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Introduction 
 
(This Introduction is not part of IEEE PC37.119, Draft Guide for Breaker Failure Protection of Power 
Circuit Breakers.) 
 
Currently, there are no guidelines for applying breaker failure protection.  The last IEEE PSRC document 
was a summary update of practices written in March 1981. This guide was written to help engineers arrive 
at the proper breaker failure protection scheme for their system. 

 
 
 
 
 
 

___________________________________________________________ 
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1.0  Overview 
 
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 must work properly to effectively 
clear a fault.  Breaker failure schemes are specifically employed to provide backup protection in the event 
that a circuit breaker fails to operate properly during fault clearing. 
 
This guide will review generally accepted breaker failure schemes used on utility transmission systems.  
Many of the characteristics of these schemes also apply to the use of breaker failure on utility distribution 
systems.  Schemes will be 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. 
 
1.1 Scope 
 
This guide is intended to help the relay engineer understand the application considerations when applying  
breaker failure protection to power circuit breakers. The discussion is limited to those instances where the 
breaker does not clear the fault after a protective relay has issued a command to open (trip) the circuit 
breaker.  Failure to close, failure while closed, and failure while open are not discussed.  The intent of this 
guide is not to give the reader methods of protecting a power circuit breaker from failing, rather, it 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.    
 

2.0  References 
 
This guide shall be used in conjunction with the following publications.  When the following publications 
are superseded by an approved revision, the revision will apply.  
 
IEEE Std C37.102 - 1995 IEEE Guide for AC Generator Protection 
 
IEEE Std C37.113 - 1999  IEEE Guide for Protective Relay Applications to Transmission Lines 

3.0 Definitions 
 
For the purpose of this guide, the following terms and definitions apply. The Authoritative Dictionary of 
IEEE Standards Terms, Seventh Edition, [B5] should be referenced for terms not defined in this clause. 
 
3.1 Abbreviations 
 
The following are a listing of abbreviations used in this guide. 
50                    Instantaneous overcurrent element 
50G  Instantaneous overcurrent ground element 
50BF  Breaker failure current detector 
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50BF-B  Breaker failure current detector phase B 
50BF-C  Breaker failure current detector phase C 
52a Breaker auxiliary contact that is closed when the breaker is closed and open when the 

breaker open 
52b Breaker auxiliary contact that is open when the breaker is closed and closed when the 

breaker is open. 
52aa Breaker auxiliary contact that is closed when the breaker is closed, and opens as soon as 

the breaker operate mechanism begins moving from the closed to the open position. 
62-1 Breaker failure timer 1 
62-2 Breaker failure timer 2 
62-3 Breaker failure timer 3 
62-A  Breaker failure timer, phase A 
62-B  Breaker failure timer, phase B 
62-C  Breaker failure timer, phase C 
62-M  Breaker failure timer for multiphase faults 
62-S  Breaker failure timer for single line to ground faults 
62-X  Breaker failure timer (any, non specific) 
86BF  Breaker failure auxiliary lockout relay 
BFI  Breaker failure initiate input 
BFI-A  Breaker failure initiate input, phase A 
BFI-B  Breaker failure initiate input, phase B 
BFI-C  Breaker failure initiate input, phase C 
BFR Breaker failure relay 
DTT Direct Transfer Trip 
 
 
3.2 primary protection: The main protection system for a given zone of protection that operates in the 
fastest time and removes the least amount of equipment from service. 

 
3.3 backup protection: A protection scheme for the same zone of protection as the primary protection 
but may be slower and removes the same or additional equipment from service. Backup protection may 
be installed locally, i.e. in the same substation as the primary protection, or remotely. 

 
3.4 breaker failure protection This protection is specifically relied upon to take appropriate action to 
clear a fault when the breaker that is normally expected to clear the fault fails to do so for any reason.   
 

3.5 local breaker failure protection: A backup protection system that is in the same substation as the 
primary protection, so it does not suffer from the disadvantages of the remote backup protection. 
However, it may use some of the same equipment, such as transducers, batteries, and circuit breakers as 
the primary protection and can therefore fail to operate for the same reasons as the primary protection. 

 
3.6 remote backup protection: Historically, the first set of backup protection that was installed. It is 
completely independent of the relays, transducers, batteries, and circuit breakers of the primary protection 
system it is backing up by virtue of its physical location. Its advantage is that there are no common mode 
failures that can affect both systems of protection.  Its disadvantage is the fact that remote protection may 
remove more system elements than is desirable or necessary to clear a fault. Additionally, as the power 
system matured, it became increasingly difficult for remote protection to detect (see) all the faults that the 
primary protection could detect. 
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3.7 control timer: A timer that limits the amount of time the breaker failure scheme is active after 
initiation. 

3.8 critical clearing time: the longest time that fault conditions may persist before system stability is 
lost 

 
It must be recognized that these definitions are only intended to facilitate communication so that there is 
general understanding of the subject under discussion. They are not to be rigidly applied as if they 
constituted design specifications. Protection systems are designed in accordance with accepted 
engineering principles involving reliability (dependability and security), selectivity, and coordination. The 
definitions when applied to individual elements, or to the total protection system, are for specific 
applications and may vary with the application. For instance, in a substation without a pilot protection 
system, time-delay overcurrent or zone 2 relays are the primary protection for faults in the last 10-20% of 
the line but are the remote backup protection for the adjoining bus and line section. When a pilot scheme 
is installed, the time-delay overcurrent and zone 2 relays are then referred to as local backup for the end-
of-line faults and remote backup for the adjoining bus and line section. 
 
 
 
 
 

4.0  The Need for Breaker Failure Protection 
 
Circuit breakers are strategically located in power systems to connect circuits and electrical apparatus. 
Circuit breakers are commanded to open and close by protection and control systems that monitor 
conditions on the power system. Protective relay systems detect abnormal conditions, most notably, 
system faults (short circuits), and direct one or more circuit breakers to open to isolate the faulted circuit 
or equipment. Protection systems are coordinated so that the circuit breaker(s) nearest the fault are opened 
to interrupt, or clear, the fault, with minimum impact to the remainder of the power system. This critical 
operation requires that the circuit breaker interrupt, or clear, fault current.  
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Figure 1 Local and Remote Breaker Clearing 
 

 
While infrequent, circuit breakers occasionally fail to trip, or fail to clear a fault.  Depending on the power 
system network topology other circuit breakers must then be called upon to trip and isolate the sources 
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contributing to the fault. Referring to Figure 1, assume a fault exists between breakers 3 and 4. Protective 
relays associated with breakers 3 and 4, designed to detect faults on the line between these breakers, 
operate and command breakers 3 and 4 to trip. In this example, Breaker 3 fails to interrupt the fault 
current. Therefore, all sources that continue to supply fault current through Breaker 3 must be interrupted. 
Assuming sources at stations A and C, locally, breakers 2, 5, and 7 must be opened, or remotely, breakers 
1, 6, and 8 must be opened.   
 
To implement remote breaker failure backup protection for Breaker 3, the protective relays at breaker 1, 
6, and 8 must have overreaching elements that sense faults anywhere on the line between breaker 3 and 4, 
and operate after a time delay, typically about 0.5 seconds.  This time delay is required to allow time for 
the local line protection on breaker 3 to operate, and for the breaker to successfully clear the fault, 
recognizing that the local protective relay scheme on breaker 3 may include time delayed tripping to 
coordinate with other protective relays. Remote backup protection does not have the benefit of knowing 
exactly when the breaker is commanded to open. Therefore, the remote back up protection must include 
sufficient time delay to accommodate all possible tripping delays. 
 
Local breaker failure protection, on the other hand, receives a signal directly from the line protection 
relays at the same station as the impaired breaker, indicating when the trip command is sent to the 
breaker. The local breaker failure protection only needs to wait for the breaker to successfully clear the 
fault. If local breaker failure protection for Breaker 3 detects a breaker failure, it commands breakers 2, 5, 
and 7 to trip to clear the fault. 
 
Remote back up therefore has several disadvantages: First, all tapped loads between breakers, 1-2, 5-6, 
and 7-8 are dropped causing widespread customer outages. Second, the lengthy back up clearing time will 
cause excessive system voltage dip duration, additional damage to faulted equipment, possible damage to 
unfaulted equipment, and may lead to system instability. Third, due to possible infeed effects from the 
other lines, it may be difficult to set the relay at 1 to detect faults on the entire length of the adjacent lines. 
Fourth, the settings required at 1 to provide sufficient reach to detect faults out to the remote ends of the 
adjacent lines, may be so sensitive that the line is susceptible to tripping under heavy load during extreme 
disturbances, which could initiate or exacerbate a wide-area cascading outage. The advantage of remote 
breaker failure protection is that it is completely independent of protective relays, control systems, and 
battery supplies at the station with the failed breaker.  
 
An alternative to remote back up is local backup, and its subset breaker failure relaying. Local breaker 
failure protection eliminates the disadvantages of remote back up protection. Using the example in Figure 
1 again, when the protective relay on Breaker 3 senses a fault on line 3-4 and issues a trip to Breaker 3, 
local breaker failure protection starts a timer. If the timer times out, and the fault is not cleared by Breaker 
3, then the local breaker failure scheme sends trip signals to adjacent breakers 2, 5, and 7. The local 
breaker failure scheme has several benefits over the remote backup scheme.  If there are sources at buses 
A and C, tapped loads between breakers 1-2, 5-6, and 7-8 can still be served.  The total clearing time for 
the fault is reduced substantially compared to the remote back up method.  The timer setting for the local 
breaker failure scheme is composed of breaker interrupting time plus some margin. Margins have been 
used from less than a cycle to 3 cycles as dictated by the critical fault clearing time.  Protective relay time 
is not included in this time delay.  This timer setting is typically less than 12 cycles, compared to 30 
cycles for remote back up.  This time difference could mean the difference between a stable and unstable 
system for some critical faults and may substantially reduce the extent of damage at the fault. The primary 
disadvantage of local breaker failure protection is that it may suffer from common mode failure. Station 
battery failure, for example, that may be the original cause of the breaker failure condition, may also 
disable the local breaker failure protection. Likewise, local protective relay malfunction may cause a 
failure to trip the breaker, and also fail to initiate the local breaker failure timer. The cost of separate 
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breaker failure relays, while once a major consideration, has been significantly reduced as the breaker 
failure function has been integrated into modern microprocessor based protective relay schemes.   
 
 There are many things that may cause the failure of a circuit breaker to interrupt fault current.  If a 
defective trip coil or trip circuit is the cause for the failure, slow clearing of the fault will not cause further 
damage to the breaker.  However, some common causes for the failure to interrupt are that the breaker 
mechanism travel is incomplete or the mechanism is slow; components needed for the interruption: 
(resistors or capacitors), are faulty; or the dielectric material in the interrupter is out of specification( low 
pressure, low temperature) or contaminated. If these are the causes for the failure to interrupt, the breaker 
needs protection to prevent further damage.  By the time the remote backup protection has operated, the 
arcing inside the interrupter will likely cause a phase to ground fault internal to the breaker.  These 
internal faults may lead to explosions and fires.  As a result of the slow clearing of the original fault, what 
could have been a minor breaker repair project, if the faulty breaker had been isolated in a timely manner, 
now may require the replacement of the breaker and possibly other equipment in close proximity to the 
faulty breaker. 
 

5.0  Backup Protection 
 
5.1 Introduction 
Electric utilities use different approaches when applying breaker failure protection. Fault clearing speed 
requirements are evaluated in terms of the dynamic stability of the power system. For fast fault clearing 
time, the local breaker failure protection is provided with communication channels to directly transfer trip 
the breakers at the remote terminal(s) thus eliminating additional delays imposed by the remote backup 
protection.  
 
5.2 Backup Protection Considerations 
 
An ideal backup protection scheme should be completely independent of the primary protection, and 
based on prior discussion, it can be seen that local backup protection is faster and more effective at 
limiting damage than remote backup protection schemes. To provide ideal local backup protection it 
would then be necessary to have physically and electrically independent relays fed by physically separate 
instrument transformers using redundant but separate battery systems to operate a system where each 
circuit breaker had an equivalent backup circuit breaker immediately electrically adjacent.  While these 
features may be included in the design of any given substation, the cost and space requirements of ideal 
local backup protection can be limiting and the use of back-up breakers being generally prohibitive. 
 
A reasonable level of local backup protection is accomplished by employing fully duplicated tripping 
systems, independent and galvanically isolated, operating in a one-out-of-two tripping arrangement, with 
each tripping system initiating circuit breaker failure protection. Local breaker backup in the form of 
breaker failure protection can then be depended upon to fulfill the function of the independent breaker by 
operating adjacent breakers to clear the fault.  
 
In general, where local breaker failure relaying is deemed required, protection systems failure should not 
be a cause of breaker failure. That is, redundant relaying systems, as independent as practical, should be 
provided. Each system may operate separate or both breaker trip coils, either directly or indirectly.  
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5.3 Breaker Failure Protection 
 
There are several methods used to provide breaker failure protection, such as the following: 
 

1. Timer initiation from the tripping relay contact 
 

2. Monitoring reset of the tripping relay contact 
 

3. Monitoring reset of an over-current element (fault detector) 
 

4. Monitoring reset of the circuit breaker auxiliary contact. 
 
Breaker failure logic can also be achieved using breaker auxiliary switches to supplement or replace 
current detectors.  These breaker auxiliary switches are operated by mechanical or hydraulic linkages to 
indicate the position of the circuit breaker main contacts. Sole use of auxiliary contacts may prove 
unreliable in cases where the breaker main contacts physically open, but fail to interrupt the current, or if 
the auxiliary switch fails to operate because of mechanical problems, i.e.; broken switch linkage, welded 
contacts, frozen switch, etc.  However, breaker failure applications associated with high-impedance power 
system apparatus, such as generators and transformers, may have such low currents associated with 
internal faults, that breaker auxiliary switches provide the only practical method to indicate that the 
breaker is open. 
 
The circuit breaker failure protection function may be implemented using separate hardware, or be 
integrated within the same hardware as the primary or backup protection functions.  The circuit breaker 
failure protection is required for both single- and three-phase tripping. 
 
Setting the circuit breaker failure logic time delay long enough to permit successful fault clearing by the 
circuit breaker, plus a safety margin will ensure the scheme does not operate needlessly.  This delay may 
be independently set for single- and three-phase tripping, or single-phase and multi-phase faults.  The 
logic should not require that either delay setting be significantly longer than the other. 
 
The circuit breaker failure protection may or may not rely on the resetting of the initiate input signal to 
recognize successful opening of the circuit breaker.  Some breaker failure schemes seal in the initiate 
input relay through one or more current detectors to indicate successful circuit breaker operation.  Other 
schemes may employ a combination of current detectors and breaker auxiliary switches to detect 
successful breaker operation. 
 
The circuit breaker failure protection may issue a re-trip signal to the circuit breaker before issuing a 
breaker failure output with sufficient margin such that successful opening of the circuit breaker will 
prevent an undesired breaker failure output.  This re-trip signal may be for three-phase tripping only, or 
for individual breaker poles for selective single-phase tripping.  If integrated within the same hardware 
device as the initiating protection function, this trip signal may be issued via separate output contacts 
from those which the device issues the initial trip output. 
 
Circuit breaker failure operation may be required for conditions where there is little or no measurable 
fault current.  If sufficient current is not present on initiation, then the circuit breaker can be monitored by 
auxiliary contacts to establish breaker position. 
 
For single-phase tripping, monitoring the current or circuit breaker status of only the phase being tripped 
will give the circuit breaker failure logic the proper information for operation.   
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5.4 Summary 
 
Circuit breaker failure protection provides a fundamental component of the local backup protection.  In 
order to ensure initiation of circuit breaker failure protection every time a protective relay trip signal is 
issued to the circuit breaker, the circuit breaker failure protection may also be duplicated, one per 
protection system. To implement this in the most cost effective manner, the circuit breaker failure 
protection may be integrated within the same hardware as the primary and backup protection schemes. 
 
Single- and three-phase circuit breaker failure functionality is generally required as part of a single- and 
three-phase tripping protection scheme. 
 
It is important to minimize breaker failure time-delay settings, while not jeopardizing the correct 
operation or reduce the security of the circuit breaker failure scheme. Minimum breaker failure delay 
times should be applied for all fault types (single- and three-phase tripping) to enhance system stability, 
limit equipment damage, improve coordination of overlapping protection schemes, and to improve quality 
of supply by minimizing the duration of power system voltage dips.  The requirement for a high-speed 
current detector reset capability on fault clearing is consistent with minimized breaker failure trip time-
delay settings. 
 
Due to its severity, a trip initiated by the breaker failure protection must only be performed if absolutely 
necessary.  Every effort must first be made to successfully trip the circuit breaker. Redundancy in the 
breaker tripping paths should be employed. 
 
The no (low) current detection option is typically restricted to those conditions where a trip signal is 
issued to the circuit breaker when current is below the circuit breaker failure current detection threshold, 
e.g.; weak or zero in-feed trips, over- voltage trips, etc.  Current supervision is the most secure and 
reliable method of detecting successful opening of the circuit breaker.  Circuit breaker auxiliary contact 
supervision of breaker failure operation should only be used in those cases where the current is below the 
set threshold.  It is expected that, for all trip outputs from the protection system(s) that initiate the circuit 
breaker failure protection, the circuit breaker failure protection must determine the presence of or lack of 
current.  If current is present, current detection must be applied for the full duration of the fault event.  
 

6. 0 Breaker Failure Modes 

  
 Breaker failure protection is designed to operate when the protective relaying scheme initiates circuit 
breaker trip and that breaker does not correctly interrupt the fault.  The breaker failure condition is also 
known as “stuck breaker”. Breaker Failure Protection will be considered a subset of local backup 
protection.  Breaker failure can be caused by a variety of situations, as noted below: 
 
Failure to Trip – In failure to trip situations, the breaker contacts do not open after the trip circuit has been 
energized by the protective scheme.  This could be caused by an open or short in the trip circuit wiring or 
in the trip coil. It could also be the result of a mechanical problem in the breaker that prevents the contacts 
from opening.   
 
Failure To Clear – In these scenarios the breaker contacts open, but the arc is not extinguished and current 
continues to flow.  This could be caused by mechanical problems (incomplete opening), or dielectric 
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problems (such as contaminated oil or loss of vacuum).  Failure to clear is significantly different from 
failure to trip in that the breaker auxiliary contacts (52a and 52b) will change state indicating breaker 
opening. Because of this, an auxiliary contact position may not be a reliable indicator of a satisfactory 
breaker opening. 
 
Another failure to clear mode can occur in breakers with opening resistors. In this mode the resistor 
insertion contact operates successfully but the main contacts fail.  This results in a high impedance to 
current flow, but does not interrupt the flow of current.   
 
Both breaker failure modes can occur during high current and low current faults, including transfer trip 
from remote locations 
 
There are also situations where a circuit breaker operates incorrectly, but are not classified as breaker 
failure.  These should be considered in system design, and may be incorporated within the breaker failure 
protective scheme. 
 
Loss Of Dielectric during non-fault conditions can prevent satisfactory interruption of current if called 
upon, potentially leading to a true breaker failure. Loss of dielectric pressure can be detected in SF6 
breakers using a gas density or pressure monitors.  For complete loss of pressure, breaker manufacturers 
typically recommend blocking the breaker tripping to prevent mechanical or electrical failure. In this case, 
the breaker failure scheme can be armed, so that it will operate.  
 
Contact flashover in an open breaker can lead to catastrophic failure.  This could be caused by a restrike 
of an opening breaker, or a surge through an already open breaker that produces dielectric breakdown 
across the contacts.   
 
Failure of a circuit breaker to close when called upon is not defined as a stuck breaker condition, since it 
is not associated with a protective relay trip.  This can, however, have significant impact on the power 
system and may need to be considered in the operating scheme.  Many reclosing schemes include failure 
to close logic. 
 
Non-Fault related failures are also possible.  An example would be failure to interrupt load current, or 
mechanical failure during switching operations.  Though not technically breaker failure conditions, these 
types of failures can be addressed within more complex stuck breaker schemes. 
 
Numeric relays have the ability to identify impending failure of a circuit breaker.  This can be 
accomplished by identifying degraded performance, such as changes in operate or clearing times.  These 
schemes can also track predictive quantities such as accumulated interrupted current or number of 
operations. 
 
Breakers with single-phase tripping present additional constraints for breaker failure protection.   
 

 
  

7.0   Breaker Failure Protection Schemes 
This clause describes breaker failure schemes that have received acceptance by the industry and are found 
in use on utility power systems.  Schemes are illustrated using logic diagrams.  Many of the schemes 
could also be illustrated by using conventional dc control schematics. 
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7.1 Basic Breaker Failure Scheme 
 
Basic breaker failure protection provides a means to trip adjacent current sources if a fault is detected by 
protective relays and the associated breaker(s) fail to interrupt the fault.  Figure 2 is a logic diagram 
showing a basic breaker failure scheme. Figure 3 shows a typical timing chart for this scheme.  
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Figure 2   Basic Breaker Failure Scheme 

 
 

 
 

Figure 3 - Fault Clearing Timing Chart 
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Two conditions are used to monitor proper breaker operation during a fault clearing operation.  These are: 
1.) the presence of current flow in the breaker (50BF) and 2.) a protective relay trip signal (BFI).  The 
breaker has failed to operate properly if both of these signals are present for a period greater than the 
expected breaker clearing time.  A delay on pickup timer (62-1), with a time delay setting that exceeds the 
breaker normal clearing time, is used to determine successful operation of the breaker.  If the breaker 
operates properly, either one or both of the 50BF or BFI inputs will de-assert and stop operation of the 
timer. 
 
When a breaker failure scheme operates (breaker failure timer times out), a number of actions are initiated 
by the scheme.  Depending on design philosophy, the number of contacts required, the interrupting rating 
of the output contacts or relay targeting requirements, auxiliary devices may be used.  Often, a lockout 
relay (86BF) is used as an auxiliary device. 
 
7.2 Basic Breaker Failure with Re-trip Logic 
 
When a fault has not been cleared for a period greater than the expected breaker clearing time, the breaker 
has failed to operate properly.  A re-trip design provides a second opportunity for a breaker to trip before 
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a breaker failure is declared, and can be used to inform maintenance personnel that breaker inspection 
may be beneficial should the breaker successfully open.  For circuit breakers with two separate trip coils, 
the scheme could be designed to activate the re-trip if one of the trip coils fails to function properly.  The 
re-trip logic can be utilized to energize the second trip coil and open the breaker before a breaker failure 
condition is declared.  
 
Figure 4 illustrates the addition of re-trip logic.  The re-trip time-delay-on-pickup setting (62-2) must be 
coordinated with the breaker failure timer (62-1).  The operating speed of the output contacts used for re-
trip should be accounted for in the overall time delay settings, since slower speed output contacts may be 
used for re-trip activation.  The operating speed of the breaker should also be considered in arriving at the 
margin between re-trip (62-2) and breaker failure (62-1) timer settings.  For inherently slow clearing 
breakers, the coordination between the re-trip and breaker failure timers should be considered, and 
additional system stability and protection coordination studies may be required if the breaker failure timer 
is to be extended. 
 
The re-trip design logic is generally independent of the normal breaker tripping scheme, activated 
following fault detection.  When the breaker failure scheme has internal sequence of events recording, the 
information can be used to determine whether the breaker operation occurred by the re-trip circuit as 
opposed to the tripping on the initial fault detection. 
 
If the breaker is tripped by the retrip logic, it’s possible something was wrong with the initial trip path. 
Breaker tripping by the re-trip output can be set to block automatic breaker reclosing to allow 
maintenance inspection to find the problem.  
 

 

Figure 4 - Breaker Failure Re-trip 
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Re-trip logic may not be desirable in some cases for security reasons. For example, the re-trip logic may 
be viewed as more of a risk for a false trip than an improvement to reliability in applications with 
redundant protection schemes.  Re-trip logic that may react to transients or temporary dc grounds must be 
avoided. The contact change-of-state recognition time should be greater than the length of any expected 
dc transient. A one quarter cycle delay should be sufficient. The pickup level of an input circuit should 
also be high enough to be secure for a battery ground situation. An input pickup level greater than one 
half the battery voltage is recommended. 
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7.3 50BF Reset Time 
 
In strong systems and in power plant switchyards where very short critical clearing times are a major 
concern, adequate reset time for the 50BF current detector may not be easily achievable when using the 
scheme shown in Figure 2.  A slightly different scheme is shown in Figure 5.  Current detection by the 
50BF begins only after the 62-1 timer has timed out.  The theory is that current detector pickup time is 
generally shorter and more predictable than dropout time; which is especially true with electromechanical 
relays.  In microprocessor schemes the difference between the current detector pickup and drop out times 
can be negligible. Also, if the breaker has normally interrupted the current by the time the 62-1 timer 
times out, then the reset time of the 50BF is not an issue.  Eliminating the 50BF reset time significantly 
reduces the margin requirements.  If the breaker fails to interrupt the fault current, the 50BF is allowed to 
pickup and produce a breaker failure output. 
 

 

Figure 5 - Elimination of 50BF Reset time. 
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Figure 6 is a timing diagram for this scheme. 
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Figure 6  Alternate Scheme Fault Clearing Timing Chart 

  
 

 
Regardless of current detector dropout issues, the logic shown in Figure 5 has an advantage in multi-
breaker line protection schemes, such as ring bus and breaker-and-one-half schemes, where current in one 
breaker may be insufficient to pick up the current detector until the other breaker trips. This logic permits 
the breaker failure timer (62-1) to start timing with only the BFI input, eliminating the delay that might 
occur if the current detector input (50BF) were also required to start the breaker failure timer, as in Figure 
2. 
 
An enhancement to this scheme, shown in Figure 7 is a control timer, which increases security by limiting 
the window of time for producing a BF output to a short period following a BFI signal.  See subclause 9.2 
for setting considerations for this timer. 
 

 

Figure 7 - Addition of control timer 
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7.4 Two-Step Timing Arrangement 
 
Multi-phase faults have a greater adverse impact on power system stability than single-phase-to-ground 
faults. Critical clearing times and resulting breaker failure time delay requirements for multi-phase faults 
are therefore shorter than for single-phase-to-ground faults.  To reduce breaker failure operating times for 
multi-phase faults, and to provide more relaxed breaker failure time delays for single-phase-to-ground 
faults, some users employ dual-timer breaker failure schemes that distinguish between these two types of 
faults.  Figure 8 details the logic necessary for this approach.  Individual phase current detectors (50BF-A, 
50 BF-B, & 50BF-C) are connected to two different logic gates.  The “2 of 3” AND gate will only allow 
operation of the faster 62-1 (multi-phase) timer if at least two phases have been faulted. The 62-2 (single-
phase) timer, generally set with a longer time delay than 62-1, operates for all single-phase and multi-
phase faults.  With this approach, the shorter time delay setting is used only when multi-phase faults have 
occurred. 
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Figure 8 Two Step Timing Arrangement 

 
7.5 Breaker Failure Initiate (BFI) Seal -In 
 
There are good reasons to use the Breaker Failure Initiate Seal-In function provided on modern breaker 
failure relays.   Some high-speed relays do not seal-in the trip output, and fault conditions can evolve with 
time such that the trip output may not be present for the full breaker failure relay time delay.  Modern 
breaker failure relays can use either one of two seal-in scheme configurations.   
 
The first scheme, shown in Figure 9, requires that the current detector be picked up continuously for the 
breaker failure timer (62-1) to time out.  Thus, the current detector (50BF) must continue to be energized 
even if the initiating relay (BFI input) momentarily resets.  The breaker failure timer must have sufficient 
margin to allow the reset of the current detector for normal breaker clearing. 
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Figure 9 - Breaker Failure Seal-In 
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The second scheme does not enable the current detector until the breaker failure time has elapsed, as 
shown previously in Figure 6.  For multi-breaker bus arrangements, such as breaker-and-one-half, ring 
bus and double-breaker double-bus configurations, the current distribution through the breakers can be 
substantially different.  In this scheme, the BFI seals-in independently and starts the breaker failure timer 
(62-1) without regard to the initial current level through the breaker.  Thus, after the first breaker trips and 
the breaker failure time has elapsed, there is enough current in the failed breaker to pick up its current 
detector and immediately provide a breaker failure output.  The breaker failure time delay is not 
dependent on the slow or intermittent pickup of the current detector. 
 
 
7.6 Minimal Current Scheme 
 
Transformer and generator faults, and faults in harmonic filters, may not be of sufficient magnitude to 
pick up a breaker failure current detector (50BF).  Figure 10 shows a breaker 52a contact that has been 
added in parallel with the 50BF input.  With this addition, the scheme will operate properly for low-
magnitude faults because both the dropout of the 50BF current detector and the opening of the 52a 
breaker auxiliary contact are necessary to interrupt the 62-1 breaker failure timer. While operation of the 
auxiliary switch might properly indicate that the breaker mechanism has operated, it is not sufficient 
indication that the circuit breaker has interrupted the fault current. Timing of the auxiliary contacts and 
the breaker main contact may be checked at regular intervals to ensure they are within specifications. 

  
 

Figure 10 - Minimum Fault Current Scheme 
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7.7 Fast 52aa, Dual Timer Breaker Failure Scheme 

 
Figure 11 depicts a dual timer breaker failure scheme with 52aa, and 50BF reset checks. The logic 
includes a breaker failure initiate (BFI) input that starts two timers when external fault detecting relays 
issue a trip command to the breaker. The scheme operates as follows: 
• Timer 62-1 has a short time delay, based on expected breaker mechanism operating time, plus a 

safety margin. The timer operation is enabled by a fast 52aa contact that is driven by the breaker 
operating mechanism. The 52aa contact is adjusted to open as soon as the breaker operating 
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mechanism begins its motion to open the breaker. Opening the 52aa contact stops and resets timer 62-
1. If timer 62-1 expires because the 52aa contact remains closed, the logic initiates breaker failure 
output.  

• Timer 62-2 has an intermediate time delay based on expected breaker current interrupting time plus a 
safety margin. The timer operation is enabled by current detectors (50BF) that dropout (reset) when 
the breaker contacts interrupt fault current. Current detector dropout stops and resets timer 62-2. If 
timer 62-2 expires because the current detectors remain picked up, the logic initiates breaker failure 
output. 

 
 
 

Figure 11 - Dual Timer with 52aa and 50BF Reset 
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7.8 Triple Timer Breaker Failure Scheme  
 
Figure 12 depicts a triple timer breaker failure scheme with 52aa, 50BF, and 52a reset checks. The logic 
includes a breaker failure initiate (BFI) input that starts three timers when external fault detecting relays 
issue a trip command to the breaker. Each timer logic circuit has a seal-in to continue timing if the BFI 
input drops out prematurely. The scheme operates as follows: 
• Timer 62-1 has the shortest time delay of the three, based on expected breaker mechanism operating 

time, plus a safety margin. The timer operation is enabled by a fast 52aa contact that is driven by the 
breaker operating mechanism. The 52aa contact is adjusted to open as soon as the breaker operating 
mechanism begins its motion to open the breaker. Opening the 52aa contact stops and resets timer 62-
1. If timer 62-1 expires because the 52aa contact remains closed, the logic initiates breaker failure 
output. 

• Timer 62-2 has an intermediate time delay based on expected breaker current interrupting time plus a 
safety margin. The timer operation is enabled by current detectors (50BF) that dropout (reset) when 
the breaker contacts interrupt fault current. Current detector dropout stops and resets timer 62-2. If 
timer 62-2 expires because the current detectors remain picked up, the logic initiates breaker failure 
output. 

• Timer 62-3 has the longest time delay of the three, based on expected overall breaker operating time, 
plus a safety margin. The timer operation is enabled by a 52a contact that, preferably, is driven by a 
direct link with the breaker interrupting contacts. Opening the 52a contact stops and resets timer 62-3. 
If timer 62-3 expires because the 52a contact remains closed, the logic initiates breaker failure output. 
This relatively slow breaker failure logic supplements the other two stages of the breaker failure logic 
for breaker failure operations where the operating mechanism operated, but the main contacts did not, 
and the breaker current was below the pickup on the 50BF current detectors. 
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Figure 12 - Triple Timer with 52aa, 50BF, and 52a Reset 
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7.9 Single Phase Re-Trip Logic  
 
When single-phase tripping is applied, some utilities may choose to use one set of trip coils for single-
phase tripping and the other set for three-phase tripping.  Both the primary and secondary line protection 
sets are connected to trip only one set of trip coils.  Breaker manufacturers provide the second set of trip 
coils as a redundant means to actuate the breaker tripping mechanism. The re-trip feature is then relied 
upon to provide necessary redundancy for control circuit and trip coil failures.  The breaker failure relay 
must measure a separate initiate for each phase and it must provide three individual re-trip outputs.  This 
is illustrated in Figure 13. Where individual contacts trip the breaker three-phase, such as a lockout relay, 
then a fourth initiate input and a three-phase re-trip output may be included in the scheme.  On systems 
where delayed tripping is undesirable, no intentional delay is added to the re-trip function. 
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7.10 Breaker Failure Timer Bypass Scheme  
 
 
This scheme prevents unnecessary delay if prior knowledge of the breaker operating status is known.  
 
Gas breakers are blocked from operating when SF6 gas pressure falls below a specified value. A pressure 
switch contact, provided by most of the manufacturers, is used in the breaker failure relay scheme to 
indicate the status of the breaker. Under block close / trip conditions, the breaker failure initiate contact 
operates the breaker failure output without any time delay, if the over current element (50BF) is picked 
up. The pressure contact status input is delayed to prevent operations due to transients.   
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Figure 14 - Breaker Failure Timer Bypass Scheme 
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7.11 Multiple schemes within a relay: 
 
With the use of programmable relays, several breaker failure schemes can be programmed with the 
bypass scheme in one relay. One such application is as shown in figure 15.   
 
The first scheme comprised of a control timer, AND gates 1 and 2 and breaker failure timer (62-1) is 
similar to schemes discussed in Clause 7.3. Though this scheme will not delay operation in breaker-and-
one-half or ring bus configurations, it is disabled after the control timer times out and the initiating 
contact fails to reset. The second scheme is comprised of AND gate 4 and breaker failure timer (62-2), 
and will provide redundancy to the first scheme. 
Both breaker failure timers are set to same delay. Control timer setting is discussed in clause 9.2. The 
third scheme comprised of AND gate 3, will initiate a breaker failure output directly without any 
additional time delay if there is a low gas condition and the BFI and 50BF signal are present. 
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Figure- 15 Multiple scheme Breaker failure  

7.12 Dual Breaker Alternative 
 
In those cases where stability studies show that the critical clearing time  is less than the shortest backup 
clearing time attainable with high speed breaker failure protection schemes, the only solution may be to 
install two identical breakers in series, with both breakers being tripped simultaneously by the protection 
schemes. With this arrangement, and fully redundant protection schemes, instrument transformers, and 
control power sources, it can be assumed that at least one of the breakers will successfully interrupt the 
fault. Thus, the total clearing time will be the same as the primary clearing time, and no breaker failure 
scheme is necessary. 
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8.0  Breaker Failure Design Considerations  
 
 
Breaker failure schemes are normally activated by the protective relays or systems used for equipment 
protection such as bus, line, transformer, or capacitor.  The overall performance and proper operation of 
the local breaker failure protection scheme is critical in terms of isolating the problem and preventing 
cascading effects elsewhere in the system. 
 
Breaker failure schemes are employed wherever failure of a breaker to operate or interrupt has an 
unacceptable impact on the system. It traditionally has been applied on the high voltage system and is 
increasingly being applied at all voltage levels. The breaker failure scheme may require the use of a 
communications channel for the tripping of local or remote breakers. 
 
Some of the factors influencing the proper operation of the breaker failure protection involve the design 
of the breaker failure scheme.  Typical design considerations for breaker failure protection schemes 
include: 
 

• Scheme operation should only occur when expected and desired. 
• Scheme operation should be independent of the types of failures detected in the breaker.  For 

example, the failure mode of the breaker trip coil (either failed open or shorted) should not affect 
the scheme’s ability to detect the failed breaker and to properly isolate it from the power system.. 

• Scheme operation during loss of the direct current (dc) source to the failed breaker.  
• Sufficient overlapping of protection and isolation switches to allow maintenance and overall 

testing of the scheme. 
• Proper application of auxiliary tripping relays, when applicable. 
• Selection of properly rated inputs and outputs when the breaker failure is integrated as part of the 

equipment protection package and when user selectivity in rating is provided. 
• Proper application of dc circuits and avoidance of mixing supply sources. 
• Minimizing the impact of dc transients. 

 
An independent breaker failure system should use a dc source that is different than the dc source used for 
the breaker control or bus differential scheme.  Care should be exercised to avoid mixing of dc sources to 
minimize the impact of floating sources activating the breaker failure scheme unnecessarily; however, it 
is not necessary to use a separate station battery to supply the breaker failure system.  The dc source for 
each of the breaker failure, breaker control, or bus differential schemes should consist of a separate fused 
dc circuit.  The use of properly rated diodes or separate but functionally equivalent output contacts set to 
activate breaker trip and breaker failure circuits independently will minimize exposures to mixing of the 
dc sources. The possibility of inadvertently tying dc sources together is reduced when the breaker failure 
function is integrated as part of the protective relay; however, both the primary and secondary relays 
should have this function included so that loss of one relay does not also disable breaker failure. 
 
The breaker failure dc circuit should be monitored to detect loss of the dc supply.  The impact of transient 
voltages on relays with internal power supplies should also be evaluated in the application of the dc 
source for breaker failure relays.    
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The bus configuration may support sharing of the dc source for multiple breaker failure relays provided 
that the dc source is properly selected.  The design should be such that a single component failure does 
not result in the loss of the ability to trip and the breaker failure protection not being available.  
 
The breaker failure design can include a re-trip circuit, or re-trip logic in the case of microprocessor 
devices.  The re-trip function is intended to give the breaker a second chance to open prior to the breaker 
failure scheme timing out.   A properly designed breaker failure scheme should alarm the maintenance 
personnel that a breaker operation occurred by the re-trip circuit as opposed to normal opening of the 
breaker.  
 
The selection and application of breaker failure auxiliary tripping devices is also critical, particularly 
during commissioning stages or during maintenance intervals when scheme verification needs to be 
performed without tripping energized equipment.  The scheme testing procedures and design should allow 
for the auxiliary tripping relay coil to be energized with the trip isolation switches open without damaging 
the auxiliary relay.  Otherwise, care should be exercised to insure complete isolation of the auxiliary 
tripping relay coil to avoid its failure during testing. 
 
Factors impacting the overall performance of the breaker failure scheme should be carefully examined 
prior to the design and implementation.  The design should minimize the use of auxiliary components 
where possible, as these devices introduce additional failure points and time delays in the scheme.  For 
example, one should use a dedicated set of breaker auxiliary contacts instead of using an auxiliary relay to 
multiply contacts that are already in use. 
 
A breaker failure scheme may be initiated by receipt of a direct transfer trip (DTT) signal for various 
reasons.  For example, when DTT is part of a the line protection or where DTT is used to quickly remove 
faults on line reactors, capacitors, or transformers that are on the line, the local breaker failure scheme 
may be initiated by a DTT signal from the remote terminal.  When transfer tripping is used to activate 
breaker failure, proper isolation of the local transfer trip receivers should be incorporated to prevent 
inadvertent breaker tripping and breaker failure initiation during routine maintenance of the DTT 
transmitters at the remote substation, or when the communication circuits used for DTT are being tested. 
 
A breaker failure scheme should not be designed such that manually opening a breaker initiates the 
breaker failure scheme. Protective devices for the equipment connected to the breaker will initiate the 
breaker failure scheme should an insulation failure occur during a manual operation. 
 
The breaker failure design should also consider the following where applicable: 

• Any protective relay operation should activate the breaker failure scheme.  
• Blocking reclosing of all tripped breakers. 
• Effects of single pole tripping on breaker failure scheme operation. 

 
 
8.1 Breaker Failure Current Detectors 
 
The purpose of a breaker failure current detector is to determine if the system has continued current flow 
after the breaker was called upon to operate.  It is therefore important that breaker failure current detectors 
pick up for minimum fault current conditions.  The current detectors are non-directional instantaneous 
relays (or elements) that monitor phase, ground, and residual current or any sequence component of these 
currents. 
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8.1.1 Phase Current Detectors 

 
Phase current detectors are non-directional overcurrent devices (or elements in a multi-function relay) 
with instantaneous pickup and dropout time characteristics. They are typically set from minimum tap to 
50 % of minimum phase-phase fault current, depending on the scheme that is used. In most 
applications the level of load current is not an issue in setting the phase 
current detectors.  If for some reason there is a desire to not have the 
phase current detector picked up during high load conditions the application 
of a negative sequence current detector in addition to the phase current 
detector could be considered. Negative sequence current detectors can be set below load current 
in cases where the minimum phase fault current is less than the maximum load current through the 
breaker. 

8.1.2 Ground Current Detectors 

A ground current detector is a non-directional overcurrent device (or element in a multi-function relay) 
with instantaneous pickup and dropout time characteristics.  Ground current detectors are typically set at 
30-40% of the minimum phase-ground fault current available, or below the current pickup setting of the 
ground time overcurrent protection relay.  
 
 
8.2  Part of Existing Protection  
 

Intelligent Electronic Devices (IED's) including intelligent multifunction protective relays are the most 
common devices in today’s new installations of substation protection and control systems.  Intelligent 
multifunction relays typically include a set of primary protection functions required for the protection of 
the primary system equipment as well as multiple additional protection or non-protection elements that 
expand their functionality.  The drawback to employing the breaker failure function in a multifunction 
device is the loss of independence of the breaker failure scheme from the primary or backup protective 
relays.  Therefore, when applying breaker failure protection as part of an existing primary or secondary 
relay, the issue of common mode failure must be recognized and its effect on the application must be 
evaluated. 

8.2.1. Part of feeder, transformer, motor, or transmission line protection devices 

One of the most common additional built-in functions present in multifunction relays for the protection of 
feeders, transformers, motors, or transmission lines is breaker-failure protection.  It can vary significantly 
in the level of complexity, ranging from a basic single timer to multiple timers and elements.   

Following inception of a fault, one or more main protection functions or devices will operate and issue a 
trip signal to the fault interrupting device.  If the fault condition has not been cleared following a set time 
delay after the trip initiation, the breaker failure protection will operate. 

The breaker failure protection may incorporate one or two timers, allowing configuration for the 
following modes: 

• Simple Breaker Failure Protection (BFP), where only one timer is enabled.  For any protection trip, 
Timer 1 is started and is normally reset when the circuit breaker opens to isolate the fault.  If 
successful fault clearing is not detected, Timer 1 times out and closes an output contact assigned to 
breaker failure.  This contact is used to initiate tripping (usually through a lockout relay) of all 
sources contributing current to the faulty breaker. 
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• A re-tripping scheme, plus delayed back-tripping.  Here, Timer 1 is used to route a trip to a second 
trip circuit of the same circuit breaker.  This requires duplicated circuit breaker trip coils, and is 
known as re-tripping.  Should re-tripping fail to open the circuit breaker, a back-trip may be issued 
following an additional time delay.  The back-trip uses Timer 2, which is also started at the instant of 
the initial protection element trip. 

The BFP element can be configured to operate for trips triggered by protection elements within the relay 
or via an external protection trip.  The latter is achieved by allocating one of the relay’s optically-isolated 
inputs or virtual inputs to ‘External Trip’. 

8.2.2. Part of Centralized Bus Protection Devices 

A centralized bus differential protection system has a number of three-phase current inputs that typically 
correspond to the number of elements connected to the protected bus.  It will perform the data processing 
for all the inputs and calculate the differential current in order to detect a bus fault and issue trip signals to 
all breakers connected to the bus.  At the same time it will initiate the breaker failure element that has to 
monitor the tripping of all breakers to ensure that the fault has been cleared.  If any breaker fails to clear 
the fault, the bus protection should issue a trip signal to all adjacent breakers and to the remote ends of the 
protected lines, as applicable.  

The trip circuit of the bus differential protection can also be used to trip all breakers on the bus should a 
breaker failure occur when the breaker trip was initiated by the protection of any of the primary system 
elements connected to the bus.  This may result in significant reduction in the wiring required to trip all 
adjacent breakers to the one that failed to clear the fault, at the risk of not having breaker failure 
protection if the bus differential protection is out of service.  This needs to be evaluated for each 
application. 

8.2.3. Part of Distributed Bus Protection Devices 

A distributed bus protection system is built up from modules and configured to suit a fixed or changing 
bus configuration.  The advantage of such a system is that it significantly reduces the wiring, since it 
consists of a central module and peripheral modules that are close to the ct locations.  The interface 
between the central and peripheral units is typically over high-speed communication links over fiber.  
 
The peripheral modules are the ‘input’ modules for the circuits that are included in the bus configuration.  
They accept the inputs from the ct’s.  In this case the ct’s do not need to be connected for the same ratio.  
Any differential current that is caused by a fault on the bus is seen by the central unit and acted on 
accordingly.  The bus differential system architecture is built around the central unit that collects and 
analyses the information from the peripheral units associated with each bay or ct location.  Circuit breaker 
failure initiation is accomplished locally at each circuit by its associated peripheral module.  A trip signal 
is issued by the central unit and is then confirmed by the local peripheral unit.  The peripheral unit will 
then trip its associated breaker and initiate the breaker failure function.  If the peripheral unit detects a 
failure of the breaker to trip, it will trip its associated breaker and issue a general bus-zone trip signal via 
the central unit to trip all breakers connected to the bus.  If the breaker failure function of a peripheral unit 
is initiated by an external protection device and it detects that the breaker has failed to trip, the peripheral 
unit will also issue a general bus-zone trip signal via the central unit to trip all breakers connected to the 
bus.  
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8.3. Breaker Failure Initiation 
 
The operation of all relays that trip a breaker usually initiates breaker failure of that breaker.  The one 
exception is normally breaker failure from an adjacent device.  The rationale for this exception is that it is 
more less likely to have a flaw in both breaker failure schemes than to have two breakers failed at the 
same time. 
 
Breaker failure initiation (BFI) may originate directly from a protective relay or from a contact on an 
auxiliary relay, or lockout relay.  If originating from a protective relay, the BFI typically resets on breaker 
operation and clearing of the fault.  If originating from an auxiliary relay, the BFI may not reset once the 
fault is successfully isolated. This operating characteristic should be addressed in the scheme design.  
 
The breaker failure element in a multifunction relay is initiated by any built-in protection function that 
issues a breaker trip signal.  An option to initiate it from an external protection device through an 
optically isolated input, virtual input, or remote control might be available as well. 
 
8.4. Breaker Failure Actions 
 
Depending on the application and the specific practices of the company or user, a breaker failure 
operation can initiate the following actions: 

 
• Trip each electrically adjacent breaker in the same substation regardless of voltage level.  This 

should be accomplished through either a single dedicated breaker failure auxiliary relay or 
through two independent auxiliary relays, one or both of whose primary functions may be 
associated with another protection scheme (typically a differential scheme).  Redundant auxiliary 
tripping relays allow a single relay scheme to be unavailable without affecting the operation of 
the breaker failure relaying. 
 

• Key transfer trip, where applicable, to remote, electrically adjacent locations.  The transfer trip 
signal should be extended long enough to assure remote breaker operation.  Blocking of 
automatic reclosing should be maintained as long as the transfer trip is received at the remote 
location. 

 
• Enable communications-assisted tripping in pilot relay systems to allow for remote tripping of 

power circuit breakers associated with the failed breaker.  Examples are the stopping of carrier on 
a directional comparison blocking relay system, or the initiation of the permissive signal in a 
permissive overreaching pilot relaying scheme.  Although this action may reduce the fault 
clearing time, it may also allow the breaker at the remote terminal to reclose onto a failed breaker. 
 

• Block reclosing of selected breakers depending upon existing local breaker reclosing schemes or 
substation configuration.  

 
• Initiate an alarm indicating the breaker failure to trip.  

 
• Trip the failed breaker.  This action may be considered redundant, particularly if "re-trip" logic is 

used in the scheme. 
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• Lock out or block all closing of the breakers tripped.  This action may be unacceptable if remote 
restoration is desirable. 

 
 
 

 
 
 

9.0 Factors Influencing Settings  
 
Typical breaker failure schemes include a phase and ground current   detector element and an operate 
timer.  In the typical breaker failure scheme as shown in Figure 2 the 50BF element is composed of a 
phase current measurement in each of the three phases and a residual ground current measurement, all of 
which operate a common timer.  In some schemes, as in Figure 5, the current measurements are only 
activated when the assigned breaker is requested to trip, and the breaker failure timer has timed out.  The 
current will go to zero in the phase and ground current detectors when the breaker has successfully 
operated and cleared the fault. 
 
For a breaker failure scheme to provide the desired response when the protected breaker fails to interrupt 
fault current, the current detectors need to be set sensitive enough to respond to any fault condition for 
which the protective relays initiate trips to that breaker.  There are a few applications in which use of 
sensitive current detectors may not be adequate, such as for breakers that are associated with transformers 
or generators, where the protective relays are designed to operate for fault conditions that draw little to no 
current through the breaker.  In these cases, the current detector in the breaker failure scheme will be 
limited by the minimum sensitivity of the breaker failure relay, and the scheme may need to be 
supplemented with non-current sensing inputs, such as breaker position status. 
 
In situations where the breaker has opening resistors, the current detector settings should allow for the 
condition that the resistors are inserted but the main contacts fail to interrupt the current. 
 
For applications, where the maximum load current is less than the minimum fault current and the 
contingency conditions that the breaker failure scheme is intended to function properly (detect and 
initiate), with some margin, it may be possible to not isolate the breaker failure output during protective 
equipment testing. 
 
It may be tempting to set the breaker failure current detectors above load current.  This approach may be 
possible for applications where the maximum load current is less than the minimum fault current under all 
conditions, including contingencies. This option may seem desirable to for example support protective 
equipment maintenance without the need to isolate the protective relay trip initiates to the breaker failure 
relay. For example, testing line protective  relay without isolation of the output contacts initiating breaker 
failure in conventional applications (breaker failure not integrated as part of the protective relay)..  
 
However, this practice may be problematic for the following reasons: 
 
- Some breaker failure schemes only require a protective relay trip initiate, not current, to start the 

breaker failure timer. Upon timeout, the breaker failure relay may remain armed, waiting indefinitely 
for the current detector to pick up, such as for a remote fault. Breaker failure scheme logic should be 
checked thoroughly before implementing breaker failure relay settings. 
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- Power system changes over time may change the relative load and minimum fault current levels. 
This approach requires examination of the power system condition as well as the applications each 
time protective equipment associated with the breaker is tested. 

 
- In multi-breaker applications, such as double-bus double-breaker or breaker-and-a-half schemes, care 

must be taken to validate the current detector set points for each of the breakers if the plan is to retain 
the breaker in service while protective equipment are tested. 

 
- The extent and type of protective equipment being tested may affect the fault detector pickup.  For 

example, the current detector element of the breaker failure relay may be inadvertently energized if 
testing involves current injection when the breaker failure current elements are in the same CT circuit 
as the protective relay that is being tested. 

 
-      Maintenance personnel distinct knowledge of breaker failure set points for each terminal    within a 

given station since not all the breaker failure fault detectors, for different breakers within  a 
substation, may be set above load current.  

 
Alternatively, it is good practice to disable the protective relay breaker failure initiate outputs during 
testing. This permits more flexibility in setting breaker failure current detectors to coordinate with the 
protective relay scheme.   
 
For three-phase tripping applications, a ground current detector in the breaker failure scheme can 
typically be set more sensitive than the phase elements.  This will provide additional sensitivity for faults 
that involve ground.  The current magnitude for these faults will be limited by the amount of fault 
resistance, which will vary depending on the nature of the fault but if the breaker failure ground current 
detector is set the same as the most sensitive ground fault detecting relay that trips the breaker, the 
protection packages are coordinated. 
 
Current detector dropout may be delayed by dc current decay present in the ct circuit (known as 
subsidence current), which often occurs following breaker primary current interruption and ct saturation.  
Current detectors that operate on the magnitude of both ac and dc current are particularly prone to delayed 
dropout due to remnant dc decaying current. Current detectors that operate on change of current over time 
principle (dI/dt) can also have a delayed dropout if the current detectors are set so sensitive that the dI/dt 
in the decaying dc is detected. Because the current threshold for this phenomenon is difficult, if not 
impossible to determine, sufficient margin must be included in the breaker failure timer setting to account 
for the added reset delay due to subsidence current. The breaker failure relay manufacturer should be 
consulted to determine the current detector reset characteristics in the presence of subsidence current. 
Breaker failure relays that examine current after the breaker failure timer expires are not necessarily 
immune to the affects of subsidence current. Digital filters used in microprocessor based relays retain 
sample data for at least one filter period, so the filter output, which also includes the affect of subsidence 
current, may still be sufficient to pick up the current detector, even though the primary current has been 
interrupted. 
 
If either the phase or ground breaker failure current detector cannot be set sensitive enough to ensure 
tripping for all faults that initiate tripping of a breaker, then a scheme like that shown in Figures 10 or 11  
may be required.  A typical application, where supplementing the 50BF breaker failure current detector 
with the 52a breaker auxiliary contact is for a transformer or generator application where a volts per hertz 
function or differential operation may operate on a fault that produces very little current.  The scheme 
with the 52a breaker auxiliary contact should be used only when required as these contacts are considered 
to have low reliability relative to the rest of the breaker failure scheme and therefore lowers the overall 
reliability of the breaker failure scheme.  
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An alternative to using either the current detector, or breaker auxiliary contact to sense whether the 
breaker has operated successfully, is to use a scheme which “OR’s” the current detector with the breaker 
auxiliary contact. In this scheme if either is present the breaker failure scheme is armed.  
 
Referring to figure 3, by setting the breaker failure timer greater than the breaker interrupt time (less BFI 
pickup as necessary) and the drop out of the 50BF current detector after the fault is cleared, the breaker 
failure scheme will not operate for a successful breaker operation. Adequate margin is taken into account 
to allow for maximum operate times. It is desirable to set the breaker failure timer so that the total fault 
clearing time is less than : transient stability time, the time to damage major equipment such as 
conductors and transformers, and the time that major customers’ processes may be affected.  Stability 
constraints typically require breaker failure timer settings in the ten to thirty cycle range, but in rare cases 
may require settings as low as four cycles.  Equipment damage typically occurs for clearing times greater 
than thirty cycles.  Clearing times that impact major customer processes may be longer than thirty cycles.  
If the required clearing times are less than thirty cycles, it is highly unlikely that faster breaker failure 
clearing will prevent the process shutdown. 
 
As can be seen from Figure 3, the breaker failure scheme starts timing when a protective device requests 
the breaker to trip. Therefore, there should not be a need to provide additional delay within the breaker 
failure timer for external zones that may operate slower than breaker failure.  If a local backup relay trips 
the same backup breakers that a breaker failure scheme would operate with a time delay shorter than the 
breaker failure timer, then the breaker failure scheme must provide a lockout to prevent reclosure.   
 
Coordination of remote backup protective relays may also be taken into consideration so that the breaker 
failure protection operates first with margin. Some relevant factors in determining an appropriate margin 
for the coordination of backup protection include: 

-  Impact on clearing time of backup protection for faults in its own protected zone. 
-  Impact of tripping by the backup protection for a breaker failure situation.  In some cases, the  
zone protected by the backup protection may have to be cleared anyway for a breaker failure,      
and there would be little benefit in slowing down the backup protection to coordinate with the 
breaker failure protection.   

 
9.1 Total Clearing Time Requirements 
 
The total clearing time of the breaker failure protection scheme is the sum of the following quantities (as 
applicable): 
 

• Relay operate time 
• Relay output time 
• Breaker failure relay input recognition time 
• Breaker failure relay 50BF operate time 
• Breaker failure timer 
• Breaker failure output operate time 
• Auxiliary and lockout relay operate times 
• Communication delay time 
• Backup breaker operate time 
• Adequate margin 

 
This time must be compared to the transient stability requirements of the system as well as equipment 
damage and customer voltage sag requirements. 
  
 Copyright © 2005 IEEE. All rights reserved. 
 This is an unapproved IEEE Standards Draft, subject to change. 31 



05/16/2005  PC37.119/ D7 

 
The critical switching time for stability is one measure to determine how fast a breaker failure scheme 
must operate.  The critical switching time for transient stability is dependent on many factors.  Among 
these factors are severity of the fault, loading on the system, mass of the generators, and the type of fault.  
In general, the more severe the fault the faster the fault must be removed from the system.  Also, because 
the critical switching time is dependent upon displacement of positive sequence power, a three-phase fault 
must be removed faster than a line to line to ground fault, which must be cleared faster than a line-to-line 
fault, which in turn must be cleared faster than a line-to-ground fault.  Thus, a three phase fault might 
need to be cleared in breaker failure time much faster then a single line to ground fault.  If the breaker 
failure time, due to stability requirements, is to be cleared faster than 8 cycles, then it may be desirable to 
set the breaker failure timer faster for three phase faults than single line to ground faults.  A scheme like 
that is shown in Figure 8.  The very tight margin of the multiphase faults is exercised in the rare case of a 
multiphase fault, while the more common single line to ground faults are given additional time to allow 
maximum timing margin to prevent extraneous breaker operations. 
 
 
9.2 Control Timer Setting for Scheme Described in 7.3  
 
The control timer setting for the scheme described in Clause 7.3 and shown in Figure 7 must be carefully 
considered on circuits that have high-speed sync-check reclosing.  This is due to the possibility of 
producing a BF output should a line relay trip contact fail closed. 
 
For example, consider a line terminal with a BF relay having the scheme of Figure 7.  The breaker failure 
timer is set at 7 cycles and the control timer is set at 36 cycles.  The phase current detectors are 
necessarily set below load so that the BF relay senses all fault conditions seen by primary relays 
(minimum fault current below maximum load).  The same terminal has a sync-check relay set to close in 
15 cycles following a breaker trip, if the bus and line voltages are in-phase. 
 
Now, consider the situation that would occur if a line relay on this terminal failed with its trip contacts 
closed.   This stuck contact would provide a BFI input to the breaker failure relay, which starts both the 
breaker failure and control timers.  After three cycles, the breaker trips successfully, but the BFI signal 
continues due to the failed line relay contact.  Fifteen cycles later, the breaker recloses via the high-speed 
sync-check, restoring line load through the breaker.  By this time the BF timer has expired and there is 
current in the breaker, but the control timer has not yet expired.  Thus an erroneous breaker failure output 
is produced, tripping the backup breakers on the bus section and disrupting the transmission system. 
 
A proper control timer setting would coordinate with the sync-check reclosing time delay, and thus limit 
the window of opportunity for a breaker failure output.  In the specific case above, a control timer setting 
of 13.5 cycles would have prevented the erroneous breaker failure output while still providing enough 
margin to produce a needed breaker failure output for an actual breaker failure condition.  A proper 
setting of the control timer would result in the line breaker tripping to lockout instead of locking out the 
entire bus from an erroneous BF output.  
 
It is necessary to be thoroughly familiar with the method used by a particular breaker failure relay 
manufacturer, along with knowledge of the scheme in which the relay is placed, when setting this control 
timer. 
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9.3 Setting Considerations for Scheme Described in 7.4  
 
The current detector settings for this application are fundamentally the same as those discussed in Clause  
9.0 and 9.1.  This scheme allows the user to set the timers independently based on the critical clearing 
time for different types of faults.  The timer (62-1) associated with three-phase faults, phase-to-phase 
faults, and phase-to-phase to ground faults would normally be set fast enough to ensure breaker failure 
tripping occurs within the critical clearing time for these fault types.  Since single line-to-ground faults 
generally have a longer critical clearing time, the timer (62-2) associated with these faults could have a 
longer delay.  
 
 

10.  Communications Based Breaker Failure Protection  
 

10.1  Communications in Conventional Breaker Failure Protection 
 
Communications are used for breaker failure protection to send a Direct Transfer Trip (DTT) signal to a 
remote line breaker(s) in the event the local breaker fails to trip. This practice enables high speed remote 
clearing for faults that would otherwise be cleared with some intentional time delay. DTT also avoids 
fault situations that may not be detected by remote protection because fault contributions are minimal.  
 
Teleprotection is the term used to describe communication assisted protection. The teleprotection channel 
could operate over leased telephone lines, power line carrier, microwave, or fiber optic paths. 
 
The Teleprotection channel must be dependable during fault conditions to ensure that the direct transfer 
trip signal is received correctly, with minimal time delay.  Equally important, the teleprotection channel 
should not cause incorrect spurious DTT.  
 
Direct transfer trip systems, as the name implies, are generally designed to trip a remote breaker without 
any added supervision.  Because of this practice, communication channel security is of great importance.  
Many systems in use today utilize two separate, or dual channel, DTT signals to enhance security.  Both 
signals must be received at the other end of the line before the remote breaker is allowed to open.  
Classically, a frequency shift key (FSK) system is used. In FSK systems, the communication channels are 
always active and can be monitored to insure operational availability. Modern digital communications 
systems offer additional techniques, such as path switching, and message error detection, to ensure 
reliable direct transfer trip functionality.  Most dual channel systems are designed to “fail over” to single 
channel trip operation in the event that one of the channels has failed.  Although security is compromised 
for this situation, the DTT system is still in service.  Channel failure is generally monitored so that rapid 
repair can be accomplished in the event of a failure. 
 
It is also possible to enhance security at the remote end by supervising the DTT signal with an overcurrent 
fault detector.  Care must be taken to insure that there is adequate current for all cases for which the 
transfer trip signal may be received. 
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10.2  High Speed Peer to Peer Communications on Substation LAN  
 
The development of IEC 61850 is targeted at reducing the costs and improving the efficiency of 
integrated substation protection and control systems by replacing the hard wiring between the IED’s 
(Intelligent Electronic Devices) with high-speed peer-to-peer communications. 

Messages based upon the asynchronous reporting of an IED's digital outputs' status are sent to other peer 
devices enrolled to receive these status messages during the configuration stages of the substation 
integration process. Since this communication is used to replace the hard wired control signal exchange 
between IED’s for interlocking and protection purposes, it is mission sensitive, time critical and must be 
highly reliable. 

The associated IED's receiving the message use the contained information to determine what the 
appropriate protection response is for the given state. The decision of the appropriate action to messages 
and the action to take should a message time out due to a communication failure is determined by local 
intelligence in the IED receiving the message. It can be used for Breaker Failure Protection to initiate a 
distributed Breaker Failure Protection function or to trip the adjacent breakers.   

To achieve a high level of reliability, messages will be repeated as long as the state persists. To maximize 
dependability and security, a message will persist at the receiver IED for the “hold time”.  After the hold 
time expires, the message (status) will expire unless the same status message is repeated or a new 
message is received prior to the expiration of the hold time.    

The repeat time for the initial  message will be short and subsequent messages have an increase in repeat 
and hold times until a maximum is reached. The  message contains information that will allow the 
receiving IED to know that a message has been missed, a status has changed and the time since the last 
status change.  

In order to achieve high speed performance and at the same time reduce the network traffic during severe 
fault conditions, the message has been designed based on the idea of having a single message that 
conveys all required protection scheme information regarding an individual protection IED. It represents a 
state machine that reports the status of the devices in the IED to its peers. To allow further customization 
of the messages, individual applications can map other status points to the User Defined bit pairs 
User_Status. 

Distributed communications based Breaker Failure Protection can be designed in two different ways: 

- as a function in an IED that initiates the Breaker Failure Protection when it sees the Trip signal 
from the relay protecting the faulted power system device  

- as a built-in function in the protection IED that detected the fault and issued the trip signal  

 

10.2.1  Application To Initiate Breaker Failure Protection 

Fig. 17 shows an example of a Breaker Failure Protection scheme based on an external device. 

The performance of the different elements of the distributed breaker failure protection scheme is as 
follows: 

The relay will detect a fault condition on the protected line and will issue a trip signal in order to clear the 
fault. This can be a message with the Trip bit pair indicating the operation of the Trip Output function of 
the IED. The service used for this operation is called a “GOOSE” (Generic Object Oriented Substation 
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Event). The bay controller that implements the distributed breaker failure (BF) function will subscribe to 
this message, and as soon as it is received will start the breaker failure timer. If the breaker fails to trip, 
the BF function will indicate a breaker failure and will send a message to the substation LAN to trip 
adjacent breakers in order to clear the fault. 

 

GOOSE

Fault Point

Breaker Failure
Protection

Relay Relay Relay

Trip

 
 

Fig. 17   Distributed Breaker Failure Protection 
 

In some cases the BF function in the bay controller can also send a Trip message to the network that will 
attempt to re-trip the faulted feeder breaker through a different physical connection or another breaker 
IED connected to the substation LAN. 

 

10.2.2  Applications To Trip Breakers From Breaker Failure Protection 

When the Breaker Failure Protection function is built into the relay that detects the fault condition, it will 
detect the breaker failure to clear the fault based on one of the criteria described in Clause 8 of this guide. 
It will then issue a message with a bit pair set to indicate the breaker failure condition. All IEDs that are 
associated with breakers adjacent to the failed breaker will have to be set to subscribe to such a  message, 
and issue the signal to trip their associated breakers.  

 
 
 

11.0  Breaker Failure Relay Testing  
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Considering the necessary control actions performed by breaker failure outputs, users must be very  
careful when testing these schemes.  Results of erroneous Breaker Failure (BF) tripping include dropping 
local loads, interrupting multiple transmission paths, tripping remote breakers with the possibility of 
dropping tap loads, and tripping or causing instability in generators.  However, due to the importance of 
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these schemes and the possible catastrophic consequences should the scheme fail to operate, initial and 
periodic testing is recommended.  
 

Following are general guidelines to be considered when testing BF schemes.  Note that these guidelines 
apply to conventional BF schemes, in which the BF relay is in a physically separate device from the 
existing protective relays.  Schemes which use BF logic as part of existing protective relays could also 
follow these guidelines as part of an overall relay calibration/functional test procedure.  BF protection 
implemented over substation LAN requires additional scrutiny, and the best policy would be to consult 
with the manufacturer to determine appropriate testing methods. 

• As stated in Clause 8.0, isolation switches to allow maintenance and testing of the scheme are 
required.  This is especially true if the breaker failure functions are part of existing primary 
protection.  Separate BF outputs should be wired through isolation switches to facilitate isolation for  
testing. 

• Although auxiliary tripping relays have their disadvantages (additional failure point, additional time 
delay), it is more difficult to test the BF scheme without them and could necessitate a complete 
station outage in order to perform adequate tests. 

• While it is possible to test a BF relay with its corresponding breaker in service, it is generally 
advisable to isolate the breaker to reduce the possibility of an erroneous trip output (i.e., test the BF 
relay when the breaker is out for scheduled maintenance).  Testing the BF relay with the breaker in 
service can be especially risky if the phase current detectors are set below expected load. 

• A thorough review of drawings is necessary to determine all possible BF initiation (BFI) sources and 
trip paths. For example, some schemes trip the bus differential auxiliary relay. 

• BF trip outputs should be isolated whenever test current is passed through the BF relay current coils 
and/or whenever the relays that provide a BFI signal are being trip tested. 

• A full set of commissioning bench-tests is recommended prior to placing a new BF relay in service. 
These tests should including the following: 

• Perform initial testing as per the manufacturer’s recommended initial test procedure as found in 
instruction manuals and/or application guides. This should include testing phase and ground 
current detectors, breaker failure (and any other) timers, and inputs (breaker failure initiate, low 
SF6 gas pressure indication, pallet interlocks, etc). 

• Apply relay settings according to the specified settings provided by the protection engineer, and 
test current detectors and timers according to the desired settings. 

• On electromechanical models, mechanical inspection – for broken/damaged components, tight 
connections, contact gaps/wipe as applicable. 

• With the relay installed in the current/tripping circuits, the following tests should be performed (with 
trip outputs isolated or limited): 

• Passing test current from the breaker CT to the relay and reading it in the relay (with external 
ammeter and/or with relay display) 

• Test trip paths designed to provide a BFI input 

• Test loss-of-dielectric conditions by simulating low SF6 or air pressure (if applicable) 

• Test the BF scheme as a system, simulating a fault condition with primary relays in series with 
BF relay; block tripping by primary relays and allow the BF relay to provide retrip for the breaker 
as applicable, then allow the BF relay to trip the auxiliary relay 
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• On commissioning, allow the BF trip auxiliary relay to trip the breakers, send transfer-trip, etc, as 
designed 

• Test the 52a contact input to the BF scheme by operating the protected breaker and monitoring 
the auxiliary contact’s status. 

• Contact with the manufacturer should be maintained to keep abreast of bulletins issued covering 
possible component or firmware changes necessary. 

11.1   End to End Testing  
In EHV protection, a circuit breaker can be tripped by a number of different protection schemes located 
on different panels within the substation. For example, a circuit breaker connected to a bus and a line 
could be tripped by the following types of protection: 
 

 ● Primary Bus Protection 
 ● Secondary Bus Protection 
 ● Primary 1 Line Protection 
 ● Primary 2 Line Protection 
 ● Backup Electromechanical Line Protection 

 
When commissioning the substation, the use of modern test sets which include synchronized testing 
capability via Global Positioning Satellites (GPS) can be used within the substation to scheme test the 
breaker failure relay (BFR) with the initiating protection scheme. An internal fault with a breaker failure 
condition can be simulated using two three-phase synchronized test sets – one located at the protective 
relay panel and the other at the BFR panel. For an internal line fault simulation with a breaker failure 
condition, the system test would confirm: 
 

1. Operation of the protective relay breaker failure initiating contact (BFI or 62-X) and the 
confirmation of the correct wiring to the BFR.  

2. Operation of the BFR retrip element if used. 
3. Operation and time delay of the BFR timer. 
4. Blocking of circuit breaker reclosing. 
5. Operation of the BFR lockout relay. 
6. Operation of Local and SCADA alarms. 
7. Pallet Interlocks 

 
The scheme test can be repeated for an internal fault with increasing circuit breaker clearing times to 
measure the total margin in the BFR timer setting. With this type of test, all the elements affecting the 
performance of the BFR are tested simultaneously. 
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(Informative) 
 
 

Breaker Failure Setting Example 
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Figure B.1 Setting Example Timing Chart 

 
 
Figure B.1 shows a typical breaker failure timing chart.  A breaker which normally clears a fault within 3 
cycles fails to open.  A 2 cycle breaker is the backup.  In this case, studies have determined that the 
critical clearing time to maintain transient stability is 10 cycles.  There are several times that cannot be 
changed or set. Studies have determined the maximum times for the following list of times:  
 
Primary Relay Operate time  1 cycle 
Trip relay pick up   0.5 cycle 
Primary Circuit Breaker   3 .0 cycles 
BFR Current Detector drop out   0.6 cycles 
86 BF Lockout relay pick up  0.5 cycle 
94 BF pick up    0.25 cycle 
Back up Breaker Operate Time   2 cycles 
 

  
 Copyright © 2005 IEEE. All rights reserved. 

The only variable is the 62-1 Breaker failure timer setting. The setting for the breaker failure timer can be 
determined by adding up all the operate times and subtracting this sum from the critical clearing time. In 
this case,  Primary relay + Aux relay + Current detector pickup +Lockout relay +breaker failure relay 
output relay + backup breaker clearing time =  1+0.5+0.5+0.25+2 = 4.25 cycles.  For a critical clearing 
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time of 10 cycles, the maximum 62-1, breaker failure timer setting is 10 – 4.25 = 5.75 cycles.  If the 
critical clearing time given does not have any margin built into it, some margin must be subtracted from 
the breaker failure timer setting calculated.  
 
In this example, the critical clearing time to maintain transient stability is used to determine the breaker 
failure timer setting. However, this is not the only means of determining this timer setting.  More 
frequently, the timer will be set only as long as necessary to ensure security of the breaker failure 
protection against misoperation.  The security margin will take into account all variables and uncertainties 
in the operation of the breaker trip mechanisms, reset of current detectors, operating time of auxiliary 
relays, and will often include a margin that experience has shown to be secure.  This security margin will 
then determine the setting of the breaker failure timer independently of the critical clearing time for 
transient stability purposes.  Having noted the above comments, it is also noted that the transient stability 
studies to determine critical clearing times may assume only a single phase of an EHV breaker (with 
independent pole control operating mechanisms) has failed to open in its interrupting time.  Therefore, the 
critical clearing time may be based on the assumption of an initial three phase fault , cleared in normal 
time on two phases, and with a breaker failure to clear the fault on the third phase 
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