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Abstract: This standard adopts IEC 60270:2000 and defines methods of measuring partial
discharges that may occur in energized power switchgear apparatus, in flaws, voids, and
interfaces of non-self restoring insulation that may lead to dielectric failure of the switchgear.
Keywords: adoption, calibration, Corona, dielectric tests, instrumentation, partial discharge,
switchgear
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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. 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 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. Comments on standards and requests for interpretations should be submitted to the
following address:

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 C37.301-2009, IEEE Standard for High-Voltage Switchgear (Above 1000 V)
Tests—Partial Discharge Measurements.

A partial discharge is a localized dielectric breakdown of a section of dielectrically stressed insulation path
that occurs generally in voids, cracks, or interfaces within that insulating system or from the sharp edges of
energized apparatus parts. These discharges may or may not exhibit a glow discharge, based on location
and the intensity of these discharges.

The classic form of Corona is usually denoted by a visual glow or dielectric breakdown of the insulating air
or gas around overstressed conductors or the sharp edges of energized apparatus parts. Radio influence
voltage (RIV) measurements are made to determine the extent of radio interference generated by this
Corona and the corrective measures that should be made. This Corona, when associated with the self-
restoring insulation of the apparatus, may not necessarily contribute to insulation damage.

In contrast, other types of partial discharges are localized dielectric breakdowns of a section in an insulation
path where the discharges occur in voids, cracks, or interfaces of solid and/or solid/gas dielectrics. These
localized discharges are undesirable because of the possible deterioration of that insulation with the
formation of ionized gas due to this breakdown that may accumulate at or in a critical stress region. This
generally involves non-self-restoring insulation that may be subject to permanent damage.

Partial discharge measurements may be made on the basis of the resultant momentary change in the voltage
at the terminals of the device. Such a change may be expressed as a voltage change (RIV in microvolts) or
by calibration as an apparent charge. When injected between the terminals of the device, this apparent
charge, measured in picocoulombs (pC), would cause the same voltage change as that resulting from the
partial discharge.

The initial efforts at measuring partial discharge levels on apparatus to provide acceptance criteria between
user and manufacturer utilized NEMA 107-1987, Methods of Measurement of Radio Influence Voltage
(RIV) of High-Voltage Apparatus. However, it has been determined that this narrow frequency band
measuring system has limitations and that measuring partial discharges in terms of apparent charge has
many advantages over that of the RIV approach. These advantages include the following:

a) The internal and stray capacitance of differing switchgear and/or components is accounted for by
the calibration procedure. Thus, the measured value is related to the partial discharge level.

b) The partial discharge measurements are, in most cases, not affected by local radio broadcast
signals. It should be noted that apparent charge measurements may be made on either a wide-band
or narrow-band basis.

Partial discharge measurement is recognized as a helpful mean to ascertain the insulation quality. Most
IEEE standards developed by the Recloser and Other Distribution Equipment subcommittee (RODE) of the
IEEE Switchgear Committee now specify partial discharge measurement as a design (type) test and
production (routine) test on equipment that use a non self-restoring dielectric as the primary insulation.

This standard is intended to supersede the IEEE Std 1291™-1993, IEEE Guide for Partial Discharge
Measurement in Power Switchgear. This standard adopts the IEC 60270:2000 as the base document and
forms main part of this standard. Specific IEEE requirements for switchgear are contained in normative
Annex 1. Other useful data on pattern recognition is given in informative Annex J. Informative Annex K
contains a bibliography.
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Notice to users

Laws and regulations

Users of these documents should consult all applicable laws and regulations. Compliance with the
provisions of this standard 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

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 website 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 website at http://standards.icee.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.

Interpretations

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/icee/interp/
index.html.
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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 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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determining appropriate safety, security, environmental, and health practices or regulatory
requirements.
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Numérotation des publications

Depuis le 1er janvier 1997, les publications de la CEI
sont numérotées a partir de 60000. Ainsi, la CEIl 34-1
devient la CEI 60034-1.

Editions consolidées

Les versions consolidées de certaines publications de la
CEl incorporant les amendements sont disponibles. Par
exemple, les numéros d’édition 1.0, 1.1 et 1.2 indiquent
respectivement la publication de base, la publication de
base incorporant 'amendement 1, et la publication de
base incorporant les amendements 1 et 2.

Informations supplémentaires
sur les publications de la CEI

Le contenu technique des publications de la CEI est
constamment revu par la CEl afin qu'il reflete I'état
actuel de la technique. Des renseignements relatifs a
cette publication, y compris sa validité, sont dispo-
nibles dans le Catalogue des publications de la CEI
(voir ci-dessous) en plus des nouvelles éditions,
amendements et corrigenda. Des informations sur les
sujets a I’étude et I'avancement des travaux entrepris
par le comité d’études qui a élaboré cette publication,
ainsi que la liste des publications parues, sont
également disponibles par I'intermédiaire de:

e Site web de la CEl (www.iec.ch)
e Catalogue des publications de la CEI

Le catalogue en ligne sur le site web de la CEI
(www.iec.ch/catlg-f.htm) vous permet de faire des
recherches en utilisant de nombreux critéres,
comprenant des recherches textuelles, par comité
d’études ou date de publication. Des informations
en ligne sont également disponibles sur les
nouvelles publications, les publications rempla-
cées ou retirées, ainsi que sur les corrigenda.

. IEC Just Published

Ce résumé des derniéres publications parues
(www.iec.ch/JP.htm) est aussi disponible par
courrier électronique. Veuillez prendre contact
avec le Service client (voir ci-dessous) pour plus
d’informations.

. Service clients

Si vous avez des questions au sujet de cette
publication ou avez besoin de renseignements
supplémentaires, prenez contact avec le Service
clients:

Email: custserv@iec.ch
Tél:  +41 22919 02 11

Fax: +41 2291903 00

Publication numbering

As from 1 January 1997 all IEC publications are
issued with a designation in the 60000 series. For
example, IEC 34-1 is now referred to as IEC 60034-1.

Consolidated editions

The IEC is now publishing consolidated versions of its
publications. For example, edition numbers 1.0, 1.1
and 1.2 refer, respectively, to the base publication,
the base publication incorporating amendment 1 and
the base publication incorporating amendments 1
and 2.

Further information on IEC publications

The technical content of IEC publications is kept
under constant review by the IEC, thus ensuring that
the content reflects current technology. Information
relating to this publication, including its validity, is
available in the IEC Catalogue of publications
(see below) in addition to new editions, amendments
and corrigenda. Information on the subjects under
consideration and work in progress undertaken by the
technical committee which has prepared this
publication, as well as the list of publications issued,
is also available from the following:

e |IEC Web Site (www.iec.ch)
e Catalogue of IEC publications

The on-line catalogue on the IEC web site
(www.iec.ch/catlg-e.htm) enables you to search
by a variety of criteria including text searches,
technical committees and date of publication. On-
line information is also available on recently
issued publications, withdrawn and replaced
publications, as well as corrigenda.

. IEC Just Published

This summary of recently issued publications
(www.iec.ch/JP.htm) is also available by email.
Please contact the Customer Service Centre (see
below) for further information.

. Customer Service Centre

If you have any questions regarding this
publication or need further assistance, please
contact the Customer Service Centre:

Email: custserv@iec.ch
Tel: +41 22919 02 11

Fax: +41 2291903 00
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE TEST TECHNIQUES -
PARTIAL DISCHARGE MEASUREMENTS

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

2) The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

3) The documents produced have the form of recommendations for international use and are published in the
form of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

4) In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

5) The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

6) Attention is drawn to the possibility that some of the elements of this International Standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 60270 has been prepared by IEC technical committee 42: High-
voltage test techniques.

This third edition cancels and replaces the second edition published in 1981 of which it
constitutes a technical revision.

The text of this standard is based on the following documents:

FDIS Report on voting

42/162/FDIS 42/165/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
Annex A forms an integral part of this standard.
Annexes B, C, D, E, F and G are for information only.

Terms used throughout this standard which have been defined in clause 3: bold roman type.
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The committee has decided that the contents of this publication will remain unchanged until
2008. At this date, the publication will be

* reconfirmed;

e withdrawn;

* replaced by a revised edition, or

+ amended.
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HIGH-VOLTAGE TEST TECHNIQUES -
PARTIAL DISCHARGE MEASUREMENTS

1 Scope

This International Standard is applicable to the measurement of partial discharges which
occur in electrical apparatus, components or systems when tested with alternating voltages
up to 400 Hz or with direct voltage.

This standard

— defines the terms used;

— defines the quantities to be measured;

— describes test and measuring circuits which may be used;

— defines analogue and digital measuring methods required for common applications;

— specifies methods for calibration and requirements of instruments used for calibration;

— gives guidance on test procedures;

— gives some assistance concerning the discrimination of partial discharges from external
interference.

The provisions of this standard should be used in the drafting of specifications relating to
partial discharge measurements for specific power apparatus. It deals with electrical
measurements of impulsive (short-duration) partial discharges, but reference is also made
to non-electrical methods primarily used for partial discharge location (see annex F).

Diagnosis of the behaviour of specific power apparatus can be aided by digital processing of
partial discharge data (see annex E) and also by non-electrical methods that are primarily
used for partial discharge location (see annex F).

This standard is primarily concerned with electrical measurements of partial discharges
made during tests with alternating voltage, but specific problems which arise when tests are
made with direct voltage are considered in clause 11.

The terminology, definitions, basic test circuits and procedures often also apply to tests with
other frequencies, but special test procedures and measuring system characteristics, which
are not considered in this standard, may be required.

Annex A provides normative requirements for performance tests on calibrators.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 26,2026 at 15:56:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE C37.301-2009


http://www.avadocuments.com/doc/ieee-c37-301-2009
http://www.avadocuments.com/doc/ieee-c37-301-2009

60270 © IEC:2000 -9-

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies.
Members of IEC and ISO maintain registers of currently valid International Standards.

IEC 60060-1, High-voltage test techniques — Part 1: General definitions and test
requirements.

IEC 60060-2, High-voltage test techniques — Part 2: Measuring systems

CISPR 16-1:1993, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1: Radio disturbance and immunity measuring apparatus

3 Definitions

For the purpose of this International Standard, the following definitions apply.

31

partial discharge (PD)

localized electrical discharge that only partially bridges the insulation between conductors
and which can or can not occur adjacent to a conductor

NOTE 1 Partial discharges are in general a consequence of local electrical stress concentrations in the
insulation or on the surface of the insulation. Generally, such discharges appear as pulses having a duration of
much less than 1 pus. More continuous forms can, however, occur, such as the so-called pulse-less discharges in

gaseous dielectrics. This kind of discharge will normally not be detected by the measurement methods described
in this standard.

NOTE 2 "Corona" is a form of partial discharge that occurs in gaseous media around conductors which are
remote from solid or liquid insulation. "Corona" should not be used as a general term for all forms of PD.

NOTE 3 Partial discharges are often accompanied by emission of sound, light, heat, and chemical reactions.
For further information, see annex F.

3.2

partial discharge pulse (PD pulse)

current or voltage pulse that results from a partial discharge occurring within the object
under test. The pulse is measured using suitable detector circuits, which have been
introduced into the test circuit for the purpose of the test

NOTE A partial discharge which occurs in the test object produces a current pulse. A detector in accordance
with the provisions of this standard produces a current or a voltage signal at its output, proportional to the charge
of the current pulse at its input.
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3.3
quantities related to partial discharge pulses

3.3.1

apparent charge g

of a PD pulse is that charge which, if injected within a very short time between the terminals
of the test object in a specified test circuit, would give the same reading on the measuring
instrument as the PD current pulse itself. The apparent charge is usually expressed in
picocoulombs (pC)

NOTE The apparent charge is not equal to the amount of charge locally involved at the site of the discharge,
which cannot be measured directly.

3.3.2

pulse repetition rate n

ratio between the total number of PD pulses recorded in a selected time interval and the
duration of this time interval

NOTE In practice, only pulses above a specified magnitude or within a specified range of magnitudes are
considered.

3.3.3
pulse repetition frequency N
number of partial discharge pulses per second, in the case of equidistant pulses

NOTE Pulse repetition frequency N is associated with the situation in calibration.

3.34

phase angle ¢ and time t; of occurrence of a PD pulse
is

@ = 360 (/T)
where fj is the time measured between the preceding positive going transition of the test

voltage through zero and the partial discharge pulse and T is the period of the test voltage
The phase angle is expressed in degrees (°).

3.3.5

average discharge current /

derived quantity and the sum of the absolute values of individual apparent charge
magnitudes q; during a chosen reference time interval T,¢f divided by this time interval:

I=Tr1:(|q1|+|q2|+...+|qi|)

The average discharge current is generally expressed in coulombs per second (C/s) or in
amperes (A).
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3.3.6

discharge power P

derived quantity that is the average pulse power fed into the terminals of the test object due
to apparent charge magnitudes g; during a chosen reference time interval Tig:

P= (qquq +qouyp + ...+ qu;)

ref

where u4, Us... uj are instantaneous values of the test voltage at the instants of occurrence ¢
of the individual apparent charge magnitudes q;. The sign of the individual values must be
observed

The discharge power is generally expressed in watts (W).

3.3.7
quadratic rate D
derived quantity that is the sum of the squares of the individual apparent charge magnitudes
qi during a chosen reference time interval T,.¢f divided by this time interval:
1
7-ref

D:

(g2 +q2+..+q2)
The quadratic rate is generally expressed in (coulombs)?2 per second (C2/s).

3.3.8

radio disturbance meter

quasi-peak measuring receiver for frequency band B in accordance with the provisions of
CISPR 16-1:1993

NOTE This type of instrument was earlier called a radio interference (or influence) meter.

3.3.9

radio disturbance voltage Urpy

derived quantity that is the reading of a radio disturbance meter when used for indicating
the apparent charge g of partial discharges. For further information, see 4.5.6 and annex D

The radio disturbance voltage Urpy is generally expressed in pV.

3.4

largest repeatedly occurring PD magnitude

largest magnitude recorded by a measuring system which has the pulse train response as
specified in 4.3.3

The concept of the largest repeatedly occurring PD magnitude is not applicable to tests
with direct voltage.

3.5

specified partial discharge magnitude

largest magnitude of any quantity related to PD pulses permitted in a test object at a
specified voltage following a specified conditioning and test procedure. For alternating
voltage tests, the specified magnitude of the apparent charge g is the largest repeatedly
occurring PD magnitude

NOTE The magnitude of any PD pulse quantity can vary stochastically in successive cycles and also show a
general increase or decrease with time of voltage application. The specified PD magnitude, the test procedure

and also the test circuit and instrumentation should therefore be appropriately defined by the relevant technical
committees.
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3.6
background noise
signals detected during PD tests, which do not originate in the test object

NOTE Background noise can be composed of either white noise in the measurement system, broadcast radio or
other continuous or impulsive signals. For further information, see annex G.

3.7
applied test voltages related to partial discharge pulse quantities
as defined in IEC 60060-1. The following voltage levels are of particular interest

3.71

partial discharge inception voltage U;

applied voltage at which repetitive partial discharges are first observed in the test object,
when the voltage applied to the object is gradually increased from a lower value at which no
partial discharges are observed

In practice, the inception voltage U, is the lowest applied voltage at which the magnitude of a
PD pulse quantity becomes equal to or exceeds a specified low value.

NOTE For tests with direct voltage, the determination of U; needs special considerations. See clause 11.

3.7.2

partial discharge extinction voltage U,

applied voltage at which repetitive partial discharges cease to occur in the test object, when
the voltage applied to the object is gradually decreased from a higher value at which PD
pulse quantities are observed

In practice, the extinction voltage Ug is the lowest applied voltage at which the magnitude of
a chosen PD pulse quantity becomes equal to, or less than, a specified low value.

NOTE For tests with direct voltage, the determination of U, needs special considerations. See clause 11.

3.7.3

partial discharge test voltage

specified voltage, applied in a specified partial discharge test procedure, during which the
test object should not exhibit PD exceeding a specified partial discharge magnitude

3.8
partial discharge measuring system
system consisting of a coupling device, a transmission system and a measuring instrument

3.9
measuring system characteristics
The following definitions refer to measuring systems as specified in 4.3

3.91

transfer impedance Z(f)

ratio of the output voltage amplitude to a constant input current amplitude, as a function of
frequency f, when the input is sinusoidal
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