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Abstract: Guidelines for the specification of components, protection, and control of harmonic filters 
are provided in this guide. The guide applies to the use of 50 Hz and 60 Hz passive shunt power 
harmonic filters on low-voltage, medium-voltage, and high-voltage electric power systems. This 
document is specifically created for harmonic filters, although standards do exist for most of the 
components that are used in a filter. Applications including industrial low-voltage facilities, utility 
medium-voltage systems, and arc furnace installations are covered. 
 
Keywords: capacitors, harmonic filters, IEEE 1531™, inductors, notch filters, passive filters, power 
filters, power system harmonics, reactors, switched capacitor filters 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 

IEEE Standards documents are made available for use subject to important notices and legal disclaimers. 
These notices and disclaimers, or a reference to this page (https://standards.ieee.org/ipr/disclaimers.html), 
appear in all standards and may be found under the heading “Important Notices and Disclaimers Concerning 
IEEE Standards Documents.” 

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards Documents 

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating 
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards 
through an accredited consensus development process, which brings together volunteers representing varied 
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers 
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not 
necessarily members of IEEE or IEEE SA, and participate without compensation from IEEE. While IEEE 
administers the process and establishes rules to promote fairness in the consensus development process, IEEE 
does not independently evaluate, test, or verify the accuracy of any of the information or the soundness of 
any judgments contained in its standards. 

IEEE makes no warranties or representations concerning its standards, and expressly disclaims all warranties, 
express or implied, concerning this standard, including but not limited to the warranties of merchantability, 
fitness for a particular purpose and non-infringement. In addition, IEEE does not warrant or represent that 
the use of the material contained in its standards is free from patent infringement. IEEE standards documents 
are supplied “AS IS” and “WITH ALL FAULTS.” 

Use of an IEEE standard is wholly voluntary. The existence of an IEEE Standard does not imply that there 
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related to 
the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved and 
issued is subject to change brought about through developments in the state of the art and comments received 
from users of the standard.  

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other services 
for, or on behalf of, any person or entity, nor is IEEE undertaking to perform any duty owed by any other person 
or entity to another. Any person utilizing any IEEE Standards document, should rely upon his or her own 
independent judgment in the exercise of reasonable care in any given circumstances or, as appropriate, seek the 
advice of a competent professional in determining the appropriateness of a given IEEE standard. 

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, 
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO: THE 
NEED TO PROCURE SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR 
BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, 
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR 
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE UPON 
ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND 
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE. 

Translations 

The IEEE consensus development process involves the review of documents in English only. In the event that 
an IEEE standard is translated, only the English version published by IEEE is the approved IEEE standard. 
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Official statements 

A statement, written or oral, that is not processed in accordance with the IEEE SA Standards Board 
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its 
committees and shall not be considered to be, nor be relied upon as, a formal position of IEEE. At lectures, 
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall 
make it clear that the presenter’s views should be considered the personal views of that individual rather than 
the formal position of IEEE, IEEE SA, the Standards Committee, or the Working Group. 

Comments on standards 

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 
consulting information, or advice pertaining to IEEE Standards documents.  

Suggestions for changes in documents should be in the form of a proposed change of text, together with appropriate 
supporting comments. Since IEEE standards represent a consensus of concerned interests, it is important that any 
responses to comments and questions also receive the concurrence of a balance of interests. For this reason, IEEE 
and the members of its Societies and Standards Coordinating Committees are not able to provide an instant 
response to comments, or questions except in those cases where the matter has previously been addressed. For the 
same reason, IEEE does not respond to interpretation requests. Any person who would like to participate in 
evaluating comments or in revisions to an IEEE standard is welcome to join the relevant IEEE working group. 
You can indicate interest in a working group using the Interests tab in the Manage Profile & Interests area of the 
IEEE SA myProject system. An IEEE Account is needed to access the application. 

Comments on standards should be submitted using the Contact Us form. 

Laws and regulations 

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with the 
provisions of any IEEE Standards document does not constitute compliance to any applicable regulatory 
requirements. Implementers of the standard are responsible for observing or referring to the applicable 
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not 
in compliance with applicable laws, and these documents may not be construed as doing so. 

Data privacy 

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and data 
ownership in the context of assessing and using the standards in compliance with applicable laws and 
regulations. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under US and international copyright laws. They 
are made available by IEEE and are adopted for a wide variety of both public and private uses. These include 
both use, by reference, in laws and regulations, and use in private self-regulation, standardization, and the 
promotion of engineering practices and methods. By making these documents available for use and adoption 
by public authorities and private users, IEEE does not waive any rights in copyright to the documents. 

Photocopies 

Subject to payment of the appropriate licensing fees, IEEE will grant users a limited, non-exclusive license 
to photocopy portions of any individual standard for company or organizational internal use or individual, 
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance 
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400; 
https://www.copyright.com/. Permission to photocopy portions of any individual standard for educational 
classroom use can also be obtained through the Copyright Clearance Center. 
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Updating of IEEE Standards documents 

Users of IEEE Standards documents should be aware that these documents may be superseded at any time 
by the issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect.  

Every IEEE standard is subjected to review at least every 10 years. When a document is more than 10 years 
old and has not undergone a revision process, it is reasonable to conclude that its contents, although still of 
some value, do not wholly reflect the present state of the art. Users are cautioned to check to determine that 
they have the latest edition of any IEEE standard. 

In order to determine whether a given document is the current edition and whether it has been amended 
through the issuance of amendments, corrigenda, or errata, visit IEEE Xplore or contact IEEE. For more 
information about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website. 

Errata 

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number 
and year of approval to access the web page of the published standard. Errata links are located under the 
Additional Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to 
periodically check for errata. 

Patents 

IEEE Standards are developed in compliance with the IEEE SA Patent Policy. 

Attention is called to the possibility that implementation of this standard may require use of subject matter 
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to the 
existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant has 
filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE 
SA Website at https://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate 
whether the Submitter is willing or unwilling to grant licenses under patent rights without compensation or 
under reasonable rates, with reasonable terms and conditions that are demonstrably free of any unfair 
discrimination to applicants desiring to obtain such licenses. 

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not 
responsible for identifying Essential Patent Claims for which a license may be required, for conducting 
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or 
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing 
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that 
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely their 
own responsibility. Further information may be obtained from the IEEE Standards Association. 

IMPORTANT NOTICE 

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. IEEE Standards development activities consider 
research and information presented to the standards development group in developing any safety 
recommendations. Other information about safety practices, changes in technology or technology 
implementation, or impact by peripheral systems also may be pertinent to safety considerations during 
implementation of the standard. Implementers and users of IEEE Standards documents are responsible for 
determining and complying with all appropriate safety, security, environmental, health, and interference 
protection practices and all applicable laws and regulations. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:33:10 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1531-2020

https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/materials.html
https://standards.ieee.org/about/sasb/patcom/patents.html
http://www.avadocuments.com/doc/ieee-1531-2020
http://www.avadocuments.com/doc/ieee-1531-2020


 

6 
Copyright © 2021 IEEE. All rights reserved. 

Participants 

At the time this guide was submitted to the IEEE SA Standards Board for approval, the Harmonic Filters 
Working Group had the following membership: 

Jan Paramalingam, Chair 

Othmane Alaoui 
Roy Alexander 
Steven Ashmore 
Jeff Brogdon 
Bill Chai 
Vincent Deslauriers 
Clay Fellers 
Roberto Gonzales-Ramos 
Charles Gougler 
 

Thomas Grebe 
Michael Hulse 
Stephen Ladd  
Hua Liu 
Daniel Luke 
Halim Malaj 
Mark McVey 
David J. Meisner 
William Munn 
Jeffrey Nelson 

Sarah Newton 
Reynaldo Ramos 
Eduardo Sanchez 
Richard Sévigny 
Devki Sharma 
Biswajit Singh 
Jordan Snider 
Frederic St-Hilaire 
Wilsun Xu 

 

The following members of the individual balloting committee voted on this guide. Balloters may have voted 
for approval, disapproval, or abstention. 

Roy Alexander 
Saleman Alibhay 
Robert Arno 
Steven Ashmore 
Curtis Ashton 
Thomas Barnes 
Frank Basciano 
Michael Bayer 
Wallace Binder 
Demetrio Bucaneg 
William Bush 
Mario Manana Canteli 
Michael Chirico 
Davide De Luca 
Vincent Deslauriers 
Gary Donner 
Donald Dunn 
Douglas J. Edwards 
Zakia El Omari 
Clay Fellers 
Jorge Fernandez Daher 
George Gela 
Charles Gougler 
Thomas Grebe 
Randall Groves 
Werner Hoelzl 
Robert Hoerauf 
John Houdek 
SangKwon Jeong 
John John 
Gerald Johnson 
Steven Johnston 
Geza Joos 
Lars Juhlin 

Laszlo Kadar 
Innocent Kamwa 
John Kay 
Gael Kennedy 
Yuri Khersonsky 
James Kinney 
Boris Kogan 
Jim Kulchisky 
Stephen Ladd 
Mikhail Lagoda 
Chung-Yiu Lam 
Hua Liu 
Daniel Luke 
Tapan Manna 
William McBride 
Edward McCall 
A. S. Mehraban 
David J. Meisner 
Daleep Mohla 
David Mueller 
William Munn 
Jerry Murphy 
Alexandre Nassif 
Arthur Neubauer 
Michael Newman 
Joe Nims 
Gearold O. H. Eidhin 
T. W. Olsen 
Lorraine Padden 
Marty Page 
Bansi Patel 
Dhiru Patel 
Howard Penrose 
Christopher Petrola 

Prasad Pmsvvsv 
Iulian Profir 
Reynaldo Ramos 
Lakshman Raut 
Charles Rogers 
Daniel Sabin 
Bartien Sayogo 
Kenneth Sedziol 
Richard Sévigny 
Nikunj Shah 
Harish Sharma 
Nigel Shore 
Biswajit Singh 
Jerry Smith 
Gary Smullin 
Wayne Stec 
Gary Stoedter 
Walter Struppler 
K. Stump 
Peter Sutherland 
David Tepen 
Timothy Unruh 
James Van De Ligt 
Raul Velazquez 
John Vergis 
Matthew Wakeham 
Reigh Walling 
John Wang 
Daniel Ward 
Keith Waters 
Kenneth White 
Jian Yu 
Francisc Zavoda 
David Zech 

 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:33:10 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1531-2020

http://www.avadocuments.com/doc/ieee-1531-2020
http://www.avadocuments.com/doc/ieee-1531-2020


 

7 
Copyright © 2021 IEEE. All rights reserved. 

When the IEEE SA Standards Board approved this guide on 24 September 2020, it had the following 
membership: 

Gary Hoffman, Chair 
Jon Walter Rosdahl, Vice Chair 

John D. Kulick, Past Chair 
Konstantinos Karachalios, Secretary 

 
Ted Burse 
Doug Edwards 
J. Travis Griffith 
Grace Gu 
Guido R. Hiertz 
Joseph L. Koepfinger* 
 

David J. Law 
Howard Li 
Dong Liu 
Kevin Lu 
Paul Nikolich 
Damir Novosel 
Dorothy Stanley 

Mehmet Ulema 
Lei Wang 
Sha Wei 
Philip B. Winston 
Daidi Zhong 
Jingyi Zhou 

*Member Emeritus 
 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:33:10 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1531-2020

http://www.avadocuments.com/doc/ieee-1531-2020
http://www.avadocuments.com/doc/ieee-1531-2020


 

8 
Copyright © 2021 IEEE. All rights reserved. 

Introduction 

This introduction is not part of IEEE Std 1531-2020, IEEE Guide for the Application and Specification of Harmonic 
Filters. 

This guide addresses the specification of the components, protection, and control of harmonic filters. It does 
not address the proper sizing or configuration of harmonic filters to achieve desired performance. This 
document provides guidelines for passive shunt harmonic filters for use on 50 Hz and 60 Hz power systems 
to reduce harmonic distortions and/or to provide capacitive reactive power for load or system compensation. 
As of publication of this guide, no IEEE standards exist specifically for harmonic filters, although IEEE 
standards do exist for most of the components that are used in a filter. 

This revision provides clarification and corrections to the text published in 2003, for example, clarifying the 
current rating of filter tuning inductors to be consistent with the National Electrical Code® (NEC®) 
(NFPA 70®) and its current rating of conductors in a capacitor circuit.1 A harmonic filter may also be referred 
to as a detuned or tuned capacitor bank where the objective is to provide reactive power compensation, with 
the additional requirement that the design must also avoid excessive amplification of harmonics from the 
loads or existing power system background harmonics. 

                                                 
1 Information on normative references can be found in Clause 2. 
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IEEE Guide for the Application and 

Specification of Harmonic Filters 

1. Overview 

1.1 Scope 

This guide addresses the selection of the (1) components, (2) protection, and (3) control of harmonic 

filters. It does not address the engineering required to establish the proper size and configuration of 

harmonic filters to achieve desired performance. This document provides guidelines for passive 

shunt harmonic filters for use on 50 Hz and 60 Hz power systems to reduce harmonic distortion on 

the system(s). (As of publication of this guide, no IEEE No specific standards exist specifically for 

harmonic filters, although IEEE standards do exist for most of the components that are used in a 

filter. This guide references standards where they exist and gives typical criteria where appropriate 

standards do not exist.) 

1.2 Word usage 

The word shall indicates mandatory requirements strictly to be followed in order to conform to the 

standard and from which no deviation is permitted (shall equals is required to).2,3 

The word should indicates that among several possibilities one is recommended as particularly 

suitable, without mentioning or excluding others; or that a certain course of action is preferred but 

not necessarily required (should equals is recommended that). 

The word may is used to indicate a course of action permissible within the limits of the standard 

(may equals is permitted to). 

2 The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe 

unavoidable situations. 

3 The use of will is deprecated and cannot be used when stating mandatory requirements; will is used only in statements of fact. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 18:33:10 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1531-2020

http://www.avadocuments.com/doc/ieee-1531-2020
http://www.avadocuments.com/doc/ieee-1531-2020


 

 

The word can is used for statements of possibility and capability, whether material, physical, or 

causal (can equals is able to). 

2. Normative references 

The following referenced documents are indispensable for the application of this document (i.e., 

they must be understood and used; therefore, each referenced document is cited in text, and its 

relationship to this document is explained). For dated references, only the edition cited applies. For 

undated references, the latest edition of the referenced document (including any amendments or 

corrigenda) applies. 

IEEE Std 18™-2002, IEEE Standard for Shunt Power Capacitors.4,5 

IEEE Std 141™, 1993, IEEE Recommended Practice for Electric Power Distribution for Industrial 

Plants (IEEE Red Book™). 

IEEE Std 399™1997, IEEE Recommended Practice for Industrial and Commercial Power Systems 

Analysis (IEEE Brown Book™). 

IEEE Std 519™, IEEE Recommended Practice and Requirements for Harmonic Control in Electric 

Power Systems. 

IEEE Std 1036™, IEEE Guide for Application of Shunt Power Capacitors. 

IEEE Std C37.04™, 1999, IEEE Standard Rating Structure for AC High-Voltage Circuit Breakers. 

 

 

 

4 3
The IEEE standards or products referred to in Clause 2(except IEEE P519.1) are trademarks owned by The Institute of Electrical 

and Electronic Engineers, Incorporated. 

54 IEEE publications are available from The Institute of Electrical and Electronics Engineers , Inc., 445 Hoes Lane, P.O. Box 1331, 

Piscataway, NJ 08855-1331, USA (https://standards.ieee.org/). 
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IEEE Std C37.06™, IEEE Standard for ANSI C37.06-2000, American National Standard for 

Switchgear AC High-Voltage Circuit Breakers Rated on a Symmetrical Current Basis—Preferred 

Ratings and Related Required Capabilities for Voltages Above 1000 V.1 

ANSI C37.66-1969 (Reaff 1997), American National Standard for Requirements for Oil-Filled 

Capacitor Switches for Alternating-Current Systems. 

IEEE P519.1/D8b, Draft Guide for Applying Harmonic Limits on Power Systems.
2 

IEEE Std C37. 012™, 1979, IEEE Application Guide for the Application of Capacitance Current 

Switching for AC High-Voltage Circuit Breakers Above 1000 V. Rated on a Symmetrical Current 

Basis.
3, 4

 

IEEE Std C37. 48™ -1997, IEEE Guide for Application, Operation, and Maintenance of High-Voltage 

Fuses, Distribution Enclosed Single-Pole Air Switches, Fuse Disconnecting Switches, and 

Accessories. 

IEEE Std C37.66™, IEEE Standard Requirements for Capacitor Switches for AC Systems (1 kV to 38 

kV). 

IEEE Std C37.99™, 2000, IEEE Guide for the Protection of Shunt Capacitor Banks. 

IEEE Std C57.12. 00, TM-2000, IEEE General Requirements for Liquid-Immersed Distribution, Power, 

and Regulating Transformers. 

IEEE Std C57.12.01™, IEEE General Requirements for Dry-Type Distribution and Power 

Transformers Including Those with Solid-Cast and/or Resin-Encapsulated Windings.. 

IEEE Std C57. 16™ -1996 (Reaff 2001), IEEE Standard for Requirements, Terminology, and Test Code 

for Dry-Type Air-Core Series-Connected Reactors. 

1
ANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, 

New York, NY 10036, USA (http://www.ansi.org/). 

2
This IEEE standards project was not approved by the IEEE-SA Standards Board at the time this publication went to press. For 

further information about obtaining a draft, contact the IEEE. 
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IEEE Std C57.32™, IEEE Standard for Requirements, Terminology, and Test Procedures for Neutral 

Grounding Devices. 

IEEE Std C57.110™, IEEE Std C57.110TM-1998, IEEE Recommended Practice for Establishing Liquid-

Immersed and Dry-Type Power and Distribution Transformer Capability When Supplying 

Nonsinusoidal Load Currents. 

IEEE Std C62. 22™, 1997, IEEE Guide for Application of Metal-Oxide Surge Arresters for 

Alternating-Current Systems. 

IEEE Std 32T-1972 (Reaff 1997), IEEE Standard Requirements, Terminology, and Test Procedure for 

Neutral Grounding Devices. 

IEEE Std 519TM-1992, IEEE Recommended Practices and Requirements for Harmonic Control in 

Electrical Power Systems. 

IEEE Std 1036TM-1992, IEEE Guide for Application of Shunt Power Capacitors. 

NEMA MG 1-1998, Motors and Generators. 6
5 
 

NFPA 70®-2002, National Electrical Code® (NEC®).
6, 7,8 

6 NEMA publications are available from the National Electrical Manufacturers Association (https://www.nema.org/).  

7 National Electrical Code, NEC, and NFPA 70 are registered trademarks in the U.S. Patent & Trademark Office, owned by the 

National Fire Protection Association. 

8 NFPA publications are published by the National Fire Protection Association (https://www.nfpa.org/). Copies are also available 

from The Institute of Electrical and Electronics Engineers at https://standards.ieee.org/. 

5
NEMA publications are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA 

(http://global.ihs.com/). 

6
National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc. 

7
NFPA publications are available from Publications Sales, National Fire Protection Association, 1 Batterymarch Park, P.O. Box 9101, 

Quincy, MA 02269-9101, USA (http://www.nfpa.org/).  
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UL 508-1999, Standard for Safety for Industrial Control Equipment. 9
8
 

UL 508A-2001, Standard for Safety for Industrial Control Panels. 

UL 810-1995, Standard for Safety for Capacitors. 

UL 1561-1999, Standard for Dry-Type General Purpose and Power Transformers. 

UL 1562-1999, Standard for Transformers, Distribution, Dry-Type-Over 600 Volts. 

3. Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 

Dictionary Online should be consulted for terms not defined in this clause.10 

kvar: (Pronounced kay var, with emphasis on the first syllable) A) The size or magnitude of a 

reactive power source, which would usually be measured in (units of) 

kilovar. (B) Abbreviation for kilovar, a unit of reactive power. 

NOTE—This term is pronounced “kay var,” with emphasis on the first syllable. 

Mvar: (Pronounced em var, with emphasis on the first syllable) A) The size or magnitude of a 

reactive power source, which would usually be measured in (units of) megavar. (B) Abbreviation for 

megavar, a unit of reactive power. 

NOTE—This term is pronounced “em var,” with emphasis on the first syllable. 

 

 

9 UL standards are available from the Underwriters Laboratories (https://www.ul.com/). 

10 IEEE Standards Dictionary Online is available at https://dictionary.ieee.org/. An IEEE account is required for access to the 

dictionary, and one can be created at no charge on the dictionary sign-in page. 

8
UL standards are available from Global Engineering Documents, 15 Inverness Way East, Englewood, Colorado 80112, USA 

(http://global.ihs.com/). 
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The meaning of other terms used in this standard shall be as defined in The Authoritative Dictionary of 

IEEE Standards Terms, Seventh Edition [B1]
9
. 

4. Harmonic filter design considerations 

4.1 General 

Harmonic distortion on the power system is caused by nonlinear devices that produce distorted or 

nonsinusoidal waveforms. Examples include electronically controlled devices (such as rectifiers and 

power controllers), arcing loads (such as arc furnaces and arc welders), and magnetic devices to a 

lesser degree (such as rotating ac machinery and transformers). Excessive harmonic voltage and/or 

current can cause damage to equipment and the electrical system. IEEE Std 519-1992
10 

gives 

application guidelines. One of the common ways of controlling harmonic distortion is to place a 

passive shunt harmonic filter close to the harmonic-producing load(s). The harmonic-producing 

device can generally be viewed as a source of harmonic current (or as a source of harmonic voltage 

resulting in harmonic current flow). The objective of the harmonic filter is to shunt some of the 

harmonic current from the load into the filter, thereby reducing the amount of harmonic current that 

flows into the power system (see Figure 1). The simplest type of shunt harmonic filter is a series 

inductance/-capacitance (LC) circuit as illustrated in Figure 2. More complex harmonic filters may 

involve multiple LC circuits, some of which may also include a resistor. Some commonly used 

harmonic filter arrangements are shown and discussed in Annex B. 

 

NOTE-A harmonic filter in the vicinity of the harmonic-producing loads shunts some of the 

harmonic current, thereby reducing the amount of harmonic current flowing from the loads into the 

power source. 

Figure 1—Harmonic filter shunting harmonic current between harmonic-

producing loads and power source 
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Figure 2—Single-tuned harmonic filter 

Key filter design considerations include the following: 

a) Reactive power (kvar kilovar) requirements 

b) Harmonic limitations 

c) Normal system conditions, including ambient harmonics 

d) Normal harmonic filter conditions 

e) Contingency system conditions, including ambient harmonics 

f) Contingency harmonic filter conditions 

These considerations can be grouped into performance and rating criteria. The performance criteria 

relate to normal expected operating conditions and include capacitive reactive power (kvar) 

requirements (4.2), harmonic limitations (4.3), normal system conditions (4.4), and normal harmonic 

filter conditions (4.5). The rating criteria relate to unusual conditions that may place a more severe 

duty on the equipment. These unusual conditions include contingency system conditions (4.6) and 

contingency harmonic filter conditions (4.7). Under the contingency conditions, it may be acceptable 

to have a more relaxed harmonic limitation. These six design considerations are discussed in 4.1 

through 4.6. 
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4.2 Filter capacitive Reactive power (kvar) requirements 

The major components of a harmonic filter generally include capacitors, reactors, and resistors (if 

any) designed to achieve acceptable harmonic control. Because of the capacitors, the harmonic filter 

provides power frequency capacitive reactive power to the power system. In order to optimize the 

system costs, it is important to know how much capacitive reactive power (kvar kilovars) is needed 

(if any) and what savings can be obtained by adding the capacitive reactive power. The reactive 

power and voltage control requirements may dictate that the harmonic filter bank be switched in 

steps. IEEE Std 1036-1992 indicates that the maximum capacitive reactive power (kvar kilovars) step 

size is typically limited to a value so that the fundamental frequency voltage change is no greater 

than 2% to 3% in order to have a minimal effect on system loads.11 Consequently, the total and step 

kvar sizes are generally determined by the fundamental frequency load flow and the voltage control 

requirements. 

4.3 Harmonic limitations 

4.3.1 General 

Harmonic limitations are defined in terms of system limitations and equipment withstand 

capabilities, as summarized in 4.3.2.1 and 4. 3.3 2.2. 

 

 

 

 

 

11 10 Information on normative references can be found in Clause 2. 
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4.3.2 System limitations 

System harmonic limitations are generally defined to ensure that equipment does not malfunction or 

fail due to excessive harmonic distortion. System limitations are recommended in Clause 5 10 and 

Clause 11 of IEEE Std 519-2014.Std 519-1992.
11

 IEEE Std 519-1992 recommends that the total voltage 

distortion at the point of common coupling to the utility be limited to 5% or less, depending upon 

the system voltage level and other factors, ; and that the total harmonic distortion (THD) 8% or less 

for most user busses at less than 1 kV be limited to 8% or less. The total demand current distortion at 

the point of common coupling to the utility is limited to the range of 2.5% to 20%, depending upon 

the size of the customer’s harmonic-producing load and other factors. (See IEEE Std 519-1992 for 

details.) The document also gives higher limits for conditions lasting less than 1 hour. (See IEEE Std 

519 for details.) 

4.3.3 Equipment withstand capabilities 

Some of the withstand capabilities that are described in existing equipment standards are 

summarized in this subclause. 

When transformers are operating at rated load, the total harmonic current distortion should be 

limited to 5% as defined in IEEE Std C57.12.00 and IEEE Std C57.12.01.as defined in IEEE Std 

C57.12.00-2000 and IEEE Std C57.12.01-1998.
12

 IEEE Std C57.110-1998 defines the method for 

derating transformers when supplying nonsinusoidal loads. UL 1561-1999 and UL 1562 15621999 

define the transformer K- rating that is intended for use in high harmonic environments. 

Subclause 5.3 in IEEE Std 18-2012 gives the following limits for capacitor units:12 

 

 

12 11
This quotation information is from the referenced standard standard(s)and does not transplant these limits to this guide. See the 

first paragraph of Clause 2. 

12 See footnote 11. 
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Capacitors IEEE Std 18-200213 states that “[c]apacitors are designed intended to be operated 

continuously at or below their rated voltage. Capacitors shall be capable of continuous 

operation under contingency system and bank conditions provided that none of the following 

limitations are exceeded: 

a) 110% of rated rms [root-mean-square] voltage 

b) 120% of rated peak voltage, i.e., peak voltage not exceeding 1.2 x √2 (square root of 

two) x rated rms voltage, including harmonics, but excluding transients 

c) 135% of nominal rms current based on rated kvar and rated voltage 

d) 135% of rated kvar 

Additional application guidelines for capacitors are given in IEEE Std 1036-1992. It should be noted 

that capacitor fuses should be rated for the voltage and current, including harmonics, in a filter 

application. 

The limitation to 135% of rated kvar in IEEE Std 18-2002 is based on dielectric heating at 

fundamental frequency and is based on the thermal stability test in that standard. The 135% limit in 

IEEE Std 18-2002 is based on a maximum operating voltage of 110% of rated voltage and a 

maximum capacitance tolerance of +15% (the maximum allowable tolerance at the time the 135% 

limit was set). (1.12 × 1.15 ≈ 1.35 , thus 135%.) 

The total dielectric heating in a capacitor is a function of the force between the electrodes, the 

capacitance of the dielectric, and the number of force reversals per second. 

 

 

 

13
This quotation is from the referenced standard(s) and does not transplant these limits to this guide. 
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The force is the result of the attraction of the positive and negative charges on the electrodes. The 

magnitude of the charge Q on each of the electrodes is proportional to the voltage difference V 

between the electrodes. The force is proportional to the product of the charge magnitudes. Because 

the positive and negative charges are equal to each other and are proportional to the applied 

voltage, the force (and losses) varies as the square of the applied voltage. 

The total dielectric heating varies linearly with the capacitance of the dielectric. Changes in 

capacitance due to change in area of the dielectric, thickness of the dielectric, and changes in the 

dielectric constant due to small material materials variations all affect the total heating linearly. 

The dc dielectric losses and resulting heating in a high -voltage power capacitor are very small. The 

dielectric losses are dominated by ac losses. Each time the force is reversed, there is an amount of 

loss. The ac losses are linear function of the applied frequency. 

Therefore, for a single frequency, the dielectric losses are proportional to the square of the applied 

voltage, the capacitance, and the frequency, as shown in Equation (1). 

 

Note that, for a capacitor, the reactive power Q is calculated as shown in Equation (2), Equation (3), 

and Equation (4). 

 

Note the similarity in the expressions for dielectric loss and Q. For a single frequency, the dielectric 

heating in the capacitor is proportional to the reactive power (kvar measured in kilovars). 

For a capacitor in a filter, there are multiple frequencies generating the dielectric heating. For filter 

applications where 

a) There is no significant dc voltage present, 
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b) The harmonic voltages across the capacitor are smaller than the fundamental frequency 

voltage, and 

c) The highest significant frequency is less than about 1 kHz, the dielectric heating will be 

within the 135% limit if Equation (5) or Equation (6) is true. 

 

or 

 

where 

f is the rated frequency of the capacitor and system (Hz) 

C is the actual capacitance of the capacitor (F) 

h is the harmonic order, for all significant harmonics including the fundamental (h 

= 1) 

V (h) is the capacitor voltage (rms) at the h harmonic (kV) 

I(h) is the capacitor current (rms) at the h harmonic (A) 

Qrated is the capacitor rated reactive power (kvar) 

The inequality in Equation (6) is the one normally used to determine whether the dielectric heating 

is acceptable. While dc losses in a capacitor are small, the presence of dc voltage can increase the 

maximum charge and significantly increase the ac losses. That increase is not reflected in the above 

inequalities, limiting the use of these inequalities to applications where no significant dc voltage is 

present. 
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Higher frequency currents may result in eddy current or induced losses in addition to the dielectric 

losses. Where the harmonic currents are smaller than the fundamental current, the error caused by 

ignoring these losses is negligible. Where the harmonic currents are larger or there are significant 

harmonic currents above 1 kHz, higher frequency capacitor equipment designs, which are beyond 

the scope of this guide, may be required. 

Proposed derating curves for harmonic voltages for constant speed motors are given in various 

references (see “Effects of Power System Harmonics” [B5 IEEE Task Force [B3] and Rice [B4]).13 

B6]).Typically, these curves indicate that the derating of the motor occurs for voltage distortions 

greater than 5%. For a typical distribution of harmonics, significant derating of the motor begins at 

about 8% THD total harmonic distortion (see IEEE Std 519 P519.1/D8b
14

). 

4.4 Normal system conditions 

The normal system operating conditions are generally evaluated to ensure assure that the harmonic 

filter design will meet specific reactive power (kvar kilovars) and harmonic performance 

requirements for these conditions. These normal system operating conditions include the following: 

a)  All harmonic voltage voltages and current currents, including the following: 

1) Characteristic harmonics of all expected loads. The characteristic harmonics of voltage-

source converters typically include substantial amounts of harmonics that are 

noninteger multiples of the fundamental frequency (interharmonics). 

2) Uncharacteristic harmonics. Frequencies that are not theoretically characteristic of a 

perfectly operating device may sometimes occur. (These uncharacteristic harmonic 

frequencies may include even harmonics, triplen harmonics, and harmonics that are 

not integer integral multiples of the power system frequency.) Analysis, experience, 

and field measurements will often help to quantify these values. 

14
Numbers preceded by P are IEEE authorized standards projects that were not approved by the IEEE-SA Standards Board at the 

time this publication went to press. For informaiton about obtaining drafts, contact the IEEE. 

139 The numbers in brackets correspond to the numbers of the bibliography in Annex A. 
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3) Background and future harmonic loads. Harmonics generated by other loads near the 

proposed load location will affect the harmonic current in the harmonic filter. In 

addition, some future harmonic generating loads should be anticipated to reduce the 

probability of overloading the harmonic filter. 

b) System voltage variation. Overvoltages to +5% are typically considered for normal load 

conditions and +10% for unloaded system conditions. Undervoltage conditions are generally 

not critical for harmonic filter design, unless voltage is lost completely. To avoid severe filter 

duty caused by transformer inrush occurring at voltage restoration, it may be advisable to 

disconnect In that case, the harmonic filters should be disconnected from the system 

immediately upon loss of all voltage until the system is restored to normal conditions. This 

action may not be appropriate for filters that are necessary for operation of devices critical to 

grid support, such as static var compensators, high-voltage dc converters, etc. 

c)  System frequency variation. On the interconnected power system, frequency variations 

beyond ± 0.1 Hz are rare. Larger frequency variations may occur when the system is fed 

from a local generator. They can affect the duty of the harmonic filter and can also have a 

profound impact on the overall harmonic performance of the system. 

d)  Power system configurations. Possible variations in the power system configuration that may 

affect the filter should be evaluated. For example, in industrial power systems, changes in 

the supply transformer and reconfigurations of the medium -voltage feeders have the largest 

effect on the system impedance. Changes in the source power system (e.g., generation, 

transmission/distribution, transformer changes) may also have a significant impact. These 

evaluations should include a realistic representation of the system and its components-—

generators, transformers (with proper winding connections), lines (with conductor skin 

effect and capacitive charging), capacitors, reactors, and all sources of harmonics electrically 

close to the proposed filter site. 
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e)  Loading conditions. Variations in the system load, as it affects the harmonic filter design, 

should be considered. Conditions to be considered include variations in the harmonic-

producing loads, in the status of ac motors, and in the status of system capacitor banks and 

other harmonic filters. Linear (resistive) loads also should be included as they help to 

dampen harmonic resonant peaks. 

f)  System voltage unbalance. System unbalance can result in increased harmonic injections from 

distortion-producing equipment, particularly triplen harmonics, and facilitate their 

propagation on the system. 

4.5 Normal harmonic filter conditions 

Filters are seldom tuned to their exact calculated values. It is necessary to allow for the following 

parameter variations when evaluating the performance of the harmonic filters: 

a) Component tolerance tolerances. Manufacturing tolerances must be considered for the 

inductance, capacitance, and resistance. 

b)  Ambient temperature variations. Capacitance and resistance both vary with temperature. The 

appropriate temperature range depends upon the installation location. Capacitance variation 

with temperature is typically in the range of 0.4% to 0.8% decrease per 10 °C increase in 

temperature. The datasheet of the capacitor manufacturer should be consulted for more 

precise data. 

c)  Capacitor element or unit failures. Capacitor failure failures will result in a change in the 

harmonic filter tuning and may result in overvoltage on some parts of the capacitor bank. 

Larger harmonic filters may continue to give acceptable performance with a limited number 

of failed capacitor elements or units. However, for smaller harmonic filters, the failure of one 

capacitor element or unit can cause a relatively large change and require the harmonic filter to 

be immediately disconnected. 
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d) Normal variations in transmission system harmonic impedance (e.g., due to generation dispatch, 

capacitor bank dispatch, system load level). This is generally applicable to transmission-

connected filters and is generally not a relevant consideration for filters at medium voltage or 

low voltage. 

4.6 Contingency system conditions 

The contingency system operating conditions are generally evaluated to assure that the harmonic 

filter design will be rated adequately to handle these conditions although the normal system 

distortion limits may be exceeded. These conditions include the following: 

a)  Switching. The switching of harmonic filters or other system components may result in 

significant overvoltage duties for the harmonic filter components. The energization of large 

transformers can result in severe dynamic overvoltages on harmonic filter components. 

When several single-tuned harmonic filters are energized simultaneously, the transient 

overvoltages can be very severe on small harmonic filters tuned to relatively low 

frequencies. When multiple-tuned steps are switched individually, it may be necessary to 

assure that they are switched on and off in the proper order so that an undesirable parallel 

resonance does not occur. When switching harmonic filters, it is important that an adequate 

delay time be maintained between an open and a subsequent close. This delay allows time 

for the trapped charge on the capacitors to decay so that the resultant energizing transient 

voltages are not excessive. A delay time of 5 min is used with high-voltage capacitors (rated 

over 1000 V, where IEEE Std 18-2002 requires a discharge to 50 V in 5 min), and 1 min for 

low-voltage capacitors (rated at 1000 V or less, where IEEE Std 18 2002 requires a discharge 

to 50 V in 1 min). Shorter time delays may be acceptable if a modest increase in the 

energizing transient is acceptable. See 5.3.2.1 and 6. 5. 4. Where very short delays are 

required, discharge devices to rapidly discharge the capacitors may be used [e.g., discharge 

reactors or potential transformers (PTs)]. Switching devices with insertion resistors or 

reactors, or switching devices designed to close with near-zero voltage across the open 

contacts, may also be used to control system transient voltages. 
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b) Application of filters tuned to the same frequency. When harmonic filters are applied at the same 

location and are tuned to the same frequency, care must be taken to assure that there is 

acceptable sharing of the harmonic currents among the harmonic filters. This current sharing 

is a function of the differences in the impedances of the harmonic filters. Furthermore, if due 

to equipment manufacturing tolerances, two bandpass filters are tuned just above and below 

a dominant integer harmonic frequency, the result can be amplification of that harmonic, 

which should be avoided. 

c)  System frequency variation. Frequency variations greater than the frequency variations for the 

normal system conditions are generally considered. 

d)  Power system configurations. Single and double contingency conditions, which are more severe 

than the normal operating conditions, are evaluated. Sometimes it may be desirable that these 

conditions also meet the harmonic distortion criteria that were considered for normal 

operating conditions. Changes in system configuration (including connection/outage of 

harmonic filters) often result in significant shifts of harmonic resonant peaks, thus affecting 

the duties and design of multiple harmonic filter installations. 

e)  Characteristic and uncharacteristic harmonics. Higher values than the values used to evaluate 

performance are typically used for the rating of the equipment. 

f)  Unknown harmonic sources. It is best to identify all of the significant harmonic sources on the 

power system. Sometimes such identification may be difficult, and carefully conducted and 

documented field measurements may be helpful in resolving this issue. It is often advisable to 

add a factor to the calculated harmonic duties to account for unknown or future harmonic 

sources when rating the equipment. 
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4.7 Contingency harmonic filter conditions 

When rating the harmonic filter components, the same factors that were given in 4. 54 for normal 

harmonic filter conditions (without any failure or abnormality in the harmonic filter) are typically 

used, but with wider ranges. In addition, when multiple harmonic filters are applied at the same 

location, the outage of a complete harmonic filter is often considered in rating the filter components. 

In some applications, the outage of a single harmonic filter may require that the other harmonic 

filters be disconnected so that their ratings are not exceeded. 

4.8 Harmonic filter locations 

Harmonic filters may be located at individual devices or at a common bus that feeds many loads. 

They may be located at low voltage (e.g., 480 V) or at higher voltages (e.g., 4.16 kV, or 12.47 kV, or 

765 kV). The alternatives in a given application should be evaluated based on meeting the acceptable 

harmonic voltages and currents and the effect of the resulting harmonic load flows on the affected 

equipment and conductors (e.g., losses, heating). 

4.9 Harmonic filter configuration configurations 

For ungrounded filters, the same filtering effectiveness can be achieved with a variety of wye and/or 

delta configurations. The ratings and the capability of the available hardware will often dictate the 

selection of the arrangement. Figure 3 illustrates configurations that are indistinguishable in terms of 

their filtering characteristics. 
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Figure 3—Different configurations that give identical filtering 

performance 

The schematic to be used and the relative positions of the components are generally dictated by 

construction and/or protection considerations. The filters illustrated are all single-frequency 

harmonic filters, tuned for one frequency. A wide variety of schematics are also available for 

multiple-tuned harmonic filters. 

4.10 Using existing capacitor banks 

Occasionally, consideration will be given to converting an existing capacitor bank to a harmonic 

filter capacitor bank. It is important to compare the unit ratings of the existing bank with the 

required ratings for a harmonic filter capacitor bank. 

In addition to increased harmonic voltage stresses, the fundamental frequency component will also 

be increased according to the equation for VC (1) as shown in item c)1) in 6. 4.23.1. Other issues, 

including reactive power (kvar kilovars) and current, as presented in this guide, must also be 

considered. 

Usually the existing capacitor banks cannot be used in a harmonic filter unless the capacitor units 

were over- rated in the original installation. 
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5. Low-voltage shunt harmonic filters 

5.1 General 

This clause applies to harmonic filters installed at bus voltages up to and including 1 kV. The 

components, protection, and general design of low-voltage harmonic filters are discussed. The 

clause concludes with an application design example of multiple harmonic filters installed at a water 

treatment facility. Applicable codes and standards are mentioned where appropriate. 

5.2 Introduction 

Application of harmonic filters at low voltage may be necessary is required when any of the 

following conditions exists: 

a) Harmonic voltages appearing across the low-voltage distribution system result in voltage 

distortion at a point of utilization that is incompatible with connected loads. 

b) Harmonic currents exceed specified limits. 

c) Harmonic currents exceed the thermal capability of distribution equipment. 

d) Power factor correction at the low-voltage bus is desired in a harmonic-rich environment 

and where un-tuned capacitor banks would create parallel resonance and excessive 

amplification of pre-existing harmonics. 

Like conventional shunt capacitors, which are not a part of a harmonic filter, passive harmonic filters 

improve power factor ahead of the point of connection and thereby reduce the fundamental current, 

release capacity in the distribution system, and reduce losses. Unlike conventional shunt capacitors, 

which are not a part of a filter and can create an undesirable resonance and thus amplify harmonic 

currents, harmonic filters control the resonant frequencies and shunt harmonic currents out of the 

system and thereby further reduce losses and improve voltage quality. 
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Both fundamental and harmonic components must be considered in selecting equipment ratings. 

Capacitors and reactors should not operate above their nameplate ratings under normal conditions. 

Overload capabilities should be reserved for contingency operation only. A harmonic filter should 

be adequately protected so that a severe overload condition does not result in equipment damage. 

Harmonic filters may be installed at the load or an upstream bus. They may be fixed or switched. 

Harmonic filters are typically single-tuned, series LC devices where the absorption spectrum will 

include more than one harmonic. For example, a 5th harmonic filter may also absorb significant 

quantities of the 7th harmonic. However, the application requirements may dictate the use of 

multiple-tuned harmonic filters and/or highpass sections. 

5.3 Technical specifications 

5.3.1 General 

General requirements for harmonic filter components and construction are given give in 5.3.2.1 

through 5. 3.11 2.10. 

5.3.2 Harmonic filter capacitors 

Capacitors are generally rated for the system line-to-line voltage (e.g., 240 V, 480 V). However, in a 

harmonic filter application, they should be selected to withstand overvoltages and overcurrents 

caused by fundamental and harmonic current flow through the series connected tuning. 

IEEE Std 18-2002 requires shunt capacitors, under contingency conditions, to withstand continuous 

voltages up to 110% of rated rms voltage and continuous currents up to 135% of nominal rms 

current based on rated kvar and rated voltage. When applied in harmonic filters, the normal voltage 

and current may exceed these levels even before system contingencies are considered. Consequently, 

capacitors selected for use in normal shunt capacitor applications may not be suitable for use in 

harmonic filters. Harmonic filter capacitors should be selected based on their expected duty under 

normal and contingency conditions. The capacitor manufacturer should be consulted when 

specifying capacitors for harmonic filter applications. 
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Capacitors should be manufactured in accordance with UL 810-1995. Capacitors should be protected 

by a UL-listed/recognized protective device. For capacitors that do not contain a UL-

listed/recognized protective device, the capacitors should be protected with external overcurrent 

current limiting fuses or other external protective devices that are UL-listed. Capacitor cells 

connected with a wiring harness may also be protected with UL-listed current limiting fuses (even if 

they have internal pressure sensitive interrupters) or circuit breakers to protect in the event of a 

failure of external resistors, bushings, or connecting wires. 

IEEE Std 18-2012 2002
15

specifies that the terminal-to-case test for the internal insulation of indoor 

capacitors should be performed at 3 kV rms (capacitors rated 300 V or less) or 5 kV rms (capacitors 

rated 301 V to 1199 V) for 10 s.14 The terminal-to-terminal test should be 10 s at 2 × rated rms voltage 

(ac test) or 4.3 × rated rms voltage (dc test). 

Each capacitor rated 600 V or less must be provided with a discharge resistor(s) to reduce the 

residual voltage from peak of rated to less than 50 V within 1 min of de-energization (5 min for 

capacitor units rated higher than 600 V) to meet the requirements of IEEE Std 18-2002 and Article 

460-6 of the NFPA 70-2002 (National Electrical Code (NEC) (NFPA 70, 2020 Edition) ®). 

 

 

 

 

 

 

1415 This information is from the referenced standard standard(s) and does not transplant these limits to this guide. See the first 

paragraph of Clause 2. 
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5.3.3 Harmonic filter reactors 

5.3.3.1 General construction 

Harmonic filter reactors for low-voltage applications are typically dry-type iron-core. No existing 

standard addresses harmonic filter reactors, but most manufacturers use IEEE Std C57. 16 and IEC 

60076-6 12.01-1998 as guidelines a guideline. 

Cores are constructed from silicon sheet steel (such as M-6). The number 6 corresponds to the 

approximate power loss per pound of steel at a magnetic flux density of 1.5 T, i.e., M-6 has a loss of 

“0.6 W/lb” or 1.5 W/kg. M-6 is the typical grade of silicon steel used, but both lower and higher 

grades of steel are available. A manufacturer may choose to use a lower grade steel and either let the 

harmonic filter reactor operate with a higher temperature rise or use more steel. Conversely, a 

higher grade of steel can be used; and either the harmonic filter reactor may operate with a lower 

temperature rise, or the harmonic filter reactor could be made smaller. 

The construction may be from individual pieces of cut strip stock or E-I laminations. To create a 

harmonic filter reactor, it is necessary to have gaps in the core to control saturation characteristics. 

These gaps are known as air gaps, but for physical integrity and rigidity the gaps are filled with hard 

insulation. This insulation will have permeability similar to air. These gaps can be distributed (many 

small gaps) or a single larger gap. A single gap will use E-I laminations whereas a distributed gap 

will be made up of individual cut strips. The E-I construction requires less labor and can be clamped 

and wedged better than a distributed gap core. However, the distributed gap core will significantly 

reduce fringing. This reduction in fringing helps control the effective cross-sectional area as well as 

stray fields that may result in localized heating of the coil. A “C” or “E” core may be used, but it will 

not offer an advantage for harmonic filtering. 
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Reactor coils may be constructed from sheet conductor or magnet wire. Sheet conductor may be 

more economical and easier for construction, but reactors with significant harmonic currents can 

incur heating problems. If not properly designed, sheet copper windings can become annealed due 

to large localized current densities. Sheet conductor windings should be used only on harmonic 

filter reactors that have a distributed gap well within the boundaries of the coil. Magnet wire, which 

is less susceptible to localized heating, is commonly used for harmonic filter reactors. In some cases, 

it may be desirable to have parallel strands of smaller gauge magnet wire to reduce heating. 

Although using parallel strands of such wire significantly complicates winding construction, the 

increase in winding complexity can be justified because coil losses may be significantly reduced. 

Windings can be either copper or aluminum. 

Clamping is also very important. If a reactor is not properly clamped, the harmonic current can 

cause laminations to vibrate. Lack of proper clamping could result in a loud audible noise and the 

breakdown of the insulation coating on the laminations. Laminations are clamped with insulated 

through-bolts, or bolts that go through clamps, and are external to the laminations. Clamps that 

bridge air gaps must be of nonferrous construction. Such nonmagnetic clamps are used to avoid 

shunting the air gap with a magnetic path. Furthermore, ferrous components need to be as far from 

air gaps as possible to prevent inductive heating of the ferrous material. Coils are held in place with 

spacers and wedges. The harmonic filter reactor should be vacuum impregnated, preferably 

vacuum-pressure impregnated with a suitable varnish. Impregnation, however, should not be relied 

upon as the only mechanical means of support. 

5.3.3.2 Properties 

The loss calculation should consider the total rms current, including both the fundamental and 

harmonic currents, which flow through the harmonic filter reactor and harmonic filter capacitor 

combination. Harmonic filter reactor losses consist of 

- Coil loss 

- Core loss 

- Gap loss 
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The current should be given as a harmonic spectrum so the manufacturer can calculate losses for 

each frequency. The rms current is calculated as the geometric sum of the fundamental and all 

harmonics. Coil power losses should be determined at the expected operating temperature. It is 

recommended that the continuous total rms current rating of the reactor, including fundamental and 

harmonics, shall be at least 135% of the fundamental current of the harmonic filter at the nominal 

system voltage. 

The total coil loss is calculated as shown in Equation (7). 

 

where 

I (h) is the current at the hth harmonic (A rms) 

h is the harmonic number h = 1, 2, … 

Peddy (h) is the eddy current loss at the h
th

 harmonic and at the rated operating 

temperature (W) 

Pc is the total coil loss at the rated operating temperature (W) 

Pstray (h) is the loss at the h th harmonic and the rated operating temperature (W) 

Rac (h) is the conductor resistance at the h harmonic and the rated operating 

temperature (Ω) 
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Core and gap power losses are greatly influenced by harmonic current frequencies and their 

amplitudes. The core and gap losses should be determined at the fundamental frequency and at each 

of the harmonic frequencies. The losses at each frequency should be numerically added to determine 

the total loss. The total core power loss should be less than 40% of the coil power loss. Gap power 

losses are also a function of the harmonic frequencies and their amplitudes. The gap loss should be 

determined at the fundamental frequency and at each of the harmonic frequencies. These losses 

should be numerically added to determine total gap power loss. The total gap power loss should be 

less than 20% of the coil loss. 

Saturation is not typically a problem with low-voltage harmonic filter reactors. 

The dc resistance of the harmonic filter reactor should be determined at 25 ºC. 

Inductance is determined by the number of turns, the core cross-sectional area, and the width of the 

air gap. 

Using finite element analysis, the design can be optimized adjusting all these factors until the 

desired inductance, losses, and temperature rise are obtained. Once the harmonic filter reactor has 

been built, fine- tuning is typically done by adjusting the air gap. When the gap is adjusted on a 

three-phase harmonic filter reactor, having one or only a few air gaps, the tuning characteristics 

change it changes for all three phases. However, with a three-phase harmonic filter reactor, the 

fringing characteristics that will affect the flux density and inductance of each phase are different for 

the center leg from what they are for the outer legs. Such differences create a challenge because all 

three gaps should be the same for a three-phase core. Fringing effects are less significant with a 

distributed air gap. With single-phase harmonic filter reactors, each phase may be individually 

tuned and adjusted. Three-phase harmonic filter reactors manufactured with multiple air-gaps 

(poly-gaps) can be designed with precise inductance values, eliminating the need for tuning or taps. 

5.3.3.3 Testing 

To assure proper tuning, inductance should be measured at rated current. Inductance of harmonic 

filter reactors should not be measured on an instrumentation bridge. Harmonic filter reactors are not 

field adjustable. 
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For low-voltage applications, harmonic filter reactors do not typically undergo a basic impulse 

insulation level (BIL) test. As a minimum, the insulation should have a low-frequency voltage test 

(Hi-Pot), phase-to- phase (three-phase harmonic filter reactors) and phase-to-ground. This test is 

typically on the order of 10 times the rms voltage rating. IEEE Std C57.12.01-1998
16

 suggests a test 

voltage of 4 kV rms on 480 V systems. If a similar field test is to be performed, consult with the 

harmonic filter manufacturer on the values to expect and the procedure to be used. 

5.3.3.4 Protection 

The primary cause of harmonic filter reactor failure is overheating of the insulation system. Iron core 

harmonic filter reactors typically have a 180 ºC to 220 ºC rated insulation system. Normal 

overcurrent protection is inadequate to properly protect the harmonic filter from overload. At least 

one phase of a harmonic filter section should have a thermal cutout or thermistor imbedded near the 

hot spot, which will disconnect the harmonic filter section when the hot spot temperature 

approaches 180 ºC. The temperature of the hot spot is higher than any other location in the harmonic 

filter reactor winding. 

5.3.4 Capacitor and reactor tolerances 

Both harmonic filter reactors and harmonic filter capacitors have tolerances. However, when 

constructing a harmonic filter, the combination of these tolerances is more significant than 

individual tolerances. 

Capacitor tolerances typically permit capacitance to exceed the nominal value. Capacitor units built 

according to IEEE Std 18-2002 since 2002 have a manufacturing tolerance of –0% to +10% at 25 ºC 

uniform case and internal temperature. Older capacitors may have tolerances as high as –0% to +15% 

for the capacitance of individual units. Because capacitors are mass-produced, the filter 

manufacturer typically has very little control on the capacitor value. 

As of publication of this guide, no IEEE standards exist specifically No standard presently exists for 

harmonic filter reactors, although IEEE Std C57.16-1996 is often referenced. 

An example of the effect of tolerances is shown in Equation (8). 
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