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Abstract: The dc voltage tests procedures for the measurement of the insulation resistance and
polarization index of insulated stator, and rotor windings and how to interpret the results are
described in this recommended practice.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, 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.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. 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.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own 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.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations

The IEEE consensus development process involves the review of documents in English only. In the event
that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of 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 of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
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 comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document 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

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted 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 these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, 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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Updating of IEEE Standards documents

Users of IEEE Standards documents 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.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, 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 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-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.iece.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

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 by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. 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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Introduction

This introduction is not part of IEEE Std 43™-2013, IEEE Recommended Practice for Testing Insulation Resistance of
Electric Machinery.

Insulation resistance measurement has been recommended and used for more than half a century to
evaluate the condition of electrical insulation. Whereas individual insulation resistance measurements may
be of questionable value, the carefully maintained record of periodic measurements, accumulated over
months and years of service, is of unquestioned value as a measure of some aspects of the condition of the
electrical insulation. Originally, in 1950, this recommended practice was published by the AIEE as a guide
to present the various facets associated with the measurement and understanding of electrical insulation
resistance. The guide was revised in 1961 and again in 1974. During the 1970s, several changes were made
to the types of insulation used in electric rotating machines. The insulation resistance characteristics of
these newer THERMOSETTING insulation systems are different from the older THERMOPLASTIC
systems, and therefore required this substantial revision to the standard for measuring insulation resistance.
Other changes include the addition of further description of the testing theory and the removal of
suggestions regarding maintenance dry-out procedures for older windings (previously Annex A).
Recommendations for maintenance procedures are beyond the scope of this document. With this
publication as a recommended practice, the IEEE is presenting and recommending electrical insulation
resistance measurement as an important factor in monitoring the condition of electrical insulation in
rotating machinery.

This recommended practice describes the theory, procedure, and interpretation of the insulation resistance
test. It is intended for the following:

— Individuals or organizations who manufacture rotating machines

— Individuals or organizations who are responsible for the acceptance of new rotating machines

— Individuals or organizations who test and maintain rotating machines

— Individuals or organizations who operate rotating machines

This recommended practice is designed to help organizations and individuals

— Evaluate the condition of the electrical insulation used in rotating machines
—  Determine if the electrical insulation of a rotating machine is suitable for return-to-service

—  Determine if the electrical insulation of a rotating machine is suitable for high-potential testing

This recommended practice is intended to satisfy the following objectives:

— Promote consistency for insulation test procedures and interpretations
— Provide useful information on proper application of the insulation resistance test

— Provide useful information on the technical theory of insulation resistance testing
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IEEE Recommended Practice for Testing Insulation Resistance of

Retating Electric Machinery

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or

environmental protection, or ensure against interference with or from other devices or networks.

Implementers of IEEE Standards documents are responsible for determining and complying with all

appropriate safety, security, environmental, health, and interference protection practices and all

applicable laws and regulations.

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

This document describes a recommended procedure for measuring insulation resistance of armature
and field windings in rotating machines rated +-hp,-750 W or greater. It applies to synchronous
machines, induction machines, dc machines, and synchronous condensers. It does not apply to

fractional-horsepower machines.

The document also describes typical insulation resistance characteristics of rotating machine
windings and how these characteristics indicate winding condition. It recommends minimum

acceptable values of insulation resistance for ac and dc rotating machine windings.
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Other IEEE standards that include information on insulation resistance measurement are listed in

Clause 2.

1.2 Purpose

The purpose of this recommended practice is to address the following:

a) Define insulation resistance and polarization index testing of the winding of a rotating

machine.

b) Review the factors that affect or change insulation resistance characteristics.

¢) Recommend uniform test conditions.

d) Recommend wuniferm information methods for measuring insulation resistance with

precautions to avoid erroneous results.

e) Provide a basis for interpreting insulation resistance test results to estimate winding
suitability for service or for an overvoltage test. In particular, this standard describes typical

insulation problems detected by the insulation resistance test.

f) Present recommended minimum acceptable insulation resistance values and polarization

indices for various types of rotating machines.
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2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in text and its relationship

to this document 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.

ASTM F855, 97et Standard Specifications for Temporary Protective Grounds to Be Used on De-

1
energized Electric Power Lines and Equipment.”

IEC 60085, Electrical insulation — Thermal evaluation and designation.?

IEEE Std 1™, IEEE Standard General Principles for Temperature Limits in the Rating of Electric

Equipment and for Evaluation of Electrical Insulation.? ¢

TASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,

PA 19428-2959, USA (http://www.astm.org/)

2 [EC publications are available from the International Electrotechnical Commission (http://www-.iec.ch/). IEC publications are also

available in the United States from the American National Standards Institute (http://www.ansi.or

3 The IEEE standards or products referred to in this clause are trademarks of The Institute of Electrical and Electronics Engineers

Inc.

4TEEE publications are available from The Institute of Electrical and Electronics Engineers (http://standards.ieee.org/).
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IEEE Std 561977 (Reaff1991),™, JEEE Guide for Insulation Maintenance of Large Alternating-

Current Rotating Machinery (10 000 kVA and Largen‘).s'_45

IEEE Std 62.234995EEE-™, Guide for Diagnostic Field Testing of Electric Power Apparatus — Partd:
Oil-Filled Electrical Machinery.

IEEE Std 67-1990-Reatf 19955, ™, IEEE Guide for Operation and Maintenance of Turbine Generators.

IEEE Std 951977 {Reatf 1991 ™, Recommended Practice for Insulation Testing of Large AC Rotating
Electric Machinery (2300 V and above) with High Direct Voltage.®

IEEE Std 510™, Recommended Practice for Safety in High Voltage and High-Power Testing.

NEMA MG-1, Motors and Generators.®

5 Presently under revision.

¢ NEMA publications are available from Global Engineering Documents (http://global.ihs.com/).
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3. Definitions

For the purposes of this recommended—praetice document, the following terms and definitions
apply. The IEEE Dietio-nary-of Eleectrical-and Eleetronies FermsStandards Dictionary Online should be

7
referenced consulted for terms not defined in this clause.”

absorption{pelarization) current (Ia): A current resulting from molecular polarizing and electron

drift, which decays with time of voltage application at a decreasing rate from a comparatively high

initial value to nearly zero, and depends on the type and condition of the bendingmaterial used-in

the-insulation system.

conduction current (I¢): A current that is constant in time, that passes through the bulk insulation
from the grounded surface to the high-voltage conductor, and that depends on the type of bending
material-used-in-the-insulation system.

7 IEEE Standards Dictionary Online subscription is available at:

http://www.ieee.org/portal/innovate/products/standard/standards dictionary.html.
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electroendosmosis effect: A phenomenon occasionally observed, more often on older_thermoplastic
(e.g., asphaltic) windings, when, in the presence of moisture, different insulation resistance values
may be obtained when the polarity of the tester leads are reversed. Typically for older wet windings,
the insulation resistance for reverse positive polarity, where the greund positive lead is connected to
the winding and the negative voltage lead to ground, is much higher than for nermal the opposite
polarity.

geometric capacitive current (Ic): A reversible current of comparatively high magnitude and short

duration, which decays exponentially with time of voltage application, and which depends on the

internal resistance of the measuring instrument and the geometric capacitance of the winding.

insulation resistance (IR:): The capability of the electrical insulation of a winding to resist direct
current. The quotient of applied direct voltage of negative polarity divided by current across
machine insulation, corrected to 40 °C, and taken at a specified time (f) from start of voltage
application. The voltage application time is usually 1 min (IR1) or 10 min (IRiw0), 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.

insulation resistance profile (IRP): Insulation Resistance Profile (IRP) is a graph of the IR where the

IR is plotted in discrete time increments (such as 5 seconds) over a specified time period (typically 10

min).
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polarization index (P.I.n/2): Variation in the value of insulation resistance with time. The quotient of
the insulation resistance at time (f2) divided by the insulation resistance at time (t1). If times ¢2 and #1
are not specified, they are assumed to be 10 min and 1 min, respectively. Unit conventions: values of
1 through 10 are assumed to be in minutes, values of 15 and greater are assumed to be in seconds

(e.g., P.Leosis refers to IReos/IR1ss )

surface leakage current (Ir): A current that is constant with time, and which usually exists over the
surface of the end-turns of the stator winding or between exposed conductors and the rotor body in
insulated rotor windings. The magnitude of the surface leakage current is dependent upon
temperature and the amount of conductive material, e.g., moisture or contamination on the surface

of the insulation.

4.  Safety considerations

Insulation resistance testing involves the application of high-—-direct voltages to machine windings.
These windings have capacitive and inductive properties that can lead to hazards that may not be

readily apparent. It is not possible to cover all safety aspects in this recommended practice and test

personnel should consult IEEE Std 510—1—988»;6; ASTM F855-9%Zel; manufacturers’ instruction manuals;

and union, company, and government regulations.
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Before any testing is conducted, the winding insulation must be discharged. It is not safe to begin
testing before the discharge current is almost zero and there is no discernible return voltage (less

than approximately 20 V) after the ground is removed-_(in general, the winding should not be left

ungrounded). After completion of the test, the winding should be discharged through a suitable
resistor, sized to limit the instantaneous current-te-+-A. A minimum discharge time, which is equal
to four times the voltage application duration, is recommended. This time interval is based on the R
(resistive), L (inductive), C (geometric capacitive), and absorptive characteristics of the circuit during
charging (time of the application of the voltage) and discharging (elapsed time since the removal of
the voltage source and subsequent grounding of the winding under test). It is important to
remember that the testing is not complete until the winding is discharged and there is no discernible
voltage. It is recommended that subsequent-ae-high-petential testing not be conducted until the
winding is fully discharged.

During the test period, all appropriate safety measures for the voltages being used mustshall be
taken. Eor-test-voltages-5000-V-—and-abeve~The lead between the test set and the winding must be
appropriately insulated and spaced from ground; otherwise, surface leakage currents and corona
loss may introduce errors in the test data. For safety considerations, and to avoid measuring stray

currents, the leads may be shielded.

Restriction of personnel access to the high voltages is mandatory. Use of personal protective
equipment is recommended, as is the use of hot sticks, insulated ladders, etc. If accessible, the phase
neutral and line ends of each winding should be connected together during the test to minimize the

effect of high-voltage surge reflections that may result from a winding failure.

The safety measures described are by no means exelusive-all encompassing. These are meant only to

signify the nature of the hazards involved. It is the responsibility of the users of the test equipment
to completely ascertain the possible hazards involved in the testing, to protect personnel from harm,

and to eliminate the risk of damage to the equipment.
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5.  Insulation resistance —general theory

The insulation resistance of a rotating machine winding is a function of the type and condition of the

insulating materials used, as well as-their-application-techniques used to apply them. In general, the

insulation resistance varies proportionately with the insulation thickness and inversely with

proportionately to the conductor surface area.
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5.1 Components of the measured direct current

The insulating system of a stator winding is comprised of numerous interfaces, which exist between

different materials such as mica, glass and polymer matrix of either epoxy or polyester. As a

consequence, the electrical conduction process is principally controlled by the interfacial

polarization mechanism. When a direct-voltage field is suddenly applied across a stator winding

insulating system, space charge build-up occurs at the interfaces due to the difference in the

permittivity’s and conductivities of the contiguous dielectric materials forming the interfaces (see

[B1] and [B2]). First, a rapid voltage division is established across the two abutting dielectrics at the

interface because of their difference in permittivity. This is manifest by an almost instantaneous

capacitive current, I, whose duration is too short to influence the shape of the overall current and

thus does not influence the one minute resistivity measurement. This capacitive current decreases

exponentially with a time constant equal to the product of the winding’s capacitance and the

instrumental resistance. The voltage drops across the two dissimilar dielectric layers, constituting

the interface, that are characterized by two distinctly different conductivities, lead to the

development of two currents of unequal magnitude. This causes charge accumulation or trapping at

the interface until the counter field created by the trapped space charge equalizes the currents in the

adjacent dielectric strata. The time constant of this process, which is a measure of the time required

to_achieve equalization of the current magnitudes, is contingent upon the permittivities and

conductivities as well as the geometry of the contiguous strata forming the interface. Since there is a

multiplicity of dissimilar interfaces within the insulating systems of a stator winding, the overall

interfacial polarization mechanism within the insulating systems can be only adequately described

by a distribution of relaxation times and, consequently, it is not possible to represent the conduction

process in a stator bar by a simplistic RC lumped circuit (see Figure 1). Note that the behavior is still

further compounded in its complexity in that a similar interfacial polarization mechanism may also

take place at the semi-conducting shield and the insulating material interfaces.
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