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Abstract: This guide is intended to provide protection engineers and other readers with
guidelines for protecting three-phase power transformers of more than 5 MVA rated capacity and
operating at voltages exceeding 10 kV. In some cases, a user may apply the techniques
described in this guide for protecting transformers of less than 5 MVA ratings or operating at
voltages less than 10 kV. Information to assist protection engineers in applying properly relays
and other devices to protect transformers used in transmission and distribution systems is
provided in this guide. General philosophy, practical applications, and economic considerations
involved in power transformer protection are discussed. Emphasis is placed on practical
applications. Types of faults in transformers are described. Technical problems with the
protection systems, including the behavior of current transformers during system faults, are
discussed. Associated problems, such as fault clearing and reenergization, are discussed as well.
Keywords: analysis of dissolved gases in transformer oil, application of multifunction relavs \>r
transformer protection, differential protection, failures of transformers, overcurrent protec.an,
protection of phase-shifting transformers, protection of transformers, volts-per-hertz protectic
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Introduction

| This introduction is not part of IEEE Std C37.91-2008, IEEE Guide for Protecting Power Transformers.

This document is a revision of IEEE Std C37.91™-2000, IEEE Guide for Protective Relay Applications to
Power Transformers. This guide is intended to provide aid in the effective application of relays and other
devices for the protection of power transformers.

In this revision, several areas have been improved. Most notably:

— Several clauses have been revised.

— Differential protection has been augmented to include the techniques used in numerical \>lay.
Techniques now being used in numerical relays, such as harmonic restraint and harmc aic lockiag,
wave shape recognition, low-current detection, and direct-current blocking methods, are ‘acluued.

— An example of the relay blocking logic is included.

— New figures have been included to reflect the practice of connecting all curre. t trans ‘ormers (CTs)
in wye configuration when numerical relays are used.

— The possibility of CT saturation when faults occur outside the protec.’ »n z ne of differential relays
and the current does not flow through the differential zone is explained.

—  Protection of transformers for faults in the grounded wye-connc =i > windings has been expanded to
include the use of restricted earth-fault relays.

—  The practice of remote tripping of circuit breakers <n pitec. i ansformers used to tap transmission
and subtransmission lines is explained.

— The clause on gas analysis has been revised to br ng i1 in line with the current practices. The use of
rate of change of total dissolved combustible gases 1s incorporated.

— New annexes have been created. Annex L lisis the transformer failure statistics collected by the
Canadian Electrical Association. Arnex C utlines the procedure for setting relays for protecting
three transformers. The first trazisiorme is a step-up transformer, the second transformer is a
network autotransformer, and. thy <airl transformer is used for supplying energy to a distribution
system. Annex D describes thc neea for monitoring current on the high-voltage and low-voltage
windings, when automatic t.o cuanging is used, for determining the hot-spot temperature of a
transformer. Annex E ¢otlinee the methods that are used in differential relays for compensating for
the phase shift in delt. --vy¢ transformers.

Notice to users

Laws arnd regulations

Usars «f these documents should consult all applicable laws and regulations. Compliance with the
p:avisions of this standard does not imply compliance to any applicable regulatory requirements.
Imp.ome.ters of the standard are responsible for observing or referring to the applicable regulatory
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in
compliance with applicable laws, and these documents may not be construed as doing so.
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Copyrights

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this
document available for use and adoption by public authorities and private users, the IEEE does not waive
any rights in copyright to this document.

Updating of IEEE documents

Users of IEEE standards should be aware that these documents may be superseded at any time hy e
issuance of new editions or may be amended from time to time through the issuance of amendmcnts,
corrigenda, or errata. An official [IEEE document at any point in time consists of the current ediv.on ¢€
the document together with any amendments, corrigenda, or errata then in effect. In order tc aoterniine
whether a given document is the current edition and whether it has been amended tirougu the
issuance of amendments, corrigenda, or errata, visit the IEEE Standards Association Web site at

http://iecexplore.iece.org/xpl.standards.jsp, or contact the IEEE at the address listed previou: ly.

For more information about the IEEE Standards Association or the IEEE standar = de zlop.nent process,
visit the IEEE-SA Web site at http://standards.ieee.org.

Errata

Errata, if any, for this and all other standards can b: accessed at the following URL:
http://standards.ieee.org/reading/ieee/updates/errata/index.himl. “Jse.o are encouraged to check this URL
for errata periodically.

Interpretations

Current interpretations can be accessed at the toniavzing URL: http://standards.ieee.org/reading/ieee/interp/
index.html.

Patents

Attention is called to the porsib.ity that implementation of this guide may require use of subject matter
covered by patent rights. E'y p~hlication of this guide, no position is taken with respect to the existence or
validity of any patent righw. in connection therewith. The IEEE is not responsible for identifying Essential
Patent Claims for wh ch < license may be required, for conducting inquiries into the legal validity or scope
of Patents Claims or (~te.mining whether any licensing terms or conditions provided in connection with
submission of . Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discrimiratoir = Uscrs of this guide are expressly advised that determination of the validity of any patent
rights, and e 1.5k of infringement of such rights, is entirely their own responsibility. Further information
may b= obtaincd from the IEEE Standards Association.
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IEEE Guide for Protecting Power
Transformers

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

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

This guide is intended to provide protection engineers and other readers with guidelines for protecting
three-phase power transformers of more than 5 MVA rated capacity and operating at voltages exceeding
10 kV. In some cases, a user may apply the techniques described in this guide for protecting transformers
of less than 5 MV A ratings or operating at voltages less than 10 kV.

1.1 Scope

The scope of this guide includes general philosophy, practical applications, and economic considerations
involved in power transformer protection.

Emphasis is placed on practical applications. General philosophy and economic considerations in
protecting transformers are reviewed. Types of faults in transformers are described. Technical problems

with the protection systems, including the behavior of current transformers (CTs) during system faults, are
discussed. Associated problems, such as fault clearing and reenergization, are discussed as well.

1.2 Purpose

The purpose of this guide is to provide protection engineers with information that helps them to properly
apply relays and other devices to protect transformers used in transmission and distribution systems.

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

1
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