy is transferred from capacitor current to the magnetic field of the inductor and vice versa, similar to the energy transfer in a mechanical pendulum. It is often used in the tuning of wireless radio transmissions, due to the unique frequencies involved.”




[bookmark: _Toc100683562]3. Method
[bookmark: _Toc100683563]3.1 Circuit Diagram Before Correction
Below shows the circuit diagram before power factor correction is applied, which was modelled using Proteus. The values for the various components were derived from the student number shown on the image below. 
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[bookmark: _Toc100683498]Figure 1- Circuit Diagram Before Correction











[bookmark: _Toc100683564]3.2 Phase Difference before Capacitor Added 
The graph below was used to work out the phase difference between Vload and Iload.  
The equation used to work out the phase difference is as follows: 

t= Time difference between both waveforms 
T= Time of 1 cycle 
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[bookmark: _Ref100664217][bookmark: _Toc100683499]Figure 2- Graph Showing Phase Difference before Power Factor Correction



[bookmark: _Toc100683565]3.3 Calculating Active, Reactive & Apparent Power
Microsoft Excel was used to calculate Active, Reactive and Apparent Power. This allows the ability to calculate Power Factor Correction. 
[bookmark: _Toc100683566]3.3.1 Impedance 


[bookmark: _Toc100683567]3.3.2 Current 


[bookmark: _Toc100683568]3.3.3 Power 





[bookmark: _Toc100683569]3.3.4 Active Power 


[bookmark: _Toc100683570]3.3.5 Reactive Power 


[bookmark: _Toc100683571]3.3.6 Apparent Power 





[bookmark: _Toc100683572]3.4 Calculating Power Factor Before Correction
The equations used to calculate power factor before power factor correction had taken place is shown below. 
[bookmark: _Toc100683573]3.4.1 Phase 


[bookmark: _Toc100683574]3.4.2 Power Factor Before Correction 


A power factor of 0.85 is too low as the system isn’t running very efficiently, meaning a lot of power is being wasted. Therefore, a capacitor will need to be added to the system to improve the Power Factor and bring the voltage and current more in-phase with each other. 



[bookmark: _Toc100683575]3.5 Calculating Power Factor Correction 
The system needs to achieve a Power Factor of 0.95 or better. To achieve this, a capacitor is required in the system, which needs to be calculated. The formulas for the various components required to calculate the capacitor value are shown below. 
[bookmark: _Toc100683576]3.5.1 Resistive Current 

[bookmark: _Toc100683577]3.5.2 Reactive Current 

[bookmark: _Toc100683578]3.5.3 New Phase Angle 

[bookmark: _Toc100683579]3.5.4 New Current 

[bookmark: _Toc100683580]3.5.5 New X Current 

[bookmark: _Toc100683581]3.5.6 Capacitor Current 

[bookmark: _Toc100683582]3.5.7 XC

[bookmark: _Toc100683583]3.5.8 Capacitance 


To achieve a Power Factor of 0.95 in this system, it requires a capacitor with a capacitance value of 15.52μF. 



[bookmark: _Toc100683584]3.6 Circuit Diagram After Correction 
The image below shows the circuit diagram after power factor correction has taken place. This has been achieved by adding a capacitor with a capacitance value of 15.52μF.
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[bookmark: _Toc100683500]Figure 3- Circuit Diagram After Correction
The graph below indicates that the system now has a better power factor, as the system is more in-phase. 
[image: A picture containing chart
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[bookmark: _Ref100664260][bookmark: _Toc100683501]Figure 4- Graph Showing Phase Difference After Power Factor Correction

[bookmark: _Toc100683585]3.7 Power Factor Graph
A graph was then produced to show the effects on power factor against capacitance, which was done using Excel. The formulas used to achieve this graph are shown below. 
[bookmark: _Toc100683586]3.7.1 ZRL 
  
[bookmark: _Toc100683587]3.7.2 XC

[bookmark: _Toc100683588]3.7.3 ZLC 


[bookmark: _Toc100683589]3.7.4 ZTotal 

[bookmark: _Toc100683590]3.7.5 Vload 

[bookmark: _Toc100683591]3.7.6 IRL 


[bookmark: _Toc100683592]3.7.7 IC 


[bookmark: _Toc100683593]3.7.8 ISupply 


[bookmark: _Toc100683594]3.7.9 Phase 

[bookmark: _Toc100683595]3.7.10 Power Factor 

Those formulas were used to achieve 1 point on the graph (Figure 4- Power Factor Graph). This was then repeated for 100 different values to be plotted on the graph. 
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[bookmark: _Ref100475481][bookmark: _Toc100683502]Figure 5- Power Factor Graph
From the graph above, it shows that around 34µF, the Pf reaches 1. This is what an ideal system would like, as the amount of reactive power created by the capacitor, will pretty much equal to the reactive power absorbed by the inductive load. This is ideal as reactive power is essentially waste. 

[bookmark: _Toc100683596]4. Results 
Phasor diagrams were also produced to see the effect various frequencies have on the system, starting with 50Hz, 25Hz above resonance, at resonance, and 25Hz below resonance. The various phasor diagrams are shown below. 
[bookmark: _Toc100683597]4.1 Resonance Frequency 
[bookmark: _Toc100683598]4.1.1 Calculating Resonance Frequency
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[bookmark: _Ref100679385][bookmark: _Toc100683503]Figure 6- Phasor Diagram at Resonance
[bookmark: _Toc100683599]4.2 25Hz Above Resonance 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc100683504]Figure 7- Phasor Diagram 25Hz Above Resonance
[bookmark: _Toc100683600]4.3 25Hz Below Resonance 
[image: Chart, line chart
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[bookmark: _Ref100681179][bookmark: _Toc100683505]Figure 8- Phasor Diagram 25Hz Below Resonance
[bookmark: _Toc100683601]4.4 50Hz 
[image: Chart, line chart
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[bookmark: _Toc100683506]Figure 9- Phasor Diagram at 50Hz


[bookmark: _Toc100683602]5. Discussion 
[bookmark: _Toc100683603]5.1 Power Factor before Correction 
First, the phase difference between voltage and current was calculated, which would then give the power factor of the circuit. Before correction, the phase difference was ≈33o, which equated to a Pf of 0.85. This meant the circuit wasn’t very efficient, as there was more reactive power being produced than there was being absorbed by the inductive loads. Ideally, the system should have as little reactive power as possible. This wasn’t the case in this circuit, therefore, Pf correction was needed to bring that Pf to 0.95 or better. 
[bookmark: _Toc100683604]5.2 Power Factor after Correction 
As the circuit wasn’t efficient enough, Pf factor correction was required to reduce the amount of reactive power in the circuit by adding a capacitor into the circuit. However, the capacitance value of this capacitor needed to be calculated, to ensure that there wasn’t too much capacitance in the circuit, which would also have a negative effect on the Pf and efficiency of the circuit. 
To calculate the capacitance of the capacitor, other parameters were required. For example, the new phase angle needed to be calculated. This was required to allow a target to aim for. It also allowed for other parameters to be calculated, such as the new current in the circuit. All of this allowed for the calculation of XC, which was required to calculate the capacitor capacitance. This was calculated by dividing the circuit voltage (400V rms) by the current flowing through the capacitor. 
From calculating XC, the capacitor capacitance could be calculated using the equation:

This resulted in a capacitance value of 15.52µF. This also relates to resonance frequency, because when a system is as resonance, the Pf should be pretty much 1. 
[bookmark: _Toc100683605]5.2.1 Maximum Power Transfer 
In an ideal circuit, essentially a circuit with a power factor of 1, there is little to no impedance as there isn’t any reactance in the circuit. If the circuit doesn’t have any reactance, then that means the circuit is purely resistive. As the circuit is purely resistive, maximum power transfer can occur. [7]Maximum power transfer is basically the point at which the load of a circuit is dissipating the most amount of power available.  
[bookmark: _Toc100683606]5.3 Phasor Diagrams 
[bookmark: _Toc100683607]5.3.1 Resonance Frequency
After Pf correction had taken place, phasor diagrams were produced to show what happens to the circuit at various frequencies. One of those being at resonance. The resonance frequency had to be calculated by using the equation: 

From the phasor diagram (Figure 6- Phasor Diagram at Resonance), it can be seen that IRL and Isupply are evenly spaced, with IRL being in the bottom right quadrant, and Isupply being in the top right quadrant. This is showing that the reactive power being generated is equal to the reactive power being absorbed. 
Whereas, at 25Hz below resonance (shown in Figure 8- Phasor Diagram 25Hz Below Resonance), Isupply and IRL are both in the bottom right quadrant. This is showing that more reactive power is being generated than being absorbed, which is essentially wasted power. 



[bookmark: _Toc100683608]6. Conclusion 
To conclude this report, this section will outline the main findings from the simulations and results gathered. 
[bookmark: _Toc100683609]6.1 Before Correction 
Before Pf correction was conducted, voltage and current had a phase difference of 33o which resulted in a fairly poor Pf of 0.85. This could be seen on Figure 2- Graph Showing Phase Difference before Power Factor Correction. Obviously, this Pf rating would not be accepted in any industry standard, so Pf correction had to be undertaken, to achieve a Pf of 0.95 or better. 
[bookmark: _Toc100683610]6.2 After Correction
After various formulas and equations were undertaken, it identified that a 15.52µF capacitor was needed to achieve a Pf slightly better than 0.95, and a phase of ≈18o. This reduces the amount of reactive power in the system, which in turn, reduces the amount of power wasted by the system. This can be seen in Figure 4- Graph Showing Phase Difference after Power Factor Correction. 
[bookmark: _Toc100683611]6.3 Resonance Frequency
The resonance frequency was calculated after the system had undergone Pf correction. The resonance frequency was calculated at 140.95Hz. 
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Phasor Diagram 25Hz above Resonance

——IC —=—IRL —e—Isupply —e—Vsupply —e—Vioad

-6




image8.png
Phasor Diagram 25Hz Below Resonance
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Phasor Diagram at 50Hz
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