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Abstract: This recommended practice encompasses the monitoring of electrical characteristics of
single-phase and polyphase ac power systems. 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.
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Introduction

This introduction is not part of IEEE Std 1159-2009, IEEE Recommended Practice for Monitoring Electric Power
Quality.

This recommended practice encompasses the monitoring of electrical quality of single-phase and polyphase
ac power systems. It is important that all power quality monitors, as well as users of monitors and
monitoring data, use consistent terminology and definitions of power quality phenomena. Therefore, this
recommended practice provides consistent descriptions of electromagnetic phenomena occurring on power
systems. It describes nominal conditions of the power supply and of deviations from these nomui al
conditions that may originate within the power supply or in the load equipment or may originate .-om
interactions between the source and the load.

Monitoring and measurements can be utilized for power system performance studies s wuil as
compatibility assessment. Brief, generic descriptions of load susceptibility to deviatiors from nominal
power supply conditions are presented to identify which deviations may be of interest. Further, this
recommended practice discusses the selection of appropriate measuring instrument:. limi. tions of these
instruments, application techniques, and the interpretation of monitoring results.

While there is no implied limitation on the voltage rating of the power sys »m | eing monitored, signal
inputs to monitoring instruments are generally limited to 1000 V ac.root mcan square (rms) or less.
Instrument transformers and attenuators enable the use of monito.'ng equipment on a wide range of
voltages and currents. Typically, the frequency ratings of the ac perer s 'stems being monitored are in the
range of 45 Hz to 450 Hz. Some monitors can also acquire <c si_nals from the load or control system to
assist in the interpretation of load response to deviations fr¢ m tii> nowuanal. The interpretation of dc signals
is beyond the scope of this recommended practice. It is also recngn.zed that these instruments may perform
monitoring functions for environmental conditions’ (e.g., temperature, humidity, high-frequency
electromagnetic radiation); however, the scope of this .»cummended practice is limited to conducted
electrical parameters derived from ac voltage or current measurements, or both.

The definitions presented and used in this meccuu: ended practice are intended solely for characterizing
common electromagnetic phenomena to {acilitai> communication between various sectors of the power
quality community. The definitions are wot 'ntended to represent performance standards or equipment
tolerances. For example, electric pov-et providers (e.g., electric utilities) may utilize different thresholds for
undervoltage and overvoltage in.the ‘uppty from the descriptions in Table 2. On the other hand, sensitive
equipment may malfunction d».c o eic ctromagnetic phenomena that lie within the thresholds of the Table 2
criteria.

Notice to users

Laws and regulations

U.ers 0. these documents should consult all applicable laws and regulations. Compliance with the
orov.sioi.s of this standard does not imply compliance to any applicable regulatory requirements.
I.plementers 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.
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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 amendi.ent.,
corrigenda, or errata. An official [IEEE document at any point in time consists of the current *diticn of he
document together with any amendments, corrigenda, or errata then in effect. In order to determi..e wnether
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 Associatien 'Web site at
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed pi >vious, .

For more information about the IEEE Standards Association or the IEEE c*arua.1s ucvelopment process,
visit the IEEE-SA Web site at http://standards.icee.org.

Errata

Errata, if any, for this and all other standards cai. bc accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/inde: .htm!. Users are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessec at u.c following URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to 1. >*possibility that implementation of this recommended practice may require use of
subject matter'cuvered by patent rights. By publication of this recommended practice, no position is taken
with respect > the existence or validity of any patent rights in connection therewith. The IEEE is not
responsible ‘or .dentifying Essential Patent Claims for which a license may be required, for conducting
inquir:=s into he legal validity or scope of Patents Claims or determining whether any licensing terms or
corditicns provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreeme, ts are reasonable or nondiscriminatory. Users of this recommended practice are expressly advised
that eteimination 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 Recommended Practice for
Monitoring Electric Power Quality

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, hezlth, or
environmental protection in all circumstances. Implementers of the standard are esponsible for
determining appropriate safety, security, environmental, and health practices - r regulatory
requirements.

This IEEE document is made available for use subject to important notices 'nd  ‘gal disclaimers. These
notices and disclaimers appear in all publications containing this document ar. © may be found under the
heading “Important Notice” or “Important Notices and Disclaim ~vs Concerning IEEE Documents.”
They can also be obtained on request from IEEE or viewea at nttp://standards.ieee.org/IPR/
disclaimers.html

1. Overview

1.1 Scope

This recommended practice encompasse’ th: monitoring of electrical characteristics of single-phase and
polyphase ac power systems. It includes ons.stent descriptions of conducted electromagnetic phenomena
occurring on power systems. This i>co. mended practice presents definitions of nominal conditions and
deviations from these nominal ccaditions that may originate within the source of supply or load equipment
or may originate from intersctir ns between the source and the load. Also, this recommended practice
discusses measurement tec'ini. ‘es application techniques, and the interpretation of monitoring results.

1.2 Purpose

The use of ec1ipn »nt that causes and is susceptible to various electromagnetic phenomena has heightened
the interes  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
terminc logies to describe these electromagnetic events, this recommended practice provides users with a
consiso it set of terms and definitions for describing these events. An understanding of how power quality
everts in pact the power system and end-use equipment is required in order to make monitoring useful.
1weper 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 disturbances on the power system.

1
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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.

3. Definitions

For the purposes of this recommended practice, the following terms and definitions app'v. ihe
Authoritative Dictionary of IEEE Standards Terms [B18]' should be referenced for terms not Hefined in
this clause.

3.1 flicker: Impression of unsteadiness of visual sensation induced by a light stimrlus . hose luminance or
spectral distribution fluctuates with time.

3.2 fundamental (component): The component of an order 1 (e.g., 50 Hz, 60 h. v of the Fourier series of a
periodic quantity.

3.3 imbalance (voltage or current): The ratio of the necativ: secuence component to the positive
sequence component, usually expressed as a percentage. Sy:- ur.hai.~Ze (voltage or current)

3.4 impulsive transient: A sudden nonpower frequency/change in the steady-state condition of voltage or
current that is unidirectional in polarity (primarily either p.<itive or negative).

3.5 instantaneous: When used to quantify the durction of a short-duration root-mean-square (rms)
variation as a modifier, refers to a time range frcm @ 5 cycles to 30 cycles of the power frequency.

3.6 interharmonic (component): 4. fre wiency component of a periodic quantity that is not an integer
multiple of the frequency at which the s 'opiy system is operating (e.g., 50 Hz, 60 Hz).

3.7 long-duration root-meap-c~ua.> (rms) variation: A variation of the rms value of the voltage or
current from the nominal fo < tine greater than 1 min. The term is usually further described using a
modifier indicating the < magn..ude of a voltage variation (e.g., undervoltage, overvoltage, voltage
interruption).

3.8 momentary interruption: A type of short-duration root-mean-square (rms) voltage variation where the
complete loss /ot altage (<0.1 pu) on one or more phase conductors is for a time period between 0.5 cycles
and 3 s.

3.9 ro  t-mean-square (rms) variation: A term often used to express a variation in the rms value of a
Ollag> Or current measurement from the nominal. See: sag, swell, momentary interruption, temporary
inv vrup ion, sustained interruption, undervoltage, overvoltage.

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