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Abstract

The main objective of this assignment is correcting the Power Factor of an inductive and resistive circuit to  0.95 by adding a suitably valued capacitor in parallel to the resistor and inductor. Initial circuit components were valued using a predetermined number (2515292), and connected to a 300Vrms, 50Hz sinusoidal source, as below:

· Source Resistor	= 2.5Ω
· Load Inductor		= 152mH
· Load Resistor		= 92Ω

The circuit was connected to a 300Vrms, 50Hz sinusoidal source.
A suitably sized capacitor of 5.1µF was selected to achieve the stated power factor This was selected by circuit simulation using Proteus, graph analysis, calculation and phasor diagrams. Further analysis of circuit behaviour was assessed with varying capacitance and supply frequency. Apparent, active and reactive power was also calculated.
Using the above methods, the addition of the capacitor was proven to correct the power factor from its initial value of 0.89 to 0.951, which is greater than the required 0.95.

Introduction

Alternating Current (AC) systems are the main means of electrical power transmission and distribution because of their ability to transmit energy efficiently over long distances [1]. AC voltage can be stepped up or down using transformers, due to its varying magnitude and direction, allowing fluctuating magnetic fields generated in the primary windings of a transformer to cross the conductors of the secondary windings, inducing a voltage [2]. This reduces transmission losses and enabling widespread distribution. 
RLC circuits, consist of resistive (R), inductive (L), and capacitive (C) elements. These are common in AC circuits. Inductive elements can come in many forms such as motors, heaters etc [3]. Inductors store energy in magnetic fields, while capacitors store energy in electric fields. This energy exchange leads to reactive power. When inductors and capacitors are introduced into AC circuits, they create impedances and this in turn creates phase differences between voltage and current. In the case of inductors, the current lags the voltage and with capacitors, the current leads the voltage. This is problematic as these phase differences directly affect the power factor of the circuit and lower its efficiency, increasing reactive power. More reactive power is generated the lower the power factor is. Power factor is a measurement between 0 and 1, with 1 being full efficiency of the circuit and no reactive power. It is the ratio between active power and reactive power. This, however, is impossible to achieve in real world situation due loads not being purely resistive and losses in transmission . A low power factor indicates significant reactive power, resulting in higher currents for the same active power [4].
Power factor correction (PFC) is a widely used technique to correct the power factor to a suitable value for reduced losses through reactive power. Due to their opposing nature to inductors, introducing capacitors into the circuit to counteract inductive reactance, phases angles can be reduced and this corrects the power factor closer to unity or 1. The inclusion of power factor correction with capacitors is necessary in industrial environments where inductive loads such as motors are widespread. This can be achieved centrally at distribution, or individually at individual loads. Improving the power factor not only reduces energy losses but also allows for cost saving through energy usage and avoidance of penalties from energy supplies if the power factor is too low, creating substantial amounts of reactive power that can affect the whole distribution system [4].
This report investigates power factor correction in a parallel RLC circuit designed in Proteus, using component values derived from a predetermined number taken from the student ID’s. The circuit is analysed before and after PFC, with calculations for active, reactive, and apparent power, phase angle, and power factor. Further analysis of circuit behaviour explores the effect of varying capacitance and supply frequency, highlighting resonance and its implications for maximum power transfer and energy efficiency. The findings show the importance of power factor correction and resonance management in modern electrical engineering practice.

Method

Circuit before Power Factor Correction

Figure 1 shows the circuit design using Proteus. The circuit components were selected using the predetermined number for the values. Voltage and current were measured after the source resistance, using R6(2) and R5(2) and used to plot a graph, shown in Figure 4.

[image: ]
[bookmark: _Ref218275882]Figure 1 - Proteus Circuit before Power Factor Correction

From analysis of the graph in Figure 4, it can be determined that t is 1.5ms and T is 20ms. Using Equation 1 [3], the phase angle can be determined, as below.





[bookmark: _Ref218246563][bookmark: _Ref218245403]Equation 1 - Phase Angle before Power Factor Correction

With the phase angle calculated in Equation 1, the Power Factor can then be calculated, as in Equation 2 [3]. 





[bookmark: _Ref218246762]Equation 2 - Power Factor before Power Factor Correction

Further graph analysis of the graph in Figure 4 gives a maximum voltage of 415V and maximum current of 4.04A. Using Equation 3 and Equation 4 below [5], the root mean square (RMS) voltage and current is calculated for the circuit.




[bookmark: _Ref218274795][bookmark: _Ref218245547]Equation 3 - Vrms




[bookmark: _Ref218274796][bookmark: _Ref218274785]Equation 4 - Irms

Knowing the required, corrected power factor of 0.95, the new phase can be calculated as in Equation 5 [3].





[bookmark: _Ref218276532][bookmark: _Ref218245419]Equation 5 - Phase Angle Required for Power Factor Correction

For ease of calculation, the corrected phase angle was selected as 18°. This will also further correct the power factor to greater than 0.95.

Power Factor Correction Calculation

In order to select a suitable capacitor to correct the power factor to  0.95,  had to be determined. This was completed using a combination of a phasor diagram, Figure 2, and sine, cosine and tangent function equations, shown in Equation 6, Equation 7 and Equation 8 [3].
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[bookmark: _Ref218277576][bookmark: _Ref218243359]Figure 2 - Phasor Diagram Representation


[bookmark: _Ref218277522][bookmark: _Ref218243194]Equation 6 - Sine Function


[bookmark: _Ref218277527][bookmark: _Ref218243153]Equation 7 - Cosine Function


[bookmark: _Ref218277528]Equation 8 - Tangent Function

To determine the relevant currents, each was allocated a section of the phasor diagram, as below in Table 1.
[bookmark: _Ref218454624][bookmark: _Ref218454600]Table 1 - Phasor Diagram Equivalents
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Therefore, using Figure 2 and Equation 9, for OA:






[bookmark: _Ref218277809][bookmark: _Ref218277781]Equation 9 - Resistor Current

Therefore, using Figure 2 and Equation 10, for OB:






[bookmark: _Ref218277944]Equation 10 - LR-C Circuit Current

Therefore, using Figure 2 and Equation 11, for AC:






[bookmark: _Ref218277928][bookmark: _Ref218277925]Equation 11 - Total Reactive Current

Therefore, using Figure 2 and Equation 12, for AB:






[bookmark: _Ref218277981][bookmark: _Ref218277978]Equation 12 - Inductive Reactive Current

Therefore, using Equation 13, for BC:





[bookmark: _Ref218278027][bookmark: _Ref218278024]Equation 13 - Capacitive Current
With  and  calculated, the capacitive reactance, , can now also be calculated in Equation 14 [3].






[bookmark: _Ref218278217]Equation 14 - Capacitive Reactance
The capacitive reactance can be inserted into Equation 15, transposed from Equation 14, to determine the required capacitor value for power factor correction to  0.95.




[bookmark: _Ref218278380]Equation 15 - Capacitor Value

The capacitor value calculated in Equation 15 is not a standard size. The nearest standard size above this was used [6].


Circuit Apparent, Active and Reactive Powers

Active, reactive and apparent power before power factor correction are calculated in Equation 16, Equation 17 and Equation 18 [3].




[bookmark: _Ref218278566]Equation 16 - Active Power Before PFC



[bookmark: _Ref218278567]Equation 17 - Reactive Power Before PFC




[bookmark: _Ref218278569]Equation 18 - Apparent Power Before PFC
Active, reactive and apparent power after power factor correction are calculated in Equation 19, Equation 20 and Equation 21 [3].




[bookmark: _Ref218337626][bookmark: _Ref218337622]Equation 19 - Active Power After PFC



[bookmark: _Ref218337627]Equation 20 - Reactive Power After PFC



[bookmark: _Ref218337628]Equation 21 - Apparent Power After PFC

Circuit after Power Factor Correction

The capacitor was then placed in parallel to the resistor and inductor in the original circuit. Voltage and current measurement were again taken after the source resistance and used to plot a graph shown in Figure 6.
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[bookmark: _Ref218279161]Figure 3 - Proteus Circuit after Power Factor Correction

Circuit Power Factor and Phase Angle with Varying Capacitance

For further circuit behaviour analysis, varying capacitor values were used in the circuit in Figure 3. The graph in Figure 6 was used to determine t, and again using Equation 1 and Equation 2, the power factor and phase angle was calculated. The results are shown in Table 2.
These values were used to plot graphs shown in Figure 7 and Figure 8.





[bookmark: _Ref218279295][bookmark: _Ref218279291]Table 2 - Power Factor and Phase Angle with Different Capacitor Values
	Capacitor Value
	t (mS)
	T (mS)
	PF
	  ()

	1uF
	1.36
	20
	0.910
	24.48

	5uF
	1
	20
	0.951
	18

	10uF
	0.5
	20
	0.988
	9

	15uF
	0.17
	20
	0.999
	3.06

	20uF
	0.66
	20
	0.979
	11.88

	25uF
	1.21
	20
	0.929
	21.78



Resonant Frequency

Further circuit behaviour analysis was calculated with varying frequencies. Equation 22 [3] shows the calculation for the resonant frequency of the circuit.








[bookmark: _Ref218280299]Equation 22 - Resonant Frequency

Equation 23 to Equation 54 [3] show the calculation of capacitive reactance, inductive reactance, impedance of LR circuit, current of LR circuit, capacitor current, LR phase angle, LR-C phase angle and total circuit current at frequencies of 152.96Hz, 177.96 Hz, 127.96Hz and 50Hz, respectively.
These values were sued to construct phasor diagrams in Figure 9, Figure 10, Figure 11 and Figure 12.

Resonance



[bookmark: _Ref218280444]Equation 23 - Capacitive Reactance at 152.96Hz




Equation 24 – Inductive Reactance at 152.96Hz





Equation 25 – LR Impedance at 152.96Hz




Equation 26 – LR Current at 152.96Hz




Equation 27 – Capacitive Current at 152.96Hz





Equation 28 – LR Phase Angle at 152.96Hz







Equation 29 – LR-C Phase Angle at 152.96Hz








Equation 30 – Circuit Current at 152.96Hz



Therefore, current and voltage will be in phase with each other.
	
+25Hz of Resonant Frequency (177.96Hz)




Equation 31 - Capacitive Reactance at 177.96Hz




Equation 32 - Inductive Reactance at 177.96Hz






Equation 33 – LR Impedance at 177.96Hz




Equation 34 – LR Current at 177.96Hz




Equation 35 – Capacitive Current at 177.96Hz




Equation 36 – LR Phase Angle at 177.96Hz






Equation 37 - LR-C Phase Angle at 177.96Hz








Equation 38 - Circuit Current at 177.96Hz



Therefore, current will be leading.

-25Hz of Resonant Frequency (127.96Hz)




Equation 39 - Capacitive Reactance at 127.96Hz




Equation 40 - Inductive Reactance at 127.96Hz






Equation 41 – LR Impedance at 127.96Hz





Equation 42 - – LR Current at 127.96Hz




Equation 43 – Capacitive Current at 127.96Hz





Equation 44 – LR Phase Angle at 127.96Hz







Equation 45 - LR-C Phase Angle at 127.96Hz







Equation 46 – Circuit Current at 127.96Hz



Therefore, current will be lagging.


50Hz (Nominal Supply Frequency)




Equation 47 - Capacitive Reactance at 50Hz




Equation 48 - Inductive Reactance at 50Hz






Equation 49 – LR Impedance at 50Hz




Equation 50 - – LR Current at 50Hz




Equation 51 – Capacitive Current at 50Hz





Equation 52 – LR Phase Angle at 50Hz







Equation 53 - LR-C Phase Angle at 50Hz








[bookmark: _Ref218280477]Equation 54 - Circuit Current at 50Hz



Therefore, current will be lagging.

Results

Before Power Factor Correction

The graph of voltage and current for the initial circuit in Figure 1 in shown below in Figure 4. The right hand Y axis shows is voltage (green trace) and the left hand Y axis is current (red trace). Maximum voltage and current are measured as 415V and 4.04A, respectively. Vrms and Irms could then be calculated as 293.45V and 2.86A. It can be observed that the current is lagging, and graph analysis measures this lag as 1.5ms. This value was used to calculate phase angle as 27.00° in Equation 1 and subsequently power factor as 0.89.

[image: A screen shot of a graph

Description automatically generated]
[bookmark: _Ref218246627][bookmark: _Ref218246522]Figure 4 - Voltage and Current before Power Factor Correction
The initial phase angle determined as in Equation 1, the required phase angle determined in Equation 5 and  represented as  from Equation 4 had now been calculated. Using the phasor diagram shown in Figure 5 and Equation 6 to Equation 15, circuit currents were calculated and capacitive reactance determined as 637.93Ω from Equation 14 and then capacitor value of 4.99µF from Equation 15. This was increased to 5.1µF to match standard capacitor sizes [6].
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O
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[bookmark: _Ref218325321][bookmark: _Ref218325318]Figure 5 – Phasor Diagram for RL-C Circuit

After Power Factor Correction

Figure 6 is the graph of voltage and current after the capacitor was added to the circuit in Figure 3. Graph analysis shows the current lag is now 1ms.

[image: A screen shot of a graph
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[bookmark: _Ref218279041][bookmark: _Ref218326270]Figure 6 - Voltage and Current after Power Factor Correction

The new measurement t of 1ms and the time interval T still 20ms, the phase angle is calculated as 18.00° from Equation 55 [3].





[bookmark: _Ref218326514][bookmark: _Ref218326509]Equation 55 - Phase Angle Measured After Power Factor Correction

The newly calculated phase angle allows the corrected power factor to be determined in Equation 56 [3]. The value for this is 0.951.



1
[bookmark: _Ref218326718]Equation 56 - Power Factor Measured After Power Factor Correction

Circuit Behaviour Analysis

Figure 7 is the graph of power factor against varying capacitor values and Figure 8 is the graph of phase angle against varying capacitor values. These were plotted using the information in Table 2.


[bookmark: _Ref218279898]Figure 7 - Power Factor and Capacitance


[bookmark: _Ref218279901]Figure 8 - Phase Angle and Capacitance

Further circuit behaviour analysis was conducted using varying supply frequencies. These were resonant frequency as determined in Equation 22, +25Hz of resonant frequency, -25Hz of resonant frequency and nominal 50Hz supply frequency. Figure 9 to Figure 12 show the resultant currents and phase angles.

ILR = 1.70A 
I = 0.91A
IC = 1.44A
ΦLR = 57.84°
V = 293.45V 

[bookmark: _Ref218280855]Figure 9 - Phasor Diagram at Resonant Frequency (152.96Hz)

ILR = 1.52A 
I = 0.79A 
IC = 1.67A 
ΦLR = 61.61°
ΦLR-C = 24.70°
V = 293.45V 

[bookmark: _Ref218280856]Figure 10 - Phasor Diagram at +25Hz of Resonant Frequency (177.96Hz)

ILR = 1.92A 
I = 1.16A 
IC = 1.20A
ΦLR =
53.06°
ΦLR-C = 16.17°
V = 293.45V 

[bookmark: _Ref218280857]Figure 11 Phasor Diagram at -25Hz of Resonant Frequency (127.96Hz)

ILR = 2.83A 
I = 2.65A
IC = 0.47A 
ΦLR = 
27.47°
ΦLR-C = 18.26°
V = 293.45V 

[bookmark: _Ref218280858]Figure 12 - Phasor Diagram at 50Hz
Discussion 

Power Factor Correction

Analysis of the initial RL circuit shown in Figure 1, voltage/current graph in Figure 4 and as calculated from the measured time difference in Equation 1, revealed a power factor of 0.89, which indicates a significant lagging current caused by inductive reactance. Normal power factors are required to be 0.95 or greater. This lagging current means that it is behind the voltage by approximately 27.00°. Low power factors are undesirable because it increases the reactive power for the same active power, leading to higher losses in conductors and transformers. This inefficiency also reduces the effective capacity of the electrical system, requiring larger cables and equipment to manage the extra current [7].
To improve the power factor of the circuit and efficiency, a capacitor of 5.1μF, using standard values [6], was added in parallel with the load, as calculated in Equation 15. This reduced the phase angle from 27.00° to 18.00°, improving the power factor to 0.951, which is closer to resonance and meets the target of ≥ 0.95.
Before power factor correction, Equation 16, Equation 17 and Equation 18 show reactive power, which is losses in the system, was calculated as 389.52VAR, active power as 764.48W and apparent power as 858.00VA, showing that a significant portion of the supplied energy was reactive and regarded as losses in the system.
After power factor correction, Equation 19, Equation 20 and Equation 21 show reactive power was calculated as 248.44VAR, active power as 764.64W and apparent power as 804.00VA. Whilst active power remained almost the same, reactive power was reduced by 141.08VAR, making the system far more efficient. To achieve maximum power transfer, the impedance of the load would need to equal the impedance of the source [8]. In this case, the source is only represented as a resistance of 2.5Ω and any inductance via the transformer windings has been omitted. Power factor correction helps approach this condition by reducing the reactive component of impedance, making the load more resistive.

Varying Capacitance

Further analysis was carried out on the behaviour of the circuit when the capacitor value was adjusted , as seen in Table 2. Graphs for power factor against capacitance and phase angle against capacitance in Figure 7 and Figure 8 illustrate that the power factor approaches unity at around 15μF, with a phase angle near 3°. However, increasing the capacitor value beyond this point leads to overcorrection, causing the current to lead the voltage. This condition can introduce instability and increase harmonic distortion, so capacitor sizing must be precise [9].

Varying Frequency

Analysis was also conducted on the behaviour of the circuit with varying supply frequencies. These were resonant frequency of 152.96Hz, +25Hz of resonant frequency at 177.96Hz, -25Hz of resonant frequency at 127.96Hz and 50Hz. Phasor diagrams were constructed for each as shown in Figure 9, Figure 10, Figure 11 and Figure 12. At resonant frequency, the reactive elements of the circuit are equal and have cancelled each other out. This provides a purely resistive circuit. Voltage and current are in phase with each other and the circuit has a phase angle of 0°. This provides a power factor of 1. As the circuit approaches unity and becomes more resistive and the inductor and capacitor are opposing each other equally, they can no longer hold their charge as a magnetic field for the inductor and an electric field for the capacitor and they discharge back to the source. The inductor as current and the capacitor as voltage [10]
Resonance in AC systems an important concept. In an RLC series circuits, resonance occurs when inductive and capacitive reactance are the same value, creating a condition where power factor is 1 and circuit impedance is minimum, and current is maximum. This can be termed an acceptor circuit [11]. 
Maximum power transfer is achieved when the load impedance is the same value as the source impedance. While resonance can enhance power transfer in series circuits, it must be managed carefully to avoid overcurrent and equipment damage [12]
In RLC parallel circuits, resonance occurs when inductive and capacitive currents are the same value. Under this condition, the circuit impedance is maximum, and current is minimum. Without current, the circuit can generate no power. This can be termed a rejector circuit. Understanding and avoiding resonance is therefore integral to designing stable and efficient AC systems.
From studying the phasor diagrams, it can be seen that as frequency increases from resonance, inductive current decreases, and capacitive current increases. The causes the circuit to become capacitive and current leads voltage. The inverse occurs when frequency decreases from resonance and the circuit become inductive and current lags voltage. 

Three Phase Systems

Three phase systems are the main distribution around the world due to their reliable power delivery. This is achieved by the three 120° separated supplies, ensuring one of the phases is always near peak voltage. Single phase systems fluctuate between peak and 0V twice per cycle and causes power fluctuation. This constant power improves motor performance and reduces vibration. Three-phase systems also require smaller conductors for the same power transfer compared to single-phase, reducing material costs [13].
Systems with more than three phases will improve power delivery but at the cost of increased number of conductors, in turn increasing the required infrastructure. Three phase supply in the standard as it balances performance against cost [14].

Conclusion

· This assignment examined the behaviour of a parallel RLC circuit using simulation, calculations, and phasor analysis to assess power factor, resonance, and overall efficiency in an AC system.
· Initial results showed a lagging power factor of 0.89 caused by the inductive nature of the load, confirming inefficient operation due to increased reactive power and a noticeable phase difference between voltage and current.
· Small differences in values of current calculated using sine, cosine and tangent functions and secondary phasor diagrams can be accounted for by rounding of decimal places.
· Power factor correction was applied with a 5.1 µF capacitor, the phase angle was reduced from 27° to 18°, improving the power factor to 0.951 and bringing the system in line with typical industrial requirements and meeting the assignment brief.
· The results demonstrated that while active power remained largely unchanged, reactive power was reduced by 141.08VAR, indicating a clear improvement in efficiency and reduced system losses.
· Differences in values for 
· Analysis of varying capacitance showed that excessive capacitance leads to overcorrection, causing a leading current and potential instability, which reinforces the need for accurate capacitor selection.
· Phasor diagrams and frequency variation analysis highlighted circuit behaviour below resonance, at resonance, and above resonance, showing that at resonance the reactive effects cancel and voltage and current become in phase.
· Overall, the findings confirm the importance of power factor correction and resonance management in improving energy efficiency, reducing losses, and achieving effective power transfer in practical AC electrical systems.
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