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Abstract: The use of some electrical equipment attached to typical power systems creates
voltage quality concerns. There is an increasing awareness that some equipment is not designed
to withstand the surges, faults, distortion, and reclosing duty present on typical utility distribution
systems. Traditional concerns about steady-state voltage levels and light flicker due to voltage
fluctuation also remain. These concerns are addressed by this guide by documenting typical
levels of these aspects of voltage quality and indicating how to improve them. Other documents
that treat these subjects in more detail are referenced.

Keywords: benchmarking, disturbance analyzers, faults, harmonic distortion, IEEE 1250, light
flicker, momentary voltage disturbances, noise, performance, power conditioners, susceptible
equipment, surge protection, surges, voltage fluctuation, voltage quality
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IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating Committees of the
IEEE Standards Association (IEEE-SA) Standards Board. The IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members of the
Institute and serve without compensation. While the IEEE administers the process and establishes rules to promote
fairness in the consensus development process, the 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.

Use of an IEEE Standard is wholly voluntary. The IEEE disclaims liability for any personal injury, property or other
damage, of any nature whatsoever, whether special, indirect, consequential, or compensatory, directly or indirectly
resulting from the publication, use of, or reliance upon this, or any other IEEE Standard document.

The IEEE does not warrant or represent the accuracy or content of the material contained herein, and expressly
disclaims any express or implied warranty, including any implied warranty of merchantability or fitness for a specific
purpose, or that the use of the material contained herein is free from patent infringement. IEEE Standards documents
are supplied “AS IS.”

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. Every IEEE Standard is subjected to review at least
every five years for revision or reaffirmation, or every ten years for stabilization. When a document is more than five
years old and has not been reaffirmed, or more than ten years old and has not been stabilized, 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 publishing and making this document available, the IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity. Nor is the IEEE undertaking to perform any duty owed by any other
person or entity to another. Any person utilizing this, and any other IEEE Standards document, should rely upon his or
her 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.

Interpretations: Occasionally questions may arise regarding the meaning of portions of standards as they relate to
specific applications. When the need for interpretations is brought to the attention of IEEE, the Institute will initiate
action to prepare appropriate responses. Since IEEE Standards represent a consensus of concerned interests, it is
important to ensure that any interpretation has also received 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 interpretation requests except in those cases where the matter has previously received formal consideration.
A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations Manual
shall not be considered the official position of IEEE or any of its committees and shall not be considered to be, nor be
relied upon as, a formal interpretation of the 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, explanation, or interpretation of the IEEE.

Comments for revision of IEEE Standards are welcome from any interested party, regardless of membership affiliation
with IEEE. Suggestions for changes in documents should be in the form of a proposed change of text, together with
appropriate supporting comments. Recommendations to change the status of a stabilized standard should include a
rationale as to why a revision or withdrawal is required. Comments and recommendations on standards, and requests
for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

Authorization to photocopy portions of any individual standard for internal or personal use is granted by The Institute
of Electrical and Electronics Engineers, Inc., provided that the appropriate fee is paid to Copyright Clearance Center.
To arrange for payment of licensing fee, 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.
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Introduction

This introduction is not part of [IEEE Std 1250-2011, IEEE Guide for Identifying and Improving Voltage
Quality in Power Systems.

This guide was developed out of an increasing awareness of the incompatibility of some modern electronics
equipment with a normal power system environment. Simply put, much new user equipment is not
designed to withstand the surges, faults, distortion, and reclosing duty present on typical electric utility
distribution systems or within the user’s facility.

Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this guide does not imply compliance to any applicable regulatory requirements.
Implementers of the guide 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

This document is copyrighted by the IEEE. It is made available 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 this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards 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. 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 Standards Association web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously.

For more information about the IEEE Standards Association or the IEEE standards development process,
visit the IEEE-SA web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can be accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL
for errata periodically.
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Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the possibility that implementation of thisguide may require use of subject matter
covered by patent rights. By publication of thisguide, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. 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 thisguide 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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IEEE Guide for Service to Equipment Sensitive to
e |dentifying _and

ImprovingVoltage Quality in Power Systems

IMPORTANT NOTICE: This standard is not intended to assure safety, security, health, or environmental
protection. 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

The reader of this guide will find discussions of ways to identify and improve voltage quality in power systems, as
well as references to publications in this area. More specifically, this guide includes:

a) Voltage quality levels from benchmarking studies

b) Factors that affect power system performance

¢) Mitigation measures that improve power system performance

d) References to current relevant in-depth IEEE standards and other documents

This guide only addresses subjects in depth where no other power quality reference does so. It is a

“gateway’’ document for power quality that points the way to other documents in this field.
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1.2 Purpose-of guide

The primary purpose in writing  this guide 1is to assist power delivery system designers and operators in
delivering power with voltage quality that is compatible with electrical end-use equipment. Another purpose
is to point utility system customers toward power quality solutions that may exist in the power utilization system

and equipment.
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2. The power system

2.1 Introduction

This subclause describes typical utility power systems. Understanding the basics of power system design and
operation is helpful in understanding the voltage quality characteristics described in Clause 3. Voltage quality
characteristics can be affected at various levels of a power system. Electricity is typically generated and delivered at
either 50 Hz or 60 Hz.

2.2 Overview of power systems

Power systems are usually thought of as having three main divisions: generation, transmission, and distribution.

Figure 1 is an oversimplified diagram of a typical U.S. electric power system. In reality, there are many exceptions

such as the fact that some large industrial customers are actually served by substations directly from the
transmission system and some small generators may feed directly into the distribution system.
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THE ELECTRIC POWER SYSTEM
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Fiqure 1—The electric power system

Interconnection of the generation, transmission, and distribution systems takes place in an electrical substation.
Substations may include transformers that raise or lower the voltage depending on the need. A substation that has a
step-up transformer increases the voltage while decreasing the current, whereas a step- down transformer decreases
the voltage while increasing the current for distribution. Electric power may flow through several substations
between generating plants and consumers, and it may be changed in voltage several times.

The generation and transmission components are typically connected in an interconnected grid fashion. Within the
“orid,” the transmission lines transport bulk power for long distances that typically cross multiple service
territories and multiple utilities. Figure 2 shows a simple transmission system, referred to as a transmission
network, illustrating how most of the substation buses have more than one source. In most circumstances, the loss of
a single line or generator should not cause overloads within the remaining network. This offers a high degree of
reliability because power can be maintained to most buses even with the loss of a line or source.
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Fiqure 2—Transmission network showing generators, substations, and line sections

Distribution lines (commonly called primaries) are usually not interconnected but are designed in a radial fashion
except in some cities that use a mesh distribution scheme. Radial distribution systems consist of a source originatin,
at a substation in which the system voltage is stepped down (Figure 3). The distribution bus has breakers that feed
lines (feeders) that carry the power to many customers in an area. There are usually line protective components
(reclosers and fuses) downstream of the substation breaker on distribution lines. These components create situations
in which only a portion of the distribution line may need to be de-energized to clear a fault (short circuit), thereby
saving many customers on the line from experiencing interruptions unnecessarily.
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To Transmission Grid
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Figure 3—Distribution substation and example of recloser and fuses along line

Power system voltages are typically expressed in line-to-line kV. The line-to-line voltage is 1.732 times the line-to-
neutral voltage on wye systems. Practically all generation and transmission is three phase. Distribution lines
typically leave the substation as three phase and may proceed that way for several miles. But they may also have
lateral tap lines that are only providing two phases or even a single phase, depending on the loads being
served. Electrical services to customers may be from the transmission or the distribution system. Table 1 describes
the various components and typical voltage ranges of the utility system.
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Table 1—Common parts of the power system

Generation Converts sources of energy such as fuel, falling water, or nuclear
imaterial to electricity.
Transmission Bulk power transport connecting generating stations to substations

serving load areas.
Generally 230 kV to 765 kV.

ILong lines with few, if any, taps or customer connections.

May be overhead or underground; underground circuits are short
Ibecause of charging current limitations.

ILoading limits for lines and loading areas including normal, long-term
emergency, and short-term emergency limits.

ILoading may be limited by system stability, voltage control, or
conductor temperature.
ILoading follows a cycle with time of day, season, and weather.

INot distinguished in many systems; lower level bulk power

Subtransmission connecting transmission and distribution substations.
Generally 46 kV to 161 kV.
May serve large loads directly.
Distribution ILocal connections to supply customers or groups of customers.

4 kV to 35 kV.

Short lines with many taps, laterals, or branches; direct customer
connections; may be reconfigured from time to time.

ILoading is especially variable as customers turn devices ON and OFF.

May be overhead or underground, with underground especially in
lurban or new residential areas.

A significant goal related to the operation of the utility power system is to provide reliable power with a minimum
number of interruptions. The utility systems are designed to isolate problem areas quickly and to interrupt as few

customers as possible. The system protection schemes must quickly identify a faulted line section and then trip or
open the proper isolating component to cause the fewest number of customers to experience the loss of power.
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3. ldentifying voltage quality in power systems

3.1 Introduction

This subclause describes expected voltage quality characteristics at various levels of a power system. Methods of

describing the voltage quality characteristics are presented along with example benchmarking results. Important
characteristics that may impact the voltage quality characteristics are also described.

3.2 Basic types of voltage gquality variations

It is useful to divide voltage quality characteristics into two basic categories.

Steady-state (continuous) voltage quality characteristics. This refers to the quality of the normal voltage supplied
to a facility. How much can the voltage magnitude vary from the nominal value? How distorted is the voltage?
What is the imbalance among the three-phase voltages? What is the magnitude, frequency, and angle of each phase?
All of these characteristics can be quantified, and limits for the variations can be developed.

Disturbances (including reliability). This refers to voltage quality variations that occur at random intervals
and are not associated with the continuous characteristics of the voltage. The variations include sustained
interruptions (reliability), momentary interruptions, voltage sags (and swells), and transients. All of these
disturbances can impact a facility, depending on the equipment susceptibility and investments that have been made

in power conditioning.

Each of these two basic categories has indices associated with it. Indices provide the foundation for characterizing

the supply system voltage quality levels in a consistent manner. Indices can be used to establish baselines of
performance as a function of system characteristics. The following subclauses describe indices that can be used

to describe voltage quality levels in both of these major categories along with example benchmarking results that

can provide the basis for establishing targets and limits.
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Monitoring Equipment
Term Utility Meaning Manufacturer or
User Meaning

Impulse

Momentary
Interruption

Notch

Sustained

Interruption |
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Sag (dip)

Surge

Swell

Figure 1—Voltage terminology differences
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3.3 Steady-state (continuous) voltage quality characteristics

Steady-state power quality characteristics must meet minimum requirements to assure the proper operation of
equipment. The basic concepts of compatibility levels are established in IEC 61000-2-2:2002 [B4].! This concept
applies to all steady-state types of power quality. It is not as applicable to disturbances, such as voltage sags (dips),
interruptions, and transients. The normal variations of steady-state power quality characteristics allow them to be
characterized with trends over time and with statistical distributions. The statistical nature of these characteristics
lends them to being represented by specific statistical levels. For instance, the limits in EN 50160-1999 [B2] for
steady-state power quality are evaluated at the 95% probability level. Recent discussions have indicated that other
probability levels may also be appropriate for fully characterizing performance.

Figure 4 illustrates the concept that applies for steady-state power quality characteristics. The power quality
performance of the supply system is characterized statistically, and this can be compared with the statistical
characteristics of the equipment immunity to determine the likelihood that equipment will be affected by the
voltage quality variations. The objective is to define a voltage quality level that can be achieved with reasonable
investment in the power system and will also have a low probability of causing equipment problems. This level is
called the “compatibility level.” It is defined with statistics. As indicated previously. a typical way of defining the
compatibility level for performance evaluations is the level that can be exceeded only 5% of the time (95%
probability that the level will not be exceeded).

Compatibility Level

Equipment Damage

Alarm Levels Levels

Planning
levels

M,

I

Tt su | N e
|| {1 \
(T

I

I

I

I

disturbance
N

=

Probability Density

I

Disturbance Level

Fiqure 4—Concept of compatibility levels for the electric supply system and the immunity
characteristics of equipment
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L The numbers in brackets correspond to those of the bibliography in Annex B.

Figure 5 illustrates the concept of the “compatibility level” compared to a time trend of a steady-state voltage
quality characteristic (for example, harmonic distortion). Other important voltage quality levels are also shown in
both Figure 4 and Figure 5.

Disturbance magnitude

Equipment immunity test levels

Cnmeatibilitx level
Utility planning levels

Assessed level

time

Figure 5—Important concepts for evaluation of the steady-state voltage quality
characteristics of the supply system

Equipment damage level—This is the level of quality that may pose a threat to equipment health if it is exceeded.
Such conditions are important to identify when they occur and to prevent if possible. Examples may include
harmonic resonance, ferroresonance, high neutral currents, conditions that may cause overheating, and so on. There
should be some margin between the compatibility level for the supply and the equipment damage level.

Equipment immunity level—This is the level of quality that may affect equipment performance if it is exceeded. It
is also defined statistically. There should be some margin between the compatibility level for the supply and the

equipment immunity level.

Alarm level—This is the level of quality at which notification will occur (i.e., the level at which an investigation or
other response may be warranted). The alarm level should be above the planning level but below equipment
immunity, equipment damage, and safety levels.
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Planning level—This is the level of quality that the electric utility establishes as its design objective. Usually, the

planning level is defined at some level below the compatibility level to help assure that the actual compatibility
level will not be exceeded. For instance, the compatibility level for harmonic voltage distortion might be 8%, but the

planning level might be 5% to help make sure that the 8% level is not exceeded.

Assessed level—This is the actual level existing on the system, usually based on measurements. For instance, the
evaluation of performance for the European standards requires measurements over a 1 week period and then the
assessed level for comparison with the minimum performance requirements (based on the compatibility levels) is
the level that is exceeded for 5% of the measurements (one measured value every 10 min).

We are interested in defining the steady-state power quality levels that should allow proper operation of virtually all
customer equipment. Thus, if these power quality levels are met at the supply point, the steady- state quality should

be considered acceptable and should not result in customer problems. There is little value to providing even better
power quality if these levels are not likely to cause problems. Extremely susceptible equipment that requires even
better quality justifies special power conditioning and should not be the basis of the overall system requirements.

Recommendations for these minimum requirements for the steady-state characteristics are developed in the
following subclauses. Important standards and references that are the basis of the recommendations are cited

and described as appropriate. In addition, the typical levels of these steady-state characteristics are provided from
two important sources.

— The EPRI Distribution Power Quality (DPQ) project (Sabin et al. [B52] and [B53]; Sabin and Standler
[B54]) describes steady-state power quality characteristics for distribution systems in the United States.
Note that these statistics are based on the evaluation of single-cycle samples of the three-phase voltages.
These samples are then analyzed to determine the root mean square (rms) voltage magnitudes, the
imbalance, and the harmonic distortion levels. Flicker levels were not characterized in the EPRI DPQ

project. This method of evaluating steady-state power quality characteristics is different than the
method recommended in IEC 61000-4-30:2008 [B8] and related standards. These methods use 10 min rms
values as the basis for characterizing the steady-state power quality. The 10 min calculations can involve
smoothing compared with the single-cycle samples.

— In the CIGRE C4.07 Working Group Report [B36], this working group gathered survey information
describing both steady-state power quality and disturbances from systems around the world. In general,

the surveys referenced in this report used IEC methods for characterizing performance.

The steady-state power quality levels should be evaluated using the measurement procedures outlined in IEC
61000-4-30:2008 [B8&]. This standard provides a convenient reference to make sure that all systems are being

evaluated in the same manner. The IEEE Std 1159 working group has developed a similar set of recommended
characterization procedures (IEEE Std 1159™-2009 [B15] that are consistent with the methods in the IEC standard.

3.3.1 Voltage requlation

The ability of equipment to handle steady-state voltage variations varies from equipment to equipment. The steady-
state voltage variation limits for equipment are usually part of equipment specifications. The Information
Technology Industry Council (ITIC) specifies equipment withstand recommendations for IT equipment according
to the ITIC Curve [formerly the Computer Business Equipment Manufacturer’s Association (CBEMA) curvel].
The 1996 ITIC Curve specifies that equipment should be able to withstand voltage variations within = 10%
(variations that last longer than 10 s).
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3.3.1.1 Example limits

Voltage regulation standards in North America vary from state to state and utility to utility. The most commonly
applied standard in the United States is ANSI C84.1-2006 [B1]. Voltage regulation requirements are defined
in the following two categories.

— Range A is for normal conditions, and the required regulation is £5% on a 120 V base at the service entrance
(for services above 600 V, the required regulation is —2.5% to +5%).

— Range B is for short durations or unusual conditions. The allowable range for these conditions is 8.3% to +5.8%.
A specific definition of these conditions is not provided.

RANGE A RANGE B
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Figure 6—Voltage requlation requirements from ANSI C84.1-2006 [B1]

IEC 61000-2-2:2002 [B4] mentions that the normal operational tolerances are +10% of the declared voltage.
This is the basis of requirements for voltage regulation in EN 50160-1999 [B2] for the European Community. EN
50160-1999 [B2] requires that voltage regulation [at the low-voltage (LV) point of common coupling] be
within +£10% for 95% of the 10 min samples in a 1 week period. All 10 min samples should be within —15% to
+10%, excluding voltage dips.
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3.3.1.2 Survey results

Figure 7 illustrates the statistics of voltage regulation levels obtained in the EPRI DPQ project. Voltage regulation is

described in this case as the range of voltage over the period of the day expressed as a percent of nominal. The
voltage regulation was not described in terms plus or minus from nominal because of difficulties of defining the
nominal voltage at different points on the distribution system. However, the results illustrate that almost all sites

achieve a total variation level within 10%. The 95% for the entire sample of sites is a voltage regulation range of
8.5%.

3.3.1.3 Recommended limit and assessment method

Because the objective is to define minimum acceptable requirements based on an evaluation at the PCC (realizing
that the voltage variations inside a facility may be greater than the voltage variations on the system or at the supply
point), the recommended level is £5% with an evaluation at the 95% probability level.
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Fiqure 7—Voltage regulation statistics (total daily voltage variation range) from EPRI DPQ project
(1 June 1993 to 1 June 1995)

3.3.2 Voltage imbalance

Voltage imbalance causes increased heating in motors and can result in unbalanced currents and noncharacteristic
harmonics for electronic equipment like adjustable speed drives. High-efficiency motors can be more susceptible to
problems with unbalanced voltages due to lower negative sequence reactance values.

Voltage imbalance measured as the negative sequence component of the voltage divided by the positive sequence
component is most important for motor loads and is the basis of most international standards for imbalance.
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3.3.2.1 Example limits

ANSI C84.1-2006 [B1] recommends that voltage imbalance be limited to 3%. It is measured as the maximum
deviation divided by the average of the three phases. This value can be influenced by the zero sequence voltage as
well as by the negative sequence voltage. When using this method, line-to-line voltage measurements should be used
to improve the accuracy and more closely match the sequence component method of voltage imbalance
determination.

IEC 61000-2-2:2002 [B4] specifies a compatibility level of 2% for voltage imbalance, recognizing that systems with

large single-phase loads may have voltage imbalance levels as high as 3%.

EN 50160-1999 [B2] requires that utilities maintain voltage imbalance less than 2% for 95% of the 10 min samples
in 1 week. For systems with significant single-phase loads, the imbalance can be as high as 3%.

3.3.2.2 Survey results

Negative sequence voltage imbalance statistics from the EPRI DPQ project are given in Figure 8. It shows that the
95% level for negative sequence imbalance over all the sites in the project was about 1.3%.
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Figure 8—Voltage imbalance statistics (entire data set for all sites) from EPRI DPQ project (1 June
1993 to 1 June 1995)

The CIGRE C4.07/CIRED Working Group [B36] gathered survey data from around the world. Only a few surveys
actually compiled information about imbalance, but the results are still informative for developing a recommended
minimum performance level. Figure 9 illustrates the results (95% probability level over 1 week of measurements
at each site) for the different system voltage levels. The medium voltage (MV) results are most interesting. In this
case, none of the sites had an imbalance level exceeding 2% at the 95% probability level.
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3.3.2.3 Recommended limit and assessment method

The CIGRE working group recommends that the 95% value for weekly measurements of the 10 min imbalance
values be used for comparison with recommended imbalance limits (voltage characteristics). The most
commonly used value for this characteristic is 2%. It seems to be a value that is very achievable and also has

minimal consequences for customer equipment applied at low voltage. Equipment applied at medium voltage might
have more stringent requirements for voltage balance.

3.3.3 Voltage distortion

Harmonic distortion in the supply voltage results in increased heating in transformers, motors, capacitors, and
conductors. This increased heating is usually the most important effect. However, voltage distortion in the supply
system can excite resonances and overload customer power factor correction equipment. Sensitivity of customer

equipment to voltage distortion may be dependent on both the magnitude of the distortion levels and the specific
harmonic components. For instance, transformer eddy current losses increase with approximately the square of the

frequency.

Very short-term effects of harmonics can include the misoperation of electronic controls or the operation of
uninterruptible power supplies. There may be a need for limits on the short-term harmonics as well as on the
long-term levels that cause heating.
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Figure 9—Measurement data for voltage unbalance at MV, high voltage (HV), and extremely high
voltage (EHV)—all sites (CIGRE C4.07/CIRED Report [B36])
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