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Abstract: Electronically Commutated (EC) motors offer high efficiency and precision but suffer from
harmonic distortions due to non-linear power electronics switching. These harmonics contribute to
power losses, overheating, torque ripple, and electromagnetic interference, reducing overall motor
performance and lifespan. This study focuses on measuring and mitigating harmonic distortions to
enhance EC motor efficiency and reliability.

Harmonic measurement is conducted using Fast Fourier Transform (FFT) analysis, capturing
distortions at motor input terminals and within windings under various load conditions. To mitigate
harmonics, passive filtering techniques, particularly series-parallel LC filters, are employed.
MATLAB/Simulink simulations demonstrate that these filters effectively reduce Total Harmonic
Distortion (THD) to 0.27%, outperforming conventional passive (10.92%,) and choke filters (5.97%,).

The results indicate that harmonic suppression significantly improves motor efficiency, reduces thermal
stress, and enhances operational stability. These findings highlight the importance of harmonic control
in EC motors, ensuring energy-efficient and reliable performance in industrial drives, electric vehicles,
and other high-performance applications.
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I. INTRODUCTION
Harmonics are distortions in electrical waveforms caused by non-linear loads such as Variable Frequency Drives
(VFDs), rectifiers, and inverters. These distortions introduce additional frequencies that are integer multiples of the
fundamental frequency (e.g., 50 Hz or 60 Hz), leading to power quality issues. Excessive harmonics result in equipment
overheating, reduced efficiency, increased electrical losses, and interference with sensitive electronic devices.
Managing harmonics is crucial to ensuring stable and efficient power systems, particularly in industrial and commercial
applications.
Electronically Commutated (EC) motors, also known as Brushless DC (BLDC) motors, combine the high efficiency of
DC motors with the durability of AC motors. Unlike conventional motors, EC motors use electronic commutation
instead of brushes, significantly reducing friction and wear, leading to increased efficiency and longevity. These motors
provide precise control over speed, torque, and position through integrated electronic controllers, making them ideal for
applications requiring high precision and energy efficiency. EC motors offer several advantages, including up to 30-
50% higher efficiency compared to traditional AC induction motors, lower maintenance due to the absence of brushes,
and a compact design that allows for better integration into modern systems. Additionally, they generate minimal
harmonic distortion, improving overall power quality in industrial and commercial setups. Their quiet operation and
reduced heat output make them suitable for environments with strict noise or space constraints.
EC motors are widely used in HVAC systems, industrial automation, electric vehicles, and household appliances. Their
ability to operate efficiently across a wide speed range makes them particularly beneficial in air handling units and
other applications requiring variable-speed operation. Unlike induction motors with VFDs, which often introduce
harmonics into the power grid, EC motors inherently produce lower harmonic distortion, ensuring better power quality
and system reliability.
Despite their benefits, EC motors can still introduce harmonics due to the non-linear switching of their power
electronics. These harmonics can increase power losses, lead to overheating, reduce the motor’s operational life, and
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cause electromagnetic interference (EMI). Harmonics in electrical systems are categorized into different types. Odd
harmonics (e.g., 3rd, 5th, 7th) are the most common and are primarily responsible for power quality degradation. Even
harmonics (e.g., 2nd, 4th) are less common and often indicate system imbalances or faults. Interharmonics, which do
not follow integer multiples of the fundamental frequency, are typically generated by frequency converters and
switching devices. Subharmonics, which operate at frequencies lower than the fundamental, can result from resonance
conditions and specific motor control strategies.

Accurate measurement of harmonics is essential for mitigating their negative effects. Techniques such as Fast Fourier
Transform (FFT) analysis, power quality meters, and oscilloscopes equipped with frequency analysis capabilities help
identify harmonic components in voltage and current waveforms. Understanding these harmonic profiles allows
engineers to develop strategies to minimize their impact on system performance.

Reducing harmonics in EC motors and electrical systems requires a combination of filtering techniques and design
optimizations. Passive and active filters are commonly used to mitigate harmonic distortion. Passive filters, consisting
of inductors, capacitors, and resistors, are designed to target specific harmonic orders and are cost-effective for fixed-
frequency applications. However, they lack flexibility in dynamic systems. Active filters, on the other hand, use power
electronics to dynamically cancel out harmonics, providing real-time compensation. While more expensive and
complex, active filters offer superior harmonic suppression and adaptability.

Additional mitigation techniques include optimizing Pulse Width Modulation (PWM) schemes in motor controllers,
using line reactors or chokes to suppress harmonics at the source, and employing power factor correction (PFC) devices
to improve system efficiency. Proper system design, including avoiding resonant conditions and ensuring balanced
loads, further helps minimize harmonic distortion.

A comparative study using MATLAB Simulink analyzes the performance of EC motors and traditional induction
motors with VFDs in an air terminal unit fan application. The study evaluates energy consumption, harmonic distortion,
and overall system efficiency. Results indicate that EC motors consume less energy and produce significantly lower
harmonic distortion than induction motors with VFDs. The elimination of additional harmonic filters in EC motor-
based systems further enhances cost-effectiveness and reliability. Moreover, EC motors exhibit higher efficiency across
a wide range of speeds, making them a more sustainable choice for industrial and commercial applications.

EC motors offer a highly efficient, durable, and precise alternative to traditional induction motors. Their ability to
operate with minimal harmonic distortion enhances power quality and system stability. However, harmonics generated
by their power electronics must be carefully managed through proper design and mitigation techniques such as passive
and active filtering, optimized PWM strategies, and power factor correction. As industries continue to focus on energy
efficiency and sustainability, EC motors stand out as a superior choice for applications in HVAC systems, industrial
automation, and electric vehicles. Addressing harmonic challenges ensures that EC motors can operate efficiently,
reducing energy losses, extending equipment lifespan, and contributing to a more reliable and sustainable electrical
infrastructure.

II. OVERVIEW
This project focuses on the measurement, analysis, and mitigation of harmonics in Electronically Commutated (EC)
motors. While EC motors offer high efficiency and precise control, they also introduce harmonic distortion due to
power electronic switching and non-linear loads. These harmonics cause power losses, overheating, torque ripple, and
reduced motor lifespan.
To address this issue, the project identifies the dominant harmonics (5th and 7th orders) using Fast Fourier Transform
(FFT) analysis and develops passive LC filters to reduce Total Harmonic Distortion (THD). The filters are tested in
MATLAB/Simulink simulations and then implemented in an EC motor system for real-world validation.
By integrating harmonic analysis and passive filtering, this study provides a cost-effective solution to improve EC
motor efficiency, power quality, and reliability in industrial and commercial applications.
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III. METHODOLOGY
Harmonic distortion in Electronically Commutated (EC) motors negatively affects their efficiency, reliability, and
operational stability by causing power losses, overheating, torque ripple, and electromagnetic interference (EMI). To
address these issues, a systematic approach is followed to measure, analyze, and mitigate harmonics in EC motors. The
methodology involves identifying harmonic sources, analyzing their impact, and implementing passive filters to reduce
Total Harmonic Distortion (THD) and improve overall motor performance.

3.1 .Identification of Harmonic Components in the EC Motor System
Harmonic distortion in EC motors arises from two primary sources:
e At the motor input terminals: Harmonics caused by power supply variations, inverter switching, and motor
drive operations.
e  Within the motor windings: Harmonics generated due to electronic commutation and the interaction between
the stator and rotor magnetic fields.
To assess the severity of harmonic distortion, measurements are conducted under three different operating conditions:
1. No-load condition — Establishes the base harmonic profile of the motor.
2. Partial load condition — Evaluates harmonic variations as the motor operates under moderate load.
3. Full load condition — Determines the peak harmonic levels during maximum operational demand.
The collected voltage and current waveforms are analyzed using Fast Fourier Transform (FFT) analysis, which
decomposes signals into their harmonic components. This allows for precise identification of frequency components
contributing to distortion and facilitates the development of appropriate mitigation strategies.

3.2. Identification of Significant Harmonic Orders
Following harmonic measurement, the next step is to identify the dominant harmonic orders that contribute most to
waveform distortion. In EC motors, the 5th and 7th harmonics are particularly problematic due to:

e Switching characteristics of the inverter, which introduce distortions at specific frequency multiples.

e The non-linear nature of electronic commutation, affecting current and voltage waveforms.
To quantify harmonic distortion, Total Harmonic Distortion (THD) is calculated. A higher THD value indicates greater
deviation from the fundamental sinusoidal waveform. Harmonics significantly impact motor performance in the
following ways:

e Increased electrical losses, reducing energy efficiency and leading to excessive power consumption.

e  Overheating of motor windings, accelerating insulation degradation and reducing motor lifespan.

e Unstable torque output, causing mechanical vibrations and acoustic noise, which can degrade system

reliability.

By identifying the most critical harmonic components, targeted filtering solutions can be designed to mitigate their
effects.

3.3. Design and Implementation of Passive Filters
To minimize harmonic distortion, passive LC filters are designed and implemented. The filtering process is carried out
in the following stages:

1. Filter Design
e LC filters are designed to suppress 5th and 7th harmonics, using a combination of inductors (L) and capacitors
©).
e The required resonance frequency (FFF) for the filters is calculated using the standard equation:
F=1/2mLC

e Two types of filters are considered:
o Single-tuned filters, which target individual harmonic frequencies.
o  Multi-tuned filters, which are optimized for suppressing multiple harmonics simultaneously.
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2. Simulation and Validation
e  The designed filters are tested in MATLAB/Simulink to evaluate their effectiveness in harmonic reduction.
e Simulations replicate real-world operating conditions, analyzing filter performance under different load levels.
e THD values before and after filtering are compared to ensure a measurable improvement in power quality.
3. Implementation in the EC Motor System
e  Once validated through simulation, the filters are physically integrated into the motor system.
e Filters are strategically placed between the inverter/motor drive and the motor terminals to ensure optimal
harmonic suppression.
e Proper grounding and impedance matching are performed to prevent resonance issues.
4. Post-Implementation Testing and Performance Evaluation
e Harmonic measurements are repeated after filter installation to verify their effectiveness.
e Voltage and current waveforms are reanalyzed using FFT-based spectrum analysis, and the following
performance indicators are assessed:
o Reduction in THD, ensuring improved power quality.
o Lower energy losses, enhancing motor efficiency.
o Smoother torque operation, minimizing mechanical vibrations and operational noise.
By implementing passive filtering techniques, this study ensures that harmonics in EC motors are effectively mitigated,
leading to improved power efficiency, extended motor lifespan, and enhanced system stability.

IV. SOFTWARE IMPLEMENTATION
MATLAB (Matrix Laboratory) is a high-level programming language and interactive environment designed for
numerical computation, visualization, and simulation. It is widely used in electrical and electronics engineering
applications, particularly for analyzing and modeling complex dynamic systems. MATLAB's Simulink tool provides a
powerful platform for system-level modeling, signal processing, and control system design, making it ideal for this
research on harmonic analysis and mitigation in EC motors.

4.1 MATLAB in the Context of This Project
In this study, MATLAB is used as the primary software for modeling, analyzing, and mitigating harmonics in EC
motors. The implementation involves the following key stages:
1. System Modeling
e The EC motor and its associated components are modeled in Simulink to replicate real-world behavior.
e The model includes key electrical parameters such as inductance, resistance, back EMF, and commutation
logic, ensuring an accurate representation of motor operation under different conditions.
2. Harmonic Analysis
e MATLAB is used to simulate the voltage and current waveforms at the motor terminals, capturing the impact
of power electronics switching.
e  The Fast Fourier Transform (FFT) tool in MATLAB decomposes these waveforms into their fundamental and
harmonic components, providing a detailed spectral analysis of the harmonic content.
e Total Harmonic Distortion (THD) is calculated to quantify the level of distortion in the system, which is
crucial for assessing the impact of harmonics on motor performance.
3. Passive Filter Design
e MATLAB is employed to design and optimize passive LC filters, which target the specific harmonic
frequencies (5th and 7th harmonics) identified during FFT analysis.
e The filter design process involves selecting appropriate inductance (L) and capacitance (C) values to achieve
effective filtering while minimizing the impact on motor performance.
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4. Simulation of Filter Performance
e The passive LC filters are integrated into the EC motor model in Simulink to evaluate their effectiveness in
harmonic suppression.
e MATLAB simulations are conducted to analyze the pre-filter and post-filter harmonic levels, ensuring that the
designed filters achieve a significant reduction in THD.
e The improvement in waveform quality is assessed to verify that the filters effectively smoothen voltage and
current waveforms.
5. Performance Evaluation
e MATLAB enables a comprehensive performance comparison of the system before and after filter
implementation.
e Key evaluation metrics include:
o Reduction in THD, ensuring compliance with power quality standards.
o Improved waveform smoothness, minimizing torque ripple and mechanical vibrations.
o Enhanced motor efficiency, leading to reduced power losses and better operational stability.

V. CIRCUIT SPECIFICATIONS
Supply side
* voltage (Vrms) = 400v
* Frequency = 50hz

Load side
*R=1.1 ohm
*L=0.7mH
*E=50v

Design Specifications:
Equations of filter design
* Fundamental frequency = 50hz
* Filters are designed for 5th and
7th harmonics respectively
For 5th harmonics
F= 5x50hz = 250hz and
For 7th harmonics
F=7x50hz = 350hz
F=1/2mLC)
Specifications for the parallel filter
* Let us take an arbitrary value for capacitor, say C = 90uF
For F5 (=250hz)
L=1/QnrfNc)*2
L= 1/ (2m*250N90u)"2 =4.5mH
For F7 (=350hz)
L=1/(2m*350N90u)*2 = 2.29mH
Specifications for the series- parallel filter
* Let us take an arbitrary value for capacitor, say C = 4.7uF
For F5 (=250hz)
L=1/QufJcy2
L =1 (2m*250V4.71)"2 =86mH
For F7 (=350hz)
L=1/(2m*350V4.7u)"2 = 43 9mH
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Specifications for the DC choke coil
e Inductor value is L=2mH
Theoretical Calculations
THDV (Total harmonic distortion voltage)
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The figure 1 shows a three-phase rectifier circuit without a filter, modeled in MATLAB/Simulink. A 400V, 50Hz AC
supply powers the system, and a diode bridge rectifier converts AC to DC. The absence of a filter leads to high
harmonic distortion, causing waveform irregularities and reduced efficiency. Voltage and current measurements are

used to analyze system performance.

This figure 2 represents the same circuit with a passive LC filter added before the rectifier. The filter reduces Total
Harmonic Distortion (THD) by smoothing the waveform, ensuring better power quality. The filtered DC output

improves motor efficiency and system stability, making the setup more reliable.

FILTERS:

Fig 3. Parallel filter

3

{
mao

Fig 4. Series -parallel filter

a A T a A T
4b — |—th db— 8
1 |
¢ C 4 ¢
Conn ‘H ll
400 <m0
|
) 3

a
c

=

Conng

(/100

Cann1 Conn2
T «)
Conn3 Connd

O T

Connd

Fig 5 .DC choke

Copyright to IJARSCT
www.ijarsct.co.in

[Of2=i0] DOI: 10.48175/IJARSCT-26348

Connb

7 1SN\
| 2581-0429 |}

365



20
N%

IJARSCT

ISSN: 2581-9429

WAVEFORMS:
CURRENT WAVEFORMS

Fig 6: Output current waveform of without filter circuit

@
Fie Tods ‘iew Smubion felp

G- 40PO 3 kM- FR

i
i I
h

IJARSCT

Volume 5, Issue 3, May 2025

DK

Sarge el TE0

Copyright to IJARSCT
www.ijarsct.co.in

Fig 7: Output current waveform of parallel filter

International Journal of Advanced Research in Science, Communication and Technology ‘

International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal

(o
7 1ssN W)
| 2581-0429 |}

366



N

K/ IJARSCT

‘ °® International Journal of Advanced Research in Science, Communication and Technology l\ i |
B a
IJ ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal Urigp (

ISSN: 2581-9429 Volume 5, Issue 3, May 2025 Impact Factor: 7.67

a5 =L
i Tesh Vew Smusten Ko

G- 40p® - w-H-F2-

Fig 8:Output current waveform of series parallel filter

W oox
He Tooks hew Smuston Help

@/00P0 3 [ FA-

oy i 050

Fig9: Output current waveform of choke filter

Copyright to IJARSCT
www.ijarsct.co.in

DOI: 10.48175/IJARSCT-26348 367

B E




IJARSCT
&~ R
£i50%

International Journal of Advanced Research in Science, Communication and Technology |

('} W 9001:2015 A
o 5
I J ARSCT International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal *'/fl“)
ISSN: 2581-9429 Volume 5, Issue 3, May 2025 Impact Factor: 7.67

FFT ANALYSIS

Stuctre i fne Selected siqnd with FFTwindow (n red)

1] 1]
| ™
S\gnali\funnamed ) Y] 10

Dinesion v ‘

| —

Magnitude

00

Stattime fs):
A0
Number afcydcs: [ | J | ) N I

0 005 0f 0 02 05 03 0% 04 05 05
Time ()

Zomon \S\gnal v \

Fundamenta fiequency (Hz):
M equency (H2): 1000

Nax THD frequency.
\ Nyquist requency ¥y \

Fundamental (30Kz)= 2741, THD= 3091'%
T T T T 1

T T T

=4

=

Display st

Bar relafie o incamental) ¥ \

Mag (2% of Fundamental)

Basevalie: 11

R — 1 |I|\ 1‘|\|H|h|\ |‘M||| Ll |l| \|I|J‘| ||\|\I il ||\|||1 ||
Frequeney ads. Herz 'J ) 0 10 20 X0 40 0 60 700 K0 %0 1000
Frequency (Hz)

Compute FFT |%J

Fig 10: FFT Analysis of the current waveform circuit without filter
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Fig 12: FFT Analysis of current waveform circuit with series parallel filter
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Fig 13:FFT analysis on the current waveform of the choke filter
The FFT analysis of current waveforms clearly demonstrates the impact of various filtering techniques on harmonic
mitigation in EC motors. The results indicate that:
e Parallel Filter achieved a 15% reduction in harmonic distortion, showing a significant improvement in power
quality.
e Series parallel Filter provided the most effective mitigation, reducing harmonics by 0.15%, making it the
optimal choice for minimizing total harmonic distortion (THD).
e  Choke Filter resulted in a 5.94% reduction, offering moderate performance in harmonic suppression.
Among the three filtering techniques, the series parallel filter exhibited the best harmonic suppression, effectively
minimizing unwanted frequency components and improving system efficiency. The parallel and choke filters also
contributed to harmonic reduction but were less effective than the series parallel approach.

VI. CONCLUSION
1. Series-Parallel Filter's Performance:
e The series-parallel filter achieves the lowest THD of 0.27%, which is a significant improvement
over the passive filter (15.08%) and choke filter (5.97%).
e [t effectively eliminates a wider range of harmonic frequencies, ensuring smoother voltage and
current waveforms.
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2. Motor Efficiency:
e The reduced THD with the series-parallel filter leads to better motor performance by minimizing
losses, reducing heating, and ensuring stable operation.
3. Energy Savings:
e By minimizing harmonic distortions, the series-parallel filter reduces energy losses, making it a more
efficient and sustainable choice.
This comparison highlights the importance of advanced filtering techniques like the series-parallel filter for
achieving superior harmonic mitigation and improving the overall performance of motor-driven systems.

VII FUTURE SCOPE
The project on measuring and mitigating harmonics in EC motors lays the groundwork for various future research
and development avenues. Insights from the reviewed papers suggest the following potential directions to expand
and enhance the project:
1. Implementation of Advanced Control Strategies
e The reviewed papers highlight the effectiveness of strategies like Sinusoidal Pulse Width Modulation
(SPWM) and its variations (e.g., ISPWM). Future work can incorporate these techniques to further reduce
harmonics and improve power quality.
2. Real-Time Harmonic Monitoring and Adaptive Mitigation
e Building upon the literature's emphasis on dynamic systems, real-time harmonic monitoring and
adaptive control can be developed to adjust filtering methods based on operating conditions.
3. Extension to Renewable Energy Systems
e Considering the increasing reliance on renewable energy, the project could be extended to study
harmonics in EC motors powered by solar PV or wind energy systems.
4. Long-Term Industrial Applications
e  Papers stress the importance of harmonic mitigation in sensitive environments. The project's findings can
be validated in industries like:
e Data centres: Addressing cooling system harmonics to maintain power quality.
e Electric Vehicles (EVs): Ensuring EC motors used in EV applications operate efficiently with minimal
distortion.
5. Cost-Effective and Scalable Solutions
e The project could focus on designing low-cost filtering solutions, informed by the literature, for small-
scale industries and consumer applications.
The project has a vast potential for extension into advanced control strategies, real-time monitoring, hybrid
filtering, renewable energy applications, and industrial use cases. These directions not only enhance the technical
scope but also address practical challenges in modern motor-driven systems, contributing to energy efficiency,
sustainability, and reliability.
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