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[bookmark: _Toc155820182]Abstract
Task for this assignment is to create a RL-C circuit in simulation program Proteus. Values used for resistors and Inductor come from my student ID. Power factor capacitor value were left empty. Capacitor value needed to be calculated.
Starting from creating a graph to help to determine the phase difference and having current and load voltage plotted against time on the same graph. Voltage on one axis and current on the other.
Inductor reactance, impedance, active power, reactive power and apparent power had to be calculated. From phase difference there was a way to calculate phase angle and this helped to work out power factor.
Using a phasor diagram helped to determine capacitor current at new power factor of 0.95 which was crucial to calculate Capacitor value. Phasor diagrams created right angle triangles and when using trigonometry, it gave option to workout current of the capacitor.

[bookmark: _Toc155820183]Introduction
Figure 1.0 shows a circuit that was asked to create using program Proteus.
[image: ]
Figure 1.0
This circuit is a RL-C circuit and has a resistor in series. Capacitor value has been left empty to be calculated. This capacitor is a power factor correction capacitor and its job is to correct the power factor to unity. It needs to be connected in parallel to a load which in this case is a resistor in series with inductor which represents anything inductive such as motors (windings), transformers (windings), heaters(winding). This is one of couple methods of power factor corrections to increase the power factor. Higher the power factor it then reduces the current flowing in a circuit and reduces power used which saves money as less energy is being wasted. Less reactive power in a system more money saved. Power factor should usually be between 0.8-0.9 but ideally 1 which is unity but in real life its impossible to reach that therefore we receive something in between 0.8-0.95 approximately. 
Impedance in RL circuit consists of resistance and inductive reactance and the unit is in Ohm. Source resistor is in series with RL circuit therefore the current is this same throughout the circuit.  
Using analogue graph in proteus graph was created of a circuit current on one axis and load voltage on the other plotted against time. This has given two waveforms. Using these two waveforms the phase angle was possible to be calculated, this phase angle was used in further calculations to find a power factor of this circuit. Power factor is needed to calculate reactive and real power of the circuit.  Phase angle is the phase difference between the total current and the source voltage.
Having current and phase angle values allows t Apparent, reactive and active power of the circuit to be calculated. Apparent power is the amount of power delivered to a circuit and its unit is VA. To workout apparent power, active power and reactive power of the circuit needs to be calculated. Active power is the actual power consumed by a circuit due to the resistive load is called real power. To find out real power units of volts and current needs to be converted to RMS values if not yet converted and also phase angle is required. Reactive power according to Alex Roderick, ‘Understanding the Differences Between True Power, Reactive Power, and Apparent Power’ the power is measured in VAR or kVAR and the power is released and stored by capacitors and inductors. This power flows back into the original source from the inductors and capacitors without being consumed therefore it is affecting the power factor of the circuit. 
Question asks to correct a value to 0.95. Using a P.F formula
Using a phasor diagram to calculate new supply current and then what capacitor current should be at. A phasor diagram is a graphical representation used in electrical engineering for studying a complex system such as AC circuit. Key elements are magnitude, angle and reference axis. Phasor diagrams are useful when dealing with AC circuits because it can be put it into different right-angle triangles and using trigonometry work out the answers. 
A repositioning of the phasors forms a right triangle which is called impedance triangle. Using right angle trigonometry and looking at different triangles allows to calculate the length of each phasor which in this case units are in Amps. After finding this value of my Power factor correction capacitor value can be calculated. 
Question asks what happens to the energy stored in the capacitor and inductor at power factors close to 1.
At power factors close to 1, the energy stored in the capacitor and inductor undergoes certain changes based on the nature of the power factor and the type of load in the electrical system. Capacitors are often used to correct the power factor and bring it closer to unity. Capacitors store energy in the form of an electric field. The energy stored in the capacitor is then discharged to help balance the reactive power, leading to an overall improvement in power factor.
Inductors store energy in the form of a magnetic field. The energy stored in the inductor helps balance the reactive power and increase energy efficiency, to improve the power factor towards unity when the capacitive loads are present. electricity-magnetism.org
Looking at different capacitor value and plotting a graph of them values against power factor and phase angle. It was noticed that when the phase angle is smaller the power factor is bigger. Ideal power factor is in between these capacitor values 1.2uF and 2.2uF .
[image: ]
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[bookmark: _Toc155820184]Method
Figure 1.0 shows a circuit that was created using program Proteus.
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Figure 1.0
Figure 1.2 shows just R2 and L1 forming RL circuit.  
[image: ]
Figure 1.2


Using analogue graph in proteus circuit current is on one axis and load voltage on the other plotted against time. This has given two waveforms.
Using these two waveforms phase angle was able to be calculated using this formula: [image: ]
· t represents time difference between 2 wave forms.
· T represent period
Figure 2.0 shows a graph with two blue dots plotted to represent time difference between two waveforms.
[image: ]
Figure 2.0










From graph figure 2.1 two dots was compared to give a period time of the waveform.
[image: ]
Figure 2.1
This has given a phase angle of 30.6 degrees.
As there is inductor in the circuit inductive reactance needs to be worked out using this formula:
 To calculate impedance of both resistor and inductor this formula was used:  
This is important for working out Potential difference across RL and then total current. Rsrc is in series with LR therefore the current is the same as in LR.
To calculate voltage drop across source resistor voltage divider formula was used: 

And then voltage divider rule was used to calculate voltage at RL circuit using this formula:

To calculate total power of the circuit ohms law was used:  adding total resistance together giving more accurate current.
Having current allows to workout Apparent, reactive and active power of the circuit.
To calculate active power, this formula was used: 
To calculate reactive power, this formula was used: 
To calculate apparent power, this formula was used: 

Question asks to correct a power factor value to 0.95. Using a P.F formula.
To calculate power factor before correction and after correction this formula was used:  but for new power factor this formula had to be re arranged to: 
Using a phasor diagram to calculate new supply current and then what capacitor current should be at trigonometry had to be used. Looking at each triangle individually such as triangle In  OAC, OAB, OAC, OAB. This have given the ability to find line BC which is this same as 
After finding this value of PFC could be calculated using:

This is equivalent to: 
This is simplified formula: 
This is simplified formula to find Capacitor:  
After inserting this capacitor value, wattmeter was used to read real power, and product of ammeter and voltmeter reading to find apparent power as shown on figure 3.
[image: ]
Figure 3
Looking at the graph(Figure 4) waves are now almost in phase and time response of two waves are roughly 1.1ms which is 0.6ms faster than figure 2.0.
[image: ]
Figure 4

[bookmark: _Toc155820185]Results
[bookmark: _Toc155820186]Phase Angle
Using these two waveforms phase angle has been calculated using this formula: [image: ]
· t represents time difference between 2 wave forms.
· T represent period
Figure 5.0 shows graph with plotted two blue dots to represent time difference between two waveforms 
[image: ]
Figure 5.0
Blue dot on Red wave shows 10ms
Blue dot on Green wave shows 11.7ms
t=11.7ms – 10ms = 1.7ms
To measure period, from figure 5.1 two dots were used to record a time taken.
[image: ]
Figure 5.1
T = 20ms
[image: ]
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To calculate inductive reactance, this formula was used:


[bookmark: _Toc155820188]Impedance
To calculate impedance, this formula was used: 
 

[bookmark: _Toc155820189]Rsrc Voltage drop
To calculate voltage drop across Rsrc this formula was used: 


[bookmark: _Toc155820190]RL Voltage drop
To calculate voltage drop across RL this formula was used: 


[bookmark: _Toc155820191]Circuit Current
To calculate total current this formula was used : 


[bookmark: _Toc155820192]Active Power
To calculate active power, this formula was used: 


[bookmark: _Toc155820193]Reactive Power
To calculate reactive power, this formula was used: 


[bookmark: _Toc155820194]Apparent Power
To calculate apparent power, this formula was used: 


[bookmark: _Toc155820195]Power factor
To calculate power factor before correction this formula was used: 


New power factor needs to be at least 0.95 therefore to calculate power factor after correction this formula was used: 

To re arrange this formula to : 




[bookmark: _Toc155820196]Phasor Diagram
[image: ]
To find new supply current trigonometry was used.
[bookmark: _Toc155820197]In 
Because phase angle is known this formula was used: 






[bookmark: _Toc155820198]In 
Because  phase angle is known this formula was used: 



To find capacitor current trigonometry was used.
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Because phase angle is known this formula was used:
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Because phase angle is known this formula was used:
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[bookmark: _Toc155820202]To find and then Capacitor value


This is equivalent to: 
This is simplified formula: 
This is simplified formula to find Capacitor:  



[bookmark: _Toc155820203]Phasor diagrams showing the component voltages and current for the circuit in task 1 at 

i) 25 Hz below resonance, 117.20Hz

For, 
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ii) resonance  is at 142.20Hz



 For, 
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iii) 25 Hz above resonance. 167.20Hz
For, 
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iv) 50 Hz
For, 
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Starting with taking away a capacitor from original circuit as shown in figure 1 and just focusing on R2 and L1, these two forms RL circuit. Only focusing on these two and leaving the source resistor for now. This has been done to calculate inductive reactance and impedance of the resistor and inductor together which have helped to calculate total current in the circuit.
From plotting a graph of voltage and current in a circuit without a known value of capacitor there was a time difference between two waves. The greater the time difference it means the waves are more out of phase, giving me smaller power factor and bigger phase angle. The values could be taken from any point of the wave but the second point must be horizontal to first point of the first wave in order to calculate how much time difference its between two waveforms. Using difference between two waveforms and time period of the wave has given phase angle. Time period has to be taken from beginning of the wave to the end of full wave. 
Calculating Inductive reactance was important for calculating impedance of RL circuit and impedance was important to calculate circuit current using ohms law. To make the current accurate source resistor had to be included. Having a current allows to calculate apparent, reactive and active powers which describes how much energy circuit uses and wastes.
By calculating current power factor, power factor had room to be improved. As power factor should equal to unity. Value 1 would probably be impossible to reach in real life therefore 0.95 was aimed to be achieved.
This has given enough detail to draw a phasor diagram to calculate different angles. Using right angle trigonometry and looking at different triangles it was able to calculate the length of each phasor which in this case units are in Amps. After finding all of this next was to calculate value of Power factor correction capacitor value by finding Ic value first and re arranging a formula to get a Capacitor value.
Following these steps for this circuit a suitable capacitor value to correct the power factor to ≥0.9 was calculated. This relates to resonance and maximum power transfer.
Resonance occurs when the inductive reactance and capacitive reactance equal in magnitude but opposite in phase, leading to their cancellation. Power factor is at its maximum. Therefore, if capacitor is added and its capacitance will get closer to inductance the power factor will increase.
Maximum power transfer occurs when the impedance of the load matches the internal impedance and the power reaches its maximum state. Therefore, by adjusting capacitive reactance it will match impedance to achieve better results. 

[bookmark: _Toc155820205]Conclusion
In conclusion to improve a power factor of a circuit with any inductive load such as a motor winding the capacitor needs to be linked in parallel with the load. By adjusting correct value of the capacitor, the power factor can be improved and therefore use less apparent power leading to more balanced and efficient distribution of power as it minimizes the losses.
To find a capacitor value there are different calculation needed to be made first such as as finding the phase angle, finding power factor, calculating right angles from a phasor diagram using trigonometry and then finding Capacitor current which will enable us to calculate value of a capacitor by finding capacitive reactance. 
Capacitor value relates to resonance and maximum power transfer. By changing capacitor value gives me different capacitive reactance and the closer it gets to inductive reactance the better power factor I receive.
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