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This is a Redline document
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Redlines are designed to save time and improve productivity by using the latest
software technology to find and highlight document changes from one edition to
the next. It includes a full-text version of the new document, plus an indication
of changes from the previous version.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases,
only the current base version of this publication is to be considered the official
document. This Redline is produced solely by Accuris. The publisher has not
prepared this Redline and is not responsible for its accuracy.

Contact:
https://store.accuristech.com/pages/contact.html
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Redline Processing Notes:

1. Red-Fext - Red strikethrough text denotes deletions.

2. Blue Text - Blue underlined text denotes modifications and additions.
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Abstract: Covered in this recommended practice are power factor and power factor tip-up testing
of stator coils and bars for use in large electric machinery. This document also defines power factor,
tangent delta, dissipation factor, and conversions between these values.

Keywords: cell capacitance, coil, dissipation, electric generators, IEEE 286, power factor, stator
bar, stator winding, tan delta, tangent delta
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within IEEE Societies and subcommittees of IEEE Standards
Association (IEEE SA) Board of Governors. IEEE develops its standards through an accredited consensus
development process, which brings together volunteers representing varied viewpoints and interests to
achieve the final product. IEEE standards are documents developed by volunteers with scientific, academic,
and industry-based expertise in technical working groups. Volunteers are not necessarily members of IEEE
or IEEE SA 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 makes no warranties or representations concerning its standards, and expressly disclaims all warranties,
express or implied, concerning this standard, including but not limited to the warranties of merchantability,
fitness for a particular purpose and non-infringement IEEE Standards documents do not guarantee safety,
security, health, or environmental protection, or guarantee against interference with or from other devices
or networks. In addition, IEEE does not warrant or represent that the use of the material contained in its
standards is free from patent infringement. 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 their
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: THE
NEED TO PROCURE 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.
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Translations

The IEEE consensus balloting 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 is the approved IEEE standard.

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, nor 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 the
presenter’s views should be considered the personal views of that individual rather than the formal position
of IEEE, IEEE SA, the Standards Committee, or the Working Group. Statements made by volunteers may not
represent the formal position of their employer(s) or affiliation(s).

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 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 subcommittees of the IEEE SA Board of Governors
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 evaluating comments or in revisions to an IEEE standard is welcome
to join the relevant IEEE working group. You can indicate interest in a working group using the Interests tab in
the Manage Profile & Interests area of the IEEE SA myProject system.! An IEEE Account is needed to access
the application.

Comments on standards should be submitted using the Contact Us form.?

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 constitute 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.

Data privacy

Users of IEEE Standards documents should evaluate the standards for considerations of data privacy and
data ownership in the context of assessing and using the standards in compliance with applicable laws and
regulations.

!Available at: https://development.standards.ieee.org/myproject-web/public/view.html#landing.
Available at: https://standards.iece.org/content/icee-standards/en/about/contact/index.html.
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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, neither IEEE nor its licensors waive any rights in copyright
to the documents.

Photocopies

Subject to payment of the appropriate licensing fees, 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; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

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 10 years. When a document is more than 10 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 IEEE Xplore or contact IEEE.? For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website.* Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents
IEEE standards are developed in compliance with the IEEE SA Patent Policy.’
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

3Available at: https://ieeexplore.iece.org/browse/standards/collection/ieee.
4Available at: https://standards.ieee.org/standard/index.html.
’Available at: https://standards.iece.org/about/sasb/patcom/materials.html.
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filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the IEEE
SA Website at https://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.

IMPORTANT NOTICE

Technologies, application of technologies, and recommended procedures in various industries evolve over
time. The IEEE standards development process allows participants to review developments in industries,
technologies, and practices, and to determine what, if any, updates should be made to the IEEE standard.
During this evolution, the technologies and recommendations in IEEE standards may be implemented in ways
not foreseen during the standard’s development. IEEE standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users 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.
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Introduction

This introduction is not part of IEEE Std 286-2024, IEEE Recommended Practice for Measurement of Power Factor
Tip-Up of Electric Machinery Stator Coil Insulation.

This power factor tip-up test for stator coils and windings has been used by electric machinery manufacturers
and users since the original standard was issued in 1968.

In this updated revision, this recommended practice has been modernized with enhanced graphics and has
been updated to reflect current terminology. A new clause on the theory of measurement was added to describe
the digital power factor measurement method now available. Additional clarification of the term ohms per
square is provided for the user.
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IEEE Recommended Recommend Practice for Measurement of Power

Factor Tip-Up of Electric Machinery Stator Coil Insulation
1 Overview

1.1 Scope

This recommended practice applies to stator coils or bars (half coils) of electric machinery operating
at any voltage level. It usually applies to machines with a voltage rating of 6 kV and higher.
Individual stator coils outside a core (uninstalled), individual stator coils installed in a core, and

completely wound stators are covered in this recommended practice.

The tests apply to all coil insulation systems: pre-impregnated coils, post impregnated coils (global

vacuum pressure impregnation), and fully-loaded (resin-rich) taped coils. This recommended

practice is not applicable to non-impregnated individual coils.

The coil insulation under test is the major groundwall insulation that is external to the conductor
structure. Only that part of the strand and turn insulation that is dielectrically in series with the
groundwall insulation enters into the measurements. When testing individual coils and utilizing
guard electrodes, only that part of the groundwall insulation under the low voltage electrode (outer

electrode) enters into the measurement.
1.2 Purpose

The purpose of this recommended practice is to describe the power factor and the power factor tip-

up of electric machinery the—eeil insulation and to specify recommended test procedures for their

measurements.
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1.3 Word usage

2. References

The word felewingpublieations shall indicates mandatory requirements strictly to be followed used

in order to conform to the eenjunetionwith-this standard and from which no deviation is permitted (

shall equals is
required t0).%” apphy

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

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.

® The use of the word must is deprecated and cannot be used when stating mandatory requirements; must is used only to describe

unavoidable situations.

7 The use of will is deprecated and cannot be used when stating mandatory requirements; will is only used in statements of fact.
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ASTM D150-98, Standard Test Methods for AC Loss Characteristics and Permittivity (Dielectric

Constant) of Solid Electrical Insulation. 8+

IEEE Std 4™-1995, IEEE Standard Feehnigues for High-Voltage Testing Techniques.”!? {ANSH:?

IEEE Std 43™-2000, IEEE Recommended Practice for Testing Insulation Resistance of Rotating

Machinery.

8+ ASTM publications are available from the ASTM AmericanSecietyfor Festingand Materials100-Barr Harbor DriveWoest
Conshohoeken, PA19428-2059 USA (http://www.astm.org/).

22 IEEE publications are available from The Institute of Electrical and Electronics Engineers 445 Hoes—LaneR-O—Beox—1331,

Piseataway-INJ-08855-133LUSA (http:// www.standards.ieee.org/).

10 The IEEE standards or products referred to in Clause 2 are trademarks owned by The Institute of Electrical and Electronics

Engineers, Incorporated.
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3. Definitions

For the purposes of this document recommended—practice, the following terms and definitions

apply. The IEEE Standards Dictionary Online $086* should be consulted refereneed for terms not

defined in this clause.X

The electrical equivalent circuit for an insulation system with a dielectric loss can be represented by
either a parallel or a series arrangement of passive components. Both representations are given in
Figure 1 and Figure 2. The insulation is represented by a lossless capacitor, and a resistor represents

the dielectric loss.

To maintain consistency throughout this standard, the terms power factor and power factor tip-up
are used. This is done with the understanding these terms may be used interchangeably with the
terms dissipation factor and delta tangent delta, respectively. The specific definitions for these terms

are given later in this clause seetion.

Comparison of the power factor and dissipation factor for phase angles and complementary loss

angles is given in Table 1.

As is shown in this table, the two measurements are very nearly the same for a specimen with a
power factor or dissipation factor of 0.1000 or less. The following equations show how power factor

and dissipation factor can be converted into one another:

DF
PF = —— 1
Y1+ DF?” @

DF = P—,L (2}
V1+PF*

U JEEE Standards Dictionary Online is available at: http://dictionary.ieee.org. An IEEE account is required for access to the dictionary

and one can be created at no charge on the dictionary sign-in page.

4 Infe ion-on_referencascanbe found-in Clause2

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 25,2026 at 08:20:30 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 286-2024


http://www.avadocuments.com/doc/ieee-286-2024
http://www.avadocuments.com/doc/ieee-286-2024

1
R [ —
FenCp PGy
V
A § |
VO)Cp
6
VG Vv
> -
4 is the applied ac voltage
I is the ac current
Cp is the parallel capacitance
G isequivalentacconductanee
Rp is the equivalent ac parallel resistance resistor
Gr is the equivalent ac parallel conductance
Xp is the equivalent ac complex parallel reactance
@ is 27tf (for a sinusoidal wave)
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0 is the phase angle

0 is the loss angle

Figure 1—Parallel circuit and vector diagram
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4 is the applied ac voltage
I is the ac current
Cs is the parallel capacitance

Rs is the equivalent ac series resistance eonductanece

Xs is the equivalent ac complex series reactance parallel-resistor
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@ is 27tf (for a sinusoidal wave)
0 is the phase angle

0 is the loss angle

Figure 2—Series circuit and vector diagram

Table 1—Comparison of power factor and dissipation factor

Power factor, Phase angle, Complementary Dissipation Difference
cos B 8, degree loss angle, factor, tan &
8, degree

(0.000 000 20.000 00 0.000 00 (0.00000 (0 part in 10%
0.005 000 89.713 520 0.286 480 0.005 000 <=1 part in 10°
0.010000 89427033 0.572 967 0.010 Q00 <=1 part in 10°
0.020 000 88.854 008 1.145 992 0.020 004 + 4 parts m 10°
0.050 000 87.134 016 2 865 084 0.050 063 =63 parts in 10¢
0.100 000 84.260 830 5739170 0.100 504 + 504 parts in 10°
1.000 000 0.000 000 90.000 000 infinity

capacitance: That property of a system of conductors and dielectrics that permits the storage of
electrically separated charges when potential differences exist between the conductors. Capacitance,
C, is the ratio of a quantity, g, of electrical charge stored in a capacitor to the potential difference, V.

The SI unit of capacitance is the farad, which is equal to one coulomb per volt.

|y

(3)

complex relative permittivity, complex relative capacitivity (e*): If a dielectric medium is lossy, the

relative permittivity under sinusoidal excitation can be represented by a complex number:

gt =g Tje" = Jje CIJ {4}

where

Y is admittance of a given configuration of electrodes with the dielectric material
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wCo is admittance with the electrodes in vacuum

In general, the complex relative permittivity will depend upon the frequency of excitation.

corona: Visual luminous discharge caused by ionization of the air surrounding a conductor with or

without insulation caused by a voltage gradient exceeding a certain critical value.

delta tan delta (A tan 8): Increment in the dielectric dissipation factor, tan d, of the insulation

measured at two designated voltages (see Figure 3).
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Figure 3—Power factor versus voltage, x Un kV

dielectric dissipation factor (tan ) (DF): Tangent of the dielectric loss angle, o, or the cotangent of

the dielectric phase angle, O (see Figure 1 and Figure 2).
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