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Abstract
Power factor (PF) is a critical parameter in electrical systems, reflecting the efficiency
of energy usage. Low power factor leads to increased losses, reduced system capacity,
and higher electricity costs. Power factor correction (PFC) circuits improve system
efficiency and comply with regulatory standards. This paper presents a comprehensive
study of PFC techniques, including passive, active, and hybrid methods, with a focus on
circuit-level implementations. Design principles, performance metrics, and control
strategies are discussed. Tables and two-dimensional figures illustrate typical PFC
circuits, input/output waveforms, and efficiency comparisons. The study serves as a
practical guide for engineers, researchers, and students in electrical system design and

optimization.
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INTRODUCTION

Power factor, defined as the ratio of real power to apparent power, is a measure of how

effectively electrical power is converted into useful work. Inductive loads such as motors,

transformers, and fluorescent lighting reduce the power factor, causing reactive power flow

and increased losses. PFC circuits compensate for this, improving energy efficiency, reducing

utility charges, and minimizing voltage drop in distribution systems.

This paper analyzes various PFC techniques and circuit implementations, highlighting their

advantages, limitations, and applications.

2. POWER FACTOR FUNDAMENTALS
2.1 Definition

[
PF

]

\frac{P_{real}}{S_{apparent}}

where ('\phi ) is the phase angle between voltage and current.

2.2 Importance
« Reduces transmission losses
o Lowers electricity bills in industrial systems
o Enhances voltage regulation

e Ensures compliance with IEC/IEEE standards

3. CLASSIFICATION OF PFC TECHNIQUES

Power factor correction methods can be broadly classified as:

\cos\phi

o Passive PFC: Uses inductors, capacitors, and passive filters to improve PF.
e Active PFC: Employs power electronics and feedback control to shape input current.

e Hybrid PFC: Combines passive and active techniques for improved performance.

Table 1: Comparison of PFC Techniques

Technique

Typical PF

Harmonic Reduction

Complexity

Cost

Passive

0.7-0.9

Moderate

Low

Low
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Technique |Typical PF |Harmonic Reduction Complexity ||Cost

Active 0.95-0.99 High High Moderate—High

Hybrid 0.95-0.98 High Moderate Moderate

4. PASSIVE PFC CIRCUITS
4.1 Inductor-Based Correction

Series or parallel inductors reduce current phase shift in inductive loads.

4.2 Capacitor-Based Correction

Capacitors provide leading reactive power to counteract lagging loads.

Figure 1: Basic Passive PFC Using Capacitor Bank

5. Active PFC Circuits
Active PFC circuits use switching devices (MOSFETSs, IGBTSs) with control loops to shape
input current to be in phase with voltage.

5.1 Boost Converter PFC
e Popular topology in AC-DC PFC
« Input current follows sinusoidal waveform

« Output voltage regulated
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5.2 Control Methods
e Average Current Mode Control — controls input current to match voltage

e Peak Current Mode Control — simpler, less accurate
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Figure 2: Boost Converter Active PFC

6. Hybrid PFC Techniques
Hybrid methods combine passive components for basic correction and active circuits for
precise waveform shaping. Benefits include reduced switching losses and improved

efficiency.

7. Design Considerations
Key factors in designing PFC circuits:
e Input voltage and frequency range
e Load power rating
« Efficiency and thermal management
e Compliance with harmonic standards (IEC 61000-3-2)

o Component ratings and reliability
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Table 2: Typical Design Parameters for PFC Circuit

Parameter Example Value
Input VVoltage 230V AC
Load Power 500 W
Target PF >0.95
Switching Frequency 50-100 kHz (Active PFC)
Capacitor/Inductor Ratings As per load and ripple

8. Harmonic Analysis and Power Quality

PFC circuits reduce harmonic content in the supply current:

Lina Current m /\
Uncormrected

e [T TR CACTABRTC IO

Modulation

Lina Currant
Comected

Figure 3: Current Waveform Before and After Active PFC

9. Applications
e Industrial motor drives and UPS systems
o Computer and server power supplies
e Renewable energy inverters

e LED lighting systems
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10. Challenges
o Cost and complexity of active PFC for high-power systems
« Thermal management in high-current applications

« Designing for variable loads and wide input voltage range

CONCLUSION

Power factor correction is essential for efficient electrical system operation, reducing losses,
improving voltage regulation, and ensuring compliance with standards. Passive, active, and
hybrid PFC circuits offer different trade-offs in complexity, cost, and performance. Proper
design, harmonic analysis, and component selection are critical to achieve high efficiency and
reliable operation. With increasing adoption of nonlinear loads and renewable sources, PFC

circuits remain a vital tool for power quality improvement.

REFERENCES
1. Rashid, M. H., Power Electronics Handbook, 4th Edition, Academic Press, 2018, pp.
345-412.
2. Bimal K. Bose, Modern Power Electronics and AC Drives, Prentice Hall, 2002, pp.
123-178.

3. IEEE Std 519-2014, Recommended Practices for Harmonic Control in Electrical
Power Systems, pp. 1-29.

4. Mohan, N., Undeland, T. M., Robbins, W. P., Power Electronics: Converters,
Applications, and Design, 3rd Edition, Wiley, 2003, pp. 567-634.

5. Singh, B., Al-Haddad, K., Chandra, A., “A Review of Active Filters for Power
Quality Improvement,” IEEE Transactions on Industrial Electronics, Vol. 46, No. 5,
1999, pp. 960-971.

6. Wu, B., High-Power Factor Rectifiers and AC-DC Converters, Wiley, 2011, pp. 45—
102.

7. Ahmed, S. R., “Design of Active Power Factor Correction Circuits,” International
Journal of Power Electronics, Vol. 8, No. 2, 2016, pp. 98-112.

8. Kundur, P., Power System Stability and Control, McGraw-Hill, 1994, pp. 480-532.

9. Chen, W., Design of Passive and Hybrid PFC Circuits, Springer, 2015, pp. 77-123.

96 I Page 91-96 © MANTECH PUBLICATIONS 2021. All Rights Reserved



