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[bookmark: _Toc1251426591][bookmark: _Toc1418799947]Abstract:

This report investigates the design and analysis of a parallel RL-C circuit with a focus on power factor correction. Through simulations in Proteus and calculations in Excel, exploring the impact of varying frequencies and resonant conditions on the circuit's behavior. The derived capacitor value successfully corrected the power factor to ≥0.95. Phasor diagrams illustrated the dynamic relationships between component voltages and currents at different frequencies. The study provides insights into efficient power transfer, resonance conditions, and the role of power factor correction in optimizing system performance. Key findings include observations of circuit current and load voltage, phase difference determination, and analysis of power factor and capacitor value relationships.
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In electrical engineering, the efficient utilization of electrical power is paramount, and power factor correction stands as a crucial aspect in achieving this goal. This study investigates the intricate dynamics of a parallel RL-C circuit, examining the impact of varying frequencies and resonant conditions on its behavior. 
The power factor, a dimensionless parameter denoted by the symbol PF, is a measure of the effectiveness with which electrical power is converted into useful work output. It represents the ratio of real power (active power) to apparent power in an electrical system. A power factor of 1 indicates ideal power transfer, while lower values denote inefficiencies due to reactive power components. In systems with inductive loads, such as motors and transformers, the power factor tends to lag, necessitating corrective measures. [1] 
The RLC Circuit:
The study centers around a parallel RLC circuit, a configuration comprising a resistor (Rsrc), an inductive load (L), and a power factor correction capacitor (Cpfc). The objective is to optimize the power factor, and thereby power transfer efficiency, with the use of a capacitor. The resonance phenomenon, where inductive and capacitive reactance balance, is a key consideration in understanding the circuit's behavior.
Power Factor Correction:
Power factor correction is a multifaceted endeavor involving strategic placement of capacitors to counteract the effects of inductive loads. This correction's significance lies in minimizing energy losses and improving the stability and reliability of power systems. Key strategies include both static and dynamic compensation techniques, each tailored to specific applications and system requirements. [2] 
The challenges addressed in this study encompass understanding interactions between reactive components in the circuit, exploring the impact of different frequencies on power factor, and deriving a suitable capacitor value for efficient power factor correction. These challenges hold practical implications for real-world electrical systems. Power factors close to unity ensure optimal use of electrical power, reduce energy losses in transmission, and minimize the burden on power generation and distribution systems. Industries, where large inductive loads are prevalent, stand to benefit significantly from effective power factor correction strategies, contributing to both economic and environmental sustainability.
The following sections will detail the method employed in the study, present the results obtained from simulations and calculations, and engage in a thorough discussion on the observed behaviors and their implications.

[bookmark: _Toc313092806][bookmark: _Toc1669013179]Method:

Proteus Simulation
The simulation in Proteus aimed to analyze the behavior of a parallel RL-C circuit under varying frequencies and resonant conditions. The circuit configuration consisted of a sinusoidal voltage source, source resistance (Rsrc), inductive load (L), and a power factor correction capacitor (Cpfc). The key parameters used in the simulation were sourced from given values. 
The circuit parameters are as follows:
Rsrc: 2.2 Ω
Load Inductor: 205 mH 
Load Resistor: 88 Ω
Voltage: 300 Vrms
Frequency: 50 Hz
Desired Power Factor: >0.95
Simulation Setup:
Circuit Configuration:
The RL circuit was constructed in Proteus, incorporating the specified component values. This included a 300 Vrms sinusoidal voltage source operating at frequency of 50Hz. As shown below in figure 1. 
[image: ]
Figure [1]

To see the phase difference voltage and current probes were strategically placed at relevant points in the circuit to capture the waveform behavior. The simulation was executed, and the resulting voltage and current waveforms were plotted on the same graph. This graphical representation allowed for a clear observation of the time shift between corresponding points on the two waveforms. By measuring the time difference between peaks, the phase difference was determined. 
The analysis of the plotted graph provided insights into how the voltage waveform led the current waveform shown below in figure 2. 
Graph to show the Current & Voltage Waveform before power factor correction is applied 
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Figure [2]

The two readings taken at the 0 point of the waveform are as follows:
Voltage (Red line): 60ms 
Current (Green line) : 62ms 
The difference of 2ms can now be used to work out the phase difference by using the formula This initiated a sequence of formulas used to determine the current, power factor, and the capacitance value required for power factor correction to the desired level of <95.
Following the simulation, Excel was employed to perform calculations based on the obtained waveforms. A series of calculations was initiated, leveraging the obtained phase angle and other waveform characteristics. These calculations were performed to determine key electrical parameters, including current (I), active power (P), reactive power (Q), apparent power (S), and power factor (PF)
Excel Calculations Formulars [4]
Phase Difference: 
 



The Phase angle can now determine the power factor by using the formular below. 
Power Factor:
Where ϕ is the phase angle between voltage and current waveforms.           
 


Inductive Reactance (Xl):
Where f is the frequency and L is the inductance.



Impedance (Z):



Current (I): 




Active Power (P):




Reactive Power (Q):




Apparent Power (S):  




Power Factor (PF):




These calculations provided vital insight into the power distribution in the circuit, aiding in the determination of the suitable capacitor value for power factor correction.
 The capacitor, when appropriately selected and integrated into the circuit, would optimize the power factor to the desired level. This correction is crucial for improving the efficiency of the electrical system and ensuring optimal utilization of power.
The process of selecting the capacitor involved calculations based on the reactive power requirements, considering the desired power factor targets. The capacitor's value was carefully chosen to harmonize with the circuit's characteristics, leading to enhanced power efficiency.



Capacitor Calculation; 




Now Capacitor Calculation; 




Figure 3, presented below, depicts the incorporation of a capacitor into the circuit. This strategic addition aims to rectify the power factor and attain the desired target of more than 0.95 or achieve resonance.
[image: ]
Figure [3]
Applying the same procedure as previously outlined, the measuring probes are employed to capture a new waveform, without current lag. This improvement is visually represented in Figure 4 below

Graph to show the Current & Voltage Waveform with the power factor correction is applied
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Figure [4]
The two readings taken at the 0 point of the waveform are as follows:
Voltage (Red line): 60ms 
Current (Green line): 60ms
Figure 5 below examines the correlation between Power factor and the capacitor value.
[image: ]
Figure [5] 
While the capacitor calculation of 21uF was deemed satisfactory, the graph in Figure 5 suggests that a value of 18uF might potentially enhance the circuit's performance, bringing it closer to unity power factor. The graphical representation provides valuable insights into the optimal capacitor value for achieving the desired power factor, allowing for informed adjustments in circuit design. 
Additionally, in Figure 6 below, we explore the relationship between the phase angle and the capacitor angle. The readings in Figure 6 provide insightful representations of the dynamic variations in the phase angle corresponding to changes in the capacitor angle, offering a visual understanding of the relationship between the two.
[image: ]
Figure [6]

Power factors approaching unity or 1, significant alterations in the energy dynamics unfold for the capacitor, inductor, and resistance within an electrical circuit. When the power factor is close to 1, the capacitor becomes fully charged, storing substantial reactive power.[3] The voltage across the capacitor aligns closely with the current, fostering efficient power transfer with minimal reactive power flow. Simultaneously, the inductor, under analogous conditions, experiences diminished reactive power flow and accumulates considerable energy in its magnetic field. The current through the inductor closely aligns with the voltage, promoting efficient power transfer. The resistance factor, or the real power dissipated as heat in the circuit, also becomes prominent in contributing to the overall power balance. Together, the capacitor, inductor, and resistance, operating at power factors near unity, collectively optimize energy storage and release while ensuring a balanced exchange of reactive and real power within the circuit. [7] 

[bookmark: _Toc1306157605][bookmark: _Toc1992488772]Results:
The simulation results revealed the behavior of the parallel RLC circuit across varying frequencies. 
Phasor Diagrams

Phasor diagrams were constructed to visually represent the relationships between component voltages and currents at different frequencies. [5] The simulation results revealed the behavior of the parallel RLC circuit across varying frequencies.
Resonant Frequency (Fres):



25 Hz Below Resonance: (51.7Hz)
The phasor diagram illustrated a lagging power factor with the inductive reactance dominating.

[image: ]
Figure [7]



Resonance: (76.7Hz)
At resonance, the inductive and capacitive reactance's balanced, resulting in unity power factor.
[image: ]
Figure [8]
25 Hz Above Resonance: (101.7Hz)
The phasor diagram depicted a leading power factor, indicating the dominance of capacitive reactance.
[image: ]
Figure [9] 
50 Hz:
The phasor diagrams visually captured the complex interplay between reactive components and provided insights into the circuit's response under different conditions.

[image: ]
Figure [10] 
Reference For The phasor diagram Templates [6]
[bookmark: _Toc1596190625][bookmark: _Toc1208523571]Discussion:

The observed 2ms lag in current before power factor correction aligns with expectations for an inductive circuit. The calculated phase angle of 36.2 degrees emphasizes the reactive nature of the load. This inherent lag, evident in the Proteus simulation, underscores the need for power factor correction to enhance the overall efficiency of the system.
The impedance of 109.05 ohms, comprising resistive and reactive elements, contributes to the apparent power of 723.18 VA. The high reactive power of 427.10 VAR, relative to the active power of 583.59 Watts, emphasizes the inefficiency in power consumption. This inefficiency is quantified by the power factor of 0.807, indicating a substantial reactive power component.
The calculated capacitor value of 21uF is crucial for achieving power factor correction. Incorporating this capacitor into the circuit will effectively mitigate the lag in current, shifting the phase angle towards unity. This correction is anticipated to enhance the power factor to a value exceeding 0.95.
The graphs plotted against capacitor value further illustrate the relationship between power factor and capacitor value. As the capacitor value increases, the power factor approaches the desired level. Simultaneously, the phase angle decreases, indicating a more aligned current with the voltage.
Considering power factors close to 1, the discussion extends to the energy dynamics in the capacitor and inductor. At power factors nearing unity, the energy stored in the capacitor becomes significant, signifying efficient power utilization. The interplay between inductive and capacitive elements harmonizes, leading to a balanced and optimized AC system.
In conclusion, the initial simulation highlighted the inherent inductive characteristics of the parallel RLC circuit, prompting the need for power factor correction. The calculated capacitor value serves as a pivotal component in achieving this correction, promising improved power factor and energy efficiency in the system.

[bookmark: _Toc368592854][bookmark: _Toc883247959]Conclusion:

In summary, this study delved into the simulation and analysis of a parallel RLC circuit, reflecting the intricacies of real-world AC systems. The initial observation of a 2 ms lag in current and a power factor of 0.80 highlighted the inherent reactive nature of the load. The calculated capacitor value of 21uF stands as a pivotal solution for power factor correction.
As this capacitor is introduced into the circuit, the anticipated enhancement of the power factor to a value exceeding 0.95 will signify a significant improvement in power utilization efficiency. The graphs plotting power factor against capacitor value provide a visual representation of this relationship, elucidating the impact of capacitor adjustments on power factor.
The discussion on power factors close to unity underscores the importance of achieving a harmonious balance between reactive and resistive elements. The energy dynamics within the capacitor and inductor, particularly as power factors approach 1, point towards a state of optimized energy transfer and efficient power consumption.
In conclusion, this study not only addressed the challenges posed by reactive elements in the circuit but also proposed a tangible solution through power factor correction. The calculated capacitor value serves as a key parameter in achieving enhanced power efficiency, aligning current and voltage, and mitigating power wastage in AC systems.
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