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Abstract: Methods to protect a power system from faults that are not cleared because of failure of 
a power circuit breaker to operate or interrupt when called upon by a protective relay are described 
in this guide. The intent is to give the reader a guide in how to detect that a breaker has failed to 
clear a fault, and how to electrically isolate the fault after the breaker has failed to clear the fault. 
Additionally, schemes that provide primary protection of the power system from performance fail-
ures of the power circuit breaker other than fault clearing failures such as failure to operate, either 
tripping or closing, manual or automatic, are also described. Such schemes, when applied, are typ-
ically integrated as a part of the overall breaker failure protection scheme. Also covered are recent 
practices that take advantage of new technologies.
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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 “Im-
portant 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 Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment process, approved by the American National Standards Institute (“ANSI”), which brings together 

-
sarily 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 inde-
pendently 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 

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 appropri-
ate, seek the advice of a competent professional in determining the appropriateness of a given IEEE standard.

-

-

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.



A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board Operations 

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 
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ing 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 concur-
rence of a balance of interests. For this reason, IEEE and the members of its societies and Standards Coordi-
nating 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

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 require-
ments. 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 US 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 pro-
motion 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 Ser-

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, corri-

together with any amendments, corrigenda, or errata then in effect.

and has not undergone a revision process, it is reasonable to conclude that its contents, although still of some 

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.
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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 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 

SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may indicate 
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Introduction 

This introduction is not part of IEEE Std C37.119-2016, IEEE Guide for Breaker Failure Protection of Power Circuit 
Breakers. 

This guide is a revision to IEEE Std C37.119-2005. Corrections to timing diagrams describing particular 
schemes have been made to improve clarity and accuracy. Precautionary statements have been added to 
provide guidance based upon occurrence of recent power system events. 

The definition and scope of breaker failure protection has been broadened to provide a more comprehensive 
description of breaker failure protection, not only for power circuit breakers applied to transmission lines 
but also for generator unit breakers. In addition to breaker failure initiation for fault conditions, initiation 
from automatic or manual tripping and closing devices that detect potentially damaging non-fault 
conditions is now included. 

In addition to the breaker failure logic schemes previously provided by the guide, examples of best 
practices of how to interconnect control power to redundant protective relay systems while providing 
breaker failure functionality is provided. These methods increase the independence of the primary 
protection from the local backup protection and thereby decrease the impact of single points of failure 
within the overall protection scheme. Practical considerations are now included that describe application of 
breaker failure protection to legacy equipment and modern microprocessor relays, and that describe the 
interaction of the breaker failure protection scheme with local and remote controls including automatic 
reclosing, lockout, and restoration functions. 

Other additions to the guide include descriptions for column ground fault protection, breaker differential 
protection, and tandem breaker protection. These protection functions are typically applied as a part of the 
overall breaker failure protection scheme. 



 

9 
Copyright © 2016 IEEE. All rights reserved. 

Contents 

1. Overview .................................................................................................................................................. 11 
1.1 General .............................................................................................................................................. 11 
1.2 Scope ................................................................................................................................................. 12 
1.3 Purpose .............................................................................................................................................. 12 

2. Normative references ................................................................................................................................ 12 

3. Definitions, acronyms, and abbreviations ................................................................................................ 12 
3.1 Definitions ......................................................................................................................................... 13 
3.2 Acronyms and abbreviations ............................................................................................................. 13 

4. Need for breaker failure protection........................................................................................................... 14 

5. Breaker failure modes ............................................................................................................................... 17 

6. Breaker failure protection schemes .......................................................................................................... 18 
6.1 Basic breaker failure scheme ............................................................................................................. 19 
6.2 Basic breaker failure with re-trip logic .............................................................................................. 20 
6.3 Breaker failure scheme for dual breaker arrangements ..................................................................... 21 
6.4 Breaker failure scheme based on 50BF pickup time .......................................................................... 22 
6.5 Breaker failure scheme with two-step timing arrangement ............................................................... 23 
6.6 Breaker failure initiate seal-in............................................................................................................ 24 
6.7 Breaker failure minimal current scheme ............................................................................................ 24 
6.8 Dual timer breaker failure scheme with fast breaker auxiliary contact and current detector reset 
check ........................................................................................................................................................ 27 
6.9 Triple timer breaker failure scheme ................................................................................................... 28 
6.10 Single-phase tripping, breaker failure, and re-trip logic .................................................................. 29 
6.11 Breaker failure timer bypass scheme ............................................................................................... 29 
6.12 Current differential breaker failure protection ................................................................................. 30 
6.13 Ground fault breaker failure on both live tank circuit breaker and CT column failure .................... 31 
6.14 Series (tandem) breakers .................................................................................................................. 32 
6.15 Breaker failure protection for generator applications ...................................................................... 34 

7. Breaker failure design considerations ....................................................................................................... 42 
7.1 General considerations ....................................................................................................................... 42 
7.2 Breaker failure current supervision (50BF) ....................................................................................... 45 
7.3 Breaker failure as part of the primary protection for an element ....................................................... 45 
7.4 Breaker failure initiation .................................................................................................................... 47 
7.5 Breaker failure actions ....................................................................................................................... 48 
7.6 Practical considerations, applying breaker failure protection to redundant control circuits .............. 48 

8. Factors influencing breaker failure protection settings ............................................................................. 57 
8.1 General factors ................................................................................................................................... 57 
8.2 Current detector pickup ..................................................................................................................... 58 
8.3 Breaker failure timer .......................................................................................................................... 59 
8.4 Total clearing time requirements ....................................................................................................... 60 
8.5 Control timer setting for scheme described in subclause 6.4 ............................................................. 60 

9. Communications-based breaker failure protection ................................................................................... 61 
9.1 Teleprotection in conventional breaker failure protection ................................................................. 61 
9.2 High-speed peer-to-peer communications on substation LAN or system WAN ............................... 61 



 

10 
Copyright © 2016 IEEE. All rights reserved. 

10. Breaker failure relay and breaker failure protection scheme testing....................................................... 63 
10.1 General ............................................................................................................................................ 63 
10.2 BFP scheme testing guidelines and awareness ................................................................................ 63 
10.3 Overall system testing...................................................................................................................... 65 

Annex A (informative) Bibliography ........................................................................................................... 67 

Annex B (informative) Breaker failure setting example ............................................................................... 69 
 

 



 

11 
Copyright © 2016 IEEE. All rights reserved. 

IEEE Guide for Breaker Failure 
Protection of Power Circuit Breakers 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, security, 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 General 

Breaker failure protection (BFP) is a backup protection for the power system that is needed when a power 
circuit breaker fails to clear a fault when called upon to do so by a protective relay. The BFP scheme acts to 
isolate the fault from the protected power system by removing from service power circuit elements located 
electrically adjacent to the failed power circuit breaker.  

In general, backup relay protection has been used on power systems for many years. Typically, all parts of 
the protection system including the relays, voltage and current transformers, circuit breakers, and control 
power source are vulnerable to failure. All of these components are needed to work properly to effectively 
clear a fault. To improve protection system reliability, components such as protective relays, power 
sources, and instrument transformers are often duplicated. Duplicate systems are designed to operate 
independently to ensure complete protection system functionality during failures. Because it is usually too 
costly to duplicate the breaker, breaker failure schemes are specifically employed to provide backup 
protection in the event that a circuit breaker fails to operate properly during fault clearing. 

Primary protection of the power system from performance failures of the power circuit breaker other than 
fault clearing failures is sometimes added to breaker failure schemes. These include failure to operate, 
either tripping or closing, manual or automatic. Where applied, this protection typically exists as an 
addition to, and as a part of, the same overall scheme as the breaker failure backup protection.  

The choice and successful application of any BFP scheme depends upon factors such as the local breaker 
arrangement and also the relative criticality of protected power circuit elements. There is a delicate balance 

http://standards.ieee.org/IPR/disclaimers.html


IEEE Std C37.119-2016 
IEEE Guide for Breaker Failure Protection of Power Circuit Breakers 

12 
Copyright © 2016 IEEE. All rights reserved. 

between the risk of damage to unprotected equipment versus the impact of removing adjacent power circuit 
elements when the scheme operates. 

This guide reviews generally accepted breaker failure schemes used on utility transmission and generation 
systems. Many of the characteristics of these schemes also apply to the use of breaker failure on utility 
distribution systems. Schemes are carefully examined so that advantages as well as disadvantages can be 
compared. Application examples and testing practices are also included. 

The guide is written for engineers who have a working knowledge of power system protection but require a 
better understanding of breaker failure applications. It can also be used as an evaluation tool when 
comparing alternative breaker failure options. 

1.2 Scope 

This guide describes methods to protect a power system from faults that are not cleared because of failure 
of a power circuit breaker to operate or interrupt when called upon by a protective relay. The intent is to 
give the reader a guide in how to detect that a breaker has failed to clear a fault, and how to electrically 
isolate the fault after the breaker has failed to clear the fault. Additionally, schemes that provide primary 
protection of the power system from performance failures of the power circuit breaker other than fault 
clearing failures such as failure to operate, either tripping or closing, manual or automatic, are also 
described. Such schemes, when applied, are typically integrated as a part of the overall BFP scheme. Also 
covered are recent practices that take advantage of new technologies. 

1.3 Purpose 

This guide is intended to help the relay engineer understand the application considerations when applying 
BFP to power circuit breakers. 

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. 

IEEE Std C37.102™, IEEE Guide for AC Generator Protection.1, 2 

IEEE Std C37.113™, IEEE Guide for Protective Relay Applications to Transmission Lines. 

3. Definitions, acronyms, and abbreviations 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary Online should be consulted for terms not defined in this clause. 3, 4 

                                                 
1IEEE publications are available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway, NJ 
08854, USA (http://standards.ieee.org/). 
2The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc. 
3IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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