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Abstract: Voltage fluctuations on electric power systems sometimes give rise to noticeable
illumination changes from lighting equipment. This phenomenon is often referred to as flicker, lamp
flicker, and sometimes voltage flicker. This recommended practice provides specifications for mea-
surement of this phenomenon and recommends acceptable levels for 120 V, 60 Hz and 230 V, 50
Hz AC electric power systems. It does not make any flicker emission specifications for certification
of individual products manufactured for use on these systems.
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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 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. When a document is more than five years old and has not been reaffirmed, 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 the advice of a com-
petent professional in determining the exercise of reasonable care in any given circumstances.

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. 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. Comments on standards and requests for interpretations should be addressed to:

Secretary, IEEE-SA Standards Board
445 Hoes Lane

Piscataway, NJ 08854

USA

NOTE—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 with respect to the exist-
ence or validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents for which a license may be required by an IEEE standard or for conducting inquiries into the legal valid-
ity or scope of those patents that are brought to its attention.

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 1453-2004, IEEE Recommended Practice for Measurement and Limits of
Voltage Fluctuations and Associated Light Flicker on AC Power Systems.

Voltage fluctuations on electric power systems sometimes give rise to noticeable illumination changes from
lighting equipment. The frequency of these voltage fluctuations is much less than the 50 Hz or 60 Hz supply
frequency; however, they may occur with enough frequency and magnitude to cause irritation for people
observing the illumination changes. This phenomenon is often referred to as flicker, lamp flicker, and some-
times voltage flicker. Often times, the terms have been used interchangeably. For many years, IEEE Std
141™-1993 and IEEE Std 519™-1992 have contained charts showing allowable voltage fluctuations. These
charts in IEEE Std 141-1993 and IEEE Std 519-1992 show allowable voltage change magnitude on the ver-
tical axis and frequency of occurrence on the horizontal axis. Although it is unclear, they appear to be based
on 60 Watt, 120 Volt incandescent lamps subjected to rectangular voltage fluctuations. The advent of high-
power electronic utilization equipment and mitigation equipment has given rise to some very complex volt-
age fluctuations that are not easily handled by IEEE Std 141-1993 and IEEE Std 519-1992. For this reason,
the IEEE has worked in close cooperation with the International Union for Electroheat (UIE) and the Inter-
national Electrotechnical Commission (IEC) to enhance existing standards to include a broader part of the
world community.

This recommended practice is based on specifications that were prepared by the Disturbances Working
Group of the UIE and published in 1992 with the international agreement for the 120 V power system pub-
lished in the UIE congress in 1996. Consequently, the flickermeter specifications in this standard relate only
to measurements of 230 V, 50 Hz and 120 V, 60 Hz inputs; specifications for other voltages and other fre-
quencies are under consideration.

Notice to users

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.

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 this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. The IEEE shall not be responsible for identifying
patents or patent applications for which a license may be required to implement an IEEE standard or for
conducting inquiries into the legal validity or scope of those patents that are brought to its attention.
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IEEE Recommended Practice for
Measurement and Limits of Voltage
Fluctuations and Associated Light Flicker
on AC Power Systems

1. Overview

1.1 Scope

Voltage fluctuations on electric power systems sometimes give rise to noticeable illumination changes from
lighting equipment. This phenomenon is often referred to as flicker, lamp flicker, and sometimes voltage
flicker. This recommended practice provides specifications for measurement of this phenomenon and rec-
ommends acceptable levels for 120 V, 60 Hz and 230 V, 50 Hz AC electric power systems. It does not make
any flicker emission specifications for certification of individual products manufactured for use on these
systems.

1.2 Purpose

The purpose of this recommended practice is to provide basic information for the design of an analog or dig-
ital flicker measuring apparatus. This recommended practice also sets tolerable limit values for flicker
severity.

Specifically, this recommended practice adopts the IEC 61000-4-15 for a functional design specification for
flicker measuring apparatus intended to indicate the correct flicker perception level for all practical voltage
fluctuation waveforms. Information is presented to enable such an instrument to be constructed. A method is
given for the evaluation of flicker severity on the basis of the output of flicker meters complying with this
recommended practice.

This recommended practice will supersede 3.9.2 and Figure 3-8 in IEEE Std 141™-1993 [B5]' and 10.5.1
and Figure 10.3 in IEEE Std 519™-1992 [B6].

IThe numbers in brackets correspond to those of the bibliography in Annex C.
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2. References

This recommended practice shall be used in conjunction with the following publications. If these publica-
tions are superseded by an approved revision, the revision shall apply.

IEC 61000-4-15, Electromagnetic compatibility (EMC)—Part 4: Testing and measurement techniques—
Section 15: Flickermeter—Functional and design specifications.

IEC 61000-3-3, Electromagnetic compatibility (EMC)—Part 3-3: Limits—Limitation of voltage changes,
voltage fluctuations and flicker in public low-voltage supply systems, for equipment with rated current <
16 A per phase and not subject to conditional connection.

IEC 61000-3-5, Electromagnetic compatibility (EMC) - Part 3: Limits—Section 5: Limitation of voltage

fluctuations and flicker in low-voltage power supply systems for equipment with rated current greater than
16 A.

IEC 61000-3-7, Electromagnetic compatibility (EMC)—Part 3: Limits—Section 7: Assessment of emission
limits for fluctuating loads in MV and HV power systems—Basic EMC publication.

3. Definitions

For the purposes of this recommended practice, the following terms and definitions apply. Most of these
definitions are in IEC 61000-4-15. The Authoritative Dictionary of IEEE Standards Terms [B4] should be
referenced for terms not defined in this clause. Note specifically that definitions 3.2 through 3.5 are adopted
within this document for consistency with the IEC 61000 series upon which this document is based; thus
they may conflict with ANSI C84.1 [B1] and The Authoritative Dictionary [B4] accepted definitions.

3.1 compatibility level: The specified disturbance level used as a reference level in a specified environment
for coordination in the setting of emission and immunity limits. This is normally taken as the level of Pst or
PIt above which customer complaints are likely to occur. These levels are not used for assessing individual
load compliance

3.2 extra high voltage (EHV): Voltage levels that are greater than 230 kV.

3.3 high voltage (HV): Voltage levels that are greater than 35 kV, but less than or equal to 230 kV.

3.4 low voltage (LV): Voltage levels that are less than or equal to 1 kV.

3.5 medium voltage (MV): Voltage levels that are greater than 1 kV, but less than or equal to 35 kV.

3.6 planning level: The level of a particular disturbance, in a particular environment, adopted as a reference
value for the limits to be set for the emissions from large loads and installations, in order to coordinate those
limits with all the limits adopted for equipment intended to be connected to the power supply system. In
planning studies, this is the level of Pst or Plt used to assess the impact of adding fluctuating loads to the

electric power system.

3.7 PIt: A measure of long-term perception of flicker obtained for a two-hour period. This value is made up
of 12 consecutive Pst values per the following formula:

12
Plt = dé* 2 Pst;’
j=1
Documents
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3.8 Point of Common Coupling (PCC): The point on the MV, HV, or EHV bus on the electric power sys-
tem electrically closest to a particular fluctuating load, at which point other loads are or could be connected.

3.9 Pst: A measure of short-term perception of flicker obtained for a ten-minute interval. This value is the
standard output of the IEC flickermeter.

4. Requirements for flicker measurement and acceptable flicker levels

4.1 Adoption of IEC 61000-4-15

IEC 61000-4-15 is adopted and approved for use as IEEE Std 1453. IEC 61000-4-15 is incorporated directly
into this document as normative Annex D.

4.2 Additional requirements
4.2.1 Statistical compliance

IEC 61000-3-7 indicates that probability levels are generally used for determining compatibility levels for
compliance. Thus, for 95% probability and given the 1008 Pst intervals in a week, a connected load could
exceed the recommended Pst value for 50 ten-minute intervals and still remain within compliance. It is pre-
ferred, however, that the 99% probability level be used; thus only 10 Pst intervals in a week could be
exceeded and compliance maintained. These probability levels are based on cumulative distribution calcula-
tions. By setting flicker limits such that the planning levels are exceeded only a small percentage of the time,
customer complaints and equipment malfunctions will be minimized. As a general guideline, Pst and Plt
should not exceed the planning levels more than 1% of the time (99% probability level), with a minimum
assessment period of one week.

4.2.2 Planning levels for flicker

For planning purposes, the flicker levels listed in Table 1 are recommended. These levels are to be used
when evaluating the impact of fluctuating loads on the power system.

Table 1—Planning levels for Pst and PIt in MV, HV, and EHV power systems

Planning levels

MV HV-EHV
Pst 0.9 0.8
Plt 0.7 0.6

4.2.3 Compatibility levels for flicker

For LV and MV power systems, the flicker levels listed in Table 2 are recommended and are based on 95%
probability levels. These are generally considered to be levels below which there will be no complaints due
to voltage fluctuation.
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Table 2—Compatibility levels for Pst and PIt in LV and MV power systems

Compatibility Levels
Pst 1.0
Plt 0.8

4.2.4 Acceptance of flicker causing loads to electric supply systems

Users should consider IEC 61000-3-3 for analyzing new fluctuating emissions to electric power systems.
IEC 61000-3-3 presents the usage of shape factors to determine anticipated flicker levels for proposed loads
on the power system. Recently, there has been some effort to develop software to allow the engineer to
graphically analyze flicker levels due to fluctuating loads. These programs provide similar results to those
obtained by utilizing shape factors, but the details of the calculation are hidden to the user. IEC 61000-3-7
proposes a three-stage method of evaluating acceptability of fluctuating loads and provides go/no-go limits
such that design calculations can be minimized.

4.2.5 Maximum allowable voltage drop for infrequent events

The flickermeter is better suited for events that occur once per hour or more often. The limitations from
IEEE Std 141-1993 [B5] and IEEE Std 519-1992 [B6] are still useful for infrequent events, such as a motor
starting infrequently (1 start per day), or even as frequent as some residential air conditioning equipment.
Therefore the allowable limits from IEEE Std 141-1993 [B5] have been provided in informative Annex A
for guidance.
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Annex A

(informative)

Brief history of voltage flicker limits in the United States

Figure A.1 is the flicker curve that North American utilities have used for many years, commonly referred to
as the GE curve. The development method behind these curves is given in Brieger [B2]. Additional back-
ground information and a survey of North American utility flicker criteria are given in Walker [B15] and
Seebald, et al [B10]. This recommended practice builds upon these previous methods. The advent of solid-
state compensators and loads may produce modulation of the voltage magnitude that is more complex than
what is envisioned by the original flicker curves. This recommended practice introduces an instrument based
on IEC 61000-4-15 that more accurately accounts for these complexities.

RN

\ \<—BORDERLINE OF IRRITATION

|11
2 \ \I )y BORDERLINE OF VISIBILITY OF FLICKER

N ™~
1 P \\\ j//

.

PERCENT VOLTAGE DIP

1 2 5 10 20 30 1 2 5 10 2030 1 2 5 10 20
DIPS PER HOUR DIPS PER MINUTE DIPS PER SECOND
FREQUENCY OF DIPS

Figure A.1—Flicker tolerance curve from IEEE Std 141-1993/IEEE Std 519-1992

The 230 V and the 120 V IEC flickermeters are physiologically equivalent. The Pst =1 pu curves for 120 V
and 230 V lamps indicate the same degree of annoyance (borderline of irritation). They are both based on
the use of a 60 W incandescent lamp. Studies have been performed with other wattage and type lamps. The
related relative voltage changes are given in the following Table A.1 for rectangular modulation.
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Table A.1—Pst = 1 test points for rectangular voltage fluctuations, from [B3]

Col.1 Col.2 sos sos

luctuadon | Relthealoge chnges | et lage change
m?lf:; te Fre(ﬁlzency for 230 V lamps for 120 V lamps
AV/V (%) AV/V (%)
0.1 0.000833 7.400 8.202
0.2 0.001667 4.580 5.232
0.4 0.003333 3.540 4.062
0.6 0.00500 3.200 3.645
1 0.00833 2.724 3.166
2 0.01667 2.211 2.568
3 0.02500 1.95 2.250
5 0.04167 1.64 1.899
7 0.05833 1.459 1.695
10 0.0833 1.29 1.499
22 0.1833 1.02 1.186
39 0.3250 0.906 1.044
38 0.4000 0.87 1.000
68 0.5667 0.81 0.939
110 0.9167 0.725 0.841
176 1.4667 0.64 0.739
273 2.2750 0.56 0.650
375 3.1250 0.50 0.594
480 4.0000 0.48 0.559
585 4.8750 0.42 0.501
682 5.6833 0.37 0.445
796 6.6333 0.32 0.393
1020 8.5000 0.28 0.350
1055 8.7917 0.28 0.351
1200 10.000 0.29 0.371
1390 11.583 0.34 0.438
1620 13.500 0.402 0.547
2400 20.000 0.77 1.051
2875 23.9583 1.04 1.49

Table A.1 supersedes flicker charts in IEEE Std 519-1992 [B6] and IEEE Std 141-1993 [BS5]. For
comparison, the following Figure A.2 compares this recommended practice with the previous IEEE flicker
standards. Work done by the UIE was subsequently adopted by the IEC. The UIE continues their efforts in
this area as evidenced by their reference on the following graph.
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Annex B

(informative)

Application of Pst

There are many issues relating to flicker evaluation and measurement implementation that require additional
research. Some of these are the effect of interharmonics on flicker, the determination of flicker transfer coef-
ficients from HV to LV electric power systems, aspects of a completely digital implementation, and others.
Issues such as these will be addressed in future revisions of this recommended practice.

A detailed description of the flickermeter implementation and the evaluation of the connection of fluctuating
loads to the electric power system can be found in numerous references ([B7], [B11], [B12], [B13], [B14]).

A recent paper included a survey of Pst limits used by a variety of different countries (Koch and Sakulin
[B8]). NRS-048-2:1996 [B9] is a specific national standard for one of these countries.

The IEC has published a series of standards (IEC 61000-3-3, IEC 61000-3-5, IEC 61000-3-7) based on the
Pst evaluation of flicker. IEC 61000-3-3 describes the allowable voltage fluctuations generated by equip-
ment with a current rating less than 16 amperes. IEC 61000-3-5 describes the allowable voltage fluctuations
generated by equipment with a current rating greater than 16 amperes. IEC 61000-3-7 describes the allow-
able voltage fluctuations in medium voltage, high voltage, and extra high voltage electric power systems and
the allowable emissions of voltage fluctuations generated by each fluctuating load connected to the electric
power system.

The application of shape factor allows the effect of loads with voltage fluctuations other than rectangular to
be evaluated in terms of Pst values and is described in IEC 61000-3-3, IEC 61000-3-7, and IEEE PES
01TP151 [B3].
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Annex C

(informative)

Bibliography

[B1] ANSI C84-1, American National Standard for Electric Power Systems And Equipment—Voltage
Ratings

[B2] Brieger, Lawrence, “Effect of Voltage Dip Duration on Cyclic Light Flicker,” AIEE, August 1951, p
685-689.

[B3]IEEE PES 01TP151 “Tutorial on Voltage Fluctuations and Lamp Flicker in Electric Power Systems.”

[B4] IEEE 100, The Authoritative Dictionary of IEEE Standard Terms, Seventh Edition, New York, The
Institute of Electrical and Electronics Engineers, Inc 2

[BS]IEEE Std 141-1993, IEEE Recommended Practice for Electric Power Distribution for Industrial Plants
—Red Book.

[B6] IEEE Std 519-1992, IEEE Recommended Practices and Requirements for Harmonic Control in Electri-
cal Power Systems.

[B7] IEEE P1453 TF Paper, “Voltage and Lamp Flicker Issues: Should the IEEE Adopt the IEC
Approach?,” IEEE Transactions on Power Delivery, Vol. 18, Issue 3, July, 2003, pp1088-1097.

[B8] Koch, R.G., and M. Sakulin, “Utility Planning Considerations For Flicker Producing Loads,” First
South African Power Quality Conference, Durban South Africa, May 1997.

[B9] NRS-048-2: 2004, Electricity Supply—Quality Of Supply—Part 2: Voltage Characteristics, Compati-
bility Levels, Limits, and Assessment Methods, 2004, South Africa.

[B10] Seebald, R. C., J. F. Buch, and D. J. Ward, “Flicker Limitations of Electric Utilities,” IEEE Transac-
tions on Power Apparatus and Systems, Vol. PAS-104, No. 9, September 1985, pp. 2627-2631.

[B11] UIE WG Disturbances, Connection of Fluctuating Loads, July 1988.
[B12] UIE WG Disturbance, Flicker Measurement and Evaluation, 1986.
[B13] UIE WG Disturbances, Flicker Measurement and Evaluation, Second Revised Edition 1991.

[B14] UIE Power Quality Working Group WG2, Guide To Quality of Electrical Supply For Industrial
Installations, Part 5: Flicker, First UIE Edition 1998.

[B15] Walker, M.K., “Electric Utility Flicker Limitations,” IEEE Transactions on Industry Applications,
Vol. IA-15, No. 6, pp. 644-655, Nov./Dec., 1979.

2The IEEE standards or products referred to in this annex are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

Documents

Copyright © 2005 IEEE. All rights reserved. Docum%nt Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 16:13:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1453-2004


http://www.avadocuments.com/doc/ieee-1453-2004
http://www.avadocuments.com/doc/ieee-1453-2004

IEEE
Std 1453-2004 IEEE RECOMMENDED PRACTICE FOR MEASUREMENT AND LIMITS OF VOLTAGE

Annex D

(normative)

IEC 61000-4-15
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