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Preface

his article is the first in a series of

articles that will help to bring light to the

maintenance practices presently applied
to power circuit breakers.

A list of the most popular tests used; with
the
compliance, is included at the end. Each test
that s
complementary to the others, providing a general

reference to international standards

provides a bit of information

overview of the circuit breakers testing practices.

A circuit breaker is an important equipment
to power electric networks. Its importance is due
to the protection role it is playing. Hence, it is
imperative to assure its proper operation. This is
only possible by applying suitable maintenance.

The main purpose is to help us understand,
accurately, the real condition of the breaker being
tested thus helping targeting the corrective
This targeting helps
maintenance spending and increase network
reliability, hence leading to efficient network
management.

actions. minimize

Introduction

A power circuit breaker is equipment
intended to switch on and off electric currents on
power transmission and distribution networks for
routine operations and protection of other

equipment.

Electric transmission system breakups and
equipment destruction can occur if a circuit
breaker fails to operate because of a lack of pre-
ventive maintenance.

Description

Its name, circuit breaker, indicates clearly its
role. It breaks electric circuits. To achieve this
purpose, it separates mechanically two points in

the circuit to a certain distance large enough to
break the flow of electric currents.

Circuit breakers come in a great variety and
use different technologies:

LIVE TANK: Minimum oil, Air blast, SF6 etc.
DEAD TANK: Bulk oil, SF6 etc.

Despite the big difference all types share
common principals, they all have to provide two
main functionalities highly related:

- Electrical functionality (Interrupter).
- Mechanical functionality (Mechanism).

Electrical functionality

Circuit breakers are designed to satisfy
predetermined breaking conditions and have
electrical properties that can be resumed by
the following:

- Current carrying property;

- Insulating property;

- Current breaking property.

Mechanical functionality

The requested electrical properties imposes
mechanical properties that can be more or less
demanding depending on the used technology:

Current carrying property imposes:

* Contact material that is highly conductive;

« High quality of contact make;

« Low contact reaction to ambient
atmosphere and temperature.

Insulating property, depending on the voltage level
imposes:

« The contacts parting distance in open posi-
tion;

« Line to ground distance;

« Characteristics of the insulating medium
and reaction over time

Current breaking & making properties, imposes:

« The speed of the opening or closing con-
tacts;

« Arc blowing techniques;

* Resistant to arc material;

« Energy required to carry on the breaking or
making of large short circuit currents;

« Characteristics of the insulating medium
and reaction over time and frequency of cur-
rent interruption.

Frequency of operation property, influences greatly
all the above-mentioned parameters
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Preventive maintenance

The need for maintenance of circuit breakers
s often not obvious, as circuit breakers may
remain idle, either open or closed, for long
periods of time. The need to predict the proper
function of circuit breakers grew over the years as
transmission networks expanded and carried
increasing energy to longer distances.

The technology advance over the years

ught low maintenance breakers but it did not

ng more reassurance to network management
25 to the reliability of operation

The circuit breaker is, in fact, a black box.
The only way to be sure of its condition is to open
it for physical inspection. Unfortunately, this way
is costly and must be reduced to minimum to
prevent unnecessarily maintenance.

Predictive maintenance

Maintenance people created what is now
widely known as the predictive maintenance.
The purpose is to predict accurately the condition
of the breaker, without having to open it for
inspection

Required open inspection would then be
limited to corrective or preventive intervention,
thus reducing dramatically ~the
maintenance and increasing to the same level its
efficiency.

cost of

The prediction take
complementary to each other:

can three  ways

TESTING: a wide range of tests where invented
to verify the conformity of each of the electrical
and mechanical properties to meet the design

criteria. Some of these tests are acknowledged
and documented by international standards (IEC,
ASTM, etc.). Some are still under development
and promise great expectations.

MONITORING: continuous surveillance of the
breaker by the means of multitude transducers
controlled by a computer. Alarms or actions are
triggered when settings are
permitting just in time intervention. This way is

reached thus

still under development and is very promising.

STATISTIC STUDY: continuous measurements,
samplings and maintenance interventions, are
This
in databases, helps
conduct statistic studies aiming to target the

noted over the years on each breaker.
information assembled

faulty components or helps a probabilistic
modeling of aging in Circuit Breakers for
Maintenance.

A practice widely spreading by network
administrators, is to require for each type of new
breaker a statistic study from the supplier on the
reliability of the new equipment components,
based on their own experience. This will help to
focus the maintenance actions on the most
vulnerable parts.

Safety Practices

Maintenance procedures have to respect the
safety practices and the following points require
special attention:

a) Be sure the circuit breaker and its
mechanism are disconnected from all
electric power, both high voltage and
control voltage, before it is inspected or
repaired.
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Elster has the answer

Elster Electricity’s EnergyAxis® System
delivers the high accuracy, reliability,
flexibility, and robust operation today's
utility demands, and their next gener-
ation customers will expect. Built
on proven metering and intelligent
controlled mesh network technology,
the EnergyAxis System’s advanced
capabilities empower utilities to
improve business operations, provide
a variety of consumer time-based rate
choices, enhance distribution planning,
and improve revenue assurance.

Technology to Empower Utilities
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Raleigh, North Carolina, USA
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Breaker testing
Maintenance tests enable personnel to determine if breakers are

srese

able to perform their basic circuit protective functions.

e The tests mentioned in the following table of tests, may be
performed during routine maintenance and are aimed at assuring that
the breakers are functionally operable. These tests are to be made
only on breakers and equipment that are deenergized.

oo

oo |
s

2 (amp)

o000
0268

The table of tests lists the tests and their purposes, regrouped by
[ the purpose category (Mechanical, Electrical, Chemical).

G )
o0 In general, to conduct a successful test, the following conditions
Tayz7o0 0pen (1) COACALOCAL  Tsi200us
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oa oo 0% X3 w05 000 mene « Application procedure (provided by the test equipment

Guesec Wer e 31 110058 2000 providen);

* Design specifications with defined tolerances (provided by the

b) Exhaust the pressure from air receiver of any compressed air circuit
breaker before it is inspected or repaired.

©) After the circuit breaker has been disconnected from the electrical
power, attach the grounding leads properly before touching any of the
circuit breaker parts.

d) Do no lay tools down on the equipment while working on it as they may
be forgotten when the equipment is placed back in service.

breaker designer);
* The breaker instruction book and related outline, basic and
elementary drawings (provided by the breaker designer);
* The international standards definitions and specifications if required
by the test.
« Good sense of analysis

Maintenance Program

The same need to predict the proper function of circuit breakers that

created the predictive maintenance, and since it is not feasible to test

indefinitely the circuit breakers, it was obvious to structure the maintenance
acts in a maintenance program that defines the maintenance actions and
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frequency.

Most of breaker manufacturers recommend maintenance programs that

suit better their equipment. They generally define three levels:

1- Routine inspection: includes:
* Visual inspection of the outer shape of the equipment.
* Checking the operation counters.

applications:
gr’:m'ormm * Checking th pressure gauges.
il Circuit Breakers * Detecting visual or audible leaks.
Reclosers * Measuring temperature.
Other apparatus o Etc.
This is done with the breaker in service.
Reference Standards: Frequency: generally 6 months to 1 year
ANSI C57.19.01
IEC 60137 :
CAN/CSA C88.1 2- Minor maintenance: Includes, in addition to the routine inspection:
* Thorough inspection of the state and function of subassemblies,
Call us for all your * Breaker testing

© Minor interventions to replace easy access ware parts,
« Changing filters, oil or gas etc.
This needs to isolate the breaker from the network.
Frequency: generally 6 to 8 years

3- Major maintenance: Includes, in addition to the minor maintenance,

opening the major assemblies to access internal parts:

@
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* Interrupter;

* Mechanism;

* Tank receiver.
This needs to isolate the breaker from the network.
Frequency: depends on breakers technology
(12 years for air blast, 20 years for SF6, etc.)

equipment in the field of circuit breaker
analyzers. As a former university teacher in
Ecole Polytechnique — Algiers and CNRS -
LAAS researcher in France, Dr. Brikci has
developed experience in the fields of electronics,

automation, and computer science. Most
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