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Report on Reliability Survcy of Industrial Plants, Part 1V:
Additional Detailed Tabulation of Some Data Previously
Reported in the First Three Parts

IEEE COMMITTEE REPORT

Abstract—An IEEE spomsored reliabllity survey of industrial
plants was completed during 1972. This smrvey included 30 com-
paties covering a total of 88 industrial plants in the United Statos
and Canada, Additional detailed resuits are reported on some dats
that were previously reported in the Arst three parts. This includes
failure modes of circuit breakers, cost of power outages, critical
service loss duration time, loss of motor load versus time of power
outage, and the effect of failure repair method and repair urgency
on the average downtime per failure of slectrical equipment. This
information is wseful in the design of industrial power distribution
sysioms.

INTRODUCTION AND RESULTS

URING 1872 the Reliability Subcommittee of the
Industrial and Commercial Power Systems Com-
mittee completed a relisbility survey of industrial plants,
This paper presents Part IV of the results from the survey.
The first three parts [11-[3] were published previously.
Some of the data in the first three parts caused guestions
to be raised about the possibility of obtaining additional
details. These additional details are being reported in this
paper and include the following results.
Table 43 gives failure modes of circuit breakers, in-
cluding

1) metaleclad drawout
a) 0-600 V
b) 601-15000 V
c¢) all voltages
2) fixed type (includes molded case)
a) 0-600 V
b) all veltages.

Tables 44, 46 give cost of power outages, adding 25
and 75 percentile data to what was previously published.

Table 46 gives critical serviee loss duration time (maxi-
mum length of power failure that will not stop plant
preduction), adding 10, 25, 75, and 90 percentile data to
what was previously published.

Paper TOI)-74-33, approved by the Industrial and Commercial
'yubemn Committee of the IEEE Industry {_.Pphunonn
Socmy or pmmtnhon at ﬁhe 1074 Industrial snd Commercial
Power § Denver, Colo., June 2-8.
Manuseript mh-ud for pubhcnmn Apnl 15, 1974. )
ldllamban of the Relnbi lity & > of the IEEE Ind )

Powe A, D). Paton,
Chawmbc E. Bockat. W.H

are
H, Dickinson, P. E. Gannon, C. R,
W. McWilliams, R. W, Pmnm, and 8. Wells,
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Table 47 lists loss of motor load versus time of power
outage, adding the following length of power outage
categories:

1) 10 to 15 cycles
2) 154 to 30 cyeles
3) 0.5+ to 2.0s

4) 2+ to 40

5) >40s.

Tables 48 throuyh 56 report the effect of failure repair
method and failure repair urgency on the nverage down-
time per failure for the following equipment, categories:

1) transformers—liquid filled
a} $01--13 000 V
b) above 15 000 V
eircuit breakers——metalclad drawout
a) 0-600 V
b) above 600 V
3) motors
a) induction, 0- 600 V
b) induction, 601-15 000 V
¢} synchronous, 601-15000 V
4) cable
8) above ground and aerisl, 601-15 000 V
b) below ground and direct burial, 601~15 000 V
In each of the Tahles 43 through 56 reference is made
to the tables in Parts I, I, and III where previous results
had been reported.
DISCUSSION--FAILURE MODES OF
CIRCUIT BREAKERS

The data on failure modes of eircuit breakers given in
Table 43 show some very interesting resulty.

()
—

Circuit Breakers, 0600 V

71 percent of the failures of metalelad drawout circuit
breakers were ““opened when it shouldn’t” versus 5 percent
of the failures for fixed-type cireuit hreakers (includes
molded case). 77 percent of the failures of fixed-type
cireuit breakers (includes molded case) were “failed while
operating {not while opening or closing),” and only 10
percent of the metalclad drawout failures included this
failure mode.

None of the failures reported for either type of circuit
breaker were “failed while opening.’”’ Only 9 percent and
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TABLE 43 - FAILURE MODES OF CIRCUIT BREAKERS - Percent of Total Failures in Each Failure Mode
(Data Previously Reported in Tables & and 41)

Metalclad Metalclad | *Fixed
Al Metalclad | Drawout- Drawout- | Type *Fixed
Circuit Drawout- 601-15,000 | 0-600 Volts | 0-600 Velts | Type-
Breakers All Volts A1l Sizes | Al Sizes [ Al Card-Type 3, (ol, 8
¥ 3 [} H ] ¥ FAILURE CHARACTERISTIC
5 5 2 ] 8 6 Failed to close when it should
9 12 21 0 2 Failed while opening
&2 | B__ | 4 |- N__ {5 L &__| Opened when it shouldn't _ _ _
1 b 4 4 5 4 Damaged while successfully
opening
2 1 0 0 0 4 Damaged while ¢losing
kY] 16 % 10 n 13 Failed while operating (not whild
opening or closing)
1 0 0 0 0 2 Failed dyring testing or main-
tenance
1 2 0 3 0 0 Damage discovered during testing
or mafntenance
1 0 0 0 5 5 Other
100% 100% 100% 100% 1003 100% Tota] Percent
- n 53 59 » 48 Number of Failures in Total
Percent
. ! 0 7 1 ] Number Not Reported in Col. 46,
{ard-Type 3
- [13 i [{] Total FafTures 1p Taple s ]

¥Includes molded case
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5 percent, respectively, of the failures were ‘“‘damaged
while successfully opening.” Only 7 to 8 percent of the
failures were “‘failed to close when it should.”

It appears that the dominate failure mode for metalelad
drawout circuit breakers, 0-600 V, iz “opened when it
shouldn't.” It is possible that some of these failures were
external to the breaker and of unknown cause and were
blamed on the breaker. Some of these may have been due
to improper-sctting of the trip current.

The dominate failure mode for fixed-type cireuit breakers
(includes molded case), 0-600 V, is “failed while operating
(not while opening or closing).”

Metalclad Drawout Circuil Breakers, 601-15 000 V

Aletal drawout circuit breakers, 601-13 000 V, had 21
percent of the failures classified as “failed while opening”
and 4 percent classificd as “damaged while successfully
opening.” Another 24 percent of the failures were classi-
fied as ““failed while operating (not while opening or
closing).” 49 pereent of the failures were classified as
“opened when it shouldn’t;” it is suspected that some of
these may have been due to improper setting of the trip
eurrent.

It appears that metalelad drawout circuit breakers,
601-15 000 V, have about half of their failures as “‘opened
when it shouldn’t” and the other half as “failed while
operating or while opening.”

DISCUSSION—LOSS OF MOTOR LOAD
VERSUS TIME OF POWER OUTAGE

The data on lnss of motor load shown in Table 47
indicate that for power outages greater than 10 cyveles
duration most of the plants lose the motor load. However,

Copyright © 2007 IEEE. All rights reserved.
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for power outages between 1 to 10 ¢ycles duration, only
about half as many lose the motor load. Thus, power
outages of less than 0 cycles duration may often not
result in losing the motor load.

There were many power outages of more than 4.0 s
duration, and 35 percent did not lose motor load. It is
suspected that many of these did not have a motor load.
Some may have had a duplicate feed and thus did not lose
the motor load.

DISCUSSION—EFFECT OF FAILURE REPAIR
METHOD AND FAILURE REPAIR
URGENCY ON AVERAGE HOURS

DOWNTIME PER FAILURE

Data were given in Part I on the average hours downtime
per failure for 74 categories of electrical equipment. It is
known that the downtime after a failure can be aflected
to a large extent by the failure repair method and the
failure repair urgency. The failure repair method includes
either repair of the failed component or else replacement
with a spare, Some data were given in Tables 33 and 34 of
Part 111 on the failure repair method and the failure repair
urgency for whole classes of electrical equipment.

A mote detailed study is reported in Tables 48-56 of
this paper on the effect of the failure repair method and
the failure repair urgency on the average hours downtime
per failure, This is only reported for 9 electrical equipment
categories, rather than the 74 categories given in Part 1.
These 9 electrical equipment categories were selected be-
cause an adequate sample size existed of the number of
failures and because the average downtime per failure
wag effected significantly by the failure repair method
and/or the failure repair urgency.
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TABLE 44 - PLANT OUTAGE COST PER FAILURE PER kN OF MAXIMUM DEMAND (§ per ki)
A1l Industry - USA & Canada
(Data Previously Reported in Tables 22, 24 and 26)

Number
of

Plant Plants 5% 75%

Size Reporting  Minimm  Percentile  Median  Percentile  Maximm  Average
A1t Plants LY .002 T .69 2.5 10,00 1.89
Plants > 1000 ki k. 002 09 R 1,31 1.50 1.05
Max, Demand
Plants < 1000 kN 10 ,50 .n 3.68 8.2 10.00 4,59
Max. Demand

TABLE 45 - PLANT OUTAGE COST PER HR. DOWNTINE PER kW OF NAXINUN DEMAND (§ per kih)
A1T Industry - USA & Canada ‘
(Data Previously Reported in Tables 23, 25 and 27)

Number
of
Plant Plants 254 753
528 Reporting  Minimum  Percemtile  Median  Percentile  Maximm  Average
A1l Plants 4 0009 18 .83 2.1 27,00 2,68
Plants > 1000 kN 3 ,0009 R ¥ 1.20 507 9
Max. Demand
Plants < 1000 kW 10 .86 1,83 XY 12.50 27.00 8n
Max. Demand
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TABLE 46 - CRITICAL SERVICE LOSS DURATION (Naximum Length of Power Failure
that Will Not Stop Plant Production)
(Data Previously Reported in Table 29)
Kunber
of
Plants 10% 254 154 903
Industry Reporting  Average  Percentile  Percentile Median  Percentile Percentile
M Industry - 5 1.6 mn, 5.0 cyeles 0.0 cycles 10,0 sec. 15.0 min,  60.0 min,
USA & Canada
Chemical 0 4.5 min, 3.2 cycles  BScycles 1.5 sec. 5.0 min  28.5 min.
TABLE 47 - LOSS OF MOTOR LOAD VERSUS TIME OF POMER OUTAGE
Tabulation of the Percentage of Equipment Failyres
for ¥hich the Motor Lpad was Lost
(Data Previously Reported in Table )
TYPE OF
Length Nurber LOAD LOST
of of Motor
Equipment Fallures ot
Failure Reported Yes o Known
1 cycle or less 0 0 0% 0%
1+ to 10~ cycles . X B Y 0"
L 10totocycles L7 _|86% _ . _ 0 _|
15+ to 30 cycles 8 ] 1 0
0.5+ to 2.0 sec, X m % 108
2.0+ to 4.0 sec. 0 100% 03 )]
>4.,0 second 998 L] 0
Copyright © 2007 IEEE. All rights reserved. 433
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TABLE 48  TRANSFORMERS-LIQUID FILLED, 601-15,000 YOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
(N THE AVERAGE HOURS DOWNTIME PER FAILURE
(Previous Data Given in Tables 4, 33 and 34)

FAILURE REPAIR METHOD

FAILURE REPAIR METHOD

Replace Replace
Repair _with Spare  Total | Repair __with Spare
Average Hours Downtime
Number of Failures per Failure FAILURE REPAIR URGENCY
4 2 % ¥ 130 1, Requiring round-the-clock all out efforts
10 3 13 W2 ¥ 2. Requiring repair work only during regular
workday, perhaps with some overtime
0 0 - - 3, Requiring repair work on a non-priority
basis
14 5 ¥ Average 174, Hours Total

*Small Sample Size

TABLE 49 - TRANSFORMERS-LIQUID FILLED, ABOVE 15,000 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DOWNTIME PER FAILURE
(Previous Data Given in Tables 4, 33 and M)

FAILURE REPAIR METHOD

FAILURE REPAIR METHOD

Replace Replace
Repair with Spare Total | Repair with Spare
Average Hours Downtime
Number of Failures per Fatlure FAILURE REPAIR URGENCY
2 5 I * * 1. Requiring round-the-clock all out efforts
12 4 16 1842 * 2. Requiring repair work only during regular
workday, perhaps with some overtine
0 1 1 - * 3, Requiring repair work on a non-priority
basis
I} 10 24 Average 1076, Hours Total

*5mll Sample Size
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TABLE 50 ~ CIRCUIT BREAKERS - METALCLAD DRAWOUT, 0-600 YOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DOWNTINE PER FAILURE
{Previous Data Given in Tables 5, 33 and 34)

FAILURE REPAIR METHOD FAILURE REPAIR METHOD

Replace Replace
P_mir with Spare  Tota] | Repair  with Spare |
Average Hours Downtime

Nuwber of Failures per Failure FAILURE REPAIR URGENCY

k| 19 50 3.3 3.8 1. Requiring round-the-clack all out efforts

6 ] 7 L] 4 2. Requiring repair work only during regular
workday, perhaps with some overtime

8 1 ] . ¥ 3, Requiring repair work on a non-priority
basis

L 2l 66 Average 147, Hours Total

*5m] Sample Size

TABLE 51 - CIRCUIT BREAKERS - METALCLAD DRANOUT, ABOVE 600 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DONNTIME PER FAILURE
(Previous Data Given fn Tables 5, 33 and 34)

FAILURE REPAIR METHOD FAILURE REPAIR METHOD
Replace Replace

Repair with Spare Total [ Repair with Spare
Average Hours Downtime

Nurber of Faflures per Failure FAILURE REPAIR URGENCY
U 12 i 8. 21 1. Requiring round-the-clock a1l out efforts
3 § 12 * ' 2. Requiring repafr work only during regular
workday, perhaps with some overtime
0 0 0 - - 3. Requiring repair work on a non-priority
basis
kY A 58 | Average 109, Hours Total

#*5mall Sanple Size
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TABLE 52 - MOTORS - [NDUCTION, 0-600 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DOMNTIME PER FAILURE
{Previous Data Giver in Tables 7, 33 and 34)

FAILURE REPAIR METHOD FAILURE REPAIR METHOD

Replace Replace
Repafr with Spare Total | Repair with Spare
Average Hours Downtime

Number of Failures per Failure FATLURE REPAIR URGENCY
12 1 3 .7 6.6 1, Requiring round-the-clock all out efforts
178 2 m 123 A 2. Requiring repair work only during regular
workday, perhaps with some overtime
0 5 § - * 3. Reguiring repair work on a non-prigrity
basis
187 2% 23 Average 114, Hours Total |
*Small Sample Size
TABLE 53 - MOTORS - INDUCTION, 601-15,000 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FATLURE REPAIR URGENCY
ON THE AVERAGE HOURS DOWNTIME PER FAILURE
__[Previous Data Given in Tables 7, 33 and M)
FAILURE REPAIR METHOD FAILURE REPAIR METHOD
Replace Replace
Repair _ with Spare Total | Repair with Spare
Average Hours Downtime
Number of FafTures per FaiTure FAILURE REPAIR URGENCY
14 10 U 88.1 * 1. Requiring round-the-clock all out efforts
93 L] LY 83.6 W 2. Requiring repafr work only durtng reqular
workday, perhaps with some overtime
6 0 6 * - 3. Requiring repafr work on a non-priority
basis
113 58 m Average 76, Hours Total

*Small Sample Stze
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TABLE 54 - MOTORS - SYNCHRONOUS, 601 - 15,000 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY

ON THE AVERAGE HOURS DOMNTIME PER FAILURE
(Previous Data Given in Tables 7, 33 and 3

IEEE

Std 493-2007

FAILURE REPAIR METHOD FAILURE REPAIR METHOD
Replace Replace
| Repair  with Spare  Total | Repair with Spare
Average Hours Downtime
Nurber of Failures per Failure FAILURE REPAIR URGENCY
28 2 0 198 £ 1. Requiring round-the-clock all out efforts
55 8 63 201 X 2. Requiring repair work only during regular
workday, perhaps with some overtime
] 0 ] * - 3, Requiring repair work on a non-priority
basis
B4 10 9% Average 175, Hours Tofal

*Small Sanple Size

TABLE 55 - CABLE - ABOVE GROUND & AERIAL, 601-15,000 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DOWNTIME PER FAILURE
(Previous Data Given in Tables 13, 33 and 34)

FAILURE REPAIR METHOD FAILURE REPAIR METHOD

Rep]ace Re ]ace

Repair _ with Spare Total Repair mitﬁp Spare_ |

Average Hours Downtime
per Failure

Nurber of Failures FAILURE REPAIR URGENCY

4% 4 50 9.0 x 1. Requiring round-the-clock all out efforts

1 8 19 * * 2, Requiring repair work only during reqular
workday, perhaps with some overtime

2 4 4 ¥ L 3. Requiring repair work on a non-priority
hasis

59 4 K] Average 40.4 Hours Total

*Smal] Sample Size
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IEEE
Std 493-2007

ANNEX B

TABLE 56 - CABLE - BELOW GROUND & DIRECT BURIAL, 601-15,000 VOLTS
EFFECT OF FAILURE REPAIR METHOD AND FAILURE REPAIR URGENCY
ON THE AVERAGE HOURS DOWNTIME PER FAILURE
(Previous Data Given in Tables 13, 33 and 34)

FAILURE REPAIR METHOD FAILURE REPAIR METHOD
Replace Replace
Repair with Spare Total Repair with
Average Hours Downtime FAILURE REPAIR URGENCY
Number of Failures 23%55 Failure
57 = 13.0 1. Requiring round-the-clock all out efforts
2 33 35 * 77.8 2. Requiring repalr work only during regular
workday, perhaps with some overtime
3 3 6 * " 3. Req:ﬂring repair work an a non-priority
as1s
22 93 115 Average 95.5 Hours Total
*Small Sample Size
In several cases there is a disparity in the downtime  Motors

between the ‘‘average” and the cases where work is done
“round the clock.” When making availability calculations,
this should be idered when deciding what value to use
for the downtime after a failure.

Transgformers, Liquid Filled

Transformers, above 15000 V, had an average down-
time per failure of 1842 h when sent out for repair without
round-the-clock urgency. This compares with an cverall
average of 1076 h for all outage times, which included
several cases of replacement with a spare. Thus it can be
concluded that repair gives a much longer cutage time
than replacement with a spare for transformers, above
15000 V.

Transformers, 601-15 000 V, had an average downtime
per failure of 342 h when sent out for repair without
round-the-clock urgency. This compares with 130 h for
replacement with a spare while working round the clock.
Thus it can be concluded that repair gives a much longer
outsge time for transformers, 601-15 000 V, than replace-
ment with a spare while working round the clock.

Cireuil Breakers, Metalclad Drawout

Metalclad drawout circuit breakers, 0-600 V, had an
average downtime per failure of 3.3 h to 3.8 h when fixing
the failure with round-the-clock efforts. This compares
with an overall average of 147 h for all outage times. Thus
it can be concluded that 24 percent of the outages of
metalclad drawout circuit breakers, 0-600 V, had low
urgeney for fixing the failure, and that these 24 percent
of the failures resulted in ineressing the average downtime
per failure from 3.8 h to 147 h,

Metalclad drawout circuit breakers above 600 V, had
an average downtime per failure of 109 h for all outages.
However, when round-the-clock effort was applied it only
took 83 h for repair and only took 2.1 h for replacement
with a spare. This shows that it is possible to reduce the
downtime by having a spare and working round the clock
when fixing metalclad drawout circuit breakers, above
600 V.

438

Most users of synchronous metors, 601-15 000 V, did
not have a spare. Thus the average downtime per failure
was 175 h for all failures.

Induction motors, 601-15 000 V, had an average down-
time per failure of 35 h for replacement with a spare,
compared to B4 to 88 h for repair. Induction motors, 0~
600 V, had an average downtime per failure of 6.6 h for
replacement with a spire while working round the cloek.
This compares with 123 h for repair and not working
round the cloek.

Cables

Cables, above ground and aerial, 601-15 000 V, had an
average downtime per fallure of 9 h for repair when
working round the clock. This compares with 40 h for all
failures. This shows that it is possible to reduce the down-
time by working round the clock when fixing cables, above
ground and eerial, 601-15 000 V.

Cables, below ground and direct burial, 601-15 000 V,
had an average downtime per failure of 96 h for all failures.
However, this was only 19 to 27 h when working round the
clock. This shows that it is possible to reduce the down-
time by working round the clock when fixing cables, below
ground and direct burial, 601-15 000 V.

DISCUSSION—COST OF POWER OUTAGES

Data are given in Tables 44 and 43 on the cost of power
outages to industrial plants. This has added 25th and 75th
percentile data to what had previously been reported in
Part II. These were added because of the wide spread in
the cost of power outages to industrial plants.
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Report on Reliability Survey of Industrial Plants, Part V:
Plant Climate, Atmosphere, and Operating Schedule, the Average
Age of Electrical Equipment, Percent Production Lost, and the

Method of Restoring Electrical Service after a Failure

IEEE COMMITTEE REPORT

Ah. fmm A,

IEEE gy ed reliability survey of industrial
plants was completed during 1$72. This survey included the plant
climate, atmosphere, and operating scheduie, the average age of

lectrical equip percent production loat, and the method of
restoring electrical service after a failure. The results are reported
from the survay of 30 companies covering 68 plants in nine industries
in the United States and Canada. This information ia useful in the
design of ind d i

rinl power ¥

INTRODUCTION AND RESULTS

URING 1972 the Reliability Subcommittee of the
Industrial and Commercial Power Systems Com-
mittee completed a reliability survey of industrial plants.
This paper presents Part V of the results from the survey.
The first three parts [1}-[3] were published previously;
some of the data of lesser importance were not published
at that time but are presented in this paper. Included in
Part V are
Table 57—Failure Forewarning for Public Utility
Power Interruption Only.
Table 58—Percent Production Lost,
Table 58—ethod of Service Restoration,
Table 60—Average Age of Electrical Equipment,
Table 61—Plant Climate,
Table 62—Plant Atmosphere,
Table 63—Plant Operating Schedule.

These data are useful when using the results published in
Parts I, I, I1I, IV [4], and VI [5]. This information is
also useful in the design of industrial power distribution
systems. The data on average age of electrical equipment
and plant operating schedule provide answers to some
points raised in the written discussion to Part 1.

Paper TOD-74-33, approved by the Industrial and Commercial
Power S‘yswm.! Committee of the IEEE Industry Applications
Society for presentation at the 1574 Industrial and mmercial
Power Systems Technical Conference, Denver, Colo., June 2-6.
Manuscript released for publication April 15, 1974.

Members of the Reliability Subcommitiee of the IEEE Industrial
and Commereial Power Systems Committee are A. D. Pation,
Chairman, C. E. Becker, W. H. Dickinson, P. E. Gannon, C. R,
Heising, ). W. McWilliams, R. W. Parisian, and 8. Wells.
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TABLE 57 - FAILURE FOREWARNING for PUBLIC
i Y

UTILITY POWER INTERRUPT
Col, 25

Percent Card-Type 3

97% 1. If no forewarning was given

3% 2, If forewarning was given

—_ For other types of faflure, Teave blank
100% Total Percent

172 Total Interruptions Reported

SURVEY FORM

The survey form is shown in Appendix A of Part T [1].
The information reported in this paper came from 1} card
type 3, columns 25, 53, and 58; 2) card type 2, column 33;
and 3) card type 1, eoluinns 9-11 and 13. The definition
of failure is given in Part I.

RESPONSE TO SURVEY

A total of 30 companies responded to the survey
questionnaire, reporting data covering 68 plants in nine
industries in the United States and Canads. For the
purpose of reporting results in this paper, Part V, the
number of industries were reduced from nine down to five
plus an “all other” category. The five industries selected
were the ones for which equipment failure rate data were
reported in Tables 3 through 19, Part I. All of the remain-
ing industries were combined into an ‘'all other”’ category
in Tables 61-63 on plant climate, plant atmosphere, and
plant operating schedule,

DISCUSSION —FOREWARNING FOR FUBLIC
UTILITY POWER INTERRUPTION

Only 3 percent of the time was a failure forewarning
given for a public utility power interruption to the indus-
trial plant. Data from Table 3, Part I, and Table 37,
Part V, indicate that a large percentage of these interrup-
tions were on double- or triple-circuit aupplies. Forewarn-
ing can be important to plants with a single circuit. It can
also be important to plants containing a double circuit
with manual switchover.
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TABLE 59 - METHOD OF SERVICE RESTORATION
b ol 1 ]
’_
1217, [71] [72]
-l jeu] =2
=T N a o0 (%]
| @& z
jm T Y0 RV [ x| (=]
oS 21wl w S |8 @ 8 n
| o lral x| | E |zula-|a@ | g Col, 58
o x| v |OM|we| 22 |85|03|5 w lwl|wa Card Type 3
d w| Z2 | |Ox| O | W |OF[HFD | FW FlEewl 2 [ dZ| JE
R E R R
- (W& | - oo gm 8 O [ oh| - mé aR|ox| L 5'7 5!—
Bive method of restoring service
SRR IR IR R IR IR to plant
TV T3] 6] Of B 200 0 587 2 131 V8] 28] 19 [V Primary selectfon - manual
20 8 0f 11 0 0f 0] 0| O 5{ 0| 4 5 8 0 (2 Primary selection - automatic
SNy 150 6L 0L 140330 01 171100100 2/ 200 321 231 3_Secondary selection - manual_ _
20 1] 3 8 0f 0 0 0] 0f 0y 0of 1 0| 8 4|4 Secondary selection - automatic
0+ 0 O 0y O 0} 0% o} 0} 5} 0f 0} 0] 0 075 Network protector operation -
automatic
21 6512 N 12) 3| 2| 3/17] 20| 3% N| 42 24 27 |6 Repair of failed component
20 21 %) 380, 2914 n7) 010 20 0f 12 |7 Replacement of failed component
with spare
1208 0 1] 00 0p 13 0 0} O of Y| 1| 0f 0|8 Utility restored service
Q| 1) 5] 29|78 2] 0 0| 8] 25| 0f 42| 16| 0| 15 |9 Other - explain in remarks
100 1100 {100 100 { 1001 100 { 100 { 100 | 100 { 106 { 100 1001 100{ 100 100 | Tota} Percent
1204 (171 751160 68{ 318 15 69| 12| 201 20 103{ 122| 25| 26 | TOTAL NUMBER REPORTED
TABLE 60 - AVERAGE AGE OF ELECTRICAL EQUIPMENT
[] ]
[72] 1]
2 = -
w o 5] b2
5 Ntk o [+ 4 g
z - SIS - §=] < =]
-4 vy w O] W] W w =
[»] (=4 o = ZWw| Ok [} o
w -0y w N | T | I I "] Zz
(7 =" ] ] -4 gloojud | Q W | Wk W~
< [& -4 o o w| k) 2 W - Zu - wZ JE
o | o | e = Tl Amimn | =X ]| o |wa| o o=~ A
¢ |- | OF [=] Wi =2 Xz| X4 o5 o= | <0 W
L (8 -] zwn 3 ol on| e na 0o oXx o Q| D
NUMBER OF INSTALLED UNITS Age
6| 9894 101 04| G o0f 0| O 0] 30| 15 0} 72[7 Less than 1 year old
694) 301 3162 | 1884 | 9| 909| 646 | 1998 1206 | 1211019) 1385  3314) 2 1-10 years od
835( 1944 | 608 | 3643 | 77| 552 €91 555 | 13640 | 4721831 2338 5712] 3 More than 10 years old
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TABLE 61 - PLANT CLIMATE (for entire plant site)
TABLE 62 - PLANT ATMOSPHERE (for entire plant site)

[=}
z z
> wl ps L-4%]
A gl gl = Table, Title, Card-Type 1 Colum No.
2] - - o W= " =4
o E o 4 [ 3%] o 1Y)
0| w [ | e w | ax
—& F W 1] Dl w -
- 0] E a| ®a | €0
NUMBER OF PLANTS TABLE 61 - PLANT CLIMATE {Col. ¢)
Average of Daily Maximums for Hottest Month
Tenperature Relative Humidity (RH
{measured at noon to % PH §T)
Wl 8 1+ 3 0f 1 1 1 Hot () 90F) High (%55 RH)
331000 0] 0 0 2 Hot () 90F) Moderate { 5055 RH)
R0l 0L 0 0 0l 02 _ _3Kot (D90F) _ _ Low (CSORH)__ |
Wi 4 120 0 0 7 4 Moderate (80-90F) High ()55 RH)
B 650 1] 0] 1} 1) 8 5 Moderate 80-90F; Moderate ( 50-55RH)
6L L0 VL 2L VLT L 6 Moderate (80-90F) _Low }(mn_, mr e
1oL 0] o 0 0f 1 7 Low (€80F) Righ {)55 MM
2000 0] 2] 0 0 O 8 Low (€ 80F) Moderate (50-55 RH)
0l o 0 o] of 0 0 9 Low (¢ 80F) Low (€ 50 RH)
TABLE 62 - PLANT ATMOSPHERE (Col. 10}
¥p2| 1(7 0| 2| & 1 Clean to s1ightly polluted air
o4 0 01 0 0 2 With salt spray and corrosive chemicals
L 0L 0L 0L 0 0l 0L 0.1 _  _3Withsaltspray and dust or sand ____ o
0] 0f 0] 0 01 0 0 4 With salt spray only
13 8 0 0 111 3 5 With corrosive chemicals and dust or sand
440l 0l 0 00 _ b With corrosive chemicals only __ __ __ |
¢l o 040 0] 0 2 7 With dust or sand only
510 2[00 21 0 1 8 ith conductive dust
1101 0] 0 0 0 ] 9 Other
442 Copyright © 2007 IEEE. All rights reserved.
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TABLE 63 - PLANT OPERATING SCHEDULE

(=]
. = =
- —d S| =<
o - [FY) (3= bad
Gl 2| .l atam| =& «| Title, Card-Type 1 Column No.
—J x <X o [--N 7] [t Lt
—a hd - - o =L b X
- - w w — d [T8] —d
= [ = o [-§-9 - < O
NUMBER OF PLANTS HOURS PER DAY (Col. 11}
0 o 0 0 0 0 [¢] Less than 8
9 2 0 1 0 0 [ 8
L ol ol ol ol olol_ol 9tts __ __ ___ __ _|
19 ] 2 0 0 0 17 16
0 0 0 0 0 0 0 17 to 23
40| 19 1 7 3 3 7 24
DAYS PER WEEK (Col. 13)
38 ? (2) ? 0 0] 0 Less than &
I N I 1L 2 j.0L 28 ] 5 R T R
sl aT ool oTol 2T 6 ]
35 19 1 7 1 3 4 7

DISCUSSION—PERCENT PRODUCTION LOST

The most severe category of failure in an industrial
plant is where above 30 percent of the production is lost.
Data from Table 58 show that the following percent of
equipment class failures resulted in losing above 30 percent
of the production.

Switchgear bus—bare 50 percent
Electric utility power supplies 27 percent
Switchgear bus—insulated 20 percent
Cable terminations 18 percent
Bus duct 15 percent
Transformers 15 percent
Generators 15 percent
Open wire 13 percent
Cable 13 percent
Cable joints 9 percent,
Circuit breakers 8 percent
Motors 3 percent,
Motor starters 2 percent

It can be seen that failures of switchgear bus and clectric
utility power supplies often result in losing above 30
percent of the production.

DISCUSSION—METHOD OI' SERVICE
RESTORATION

The data on method of eleetrical service restoration to
plant is shown in Table 59. A percentage breakdown of the
total shows the following resuits.

Copyright © 2007 IEEE. All rights reserved.

Replacement of failed component

with spare 22 percent
Repair of failed components 22 percent
Other 22 percent
Utility serviee restored 12 percent
Secondary sclection—manual 11 percent
Primary selection—manual 7 percent
Primary selection-—sutomatic 2 percent
Secondary selection-—automatic 2 percent
Network protector operation—automatic 0+ percent

The most common methods of service restoration are
replacement. of failed component with a spare or repair
of failed component. Only 22 percent of the time is primary
selection or secondary selection used; this would indicate
that most power distribution systems are radial.

DISCUSSION—AVERAGE AGE OF
ELECTRICAL EQUIPMENT

Many respondents to the reliability survey of industrial
plants submitted data covering a ten-year period. Thus it
is not surprising to see that Table 60 shows a large popula-
tion that is more than ten years old. The following percent
of installed units are classified as more than ten years old.
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Bus duct 92 percent
Open wire 92 percent
Generators 90 percent
Motors 65 percent
Cable 64 percent
Cable joints 63 percent
Cable terminations 63 percent
Transformers 54 percent
Switchgear bus—insulated 52 percent

Motaor starters, disconnect switches, switchgear bus—bare,
and cireuit breakers had over 50 percent of the instalied
units one to ten years old,

15 percent of the circuit breakers were less than one
year old. All other equipment classes had less than 6 per-
cent of the installed units less than a year old.

DISCUSSION—PLANT CLIMATE
AND ATMOSPHERE

Data on plant climate and plant atmosphere are given
in Tables 61 and 62. 43 percent of the plants were in a
hot climate, 53 percent in a moderate climate, and only
4 percent in a low climate (cold climate). 43 percent of
the plants had high relative humidity, 31 percent had
moderate relative humidity, and 26 percent had low rela-
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tive humidity. 33 percent of the plants had a plant
atmosphere classified as “clean to slightly polluted air.”
The other 47 percent had an atmosphere with some
contamination.

DISCUSSION—PLAXNT OPERATING SCHEDULE

The data on plant operating schedule are given in Table
63. 52 percent of the plants operated 7 days per weck,
4 percent for 6 days, and 44 pareent for 5 days. 59 percent
of the plants operated 24 h per day, 28 perecent for 16 h
and 13 percent for 8 h.
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Report on Reliability Survey of Industrial Plants, Part VI:
Maintenance Quality of Electrical Equipment

IEEE COMMITTEE REPORT

Abstract—An IBEE spotisored reliability survey of industrial
plants was completed durln; 1972, Thil inelyded maintenance
quality, the of and the failures
caused by inadequate maintenance. The results are reported from
the survey of 30 companies covering 68 plants in nine industries in
the United States and Canada. Thix information is useful in the

design of i {al power distrib -

INTRODUCTION

KNOWLEDGE of maintenance quality of electrical

equipment in industrial plants is useful information
when planning the maintenance program of industrial
power distribution systems. In addition it is useful to
know how this correlstes with the normal maintenance
cycle and the failures blamed on inadequate maintenance.
During 1972 the Reliability Subcommittee of the Industrial
and Commercial Power Systems Committee tompleted a
reliability survey of industrial plants. This paper presents
Part VI of the results from the survey. The first three parts
[17}-[3] were published previously. Table 38 from Part I11
reported that inadequate maintenance was blamed for
between 8 to 30 percent of the failures of electrical equip-
ment. This information has caused the Reliability Sub-
committee to make a further study of the failure data;
the results from this study are being reported in this paper.
Included in Part VI are the results for 12 main classes of
electrical equipment on

1) equipment population versus a) maintenance quality
and b} normal maintenance cycle;

2) failures due to all causes versus a) failure, months
since maintained, and b) maintenance quality;

3) failures due to inadequate maintenance versus a}
failure, months since maintained, and b) mainte-
nance quality.

The ‘‘maintenance quality’’ is an opinion that was
reported by each participant in the survey. The four
classifications used were “excellent,’” “fair,” “poor,” and
“none.”’ The *‘normal maintenance” cycle is the frequency
of performing preventive maintenance.

Paper TOD-74-33, approved the Industrial and Commercial

SURVEY FORM

The survey form is shown in Appendix A of Part E [17.
The information reported in this paper came from 1) card
type 2, col. 3¢ (maintenance, normal cyele); 2) card
type 2, col. 36 {maintenance quslity); 3) card type 3,
col. 34 (failure, months since maintained); 4) card type
3, col. 40 {suspected failure responsibility). The definition
of failure is given in Part I.

RESPONSE TO SURVEY

A total of 30 companies responded to the survey ques-
tionnaire, reporting data from nine industries in the United
States and Canada. Every plant did not report all the
information called for in card type 2, columns 34 and 36.
Every failure report did not have filled out all of the
information called for in card type 3, columns 34 and 40;
& total of 1469 failures had this information filled in and
are reported here in Part VI, and 240 of these failures
were blamed on inadequatc maintenance. Differences in
the number of failurcs and unit-years reported here in
Part VI and those previously reported in Part I and Part
II1 can be explained from the preceding.

STATISTICAL ANALYSIS

The subject of statistical analysis of equipment failures
is discussed in Part I [17. Confidence limits for the failure
rate are shown in Fig. 1 of Part 1. The Reliability Sub-
committee concluded that eight failures is an adequate
sample size for reporting failure rates in the summary in
Table 2, Part 1. In a few cases, failure ratc data were
reported in Tables 3 through 19, Part I, where there were
less than eight failures,

In this paper several cases are reported in Tables 67
through 78, where the failure rate contains less than eight
failures; these cases have been marked *small sample size.”

SURVEY RESULTS

Results are tabulated for 12 main equipment classes in
Table 64 where the equipment population is given versus
1) maintenance quality and 2) normal maintenance cycle.

Table 63 summarizes the percent of each electrical
equipment class population versus the maintenance qual-
ity. Table 66 summarizes the percent of each electrical

Power Systems Committee of t e IEEE Industry (Ppllcstmns : . .
Society for presentation at the 1074 I equip t class population versus the normal maintenance
Power Sy T, C Denver, Colo, June 2-6. cyele

pril 15, 1974
Membcm of (.he Relublfty Subcommluoe of the IEEE Industriaf
and C sre A. D. Patton,
Chasrman, C. E. Becker, W H. chkmson, P. E. Gannon, C. R.
Heising, . W. McWilliams, R. W. Parisian, and 5. Wells.

Copyright © 2007 IEEE. All rights reserved.

Results are tabulated for each of the 12 main equipment
classes in Tables 67 through 78, where the number of
failures is given for 1) failures due to all causes and 2)
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failures due to inadequate maintenance, versus 1) failure,
months since maintained, and 2) maintenance quality.
Failure rate caleulations are also given in Tables 67 through
78; these calculations used the population data from
Table 64.

Table 79 summariges the number of failures for all

t el combined versus the maintenance qual-

1ty Table 80 suramarizes the number of failures for all
equipment classes combined versus the months since
maintained.

GENERAL CONCLUSIONS—MAINTENANCE

QUALITY

The maintenance quality is an opinion that was reported
by each participant in the survey. The major portion of
the electrical equipment population in the survey had a
maintenance quality that was classified as excellent or

IEEE
Std 493-2007

fair. Lesa than 5 percent of the population in each equip-
ment clasa (except for motor starters) were classified as
poor. Four equipment categories had between 24 percent
to 43 percent of the population classified as ‘none’ under
maintenance quality; this included cable termination {43
percent), disconnect switches (40 percent), cable (35 per-
cent), and cable joints (24 percent).

Maintenance quality had a significant effect on the
percent of all failures that were blamed on inadequate
maintenance. In the “poor” category 33 percent of all
failures were blamed on inadequate maintenance. This
compares with 18 percent for fair maintenance and 12
percent for excellent maintenance. The “none” category
for maintenence quality also had 12 percent of all failures
blamed on inadequate maintenance; but 82 percent of these
failures were for equipment classes that do not require
much maintenance (cable, cable terminations, cable joints,

TABLE 65 - PERCENT OF ELECTRICAL EQUIPMENT
POPULATION YERSUS MAINTENANCE CUALITY

A1l Data Taken from Table 64

v la
= el
w -] o w
- -
-l w — o o >
z al|l w SlEn|S8iS =
MAINTENANCE S | e a . Zw|oejo 3
QUALITY G |58 |« |2 |2 |85|823 wlw? | ws
tard-Type 2 Z |gZ|2E |2 |¥ |8 |E3jEe |2 |2 |22 |28
Col. 36 o —i o= |0 | w —x | Fx | xx o - « | <o |«
— e | v = e =K% ) = 1 | = pd -3 o
X 1 4 3 X % ;1 H X 4 ) 1
Excellent 54 33 24 41 | 58 41 79 56 49 § 20 26
| Fair . ] &4 1 48 1 66 | %9 ;82| 17 WL oa2 L4y 5B 53 W _]
Poor 2 4 10 o+ 0 2 Q 2 3 1
L1 O+ | 15 0 0+] 0O 40 10 1 1 35 24 43
Total 100 | 100 100 [100 100 [ 100 | 100 [10¢ [100] 100 [ 100
TABLE 66 - PERCENT OF ELECTRICAL EQUIPMENT
POPULATION VERSUS NORMAL MAINTENANCE CYCLE
(AT Data Taken from Table §4)
w |
= o
w a |a » @
= - z
5 = |5 |=%a | w = =
o [ wh = o | el | = (=3 | ot
fod — e = - E 3 &2 - (] - - et
- — L W w1 - zx e x = =
g |38 (sk (2 I8 |BE(831B. |« |4 |4 ==
FATHTEHANCE, o | EwW | = JE W | =0 e | oW = = |me
NORMAL CYCLE EICR|EC B [B |ER|F=IR5 (3 | S |5 |8
Card-Type 2
Cal, 34 % 1 3 X 1 x X 3 % H % %
Less than 12 Months 1 1 2 21 ' ] 0 9 2 or 2
12-24 Months se( .47 651 551 79| 381 13. # | 3| 29 1 251 13 _]
Mors than 24 Months k14 2 [+] Q 22 17 57 L] M 51 41
No Preventive Maintenance 15 1 A 10 1 10 35 24 44
Total 100 | 100 | 100 | 100 |100 | 100 | 100 | 100 [10Q | 100 [100 { 100
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TABLE 67 - NUMBER OF TRANSFORMER
FAILURES YERSUS MONTHS SINCE MAINTAINED AND MAINTENANCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3, Col. 34
Less Mare Failures
MAINTENANCE Than 12 12 - 24 Than 24 No per
QUALITY Months Months Months Preventive Unit-Year
Card-Type 2 Ago Ago Ago Maintenance Total ALL
Cal. 36 Number of Fallures Due to ALL CAUSES CAUSES
Excellent 22 n ] 0 38
| Fair )V ___ W0 _| _26 _| _w __. 1 ___ 1 __ _| . e
Foor 2 H 1 1 5
Nong Q (4] Q 3 K]
Total 34 38 22 5 99 Q0473
] ¥
1 Humber of Fallures Due to INADEQUATE MAINTENANCE : INADEQUATE
1 | [Card-Type 3 Col. a0) MAINTENAKCE
Excellent o 1 2 0 3 00027+
| Fair ___ __,_ﬂ____!__4 Sl | B DTSN - QI 0 _| — 7 1 .00075* _
Poor 4] 0 0 1 1 .00294*
Hone 0 0 0 0 g 0C000*
Total ] 1 [] 1 11 .000s3
* Small Sample Stze
TABLE 68 - NUMBER OF CIRCUIT BREAKER
FAILURES YERSUS MONTHS SINCE MAINTAIMED AND MAINTEMANCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3, Col. M4
Less More No Failures
MAINTENANCE Than 12 12 -24 Than 24 Preventive per
QUALITY Mon ths Months Months Mzintenance Tetal Unit-Year
Card-Type 2 Ago Ago A ALL
Col. 36 Humber of Fallures gue to ALL CAUSES CAUSES
Excellent 13 60 3 1 77
| Fair d B ] AR b e o8 b ome l we o oo owE ol 0 ]
Poor [+] 2 2 [1] 4
1 Q Q 26 27
Total 7] 104 9 28 173 .00340
t 1
! Number of Failures Due to INADEQUATE MAINTENANCE TNADEQUATE
: b i (Card-Type 3 Col. 40)1 MATNTENANCE
| L
Excellent 2 1 3 1 ? 00041+
LFair 4 2 _4 __18 1 _ 2 __1 ____ 0 ____ — 22 _|{_ 00090
Poor 4] 1 2 [ 3 00166+
Li] L ] 4 4 [ 1K
Total 4 20 7 5 36 0007
* Smal]l Sample Size
TABLE 69 - NUMBER OQF MOTOR STARTER
FAILURES YERSUS MOMTHS SINCE MAINTAINED AND MAINTENANCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col. 34
Less Mare Failures
MAINVENANCE YThan 12 12 - 24 Than 24 No per
QUALITY Months Months Months Prfvent.i ve —— Unit-Year
Card-Type 2 Agqo Ago Ago_ Maintenance ota
Col, Number of Faitures Due to ALL CAUSES CAUSES
Excellent 13 1 4 0 18
Falr oo e 85 o L L 13 ) 0B b e 0o | 86 o o]
Foor ¥ 1 E o] g
|Mong 1] 9 o]
Total 59 15 14 0 88 00741
[}
: Number of Failures Due to INADEQUATE MAIHTENANCE INAGEQUATE
i q {Card-Type 3 Col. 40} | MAINTENANCE
Excellent 1 0 0 0 1 00035
Fair | 0 — v _ 1 __3__}1__ 0 | __ 4 __ .0005)% _ |
Poor 1 Q 1 0 2 _0GYRO™
None 0 o) 0 i} g —
Total 2 1 4 0 ? .00059*

* Small Sample Size
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TABELE 70 - NUMBER OF MOTOR
FAILURES VERSUS MONTHS STNCE MAINTAINED AMD MAINTEWANCE QUALITY

FALLURE, MONTHS SIMCE MAINTAINED
Card-Type 3 Col. 34
Less More Failyres
MAINTENANCE Than 12 12 - 24 Than 24 No per
QUALITY Months Months Months Preventive ] | Unit-Year
Card-Type 2 Ago Ago A Maintenance Tota - ALL
Col. 36 Nuwwber of Failures Due to CAUSES
Excellent 56 14 7 0 77
Falr____ _| 58 | _ 280 _{ __% _ ) _ WM _ &9 _1| ___ ___|
Poor Q 0 E g &
None ] Q
Total 114 294 99 1 E18 LBTEET
! ' ! !
Nl.lrbler of Failures Due to INADEQUATE MATNTEMANCE | IHADEQUATE
! ; {Card-Type 3 Col. 80) MAINTENANCE
Exceltent 8 1 1 0 0 . Q0058
Fair T e 2% L 4T | 2 _ 0 _ | . 00280
Poor ] 0 2 0 2 .01390%
None 0 0 [ 0 '] L O0000*
Total LD 25 L1} Z 82 DOTIE
* Smail Sample Size
) TABLE 71 - NUMBER OF GEMERATOR
FAILURES VERSUS MONTHS SINCE MAINTAIMED AND MAINTENANCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col, 34
Lass More Failures
MAINTENANCE Than 12 12 - 24 Than 24 No par
ITY 5 Months Months Months Preventive Unig-Year
Card-Type Ago A Al in nce Total LL
Col. 3% Nunber of Tal fures gue to ALL EIU%E? CAUSES
Excellent 14 9 [ 0 23
|_ Fair O A | 4 _1 0 o O s B mewl o s
Poor 0 0 33 o] 0
(1] [+] 1} i) Q
Total 15 13 [i] 0 28 03360
I 1 ] 1
i Number of Faitures Due to INADEQUATE MAINTENANCE | INADEQUATE
; I V {Card-Type 3 Col. 40) | MAINTEMANCE
Excellent 3 o] a o 3 .00618*
i Fatr -l 0 __ |__& _ _+_ ¢ _| __90 __ | __2._ |_ .oo865% _ |
Poor 0 ¢ ¢ 0 4]
None g 1] g 1 0
Total 3 2 [{] 0 5 . DO536"
* Small Sample Size
TABLE 72 - HUMBER OF DISCONNECT SwITCM
FAILURES VERSUS MONTHS SINCE MAINTAINED AND MAINTEHAHCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col., 34
Less More Failyres
MAIKTENANCE Than 12 12 - 24 Than 24 No per
QUALITY Months Months H:nths Pr:venﬁ ve ; N -
Card-Type 2 Ago Ago 0 Matntenance Tota Li
Col. 36 Nomber of Fallures Due to ALL CAUSES CAUSES
Excellent 4 9 1 0 s
| Falr _ | 4 5 _1 _ 4 _+ .0 W 3 _
Poar 0 4] 15 Q 16
2 Q ] 67 &7
Total 8 s H] 67 101 . 00542
1 [ f [ 1
| Humber of Failures Due to INADEQUATE MAINTENANCE |  INADEQUATE
) ' (Card-Type 3 Col. 40) |  MAINTEMANCE
Excellent 0 ] 1 i} 1 .0001 3"
| Fasr _ _ | o0 _ ¢ &4 _ | __1v_}t 0 ___| __ 8 _|_ .oole0% __
Foor 0 0 a 0 0 . 00000
| None o] Q 9 1 Fd —.00095* |
Total ] 4 2 7 13 . 00070

* Small Sample Size
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TABLE 73 - XUMBER QF SWITCHGEAR BUS-INSULATED
FAILURES YERSUS MONTHS SINCE MAINTAINED AND MAINTENANCE QUALITY

FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col. M4
Less Mare Failures
MAINTENANCE Than 12 12 - 24 Than 24 No per
QUALLTY Months Months Months Preventive **Un{t-Year
Card-Type 2 Ago Ago Ago Maintenance Total LL
Col. 36 Nunber of Fatlures Due to ALL CAUSES CAUSES
Excellent 2 3 10 0 15
| Fair | Q _+ & _ | _ v _ 1 _ 0 __ 5 ___1 [
Poor Q 0 0 0 ]
None 4] [+] Q g 0
Total 2 7 11 1] 20 00127
! Number of Fallures Due to [NADEQUATE MAINTENANCE | INADEQUATE
! ) | {Card-Type 3 Col. 40) | MAINTENANCE
Excellent o} 0 6 0 6 60048+
| Fair | I * S ¢ B T .0 = 00059+
Pear 0 1] 0 a 4
| Hone v ] Q 0 o] Qoaog+*
Total 0 g 7 1] 7 . 00044*

* Small Sample Size
**(init = Number of Conpected Circuit Breakers or Instrument Transformer Compartments

TABLE 74 - NUMBER GF SWITCHGEAR BUS-BARE

FALLURES YERSUS MONTHS SINCE MAINYAINED AMD MAINTEMANCE QUALITY
FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col. 34
Less More Failures
MAINTENANCE Than 12 2 - 24 Than 24 Ho per
QUALITY Months Months Months Preventive **nit-Year
Card-Type 2 __Ago Agg Ago Maintenance Jotal L
col. 36 Number of Fallures Due to ALL CAUSES CAUSES
Excellent 2 1 1 0 4
oFate o e o 8 o b oa s G e ies @ ol 2 e T8 o ]
Poor 2 1] Q 0 2
| Nong ] ] Q 3 3
Total 8 7 3 5 23 00044
] i i ]
] Number of Failures Due to INADEQUATE MAINTENANCE l INADEQUATE
t ! | {Card-Type 3 Col. 40) | MAINTENANCE
Excellent Q Q Q 0 0 . D0Q00™
Falr e o N e e Ve a0 W e o 4 L0O01B% ]
Poor 4] 1] Q 0 0 . DOOCO*
| None Q Q Q 1 1 el
Total 1 1 2 1 5 . 00009

* 5mall Sample Size
**jnit = Number of Connected Circult Breakers or Instrument Transformer Compartments

TABLE 75 -~ NUMBER OF OPEN WIRE
FAILURES VERSUS MONTHS SINCE MAINTAINED AND MATNTENANCE QUALETY

FAILURE, MOMTHS SINCE MAINTAINED
Lard-Type 3 Col. 34
Less More Failures
MATNTENANCE Than 12 12 - 24 Than 24 No per
QUALETY Months Months Months Preventive **Unit-Year
Card-Type 2 Ago Ago Ago Maintenance | Total | ALL
Col. 36 urber of FaiTures Due to ALL CAU CAUSES
Excellent 0 1 3 0 4
_ Fair _1 1 | —_8 _| 8 ___ {1 __ 0 |__%5%& __j e _—
Poor [+3 0 ] o 4]
| None 0 9 0 10 10
Total 1 9 88 10 108 .01628
|
! Number of Failures Due to INADEGUATE MAINTENANCE ! INADEQUATE
) | | {Card-Type 3 Col. 40} ! MAINTENANCE
Excellent 1] 1 1 o] 2 00062+
| Falr _ | 0 1 _| 30 __ | _.. 0. 31 _|_ .enaz
Poor o [t} 0 o3 1] x
Hone 1] 1] 0 o 0 Q — *
Total 0 F n 1] 33 00457

* Small Sarple Size
** Unit = 1,000 Circuit Feet
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TABLE 76 - NUMBER OF CABLE
FAILURES VERSUS MONTHS SINCE MAINTAINED AND MAINTENANCE QUALITY

FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col. 34
Lass More Failures
MAINTENANCE Than 12 12 - 24 Than 24 No r
g QUALITY e’ Months Pb:ths Months Praventive **Unig-Year
ard-Type Ago ¥o Ago Maintenance Total LL
Col. 36 Number of Fallures Due to ALL CAUSES CAUSES
Excellont 5 6 2 21 34
| Fafr __ __ L V8 } _ 1% __ ' __ 6 ___{ ___ 6 _ | 5 __4 __._  _.
Poar Q- 3 2 21 26
| Nong [t i] 4 95 97
Total 23 28 22 143 216 00755
' Nuber of Failures Due to INADEQUATE MAINTENANCE ' ' INADEQUATE
I i f {Card-Type 3 Col. 40) ! | MAINTENANCE
Excellent 4 0 0 1} Q .00000*
|oFate .. ] o0 . o 0@ e oo e 0w [ i@ ] D002 ]
:oor g g 2 6 18 01290
one Q 12 2 00119
Total 1 2 H 18 22 00077

* Smal) Sampie Size
% nit = 1,000 {ircuft Feet

TABLE 77 - NUMBER OF CABLE JOINT
FAILURES VERSUS MOWTHS SIMCE MAINTAINED AND MAINTENANCE QUALITY

FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col. 34
Less More Failures
MAINTENANCE Than 12 12 - 24 Than 24 No per
QUALITY Months Manths Months Preventive ynit-Year
Card-Type 2 Ago Aao A Majintenarce LL
el 3% r of Failures Due to CAUSES
Excellent Z 4 [v] a 6
| Fair L& 4 5 _ __1_1 __s i 1 ]
Poor 0 0 0 7 7
| Hone g Q [} 18 15
Total 8 g 1 27 45 . 00091
] | i 1
I Number of Faiiures Due to INADEQUATE MAINTENANCE ! INADEQUATE
I | 1 {Card-Type 3 Col. 40) ! MAINTERANCE
Excellent 0 0 4 0 ] . 00000
| Fatr if e 1 .0 TR | . 1 e T ] 00004+
Poor ] 9 0 3 6 .00405*
| Mone Q 0 0 1 1 000
Total 1] 01 0 7 8 00016

* Small Sample Size

TABLE 78 - NUMBER OF CABLE TERMINATION
FAILURES VERSUL MONTHS SINCE MATINTAINED AND MATNTENANCE QUALITY

FAILURE, MONTHS SINCE MAINTAINED
Card-Type 3 Col, 34
Less More Failures
MAINTENANCE Than 12 12 - 24 Than 24 No per
QUALITY Months Months Months Preventive Unit-Year
Card-Type 2 Agg. Ago Ago intenance Total
Col,” 3% Number of Failures Due to ALL cmsei CAUSES
Excellent 3 3 4 0 ¢
L Fair (- J_I s ol el wee s T Lo B3 e emow o
Poor Q 0 0 1 1
1} 2 0 16 —16
Total [} 6 18 20 50 . 00040
1 L]
' Number of Fallures Due to [NADEGUATE MAINTEHANCE P Inapequate
! | ! {Card-Type 3 Col. 40) 1 MAINTENANCE
Excellent 3 1 1 0 3 . 00009%
[ Falr 0 w_o__‘_s_ﬂ__o___s _1_ .oo013
Poor 4] [} 0 1] 0 . OO0
9 0 Q 3 3 ~00006* |
Total 1 1 € | 3 11 -00008

* Small Sample Size

Copyright © 2007 IEEE. All rights reserved. 451



IEEE

Std 493-2007 ANNEX B
TABLE 79 - NUMBER OF FAILURES VERSUS
MAINTENANCE QUALITY FOR ALL EQUIPMENT
CLASSES COMBINED
PERCENT
MAINTENANCE Number of Failures of Failures
QUALITY in Tables 67 thru 78 Due to
Card-Type 2 ALL INADEQUATE Inadequate
Col, 36 CAUSES MAINTENANCE Maintenance
Excellent 3N 36 11.6%
| Fatr _ | ____ 853 __ | 154 (___18.1% _____ |
Poor 67 22 32.8%
None 238 28 11.8%
Total 1,469 240 16.4%
TABLE 80 - NUMBER OF FAILURES VERSUS
MONTHS SINCE MAINTAINED FOR ALL
EQUIPMENT CLASSES COMBINED
PERCENT
Number of Failures of Failures
FAILURE, MONTHS in Tables 67 thru 78 Due to
SINCE MAINTAINED ALL INADEQUATE Inadequate
Card-Type 3, Col. 34 CAUSES MAINTENANCE Maintenance
Less than 12 Months Ago 310 23 7.4%
| 12-24 Months Age ____ __| 53% __{ __ 60 _. 11.2% |
More Than 24 Months Ago 308 113 36,7%
No Preventive Maintenance 316 44 13,9%
Total 1,469 240 16.4%

and disconnect switches). Thus this 12 percent for ‘“none”
is explainable and is not inconsistent with what could be
expected.

As maintenance quality decreases from ‘‘excellent” to
“fair’” to “poor,” the following equipment ciasses showed
an increasing failure rate from failures blamed on inade-
quate maintenance: transformers, circuit breakers, motar
starters, motors, disconnect switches, switchgear bus—
bare, open wire, cable, and cable joints. In some of these
cases the sample size is smaller than desirable (less than
eight failures) in order to conclusively prove this general
statement.

OTHER CONCLUSIONS

Circuil Breakers

Approximately 15 percent of the circuit breaker popula-
tion had & maintenance quality classified as “none.”” This
compares with less than 1 percent of the population for
transformers, motors, and generators.

It is of interest to note that data from Table 60, Part V
also show that 15 percent of the circuit breaker population
was less than onec vear old; this compares with less than
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3 percent of the population for transformers, motors, and
generators, This may possibly account for some of the
listings of “rone”’ under maintenance quality reported for
failures of circuit breakers.

Mators

Motors with a maintenance quality of “fair” had a
failure rate due to inadequate maintenance that was five
times higher than motors with excellent maintenance
quality,

Open Wire

Open wire with a maintenance quality of “fair” had a

failure rate due to inadequate maintenance that was more

than ten times higher than open wire with cxeellent
maintenance quality.

DISCUSSION—MAINTENANCE QUALITY

From Table 79 it is possible to caleulate for all equip-
ment elasses combined the ratio of the number of failures
from inadequate maintenance to the number of failures
from all other causes. This ratio versus maintenance
quality is as follows: poor—0.49, fair—0.22, excellent—

Copyright © 2007 IEEE. All rights reserved.
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0.13. This iz & measure of how much improvement can be
obtained by upgrading the maintenance quality {rom
poor to fair to exccllent. An excellent maintenance program
has only 13 percent more failures added by inadequate
maintenance, while 8 pcor maintenance program has 49
percent more failures added by inadequate maintenance.

It is apparent from the data that excellent maintenance
quality is very important on open wire and on motors.

It would also appear from the data in Tahle 63 that
egsentially everyone in the survey did excellent or fair
maintenance on transformers, generators, and switchgear
bus—bare. However, on circuit breakers 15 percent of the
population had *“none” and 4 percent had “poor” om
msintenance quality. On motor starters 10 percent had
“poor” on maintenance quality. Thug, it would appear
that everyone did not maintain circuit breakers and motor
starters as well as transformers, generators, and switch-
gear bus—bare.

One of the drawbacks to ‘the results reparted under
maintenance quality was that there was no objective
definition of “excellent,” *fair,”" or “poor.” There are no
standards for maintenance quahity, and thus this data
must be considered to be individual judgment. However,
data reported under “failure, months since maintained”
does not have this same drawback; this data ¢an be con-
sidered factual.

IEEE
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DISCUSSION—FAILURE, MONTHS
SINCE MAINTAINED

The data in Table 8¢ show for all equipment classes
combined that there is a closc correlation between the
percent of failures due to inadequate maintenance and the
failure, months sinec maintained,

Failure, Months
Since Maintained

Peoreont of Failures Due
to Inadequate Maintenance

Less than 12 months ago 7.4
12-24 months ago 112
More than 24 months ago 36.7

Data from Tables 67 through 78 can also be used to caleu-
late similar correlations for several equipment categories;
however, in some cases the sample size is smaller than
desirable for adequate statistical confidence.

COMMENTS—NORMAL MAINTENANCE CYCLE

A detailed analysis has not been made of the “mainte-
nance, normal eycle’” data in Tables 64 and 66. It is
possible that some interesting conclusinns could also be
drawn from an analysis of this data.
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