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Abstract 
Through this study, a model of a RLC circuit has been produced using excel spreadsheet software so that the data can be analysed in the form of graphs plotted against frequency. The circuit that will be analysed is a parallel RLC circuit consisting of a voltage source, resistance and reactance in the form of capacitive reactance and inducive reactance. The reactance consists of an inductor and a capacitor connected in parallel. This model has been used to plot a variety of graphs to study the impact that different frequencies have on the performance of the circuits. The graphs produced are for current, voltage drop, power and power factor all plotted against frequency. The resonant frequency was then calculated and phasor diagrams were plotted to show component voltages against current at resonance and 25Hz below and after resonance to illustrate the phases shift that occurs during resonance.  
The studies purpose is to find out what effect resonance has on the electrical system and what effect this has on maximum power transfer and power factor. This has real world uses in industry to ensure that a power system is as efficient as possible and so that large industrial companies do not get penalised due to low power factor. 
Component values used:
Inductor value = 201mH
Resistor value = 56Ω
Capacitor value = 83µF
Using these values, resonant frequency is calculated to be 38.9658Hz.

Introduction 
The purpose of this report is to study the effect that frequency has on a parallel RLC circuit and to calculate the resonant frequency and implications this has on maximum power transfer and power factor correction. 
At resonance, the capacitive reactance and the inductive reactance are equal. This has several important implications to the electrical system: 
· Impedance is equal to the resistance which is the minimum possible impedance
· The phase angle is zero and therefore the power factor is 1 
· The current in the circuit is maximised 
· Maximum power transfer occurs which means that all the power is dissipated in the circuit. [1]
Power factor is a measure of how much of the power used in an electrical system is active power and how much is reactive power. Reactive power is the part of apparent power wasted by reactive elements such as capacitors and inductors. Reactive power is unwanted and has the potential to do damage in an electrical system we must look to reduce it and therefore maximise the real power.
In industry, most electrical loads are inductive. Some examples of inductive loads in industry are transformers, heaters, and motors as they all contain coils. The inductive loads in industry cause a lagging power effect where the current lags behind the voltage. This causes wasted energy in the form of reactive power.
Energy companies penalise large industrial companies if their power factor is below a certain amount, which is usually between 0.8 and 0.9. This means that large industrial companies must look to increase their power factor as much as possible to reduce the phase angle between voltage and current. Decreasing the phase angle between the voltage and the current through power factor correction will reduce the reactive power that is produced.
This is where power factor correction is used to reduce the phase shift between current and voltage. As most industrial loads are inductive, we must add capacitors to the system to reduce the phase angle by trying to increase the capacitive reactance to match the inductive reactance and increase the power factor. This will mean that reactive power will be decreased making the system more efficient. 
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Figure 1. shows the parallel RLC circuit that I am going to create a model of. 
The component values that will be used for this model are: 
· Inductor = 201mH
· Resistor = 56Ω
· Capacitor = 83µF 
Through this assignment I am going to create a model of a parallel RLC circuit shown in figure 1, using excel spreadsheet software to produce various graphs. These are the graphs that I will be plotting:
· Circuit current against frequency
· Component volage drops against frequency
· Active, Reactive and apparent power against frequency
· Power factor against frequency
I will analyse these graphs to describe what happens to the energy stored in the capacitor and inductor at resonance. 
I will then calculate the resonant frequency and draw phasor diagrams for the circuit at resonance and 25Hz before and after resonant frequency in order to observe the leading and lagging effects caused by the effect that the frequency has on the RLC circuit. 
Finally, I will calculate capacitor component value given the resistor value and inductor value and illustrate how this relates to resonance and maximum power transfer. 
 
Method 
The first formula that I used in task 1 was the resonant frequency equation:

[2]
Below you can see the formulas that I used to complete the 
Current against frequency graph
To produce the first graph, current plotted against frequency, I had to calculate the absolute current. I did this by using the following formula, Ohm’s law, to firstly calculate the current then change it to absolute current using the excel function. 

Voltage against frequency graph
To produce the second graph, I needed to calculate the voltage drops across each component using ohms law so that I could then plot these values against frequency.

To calculate the voltage drop across the resistor I multiplied the absolute current by the resistor value. For the voltage drop across the capacitor and inductor I firstly needed to calculate the complex value for Xl and Xc. I did this using the following equations to solve Xc and Xl respectively: 

I then converted my values for Xc and Xl to their complex values using the excel function. 
Before I would calculate the voltage drop across each component (using Ohms law) I had to find the impedance of the inductor and capacitor (ZLC) I did this by using equation: 

Active, Reactive and apparent power against frequency graph
To calculate the active power, I used the following power equation: 

To calculate the reactive power, I used the same formula but used a formula in excel to just take the imaginary number. 
To calculate apparent power, I used the following formula: 

Power factor against frequency graph 
To calculate the power factor, I firstly needed to find the phase angle. The formula that I used to find the phase angle was: 

Where: 

Now that I have found the phase angle it is possible to calculate the power factor by using the equation: 

Calculations for task 3 
In the question for task 3, I am asked to calculate the capacitor value to allow maximum power transfer, given that there is a 5Ω resistor and a 150µF inductor. Maximum power transfer occurs at resonance. At resonance, Xc and Xl are equal. I can therefore calculate the value for Xl and then sub into the capacitive reactance formula. 



Substitute  for  as = at maximum power transfer: 


Rearrange formula to find C:



By solving the equation, I have shown the value for capacitance to allow maximum power transfer depending on the frequency of the supply. 
I will now calculate the value for capacitance, assuming the frequency=50Hz




So, when our frequency is 50Hz the capacitor value will equal 67.5475mF.
Results 
In this section I am going to show you the results that I obtained from my excel spreadsheet model in the forms of graphs plotted against frequency. All the calculations were completed using the formulas stated in the previous section (Method).
I calculated my resonant frequency as 38.9657Hz. I did this before plotting the graphs so that I could include my resonant frequency in my table of values. I did this so that I could analyse the circuit current; component voltage drops; active, reactive and apparent power; power factor against frequency and analyse what happens to each at resonance. 
Task 1 a) – Circuit current plotted against frequency 

Figure 1a – Circuit current 
This graph shows that when the frequency is at resonance the current is at a minimum. 






Task 1 b) – Component voltage drops against frequency 

Figure 1b – Voltage drop 
An interesting feature of this graph is that at resonance, voltage across the inductor and capacitor is at a maximum and the voltage across our resistor is at a minimum. 

Task 1 c) – Active, Reactive and apparent power against frequency 

Figure 1c – Active, Reactive & Apparent Power 



Task 1 d) – Power factor against frequency

Figure 1d – Power factor  
I will now show my phasor diagrams for this circuit to satisfy the criteria for task 2, plotting current against voltage. I have included three phasor diagrams. One for 25Hz below resonance, one at resonance and one 25Hz above resonance. 
Task 2 a) This phasor diagram shows the VLC and VR values when the frequency is 25Hz below resonance 

Figure 2a – Phasor diagram, 25Hz below resonance 



Task 2 b) This phasor diagram shows the VLC and VR values when the frequency is at resonance

Figure 2b – Phasor diagram at resonance  
Task 3 c) This phasor diagram shows the VLC and VR values when the frequency is 25Hz after resonance

Figure 2c – Phasor diagram, 25Hz after resonance 





Discussion 
Figure 1a shown in the previous section illustrates the affect frequency has on current in a RLC circuit. 
During resonance, the circuit becomes purely resistive, there is no reactance present as the opposite effects of the inductive reactance and the capacitive reactance cancels out. This means that the current drops to close to zero as the only component drawing any current is the resistor. 
During resonance, the circuit becomes purely resistive. The current in the resistor is equal to the total circuit current and the impedance of the circuit has its highest value and is equal to resistance. Therefore, current will be at its minimum value due to the impedance being the highest possible value. [2]
Figure 1b illustrates the component voltage drop across the resistor and the inductor/capacitor part of the circuit depending on the frequency in the circuit. 
The graph shows that at resonance, the volts drop across the capacitor and the inductor is at the maximum (10V) and the volts drop across the resistor is at a minimum (0V). The maximum volt drop occurs over the inductor and capacitor at resonance due to the inductive reactance and the capacitive reactance cancelling each other out. This means that the impedance has its greatest value at resonance. 
Figure 1c illustrates the active, reactive and apparent power against frequency
At resonance, which in my case is 38.9658Hz, there apparent power is equal to the active/real power and the reactive power is at a minimum. This shows that at resonance, maximum power transfer is achieved and there is no reactive power. This means that the electrical system is operating at maximum efficiency and the phase angle is 0°
Figure 1d illustrates how power factor is affected by the frequency in the circuit. At resonance, the phase angle will equal 0°. This means that the power factor will equal 1 at resonance. Therefore, maximum power is achieved at resonance and the electrical system will be operating at maximum efficiency. [3]
At resonance, the energy stored in the capacitor is equal to the energy to the inductive energy. As they are 180° out of phase, they cancel each other out and therefore the circuit becomes purely resistive. 
In my phasor diagrams you can see that 25Hz below resonance, the circuit capacitance is larger than the circuits inductance. This means that the circuit will produce a leading power effect as illustrated in the graph figure 2a). 
At resonance, as shown in figure 2b), we can see that the phase angle is 0° and therefore maximum power transfer is achieved. 
25Hz after resonance, as illustrated in figure 2c), we can see that the circuit is mainly inductive and therefore causes a lagging power effect. 
For task 3, for resonance to occur the inductive reactance must be equal to the capacitive reactance. When these are equal resonance occurs due to the cancelling effects of both. This means that the phase angle will be zero and therefore maximum power transfer will occur. 
Conclusions 
Through this study there are several conclusions that I can make about the effect resonance has on a parallel RLC circuit: 
· Resonance occurs when the inductive reactance and the capacitive reactance are equal and opposite
· Maximum power transfer occurs at resonance
· Power factor = 1 at resonance as the phase angle = 0°
· Several conditions are met when resonance occurs in a parallel RLC circuit. These include: 
· Total current in the circuit is equal to the current in the resistor
· Current in the capacitor is equal to the current in the inductor
· The impedance of the circuit is at its highest value and equal to R
· Circuit current it at its minimum value due to the impedance being the highest
· Active power is equal to apparent power and reactive power is at its minimum as the power factor is 1. [4]
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Power Factor

1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	0.99974547133909186	0.99897902292327301	0.9934921892331301	0.97207384513804995	0.85281133509618334	0.99999999979354182	0.49742975709206505	0.92728480802317381	0.98453104074819919	0.99763469942853678	0.99941249038838376	0.99985336006289061	0.9999765482370172	0.9999941374386857	Frequency (Hz)


Power Factor



25 Hz Below Resonance

VLC	0	2.210920239172245E-4	0	3.39861079994329	VR	0	9.4045353976736781	0	-5.8314280447916624E-15	I	0	0.16793813210131575	0	0	



At Resonance

VLC	0	9.9997687595018032	0	1.1642156244234545E-2	VR	0	2.3123843361084283E-4	0	9.3976872856519455E-9	I	0	4.129257743050773E-6	0	1.6781584438664205E-10	



25 Hz Above Resonance

VLC	0	4.7340943458547978E-5	0	-6.4816048538232574	VR	0	7.6149903161462928	0	-2.8330757158749279E-15	I	0	0.13598196993118372	0	0	



Circuit Current 

|I|	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	0.17852278491458393	0.17838590892304454	0.17740604458245446	0.17358106304670831	0.15228272590232508	4.129257746460848E-6	8.8822947981134145E-2	0.16558647810537158	0.17580910953192269	0.17814905335060283	0.17846651613341402	0.17854524286791332	0.17856724075659869	0.17857038168547856	Frequency (Hz)


Current (A)



Component Volts Drop 

VR	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	9.9972759552167005	9.9896108996904935	9.9347384966174488	9.7205395306156657	8.527832650530204	2.312384338018075E-4	4.9740850869435125	9.272842773900809	9.8453101337876703	9.9763469876337574	9.9941249034711852	9.998533600603146	9.9997654823695257	9.9999413743868004	VLC	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	0.22560870030255978	0.45176454938978633	1.1390026456994065	2.34675179757512	5.2221913745035566	9.9997687615662407	8.6750425774795019	3.7435662784263388	1.7521024457282293	0.6873868267673624	0.34273518285825305	0.17124788201537469	6.8485747407886419E-2	3.4241916212504553E-2	Frequency (Hz)


Voltage (V)




Active, Reactive & Apparent Power

P	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	1.78477345749198	1.78203780999223	1.7625151961541301	1.6873361139896399	1.29868434788848	4.12925774560833E-5	0.441831774384567	1.53545825561173	1.7308952558047801	1.7772767729290699	1.78361665339834	1.7851906100472801	1.78563053039992	1.7856933480566699	Q	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	-4.0276280836276303E-2	-8.0588423412861293E-2	-0.202065951523139	-0.40735167026645702	-0.79524953654418495	8.39079222106445E-10	0.77054285536244604	0.619883955598025	0.30803557079218102	0.12245731247428	6.1166754041060797E-2	3.0575494685051E-2	1.2229310945779601E-2	6.1145920477091503E-3	S	1	2	5	10	20	38.96575151898724	50	100	200	500	1000	2000	5000	10000	1.7852278491458391	1.7838590892304453	1.774060445824545	1.7358106304670828	1.5228272590232508	4.129257746460849E-5	0.88822947981134159	1.6558647810537162	1.758091095319227	1.781490533506028	1.7846651613341404	1.7854524286791333	1.7856724075659871	1.7857038168547854	
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