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Abstract: Harmonic distortion in single-phase power systems significantly impacts power quality, 

leading to equipment malfunction, increased losses, and reduced efficiency. This study uses simulation-

based analysis to investigate harmonic suppression techniques using passive, differential, and active 

filters. Passive filters are evaluated for their cost-effectiveness and simplicity in attenuating specific 

harmonic frequencies, while differential filters are examined for their ability to mitigate common-mode 

harmonics. Active filters, employing power electronics and adaptive control algorithms, are analyzed for 

their dynamic compensation capabilities across a wide harmonic spectrum. A comparative performance 

assessment is conducted in a simulated single-phase system under varying load conditions, considering 

factors such as total harmonic distortion (THD) reduction, transient response, and implementation 

complexity. The results demonstrate the effectiveness of each filtering approach, providing insights into 

optimal filter selection based on system requirements. The findings contribute to improved harmonic 

mitigation strategies, enhancing power quality in single-phase electrical networks. 
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I. INTRODUCTION 

The increasing proliferation of nonlinear loads such as power electronic converters, variable-speed drives, and 

switched-mode power supplies has led to significant harmonic distortion in single-phase power systems. Harmonics 

degrade power quality by causing voltage and current waveform distortions, leading to overheating of equipment, 

increased power losses, electromagnetic interference (EMI), and malfunctions in sensitive devices. To mitigate these 

adverse effects, various harmonic suppression techniques have been developed, including passive filters, differential 

filters, and active filters, each offering distinct advantages and limitations. 

Passive filters, composed of inductors, capacitors, and resistors, are widely used due to their simplicity, reliability, and 

cost-effectiveness. However, their performance is limited to fixed harmonic frequencies, and they can introduce 

resonance issues with the power system. Differential filters, on the other hand, are designed to suppress common-mode 

harmonics and high-frequency noise, making them suitable for certain applications but less effective for broad-

spectrum harmonic mitigation. Active filters, employing power electronic converters and advanced control algorithms, 

dynamically inject compensating currents to cancel harmonics, offering superior flexibility and performance across a 

wide frequency range. Despite their effectiveness, active filters are more complex and expensive than passive solutions. 

This study conducts a simulation-based analysis to evaluate and compare the performance of passive, differential, and 

active filters in suppressing harmonics in single-phase power systems. Key performance metrics include total harmonic 

distortion (THD) reduction, transient response, and implementation feasibility under varying load conditions. The 

findings aim to provide a comprehensive understanding of each filter’s effectiveness, aiding in the selection of optimal 

harmonic mitigation strategies for improved power quality. 

The rest of the paper is organized as follows: Section II discusses the harmonic generation and its impact on power 

systems, Section III presents the working principles of passive, differential, and active filters, Section IV details the 
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simulation setup and methodology, Section V analyzes the results, and Section VI concludes with recommendations for 

practical applications. 

 

II. LITERATURE SURVEY 

Harmonic distortion from nonlinear loads has prompted extensive research into suppression techniques. Passive filters, 

though cost-effective, are limited to fixed frequencies and may cause resonance issues. Gonzalez et al. (2022) 

highlighted their economic benefits in stable systems. Differential filters are effective for high-frequency noise, as 

shown in applications discussed by Ribeiro et al. (2023), but offer limited mitigation for lower-order harmonics. 

Active filters, while complex and costly, provide dynamic compensation across a wide frequency range. Studies by 

Zhang et al. (2023) and Akagi (2017) emphasized their superior adaptability and performance, particularly in sensitive 

environments. Hybrid solutions, combining passive and active filters, are proposed by Monteiro et al. (2022) to balance 

cost and efficiency. 

Standards like IEEE 519-2022 and IEC 61000-3-6:2021 guide acceptable harmonic levels, reinforcing the need for 

context-specific filter selection. 

 

III. HARMONIC GENERATION AND ITS IMPACT ON POWER SYSTEMS 

Harmonics are sinusoidal voltage or current components with frequencies that are integer multiples of the fundamental 

power system frequency (50/60 Hz). They are primarily generated by nonlinear loads that draw current in abrupt pulses 

rather than as a smooth sinusoidal waveform. 

A. Common sources of harmonics include: 

● Power electronic devices (rectifiers, inverters, variable frequency drives) 

● Switched-mode power supplies (computers, LED drivers, telecom equipment) 

● Arcing devices (welding machines, discharge lighting) 

● Saturated magnetic devices (transformers, inductors operating near saturation) 

 

B. These harmonics propagate through the power system, leading to several detrimental effects: 

● Increased Power Losses – Harmonic currents cause additional � � losses in conductors and transformers, reducing 

efficiency. 

● Overheating of Equipment – Higher RMS currents due to harmonics can overheat cables, motors, and capacitors, 

shortening their lifespan. 

● Resonance Conditions – Interaction between system inductance and capacitance can amplify certain harmonic 

frequencies, leading to voltage distortion and equipment failure. 

● Interference with Communication Systems – High-frequency harmonics induce electromagnetic interference (EMI) 

in nearby control and communication circuits. 

● Malfunction of Protective Relays – Harmonic distortion can cause false tripping or failure to operate in protective 

devices. 

Given these challenges, effective harmonic suppression is essential for maintaining power quality. The following 

section discusses the working principles of passive, differential, and active filters as potential mitigation techniques. 

 

IV. HARMONIC SUPPRESSION TECHNIQUES 

A. Passive Filters 

 Passive harmonic filters utilize combinations of inductors, capacitors, and resistors to create low-impedance paths for 

specific harmonic frequencies. These filters are typically tuned to target dominant harmonics such as the 5th or 7th 

order in power systems. Their simple design makes them cost-effective and reliable for applications with predictable 

harmonic profiles. However, passive filters have fixed compensation characteristics and may interact adversely with 
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system impedance, potentially causing resonance issues. They are best suited for industrial environments with stable, 

well-defined harmonic spectra where their limitations can be properly managed through careful system design. 

 

B. Differential Filters 

Differential filters, often implemented as common-mode chokes, specialize in suppressing high-frequency noise and 

electromagnetic interference (EMI) in power systems. These filters work by presenting high impedance to common-

mode currents while allowing the fundamental power frequency to pass with minimal losses. Their compact size and 

passive operation make them particularly valuable in power electronic applications like variable frequency drives and 

switch-mode power supplies. While effective for EMI mitigation, differential filters have limited capability in 

addressing lower-order harmonics that typically dominate power quality issues. Their performance is most notable in 

applications where high-frequency noise suppression is the primary concern. 

 

C. Active Filters 

Active power filters represent the most sophisticated approach to harmonic mitigation, using power electronic 

converters and advanced control algorithms to dynamically inject compensating currents. These systems continuously 

monitor the load current and generate precise anti-phase harmonic components to cancel distortion in real time. Unlike 

passive solutions, active filters can adapt to changing harmonic conditions and address a broad spectrum of harmonics 

simultaneously. Their superior performance comes with increased complexity, requiring high-speed processors, precise 

current sensors, and robust power electronics. While more expensive to implement, active filters provide the most 

comprehensive solution for facilities with sensitive equipment or highly variable harmonic loads, offering capabilities 

that extend beyond harmonic filtering to include reactive power compensation and voltage regulation. 

 

V. SIMULATION SETUP AND METHODOLOGY 

To evaluate the performance of passive, differential, and active filters in harmonic suppression, a simulation model of a 

single-phase power system with nonlinear loads was developed in MATLAB/Simulink. 

 

A. The test system consists of: 

● Supply: 230V, 50Hz AC source 

● Nonlinear Load: Single-phase diode rectifier with RL load (to generate 3rd, 5th, and 7th harmonics) 

● Inductive Load: Fans, BLDC Motors 

 

B. Filter Configurations: 

● Passive Filter: Harmonic-tuned LC filter 

● Differential Filter: Common-mode choke (L=10mH) with damping resistor 

● Active Filter: Shunt active power filter (Digitally controlled MOSFETs) 
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Fig. 1 Non-Linear Load Simulation 

Fig. 2 Differential Filter Circuit 

 
Fig. 3 Active Filter Simulation 
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VI. RESULTS 

A. Unfiltered Power source 

 

Fig. 4 Load Current without filter 

 

Fig. 5 Harmonics without filter 
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B. Passive Filters 

 

Fig. 4 Load Current with passive filter 

 

Fig. 5 Harmonics with passive filter 
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C. Differential Filter 

 

Fig. 4 Load Current with differential filter 

 

Fig. 5 Harmonics with differential filter 
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D. Active Filter 

 

Fig. 4 Load Current with active filter 

Fig. 5 Harmonics with active filter 

  

VII. CONCLUSION 

This study demonstrates that each harmonic filtering approach offers distinct advantages depending on application 

requirements. Passive filters remain a cost-effective and reliable solution for systems with fixed harmonic problems, 

particularly where specific harmonic orders dominate. Their simple design and maintenance-free operation make them 

ideal for many industrial applications with stable load conditions. 
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Differential filters show excellent performance in electromagnetic interference (EMI) suppression but exhibit 

limitations in broader power quality applications. Their specialized design makes them most effective for high-

frequency noise mitigation in power electronic systems, though they provide minimal benefit for low-order harmonic 

reduction typically found in power distribution networks. 

Active filters emerge as the most comprehensive solution for dynamic harmonic mitigation, capable of adapting to 

varying load conditions in real-time. While requiring higher initial investment and more complex maintenance, their 

ability to address multiple power quality issues simultaneously makes them indispensable for critical facilities with 

sensitive electronics. 

Implementation Guidelines 

For optimal system performance, a strategic approach to filter selection is recommended. Passive filters should be 

deployed in industrial environments with predictable harmonic profiles, where their economic benefits can be fully 

realized. Large-scale installations may benefit from hybrid systems combining active and passive filters, leveraging the 

strengths of both technologies while optimizing cost-efficiency. 

In facilities where power quality is paramount, such as hospitals, data centers, or precision manufacturing plants, active 

filters should be prioritized despite their higher cost. Their adaptive capabilities provide essential protection for 

sensitive equipment vulnerable to harmonic distortion. 

Future Research Directions 

Future investigations should focus on enhancing active filter performance through AI-based adaptive control systems, 

which could improve response times and compensation accuracy. Additionally, multi-objective optimization of hybrid 

filter designs presents an important research avenue, potentially yielding solutions that maximize harmonic suppression 

while minimizing cost and footprint. The integration of smart grid technologies with advanced filtering systems may 

also warrant exploration as power systems continue to evolve. 
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