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Abstract: Enhanced Power Factor Correction for BLDC motors using Zeta converter system presented in this project, the focus 

is on improving the power factor of a Brushless DC (BLDC) motor, which is crucial for efficient energy utilization and reduced 

losses in electrical systems. The chosen approach involves the utilization of a Zeta converter integrated with a Proportional-

Integral (PI) or Proportional-Integral-Derivative (PID) controller. These controllers are widely used in industrial applications 

for their ability to regulate system behavior effectively. The project methodology includes MATLAB simulation to assess and 

compare the performance of the Zeta converter with that of the Sepic converter. The comparison aims to determine which 

converter configuration yields superior results in terms of power factor correction for the BLDC motor. By analyzing s imulation 

results, insights into the advantages and limitations of each converter topology can be gained, aiding in the selection of the most 

suitable configuration for practical applications. Furthermore, the project extends beyond simulation by incorporating a 

hardware setup. This hardware setup integrates the Zeta converter with the PI/PID controller and includes an additional feature: 

overcurrent protection. Overcurrent protection is essential for safeguarding the motor and associated components from damage 

caused by excessive current flow, which can occur due to various factors such as short circuits or overload conditions. Overall, 

this project contributes to the advancement of power electronics and motor control systems by providing a comprehensive 

analysis of power factor correction techniques for BLDC motors. The findings offer valuable insights for engineers and 

researchers seeking to optimize energy efficiency and performance in industrial and automotive applications. Additionally, the 

inclusion of overcurrent protection in the hardware setup enhances the practical relevance and safety of the project, addressing 

real-world concerns in motor control system design and implementation. 

 
Index Terms – Zeta Converter, BLDC motor, PI/PID Controller 

 

I. INTRODUCTION 

 This project addresses the challenge of power factor correction in Brushless DC (BLDC) motors, crucial components in 

modern industrial and automotive applications known for their efficiency and precision. Poor power factor not only increases energy 

consumption but also jeopardizes system stability. To tackle this issue, the project focuses on employing Zeta converters with 

PI/PID controllers, recognized for their effectiveness in enhancing power factor while maintaining control accuracy. By co mparing 

the performance of Zeta converters with Sepic converters, a commonly used alternative, via MATLAB simulation, the project aims 

to determine the optimal configuration for BLDC motor power factor correction. Additionally, a hardware setup is incorporated to 

validate simulation results, featuring essential overcurrent protection to ensure motor safety. Through this comprehensive approach, 

the project seeks to advance power electronics and motor control, contributing to improved energy efficiency and performance in 

diverse industrial and automotive applications. 

 
II. LITERATURE REVIEW 

 The literature review for the project "Enhanced Power Factor Correction for BLDC Motors Using Zeta Converter" reveals a 

significant body of research on power factor correction techniques, particularly in the context of BLDC motors. Various studies 

underscore the critical role of power factor correction in optimizing energy efficiency and performance in electrical systems . 

Traditional control methods like PI and PID controllers have been widely employed for BLDC motor speed control, yet recent 

investigations highlight the limitations of these approaches in handling non-linear conditions. Advanced techniques such as fuzzy 

logic control and sliding mode control (SMC) have garnered attention for their ability to address these challenges effectively. Amidst 

this landscape, the Zeta converter emerges as a promising solution for power factor correction in BLDC motor applications. Its 

distinctive topology offers efficient power factor correction while maintaining control precision and system stability. Comparative 

analyses with other converter topologies, like the Sepic converter, provide valuable insights into the superiority of Zeta co nverters 

for BLDC motor power factor correction. Integrating Zeta converters with various control techniques further enhances their 

performance, paving the way for improved energy efficiency and system reliability in BLDC motor applications.  
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III. EXISTING SYSTEM 

 The existing BLDC motor drive setup lacks active power factor correction, resulting in inefficient operation with potential 

reactive power draw from the supply. Basic motor control techniques are employed without sophisticated power factor correction 

methods. This setup uses conventional converters or inverters without dedicated control algorithms, leading to poor power quality, 

higher harmonic distortion, and increased energy consumption. The absence of power factor correction limits efficiency and ma y 

affect system stability. Introducing power factor correction techniques using Zeta converters with PI/PID controllers aims to address 

these limitations, enhancing efficiency, reducing energy consumption, and improving overall performance. Conventional diode 

bridge rectifier-based PFC is traditionally used in DC motor drives, offering improved power factor and efficiency by reducing 

reactive power drawn from the AC mains. 

 

IV. PROPOSED SYSTEM 

 The proposed system aims to enhance the efficiency and performance of a BLDC motor drive setup by integrating power 

factor correction techniques using Zeta converters with PI/PID controllers. Unlike the existing system, which lacks active measures 

for power factor correction, the proposed system leverages the capabilities of Zeta converters to regulate the motor's power factor 

while maintaining simplicity and efficiency. The inclusion of PI/PID controllers in the Zeta converter control loop ensures precise 

regulation of output voltage and current, optimizing the system's operation under varying load conditions. MATLAB simulation 

studies are conducted to analyze the proposed system's performance, evaluate different control strategies, and optimize opera ting 

parameters before hardware implementation. Additionally, a comparative study with Sepic converters is conducted to assess the 

performance of each converter topology in terms of power factor correction, efficiency, and stability, aiding in the selection of the 

most suitable configuration. The proposed system is validated through hardware implementation, where the Zeta converter with 

PI/PID controllers is integrated into a real-world BLDC motor drive setup. This hardware setup allows for experimental testing and 

validation of the system's performance under actual operating conditions, providing insights into its effectiveness and reliability. 

Furthermore, the addition of overcurrent protection ensures the safety and integrity of the motor and associated components, 

preventing damage or failure due to overload situations. Overall, the proposed system represents a comprehensive approach to 

improving the efficiency, reliability, and power quality of BLDC motor drive systems through active power factor correction a nd 

advanced control techniques. 

 

 
Figure 4.1 ZETA Converter 

 

 

 
Figure. 4.2 Block Diagram of Proposed System 

 

In a motor control system, the Arduino Nano interprets commands, controlling the Electronic Speed Controller (ESC) via 
Pulse Width Modulation (PWM) for speed and direction. The ESC adjusts power to the BLDC motor through rapid transistor 

switching, enabling precise speed control. The motor converts regulated power to mechanical rotation, with feedback sensors, if 

present, relaying speed and/or position data to the Arduino. In a closed-loop system, the Arduino adjusts its control signal based 

on feedback to minimize error. Relevant data may be displayed on an LED, providing user feedback. This cycle ensures accurate 

motor control from user commands or programmed routines.  
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V. TECHNOLOGIES USED ENHANCED POWER FACTOR CORRECTION 

MATLAB is a widely used computational software for engineering and scientific tasks. It offers interactive command 
execution, data visualization, and analysis. With a vast library of functions, MATLAB supports rapid prototyping and algorithm 

development. It features powerful plotting tools and supports simulation for various systems. For the project, MATLAB simulation 

ensures error-free circuit design before hardware implementation, reducing costs and risks. In Simulink, a MATLAB tool, users 

build circuit schematics or block diagrams to model and simulate dynamic systems, enabling thorough analysis and informed design 

decisions. 

 

 
Figure 5.1 Simulation for Enhanced Power Factor correction for BLDC motor using ZETA converter in MATLAB 

 

 

 
Figure 5.2 Simulation for Enhanced Power Factor correction for bldc motor using SEPIC converter in MATLAB 

 

The MATLAB simulation for the project focuses on replicating real-world scenarios and analyzing system behavior using 
Zeta converters with PI or PID controllers for power factor correction (PFC). Through MATLAB's Simulink environment, a 

dynamic simulation model is constructed, incorporating factors like input voltage, load variations, and control parameters. The 

simulation evaluates PFC system performance metrics such as power factor improvement, efficiency, transient response, and 

stability. By adjusting parameters and conducting sensitivity analyses, insights into optimal design and operation are gained . 

Simulation results validate the theoretical framework and guide hardware implementation with overcurrent protection. 
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VI. PROTOTYPE MODEL  

 The hardware setup validates the proposed system's performance under real-world conditions, integrating Zeta converters 

with PI/PID controllers into a BLDC motor drive system. It comprises essential components like the BLDC motor, Zeta converter, 

controllers, sensing circuits, and overcurrent protection. The Zeta converter regulates the motor's power factor, while sensi ng 

circuits provide real-time feedback for adjustment. Overcurrent protection ensures system safety. This setup enables experimental 

validation, allowing assessment of power factor correction techniques. Insights gained from tests inform system performance, 

efficiency, and reliability, facilitating iterative improvements for optimal power factor correction in BLDC motor drive systems. 

 

 

 

Figure.6.1. Prototype Model System 

 

 

VII. RESULTS AND DISCUSSION  

 

7.1 POWER FACTOR OUTPUT  

In the initial hardware setup stage, focus is on power factor correction for the BLDC motor drive system using the Zeta 

converter with PI/PID controllers. Continuous monitoring and display of parameters like input/output voltage and current, motor 

speed, and power factor allow real-time analysis. The Zeta converter dynamically regulates to minimize reactive power, 

maximizing efficiency. Monitoring these parameters provides insights into system performance and enables immediate evaluation 

of power factor correction effectiveness. This stage confirms functionality and effectiveness of implemented techniques, setting 

the foundation for further optimization and testing. 

 

                      
             Figure 7.1.1 Corrected Power Factor                                                Figure 7.1.2 Voltage and Current Values 

 

 

 

 
Figure 7.1.3 Speed of BLDC motor 
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7.2 UNDER OVER CURRENT CONDITION 

 

Implementing overcurrent protection in the PFC Zeta converter-fed BLDC motor drive is crucial for system safety and 

reliability. Current sensing devices like shunt resistors or current transformers monitor current flow, promptly intervening when an 

overcurrent condition is detected to mitigate risks. Without effective protection, prolonged exposure to excessive current levels 

could lead to damage or failure, jeopardizing system integrity. Robust overcurrent protection measures are essential for maintaining 

system reliability across varying conditions.  

 

 

                   
                 Figure 7.2.1 Corrected Power Factor                                              Figure 7.2.2 Voltage and Current Values 

 

 
Figure 7.2.3 Speed of BLDC motor 

 

 

7.3 OUTPUT WAVEFORM ANALYSIS OF ZETA CONVERTER 

After analyzing the Zeta converter's output waveform using a Digital Storage Oscilloscope (DSO), results show satisfactory 
performance. The waveform displays stable characteristics with minimal voltage ripple, indicating efficient operation. Peak-to-peak 

voltage remains within expected ranges, demonstrating proper regulation and control. Frequency and duty cycle align with design 

specifications, confirming the Zeta converter's proper functioning. Overall, the captured waveform reflects reliable power 

conversion and delivery in the system. 

 

 

           
 Figure 7.3.1 (a) Output Waveform of Zeta Converter                Figure 7.3.2 (b) Output Waveform of Zeta Converter 

 

 

7.4 SIMULATION RESULTS: ZETA CONVERTER VS. SEPIC CONVERTER 

In simulation, the Zeta converter achieves a higher output power factor of 0.9718 compared to the SEPIC converter's 
0.7812. This signifies better power utilization and efficiency in converting electrical energy.  Conversely, the SEPIC converter 

exhibits lower efficiency and potentially higher reactive power consumption. Notably, the SEPIC converter's power factor 

fluctuates, suggesting performance variability. Overall, the comparison underscores the Zeta converter 's advantage in maintaining 

a higher and more consistent output power factor, enhancing system efficiency and stability.  
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Figure 7.4.1 Power Factor Value of Sepic Converter 

 

 

 

 
Figure 7.4.2 Power Factor Value Of ZETA Converter 

 

VIII. FUTURE SCOPE 
The project's future scope includes developing a hardware setup integrating the PFC zeta converter-fed BLDC motor drive 

with robust overcurrent protection mechanisms. This involves designing and assembling components such as power electronics, 

control circuitry, sensors, and protective devices. The overcurrent protection system will promptly detect and respond to excessive 

current conditions, safeguarding system components and the BLDC motor. Additionally, features like fault detection, isolation, and 

recovery could be incorporated for uninterrupted operation and reliability. Advancements in power semiconductor technologies, 

fault-tolerant designs, and smart sensing techniques could further enhance system efficiency, reliability, and safety. Collaboration 

with industry partners and research institutions could validate and optimize the hardware setup for real -world deployment in 

applications like electric vehicles, renewable energy systems, and industrial automation. Overall, integrating robust overcur rent 

protection would fortify the PFC zeta converter-fed BLDC motor drive for broader adoption in diverse practical settings.  

 

IX. CONCLUSION 

In conclusion, the project successfully implemented and compared Zeta and SEPIC converters in a BLDC motor drive 

system. Simulation revealed the Zeta converter's superior stability and higher output power factor of 0.9718 compared to the SEPIC 

converter's 0.7812, indicating better efficiency. The hardware setup integrated the chosen converter, ensuring smooth motor 

operation and speed control. Overcurrent protection mechanisms were also incorporated to prevent damage from excessive current 

flow. By promptly detecting and responding to overcurrent conditions, the system ensured safety and reliability. Overall, the project 

demonstrated the feasibility and effectiveness of Zeta and SEPIC converters in BLDC motor applications, underscoring the 

importance of robust overcurrent protection for enhanced system safety.  
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