

















It is interesting that while great attention is focused on
breaker failure during the trip cycle, little attention is

given to breaker failure during the close cycle. Again, we must
point out that it is the delayed close which is our concern.
Circuit breakers which are equipped with automatic synchronizing
devices must complete the close operation within a specified
time. If for any reason the breaker closing or reclosing

is delayed; an out of step condition is created between two
running systems. The severity of the out of step condition is
the function of the angle between the two system voltages.
However, once the close command is given, and the breaker does not
close within a specified time, it is not possible to determine
whether the breaker will stay open or close at a later time
during extreme out of step conditions. This concept recommends
that a delayed close be designated a "breaker failure" where

a circuit breaker is equipped with synchronizing devices.

A simplified logic flow diagram illustrating a BFR initiation for
a mode B type of breaker failure is given in Figure 4.
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4.3. Mode C. Failure of Switchgear Hardware

The proposed concept advocates inputs to the breaker failure
scheme which are internal to the switchgear. The installation
of "state of the art" type of sensor devices to detect the
malfunction of critical components within the switchgear

would be one of the new requirements. We are confident the
manufacturers can support this new concept if the utility
industry is willing to revise their specifications for circuit

breakers and willing to pay the incremental cost increase
for such sensor devices.



Specifications which do not encourage the manufacturer to
explore new avenues in breaker protection perpetuate the
"status quo" of old concepts in breaker failure relaying.

Specifically, the development of sensors which can follow a
sequence of breaker events to detect the failure of critical
components is envisioned. A PCB trip cycle, same as a close cycle,
require a precise sequence of events within a specified time to

be successful. Erratic breaker performance can be detected by
high speed sequence of event recording.

Failure of grading capacitors, resistors, or interrupters during
fault condition will always result in a rupture requiring
extensive repairs before such failure can be detected.

During steady state conditions however, if breaker failure can

be detected by sensors the breaker could be saved. Loss of air

Or gas pressure detection is already being provided. The detection
of gas contamination requires additional research. These items
will become an important input for breaker failure on gas insu-
lated switchgear.

5. Recommended Plan of Action

Assume all modes of circuit breaker failure can be detected. The
following plan of action is recommended.

5.1. Powerhouse line breaker BFR protection output

Trip adjacent circuit breakers after a preset time delay for
breaker failure modes A and B. Isolate the breaker for
breaker failure mode C.

5.2. Tie line circuit breaker BFR protection output (Synchronous
close (and reclose) supervision) ‘

Same as item 5.1. and in addition trip remote-end breaker for
breaker failure mode A.

5.3. Transmission line circuit breaker BFR protection output

Trip adjacent circuit breakers and remote end breaker after a
preset time delay for breaker failure mode A. Isolate

the breaker for breaker failure mode C. Alarm for breaker
failure mode B.

5.4. Transformer circuit breaker BFR protection output

Same as item 5.3

5.5. Shunt reactor, shunt capacitor, grounding bank circuit
breaker BFR protection output

Same as item 5.3 except, alarm for mode B and C.



6. Conclusion

6.1. This paper advocates a new circuit breaker failure concept

as the first step. A clear definition of what type of mal-
functions within a circuit breaker is classified as a "breaker
failure" is essential to the switchgear manufacturers. The concept
will outline areas where more research and development is needed.

6.2 The revision of existing circuit breaker specifications which
will allow new developments in circuit breaker protection by the
manufacturers is the second step.

6.3 The design and development of a new circuit breaker failure
scheme as a combined effort by the utility industry and the
manufacturers is the third step.

6.4 The development of ultra high speed circuit breakers and other
advancements in switchgear technology is one of the most exciting
types of news in the power utility industry today. The application of
such switchgear will have far reaching impact on future substation
and transmission design methods and on systems stability and
protective relaying concepts. The mechanical, pneumatic and elec-
trical sophistication and cost of such hardware, as compared to

a 230 kV oil circuit breaker, is like comparing a fine

swiss watch to a sundial. The development of a state of the art
type breaker failure protection scheme is recommended to keep in
step with the developments in switchgear technology.

7. Notes:

In trying to propose a new breaker failure concept one had to keep
constantly in mind the objective of defining "what is a breaker
failure mode". We had to resist the natural impluse of presenting
"the way BPA would design" a breaker failure scheme. We invite
comments and the free flow of ideas on the subject of what type

of failure constitutes a breaker failure mode. We believe the
presentation of various types of detection techniques and schemes
at this time would only narrow the scope of new ideas.



