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Abstract: Reliability data gathered from equipment reliability surveys and analyses over a period
of 35 years or more is summarized in this collection. Equipment surveys conducted prior to 1976,
detailed reports on the surveys and data collection efforts, and extensive lists of references on
equipment reliability are presented. The collection provides the analyst with options for determining
reliability parameters for older electrical systems.
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Foreword

Compiled in this collection of historical reliability data is invaluable information supporting the planning
and design of industrial and commercial electric power distribution systems. It is a compilation of historical
survey information collected through the efforts of Don Koval and Charles Heising over a period of
approximately 35 years. This is a tribute to them and all of the contributors that made IEEE Std 493™
(IEEE Gold Book™) one of the best in what was the IEEE Color Book® series.

This collection summarizes the reliability information collected from equipment reliability surveys over a
period of 35 years or more. It consists of equipment surveys conducted prior to 1976, detailed reports on the
surveys and data collection efforts, and extensive lists of references on equipment reliability. Selected
reliability and availability numeric from the survey efforts are also presented in this document.

This document provides the analyst with options for determining reliability parameters for older electrical
systems. Data not found anywhere else is the cornerstone of this document, with some surveys spanning
many years. In addition, there is utility numeric critical to facility assessments that identifies available
power.

Robert G. Arno, Senior Member of IEEE

This collection is respectfully dedicated to Don Koval and Charles Heising,
who devoted countless hours to compiling this data for the benefit of the industry.
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HISTORICAL RELIABILITY DATA

Report on Reliability Survey of Industrial
Plants, Part I: Reliability of Electrical
Equipment

IEEE COMMITTEE REPORT

Abtrract—An JEEE sponsored survey of electrical equipment reliabil-
ity in industrial plants was completed during 1972. The results are
reported from this survey which included a total of 1982 squipment
failures that were reported by 30 companies covering 68 plants in nine
industries in the United States and Canada.

INTRODUCTION

KNOWLEDGE of the reliability of electrical quipment

is an important consideration in the design of power
distribution systems for industrial plants, It is possible to make
quantitative reliability comparisons between alternative designs
of new systems and then use this information in cost-reliabil-
ity tradeoff studies to determine which type of power distribu-
tion systems to use [1]1-[10]. The cost of power outages at
the various plant locations can be factored into the decision as
to which type of power distribution system to use. These
decisions can then be based upon total owning cost over the
useful life of the equipment rather than first cost.

In 196% a Reliability Working Group was formed under the
Industrial Plants Power Systems Subcommittee, Industrial and
Commercial Power Systems Committee. In 1972 the activity
was changed to a Reliability Subcommittee under the same
Committee. One of the major activities of the Reliability
Working Group and the Reliability Subcommittee has been to
conduct a survey of equipment reliability in industrial plants.
This survey was conducted during the latter half of 1971 and
the early part of 1972 and attempted to update a similar sur.
vey [11] which had been conducted eleven years ago. The
results from the present survey contain data on failure rate and
average downtime per failure for 74 equipment categories. The
Reliability Subcommittee also felt that additional information
was needed in the present survey beyond what was collected
twelve years ago. Some of the additional information is the
following:

1) cost of power outages of industrial plants;

2) plant restart time,

3} critical service loss duration time;

4) type of loads lost versus time of power outages;
5) repair or replacement time data;

Paper TOD-73-158, approved by the Industtial and Commercial Power
Systems Committee of the 1EEE Industry Applications Society for
presentation at the 1973 Industriad and Commercial Power Systems
Technical Conference, Atlanta, Ga., May 13-16. Manuscript released
for publication November 5, 1973,

Mcembers of the Reliability Subcommitice of the JEEE Industrial and
€ ial Power Sy C ittee are W. H. Dickinson, Chairman,
P. E. Gannon, M. D. Harris, C. R. Heising, D. W. McWilliams, R. W. Pari-
sian, A. D, Patton, and W. J. Pearce.

6) repair urgency information;
7) causes and types of failures;
8) maintenance data and policies.

it is not practical to publish all the results contained in the
survey in a single paper. They will be presented in six sep-
arate parts, The first three parts are published at this time

Part 1: Reliability of Electrical Equipment;

Part 2: Cost of Power Qutages, Plant Restart Time, Critical
Service Loss Duration Time, and Type of Loads
Lost Versus Time of Power Qutages [11};

Part 3: Causes and Types of Failures, Methods of Repair,
and Urgency of Repair [12].

A major part of the data in these three papers are presented
in summary form. [t is expected that the additional three
papers will be presented at a later date and will contain funther
in-depth information where questions have been raised to point
out the need for such data.

SurveEy ForM

The survey form is shown in Appendix A. Three types of
cards were used for reporting the information.

Card type 1 asks for data on plant identification and other
general plant information.

Card type 2 asks for data on a specific equipment class, in-
cluding the total number of installed units, on their failure
experience, on maintenance practices, and on estimated repair
times of failed equipment.

Card type 3 asks for data on each individual failure reported
on a card type 2.

It was necessary to provide definitions for “failure” and
“‘repair time.”

A failure is defined as any trouble with a power system com-
ponent that causes any of the foliowing to occur:

1) partial or complete plant shutdown, or below-standard
plant operation;

2) unacceptable performance of user’s equipment;

3) operation of the electrical protective relaying or emer-
gency operation of the plant electrical system:

4) de-energization of any electric circuit or equipment.

A failure on a public utility supply system may cause the
user to have either 1) a power interruption or loss of service, or
2) a devistion from normal voltage or trequency of sufficient
magnitude or duration to disrupt plant production. A failure
on an in-plant component causes a forced outage of the compo-
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nent, and the component thereby is unable to perform its
intended function until it is repaired or replaced.

Repair time of a failed component or duration of & failure is
the clock hours from the time of the occurrence of the failure
to the time when the component is restored to service, either
by repair of the component or by substitution with a spare
component. It is not the time required to restore service to a
load by puiting alternate circuits into operation. It includes
time for diagnosing the trouble, locating the failed component,

waiting for narte ranairing or ranlacina tectine and rectoring
WAaLlIng 100 Pans, ropailing O IEp:ading, oSl g ANG [eslonn g

the component to service.

RESPONSE TO SURVEY

A totai of 30 companies responded to the survey question-
naire, reporting data on 68 plants from nine industries in the
United States and Canada as shown in Table . There was a
total of 1982 equipment failures reported in the survey; this
included more than 620 D00 unit-years of experience. Many of
the plants reported data covering more than one year of
eéxperience.

Most of the data were reported to the IEEE Reliability Sub-
committee during late 1971 and early 1972. Unfortunately,a
downturn in the business cycle during this period of time
caused many companies to reduce their work force and
because of this fewer were able to participate in the survey than
had been originally hoped.

SURVEY DATA PREPARATION
{ the returned survey questionnaire forms were reviewed.
An attempt was made to clarify any discrepancies that were
detected. Usable data were punched onto IBM cards for use in
data processing.

STATISTICAL ANALYSIS OF EQUIPMENT FAILURES
Two equipment parameters are of prime importance in
making system reliability studies. These parameters are 1) fail-
ure rate and 2) average outage duration or repair time. The
best estimate for the failure rate of 2 particular type of equip-
ment is the number of failures actually observed, divided by
the total exposure time in unit-years, that is,

s~ f
A= T )
where

% Dest estimate of failure rate in failures per unit-year
A true failure rate

F number of failures observed

T total exposure time in unit-years.

Statements regarding the accuracy of failure rate estimates can
be made through the use of confidence limits [10], [14}~[17].
Failure rate corfidence limits are upper and lower values of
failure rate such that the following equations hold:

Py 23] =2 @
P Zag) =2t o

where

A lower confidence limit of failure rate
Ay upper confidence limit of failure rate
¥  confidence interval (or confidence level).

A typical value often chosen for the confidence interval is
0.90. Once values for Az_and Ay are found, one can say that
A, whose best estimate is X, lies between Ay and Ay with 100y
percent confidence. Clearly the narrower the interval between
Az and Ay, the greater one’s confidence that A is a good esti-
mate of A, the true failure rate. Expressions for Ay and Ay are
given as follows [17]:

X XU -, (4)
L 27

_xXP( 2,21+ 2
Ay e ()

where x?p,n is the p percentage point of & chi-squared distribu-
tion with n degrees of freedom. x2p, n is tabled in statistical
handbooks.

By substituting the value of T from (1) into (4) and (5) we get

X2(-n22f
2f
Ao = X+ 7)2/;, CAZTN

The deviation of the lower confidence level from'A in percent
of his

A ™ (6)

0

Fdevy, = 100 (1 - %) ) 8)

Similarly, the deviation of the upper confidence level from %
in percent of & is

Fdevy = 100(%’— 1). )

Equations (6)~{9) were used to develop Fig. 1. These curves
avoid the need of looking up x?p,n. Here Az and Ay are
plotted in terms of percent deviation from A as a function of
the observed number of failures.

The best estimate for the average outage duration or repair
time for a particular type of equipment is simply the average
of the observed outage durations. Confidence limit expressions
for average outage durations are also available if the distribu-
tional nature of outage durations is known [17}. However,
such expressions are not given here primarily because the
aveérage outsge durations given in this paper are intended as a
rough guide only. Equipment outage durations are believed to
be more a function of the nature of a power system’s operator
than an inherent function of the equipment itseif. Hence,
average outage durations for equipmeni used in reiiability
studies should be values believed most reasonable for the
particular system being studied.

The data from the survey contained information on the
failure and repair characteristics of 217 categories of equip-
ment. However, the number of observed failures for many
equipment categories was too small to allow adequately accu-
rate estimates of failure rates to be made. The Reliability Sub-
committee felt that a minimum of eight to ten observed failures
was required for “good™ accuracy when estimating equipment
failure rates (see Fig. 1). Therefore, whenever possible and
reasonable from an engineering point of view, equipment cate-
goties having less than ten observed failures were combined
with other categories so as to bring the number of observed
failures in the combined category up to a minimum of ten. In
some cases an &quipment category with a large number of
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TABLE 1 - RESPONSE TO SURVEY QUESTIONNAIRE

Number Number
of of

Type of Industry Companies Plants
A1l Industry - USA & Canada..... 0* ....... 68
Auto........ verssasssaan 0 .iivais 0
Cement..coesuinaansorsssnannncne ¢ ....... O
Chemical.....ioivinvenavenrnnees 8 ....... 21
Metal....veacrarcnnnsasansasanen K I 3
Mining. cooveresacceacens tetnasan 0 ....... 0
Petroleum.......co.0 5 ceennss 8
Pulp and Paper........cicviense 1 coeen. N
Rubber & Plastics.......... 3 ... . 3
Textile ........ eiarrerans vesas ) [ 3
Other Light Manufacturing....... 4 ... 17
Other Heavy Manufacturing....... 1 ceiiee. 2
Other...... Ceaeaereena eeiien ves L 10
Foreign Ceesenaen verceneeras ) I 1
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observed failures was further subdivided. In most cases the
equipment size attribute was e¢liminated by combining cate-
gories that were identical except for equipment size. These
steps reduced the original 217 equipment categories to the 74
categories published in this paper. A total of 66 squipment
categories have eight or more observed failures each; the other
eight categories have between four and seven observed failures
each.

SURVEY RESULTS OF EQUIPMENT FAILURES

Table 2 gives a summary of the “All Industry™ equipment
faiture rate and equipment outage duration data for the 66
equipment categories that contain eight or more failures. The
“actual hours downtime per failure” is based upon the actual
outage data of the failed equipment; the “industry average”
uses all equipment failures, and the “median plant average™
uses all plants that reported actual outage time data on equip-
ment failures.

The 1962 survey {11} contained equipment outage duration
data on failures that have been challenged for two reasons.

1) Repairing a failed component may take much longer than
replacing with a spare (for example, a large power transformer).

2) The urgency for repair is a significant factor in the outage
time (low priority repairs may take days or weeks).

In order to help correct these deficiencies, two additional
columns on “repair” and “‘replace with spare’ were included
in the survey and contain average estimated clock hours to fix
failure during a 24-hour work day. These estimates are averaged
over all the plants participating in the survey, even where there
were no actual failures. These results are reported in Tabie 2
and are not included in the more detailed Tables 3-19.

Tables 3-19 give more detailed data on equipment failure
rate and actual hours of equipment downtime per failure for
74 equipment categories; this includes the 66 equipment cate-
gories in Table 2 plus the eight equipment categories containing
from four to seven failures. The additional detail includes

1) sample size in unit years;

2) number of failures,

3) number of plants reporting data;

4) additional data on actual hours of downtime per failure;

5) data for various industry groups where there were ten or
more failures in that industry.

The data on average estimated clock hours to fix failure
during 24-hour work day have been omitted from Tables 3-19.

The reliability data in Tables 14, 16, and 18 on cables, joints,
and terminations represent a different look at the same data
that are contained in Tables 13, 15,and 17. One set of tables
looks at the type of insulation and the other set of tables looks
at the application of the cable.

GENERAL COMMENTS AND DISCUSSION

A survey that collects data from many plants often contains
errors. Some of the errors are due to a misinterpretation of
the question by the respondent, and in other cases they can be
caused by omission.

Many of the respondents apparently misinterpreted the
question on “number of installed units™ for double- or triple-

circuit electric utility power supplies. In addition, there was
some confusion on the outage time after a failure of a single
circuit of a double- or triple-circuit utility power supply. See
the separate discussion elsewhere in this paper on these points.
These are the only known major problems of misinterpretation
of survey questions.

It is suspected that the failure rate estimates may be biased
on the high side due to the tendency of companies to report

onlvy on souinment that hac actually axnaranced failures In
Oy 0N SQUIPTIENT INAT DA% a0ty SXPSISNCSC jallures, in

other words, some companies may have omitted submitting
unit-years of experience data on equipment that had no
failures. This factor may be partially balanced cut by the be-
lief that the companies that participated in the survey may be
the ones that have the best maintenance programs and keep the
best records and thus may have lower failure rates than the
average.

It is expected that a future paper wiil contain a comparison
of the equipment reliability from this survey with the results
from the previous survey [11] that was published in 1962. A
preliminary comparison has been made and shows the following
overall conclusion for 1973 versus 1962.

13 The 1973 equipment failure vates are
1962 failure rates.

2) The 1973 average downtime per failure is about 1.6 times
the 1962 average downtime per failure.

3) The product of failure rate times average downtime per
failure is almost the same in 1973 as 1962.

Both of these parameters are within a factor of two; and this
is often the best accuracy that can be expected from reliability
data.

How accurate are the failure rates shown in Tables 2-197
Fig. 1 shows the upper and lower confidence limits of the
failure rate versus the number of failures observed, It can be
seen that ten failures has upper and lower confidence limits of
+70 percent and -46 percent for a 90 percent confidence
interval. It is possible to determine the upper and lower confi-
dence limits for the failure rate data shown in Tables 3-19.

kot L dimman tha
GTUL V.U LTSS UG

ExAMPLE OF CONFIDENCE LIMIT CALCULATION

The use of Fig. 1 to determine confidence limits will be
illustrated with an example. Supposs that it is desired to
compute confidence limits on the failure rate of liquid-filled
transformers with voltage above 15 kV in the chemical in-
dustry. The desired confidence interval is 90 percent. From
Tabie 4,’5\ = (0.0119 failures per unit-year, and the number of
observed failures is 19. Entering Fig. I with 19 observed fail-
ures and using the 90 percent confidence interval curves yields

A =% -034%
=0.0119 - 0.0041 = 0.0078 failures per unit-year
Ay =R +046%

=0.0119 + 0.0055 = 0.0174 failures per unit-year,

There is a 90 percent chance that the true failure rate lies
between 0.0078 and 0.0174 failures per unit-year.
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TABLE 2 - SUMHARY OF “ALL INDUSTRY" EQUIPHENT FAILURE RATE AND EQUIPHENT QUTAGE DURATION DATA
FOR 66 EQUSPNENT CATEGORIES CONTAINING 8 OR WORE FAILURES

hverage £stimted
Actual Hours | Clock Hours to Fix
Failure Downtime Failure During 24
Rate- per Failure Hour Work Day

Fatlures Median | Repair  Replace
Equi pment per Industry Pliant | Failed with

£auiprent Sb Class Unit-Year | Average Average | (omponent Spare
Tectric Utility Power SuppHes.. All..coevviirvvmnorinniniisiinnninnn 0.643 L8 L0 .
“&t i TRy Single Clrcuit,vveanns RPN 0.5%7 566 510 - .
" . " ' Dowble or Triple Circuit-All........ 0.622 .86 LI - -
: e " Automatically Switched Over....... 0.73% 0.5 093 - -
y ' ' ' Nanual SWItCROVEr,..vuivvovannnns 0.458 1.8 a0 - -
* ' ' L Lass of A1) Circuits at One Time., 0,119 a0 1.8 .
RPN 1.1 [ 3 1 1117 .1 | RO 0,004} 59, 29, 38, N4
Trnsforers - 15,000 Vot + W S 000l | M WL | R M3
" 100-750 kWA, oonisierniirnsiinne 0,000 610 0.7 4.0 kW

' 112,889 KA. v viviivneriienens 0005 | 21 gL, 1 AL N
" 2,500 KA G WP e vvenvenniiiianes 0,002 216. 50,0 | 618, 150,

' Above 18,000 YaltSsuuueervvivnranens 0.010 | 1076, 1260, %1, s

' Dry Type; 0 = 15,000 Volts....vvever, 0.00% | 153, 2. 67. 0.9

" At eI e e Rectifier; Above 600 Volts............ 0,0298 3. n, . 20.0
Circult BraskerS...covienivienns Flxed Type (*ncl. molded case) - All,. 0.0052 58 40 | W) 4.5
" . 0 - 600 Youts = A1 SizeS.uuvvernis 0,00 47 4 6.0 2.0

' ' 0« 600 S, ,vuvvinereennrierinns 0,003 2.2 1.0 4.0 2,0

b . Rbove 600 amps..........o.eien... 0,0096 9.6 8.0 8.0 2.0

' " Fbove 600 VOltS..vuviirivvinninens 0,017 06 38 | M5 12.0
' ' Meta)clad Orawout - All.....cevvvveen, 0,003 | 129, 16 | W2 1.9
b " 0 - 600 Volts - A sfzes.,......... 0.0027 | . 0 | 4.t 2.9
' ' 0 - 600 AMS..ocvvnrnnvirrirerens 0.0023 1.2 W | N8 1.2
: : Above 600 aMPS....vv.verrirnerann, 0.003 | 232, 5.0 | 2.4 40
! ' Above 600 Yolt5. e iiininnrrinnrienns (.00 109, led. ge.4 5.2
Motor Starters.uovuunivinnnss o Contact Type; 0 - 600 Volts........... 0.01% 651 2 8.0 4.5
" e .. Tontact Type; 601 - 15,000 Veits...... 0.0153 | 284, 16.0 | 236 13.8
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HISTORICAL RELIABILITY DATA

TABLE 2 (Continued)

Actual Hours

Average Estinated
Clock Hours to Fix

Failure Downt ine Failure During 24
Rate - per Failure Hour Nork Day
Failyres Median | Repair  Replace
Equipment per  |Industry Plant | Failed with
Equipment Sub (lass Unit-Year |Average Average | Component Spare
MOLOMS . esverrraeerrnnrsvecnvens Induction; 0 - B0 Volts,...vvveusuvs 0.0109 m. 18.3 50,2 13,0
# Induction; 601 - 15,000 Volts......... 0.0404 %0 915 Nn.4 19.7
" Synchronous; 0 - 600 Yolts,,vuveruinns 0,000 %3 %3 3240 10.0
" Synchronous; 601 - 15,000 Volts...... . 0.0318 5. 155 146, 18.7
i veirseseernirrereenenss Divect Current = All..ovvniiviiinn 0.0556 N5 162 69.0 5.3
BRMETREOTS o eversssrerersenerns Steam Turbine Driven......ccoveerinns 0.0 %5, 6.5 | 2. 21,
i N T E AR RELXELE] GGS TW‘MHG drivenlnq llllllllllllllll 0'638 23,] 92.0 1900 400.
Disconmect Switches............ o ENCTosed.ouvisiiiiiie i, 0.0061 36 2.8 | 50 17
Switchoear Bus - Indoor & Outdoor Insulated; 601 - 15,000 Volts......... 0.00170 %1, 2.8 | 4.0 §6.0
{Unit = Number of Connected  Bare; 0 - 600 VOIts,.ovvuvvvieninnns, 0,000 4 550, .0 | 4.5 0.5
C{rcutt dreakers or Instrument Bare; Above 600 Volts..........o.ouns 0.00063 73 130 | 20.6 1.3
Transformer Conpartrents)
Bus duct - Indoor & Qutdoor.,..,. AT] YOItages......covivvernrvvannnvens 0000025 128, 4.5 12.9 6,0
(Unit = One Circuit Foot)
open H1m.||.|||.....||l|il||||l ﬂ- ]5,000 VOItsHun-nuH ------ Iy 000189 42'5 4'0 4.6 3.0
(Unit = 1,000 Circuit Feet)... Above 15,000 Volts.......c..ocuvrnn. 0.007%% .8 1.0 8.0 .
Cable - A11 Types of Insulation. Above Grownd & Aerial
(Unit = 1,000 Circuit Feet)... 0 - 600 Volts.oooovriiveiinninnennn 0.00141 #7. 0.5 2.8 0.7
o y 801 - 15,000 volts - All....... v 0.0WI0 804 69 %.8 604
" " In Trays Above Ground........... 0.00023] 8% 8.9 N4 m,
! ! In Conduit Above Grownd.,....... 008918 140, 47,5 - 19.8
v v Berial Cob1e..vviveovrsvone 0.0W7| N6 53 | s 260
" " Below Ground & Divect Burial
" " 0 - 600 vo]ts .......... AvirEasaiasny 0.00388 15'0 24#0 - 26,8
" " 60] = ls'mo VO]tS - A"--nnu ----- 0-006” 95'5 35'0 20.4 26,8
. ! In Duct or Conduft Below Ground... 0.00613| 968 3.0 | 209 2.8
R TTTR ISPV Above 15,000 Volts........coerrnne. 0.0036( 16.0 6.0 | 150 -
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HISTORICAL RELIABILITY DATA

TABLE 2 (Continued)

Average Estimated
Actual Hours | Clock Hours to Fix
Failure Downtire Failure During 24
Rate - per Failyre Hour Work Day
Faflures Medfan | Repalr  Replace
Equipment per Industry Plant | Failed with
Equipment Sub Class Unit-Year | Average Average| Component Spare
cableﬂ" """"""""" XN RN AT 60] - ‘5.000 VO]tS
(Unft = 1,000 Clrcuft Feet)...  Themoplastic....vecevriiverien . 0.00387 | 445 1040 €5 W3
' ThemOSeEtNG. ... vevverrvinsrenns 0.00889 | 168. 6.0 e %
' Paper Insulated Lead Covered..... 000912 | 48.9 268 1.3 18.3
I verrne DRRBE. e vertvseernrarrenrnairnnes p,018%2 | 6.1 28,8 37 M8
Cable Joints -A1l Types of Insul. 607 - 15,000 Volts
N e T ‘In Duct or Conduit Below Grownd.. 0.000864 | 3.1 31.2 Wi 45
CabTe dofnts...oveunviveniinn. 50T - 15,000 Volts
v TheMOPIASEIC,vvvvvvveersevrarnns 0.00075¢ | 15.8 8.0 .6 2.0
e Paper Inswlated Lead Covered..... 0,00037| 3.4 28,0 0.0 -
Cable Terminations - A1l Types
of Insulation....... Above Ground & Aerfal
! ' ! 0 - 600 VO]tS nnnnnnnnn devinerearn 0.000]27 3-8 4.0 B'o 300
. o 601 - 15,000 Voits - All......... 00008791 198, 111 W6 0.6
) e ferial Cable..... voovveennins 0.0018887 485 1.3 153 180
) v in Trays Above Ground......... 0.000333| 80 9.0 88 583
. vt In Duct or Conduit Below Ground
" trensbidavanianes 601-]5,0&) VORS-.-.--.-..-.... 0.000303 25.0 23.4 28-8 mﬂ
{able Terminations.......covers 601 - 15,000 Yolts
Thermoplastic, v vvuiiuireninens 0.004192 0.6 1.5 12,0 12.0
' " Thermosetting. .ovuecrvsrrensnes 0.0007 | #1. 1.3 02 28
' L Paper Insulated tead Covered... 0.000781 | 63.8  29.2 ¥o0 00
MISCRTTANE0US o vvvvvvrveceraves  LNVEREERS.coiiiiiiiniinnnaranns 1,254 07, 18, 5.0 8.0
' vovrieerveeiennees RRCHFIEIS. i 0.038 9.0 52 ns oo 0
!
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TABLE 3 - ELECTRIC UTILITY PONER SUPPLIES

buw Faflure  Actual Hours Downtime/Failure
f Plants Sample Number Rate - Kt~ Maxt-
in Slze of Fatlures nem Median mm
Sarple  Unit - Failures Equipment per Industry Plant  Plant Plant
Sz Years Reported  Industry Sub Class Unit-Year Average Average Average Average
NN W M, Mleoritren it seeeseeenenne s 068 LB+ L0 0
1 08 B ", . Single Circuit..ovvvvirririiniien 0.537 566 0.5 510 1.3
B g 1M ", Doble or Triple Circuft - AlL.,, 0.622 0.66 ¥ 117 %0
n 0.2 103 ", Automativally Switched Over..... 0.735 0.5 ¢ 0.93 600
6 e B e Manua) Switchover.............., 0.458 1.7 L& 200 %0
3 M L Loss of A1l Circults At One Time 0.119 0 ¢ 1.5 6,00
1 648 20 Chepical......... 1} PRI 0.3 14 ¢ 156 6.00
] e 0 " Double or Triple Cireuit - AV..., 0.308 1.8 158 6.00
b T . Rutomatically Switched Over,.... 0,333 1.4 * 158 6.00
3 B.5 10 Petroletm..oo. Alloiiiiiiiiirriiieninninneeene ., 0.215 80 0.1 4% W
? 185 8 Tetlle........ Airiiiiinnn, erire TP 2,649 D28 00M 2V 4%
2 B85 8 L Joubte or Triple Circult - AWL... 2.549 8.8 0O 217 48
1 KX S T Autematically Switched Over..... 13.46 p.014 0.014 0.004 0.0
5 67,3 27 Other Licht Manuf, All,....oseess e conneens 0,80 .4 058 20
§ 115 I - S L. Double or Triple Circyit - All.... 0.4% 151 0N 20
3 /0 R | S Automatically Switched Over...., 0.549 .51 " 008 1.4
* 18 cycles
2 seconds
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TABLE 4 - TRANSFORMERS

hetuai Hours Downtime/FaiTure
Nunber Fallure Maxi-
of Plants Sample  Nurber Rate - Minl-  Median  mum
18 Size of Fattures i
Sanple  Unft-  Failures per Industry Plant  Plant  Plant
Size Years fReported  Industry Unit-Year Average Average Average Average
noOBA 6 Mo, Liquid Filled - AN.. 0,041 59, 20 M. M,
OB ¥ STTTITITY 601-15,000 volts - All Sizes,... 0,00%0 174, 2.0 4, 840,
1t 002 N ATTTTTON 00-T50 KWhuovovaceverronrs 0.003 61.0 4.5 10,7 3%,
18 6080 15 e 751 - 2,899 k¥A...0ovvvvennns 0.0025 217, 2.0 §4.0 840,
N 0% 13 TP 2,500 kKVA R wpevrvvirennen. L0008 6. A0 600 4B,
4 1,48 2 AT eore Above 15,000 volts....oouinnen, 0010 1076, 12,8 1260. 3744,
16 497 18 EETTITTTITo Dry Type; 0-15,000 volts.......... 0.00% 183, 0.5 28, .
3 672 20 ¥ i Rectifier, Above 600 volts........ 0,008 30, 4.0 80. 87,
4 8,596 43 Chemical........ Liquid Filled - AV,.............. 0,005 33, 8.0 168 180,
12 6,838 X L 601-15,000 volts - A1) Sizes,... 0.0035 2.3 80 485 3%
1 N n LT H00-750 KVA....ovennrinnnns, (0031 19.3 10 8.0 .
¢ 16 N e Above 15,000 volts.............. 0.0N9 620, 128 708 300,
2 662 16 Y e Rectifier; Above 600 volts,....... 0.0282 425, 8.0 4N, 8?7,
L .1 P A ] Petrolewm....... Lguid Filted « ATL...ooviuiniins 0.005  B43, 45 891, i,
LW Y » BOT-15,000 volts - A1 Sizes.... 0.0043 244, 45 M, 43,
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TABLE § ~ CIRCUIT BREAKERS

Eu,b.r Faflure  Actual Hours Downtime/Failure
f Plants Sample Number Rate - Mini- Maxi-
tn $ze  of Faflures mm o Nedian  mum
Sample  Unit- Failures per  Industry Plant  Plant  Plant
§ize Years Reported Industry Unit-Year Average Average Average Average
16 8,50 4 All....... Fixed Type(includes molded case) - all  0.0052 5.8 0.5 0 0
1 8% & v 0= 600 volts - AN Sizes....i, 0.0044 47 0.5 L1
9 .64 0 EETITT 0-600 &M, ....vvvirinnrinnis o, 0,003 32 0% 1.4 8.0
4 LU 1 i, Above 600 amPS....ovrriiniiniiiins 0.0096 9.6 5.0 80 1Mo
5 510 4 LIPTPT Above 600 volts.......oceevnnin, v 0.0176 10,6 1.5 8 no
28 0,70 Y e, Metalclad, Drawout - AlL...alll .00 18, 0.3 1.6 80,
18 HA0 6 " 0-600 volts - A1l SHzes............, 0.0027 WL 02 L0 8,
1] ll.zm 25 " IFF YRR 0'600 ums“n-nnnnuu-uun ﬁ.mza 3-2 0-2 ‘Inﬁ icﬁ
1 1320 0 " Bbove 600 ams.....ouvviiniininn, 0.000 232, 0.2 5.0 894,
22 16,20 58 Y e Mbove 600 IR, 0.00% 109, 1.1 168, 84A
§ 1,01 A Chemcal....... Fixed Type(includes molded case) - A11 10,0102 81 43 90 1.0
1 150 15 Y 0600 volts = A1) Sizes.uvvvverrnins 0.0099 9.5 5.0 90 1.0
? ¥ 0 SN Above 600 ampt........ e 0,019 9.6 5.0 80 1.0
] 0,680 B Y Metalclad, Drawout - All.............. 0.00 &7 58 97 i
7 Lo N Yo fbove 600 vOMS. . vrriivernannane, 00064 8.3 63 97T EN6
3 1,885 18 Petrolewn....... Fixed Type(includes molded case) - Al 0,005 5.8 1.0 & D
2 waon L o 0-600 volts - A1Y S1285.00uviennne 00004 1.9 10 25 4D
z wron " 0600 aMS..eii e v 0000819 LD 25 4D
o040 8 Tetlle......... Netalclad, Orowout - AlV..vovnoanes 0.0 2. 03 40 0,
30085 B 04600 volts - AT Staes.enn 0006 218 03 40 @4,
2 A | Y 0600 BS. ... vovververerrereones 0.008 38 03 22 40
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HISTORICAL RELIABILITY DATA

TABLE 6 - MOTOR STARTERS

Number Faflure  Actual Hours Downtime/Failure
of Plants Sample Number Rate - Nini maxi-
in Slze  of Failures we  Median  mm
Sample Unit- Faflures Equipment per Industry Plant Plant Plant
$fze  Years Reported  Industry Sub Class Unit-Year Average Average Average Average

M........... Contact Type
9 4,522 63 e 0-600 ¥olts.....0vunrinnnnes v 0.0139 65.1 .0 45 N5
15 6,518 100 RTINS 601-15,000 volts..... vevnen 00153 284, 3.0 16,0 1440,
3 854 5 " Clrcutt Bresker........ errrees cerver 00059 28 8 28 8
i 5,340 14 Chemical...... Contact Type; 601-15,000 volts........ 0.0026 298, 45 6.0 13,
] 207 5) Metal......... Contact Type; 0-600 volts............. 0,2470 8.5 B 188 55
2 626 8l Petroleum. ..., Contact Type; 601-15,000 volts........ 0.1204 1840, 1440, 1440, 1440,
TABLE 7 - MOTORS
Number Fallure  Actual Hours Downtime/Failure
of Plants Sawple Number Rate - Mini- Maxi-
in Size  of Failures e Median  wum
Sample Unit- Failures Equipment per Industry Plant Plant Plant
Size YEars  Reported Industry Sub Class Unit-Year Average Average Average Average
Alh..iioviivens.. Induction
7 1,600 23 e v 0600 VOIS couvininniinnnnnn, 00108 TN4, 0.5 183 3.
17 428 1M e B01-15,000 V0TS .uuiieiiiiiens.. 0.0404 76,0 13915 9.
e trerianiie.. Synchronous
2 13,70 10 e, 0600 volts....... ., vvressnneen 00007 Bi BT B B3
|l 4,276 1% e 601415000 volts.......... v 0031818, 8.0 153 0.
] 58 3 f ey, Divect Current.....uuiiae, e 0,055 .5 40 16.2 1N,
Chemical........ .. Induction
6 91638 50 " LI EENE RN o'm W]ts ------------- o'wsz 22-5 6. '0,3 '5.7
8 2,809 2 “ ey 601-15,000 volts........ 0.0433 56,3 1308 9.
b e Synchronous
] 13, 10 Y o 0-600 vOltS..uiiiriiins 0.0007 I BI B B3
4 1,201 8 Y e 601-15,000 volts........ 0.0433 129, 5.8 113 2,
Petrolewr......... Induction
3 5,067 W Y e B0 s . 0.0226 158, 0. 19, 159,
2 1,06 M Y e 601-16,000 volts........ 0.03 13, % 9. 4,
Y e Synchronous
2 2,825 78 ' LEEXNER RN 60]']5.0“] \'Olts........ 0:0276 207. 167. 2]0. 254,
Rubber & Plastics. Induction
3 w12 " . 601-15,000 woits........ 0.0 . p 150, 168,
1 160 17 Textile......... v Direct Current............ 0.1056 9.4 9.4 9.4 9.4
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HISTORICAL RELIABILITY DATA

TABLE 8 - GENERATORS

l;umer Faflure  Actual Hours Downtime/Failure
of Plants Sample Number Rate - Mini- Kaxi«
in Hee of Failures e Mediay o
Sample Unft- Fallures Equipment per Indstry Plant Plant  Plant
Size  Years  Reported Industry Sub Class Unit-Year Average Average Average Average
8 6.8 W M. Steam Turbine Driven...... 0.0 165, 1.5 66,5 100,
) 1 Y 6as Turbine Driven........ 0.638 2.1 5.0 9.0 .
4 894 4 e Driven by Motor, Diesel, 0.067 127, 12, 13, 14,
or 6as Engine,......oovis
1 55 58 Petrolewm....... Gas Turbine Driven............. 9,818 50 50 50 5.0
TABLE § - DISCOMMECT SWITCHES
Nusber Faflure  Actual Hours Downtims/Fatlure
of Plants Sample Nusber fate - finl- ax{~
in Sim  of Fallures sn Wdinm wm
Sampls  Unit- Failures Equipment per Industry Plant  Plant  Plant
Sl Tears feported Industry Sub Class Unit-Year Avarage Average Average Average
8 2,068 6 1} 1 T 0.009 163, 0 6.0 1080,
]5 ]s"” ’4 ¢ (AN RN RN RN NLN] Enc]o’.dllll!blliliilllil OOMI 3!6 0!2 zla 903
4 20 2 Chewcali Enclosed.uvvs.vrenininens 0.0300 6.0 20 51 6.5
] 4,200 61 Mt Enclosed.......oovvnsn, W 00142 8 18 b 2.8
TABLE 10 ~ SWITCHGEAR BUS: INDOCR & OUTDOOR
(Unit = Nuber of Connected Clrcult Breakers or Instrument Transformer Compartrents)
Nusber Fallure  Actual Hours Downtime/Fallure
of Plants Smmple Nuber fate - Mini- Kaxi-
in Sle  of Fai Tures MR Nedian WM
Saple  Unite Fallures Equipnent per  Indstry Plant  Flant Plant
Size  Years Reported Industry Sub Class Unit-Year Average Average Average Average
12 w2 M. Il;nsuhted; 601-15,000 wits,... 0.00020 261, 5.0 6.8 1613,
(AR NN NN E] ln .
1 R N Y e 0-600 wolts.ooooviennnnn, 00004 550. 20 0 %N,
5 0 1N rerenen Above 600 wolts,.......... 000063 173 &9 16 48,
5 008 15 Chentaal, Ilﬂsulal:od; 603-15,000 voits, 000975 340. 180 2.8 71613,
........ re
3 en Yo Joove 600 volts........... 000088 193 65 2.0 44
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TABLE V1 < BUS DUCT: INDOOR & OUTDOOR
{Init = ¥ Cireuit Foot)

Faflure  Actual Hours Downtine/Failure

Nusber
of Plants Sample  Nusber Rate - Hint- Naxi-
in S  of Fai lures M Hedign M
Sauple  Unit-  Fallures Equipment per Industry Plant Plant Plant
H] Years  Reported Industry Sub Class Unft-Year Average Average Average Averige
12 16040 2 Al AT Yoltages......ovenrese 0.000125 128, 0.5 95 2.
TABLE 12 - OPEN NIRE
{Unit = 1,000 Circuit Feat)
Nebar Failure  Actual Hours Downtime/Failure
of Plants Sample  Number Rate- Kini- Naxi-
in S of Failures ma  ledlan mm
Sarple Unft-  Faflures Equipment per Industry Plant  Plant  Plant
S Years Raported  Industry Sub Class Wnit-Tear Average Average Average Awerage
0 5,18 B AL, 0-15,000 wIt8.0000enni, 0008 &5 1.0 40 %00
! 1,460 | RKoove 15,000 wolts........ 0.0 125 04 2.0
3 6.6 0 Cheeeal...iiiiiinnn, 0-15,000 voIts...0uvnennn, 0.0M2 606, 40 1.5 N,
! 3,1 % Patrolem........... 0-15,000 volts....vvrerne, 0,088 41 41 41 1]
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HISTORICAL RELIABILITY DATA

TABLE 13 - CABLE (ALL TYPES OF INSULATION)

(it = 1,000 Clrcuit Fest)

Nutber Fallure  Actua) Hours Downtime/Failure
of Plants Sawple Nueber Rate- Mini- Naxi-

in S of Fallures me Nedlan mm
Saple  Unit- Faflures Equipsent per  Industry Plant Plant Plant
Sine Years Reported Industry SUb Class Unit-Year Average Average Average averae

14 PR Above Ground & Aerfal

10 7 TN | . I C YPTTO v 000180 457, L0 0.5 me.

TB 5'248 7‘ ' SRREVR AR T AR aRt wi'ls.m w]ts - A‘”nunuuu 0.0'"0 w.‘ 0.2 619 m.

1 L7 W e, In Trays Above Ground.......... 00829 89 60 80 1.7
6 w9 e In Conduit Above Grownd.,...... 0.04918 140, 40 4.5 %0,
1 (T e herfal Cable,.ocovvvivvvnnnnee, 00437 31,6 0.2 5.3 I8

ETTTTTTCITI Below Ground & Direct Burla)

3 060 Bt 0800 Y0118, .00 vveivivinrrnnnns 0.00388 150 B0 4.0 .0
% Wi g verne 601-15,000 wlts - ML........... 0,00617 955 0.3 350 430,
] 18,90 116 DTTTTORN In Dyct or Conduit Below Ground 000613  96.8 0.3 3.0 43,

1 W5 N M e Above 15,000 volts............... 0.00% 6.0 16.0 6.0 6.0

Chemical............ Above Ground & Aerfa)

7 ll”] “ ' NIRRT WI'IS;M W]ts - AI]--,””“” ﬂ‘ngzu 35:5 2;@ ‘ 7 15‘"

3 BN L e In Trays Above Growd.......... 0.00%8 78 60 2.0 a0
5 noon L e ferfal Coblesvivninnnnrnneenn 003800 477 20 47 178,

' AR AN YN Y] hlm Gmmd.mnct -‘n'l
‘0 ".m m . IR EY YY) m]“]s;m Vons - A"u ......... 0.“]3 53-0 2.6 25-0 51‘-
10 N »n e In Duct or Condutt Belew Ground 000613 53,0 2.6 25,0 54,
Petrolem.......... Above Ground 3 Aerfal

? 288 5 Y e 601-15,000 volts - A)....uiiieee 0.005 A0 17 2T A

H 2,660 12 Y e Rerfal Cable......onuununnene 0040 231 77 538 M.
Y iiierese Below Ground b Direct Burial

] 7 I Y e B01-15,000 wolts - ATL.......... . 00235 940 6.8 697 13,
H 1 I N e In Duct or Conduit Below Srownd 0.02345 9040 2.8 6. 1.
1 295 0 Y Aoove 15,000 voltSiiiinennnn e 00036 1600 160 6.0 1.0
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TABLE 14 - CABLE (ALL APPLICATIONS)
{Unit = 1,000 Circuit Feet)

Nusber Failure  Actual Hours Downtime/Faflure
of Plants Sawple Number Rate- Kini- Faxi-
in Sim o Fatlures mn o Median mum
Saple  lnit Flilurez » gq‘.lﬂgrnt p:r'Y :ndustry APhnt :hnt :lant
Hze Years Reporte stry 25 Unit-Year Average Average Average Averige

A]llllll [EENRENRRNNN] 60! i mvolts
9 9.&]9 38 4] IXTREYY) Thewlut‘c [EEXREXENTRT] (YY) 0!0038‘7 “-5 2t0 ]0.0 I’a-
15 560 5 Thermsetting....ovvrinnnnnn, 0.00800 168, 0.2 .0 432,
10 7126 B5 M e Paper Insulated Lead Covered,. 0.00912 489 0.3 2.8 1.
8 149 % M 111, AR 0.01832 16.1 0.7 285 148,
Chemtcal, . vvven.nen, §01-15,000 volts.
! 9,158 X% e Thermoplastice.. i, 00033 454 2.0 9.8 178
3 YR s themosetting....ooeiennnn. 001000 W7, 173 202, WD
[ 93 % b ieinnends Paper Insulated Lead Covered,, 00274 107 26 .0 120
3 67 6 e L v 0,027 183 B0 80 168
PQtN]!Ul---m...... 50]-15.000 W}ts
2 250 15 Y e Themosetting cuiiennn.. oo 000805 2.0 ) a7 LG
2 19 28 Y vveennenes Paper Insulated Lead Covered.. 001770 940 26.8 687 113,
TABLE 15 « CABLE JOINTS (ALL TYPES OF INSULATION)
Nusber Failure  Actual Hours Downtime/Failura
of Plants Sasple Nusber Rate- nin{- Maxi-
n Stz of Faitures nn  Median mm
Saple  nit- Fatlures Equipment per  Indsstry Plant Plant Plant
Size Years_ Reported Industry Sub {lass Unit-Year Average Average Average Average
(RN N AN R BRR NN RN 60] IWTG
§ 6 coevenensnenes Bbove ground & Aerfal........., 0.000811 2.3 80 165 4.0
‘2 w|% 35 uunnnnu‘u lﬁ vu'ﬂ Gi‘ PM‘\I ‘I.I- Be‘la‘ﬂ" Iﬁuﬂd e.mi*A 5“' }ue 31l 2 !59;
Chemical,...cou.sn  601-15,000 volts
§ w2 " veveesens In Duct or Conduft Below Growd 0000871 170 0 80  MA
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TABLE 16 - CABLE JOINTS (AL APPLICATIONS)

Nusber !
of Pt Sule Kot fule  Actunl Hours Do/l
" e 0
g Equipment Failures mm  Median oum
sgm‘ m:s ;:il:t':; Indust Sub Class per  Industry Plant Plant Plant
P " Unit-Year Average Average Average Average
A]h“u nnnnn Teeavay 50“]5.000 Wlts
5§ 2., 2 b e, Thermoplastic.......cveviians 0000754 158 34 B0 %D
[ K. b e vooee  Thermosetting.......ooveenenn.s 0.001235 202, WG 60,0 160,
5 13,500 H U ververeenvenensy  Paper Insulated Lead Covered,.. 0.001037 3.4 10 80 58
Chemcal,........... 601-15,000 volts
R A e Thermoplastic. . oviniiininen, p.0cos7s 4.8 34 B0 MA
TABLE 17 - CABLE TERMINATIONS {ALL TYPES OF INSULATION)
Nurber Fatlare  Actual Hours Downtime/F
of Plants Saxple Nusber Rate- :ini- " muﬁxi-
in Stze  of Faflures me o Nedian  mum
Sample  Unit- Fallures Equipment per  Industry Plant Plant  Plant
Stee fears Raported Industry Sub Class Unit-Year Average Average Average Average
. - ' M, Abgvzogmu?d&kml
, TP 600 volts............vveie, 0.000127 38 0.5 0 59
13 39|840 35 ' Y F TN Y TT] 501-15.000 VO]tS - A"uuuu 0.000879 198. |.0 ”.] 723.
E A0 8 : ................ In Trays Above Grownd....., 0000333 80 7.0 9.0 1.0
3 3,920 § In Condult Above Grownd..,, 0.001276 1157, U0 7, 144,
TOONA0 2 M el Gblecinnnn,, 0001888 485 100 1] BA4
b e In Duct or Condult Below Ground
b 26,390 8 ey 60115,000 vOltS.1u00ennsens. 0.00003 2.0 160 234 W5
b omm chemlcai........... Abgv: ?mmd&nerial
, coornennes B01-15,000 volts - AlL....,. 0.000814 284, N o,
R S T T erfal Cable. ..........oo QST W6 9.0 T 240
, 0w 1 Petrolawm,......... Abgwl.' %;nound § herfat
R Y e 601-15,000 volts - A1Y....... oomg 7.3 M0 542 .
100 0 e heria) cablesiinininnes 0.000087 844 BA% g4 g”
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TABLE T8 - CABLE TERMINATIONS (ALL APPLICATIONS)

Kusbar Failure  Actual Hours Downtime/Fatiyre
of Plants Sample Musber Rate- Mini- Maxi-
in S of Faflures mno dedian  mun
sample  Unit- Fatlyres Equipnent per  Industry Plant Plant  Plant
Size Years Reported Industry Sub Cass Unit-Year Average Average Average Average
A”.uunnnu W]"S.M vo]ts
2 P N LU, Thermoplastic....covnrunnn, 000002 106 7.0 15 160
9 3 1" e, Theemosetting,..ouvvrennennnn 0.000307 481, 9.3 1L 14,
5 040 % T " Paper Insulated Lead Covered. 0,000781 68.8 6.0 2.2 8.6
TABLE 19 - MISCELLANEOUS
Kunber Faflure  Actual Hours Downtfme/Fai lure
of Plants aaple  Number Rate- Mini- Haxi-
in Sz of Faflures me  dedlan o
Sample Uit~ Failures Equipeent per Indistry Plant Plant  Plant
$te  Years  Reported Industry Sub Class Unit-Tear Average Average Average Average
5 3.}5‘. 6 A”uunnll't FUS&S |||||||| LN L N YN N 0!%]9 5-5 1:0 2-0 2‘;0
330,600, 6 S, Pratactive Relays.. i, 0.0002 5.0 0.8 3.8 1.2
3 HE : vy Dnvertens.....e, vereers 115 167. .1 8. %,
3 3“0 ]2 (LA ERNRREAS] Reﬂﬂﬂersv llllllllllll LXNLRE] 0&03& ”IO qu 52-2 72.0
? 5.6 14 Chemlcaliin,  Invertert...oo..ovw. v L8] 107, AR TR 3
] 16,8 0 Petroleum..... Rectiflers...........oocen 0.5 4 B4 24 nd
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APPENDIX A (P. 1 of

USER INSTRUCTIONS FOR IEEE SURVEY FORM ON
RELIABILITY OF ELECTRIC EQUIPMENT IN INDUSTRIAL PLANTS

(SPONSORED BY THE RELIABILITY WORKING GROUP,
INDUSTRIAL FLANTS POWER SYSTEMS SUBCOMMITTEE,
INDUSTRIAL AND COMMERCIAL POWER SYSTEMS COMMITTEE}

PURFPOSE This survey is intended to collect data on failures that occur in in-plant electric
equipmant and in public utility electric powar supplies that affect operations in industrial plants.
We hope that these data will determine not only sccurats fallure rates and repair times on major
Classes of equipment, but will also give an insight intc the causes of these failures in such a way
that remedial recommendations may be formulated to reduce failures and to improve plant parformance.

MAILING INSTRUCTIONS Mail ail filled-cut forms to the following address,

IEEE~IGA Reliabilicy Working Group

Care of Assistant Professor A D Patton, Dapt of Electrical Engineering
Texas AdM Unjversity

College Station, Texas 77843

DATA PROCESSING Thess forma will be given a confidential company code, and will then be key
punched on cards for processing by a digital computer along with data collected from others. The
computer will prapare a suitable report on failure ratas, durations, and causes of failure,

ADDITIONAL INFORMATION The reverse side of the Survey Form asks for additional information, The
following information should be filled in on the reverss side of tha first page of data for each
plant: company name, plant name, type and location, the name, address, and phoné number of the
individual submitting the data and/or the individual to whom guestiona about the data may be
directed.

In addition, space is provided for remarks or clarifying comments on the data being reported, Thase
comments ahould be filled in on all data sheets, if needed to clarify data.
DEFINITIONS

A component is a piece of eguipment, a line or circuit, or a section of a line or clrcuit, or a
group of items which is viewed as an entity.

A system is a group of components connected or assoclated in a fixed configuration to perform a
specified function of generating, transmitting, or distributing powar.

A fajilure is defined as any troubie with
to occur.

{1) Partial or complate plant shutdown, or below-standard plant cperation

{2} Unacceptable performance of user's equipeent

(3} Operation of the elactrical protective realaying or emergency opesration of the plant
slectrical system

{4) Desnergization of any slectric circult or eguipment

A failure on a public utility supply system may cause the user to have slther {1} = power
interruption or loss of service, or () a deviation from normal veltage or frequancy of sufficient
magnitude or duration to disrupt plant production.

A fajilure on an in-plant component causes a forced outage of the component, and the component
thereby is unable to perform its intended function until it is repaired or reaplacad,

Repair time of & falled component or duration of a failure is the clock hours from the time of the
occurrence of thae failure to the time when the componant is restored toc service, eithar repair
of the component or by substitution with & spare component. It is not the tima required to restore
pervice to & load by putting altarnate circuits into operation.

Iz includes tima for diagnosing the trouble, locating the failed component, walting for parts,
repairing or replacing, testing, and restoring the component to sarvice.

Revision 31-4-71
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HISTORICAL RELIABILITY DATA

F
USER INSTRUCTIONS FOR IEXE SURVEY FORM ON
RELIABILITY OF ELECTRIC EQUIPMENT IN INDUSTRIAL PLANTS
(SPONSORED BY THE RELIABILITY WORKING GROUP,
INDUSTRIAL PLANTS POWER SYSTEMS SUBCOMMITTEE,
INDUSTRIAL AND COMMERCIAL POWER SYSTEMS COMMITTEE)

GERERAL INSTRUCTIONS

THE SURVEY Fokn The IEEE Survey Form 1° -1-70 Ls an input data form for a computer program. The
data on thess forms will be key punched onto computer cards and analyzed by the computer program.

CODED DATA The Survey Porm asks for coded and uncodad data. It is neCessary to refar to the
instructions in filling in either. The following shows the columns on each card type that requires
filling in a code.

CARD TYPE COLUMNS REQUIRING CODES
i 1-10, 36
2 11-18, 31-36
3 25, 29, 30-53, 57, 58

It may happen that none &f the codes shown fit the particular case being reported. For such cases,
the "other" code should be used, by filling a "%" or a "39" in the space providad. "Other" weans
not ctherwise classifisd, If this is done, explain on reverse side of page, referring to card type
and column numbaer,

EQUIPMENT CLASS A group of codes is used to spacify an squipment class. An equipment class
consists of a main code, two sub-clashs codes, & voltaga code and 2 eisze code. Thesa are explained
in the instructions. For the sxample shown on the fillid-cut form, this code is as follows.

CLASS copE DESCRIPTION

Main 20 = transformer

Sub 1 4 = powsr

Sub 2 34 = liguid filled

Voltage 2 = §0)1~1%5,000 volts primary
Size 3 = 300-750 k¥A

The above ¢oded squipmant class covare all ligquid-filled power transformers, with & primary voltage
of 601=15,000 volts and rated J00-780 XVA. Any tranaformer in the plant that doss not fit this
example is a different classification and requires a different coding. Thus, a 5000 kVA power
transformer, liquid filled, 13.8 kV primary voltage would be coded 20-4-24-2-5,

CARD=TYPES The Survey Form asks for three types of information under the headings CARD-TYFE 1,
CARD-TYPE 2, and CARD=-TYPE 1.

In gwneral, CARD-TYPE 1 asks for data on plant identification and other gensral plant information,

CARD-TYFE 2 asks for data on a specific equipment class, including the total number of installed
units, on their failure experience, on maintenance practices, and on estimated repair timas of
failed equipment. The total installed units and their failure exparience is the most essential
data asked for.

CARDE=-TYPE 3 aska for data on each individusl failure repcorted on a CARD-TYPE 2.

A typical plant might have as many As, say 30 different equipment classes. These 3¢ squipment
clagses might have, for example 10 different failures, To report this information reguires 20
pages of the Survey Form, one for sach different equipment class. CARD-TYPE 1 is filled in
completely on tha first pags snd partly thareafter. CARD-TYPE 2 is filled in on each page.
CARDS-TYPE 3 are filled in 10 times, once for each failure, if any.

CARD=TYPE 1 CARD-TYPE 1 is used toc identify the reporting company and plant of that company and to
give gensral information about that plant. The firet 10 columns on this card are toc be rspsated by
the key puncher ontoc CARD-TYPE 2 and CARDS-TYPE 3 for identification purposas.

Only ona CARD-TYPE 1 im used by the computer program. However, we ask that on sach page of the IKEE
Survey Form that the first 7 columns be filled-in in case the fillad-cut survey forms becoms
ssparated,

Fill in Itama l-8 on reverse side of first page of data for sach plant.

ALL CARD TYPES Fill in CARD-TYPE, column number, and remarks or COmments on raversse side, if any,
on all data cards.
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s APPENDIX A (P. 2 o

USER INSTRUCTIONS FOR IEEE SURVEY FORM ON
RELIABILITY OF ELECTRIC EQUIPMENT 1IN INDUSBTRIAL PLANTE
{8PONSORED BY THE RELIABILITY WORKING GROUP,
INDUBTRIAL PLANTS POWER SYSTEMS SUBCOMMITIEE,
INDUSTRIAL AND COMMERCIAL POWER SYSTEMS COMMITTEE

CARD~-TYPE 1 The second or CARD-TYPE 1 is used to report on each different squipment class in the
plant. A typical plant might have & one type of utility supply, and several differant classes sach
of transformers, <ircuit breakers, cables, etc. Thess different classés are shown in Cojumns 11-1%3,
Thess Columns li=18 are to be repeated by the key puncher on all CARDS=TYPE 3. There will be aw
many CARDS-TYPRE 1 as thare are different egquipment classes,

Bach CARD~TYPE 2 is used to report (1) the total number installed of one eguipment class and the
total number cof failures experienced {(if any) of that sgquipmant class,

In addition, sach CARD-TYPE 1 is umed to report on malntenance practices and estimated repair timas.
Thess ars your best satimate of repair times, These estimated times will be used if actual reapair
times are not known, or if actual repair times are much different from the average for some special
reason which e unlikely to recur. Wa prafer to use actual data if availabla,

These datd Axe to bs left klank for failures on the utility power supply, since this information
is not normally avallable.

CARD-TYPE 3 The third or CARD-TYPE 3 is used to report on actual data for each fallure reported
on a corredponding CARD-TYPE 2. Thus, associated with each CARD-TYPE 1 is a set of CARDS-TYPE 1,
The number f CARDB-TYPE J will be the same As the number of failures (column 31} reported on CARDS~
TYPE 2, for exampls, Lf & CARD-TYPE 2 has & 3 in Columpn 31, than ] CARDS-TYPE 3 should bhe filled in.

Each CARD=-TYFE 3 reports specific information cn one failure, such as failure duration, urgency of
rapair, cavas of fallure, loads affected by the fallure, and effect of failure on plant oparations.

RIGHT~ADJUSTMENT OF DATA In filling in data, numbers should be right-adjusted, that is, they must
and in the right~hand column of the assignad field, Thia means that if, for exampla, the survay form
provides J columns to insert data but a two-digit number is to be inserted in the space available,
than the number should ha filled into the two right-hand columns.

SAMPLE FILLED=QUT FORM Refar to the attached sample filled-out form. This gives an example of a
report on one class of transaformers with two failures,
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SAMPL E
Noare 3 -~ — 77 IEEE SURVEY FORM 11.1.70 PAGES /S5 race &
RELIABILITY OF BLECTRIC EQUIPMENT [N INDUSTRIAL PLANTS
_ (REFER YO SURVEY FORM HSTRUCTIONS
CARD - TYPE | (NOTE - * REFERS TO CODED DATA)
PLANT® CRITICAL
I Ty B T
com. W) SCHEOULE AGE COSY, § DEMAND AT |5 g Lo -
Pany zl.l¥— PLANT | | DURATION Sl
CODE Tl ]| HRE DESIGN - E o
. I ni- 3| v [oars e rer i | caraciTr,xw (3 o| Sp | E e
3 DOWNTIME a 9 =
g |E [8[g]5]0Av] w 22§35 |3 3|3
1 4 [ ] 4| el 13 13 » 3 n 3 » »|n
Goz (el (8 Hhoe0] (2900 SHho 00 (AN 72N e
CARD - TYPE 2
EQUIFMENT CL ASS® “‘”"-‘1
PFERIDD COYERED TENANCE
S ; rpeTen ok rouns
. nO. OF | w g & "
w msTaLLEe| @ olw| €|, &g
R N TN o | P T e
- o - -d F = W " . . [
R ER E R A R S AL 2 312|25l3] riRViv | sewOar [rin oavieek ouv(d (3
{11 n 13 17 | e 21 123 3 n 31 33 |34 M {37 " 45 £ ] M0
20 4 IHAS| (/6672|712 1£121e] Ap3) (3|2 (/1010| (3i00] 214 ARE]
CARDS - TYPE 3
- FAILURE LOADS LOST* g sLant |2
- = outace |5
&| oumation 1, 2 |, puraTion | 5
DATE |2 . w . = N & =y
o . > W zx|o - 2 a - - 2 ]
- - -"““‘z’gzg . tirulenl %5« |28 -552
- wlop p:%z-.;.ﬂ: w §E.‘.3»= lﬁ..g"ﬁu e 2lslele
3 Slox |z|85|b8|g335 ¢ |E31E3(53215E[35|812|8 R
mo. | Ye. (D)1 22 |Z|IYSITS[(R: NESLEEE RIS g3 olw g! E( =315
17 21 n 23 |24 nm ” 34 » » £ 42 44 L] f B AL REMIEEIE:IRT] S| |e0
1191649 | csefal M ] 2] % g N AN g V018 | i)
1 eiel 1i810|2] (¢ 4] 43] (2] 41| S199]710] s|r]r109)/ (2] | ul4|42)
'l T i s bl b b gl gy 1 s
'l T 11 NS I B O O B A O A 1 4
gl Lt et ' A A 11 13
L] e
) 1 1 1 1 t ! H I 1 1 | | 1.1
[ I 11 Lok o b e s g1l 11 ot
[l N I L1 9 I B BT I O A I ST T A L 3l
v A 11 ' S A A O T A L (i Ad
vl W L 1.1 Pl g b i ' A A A L1 ije
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_win APPENDIX A (P. 3 of 7)

1
USER INSTRUCTIONS FOR CARD-TYPE 1

{RESER TO SURY EY KORM (INST RUC TIONS)
CARD - TYPR 1 (MOTE - * REFERS TO CODED DATA)

PLANTS PLANY

P ERATMO
Py ¥ seHEDUL
Paxy
coox

CRITICAL
ESTHIATED FLANT

OUTASE COAT, § :‘.-:'::::f

PLANT

"R [pavy OELGN
senl ran ren IR L CAPACITY, KW
war!| we.| rAnURE | DOWNTIME

PLART RESTART
TIE, WOURS

g

»

»

g

= B OCATION
* JCLUMATE
.
L]
P AL
T [CamD TV
3 [canDwo.

po.
« 1TYPE

XL n 1% » ol

-

11 1 1 1 1 111§ | Lt 1l 1 1

NAME CODE DESCRIPTION

1 Company Code Fill in on all pages & thressa-latter abbreviation of company name for
identification of datas.

4 Plant No Fill in on all pages & Sequence humber starting with "1" for Plant 1,
*2* for Plant 2, etc. for identificaticn of data. A plant may consist
of one or more units at the same site.

1 Plant Type Fill in on all pages the plant type

Auto Industry

Cement Industry

Chemical Industry

Metal Industry

Mining Industry

Petroleum Industry

Pulp and Paper Industry
Rubber and Flastics Industry
Textile Industry

Qther Light Manufacturing
Other Heavy Manutacturing
Cthar

WD A A LR

0 e
Al o -

8 Plant Location

-

USA and Canadas
Foreiqn

~»

9 Plant Climate Average of daily maximums for hottest menth:

(For sntire Temperature Relative Humidity {RH} (measured at noonto 2 PM ST
plant site)

Hot (>90F) High > 55 RH}
Hot (»90F) Moderate ( 50-55 RH)
Hot (90F) Low (€50 RH}
Moderats (80~90F} High (»5% RH}
Moderate (BC-90F)} Moderate { 50-%% RE)
MOderate {80-9%0F) Low W50 RE)
Low (€80F) High (»58 RH)
Low (®XBOF) Moderate (50-553 RH)
Low C80F) Low €50 RH)

WD A W

10 Flant Atmosphere
{For entire
plant site)

Clesn to slightly polluted air

With salt spray and corrosiva chemicals
With salt spray and dust or sand

With salt spray only

With corrosive chemicals and dust or sapd
With corrosive chemicals enly

With dust or sand only

With conductive dust

Other

DB LA N

Plant Oparating
Schedule

11 Hours per day Give hours per normal working day that plant Ooparatea

I3 Days per waek Give days per normal working weak that plant oparates

Estimated Plant
Qutage Coat, Dollars

15 Per Failure Extra axpense incurrxed becsuse of a failure only {(not including plant

downtime}, such as for damaged equipment, spoiled product, extra
maintenance, or extra repair costs
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[
USER INSTRUCTIONS FOR CARD-TYPE 1

{REFER TO SURYEY PORM INSTRUCTIONS!
CARD - YYFET {MOTE - * REPERS TO CODED DATA) |
PLANTS CRITICAL
eI SITHIATED PLANT rLantaax |3 SeAvicE
cou. ¥ seruons DUTASE cotT, & paaD AT |5 @i LOIS -
rany wlE PLANY =§ DURATION &
cabk !- MR [oavs el - Ef w g
FI EAE ran| ren m'::n ru:':.. CAPACITY, KW gg sr |B ale
i E gﬁq'“ . HEI L 33
1 4 . v pajn [l s ] b v s » e
I pda Ly b g e trrra 1 by b il
coL
UMN NAME CODE DESCRIPTION
20 Par hour Sowntime valus of lost production in dollars pesr hour of plant downtias only.
Thie is tha estimated revenuss (sales price) of product not made, lesa
sxpasnssas saved in labor, material, utilities, etc. 1f this varies
with the duration of the plant downtime, uss an average valus per hour,
25 Plant maximum demand Give the maximum slectric power damand when the plant is operating at
st design capacity, its rated or dssign capacity in kilowatta.
kW
31 Plant restart time, Give the time required to get tha plant back intc operation after
hours sarvice is restoxred following a failure that has caused & complete
plant shutdown, hours,
Critical service loss
duration
13 No of units Give the maximum time in units defined in Col 3€ of loss of service
to the plant which will not cause a complete plant shutdown, Any
power interruption of longer duration will cause a plant shutdown,
In other words, give maximum leangth of power failure that will not
stop plant production. This time is typically in the range of
eycles to minutes,
36 Units Select code for appropriate time unit that will give acourata results,
1 Days
2 Hours
3 Minutes
4 Seconds
5 Cycles
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) APPENOIX A (P. 4 of 7
USER INSTRUCTIONE FOR CARD-TYPE 2
Calo - TyM 1
SEARNANY CLANE | ypi0e cavanes HBTMATES
BY TWES REPORT '; T RRFAIE & PARLUEE
wrtiaiun & | £
o [§) [ ro T o mﬁ et | smia, |
| 3 'a"["' "‘]"‘ M E oIy | vy r’t'n"'tnﬁVSG
A L L In In » ol d Gl o Lt o "1 LIr]
(a1 ol e NIRRT
COL
oM HAME cope DESCRIPTIOR
Select appropriats code for Column 11-18
11 Main Class 10 Utility powsr suppliesa to plant
a0 Tranaformsers
30 Circuit Breakers
40 Cabls {Excluding joints and terminations)
41 Cable Joints
42 Cable Terminations
43 Cable Duct or Busway
4“ Open Wirse
45  Busduct
46 Switchgear Bus ~insulated
47 Switchgear Bus -bare
50 Hotors
&9 Generators
7% Hotor Starters
[ 11 Disconnect Switches
90 Miscellansous
3 Other
13 Sub Class 1 For 10-vUtility Power Supplies (A redundant supply will carry the plant

load, 1if tha normal circuit is cut of service)

1 Bingle Circuit {No redundant supply}

2 Double Circuit (Une redundant swpply)

3 Three or more circuits (two or mors redundant supplies)
For 20 - Transformars

4 Power

3 Other
For 30-Circuit Breakers

6 Metal Clad, drawout

7 Fixed Type (includes moldad casa type!}

For 40-~47 Cable or Bus

3 Cable ir Trays - aboveground

10 Cable in Conduit -abovegreund

11 Asrial Cable

12 Direct Buried Cable

13 Cable in Duct or Condult -belowground
14 Nus or Busduct -indoor

15 Bus or Busduct -outdoor

roxr 50 ~ Motors

16 Induction, ac
i7 Synchronous, ac
19 Direct-currant

Tor 60 - Genarators

19 Steam Turbine Driven
F{] Gas Turbine Driven
21 Diesal or Gas Engine Driven
22  Motor-driven
For 70 = Motor Starters
13 Contactor Typs
44 Circult Breaker
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oL
NN

13

15

17

|
USER INSTRUCTIONS FOR CARD-TYPE 2

CARD - TYPR 2
UONPUMENT CL ASS e HOURS
; FEROS COVERRD THIA [ ¥7- ]
BY Twis REPORT o & i e
- wrviLee| 3 r
| ] ] T waTs 31
[ I " 2
s i3 !.n.[n. -.ln. H !5
o [ ps frjelw o s e m]m
' pbabaleleyy )
NANE COPE DESCRIPTION
Sub Class 1 {(Cont) For 80 - bDisconnact Switches
25 Opan
26 Enclosaed
For 90 - Miscellanssus
27 Fuaes
Fi] Protective relays
19 Batteriss
30 Inverters
il Ractifiars
9 Other
Sub Class 2 Fox 10-Urility Supplies
When service is lost becauss of a loes of one circuit of a
redundant supply service is restored
1 Automatically
2 By rsmote contrel
3 Manually
For 20 - Transformers
14 Ligquid Filled
kL Dry Typs
k1] Rectifier
Por 40-51 Cable
Type of Insulation
40 Thermoplastic (PVC)
41 Thermoplastic (Polysthylens)
42 Thermosetting (SBR {Huna 8) Rubber}
43 Thermosetting {Butyl Rubber)
4 Thermasetting (Uil Based Rubber)
45 Thermosatting {(Cross-Linked Polyethylene}
(13 Thermosetting {Silicone Rubber)
47 Thermosetting (Ethylens Propylene)
48 Thermosetting {Chlerosulphated Propylesne)
49 Paper-Insulated Lead Covered
S0 Varnished Cambric Insulated-Lsad Coversd
s1 Mineral-Insulated
39 Qther (Applies to Col 13=15, all classas, 1f not otharwisa classified}
volt Class 1 0=600 wolt {Note: For transformers this is primary veoltage)
2 601-15,000 wveolt
3 Above 15,000 volt
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APPERDIX A (P. § of °

9
USER INSTRUCTION FOR CARD-TYPRE 2
CARD - TYPE ?

WIPHENT CL ALS-

i
i

FERIOD COVERED
&Y THIL AEPORT

EITHIATED CLOCK WOURY
TO REPAIR A FAILUAE

aqe Mﬂ '#}l ‘liFLAsi
Fi‘l‘.‘l" "‘l‘&' b R BAY| Ilt“n.l'\'

kL 4 (45 j -

", OF
WETALLED
RON 0 TS
NG, | YR, M0, | TR

™
™
us 3
oL TAGE
(13
NUSAER OF
FALURES
AVERAGE aGe"
£ TwonuAL
CYCLE, MO,
¥ [airy

[ LE I ) e |2 13 » 3 133

3 [Cand TYee
g |cARO MO,

Ll d 1l I NN ] !
oL | | L.l t L1 L. L
rvs NAME CODE DESCRIPTION

18 Size Clams For Main Class 10 - Utility Supplies
For Main Class 30 - Circuit Breakers
For Main Class 80 Disc Switchas
For Main Class %0 - Miscellanscus, Fusss

[

100=-690 amperes
2 Above €00 amperes

For Main Claws 30 - Transformers
k] 300-7%0 kWA
4 751-2499 kva
5 2500-up kVA
For Main Class 40-4% = Cable, atc
§ Above No 1 AMG
For Main Class 50 - Motors
For Main Class 7¢ - Motor Starters
7 50-1500 horsapower
] Above 1500 horsapowsr
. For Main Class 60 -~ Gansrators
Pariocd covered by Give month and year {numsrals) for pericd for which failure data is
this report available

13 From: Mo Starting Month ({Try to include data frowm date of installation)
N From: Yr Starting Year

2] To: Mo Ending Month (Try to include data to date of this report)
2% Tot: Yr Ending Year
7 No of installed Give total numher of

J talled. 7oz cable or opan wire, give
units length of circuit or rum in M fr, For cable duct or busduce, give
circuit length in fest. Por switchgaear bus, give the number of
connacted circult breakers or instrument transformer compartments.
For utility power supplies, give the number of SEpATrAte supplies.

31 No of Failures Give total number of failuzes that occurred during pariod of raport.
If more than 10 use additional page.

S =
31 Avarage Ace 1 Iis. Eﬁln ! Tear W

2 1-10 years old
3 More than 10 years old

Maintenance Give normal cycle for praventive maintenance — (sven Lf a failure has
34 Normal Cycle, Mo Less than 12 montha not occurred)
12-24 months
More than 4 months
NOo preventive maintenance

-

36 Maintenance Quality Your estimate of guality of preventive majintsnance is -
Excellent (by own forces)

Fair (by own forces)

Poor, inadequate {by own forces)

None

Excellert (by contracted forces)

Fair (by contractead forces}

Poor inadequate (by contracted forces)

R L R T

Documents

Document Sharing Hub

27
Authorized licensed use limited to: Tsinghua UWS@WQRqu@EMa}ﬁP r%r?t‘%zfé@b%é’&lg UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 3006HistoricalData-2012


http://www.avadocuments.com/doc/ieee-3006historicaldata-2012
http://www.avadocuments.com/doc/ieee-3006historicaldata-2012

WHD

IEEE
HISTORICAL RELIABILITY DATA

ICOL
UMN

37
i1

45
48

1
USER INSTRUCTICMS FCR CARD-TYPE 2

CARD - TYPE 2

EQUIPMENT EL a3 lnl-“d
PERIOU COVERED . [ ESTHATED CLOCK MOURS
BY THIS ARPORT or ; TO REPAIR A PAILUNE
n ; -
- msvaLLae] O 2iw| 2 [3
REPAIR FaiED »
I N iz alE] e T HH
- - 24HR, Fa-HR, 3 H
EENE ia"‘l"‘ wo. | v §§=§53 PER DAY PER DAY l'a'“nvaﬂ
e s hs Dirhalw Iﬂ by [ | 3 jalu u|w a1 a3 ot »)ae
i N s lelo b by 1 IS AN A T A A 1l
MAME CODE DESCRIPTION

Estimated clock hours Repair tima (see definitions} Fill in the clock tima for diagnosing
tha trouble, locating the failed component, walting for parts
repairing or replacing, testing and restoring the componsnt to
service. This is your estimate of the averaga repair time, Plsass
note that actual repair times are requasted in CARD-TYPE 3, Col 26.
Explain on reverse side how work is done if by other than own forces.

Repair failad component With repair of failed sgquipment

24=hr per day On round-the~clock emergency bamis
B~-hr per day On basis of repair during normal work day

With replacement of failed equipment with a spare by ramoval of
tailed mquipmant and substitution of spare squipment

Repaicr with spars
24=hr per day On round-the-clock smergancy basis
B-hr per day On basis of repair during normal work day
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AFFERULE R (P, § of |

11
USER INSTRUCTIONS PFOR CARD-TYPE 1}
CARDS - TYPL )
- ranLURE LOABS LOST s AT
SURATINN ovvase
savs § §| E ! E LA
= l. 4;§&E'n i 11 = |8l lale =P
UHA
Byt HEHHH HHEREEH I 0 LH R
w |n [m [m ;'pnuf-p-aunahn-fu w|mfreiee
v T T bl e b [ Lo I Il T [ Ll TP
oL
UMN NAME cobx DESCRIPTION
19 Failure Mo Fill in onhe card (lins) for sach failure., The last failure number in
Col 19 should corrsspond with the total failures reported in Col 31 of
CARD=-TYPE 2. If that number was "0" than no TYPFE 3 cards should be
£illed in.
Failure Date
1 Mo P41l in month fallure occured (numaral)
23 k4 Pill in year failure occurred (numeral)
as Tailurs Forswarning For public utility power interruption only
1 If no forswacning was jiven
2 If forewarning was glven
For other types of failure, leave blank
Failure Duration Fill in duration of failurs from its initiation until (1) service ia
restored to normal, Lif a power intarruption, or (1) tha affected
component or its replacemant once again becomes avallable to parform
ite intended function.
FLJ %o of Units Fill in the number of time units salected in Col 29,
1 Units Salact code for approprimte time unit that will give accurate results,
For most casss sslect hours as unit.
1 Days
2 Hours
3 Minutes
4 Saconde
- Cycles
Sulevt code for Col 30~44 (Leave blank for utili failures)
30 Pailura Rapatr 1 Rapair of falled oomponent in Place or sent out for repalr
Hethod 2 Repalr by replacemant of falled component with spare
32 Failurs Repair 1 kequiring round-the-clock all out efforts
vrgency 2 Raquiring repair work only during reqular workday, perhaps with soms
ovaztime.
3 Requiring repalr work on a non~pricority basis.
4 Fallure, months Falled couponent last had preventive maintenance -
since maintsined 1 Less than 12 months ago
2 13-24 months ago
3 Over 14 months ago
4 No prevantive maintenance
3s Fallure, Damaged 1 Insulation - winding
Part 2 Insulation -~ bushing
3 Insulation - other
4 Mechanical - bearings
] Machanical ~ other maving parts
[ Kechanical - other
7 Other elmctrical - auxiliary device
[ ] Othar alectrical - protective davice
] Tap changer - no load type
10 Tap changer -~ load type
1] Other
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.. .
12
UBER INSTRUCTIONES POR CARD-TYPE 3
CARDE - TYPER DY
i FAILLURE LOADS LBST s [
| onaTion suTME
- ! 55 d . BARATION
| bl petall e (lhaba bl ss s
ot HEHHEH HEHEEH HUH R
(O S N 0 N 5 T O O O O O T T T Y S D O D T D o™
l'!lll{_llillllll!ll { | REWREE0L
coL
UMN HAME CODE DESCRIFTION
38 Failure Typs 1 Flashover or arcing involving graour’
2 All othey flashovex or arcing
3 Other slectrical defect
4 Meschanical dafact
9% Othar

Your hbest estimate of suspected responsibility

40 Fallure 1 Manufacturer-defective Component
Responsibility 2 Transportation to Site - defective handling

3 Application Engineering - improper application
4 Inadequate installation and testing prior to startup
5 Inadaguate maintenance
[ Inadaquate operating procsdures
7 Outaide agency -personnal
B Cutsida agency —other
9 Gther

42 Failuras

Injitiating Causs Insulation breakdown caused by
Transisnt overvoltage disturbance (lightning, switching surgea,
arcing ground fault in ungrounded ayetem)
Ovexvoltage
Overhsating
Other insulation hreakdown
1 Machanical breaking, cracking, loosening. abrading, or deforming
of statlic or structural parts
2 Mechanical burnout, friction, oz seizing of moving parts
23 Kechanically caused dsmage from foreign sources {digging, vehicular
accidant, etc)
141 Shorting by tools or metal objecta
42 Shorting by birds, snakes, rodanta, atc
51 Loss of control power
52 Malfunction of protective relay control davice, or auxiliary device
&1 Low voltage
62 Low fraquancy
99 Othar

-

o

L1 Faliure
Contributing Cause

1 Persiatent overloading

2 Above-normal temperatures

3 Balow-normal tewparaturs

4 Exposuze to agressive chemicals or solvants

5 Exposure tc abnormal moisturs or water

6 Exposure to non-slectrical fire ox burning

[} Obstruction of ventilation by foreign object or material
9 Normal detarioration from age

10 Savere wind, rain, snow, sleat, or aother weather conditions
11 Protective relay improperly set

12 Loss or daficlency of lubricant

13 Loss or deficlency of oil or cooling medium

id4 Misoperation or testing error

1s Exposure to dust or othar contaminents

99 Other
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APPENDIX A (P, 7 of 7
13
USER INSTRUCTIONS FOR CARD-TYPE 1]
CARDS - TYPER )
FaLURE LOADS LOST g PLANT
P 3 ouTARE
ATE ;I 3‘ ! ! g " "“""‘.’:
] trtin abadindl e (Bl dunbiel s o
w v ¥ ed [5|2Ei88]s (33 F 9415 3083|3 E\0%| IS o8 [[83)5
LA ol ] o » i At D ol el el o o o o Cad 2 ) B i iee
UNETRImINnEnnnnnnr 1l L
<OL
UMN NAME CODE DESCRIPTION
46 Failure Utility Power S lies (Select code)
Characteristic 1 Failure of linq%c circuit {No redundant supply}
2 Failure of ons circuit of a double~circuit redundant supply
3 Fallure of both cizcuits of a double-circult redundant supply
4 Failure of all circuits of a three or more circuit redundant supply
5 Partial failure of a thres or more circuit redundant supply
Transformers (select code)
6 Automatic removal by protective squipmeant
7 Partial failure reducing capacity
8 Manual removal
Circuit Breakers {Salect ccde)
9 Failed to closs when it should
e Failed while opening
11 Opened whan it ahouldn't
12 Damaged while successfully opening
13 Danaged while closing
14 Fajled while cperating (not while opening or closing)
Genaral (Salect code for any other class)
1s Failed (this applies to all) classes)
16 Failed during testing or maintenance
i7
20 Partial failure
93 Other
Loads Lost What loads ware lost because of failure {l=yes, O=no, %= not known)
aven though power is restored promptly
e Computer One or more computers or solid-state control devices oparataed
imcoarrastlv
incarragtly
49  Motor One or mozre motoars (contactor dropout)
50 Lighting Lighting load
51 Solsnoid One or more solenoid -opsrated devicea dropped out. such as a solenoid-
operated fuel valve
52 Other Lost other loads, describae in remarks
53 Parcent Production [} None
Lost 1 0-30 parcent
2 Above 30 percent
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WHD
r—
14
USER INSTRUCTIONS FOR CARD-TYPE 3
CARDS - TYPE )
g FALYRE i LOADS LOIT* i'g- PLANT
r = ouTASE
OURATION 3 ﬁ a
- i . §.|5 Ely
- (]
! fo6 b altel e sl nhs e e sl
=8¢ [5ia8ie8|33) & |9a(E 3553|3585 g[2%) o8 [1]530]
W n |n jmpe wm 2 |n | e fo ju Ju aalu]n]sdals iw|urhe
Pyl capdala e b Te o fadaly Ll e
COL
UMN NAME COoDE DESCRIPTION
54 No of Units Fill in number of time units selected in Col 57
57 Unita Seleact code for appropriate time unit that will give accurate
results. For most cases select hours as unit.
1 Days
2 Hours
3 Minutes
[} Ssconds
5 Cyclas
58 Service restorad Give method of restoring service to plant
1 Primary selection -manual
2 Primary sslaction -automatic
3 Secondary selection -manual
L} Secondary selecticn ~asutomatic
5 Network protsctor cpesration =-automatic
] Repair of failed componenet
7 Raplacemant of failed component with spars
[} Utility restored service
9 Othar -explain in remarks
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DiscussioN

Morors

The data in Tables 7 and 2 show that synchronous motors,
0-600 V, have a failure rate approximately 15 times lower
than induction motors, 0-600 V. It is believed that the failure
0.0007 per year for synchronous motors, 0-600 V, is much too
low and is in error, It is believed that synchronous and indue-
tion motors, 0-600 V, should have failure rates that are nearly
the same.

Generators

The data in Tables 8 and 2 show that steam turbine driven
generators have a failure rate almost 20 times lower than gas
turbine driven generators. It is believed that the failure rate of
0.032 per year for steam turbine driven generators is too low;
the failure rate should probably be several times higher than
this value. The gas turbine data in Table 8 show that one plant
in the petroleum industry had 54 failures in 5.5 unit-years;
this compares with 3 failures in 83.9 unit-years for the other
three plants that submitted data in the survey. It is believed
that the overall failure rate of 0.638 per year for gas turbines is
too high.

Open Wire
A clear definition was not given for “open wire” on the
survey form (see Appendix A). It is believed that all of the

respondents interpreted “open wire” to mean “‘bare or weather-
proof conductors supported on insulators.”

Cable

The data in Tables 13 and 2 show that cable above ground
and aerial has a failure rate for 0-600 V that is ten times lower
than 601-15000 V. [t is believed that the failure rate of
0.00141 per unit-year for 0-600 V above ground and aerial is
too low,

There is a wide variation in the failure rate for cable, 601~
15 000 V, based upon the application (in trays above ground,
in conduit above ground, aerial cable, in duct or conduit below
ground). This variation covers a range of 8 10 1. Tt is believed
that the failure rate of 0.04918 per year is too high for cable,
601~15 000 V, in conduit above ground.

There is a wide variation in the cable failure rate shown in
Table 14 (and Table 2) for the different types of insulation
(601-15 000 V, all applications). These failure rates vary over
a range of 5 to 1. The very low failure rate data for thermo-
plastic insulation and the high failure rate data for other
insuiation came primarily from the chemicai industry.

Switchgear Bus

The failure rate in Table 10 (and Tablz 2} shows that insu-
lated bus, 601-15 000 V, has a failure rate about three times
higher than bare bus, above 600 V. It is believed that this is
the opposite of what it should be. The data submitted by the
chemical industry has caused this distortion; they had a very
high failure rate for insulated bus (601-15 000 V) and a low
failure rate for bare bus (above 600 V).

Electric Utility Power Supplies

The data for electric utility power supplies are shown in
Tables 3 and 2. The failure rate is about the same for a single

circuit and a double or triple circuit. This is evidently due 10
the predominance of the throwover mode of operation of mul-
tiple-circuit supplies. However, the actual downtime per failure
is about three to nine times higher for a single circuit than for a
double or triple circuit; the downtime depends on whether
manual switchover or automatic switchover is used on a mul-
tiplecircuit system.

It appears that many respondents misinterpreted the “num-
ber of installed units" for double- or triplecircuit electric
utility power supplies. What was desired was the number of
separate and independent points of supply, but this was often
interpreted to be the number of circuits in the utility supply
system. Thus the tendency was to report two instatled units
for doublecircuit supplies. It is believed that this error was
made in almost every case. Therefore, the Reliability Sub-
committee changed the number of instalied units for multiple-
circuit wtility supplies to I except in those cases where other
evidence indicated the presence of more than one point of
supply. The sample size shown in Tables 3 and 2 reflects this
change for double- or triplecircuit electric utility power sup-
plies. Thus a2 double- or triple-circuit supply for one year is
counted as one unit-year,

It also appears that a few respondents incorrectly interpreted
failure duration on card type 3 for multiplecircuit electric
utility supplies. What was desired was the period of time
during which service was interrupted. However, in a lew cases
it appears that what was given was the time to repair one cir-
cuit of a multiple-circuit supply even though the supply
interruption time is limited to the time required to throw over
to the alternate supply circuit. The Reliability Subcommittee
changed the failure duration to the value given for plant out-
age duration in those cases in which such an error was
believed 1o exist. However, it is suspected that not all of these
errors were corrected. The effect of this change was to reduce
the actual hours of downtime per failure for multiple-circuit
supplies. The majority of the multiple-circuit supply failures
are due to loss of the normal feed, and the duration of the fail-
ure is limited to the time to switch to the alternate feed. The
average outage duration in Tables 3 and 2 is shorier for auto-
matic switching than for manual switching, as one would expect.

There were 25 recorded cases of simultaneous failure of all
circuits in a double- or triple<circuit supply. This gives a
failure rate of 0.119 failure per year for loss of all circuits at
one time. Further details on this are given in Part 3 [13}].
Thus a multiple-circuit electric utility power supply has a
failure rate (loss of all circuits at one time) that is only about
five times lower than the failure rate (0.537 failures per year)
for a single-circuit supply and about six times iower than the
all-inclusive failure rate of 0.643 failure per year. The ratio
between all-inclusive failure rate and the failure rate for loss of
all circuits at one time is not as large as one might suspect.
Some of the reasons for this are the following.

1) Some portion of utility supply failures are due to failure
of the bulk power system which feeds all the supply circuits.

2) Atleast sorne cases of loss of all circuits at one time occur
when a forced outage of one circuit overlaps a scheduled or
maintenance outage of the other circuit (typical utility industry
data indicate that this type of overlapping outage is often more
probable than overlapping forced outages).

3) The all-inclusive failure rate is, in effect, an average out-
age rate reflecting the performance of some throwover schemes
and some normally closed breaker schemes. Thus, since throw-
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over schemes are expected to have higher outage rates than
normally closed breaker schemes, it foliows that the computed
all-inclusive outage rate is probably somewhat lower than the
outage rate which would be computed for throwover schemes
only. (Unfortunately we cannot compute the throwover
scheme outage rate since we do not know which of the reported
utility supplies are throwover schemes.)

Only point 3) reflects on the accuracy of the data; the other

two points just reflect the facts of life.

A comparison of the all-inclusive failure rate {0.643 failures
per year) with the failure rate for loss of all circuits at one time
(0.119 failures per year) gives a rough idea of the degree of
supply failure rate improvement possible by going from a
throwover scheme to a scheme using normally closed circuit
breakers.

1)

2]
3
[41

(5]

(6]
(7]
(8]
91
{10]
[11]

(12]

(13}

[14)
(15]
[16]
(171
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Report on Reliability Survey of Industrial
Plants, Part II: Cost of Power Outages,
Plant Restart Time, Critical Service Loss
Duration Time, and Type of Loads Lost
Versus Time of Power Outages

1IEEE COMMITTEE REPORT

Abstroct-An LEEE sponsored relisbility syrvey of indwstrial plants
was completed during 1972, This survey included the cost of power
outages, plant restart time, critical sesvice loss duration time, and type
of loads lost versus power outage durstion time. Survey results reflect
dats from 30 companies covecing 68 plants in nine industries in the
United States and Canada. This informathon is useful in the design of
industrial powes distribution systems,

INTRODUCTION

NOWLEDGE of the cost of power outages and of

plant restart time is important information for use in
the design of industrial power distribution systems. In addi-
tion it is also desirable to know the critical service loss dura-
tion time and the type of loads lost versus the time of power
outage,

During 1972 the Reliability Subcommittee of the IEEE
Industrial and Commercial Power Systems Committee com-
pleted a reliability survey of industrial plants. This is the
second part, which reports results from the survey. Included

H i e ha fallawios camilin.
inn this paper are the following results:

1) cost of power outages to industrial plants in the United
States and Canada {dollars per kilowatt interrupted plus
dollars per kilowatthour of undelivered energy);

2) plant restart time after a failure that has caused complete
plant shutdown;

3) critical service loss duration time, that is, the maximum
length of power failure that will not stop plant
production;

4) type of loads lost versus the time of power outage (this

includes computer, motot, lighting, and solenoid loads,
and gives plant outage duration times resulting from
these failures).

Paper TOD-73-158, approved by the [ndustrial and Commercial Power
Systems Committee of the [EEE Industry Applications Society for
presentation at the 1973 Industrial and Commercial Power Systems
Technical Conference, Atlants, Ga., May 13-16. Manuscript released
for publication November 5, 1973.

embers of the Reliability Subcommittee of the [EEE Industrial and
Commercial Power Systems Committee are W. H. Dickinson, Chairman,
P. E. Gannon, M. D. Harris, C. R. Heising, D. W. McWilliams, R. W.
Parision, A. D. Patton, and W. I. Pearce.

SurRvEY FORM

The survey form used is shown in Appendix A of Part |
[1]. The information on the cost of power outages came
from card type 1, columns 13, 20, and 25. Card type | also
contained plant restart time (column 31) and critical service
loss duration {colurans 33 and 36).

The data on type of loads lost came from card type 3,
columns 48, 49, 50, 51, and 52. The data on time of power
outage came from columns 26 and 29 of card type 3; these
data are actually the outage duration time after a failure of
the electric utility power supply or a failure of electrical
equipment in the power distribution system.

RESPONSE TO SURVEY

A total of 30 companies responded to the survey question-
naire reporting data on 68 plants from nine industries in the
United States and Canada. Every response did not supply 3l
the information requested on every question. Tabies 22-29
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give data on how many plants provided answers to the
various questions.

STATISTICAL ANALYSIS

The results were compiled for the United States and Canada.
Data from one foreign plant are also included separately.

SURVEY RESULTS
Cost of Power Outages

Each plant was asked to report data on the cost of power
outages as follows:

1) Doliars per failure, ie., extra expense incurred because
of & failure only (not including plant downtime) such as for
damaged equipment, spoiled product, extra maintenance, or
extra repair costs,

2) Dollars per hour of downtime, i.e., value of lost produc-
tion in dollars per hour of plant downtime only. This is the
estimated revenues (sales price) of product not made, less
expenses saved in labor, material, utilities, etc. If this varies
with the duration of the plant downtime, an average value per
hour was to be given.

3) Maximum electric power demand when the plant is
operating at its rated or design capacity in kijowatts.

This made it possible to calculate an estimate of the cost of
power outages in terms of the dollars per kilowatts inter-
rupted plus the dollars per kilowatthours of uadelivered
energy. The average cost of power outages from the survey
is given in Table 20,

Of the 41 plants that reported outage cost data in the survey,
31 had 2 maximum demand greater than 1000 kW and 10 had
# maximum demand less than 1000 kW, Cost data for plants
with maximum demands less than 1000 kW are not considered
particularly reliable due to the small number of such plants
represented in the data.

There is a wide spread in the cost of power outages, Con-
sequently few plants with high outage costs can have a
significant effect on the overall average cost. In such cases
the median cost of power outages may be more representative
than the average cost. The median cost is such that half of the
plants have a cost greater than this value and half have less.
Table 21 shows the median power outage costs. Additional
details on the cost of power outages are giver: in Tables 22-27.
These additional details include: 1) number of plants reporting
the outage cost per failure and the outage cost per hour of
downtime, 2) minimum plant cost, 3) maximum plant cost,
4) costs for various industries.

Tables 22, 24, and 26 give the cost of outage per failure per
kilowatt maximum demand. Tables 23, 25, and 27 give the

cost of a sustained outage per hour down per kilowatt maxi-
mam demand.

Plant Restart Time

Each plant was asked to report data on the time required to
get the plant back into operation after service is restored
following a failure that hat caused a complete plant shutdown.
A total of 43 plants reported these data. The average plant

TABLE 20 - AVERAGE COST OF POWER QUTAGES FOR
INDUSTRIAL PLANTS IN THE UNITED STATES
OF AMERICA AND CANADA

.Ml Plants

$1.89 per kW + $2.68 per kWh
Plants> 1000 ki $1.05 per kW + $0.94 per kWh
Max. Demand
Plants < 1000 kW $4.59 per kW + $8.11 per kWh
Max. Demand

TABLE 21 - MEDIAN COST OF POWER OUTAGES FOR
INDUSTRIAL PLANTS IN THE UNITED STATES
OF AMERICA AND CANADA

A1l plants $0.69 per kW + $0.83 per kWh
Plants > 1000 kW $0.32 per kW + $0.36 per kWh
Max. Demand

Plants ¢ 1000 kW
Max. Demand

$3.68 per kW + $4.42 per kiwh
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restart time was 17 h, The median was 4 h., Additional de-

tails are given in Table 28,
Critical Service Loss Duration Time

One of the most commonly asked questions is, What is a
power failure? In particular, How long can power be lost
without causing a complete plant shutdown? Each plant was
asked to report data giving the maximum length of power
failure that will not stop plant production. This time is
typically in the range of cycles to minutes and is called
“critical service loss duration time.”

A total of 55 plants reported data on critical service loss
duration time. The median value was 10 s, that is, half of the
plants were greater than this value and half were less, Addi-
tional details are given in Table 29.

Loads Lost Versus Time of Power Outage

Each plant was asked, What loads were lost because of fail-
ure even though power was restored promptly? Five typesof
loads were included in the survey:

1) computer: one or more computers or solid-state control
devices operated incorrectly;

2) motor: one or more motors {cotitactor dropout);

3) lighting: lighting load,

4} solencid: one or more solenoid-operated devices dropped
out, such as a solenoid-operated fuel valve;

5) other: lost other loads, to be described in remarks.

A very short outage duration time after an equipment failure
(inctuding electric utility power supply) might not result in a
loss of load. Table 30 shows how short power outage duration

times after an equipment failure affected the loads lost. The
average plant outage duration resulting from these failures is
also given in Table 30.

DiscussioN OF RESULTS
Cost of Power Outages (Tables 20-27)

1) There is a wide spread in the cost of power outages (per
kilowatt and per kilowatthour) of industrial plants. Even
within a given industry, such as chemical, there is a wide spread
in the cost of power outages (per kilowatt and per kilowatt-
hour) for different plants.

2) Plants with a maximum demand of less than 1000 kW
have a much higher cost of power outages {per kilowatt and
per kilowatthour) than plants with a maximum demand of
greater than 1000 kW. This indicates that small industrial
plants have a higher cost of power outages (per kilowatt and
per kilowatthour) than large industrial plants. [t is suspected
that this may be because the small industrial plants have more
employees per kilowatt (and per kilowatthour). It is also pos-
sible that high-consumption industries tend to have a lot of
electrochemical or heating processes, and these tend to have
low outage costs; for example, heat not supplied now can be
supplied later, providing the outage is not too long.

3} It is suggested that the “all-industry™ data for the 4] and
42 plants thould be compiled to show 25 percent and 75 per-
cent in addition 1o the minimum median and maximum val-
ues already tabulated (Tables 22 and 23).

4) It is suggested that future surveys also include the cost of
power outages {per kilowatt and per kilowatthour) of com-
mercial buildings.
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TABLE 22 - PLANT OUTAGE COST PER FAILURE PER kW OF MAXIMUM DEMAND -
ALL PLANTS ($ per ki)

Number
of
Plants
Industry Reporting  Minimum  Median  Maximum  Average
A1 Industry - USA & Canada 42 .002 .89 10.00 1.88
1T/ Cereriranen 0 - - - -
Cament. . .ivveiereninrennes 0 - . - -
Chemicalecovniiiieinianans 11 02 22 3.3 15
[, 341 NS T —_2 - — M- 28 4628
L1111 TR crriaes 0 - - - -
Petroleu. . cv.vverireiioans 5 ,002 07 Al 12
Pulp and Paper...ivvvvainn, ] 3 .33 K] 33
Rubber and Plastics..voviiiem — 2 o — W8 = - 0 — TN — - .80
Textite.oreriivinnrnnienes 2 07 1.00 1.92 1,00
Other Lignt Manufacturing.. b 09 1.0 2.80 1,22
Other Heavy Manufacturing.. 8 1.67 3.86 10.00 811
114, 5 25 94 1.50 2.8
FOreign...vuviernernnironans ] 33 K 33 33
TABLE 22 - PLANT OUTAGE COST PER HR. DOMNTIME PER ki OF MAXIMUK DEMAND -
ALL PLANTS ($ per kih)
Nurber
of
Plants
Industry Reporting  Minimum Median  Maximm  Average
A1l Industry - USA & Canada 4 0009 .83 27.00 2.68
Aut0.ovviiiiiniaiiiennins 0 - - . -
Cement...vuvviiieniannnnis 0 - - - .
Chemical,varevsnesurrnnnare 12 0009 4 2N 33
Metal, i viieniiininnine — U SN . SN | R P BRI |
LT 0 - - - -
Petroleum . .ovvvniiniininis 2 04 1.24 .43 1.24
Pulp and Paper...cvuvnarnns ] 07 07 07 0
Rubber and Plasticsevevsvrs om com 3 o = (28 e = ¥ — 1,33 — — .66
Text11e, vvvinrernarsnrvenns ] 24 2 2 2
Other Light Manufacturing.. § i N 2,00 R')
Other Heavy Manufacturing.. 8 A3 6.35 27.00 .13
11711 R b J5 2.50 §.77 2.69
FOreign. .vvvivinnieinaninn 1 07 07 07 07

Documents

Document Sharing Hub

38
Authorized licensed use limited to: Tsinghua UWBWWQRP@W?qEEM?W H&@gzpegtqué)&lg UTC from IEEE Xplore. Restrictions apply.
Full document details: IEEE 3006HistoricalData-2012


http://www.avadocuments.com/doc/ieee-3006historicaldata-2012
http://www.avadocuments.com/doc/ieee-3006historicaldata-2012

IEEE
HISTORICAL RELIABILITY DATA

TABLE 24 - PLANT QUTAGE COST PER FAILURE PER kW OF MAXINUM DEMAND -
PLANTS MORE THAN 1,000 kW MAX, DEMAND (§ per ki)

Number
of
Plants
Industry Reporting Minimum  Median  Maximm  Average
AT Industry - USA & Canada R 002 3R 7.50 1.05
BULO, v vernririivrerraiennans 0 - - - -
Cement...oovvviiiirinnnenns 0 . - - -
Chemice].ovuenriinievennnns 1 02 22 3.3 5
Metal o oivin e e UV [P I DN | IO | DU,
[ 11T 0 - - - -
Petroleum. . v vrriviniiieens 5 .002 07 L3l A2
Pulp and Paper.........c...us 1 .33 .33 .33 33
Rubber and P1astics..vvvvrvs— e 2 e 28— S0 =TT — 30
Textile. uveviviiinisininns 2 07 1.00 1.92 1,00
Other Light Manufacturing... § .09 1,10 2,80 127
Other Heavy Manufacturing... ! 1.87 1,87 1.87 1.87
11,1 PP 5 25 94 7.50 2.8
FOrign. v vieeerviirinisienns 1 33 33 .33 |
TABLE 25 - PLANT OUTAGE COST PER HR. DOWNTIME PER kN OF MAXIMUM DEMAND -
PLANTS MORE THAN 1,000 kW MAX. DEMAND (§ per kith)
Number
of
Plants
Industry Reporting Minimm  Median  Maximm  Average
Al Industry - USA & Canada K\ .0009 X 5.7 94
AULO. v v veneeeninsonnananns 0 - - . -
COMeNt. .\ v evsrararsenreniss 0 - - - -
Chemical.uersrrcrsnonranes 12 .0009 4 2N .33
T Y D — S IO T RN | S . SN .
Miningesuvrinsrreisnenannn 0 - - - -
Petroleum. .oveuevrineinines i 04 1.4 2.43 1.24
Pulp and Paper,.......eovs 1 07 07 07 .07
Rubber and Plastics.evvrers o o 3 — — .28 — 3 — 33— - .6
Textile,svuns PPTTTTRPPIO 1 28 2 24 24
Other Light Manufacturing.. 4 W33 4 1.20 .65
Other Heavy Manufacturing.. ] 93 93 93 93
1117 TP 6 A5 2,50 5.77 2.69
FOreign..vervevrnerinianns ] 07 07 07 07
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TASLE 26 - PLANT OUTAGE COST PER FAILURE PER kW OF MAXIMUM DEMAND -
PLANTS LESS THAN 1,000 kN MAX. DEMAND (§ per ki)

Number
of
Plants
Industry Reporting  Minimum  Median Maximm Average

50 368 10,00 4.5

A Industry - USA & Canada 1

— — 467 — 467 467 - - 467

Metaliosserernrerinresvinive omm —
AT TR
PRLIOTBUM. . ceev v v iiinrriaers
Pulp and Paper...........
Rubber and Plastics.. —_—

Other Lignt Manufactunng. .
Other Heavy Manufacturing...

O~ P OO DO O s OO DO
—
- -

r ¢ T Ln | 1 ] [ ]
—
EFT mt

T . .
0=y —
pu—)
f—
~
~o
—)
—_—
—_—

TABLE 27 - PLANT QUTAGE COST PER HR. DONNTIME PER kW OF MAXINUM DEMANG -
PLANTS LESS THAN 1,000 kN MAX. DEMAND (§ per kih)

Kumber
of
Plants
Industry Reporting  Minimum  Median Maximum Average

N a4 .00 A

A1l Industry - USA & Canada ]
YT T

Cement. . .oiviiurriiininnas
Chemical...vvvrerrninnnnas

£ —_
Mining...... Veererarcnena
Petroleum......ovvvvinneenn

Pulp and Paper.......ovivu,
Rubber and Plastics........ — -

— LB LB LN L8

4 [ ] [ ] L] [ ]

Other Light Manufacturing..
Other Heavy Manufacturing.,
11471 "

2.00 1.43
700 11,00

189 2

OO PRI O O OO = O O O
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TABLE 28 - PLANT RESTART TIME (After Service is Restored Following
a Failure that has Caused Complete Plant Shutdown)

Number
of
Plants Average Median
Industry Reporting (Hours ) {Hours )
A1l Industry - USA & Canada.. 43 17.4 40
AUtO. s verninns, v eerierrea 0 - .
COmBNL. vvvrerrnrenvnnnineres 0 - .
Chemical, s vvvrssninierionns 19 2.7 20
17 1 I - 8 ___ 4
HINENG. ..ov e 0 - -
Petroleum, ...vvisvriinninians ] 3.3 2
Pulp and Paper.....ovvvivien. ] 10 10
Rubber & Plastics.oiviivriess v _ ) e e LB = =2
TEXETTRY wvevriverrerrrnarnons ] 58.3 1
{ther Light Manufacturing.... 7 2.4 ?
Other Heavy Manufacturing.... | ? 2
Other. . cviiiiiserieninan, 5 2.6 ]
Foredgn. coovvinininnnnn | 18 48

TABLE 29 - CRITICAL SERVICE LOSS DURATION (Maxtmum Length of Power
Failure that Will Not Stop Plant Production();

Nurber
of
Plants
Industry Reporting Average Median

A1T Industry - USA & Camada.... 55 12.6 min. 10.0 sec.
Auto.n ----- beanaaaaarriranr e 0 - -
Coment..ouiierrrvieveininninn ] - -
Chemical,uvivivinsineiiinienn, 20 4,5 min. 1.25 sec.
Betdl, e ieininivnniennsiiinine, — e 2 e —— 15,0 min. e — 5.0 min,
Miningssvevrcisnininicininnin, 0 - -
Petroleum. . uvrveiianiinnian, ] 1.0 sec. 1.0 sec,
Pulp and Paper................. ] 10.0 cycles 10.0 cycles
Rubber & PTastics.o.vvvenniiies vmm —_ 3 — — 0.0 sec. — — 20.0 sec,
Textile..onniiniiiinnniinin, 3 3.34 min, 30.0 cycles
Other Light Manufacturing...... ) 10,3 min, 10.0 sec.,
Other Heavy Manufacturing...... 10 47 min. 45 min,
Others s iiiiinines Ve rreases 8 1.9 min, 20,0 cycles
FOreign. . cvvvunivniuenriianens 1 15,0 cycles 15.0 ¢ycles
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TABLE 30 - LOADS LOST VERSUS TIME OF POWER OUTAGE

{Tabulation of the Percentage of Equipment Failures
for Which the Designated Load was Lost and Average
Plant Outage Duration Resulting from these Failures)

For Equipment For Equipment For Equipment

Failures 1 Cycle Failures Between Failures 10

or less in 1 and 10 Cycles Cycles or More

Duration in Duration in Duration
Type of Not Not Not
Load Yes No Known Yes No Known Yes No Known
Computer 0% 0% 0% 4% 96% 0% 9% 91% 0z
Motor 0% 0% 0% 33z 67% 0% 67% 33 0%
Lighting 0% 0% 0% 22% 78% 0% 38% 61% 2%
Solenoid 0% 0% 0% 22% 74% 4% 25% 66% 9%
Other 0% 0% 0% 7% 15% 78% 25% 62% 13%
Average
Plant G.0 Hours 1. 39 Heurs 22.6 Hours
Qutage
Duration

Only non-zero data was used in computing the average plant outage duration

5) Additional information on the cost of power outages in
Sweden, Norway, and the United States is contained in [2].

Plant Restart Time (Table 28)

The textile, petroleum, and chemical industries have a much
ionger plant restart time than the other industries included in
the survey.

had computer loads to give such a low value. In fact, many
plants must not have had motor loads or solenocid loads either.
The important parameter to lock st is the change in these
percentages from O to the maximum value as the length of
power outage time is increased.

2) It is suggested that loss of load data be compiled for the

following additional categories of outage duration time:

a) 10 to 15 cycles,
b) 15+ to 30 cycles,
¢) 0.5+t020s,

d) 2.0+ to 4.0s,

¢) greater than 4,0s.

Cyitical Service Loss Duration (Table 29)

1) There is a wide spread in critical service loss duration
time for the 55 plants in the survey.

2) It is suggested that the data from the 55 plants should be
compiled to show several percentiles (10, 25, 75, and 90 per-
cent) in addition to the median value already tabulated. The average plant outage duration should also be determined
for these categories.

Loads Lost Versus Time of Power Qutage (Table 30)

1) An outage between 1 to 10 cycles resulted in 33 percent

of the plants losing motor loads and 22 percent losing a sole- E N R eliabili £ indu
noid and only 4 percent losing 2 computer load, An outage 1 E'E,fl Pﬁ:":"';ml‘;::?l: m};mw'ﬂ’:‘h‘;" o equig‘mm::,e'? his "

greater than 10 cycles resulted in 67 percent of the plants los- pp- 213-235. o
ing motor loads and 25 percent losing a solenoid and only @ [2} ®. B, Shipley, 4D Patton, and J. S. Denison "Power reliability

cost vs worth,” IEEE Trans. Power App. Syst., vol. PAS-9Y, pp.
percent losing a computer load; many plants must not have 2204-22112, Sept./Oct. 1972.
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