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Abstract: The monitoring of electrical characteristics of single-phase and polyphase ac power 
systems is encompassed in this recommended practice. It includes consistent descriptions of 
conducted electromagnetic phenomena occurring on power systems. This recommended practice 
describes nominal conditions and deviations from these nominal conditions that may originate 
within the source of supply or load equipment or may originate from interactions between the 
source and the load. Also, this recommended practice discusses power quality monitoring 
devices, application techniques, and the interpretation of monitoring results. 
Keywords: assessment, compatibility, dip, distortion, electromagnetic phenomena, harmonics, 
IEEE 1159, imbalance, instruments, interference, monitoring, noise, power quality, rms variation, 
sag, susceptibility, swell, transient, unbalance 
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Important Notices and Disclaimers Concerning IEEE Standards Documents 
IEEE documents are made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the 
heading “Important Notices and Disclaimers Concerning IEEE Standards Documents.” They can also be 
obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/disclaimers.html. 

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

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are 
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards 
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a 
consensus development process, approved by the American National Standards Institute (“ANSI”), which 
brings together volunteers representing varied viewpoints and interests to achieve the final product. IEEE 
Standards are documents developed through scientific, academic, and industry-based technical working 
groups. Volunteers in IEEE working groups are not necessarily members of the Institute 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 Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure 
against interference with or from other devices or networks. 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. 

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and 
expressly disclaims all warranties (express, implied and statutory) not included in this or any other 
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness 
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness 
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort. 
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: 
PROCUREMENT OF 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. 
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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 should be considered the 
approved IEEE standard. 

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, or 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 his or her views should be considered the personal views of that individual rather than the 
formal position of IEEE. 

Comments on standards 
Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of 
membership affiliation with IEEE. However, IEEE does not provide 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 revisions to an IEEE 
standard is welcome to join the relevant IEEE working group. 

Comments on standards should be submitted to the following address: 

 Secretary, IEEE-SA Standards Board  
 445 Hoes Lane  
 Piscataway, NJ 08854 USA 

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 imply 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. 

Copyrights 

IEEE draft and approved standards are copyrighted by IEEE under U.S. 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. 
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Photocopies  

Subject to payment of the appropriate fee, 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. Permission 
to photocopy portions of any individual standard for educational classroom use can also be obtained 
through the Copyright Clearance Center. 

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 ten years. When a document is more than ten 
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 the IEEE Xplore at 
http://ieeexplore.ieee.org/ or contact IEEE at the address listed previously. For more information about the 
IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at http://standards.ieee.org. 

Errata  

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL: 
http://standards.ieee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata 
periodically. 

Patents 

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 http://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. 
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Introduction 

This introduction is not part of IEEE Std 1159-2019, IEEE Recommended Practice for Monitoring Electric Power 
Quality. 

This recommended practice provides useful information for individuals interested in power quality 
monitoring projects. It provides definitions, summaries, and characterizations of typical power quality 
phenomena that lead to power quality problems. There is discussion on monitoring instruments and 
selecting the appropriate instrument for the task followed by information on the application of the monitors 
is provided, including: safety, locations to monitor, sensing inputs, and measurement thresholds. After the 
monitoring period is completed, there is information on validating the data, extracting the critical data, and 
interpreting both summaries and critical events. 
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IEEE Recommended Practice for Monitoring Electric Power Quality 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 

environmental protection in all circumstances. Implementers of the standard are responsible for 

determining appropriate safety, security, environmental, and health practices or regulatory 

requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. 

These notices and disclaimers appear in all publications containing this document and may be 

found under the heading “Important Notice” or “Important Notices and Disclaimers Concerning 

IEEE Documents.” They can also be obtained on request from IEEE or viewed at 

http://standards.ieee.org/IPR/disclaimers.html 

1. Overview 

1.1 Scope 

This recommended practice encompasses the monitoring of electrical characteristics of electric 

single-phase and polyphase ac power systems. It includes consistent descriptions of conducted 

electromagnetic phenomena occurring on power systems. This recommended practice presents 

definitions of nominal conditions and deviations from these nominal conditions that may originate 

within the source of supply or load equipment or may originate from interactions between the 

source and the load. Also, This recommended practice also discusses measurement techniques, 

application techniques, and the interpretation of monitoring results. 
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1.2 Purpose 

The use of equipment that causes and is susceptible to various electromagnetic phenomena has 

heightened the interest in power quality. An increase in operational problems has led to a variety of 

attempts to describe the phenomena. Because different segments of the technical community have 

used different terminologies to describe these electromagnetic events, This recommended practice 

provides users with a consistent set of terms and definitions for describing power quality 

phenomena these events. An understanding of how power quality phenomena affects events impact 

the power system and end-use equipment is required in order to make monitoring useful. Proper 

measuring techniques are required to safely obtain useful, accurate data. Appropriate location of 

monitors, systematic studies, and interpretation of results will enhance the value of power quality 

monitoring. The purpose of this recommended practice is to assist users as well as equipment and 

software manufacturers and vendors by describing techniques for defining, measuring, quantifying, 

and interpreting electromagnetic phenomena disturbances on the power system. 

2. Normative references 

The following referenced documents are indispensable for the application of this recommended 

practice (i.e., they must be understood and used; therefore, each referenced document is cited in text 

and its relationship to this recommended practice 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. 

No normative references apply to this recommended practice. Bibliographical references can be 

found in Annex D. 

3. Definitions 

For the purposes of this document recommended practice, the following terms and definitions 

apply. The Authoritative Dictionary of IEEE Standards Dictionary Online Terms [B18]1 should be 

consulted referenced for terms not defined in this clause.1 

1IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. 

1 The numbers in brackets correspond to the numbers of the bibliography in Annex C. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:02:11 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1159-2019

http://dictionary.ieee.org/
http://www.avadocuments.com/doc/ieee-1159-2019
http://www.avadocuments.com/doc/ieee-1159-2019


 

 

flicker: The subjective impression of fluctuating unsteadiness of visual sensation induced by a light 

stimulus whose luminance caused by voltage fluctuations or spectral distribution fluctuates with 

time. 

fundamental (component): The component of an order 1 (e.g., 50 Hz, 60 Hz) of the Fourier series of 

a periodic quantity. 

imbalance (voltage or current): The ratio of the negative sequence component to the positive 

sequence component, usually expressed as a percentage. Synonym Syn: unbalance (voltage or 

current). 

impulsive transient: A sudden nonpower frequency change in the steady-state condition of voltage 

or current that is unidirectional in polarity (primarily either positive or negative). 

instantaneous: When used to quantify the duration of a short-duration root-mean-square (rms) 

variation as a modifier, refers to a time range from 0.5 cycles to 30 cycles of the power frequency. 

interface: The term “interface” used in this document is a generic use of the word and can be an 

external interface, such as between transducer’s output and the instrument’s input terminals; an 

internal interface, such as between the data acquisition section of the instrument and the data 

storage section; or a user interface such as a graphical user interface (GUI). 

interharmonic (component): A frequency component of a periodic quantity that is not an integer 

multiple of the frequency at which the supply system is operating (e.g., 50 Hz, 60 Hz). 

long-duration root-mean-square (rms) variation: A variation of the rms value of the voltage or 

current from the nominal for a time greater than 1 min. The term is usually further described using a 

modifier indicating the magnitude of a voltage variation (e.g., undervoltage, overvoltage, voltage 

interruption). 

momentary interruption: A type of short-duration root-mean-square (rms) voltage variation where 

the complete loss of voltage (<0.1 pu) on one or more phase conductors is for a time period between 

0.5 cycles and 3 s. 
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noise floor: The artifact of the measuring system, including the transducers, input amplifiers, 

analog-to-digital converters, etc., which is approximately 1% of the nominal. 

root-mean-square (rms) variation: A term often used to express a variation in the rms value of a 

voltage or current measurement from the nominal. See: sag, swell, momentary interruption, 

temporary interruption, and sustained interruption, undervoltage, overvoltage. 

NOTE—See Clause 4 for information on specific types of events, i.e., sag, swell, undervoltage, and 

overvoltage. 

short-duration root-mean-square (rms) variation: A variation of the rms value of the voltage or 

current from the nominal for a time greater than 0.5 cycles of the power frequency but less than or 

equal to 1 min. When the rms variation is voltage, it can be further described using a modifier 

indicating the magnitude of a voltage variation (e.g., sag, swell, interruption) and possibly a 

modifier indicating the duration of the variation (e.g., instantaneous, momentary, temporary). 

sustained interruption: A type of long-duration root-mean-square (rms) voltage variation where the 

complete loss of voltage (<0.1 pu) on one of more phase conductors is for a time greater than 1 min. 

temporary interruption: A type of short-duration root-mean-square (rms) variation where the 

complete loss of voltage (<0.1 pu) on one or more phase conductors is for a time period between 3 s 

and 1 min. 

total interharmonic distortion: The ratio of the root mean square of the harmonic content, 

considering Interharmonic components up to the 50th order and specifically excluding harmonics, 

expressed as a percent of the fundamental. Interharmonic components of order greater than 50 may 

be included when necessary. 

voltage change: A variation of the root-mean-square (rms) or peak value of a voltage between two 

consecutive levels sustained for definite but unspecified durations. 

voltage fluctuation: A series of voltage changes or a cyclical variation of the voltage envelope. 
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voltage interruption: The disappearance of the supply voltage on one or more phases. It is usually 

qualified by an additional term indicating the duration of the interruption (e.g., momentary, 

temporary, sustained). 

waveform distortion: A steady-state deviation from an ideal sine wave of power frequency 

principally characterized by the spectral content of the deviation. 

4. Power quality phenomena 

4.1 Introduction 

The term power quality refers to a wide variety of electromagnetic phenomena that characterize the 

voltage and current at a given time and at a given location on the power system. This clause chapter 

amplifies the definitions of Clause 3 and the glossary in Annex C B by providing technical 

descriptions and examples of the principal electromagnetic phenomena causing power quality 

problems. 

The increasing application of electronic equipment that can cause electromagnetic disturbances, or 

that which can be sensitive to these phenomena, has heightened the interest in power quality in 

recent years. Accompanying the increase in operation problems has been a variety of attempts to 

describe the phenomena. Unfortunately, different segments of the electronics and power systems 

community have utilized different terminologies to describe electromagnetic events. This clause 

expands the terminology that should will be used by the power quality community to describe these 

common events. The clause also explains offers explanations of why commonly used terminology in 

other communities should will not be used by the power quality community. 
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4.2 Electromagnetic compatibility 

This recommended practice uses the electromagnetic compatibility approach to describe power 

quality phenomena. The electromagnetic compatibility approach has been accepted by the 

international community in International Electrotechnical Commission (IEC) standards produced by 

IEC Technical Committee 77. The reader is referred to Clause 3, the glossary in Annex C B, and The 

Authoritative Dictionary of IEEE Standards Dictionary Online Terms [B18] for the definitions of 

electromagnetic compatibility and related terms. UIE-DWG-3-92-G [B53 B43] provides an excellent 

overview of the electromagnetic compatibility concept and associated IEC documents. 

4.3 General classification of phenomena 

In IEC 61000-2-5:2017 [B13 1995 [B12], the IEC classifies electromagnetic phenomena into several 

groups as shown in Table 1. The IEC standard addresses the conducted electrical parameters shown 

in Table 1. The terms high frequency and low frequency are not defined in terms of a specific 

frequency range, but instead are intended to indicate the relative difference in principal frequency 

content of the phenomena listed in these categories. 

This recommended practice contains a few additional terms related to the IEC terminology. The 

term sag is used in the power quality community as a synonym to the IEC term dip. Similarly, the 

category short-duration variations is used to refer to voltage dips and short interruptions. The term 

swell was is introduced as an inverse to sag (dip). The category long-duration variation was has 

been added to deal with the limits in ANSI C84.1-2016 2006 [B2]. The category noise was has been 

added to deal with broadband conducted phenomena. The category waveform distortion is used as 

a container category for the harmonics, interharmonics, and dc in ac networks phenomena in IEC 

61000-4-7:2009 [B15 2002 [B14] as well as an additional phenomenon from IEEE Std 519-2014 [B27™-

1992 [B24] called notching. Table 2 shows the categorization of electromagnetic phenomena used for 

the power quality community. 
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Table 1—Principal phenomena causing electromagnetic disturbances as 

classified by the IEC 

 

The phenomena listed in Table 1 can be described further by listing appropriate attributes (see IEC 

61000-2-5-2017 [B13 :1995 [B12]). For steady-state phenomena, the following attributes can be used: 

 ― Amplitude 

 ― Frequency 

 ― Spectrum 

 ― Modulation 

 ― Source impedance 

 ― Notch depth 

 ― Notch area 
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For nonsteady-state phenomena, other attributes may be required as follows: 

 ― Rate of rise 

 ― Amplitude 

 ― Duration 

 ― Spectrum 

 ― Frequency 

 ― Rate of occurrence 

 ― Energy potential 

 ― Source impedance 

Table 2 provides information regarding typical spectral content, duration, and magnitude where 

appropriate for each category of electromagnetic phenomena (see UIE-DWG-3-92-G [B53 B43], IEC 

61000-2-5-2017 [B13:1995 [B12], and UIE-DWG-2-92-D [B52 B42]). The categories of Table 2, when 

used with the attributes mentioned above, provide a means to clearly describe an electromagnetic 

disturbance. The categories and their descriptions are important in order to be able to classify 

measurement results and to describe electromagnetic phenomena that can cause power quality 

problems. Note that most of the phenomena described in this table apply to measured voltages; 

however, sometimes a phenomenon can manifest itself in a current. The remainder of this clause 

discusses each category in detail. 

4.4 Detailed descriptions of phenomena 

This subclause provides more detailed descriptions for each of the power quality variation 

categories presented in Table 2. These descriptions provide history regarding the terms currently in 

use for each category. Typical causes of electromagnetic phenomena in each category are 

introduced; additional information and interpretation can be found in Clause 8. 
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One of the main reasons for developing the different categories of electromagnetic phenomena is 

that there are different ways to solve power quality problems depending on the particular variation 

that is of concern. The different solutions available are discussed for each category. There are also 

different requirements for characterizing the phenomena using measurements. It is important to be 

able to classify events and electromagnetic phenomena for analysis purposes. The measurement 

requirements for each category of electromagnetic phenomena are discussed. 

Table 2—Categories and typical characteristics of power system 

electromagnetic phenomena (see note) 
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a The quantity pu refers to per unit, which is dimensionless. The quantity 1.0 pu corresponds to 

100%. The nominal condition is often considered to be 1.0 pu. In this table, the nominal peak value is 

used as the base for transients and the nominal rms value is used as the base for rms variations. 

b Flicker severity index Pst as defined in IEC 61000-4-15:2010 [B17 2003 [B15] and IEEE Std 1453™ 

[B31-2004 [B28]. 

4.4.1 Transients 

The term transient transients has been used in the analysis of power system variations for many years. 

Its name immediately conjures up the notion of an event that is undesirable but momentary in 

nature. The IEEE Standards Authoritative Dictionary Online definitions [B18] definition of transient 

reflects this understanding. The primary definition uses the word rapid and describes frequencies up 

to 3 MHz when defining transient in the context of evaluating cable systems in substations. The 

notion of a damped oscillatory transient due to a resistor-inductor-capacitor (RLC) network is also 

mentioned. This is the type of phenomena that most power engineers think of when they hear the 

word transient. 
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Other definitions in The Authoritative Dictionary [B18] are broader in scope and simply state that a 

transient is the “part of the change in a variable that disappears during transition from one steady-

state operating condition to another.” Unfortunately, this definition could be used to describe just 

about anything unusual that happens on the power system. 

Another word used in current IEEE standards that is synonymous with transient is surge. The IEEE 

Standards Authoritative Dictionary Online [B18] defines a surge as “a transient wave of current, 

potential, or power in an electric circuit.” IEEE Std C62.41.1-2002 [B23™-1995 [B20] uses the terms 

surge, switching surge, and transient to describe the same types of phenomena. For the purposes of 

this recommended practice, the term surge should will not be used to describe transient 

electromagnetic phenomena. Since the IEEE Standards Authoritative Dictionary Online uses the term 

transient to define surge, this limitation should not cause conflicts. 

Broadly speaking, transients should can be classified into two categories, impulsive and oscillatory. 

These terms reflect the waveshape of a current or voltage transient. 

4.4.1.1 Impulsive transients transient 

An impulsive transient is a sudden, nonpower frequency change from the nominal condition of 

voltage, current, or both, that is unidirectional in polarity (primarily either positive or negative). 

Impulsive transients are normally characterized by their peak value, rise and decay or duration 

times. These phenomena should can also be described by their spectral content. For example, when 

an impulsive transient voltage is described as having a 1.2/50 waveshape, 1.2 expresses a measure of 

the rise time (from 10% to 90% of peak) in microseconds and 50 expresses a measure of the duration 

from start to 50% peak decay time in microseconds (see IEEE Std C62.41.1-2002 [B23-1995 [B20] for a 

precise definition of these measures). 

The most common cause of impulsive transients is lightning. Figure 1 illustrates a typical current 

impulsive transient caused by lightning. Due to the high frequencies involved, impulsive transients 

are damped quickly by impedance resistive circuit elements. 
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Impulsive transients can excite power system resonance circuits and produce oscillatory transients, 

described in 4.4.1.2. There can be significant differences in the transient characteristic from one 

location to another within a facility. 
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Figure 1—Lightning stroke current that can result in impulsive transients 

on power system 
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4.4.1.2 Oscillatory transient 

An oscillatory transient is a sudden, nonpower frequency change in the steady-state condition of 

voltage, current, or both, that includes both positive and negative polarity values. An oscillatory 

transient consists of a voltage or current whose instantaneous value changes polarity rapidly 

multiple times and normally decaying within a fundamental-frequency cycle. The oscillation is also 

known as ringing and. It is described by its magnitude, duration, and spectral content 

(predominantly frequency that can be used to determine rise time). The spectral content subclasses 

defined in Table 2 are high, medium, and low frequency. The frequency ranges for these 

classifications are chosen to coincide with common types of power system oscillatory transient 

phenomena. 

As with impulsive transients, oscillatory transients can be measured with or without the 

fundamental frequency component included. When characterizing the transient, it is important to 

indicate the magnitude with and without the fundamental component. 

Oscillatory transients with a primary frequency component greater than 500 kHz and a typical 

duration measured in microseconds (or several cycles of the principal frequency) are considered 

high-frequency oscillatory transients. These transients are almost always due to some type of 

switching event. High-frequency oscillatory transients are often the result of a local system response 

to an impulsive transient. 

Power electronic devices can produce oscillatory voltage transients as a result of commutation and 

RLC snubber circuits. The transients can be in the high kilohertz range, last a few cycles of their 

fundamental frequency, and have repetition rates of several times per 60 Hz cycle (depending on the 

pulse number of the device) and magnitudes of up to 0.1 pu (less the 60 Hz component). 
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A transient with a primary frequency component between 5 kHz and 500 kHz with duration 

measured in the tens of microseconds (or several cycles of the principal frequency) is considered a 

medium-frequency transient. Back-to-back capacitor energization results in oscillatory transient 

currents in the tens of kilohertz. This phenomenon occurs when a capacitor bank is energized in 

close electrical proximity to a capacitor bank already in service. The energized bank sees the 

deenergized bank as a low-impedance path (limited only by the small inductance of the bus to 

which the banks are connected). Figure 2 illustrates the resulting current transient due to back-to-

back capacitor switching. Cable switching results in oscillatory voltage transients in the same 

frequency range. Medium-frequency transients can also be the result of a system response to an 

impulsive transient. 
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Figure 2—Oscillatory transient caused by back-to-back capacitor 

switching 

A transient with a primary frequency component less than 5 kHz and a duration from 0.3 ms to 50 

ms is considered a low-frequency transient. This category of phenomena is frequently encountered 

on subtransmission and distribution systems and is caused by many types of events, primarily 

capacitor bank energization. The resulting voltage waveshape is very familiar to power system 

engineers and is can be readily classified using the attributes discussed so far. Capacitor bank 

energization typically results in an oscillatory voltage transient with a primary frequency between 

300 Hz and 1600 900 Hz. The transient has a peak magnitude that can approach 2.0 pu, but is 

typically 1.3 pu to 1.5 pu, with durations between 0.5 cycles and 3 cycles of the fundamental, 

depending on the system damping. See Figure 3. 
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Figure 3—Low-frequency oscillatory transient caused by capacitor-bank 

energization 

Oscillatory transients with principal frequencies less than 300 Hz are can also be found on the 

distribution system. These are generally associated with ferroresonance and transformer 

energization (Figure 4). Transients involving series capacitors could also fall into this category. Low-

frequency oscillatory transients occur when the system resonance results in magnification of low-

frequency components in the transformer inrush current (e.g., second and third harmonic) or when 

unusual conditions result in ferroresonance. IEEE Std C62.41.1-2002 [B23-1995 [B20] deals with 

defining standard impulsive and oscillatory transient test waves for the purpose of testing electrical 

equipment susceptibility and transient suppression technologies. The standard specifies voltage and 

current levels that certain power system components should be able to withstand. 
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It is also possible to categorize transients (and other disturbances) according to their mode. Basically, 

a transient in a three-phase system with a separate ground can be either common mode or normal 

mode, depending on whether it appears between line or neutral and ground, or between line and 

neutral. 
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Figure 4—Low-frequency oscillatory transient caused by ferroresonance 

of unloaded transformer 
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4.4.1.3 General characteristics 

Some of the attributes listed in 4.3 are significant in characterizing transients, including rate of rise, 

peak amplitude, duration, primary frequency and other spectral components, rate of occurrence and 

energy potential. Whereas Table 2 in 4.4 defines two categories (impulsive and oscillatory) and uses 

the typical duration and magnitude to further categorize transients, this subclause describes 

additional characteristics that are useful in determining the source of the transient, as well as 

describing the PQ event in words versus images. 

In general, the direction that the waveform deviated from the normal sine wave curve is used in the 

characteristic determination, along with the max/min deviation values for the normal sine wave; the 

location of the max and min values on the sine wave; whether the signal crossed the zero axis at a 

point on the wave that it should not normally have; whether there were any ringing or oscillatory 

signals associated with it; whether the transient is repetitive for multiple cycles at the same point-on-

wave; does it only occur near the peaks of the normal sine wave; and so forth. 

4.4.1.3.1 Direction 

The peak value of the initial transient is subtracted from the value of the sine wave just before the 

transient and compared to see if the difference is greater than the minimum noise floor level. 
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In the case of a bipolar or oscillatory transient, the direction refers to the first impulsive transient. 
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Figure 5 demonstrates the characteristics in simplistic form, but not as would occur in actual 

electrical systems.  
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Figure 5—Waveform characteristic 

Annex B contains detailed images of waveforms exhibiting most of the aforementioned 

characteristics. Refer to subclause 8.4 for the effects of transients on equipment, and subclauses 6.5 

and 7.4 for measurement instruments for transients. Several clauses in IEEE Std 1250-2011 provide 

additional information about causes or sources of transients and protection from transients, while 

Annex C of IEEE Std 519-2014 provides additional information specifically on notches. 

4.4.2 Short-duration rms variations 

This category encompasses the IEC category of voltage dips and short interruptions as well as the 

antithesis of dip: the swell. Each type of variation should can be designated as instantaneous, 

momentary, or temporary, depending on its duration as defined in Table 2. 
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Short-duration voltage variations are usually almost always caused by fault conditions—, the 

energization of large loads that which require high starting currents, or intermittent loose 

connections in power wiring. Depending on the fault location and the system conditions, the fault 

can cause temporary voltage rises (swells), voltage dips (sags), or a complete loss of voltage 

(interruptions). The fault condition can be close to or remote from the point of interest. In either case, 

the impact on the voltage during the actual fault condition is a short-duration variation. Changes in 

current that fall into the duration and magnitude categories are also included in short-duration 

variations. 

4.4.2.1 Instantaneous, momentary, and temporary interruptions 

An interruption occurs when the supply voltage or load current decreases to less than 0.1 pu for a 

period of time not exceeding 1 min. Interruptions can be the result of power system faults, 

equipment failures, and control malfunctions. The interruptions are measured by their duration 

since the voltage magnitude is always less than 10% of nominal. The duration of an interruption due 

to a fault on the utility system is determined by utility protective devices and the particular event 

that is causing the fault. The duration of an interruption due to equipment malfunctions or loose 

connections can be irregular. 

Some interruptions are may be preceded by a voltage sag when these interruptions are due to faults 

on the source system. The voltage sag occurs between the time a fault initiates and the protective 

device operates. On the faulted feeder, loads will experience a voltage sag, followed immediately by 

an interruption. The duration of the interruption depends will depend on the reclosing capability of 

the protective device. Instantaneous reclosing generally limits will limit the interruption caused by a 

nonpermanent fault to less than 30 cycles. Delayed reclosing of the protective device can may cause 

a momentary or temporary interruption. 
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Figure 6 5 shows a momentary interruption during which voltage drops to zero for about 1.7 2.3 s. 

Note that the upper plot depicts the rms variation of the entire event over a range of approximately 

2.5 3 s, whereas the lower trace depicts the instantaneous voltage during the initiation of the event 

only. Furthermore, notice from the waveshape plot of this event, the instantaneous voltage might 

may not drop to zero immediately upon interruption of the source voltage. In this example, the 

residual voltage is due to the back-electromotive-force effect of induction motors on the interrupted 

circuit. 

 

Figure 6 —Momentary interruption due to fault and subsequent recloser 

operation 
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4.4.2.2 Sags(dips) 

A sag is a decrease in rms voltage to between 0.1 pu and 0.9 pu for durations from 0.5 cycles to 1 

min. Typical values are between 0.1 pu and 0.9 pu. Terminology used to describe the magnitude of a 

voltage sag is often confusing. A “20% sag” sometimes refers can refer to a sag that results in a 

voltage of 0.8 pu or 0.2 pu. The preferred terminology when describing rms variations is retained 

voltage or remaining voltage. Therefore, in the absence of guidance, remaining voltage is assumed 

throughout this recommended practice. Just as an unspecified voltage designation is accepted to 

mean phase-to-phase voltage, so an unspecified sag magnitude will refer to the remaining voltage. 

For example, an 80% sag refers to a disturbance that resulted in a voltage of 0.8 pu. Where possible, 

also specify the nominal, or base, voltage level. Expanding on the previous example, an 80% sag will 

result in different voltage levels if the nominal is 460 V (remaining voltage of 368 V) or 480 V 

(remaining voltage of 384 V). 

Voltage sags are usually associated with system faults but can also be caused by switching heavy 

loads or starting large motors. Figure 7 6 shows a typical voltage sag that is can be associated with a 

single line-to-ground (SLG) fault downstream of the monitoring point that was cleared by a 

downstream protective device. A fault on a parallel feeder circuit results will result in a voltage drop 

at the substation bus, which affects all of the other feeders until the fault is cleared, but often these 

do will not result in such deep sags as shown in Figure 7 6. Note the different time scales used on the 

upper and lower plot, and note the smoothing of the instantaneous voltage by the rms computation. 

Typical fault clearing times range from 3 cycles to 30 cycles, depending on the fault current 

magnitude and the type of overcurrent protection detection and interruption. 
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Figure 7—Instantaneous voltage sag caused by SLG fault 
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Voltage sags can also be caused by large load changes or the starting of large motors. An induction 

motor can draw six to ten times its full load current during starting. This large current causes a 

voltage drop across the impedance of the system. If the current magnitude is large relative to the 

system available fault current, the resulting voltage sag can be significant. Figure 8 7 illustrates the 

effect of starting a large motor. 

 

Figure 8—Temporary voltage sag caused by motor starting 

The term sag has been used in the power quality community for many years to describe a short-

duration voltage decrease. Clearly, the notion is directly borrowed from the literal definition of the 

word sag. (This term should not to be confused with the term related to sagging aerial conductors.). 

Although the term used in the power quality community has not been formally defined in The 

Authoritative Dictionary [B18], it has been increasingly accepted and used by utilities, manufacturers, 

and end users. The IEC definition for this phenomenon is dip. The two terms are considered 

interchangeable, with sag being preferred in the North American power quality community. 
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The duration of sag events has not been clearly defined by IEC 6100-4-30 and other standards. Sags 

have been defined from 2 ms (about one-eighth of a cycle) to several minutes in various 

publications. Undervoltages that last less than one-half cycle cannot be characterized effectively as a 

change in the rms value of the fundamental frequency value. Therefore, these short events are 

considered transients, per UIE-DWG-3-92-G [B53 B43]. Undervoltages that last longer than 1 min 

can typically be controlled by voltage regulation equipment and might may be associated with a 

wide variety of causes other than system faults. Therefore, these are classified as long-duration 

variations in 4.4.3. 

Sag durations are subdivided in this recommended practice into three categories (instantaneous, 

momentary, and temporary), which coincide with the three categories of interruptions and swells. 

These durations are intended to correlate with typical protective device operation times as well as 

duration divisions recommended by international technical organizations (see UIE-DWG-2-92-D 

[B52 B42]). 

4.4.2.3 Swells 

A swell is an increase in rms voltage above 1.1 pu for durations from 0.5 cycle to 1 min. Typical 

magnitudes are between 1.1 pu and 1.2 pu. Swell magnitude is also described by its remaining 

voltage and hence is will always be greater than 1.0 pu. 

As with sags, swells are usually associated with system fault conditions, but they are much less 

common than voltage sags. An SLG fault on the system can cause a swell to occur, resulting in a 

temporary voltage rise on the unfaulted phases. Swells can also be caused by switching off a large 

load, load shedding, or switching on a large capacitor bank. Figure 9 8 illustrates a voltage swell 

caused by an SLG fault. The lower graph depicts the instantaneous voltage and the upper graph 

shows the rms value of the instantaneous voltage in the lower plot. Note the different time scales on 

the upper and lower plot, and note that the initiation and end times of the rms plot and 

instantaneous plots do not correspond precisely. 
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Figure 9—Instantaneous voltage swell caused by SLG fault 

Swells are characterized by their magnitude (rms value) and duration. The severity of a voltage 

swell during a fault condition is a function of the fault location, system impedance, and grounding. 

On an ungrounded system, the line-to-ground voltages on the unfaulted phases are will be 1.73 pu 

during a line-to-ground fault condition. Close to the substation on an effectively grounded system, 

there is will be no voltage rise on the unfaulted phases because the substation transformer is usually 

connected delta-wye and provides a low-impedance zero-sequence path for the fault current. 

The term momentary overvoltage is sometimes used as a synonym for the term swell. The formal 

definition of swell in IEEE Std C62.41.1-2002 [B23-1995 [B20] is “A momentary increase in the power-

frequency voltage delivered by the mains, outside of the normal tolerances, with a duration of more 

than one cycle and less than a few seconds.” This definition is not preferred by the power quality 

community. 
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4.4.3 Long-duration rms variations 

Long-duration variations encompass rms deviations at power frequencies for longer than 1 minute 

min. ANSI C84.1-2016 2006 [B2] specifies the steady-state voltage tolerances expected on a power 

system. These magnitudes are reflected in Table 2. Long-duration variations are considered to be 

present when these limits are exceeded for more than 1 min. 

Long-duration variations can be either overvoltages or undervoltages, depending on the cause of the 

variation. Overvoltages and undervoltages generally are not the result of system faults. They are 

caused by load variations on the system and system switching operations. These variations are 

characterized by plots of rms voltage versus time. 

4.4.3.1 Overvoltage 

An overvoltage is an rms increase in ac voltage greater than 1.1 pu for a duration longer than 1 min. 

Typical values are 1.1 pu to 1.2 pu. 

Overvoltages can be the result of load switching (e.g., switching off a large load) or of variations in 

the reactive compensation on the system (e.g., switching on a capacitor bank). Poor system voltage 

regulation capabilities or controls can cause overvoltages. Incorrect tap settings on transformers can 

also result in system overvoltages. 

4.4.3.2 Undervoltage 

An undervoltage is a decrease in rms voltage less than 0.9 pu for a duration longer than 1 min. 

Typical values are between 0.8 pu and 0.9 pu. 

Undervoltages are the result of the events that are the opposite of the events that cause overvoltages. 

A load switching on or a capacitor bank switching off can cause an undervoltage until voltage 

regulation equipment on the system can bring the voltage back to within tolerances. Overloaded 

circuits can also result in undervoltages. 
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The term brownout is sometimes used to describe sustained periods of low voltage initiated as a 

specific generation dispatch strategy to reduce power delivery. The type of disturbance described by 

brownout is basically the same as that described by the term undervoltage defined here. However, to 

avoid confusion (because there is no formal definition for brownout and because the term is not as 

clear as the term undervoltage when trying to characterize a disturbance), the term brownout should 

not be used. 

4.4.3.3 Sustained interruptions 

The decrease of the supply voltage to less than 10% of nominal for a period of time in excess of 1 min 

is considered a sustained interruption. Voltage interruptions longer than 1 min are often permanent 

in nature and require manual intervention for restoration. Sustained interruptions are a specific 

power system phenomenon and have no relation to the usage of the term outage. Outage, as defined 

in The IEEE Standards Authoritative Dictionary Online [B18], does not refer to a specific phenomenon, 

but rather to the state of a component in a system that has failed to function as expected. Also, use of 

the term interruption in the context of power quality monitoring has no relation to reliability or other 

continuity of service statistics. 

4.4.4 Voltage imbalance 

Imbalance (sometimes called unbalance) in a three-phase system is defined as the ratio of the 

magnitude of the negative sequence component to the magnitude of the positive sequence 

component, expressed as a percentage. This definition can be applied for either voltage or current. 

Typically, the voltage imbalance of a three-phase service is less than 5 3%. The current imbalance can 

be considerably higher, especially when single-phase loads are present. Mathematically, the voltage 

imbalance is represented by Equation (1). 
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Measuring instruments often use a definition of voltage imbalance based on ANSI C84.1-2016 2006 

[B2], which defines imbalance as the ratio of the maximum deviation of a voltage from the average 

voltage to the average voltage, expressed in percent, using phase-to-phase voltage measurements 

(also see IEEE Std 141™-1993 [B24 B21]). This computation is readily made using measurements 

from meters that collect only rms values. Other standards, such as the NEMA MG-1-2016 [B43], 

which uses the term unbalance instead of the equivalent imbalance throughout the document 2006 

[B35], may also use this definition. The reader is cautioned to carefully examine the definition being 

used by the monitor if imbalance results are important. 

The negative-to-positive sequence ratio method defined in this recommended practice is preferred 

because it directly represents the phenomena of interest without approximation. Some documents 

refer to the negative-to-positive sequence ratio as the “true unbalance” (e.g., Pillay and Manyage 

[B47 B38] and Bollen [B4]). The ANSI C84.1-2016 [B2] definition provides will provide results that 

closely match the preferred definition based on sequence components if the harmonic content is low, 

phase-to-phase measurements are used, and the system zero sequence content is small. 

A chief concern among adopters of the preferred definition is the apparent inability to determine 

sequence components in the field with simple rms meters. Since the imbalance is computed using a 

ratio of sequence components, the value of those components independently is not required. 

Therefore, the imbalance using the preferred definition can be implemented using only phase-to-

phase rms measurements without angle with the following equations (see Ghijselen and Van den 

Bossche [B10 B9] and Kennelly [B40 B32]): 

 

where 
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Note that each of the voltages in Equation (3) are rms phase-to-phase voltages. In contrast, Equation 

(1) is always valid using either phase-to-neutral or phase-to-phase measurements. Equation (2) and 

Equation (3) are valid only if the system zero sequence component is zero. Thus, Equation (2) and 

Equation (3) are valid if the voltage measurements are phase-to-phase. This is consistent with the 

measurements used when applying the ANSI C84.1 definition. Care should must be taken if 

Equation (2) and Equation (3) are used for current imbalance. 

 For example, they do not apply in a wye-connected system with neutral return; in this case, 

Equation (1) should must be used. The following examples of using these equations with voltage 

measurements are provided: 

Example 1: 

Consider a field measurement where the phase-to-phase voltage phasors are 2300°, 237−118°, 

and 240.6119.6° volts, respectively. The sequence components are as follows: 

 

The imbalance using sequence components is as follows: 

 

For contrast, the imbalance using the ANSI C84.1 method is now calculated using these 

measurements. 

The average rms voltage is 235.9 V. The maximum deviation from the average among the three 

measurements is due to the lowest reading: 230 V. The percent imbalance is as follows: 

 

Because phase-to-phase voltages are used, the two methods provide nearly the same result. 
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Next, the imbalance is computed using the alternative method (which uses only phase-to-phase rms 

magnitudes) as follows: 

 

Note that this alternative method provides the same results as Equation (1) without requiring phase 

angles. If phase-to-neutral voltages were used, the results would not match if zero sequence was 

present. 

Example 2: 

The AN, BN, CN phase-to-neutral voltages in a wye-connected 480 V system are measured to be: 

2810° V, 288−115° V, and 270125° V, respectively. Note that this voltage set has zero sequence 

content. While Equation (1) can use phase-to-neutral voltages, the ANSI C84.1 method and the 

preferred method using Equation (2) and Equation (3) require the use of phase-to-phase quantities. 

The phase-to-phase voltages for this system are as follows: 

VAB = VAN −VBN = 2810° − 288 −115° = 479.932.9° V 

VBC = VBN −VCN = 288 −115° − 270125° = 483.3 − 86.1° V 

VCA = VCN −VAN = 270125° − 2810° = 488.8153.1° V 

The ANSI definition for the imbalance on these line voltages are will be computed first. The average 

of these three voltages is 484 V rms. The % imbalance is computed to be as follows: 
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Now consider the preferred method using symmetrical components. The positive and negative 

sequence components are as follows: 

 

The % imbalance is computed to be as follows: 

 

Using Equation (2) and Equation (3) yields β = 0.3334 and also % imbalance = 1.1%. Note that the % 

imbalance computed by the preferred method is very close to that computed using the ANSI 

method since the zero sequence content is absent in the phase-to-phase voltages. 

The zero sequence voltage of the phase-to-neutral voltages is relatively high: |Vzero| = 40.1 V, 

which results will result in considerable differences if phase-to-neutral voltages are used in the ANSI 

method or Equation (2) and Equation (3). The magnitudes of the positive and negative sequence are 

279.4 V and 2.98 V, respectively. Equation (1) will still provides provide the correct answer using the 

phase-to-neutral values: 2.98/279.4 = 1.1%. However, using Equation (2) and Equation (3) will yield 

% imbalance = 3.7%. The ANSI method will yields 3.5% imbalance. 

This example has demonstrated that the preferred method of Equation (1) provides will provide the 

same results, whether phase-to-neutral or phase-to-phase values are used. However, if the phase-to-

neutral values have zero sequence content, then the use of phase-to-neutral quantities with Equation 

(2) and Equation (3) leads will lead to incorrect results. The advantage of using Equation (2) and 

Equation (3) is the ability to use rms measurements only (without phase angles), unlike Equation (1), 

which requires phasor values. 
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Figure 10 9 shows an example of a one-day trend of imbalance measured at one point on a 

residential feeder. The trace labeled “V Neg-Seq Imb Total” is using the preferred definition of 

imbalance. The trace of “V Zero-Seq Imb Total” is the ratio of the zero-sequence-to-positive-

sequence voltage. This is sometimes helpful to understand sources of asymmetry in the power 

system, particularly due to single-phase loads connected phase to neutral or three phase motors. The 

trace labeled “V Imb Avg LN” is using the ANSI-type maximum deviation from the average 

definition, but on line-to-neutral quantities. 

The primary source of minor voltage imbalance (< 2%) is unbalanced single-phase loads on a three-

phase circuit. Voltage imbalance can also be the result of capacitor bank anomalies, such as a blown 

fuse on one phase of a three-phase bank or use of single-phase line regulators. Severe voltage 

imbalance (greater than 5%) can result from single-phasing conditions such as an open protective 

device upstream of the monitoring point. 

 

Figure 10 —Voltage imbalance trend for three-phase residential feeder 
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4.4.5 Waveform distortion 

Waveform distortion is defined as a steady-state deviation from an ideal power frequency sinusoid 

principally characterized by the spectral content of the deviation. 

There are five primary types of waveform distortion as follows: 

 ― DC offset 

 ― Harmonics 

 ― Interharmonics 

 ― Notching 

 ― Noise 

Each of these are will be discussed separately in 4.4.5.1 through 4.4.5.6. 

4.4.5.1 DC offset 

The presence of a dc voltage or current in an ac power system is termed dc offset. This phenomenon 

can occur as the result of a geomagnetic disturbance or due to the effect of half-wave rectification. 

For example, incandescent light bulb life extenders can may consist of diodes that reduce the rms 

voltage supplied to the light bulb by half-wave rectification. DC in ac networks can be detrimental 

due to an increase in transformer saturation and associated heating, which can lead to additional 

stressing of insulation, among and other adverse effects. 

4.4.5.2 Harmonics 

As described in UIE-DWG-3-92-G [B53 B43], harmonics are sinusoidal voltages or currents having 

frequencies that are integer multiples of the frequency at which the supply system is designed to 

operate (termed the fundamental frequency; usually 50 Hz or 60 Hz). Combined with the fundamental 

voltage or current, harmonics produce waveform distortion. Harmonic distortion exists due to the 

nonlinear characteristics of devices and loads on the power system. 

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 11:02:11 UTC from IEEE Xplore.  Restrictions apply. 

Full document details: IEEE 1159-2019

http://www.avadocuments.com/doc/ieee-1159-2019
http://www.avadocuments.com/doc/ieee-1159-2019


 

 

Rectified input, switching power supplies often used in electronic-based equipment is a major 

contributor of harmonics in the power system. Some of these devices and loads (e.g., diode brides 

and line-commutated converters) can usually be modeled as current sources that inject harmonic 

currents into the power system. Other devices (e.g., pulse-width modulated inverters used for 

distributed energy resources and regenerative drives and rotating machines) are much more 

accurately represented as harmonic voltage sources in series with the devices internal impedance. 

Voltage distortion results as these currents cause nonlinear voltage drops across the system 

impedance. Harmonic distortion is a growing concern for many customers and for the overall power 

system due to increasing application of power electronics equipment. 

Harmonic distortion levels can be characterized by the complete harmonic spectrum with 

magnitudes and phase angles of each individual harmonic component. It is also common to use a 

single quantity, the total harmonic distortion (THD), as a measure of the magnitude of harmonic 

distortion. 

Harmonic currents result from the normal operation of nonlinear devices on the power system. 

Figure 11 10 illustrates the waveform and harmonic spectrum for a typical adjustable speed drive 

(ASD) input current. 

Although current distortion levels can be characterized by a THD as described previously above, 

this can often be misleading. For instance, many ASDs will exhibit high THD values for the input 

current when they are operating at very light loads. This is not a significant concern because the total 

rms magnitude of harmonic current is low, even though its relative distortion is high. 

To characterize harmonic currents in a meaningful way, IEEE Std 519-2014 [B27 1992 [B24] defines 

another term, the total demand distortion (TDD). This term is the same as the THD except that the 

distortion is expressed as a percent of current selected load current, such as the peak demand, rather 

than as a percent of the rms fundamental current magnitude. IEEE Std 519-2014 [B27] 1992 provides 

guidelines for harmonic current and voltage distortion levels on distribution and transmission 

circuits. 
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Figure 11 —Current waveform and harmonic spectrum for an ASD input 

current 

4.4.5.3 Interharmonics 

Voltages or currents having frequency components that are not integer multiples of the frequency at 

which the supply system is designed to operate (e.g., 50 Hz, 60 Hz) are called interharmonics. They 

can appear as discrete frequencies or as a wideband spectrum. 

Interharmonics can be found in networks of all voltage classes. The main sources of interharmonic 

waveform distortion are pulse-widge modulated inverters (e.g., such as those used for distributed 

energy resources), static frequency converters, cycloconverters, induction furnaces, and arcing 

devices, especially those whose control is not synchronized with the power system frequency. Power 

line carrier signals can also be considered as interharmonics. 
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