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European foreword

The text of document 2/1880/FDIS, future edition 1 of IEC 60034-27-4:2018, prepared by IEC/TC 2
"Rotating machinery" was submitted to the IEC-CENELEC parallel vote and approved by CENELEC
as EN IEC 60034-27-4:2018.

The following dates are fixed:

¢ latest date by which the document has to be (dop) 2018-12-29
implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2021-06-29
standards conflicting with the
document have to be withdrawn

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC shall not be held responsible for identifying any or all such patent rights.

Endorsement notice

The text of the International Standard IEC 60034-27-4:2018 was approved by CENELEC as a
European Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For

undated references, the latest edition of the referenced document (including any amendments)
applies.

NOTE 1 When an International Publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available here:
www.cenelec.eu.

Publication Year Title EN/HD Year
EC 60050-411 - International Electrotechnical Vocabulary - -

(IEV) - Chapter 411: Rotating machinery
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ROTATING ELECTRICAL MACHINES -

Part 27-4: Measurement of insulation resistance and polarization
index of winding insulation of rotating electrical machines

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). 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. 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 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 IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they have the latest edition of this publication.

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 60034-27-4 has been prepared by IEC technical committee 2:
Rotating machinery.

The text of this International Standard is based on the following documents:

FDIS Report on voting
2/1880/FDIS 2/1890/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.
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A list of all parts in the IEC 60034 series, published under the general title Rotating electrical
machines, can be found on the IEC website.

NOTE A table of cross-references of all IEC TC 2 publications can be found in the IEC TC 2 dashboard on the
IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION

This document provides guidelines for measurement of the insulation resistance and the
polarization index on stator and rotor winding insulation of rotating electrical machines. The
document also describes typical insulation resistance characteristics, the effect of influential
factors which impact or change these characteristics, and how these characteristics indicate
winding condition. It recommends minimum acceptable values of insulation resistance for AC
and DC rotating machine windings. Interpretation will depend on the nature of the insulation
materials — specifically if the insulation is of the thermoset or thermoplastic type.

Insulation resistance measurement has been recommended and used for over 50 years to
evaluate the condition of electrical insulation. It is recommended to track periodic
measurements, accumulated over months and years of service or in connection with servicing
and overhaul of rotating machines.

Empirical limits verified in practice can be used as a basis for evaluating the quality of stator
winding insulation systems in manufacturing. Furthermore, trend evaluation, e.g. diagnostic
tests as part of the functional evaluation of insulation systems or in connection with servicing
and overhaul of rotating machines, can also provide information on ageing processes,
possible repair options and the recommended time interval between tests. These
measurements give no indication of local weak points in the insulation system and the trend
evaluations cannot be used to predict the time to failure of the winding insulation.
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ROTATING ELECTRICAL MACHINES -

Part 27-4: Measurement of insulation resistance and polarization
index of winding insulation of rotating electrical machines

1 Scope

This part of IEC 60034 provides recommended test procedures for the measurement of
insulation resistance and polarization index of stator and rotor winding insulation of
rotating electrical machines.

This document recommends minimum acceptable values of insulation resistance and
polarization index of winding insulation valid for fully processed low and high voltage AC and
DC rotating electrical machines with a rated power of 750 W or higher.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60050-411, International Electrotechnical Vocabulary — Chapter 411: Rotating machinery

3 Terms and definitions

For the purposes of this document, the terms and definitions given in [EC 60050-411 and the
following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

o |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp

3.1

rated voltage

<for an electric machine> rated line-to-line voltage for a three-phase AC machine, line-to-
earth voltage for a single phase machine and rated direct voltage for DC machines or field
windings

3.2

insulation resistance

R.

<1|‘tor an electric machine> capability of the electrical insulation of a winding to resist direct
current and is determined by the quotient of the applied direct voltage divided by the total
current across the machine insulation, taken at a specified time t from start of voltage
application

Note 1 to entry: The voltage application time is usually 1 min (R,;) and 10 min (R;,,); however other values can be
used. Unit conventions: subscript values of 1 through 10 are assumed to be in minutes, subscript values of 15 and
greater are assumed to be in seconds.
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3.3

polarization index

PI

quotient of the insulation resistance measured at two different times, usually 74 =1 min and
t10- = 10 min after application of the direct voltage, that is an indicator of the condition of the
insulation

Note 1 to entry: Other times are discussed in Clause E.2.

3.4

polarization current

Ip

current resulting from polarization processes, which decays with time of DC voltage
application at a decreasing rate from an initial value to essentially zero

Note 1 to entry: The polarization current is also called absorption current.

3.5

conduction current

Ig

<for an electric machine> ohmic current that is constant with time and passes through the
bulk of the main insulation

3.6

surface leakage current

I

ohmic current that is constant with time and passes over the surface of the end windings of
the stator winding or between exposed conductors and the rotor body in insulated rotor
windings if there are depositions of conductive materials, e.g., moisture or contamination

3.7

capacitive current

Ic

<for an electric machine> current of comparatively high magnitude and short duration
(typically < 1 s), which decays exponentially with time of DC voltage application

3.8

stress control coating current

Ig

ohmic current that is constant with time, flowing in parallel to the surface leakage current
through a continuous stress control coating on the surface of the end winding insulation
between conductor and earth

3.9

total current

I

time dependent current, which is usually measured during insulation resistance measurement
and is the sum of all current components

Note 1 to entry: The total current is the basis for the determination of the insulation resistance R;; and the
polarization index PI.

3.10

polarity effect

effect of obtaining different values of the insulation resistance R;; when the polarity of the
insulation resistance meter leads are reversed

Note 1 to entry: This is observed when humidity is present in the insulation. It is caused by a phenomenon known
as electro-endosmosis.
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4 Insulation resistance — components and influence factors

The insulation resistance of a rotating machine winding is a function of the type and condition
of the insulating materials, the insulation system design and the techniques used to
manufacture the winding.

The insulation resistance is measured with DC voltage. The measurement of the resistance
over time provides information on current components caused by different physical
mechanisms. Figure 1 is a schematic showing the different direct current components.
Information on the various current components is provided in Annex A.

Voltage source with internal
and lead resistance

D . R = T DR

Ci ——C Cn
—
+
) A A A
_ Ir Ic I Ip I Is
Total current  Capacitive Conduction Polarization Surface leakage Stress control
current current current current coating current

IEC

Figure 1 — Equivalent circuit diagram of winding
insulation in a DC voltage test

5 Polarization index

The polarization index is the quotient of the insulation resistances measured at two different
times 74 = 1 min and ¢, = 10 min after application of direct voltage:

R
pr=-19 (1)
Rij

Variants of the polarization index definition with a quotient of insulation resistance of other
measuring times may be used in special applications and need to be indicated (see Annex E).
More measurement points during the 10 min interval may yield additional information.

The polarization index describes the variation of the IR between two specific points in time
and therefore, better than with a single insulation resistance value, it may indicate
contamination and/or moisture deposition on the winding, or absorbed moisture in the
winding. However, it may not indicate internal voids caused by improper impregnation or
thermal deterioration.

The polarization index can be used to estimate the suitability of the winding for application of
a voltage withstand test or for operation. It may provide information for assessing the
condition of the insulation system.

Owing to the negligible polarization currents in the time interval from 1 min to 10 min, the
determination of the polarization index may not apply for small machines with random-wound
windings, for the field windings in generator rotors, for non-insulated field and squirrel-cage
rotor windings and for DC machine armatures. Documents
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