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ABSTRACT

The Reliabjlity Subcommittee of the
IEEE  Industry Applications Society
injitiated a survey of the reliabllity of
clycuit  breskers in  industrial and
copmercial inetallationa in kesping with
its commitment to update information on
previous surveys. The survey was
restricted to circuit breakers that are
lese than fifteen (15} years old, and
sxcluded molded case braakers, in order
to provide information on unite of
intereast and to obtain information on new
¢ircuit breaker technologlea.

A more detalled explanation om
raasons for this survey ie included 1in
the appendix.

JNTRODUCTION

The resulte of the survey conductad
in 1985 on the reliability of ecircult
breakers in industrial and commercial
installations are eummarized in the
attached tables. The data obtained
ingludes information on estimatsd numbers
of operations per year for both fault and
non-fault situations. Information has
also been collected on low voltage
circult breakers comparing etatic and
electro-mechanical integral trip devices.

Each table is discussed to highlight
results of the survey. It is the intent
of this working group %o present the
results as updated Iinforpation on
industrial applications and the drawing
of definite conclusions 1s left to the
reader.

The reasons for conducting the
survey were written down at the beginning
and are included in the appendix. Some of
these objlectives wers not schieved due to
the small number of participants in the
survey. It was not possible to determine
the eoffect of preventive malntenance on
failure rate. Insufficient data were
submitted on vacuum and singlée-pressure
8F-8 circuit breakers.

1 The Author is with the University of
Hissouri - Coludbia, Missouri 65211

Members of the Circuit Breaker
Relimbility Working are Andrew T. Norris
(Chalrman), James W. Aquilino, William ¥,
Braun, Jr., Charles R. Heiaing, Don O.
Koval., Lou D. HMonaghan, Pat 0 Donnsll,
A.D. Patton, and Peter W, Dwyer.
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SURYEY RESPONSK

The survey questionnaire, along with
the Reasons For Conducting a New Survey
on GCirocult Breaker Reliability, ie
included in the appendix.

Due to the low number of responses,
13 plant locations, no attempt was made
to separate failures by industry types.
While the number of raspondents wae lass
than hoped for, the questionnaires were
all fully completed for the requested
data, with only one (1) “unknown” entry
listed which was for a fallurs duration,

The following list provides a
suamary of the survey response

Ro. of Plants 13
No. of Circult Breakers 2137
Sample Size (unit years) 4007.17
Total no. of Fallures 59

The emall sample size of the data
received limited the results that are
baing published to four equipment/voltage
categories. A apecial note ie made in the
tables where the number of fallurea in a
specific category is considered an
inadequate esample slze. Less than 8
fajlures has been coneldered as an
inadequate sample aize.

OYERALL SUMMARY OF
BELIABILITY DATA

Table 1 susmarizes. the overall
resulta by voltage class. The low number
of failures {4) in the 601 volt to 15,000
volt circuit Dbreaker class makes this
fatlure rate data of questionable
validity.

This survey shows an increase in the
failure rate per unit-year, in the 0-600
volt class, of neariy 3 times the value
shown in the 1973 eurvey. There |\e,
however, a largs reduction in the average
and mpaximum fallure durations of 30X and
99.5% respectively.

LOCATION

Table 2 shows the effect of outdoor
ve. Iindoor location on the failure rate
of 0 - 800 volt cilrcuit breakers. The
failure rate was 1.54 times higher for
outdoor circult breakers.
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INTEGRAL TRIR

Table 3 compares the integral trip
unit type on the failurs rate for 0-800
volt circuit breakers. The failure rate
of static type integral trip unite is 36%
of the electromechanical unite.

FAILURE MODE

Table 4 shows the failure modea for
clrcuit breakers reported in the survey.
It 1e noted that there were only two
inastances o¢f units that "falled to open
on command”, and no ococcurrences of
“ecloses without command”. In the 0-600
volt c¢lase all circuit breakers raported
had an integral trip device. The circuit
breakers with & static integral trip
device were oplit between “failed to
clocae on coamand” (44X), and “opens
without command” (5€X). Cirocuit breakers
sith electro-mechanical type of integral
trip device had » very large portion
(83%) of the failures reported to be
“fatled to close on command™.

FAILUBE INITIATING CAUSK

Table 5 shows the primary fallure
initlating cause reported for both 34.5-
138kV and 345kY circuit breaker groups as
“mechanical breakdown”™ as 06% and 65X
reapectively. The 0-800 volt circuit
breaker group shows “malfunction of
protective relay or tripping device” to
be the major category at (93X) for unite
with electro-mechaniocal integral
tripping. The 0-600 volt units with
etatic trype integral tripping reported a
roughly even split between “transient
overvoltage” and "salfunction of
protective relay or tripping device“.

EAILURK CONTRIBUTING CAUSK

Table & shows that T“duet, salt
apray, or other Contasinant exposure” is
the primary reported listing {at 33x) for
failure contributing cause for 0-8500 volt
circult breakers with slectro-mechanical
type integral trip. The 0-800 volt
circuit breakers with static integral
trip had “lsck of preventive maintenance”
reported for 56X of failures, with the
remaining 44X  shown as  “persistent
overload”. Entriee for other voltage
classes are in much lower percentages,
except for the “other” category in the
34.5-138kY and 345xV groupe.

SUSPECTED FAILURE
BESPOREIBILITY

In table 7 the data shows most 0-€00
volt breakers with electro-sechanical
type of integral trip as having
“inadequate physical protection™ (93%) ae
the suspected failure responsibility. The
0-600 volt Dreskers with static type
integral trip reports 58X under “improper
operation”., and 44X under “inadequate
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maintenance”. The 34.5-138kV and 345kV
voltage categories both show “defactive
component” as the main catagory.

FAILURK DISCOVERED DURING

Table .} shows a very large
percentage of failures in the 0-600 volt
¢ircult breakers, a total of 96X, as
being discovered "during normal
operation”. The 34.5-i36kV class showed a
ajgnificant percentage of failures (67%)
48 Dbeing diecovered “during routing
testing/majintenance”, while the J45kV
breakers were eplit between “during
routing testing/maintenance” and “during
normal operation” with 48% in each
category.

FAILURES ve, MONTHS SINCEK
LAST MAINTENANCE

Table 9 eshows that moet failures
occurred within 24 msonths of the last
Raintenance.

EAILURK REPAIR METHOD

Table 10 shows that a high
percentage of circult breakers 1in the
0-800 volt, 801-15,000 vole, and
34.5-138kV ratings were “repaired failed
component in Pplace or aent out for
repair”.

The 345kV group of circuit breakers
shows the highest number (44%) as
“replaced failled unit with spare”. This
large = perventage is considerad
questionable eince an inspection of the
failed component entries showed in eome
cases that a failed component, such as an
alr compressor, was reported as "replaced
failed unit with apare”.

BEPAIR URGENCY

It 1is of particular interest that,
in Table 11, only 7% of the 59 failures
reported for all wvoltage categories
listed the repalr urgency as requiring
working on & round-the-clock bases. This
may be due, at least in part, to the fact
that two of the voltage classes (0-800
volt, and 801-15,000 volt) containing 45%
of the total failures, and had maximum
fallure durations of 4 hours.

The 34.5-138kV and 3I45kV circuit
breakers, with their longer fallure
durations, also show nearly all repailr
work as normal working hours.

POPULATION OF CIRCULIT BREAKKRS
ya. MAINTENANCK QUALITY AND
BORMAL MAINTENANCK CYCLX

Table 12 shows the majority of
respondents (53%) considered themselves
as having & “fair” saintenance quality,
while 38% considered their wmaintenance
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quality as “éxcellent”. All of the
reapondents who listed their maintenance
quality as excellent had a norsal
maintenance cycle of 0-24 months. The
respondents with “fair” maintenance
quality were aplit between catedories
with 37X (by wunit-year) showing 0-24
month, 28% (by unlit-year) showing more
then 24 months and, interestingly enough,
38X with No preventive maintenance.

QYERALL CIRCUIT RREAKER
QEEBATIONS FKR YRAR DATA

The listing of “overall olircuit
breaker operations data” has been entered
in three different tabies.

Table 13a shows the data entered in
a noan-weighted format. The fault, and
non-fault, operationa per year are based
on non-weighted numbers. The non-weighted
values ware obtained by counting esch
population data line entry as one unit
(regardless of how many cirouit breakers
or unit-years were reported in  that
line). Tha average number of operations
for each entry line were summed and the
result divided by the number of line
entries.

Copyright © 2007 IEEE. All rights reserved.
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Tablas 13b shows the data weighted by
the number of gircuit breakers. The fault
and non-fault operations par Yyear are
based on the actual number of circuit
breakers reported, regardless of time in
service. The average nusber of operations
for each epntry line was multiplied times
the number of circult breakera reported
for that line. The resulting veluss were
sussed and the total was then divided by
the nusber of circuit breakers reported
in that voltags oategory.

Table 13c shows the data welghted by
the number of unit-years. The fault and
non~fault operations per year are based
on the number of circuit breakers
reported times their pumber of years in
sarvioe (unit-yeare). The unit-years for
sach cirouit breaker times the average
operations per yYear was sussed and the
result divided by the total number of
unit-years reported in that voltage
cabagory.

With the exception of the 0-800 volt
category, ths average nusbsr of
operations per Year remainsd reasonably
consistent over the three tables.
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Table # 2 CIRCUIT BREAKERS, 0-800 VOLT
QUTDOOR versus 1NDOOR LOCATION

Outdoor Indoor
Sanple Size (unit-years) AR 2067.87
Huaber of Failures i 1"
Tailure Bate - Fallures/Unit-Year 0.0108 0.00877

% [Excludes Nolded Case

x
Table # 3 CIRCUIT BREAXERS, 0-800 VOLT
BITECT OF INTEGRAL TRIP TYPR

Static  Blectro-mechanical

Sample Size (unit-years} 1860.48 1052.75
Number of Fallures ] "
Tallure Rate - Failures/Unit-Tear 0.00477 0.0133

¥ Kxcludes ¥olded Case

Copyright © 2007 IEEE. All rights reserved. 555
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TABLE # 4 - CIRCUIT BREARERS
VOLTAGR V8. FAILURR MODE

0-800 VOLT = 801-15KV 34.5RY-130KV ISRV
ALy Magnetie Alr Nagnetic Bulk 0il Alr Blast &
Static  Kleotro-mech §F-6 (2 presure)
TAILED T0 CLOSR ) 13 -0- 3 -0-
ON COMMAND (1} PX} 3%
TAILED 70 CLOSE -0- =0 -0+ 1 -0-
AND LATCH 11%
TAILED 10 OPEM -0- -0- 2 -0- ~{-
ON COMMAND 50%
CLOSES WITHOUT -0- -0- -0- -0- -0-
COMMAND
OPENS WITHOUT ] -0- 1 -0~ 1
COMMAND 56X 5% 30%
PAILED T0 BRIAX -0- -0- -0- -0- -0~
CORRENT NHEY OPENING
DANAGED WRILE -0- -0- 1 -0- -0-
BUCCESSFULLY OPENING i
DAMAGED WHILE -0- -0- 0= -0 -0-
CLOSING
FAILED 70 CARRY «0- =0- -0~ 1 -0-
CUBRENT 1%
TAULT TO GROUND, OR -0- -0- -0- -0- -0-
PRASE TO PHASE (NOT
WHILE OPENING OR CLOSING)
TAOLT ACROSS OPRN -0- -0- -0- -0- -0-
CONTACTS (NOT WHILE
OPENING OR CLOSING)
Loss OF YACUUM -0- -0- -0- -0- -0-
(roR VACUUM BREAEERS)
OTHIR TAILURE REQUIRING -0- -0~ -0- -0- 11
REMOVAL THOM SERVICE 8%
NITHIN 30 MINUTES
OTHER FAILURE NOT REQUIRING -0- 1 -0- 3 3
REMOVAL FROM SERVICE % 3% 13%
UNENONN -0- 0= -0- L ?
1% 14

1014l FALLORES P W i 3 T
® Rxcludes Molded Case 100% 100% 100% 100% 100%
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TABLE # & - CIRCOIT BREAKERS
VOLTAQGE V5. “FAILURE DISCOVERED DURING"
0-800 YOLT » 801-18KY  wx 34 SEV-126KV 8y
Air Magnetio Alr Hagnetic Bulk 01l AMr Blast &
Static  Eleotro-mech EE-6 (2 presure)
DURING ROUTIND -0- 1 1 (] 1l
TESTING/HAINTENANCE ™ 28y 87y 4%
DURING NORMAL OPERATION ] 1 3 } i1
100% 9% X N 4%
OTHER =0- =0~ =0+ (= 1
(14
TOTAL FALLURES 9 " X! 9 4]
100% 100% 100% 100% 100%
t Rxcludes Holded Case
tr Saall Sample 81ze - lesa than 8 fallures (or data points)
TABLE # 9 - CIBCUIT BREAKERS
TAILURES YS. MONTHS SINCE LAST MAINTENANCE
0-800 VOLT = 801-15KY s 34, BKV-138KV SRV
Ar Nagnatic Air Hagnetic Bulk 01l Alr Blast &
me Static Blectro-sech 58-8 (2 presure)
0 - 24 MONTRE -0- 14 2 [ ] 17
100% 14 .11 T4
OVER 24 HONTHS ] -0- 2 -0- 8
100% 50% 26%
%0 PREVENTIVE MALNTENANCE -0~ -0~ -0- 1 -(-
11%
TOTAL PAILURES ] 1 ] (] bt}
100% 100% 100% 100% 100%

¥ Exeludes Molded Cese
ux Suall Sample 8ize - lesa than 3 failures (or data points)

ax The survey requested data for 0-12 month and 12-24 month periods. Dus to ths uncertainty
about which of these two Deriods should be used for entries of 12 monthe eince maintenance,

they were combined into a single entry of 0-24 months.
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TABLE # 10 - CIRCUIT BREARKERS
VOLTAGE V8, FAILURE HEPAIR METHOD
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Std 493-2007

0-800 YOLT = 801-158Y 34, 5KY-1388Y 5RY
Alr Nagnetio ALr Nagnetio Bulk Oi1 Air Blast &
Static Rlectro-mech §F-8 (2 presurs)
REPAIRED FAILED COMPONENT ] 1 3 7 1
IN PLACK OR SENT OOT 1)} X 8% 0% 30%
JOR REEAIR
"
BEPLACKD FAILED UNIT 1 1 1 ] 10
NITH SPARL 11% ™ b1 pbi Tk}
OTHER 0« -0- -0- -0- ]
26%
TOTAL PAILURES ] u 4 8 3
100% 100% 100% 100% 100%
¥ Ixoludes Nolded Case
% Saall Sanple Bise - leas than 8 failures (or data peints)
xtx In sone cases & failed component, not the complets breaker, was replaced with a spare.
TABLE & 11 - CIRCOIT BRBAKERS
VOLTAGE V5. PAILURR REPAIR URGENCY
0-800 YOLT » 801-15KV 34, 5K9-136KY sy
Alr Magnetic ALr Magnetic Bulk 041 Ar Blast &
Static Rlectro-mech 50-8 (2 presure)
NORKING ROUND- TRE-CLOCK ? ! 1 -0-
22% 5% 1%
NORMAL WORKING HOORS 1 " 3 [} 2
8% 100% 6% 9% 100%
LOW FROIRITY 0. - -0- -0- -0-
TOTAL PAILURES 9 1 4 (] &}
100% 100% 100% 100% 100%

% Rxcludes Molded Case

*¢ Saall Sanple 5136 - less than 8 fallures (or data points)

Copyright © 2007 IEEE. All rights reserved.
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Table 13 - OVERALL CIRCUIT BREAKER OPERATIONS DATA (weighted by number of breakers)
0-800 Volt  801-15,000 Volt  34.5-138 k¥ 36 &V
'

Air Blast &
Ale Magnetic  Alr Magnetie Bulk 041  SF-8 (2 presure)
Twult Operations/Year

Average 0.0114 0.5098 0.4877 1.234
Binisua 0 0 0.08 0.2
Yedian 9 1 0.75 2
Haxupun 1 1 2 2

Non-Fault Operations/Year
Average 5.0932 27.1841 20.0158 35.098
Hinjaun 0 0.5 3 10
Hedian L] i 20 30
Haxuava 100 400 100 50

% Ixcludes ¥olded Case

To get the weighted values (weighted by number of olrcult braakers) for Average Fault, and Non-Fault operations,
the nuabar of operations for each entry line is multipiied by the number of circult breakers reported in that
1ine. The product (number of circult breakers times average operations) from each line was summed and the result
divided by the total number of olrcult breakers reported in that catagory.

Table 13 - OVERALL CIRCUIT BREAXER OPERATIONS DATA (weighted by number of unit-years)

0-800 Volt  £01-15,000 Volt  34.5-130 k¥ 345 k¥

¥ Alr Blast &
Air Nagnetic Alr Magnetic Bulk 011 5F-8 (2 presurs)
fault Operations/Year

Average 0.0787 0.4836 0,531 1.6048
Hiniwum 0 0 0.05 0.2
Kedian 0.02 0.5 0.5 2
Haxusun i { 2 2

Non-Fault Operations/Year
Avarage 8.3652 .86 22,439 32,0013
Ninisue ] 0.5 3 10
Hedian 1.6667 L] 20 kL]
Haxumun 100 {00 100 50

# Dxoludes Nolded Case

To get the weighted values (weighted by number of unit-years) for Average Fault, and Non-Fault oparations,

the nuaber of operations for each survey line entry is sultiplied by the nuwbar of unit-years (elrcuit breakers
reported in that line times the nuaber years in service). The product (nuaber of unit-years times average
operations) from each line was summed and the result divided by the total number of unit-vears reported

in that catagory.
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REASONS FOR CONDUCTING A NEW SUBVEY ON
CIRCUIT BREAKER RELIABILITY

by Circult breaker HReliability
Working Group
C. R. Heising, Coordinating Author
A. T. Norris, Chairsan
J. W. Aquilino L. G. Honaghan
BR. N. Bell P. O Donnsll
W. I. Braun A. D, Patton:

The main purpose of this rellability
survey 18 to identify failure data and
the effect of pertinent factors on
iaportant classes and types of circuilt
breskers, thus providing the designer and
planner the valuable basic information
needed to inatall a reliasble and economia
industrial or commercial power system.

Previous I1ERE-IABS clrcuit breaker
reliability surveys of industrial a
commercial installaticns were published
in 1982 and in 1973/74. The latter has
been included in IEEE Standard HKo. 493-
1080 - “Reoommended Practice for the
Design of Relisble Industrial &
Commercial Power BSystems.”™ Pertinemnt
information from the new survey will be
included in future revisions of IEKEEK
Standard No. 493,

Some of the important objectives in
this new survey are: 1., Obtain failure
node data, 2. Obtain estimates of the
nusber of operating oycles per vyear,
3. Obtain data on static trip devices for
low voltage circuit breakers, 4., Obtain
information on the effect of preventive
saintenance on fallure rate, 5. Obtain
better information on suspected fallure
responeibility, failure initiating cause,
and failure contributing cause, and 8.
Obtain pertinent information on new
gircuit breaker technologies.

33% or more of the fajilures reported
in the 1973/74 survey did not contain
information on suspected fallure
responsibility, failure initiating cause,
and failure oontributing ocause. It |is
hoped that this can be improved upon in
the new aurvey. This is considered
important information when <trying %o
improve the -reliability of cirouit
breskers used on industrial & ocommercial
power systeme. In the 1973/74 survey 23%
of the failures were blamed on the
wanufacturer and 23% were blamed on
inadequate wmaintenance and 36X were
unknown. These were the three largest
causes of falilures. Inadequate
saintenance is an area that an industrial
or commercial user can do sosething
about; and eny partineant inforsation on
this subject will be requested.
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The 1973/74 survey did not oollect
information on the estimated nusber of
operating crycles per year. This ie
isportant information when ¢trying to
eatinate the probablility of a clirouit
breaker successfully operating when
commended to do so. This information will
persit a reliability sssessment versus

duty application.

The 1873/7T4 survey did not collect
low voltage circuit breaker data on
whether of not a statlc trip device was
used. This information is of interest to
designers of power systems where there is
much concern about failure rate of so0lid
state versus electrosechanical triyp
devices.

Approximately 30X of the coircuilt
breakers in the 1873/T4 survey were over
ten years old. Circult breakers more than
15 years old may not be typical of what
18 being used in the design of new power
systoms.

Various clasaes and types of circuit
breakers in the 1873/74 survey had
significantly different distributions of
the various failure modes. Updated
information on this subject 1is of
interest to designers of power systems.

Reliability information on medium
and high voltage circuit breakers using
the newer technologies is of interest to

designers of power systems. Thie includes
vacuum and S5F6-puffer circuit breakers.

Switchgear bus ie not included in
this survey. A separate asurvey was
published on this subject in 1979.
Protective relays, fuses, and awitches
sre not included in this survey. A survey
in 1978 on these egquipment categorise
asked for information that sany
industrial and commercial users did not
have readily available; and the survey
was unsuccessful. A limited amount of
inforsation 1a contained in the 1973/74
survey on di t switchea, relays,
and fuses.
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CIRCULT BHREAKERS
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# IF THIP INITIATION UWIT IS AN INTEGRAL PART OF THE BREAKER, INCLUJDE ANY FAILURE

Of THE TRIP ONIT AS A BREAKER FATIORX.

#% CONSIDER EACH OPEN/CLOSE CYCLE AS ONE (1) OPERATION. INCLODE OPERATIONS

DURING MATNTEMANCE.
CIRCUTT BREAKER
COMPANY NAME AND PLANT:

FAILED UNIT DATA - Fill 1a One Line for Each Failure

[aJoJcoJufrfofulr]s :
6_?
5 5 /G
G hELT A £ 6

&£ b ik 4.

S SRS 86 S8 /6
GERETTIGEL LT o
7 §$§£g£§ comPowENt

LSELTEN G @b*;’\ é\
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CIRCUIT BREAKER RELIABILITY SURVEY
SBURVEY CODX

Total Population Form

01rcu1t breaker Type (B)

Adr Megnetic

. Vacuums

. Bulk 011

. Air Blast

"Puffer” Type 8F-8

. All 8F-8 other then "Puffer~
. Other

-JﬂuhuNl-'

Norsal Maintenance Cycle (K)
1, 0-12 monthe
2. 12-24 months
3. Over 24 monthe
4. Ho preventive maintenance

Maintenance Quallity (L)
Your estimate of Preventive
Maintenance Quality:
1. Bxcellent
2. Fair
3. Poor
4. None

Falled Unit Form

Failure Discovered (B)
1. During Routine Teatins/
Maintenance
2. During Normal Operation
3. Other

Failure Initiatiang Cauvee (C)
1.Transient overvoltage - such as
lightning. ewitchlag surges. or
systes faults.
Insulation Breakdown.
3. Mechanical burnout, friction, or
selizing of moving parte.

4. Mechanical breakdown - such as
cracking, loosening, abrading,
or deforming of etatic or
structural parts.

8. Phyeical damage or shorting fros
outside source - such ae
vehiocular accident.

8. Electrioal fault or malfunction.

7. Halfunction of protective relay
or tripping device.

8. Other auxiliary device
Malfunotion.

#. Low, or no, auxiliary voltage -
for olrouites esuch as air
conpressors, and SF-§ heaters.

10. Other

Failure Contributing Caues (D)

1. Overload - persistent

2. Extreme hear (ambient temperature
if knowm _____ deg. C)

3. Extremse Cold (ambient temperature
if kmown ____ deg. C)

4. Bevere weather - such as wind,
raln, snow, or sleet.

5. Abnormal molsturs.

8. Aggressive cheaicalas.

7. Dust, salt epray, or other
contaminant exposure,

8. Normal deterioration from age.

9. Lubricant lose, or deficlency.
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10.Iwproper operating or .test
procedure.

11. Tripping scurce deficient.

12. Lack or preventive maintenance.

13. Other

suupected faillure Responsibliiity (E)
Defactive component

. Improper handling/shipping

. Poor installatlon/teeting

Inad te maint

. Improper operation

. Improper application

. Inadequate physical protection
. Dutside agency (esuch as vehicular
accident)

. Other

0. Unknown

- ﬂ—l@“b&”i—

Failure Mode (F)

. Failed to close on command

. Failed to close and latch

. Fafled to open on coamand

. Closes without command

Opens without command

Falled to break current when

opened

. Damaged while successfully

opening

. Damaged while clcaing

Failed to carry current

Fault to ground, or phase to
phase (not while opening or
closing)

. Fault across open contacts (not
while opening or cloeing)

. Loss of vacuum ({(for vacuum
braaksrs)

. Other failure requiring removal
fros service within 30 sinutes

. Other failure not requiring
immediate removal from service

15. Unknown

!onths Since Last Maintenance (G)
. 0 ~ 12 months
2. 12 - 24 montha
3. Over 24 monthe
4, No preventive maintenance

- 08 - AP N =

o

- e me a
I -

Bapalr Drgency (H)
1. Working round-the-clook
2. Hormal working hours
3. Low priority

Repair Or Replace (J)
1. Repaired failled component in
place or sent out for repalr
2, Replaced falled unit with epare
3. Other

[1] ANSI/IERE Standard 493-1980, "IEEE
Recommended FPractice For Design of
Reliable Industrisl and Commercial Power
Bystems” .

Copyright © 2007 IEEE. All rights reserved.



