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Abstract—The Power Systems Reliability Subcommittee of the IEEE
Industry Applications Society has been comducting serveys of the
relisbility of electrical equipment in industrial and commercial power

A pi survey p in 1973 and 1974 [1] included
daia on the reliability of tranaformers. Some of the guestions raised by
the previous results, togeiher with a general need for updated data,
prompled a new survey which was conducted in 1979. The resuits of
that servey are presented in this paper.

INTRODUCTION

CCURATE reliability data on transformers, together

with similar data on other types of electrical equipment,
are necessary for evaluating power system reliability. Informa-
tion of this type is often the only means of showing economic
justification for spares, redundancy, o1 improved maintenance
programs. The purpose of this 1979 transformer reliability
survey of industrial plants and commercial buildings was
to improve upon the results of the previous survey published
in 1973-1974 [1] by answering some of the questions raised
and eliminating some of the controversy created. The major
reasons for conducting the new survey were outlined in a
paper presented at the 1979 Industrial and Commercial Power
Systems Technical Confezence [2].

The most controversial items in the previous survey con-
cerned the average outage duration time after a transformer
failure in relation to the failure restoration method. Another
item which raised questions was the comparatively high
failure rate for rectifier transformers. The 1979 survey form
was condensed considerably from the 1973-1974 version.
Most of the items found to be of little significance in the
past have been omitted. The remaining survey items are
aimed at factors believed to have the most influence on the
important transformer reliability and availability parameters.

Another major consideration in preparing the new survey
form was simplicity. This was intended to enable the respond-
ent 1o reply with minimal effort, thereby assuring maximum
possible response. Obviously, the condensation could only be
carried to & certain extent before the survey results would be-
come so general that they would be of little practical vajue.

Results of the 1979 transformer survey are presented in
this paper in tabular form. The discussion which follows under
Strvey Resuits atempts to expand upon some of the more

Paper IPSD 80-7, approved by the Power Systems Technologies
Committee of the ILEE indusizy Applications Society for presenta-
tion zt the 1980 [ndusttial and Commercial Power Systems Conference,
Houston, TX, May 12-15 Manusctipt released for publication February 2,
1981.

The author was with Northrop Corporation, 100 Morse Street,
Norwood, MA 02062, He is now with General Radio (GenRad), 170
Tracer Lane, Waltham, MA 02154
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significant survey data obtained. In any survey of this type
there will undcubtedly be some new questions raised and
also some old questions and controversies left unresolved.
We feel, however, that this data will be of considerable value
1o system planners, designers, and users.

SURVEY FORM

The form used for the 1979 survey is shown in the Appen-
dix. As mentioned before, the Total Population form was
condensed to include data relating specifically to transformer
reliability, Important influencing factors were rating, voltage,
age, and maintenance. However, reporting the response to
maintenance quality is difficult. The 1973-1974 survey asked
the respondent to give his or her opinion of the maintenance
quality as excellent, fair, poor, or none. It is very difficult to
be completely objective in responding to this type of question.
The new survey, therefore, asked for a brief description of the
extent of maintenance performed, the idez being to enable the
reader to judge for himself the benefits derived from a partic-
ular maintenance procedure. The failed unit data requested js
basically the same as that in the previous survey. The most
important categories here are the causes of failure, the restora-
tion method, restoration urgency, duration of failure, and
age at time of failure.

SURVEY RESPONSE

The response to the survey is summarized in Tables I and
I1. Responses were received from 25 different companies,
and in many cases several locations within the companies
were reported. Various types of industrial and commercial
facilities are represented including chemical and petro-chemi-
cal plants, steel mills, paper mills, manufacturing plants,
and hospitals, to name a few. Similar data from the 1973-
1974 survey are shown in Table 111 for comparative purposes.
A summarized comparison between the two survey results
appears in Table IV. Direct comparisons cannot be made in
some instances because of changes made in the sub-classes.
For example, the new survey broke the tatings down into
two groups, units 300-10 000 kVA and those greater thun
10000 kVA. The ratings in the previous survey were 300-
750 kVA, 751-2 499 kVA, and 2 500 kVA and up.

One of the reasons for conducting this new survey was
the need for reliability data on arc-furnace transformers.
Unfortunately, the response to this category was very poor.
The sample size reported was too small to obtain reliable
results, therefore, the arc-furnace data were omitted. Hope-
fully, the response will improve in subsequent surveys. The
response to the latest survey did improve over the 1973-
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TABLE T
POWER TRANSFORMERS 1979 SURVEY
Failure Average Average
Rate Repair Replacement
Nurhber of Unit- Number of Fafluces/ Time Time
Type Units Years Failures Unit-Year (Hours) (Hours)
All iquid 356.1 85.1
fllled 1814 1799 130} 0.0062 N: 60 F3 N:39 F2
Liquid 2974 79.3
300-10 D00 1750 17410 102 0.0059 N: 56 F2 N:37F2
kVA
Liquid 1178.51 1921
>1¢ 000 64 586 9 0.0153 N:4 F2 N:2 F2
KV A
Dry 31 -
300-10 000 159 1700 11 0.00061 N:1F2 N: 0 F2
1 Small sample size-less than eight fejlures.
2 F is failures.
TABLE i1
RECTIFIER TRANSFORMERS 1579 SURVEY
Faflure Average Average
Rate Repair Replacement
Number of Unit- Number of Faflures/ Time Time
Type Units Years Failures Unit-Year {Hours) (Hours)
All Hiquid 2316 41.4
filled 85 841 16 0.0190 N:8 F2 N:§F2
Liquid 16641 3811
300-10 000 61 644 10 0.0153 N:3 F2 N:7 F2
kVA
Liquid 2707.21 60!
>10 000 24 197 6! 0.03031 N:SF1 N:1F2
kVA
1 Small ple size-less than eight faik
2 F is faflures.
TABLE II1
ALL TRANSFORMERS!
Humber Actual Mours
of Plants Downt ima/Fs | lure
in Sumber af Fallure Rate- Mintoum AL Man taan
Sanply  Sample Size Failures Fatlures par  Industry Mant Plant lent
Sze Unit-Yesrs Aeported Trvdustry Unit-Year Averags "t hearage Average
» 15210 3] Liquid Filled - A1N... 0.005k 2.0 219, N
X 13,210 1] 601.15,000 volts-All 9.0030 2.0 4y,
12 ., i 0I5 AL, .. 0.0037 4.5 10.7 336
18 §,040 13 751-2,499 kvA... 0.002§ 2.0 4.9 840
11 4016 13 2,500 k¥A & w.... 0.0032 7.0 0.0 0}
12 1,848 FLd Above 15,000 volty 0.0130 12.2 1260. T4
1 4,917 18 Ory Tyme: 0-15,000 velts, . D036 0.4 . 120
] 72 20 Rectifier; Above 600 voits. 0.029% 0 .0 0. 18
] 1,590 [ Linuid Filled - ATD, ©.0050 1”8 0.0 168. 1800,
2 6,018 " $01.15,000 volcs-A 0.0035 52.1 [N ] 1.3 136,
? 2214 o 30-750 k¥A..... 0.0001 193 1.0 X 120.
M4 1,601 1% Above 15,000 volb%, .. (. cviin.n 0.0119 0. 1.8 3800.
H 862 1 Rectifler; Above §00 volts...... 0.0742 428, 0.0 e, 57,
] 2,517 " Liquid Filted - Al uuiivesnens 0.0056 B4, 43 591 nrn
3 .33 ] $01-15,000 valta-ATl Stres.... 0,004} e, (B} 0. 403

! From IEEE Survey published in 1973-1974 {1].
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TABLE IV
ALL TRANSFORMERS!
Failure
Rate Average Hours
Sample Size Number of Failures/ Downtime/
Unit-Years Failures Type Unit-Yeaz Failure
Power-
1979 1799 111 Liquid Fitled 0.0062 2493
Survey 1700 12 Power-Dry 0.00062
841 16 Rectifier 0.01%90 117187
15210 &3 Liquid Filled 0.0041 529
1973/74 4937 18 Dry 0.0036 153
Survey 672 20 Rectifier 0.0298 380
1 Comparison of 1979 and 1973-1974 surveys.
2 Small sample size-less than eight failures,
TABLE V
FAILURE RATE VERSUS AGE
Powsr Transformers
Failure Rate
el Number of Sample Size Number of Failures/
Type (Yrs) Unite Unit-Years Failures Unit-Year
Liquid
300-10 000 kVA 1-10 638 26255 19 0.0072
300-10 000 kVA 11-25 715 8846.5 47 0.0053
300-10 000 kKVA >25 397 59380 k1] 0.0060
Liquid
>10 000 kVA 1-10 27 1440 03
>10000 kVA 11-25 28 2835 73 0.02463
>10000 kVA >25 9 158.0 23 0.01263

1 Age is the age at end of reporting periad.

2 Relay or tap changer faults were not considered in calculations for failure rates or repair and replacement times.

3 Smalil sample size-less than eight failures.

1974 survey as seen by comparing the total number of unit-
vears for both the power and rectifier transformers. Not too
surprisingly, the largest sample size reported occurred among
the power transformers 300-10 000 kVA which totaled
17410 unit-years.

SURVEY RESULTS

In Table IV it is clear that the results from the largest
category, liquid filled power transformers, compared fa-
vorably between the 1973-1974 and 1979 surveys. This
table also confirms the high failure rates for rectifier trans.
formers. Before a further discussion on the results of the
survey, in-general, it would be worthwhile to note how the
data compared with the controversial items in the previous
survey.

The total number of hours {130 h) to replace a failed
transformer with a spare appeared in Table 48 of the resuits
of the 1973-1974 survey, under units 601-15000 volis
requiring a round-the-clock all out effort, and was felt by
many to be too high. Units that were repaired showed an
average oulage time of 342 h. The new survey shows a
considerable variation among power transformers depending
upon size. The higher voltage units, reported in Table 4%
of the results published in the 1973-1974 survey, showed
an average repair time of 1842 h. This difference could be
due to several factors, such as the transportation and han-

Copyright © 2007 IEEE. All rights reserved.

dling problems associated with the larger units and the greater
likelihood of having spares for the smaller units on hand at
the site.

The results of the new survey confirmed the long replace-
ment time after a transformer failure. The much longer times
needed to repair a failed transformer than to replace it with
a spare were also confirmed. The new survey also confirmed
the fact that the failure rates for rectifier transformers are
much higher than those for the other transformer categories.
This may be due to severe duties og the environments to which
they are subjected.

AGE

Table V contains data broken down into three age groups.
The failure rates for power transformers 300-10 000 kVA
were approximately equal in all three age groups. The slightly
higher failure rates for the units aged 1-10 years, and greater
than 235 years, can probably be attributed to the infant mor-
tality rate and units approaching end of life, respectively.

RESTORATION METHOD

Tables [ and il also include data on restoration times versus
restoration method. The data ctearly indicate that the res-
taration of a unit 10 service by repair rather than replacement
results in 2 much longer outage duration in all cases. This
compares favorably with the previous survey which showed
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TABLE VI TABLE VII
FAILURE INITIATING CAUSE FAILURE CONTRIBUTING CAUSE
Al Power Tranmformers AUl Power Transformers
%o.of o Pere ¢
Faillvres centage b rers

Transtent overveltage disturbance Fatlures”  centage
(suttching surges, sreing ground fawlt, atc...} 18 8.4 Parsistent overlosding i 11
Overhesting 3 1.7 Abnormal tempersture s 5.5
Winding Insulation bresidown L1 .1 Exposure to sggressive chamicals, tolvents,
Insulating bushing brestdown 15 13.8 duits, misture or other coataminsats 0 14.4
Other 1nselation bremdown + 5.4 Rormal estertoration from spe 12 13.3
Mechanical bresking, cracking, loosening, Severs wind, rain, snow, sheet or other
abrading or deforming of static weather conditicns L} (X ]
or strecturs] parts L 1.3 Lack of protective device 2 t.2
Mechanicel burnout, friction or Malfunct '
sefzing of moving parts. E] 27 l:“un:‘:nlo‘prol::lvf: ‘::‘" 4 18
Mechanically caused dimage from foreign sourte of ol or :;:.,’E,:n..;‘.:&:' Sexdegredition ' 10.0
{digging, vehicular sccident, etc.} 3 2.7 ' . 4 i Gest y
Shorting by teals or other metal obects 1 oy i i g butiegieee 2 1

Inadequite maintensnce r e
Shorting by birds, smaes, rodents, elc. S 7 Cther:
HMatfunction of protectivé relsy control device 4 2 30:9
or auxilary device 5 R Exposure to noa-electrical fire or burning ¢ []
Improper operating procedure 4 2.6 Ohstruction of ventilation by fereign

chiect or matertal r 2
Loose connect ton or termination & 1.3
others 1 0.9 Inceoper tetking of protactfve device Y o
Continuous overvaltage ' o 1addeguate pratectiveerice N 2
Low valtage L} -] L)
Low frequency a -]

=i

t Failure initiating cause not specified for two failures.

repair times considerably longer than replacement times.
Despite this fact, in most cases, a larger number of units was
restored to service by repair. Results such as these show the
obvious benefits in having spares at the site or readily available.
The data may also help system planners and usérs determine
the economic feasibility of purchasing spares. In computing
the average repair and replacement times, those instances
in which the repair or replacement was deferred were excluded
to avoid distorting the averages. The averages shown represent

1 Failure contributing cause not specified for 22 failures.

TABLE V11i
SUSPECTED FAILURE RESPONSIBILITY

All Power Transformers

only those cases where restoration was begun i di

FAILURE CAUSE

Tables VI-XI summarize the causes which initiate and con-
tribute to the failure and the suspected failure responsibility
for both power and rectifier transformers. Tables VI and IX
show large percentages of failures initiated by some type of
insulation breakdown ot transient overvoltages. Tabie IX,
however, shows a surprisingly large percentage of rectifier
transformer failures initiated by mechanical causes.

Tables Y11 and X, which show the failure contributing
causes, compare well with the 1973-1974 survey results.
Normal detericration from age contributed to a large number
of both power and rectifier transformer failures. As in the
past, Table VIII shows that respondents believed that manu-
facturer defects and inadequate maintenance were responsible
for the greatest numbers of failures of power transformers.
Table XI shows inadequate operating procedure was also a
significant cause of failures of rectifier transformers,

MAINTENANCE CYCLE AND EXTENT OF MAINTENANCE

The large percentage of failures which resulted from in-
adequate maintenance shows the importance of accurate

492

Number of
Failures! Percentage
rer p or
improper assembly a2 333
Transportation to site, improper handiing 1 1
pplicati tnecring, imp pplicati 3 31
Inadequate installation and taxang
priot to start-up 6 6.3
Enadequate maintenance 25 26.0
tely. Inad perating p 4 42
Cutside agency-personnel 3 al
Gutside agency—others 6 6.3
Others 16 16.7
96

1 Suspected failure responsibility not specified for 16 failures.

data on the extent and frequency of the maintenance per-
formed. The latest survey attempted to obtain this data
in a simple form. The response did not lend itself to reporting
in tabular form. Maintenance information centinues to be the
most difficult to obtain in useful form, not only for trans-
formers, but for alf other equipment (hat have been surveyed
as well. Hopefully in the future, we will be able to devise a
method of obtaining this data and reporting it in a manner
that will enable systein users to establish effective preventive
maintenance programs.

TYPE OF FAILURE
The 1979 survey limited the choices of failure type to

“winding™ and “‘other” (Tables XII and XIlI). About hall
of the failures occurred on transformer windings.

Copyright © 2007 IEEE. All rights reserved.
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TABLE X1
SUSPECTED FAILURE RESPONSIBILITY

All Rectifier Transformers
Number of
Failuresl Percentage

Transient overvoltage disturbance (lightning,

All Rectifier Transformers
Number of
Faitures Percentage

Manuf: d

or
switching surges, arcing ground fault, etc.). 2 133 improper assembl
Overheating 1 65 A e o o i s smlicath H nl
Winding insulation breakdown 2 13.3 Inadequate maintenance 2 125
tnsulztion bushing breakdown 1 6.6 Inad i 5 31.2
Other insulation breakdown 3 20 Others i 2 125
n i Transportation to site—improper handling 0 0
abrading or deforming of static of Inadequate installation and testing
structutal parts 3 20 prior to stirtup 0 0
Mechanical burnout, friction og seizing of Outside agency-personnel 0 0
moving parts 2 13.3 Outsid
Loose connection or termination 1 5.6 g agency-nthecy 0 9
Continuous overvoltage ] 0 16
Mechanically caused damage from foreign
source (digging, vehicular accident, etc.) 0 1]
Shorting by tools or other metal objects 0 0 TABLE XII
Shorting by birds, snakes, rodents, etc. 0 0 TYPE OF FAILURE
Malfunction of protective relay control
device or suxiliary device 1] 0 Power Transformers
Low voltage 0 2 Number of
Low frequency e 0 Type of Failure Failures Percentage
Improper operating procedure 0 0
Othex e 0 Winding 59 53
15 Others 53 47
1 Failure initiating cause not specified for 1 failure.
TABLE X1l
TABLE X TYPE OF FAILURE
FAILURE CONTRIBUTING CAUSE
Rectifler Transformers
AT Rectifier Tronslormrs ) Number of
"o of Per- Type of Failure Failures Percentage
Faltures?  centage
Mnarns) teaperetere 1 7.1 Winding 8 50
aposure to apgrassive chesicals, solvents Others 8 50
Susts, maitiurd or sthar contaminsats 13 11
Norma) detarieration from spe L] ns
Insdequate protective davice 1 13 TABLE XIV
Lots, deficliency, contaninatton or degradstion FAILURE CHARACTERISTICS
ol gr gther cooling asdium 3 .4
Inadecuate matntenmce ] me Power Transformers
Others H il Number of
Parsistant overloading L4 L} Failure Characteristic Fallures  Percentage
Laposure te non-electrical Fire or burning [} o
Obstruction of ventilation by foreign A i 1 by p ive device 83 5
@ ject or matarlal ° L4 Partial failure reducing capacity 5 s
Severe wind, rain, snéu, tleet or Manual removal 23 20
sther weathdr conditions L] L]
Improper setting of prétective device ] ]
Lack of pratective doevice [] L] TABLE XV
Malfunciise.of patelti e o cs o 4 FAILURE CHARACTERISTIC
Inproper speriting procedurs or testing errer 0 L]
. . Rectifier Transformers
1 Failure contributing cause not specified for two failures, Failure Characteristic N;‘T::";::f Percentage
FAILURE CHARACTERISTIC Aul?matic removal by protective device 11 (3]
Partial failuce reducing capacity [} o
As would be expected, Tables X1V and XV show that Manual removal 5 u

about 3/4 of transformer failures resulted in removal from
service by automatic protective devices, however, the per
centage requiring manual removal was significant. Increasing
use of transformer oil or gas analysis could be a factor here.
This would enable detection of incipient faults in their early
stages, allowing manual removal before a large scale failure
QCCurs.

Copyright © 2007 IEEE. All rights reserved.

VOLTAGE

Table XVI shows the lailure rate for liquid filled power
transformers broken down by voitage rating. From Table XVI
it is evident that the failure rates for 600-15 000 volt trans-
formers are less than those for the higher voltage units in both
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TABLE XVi
FAILURE RATE VERSUS YOLTAGE

Power Transformers

Failure Rate

Voltage Number of Sample Size Number of Failures{Unit-
Type &v) Units Unit-Years Fallures Year
Liquid
300-10 000
kVA 6-15 1626 15775 B2 0.0052
Liguid
300-10 000
kVA >18 124 1637 18 0.0110
Liquid
>10 000
kVA >13 52 490 9 0.0184

TABLE XVII
FAILURE RATE VERSUS VOLTAGE
Rectifier Trznsfomers
Failure Rate

Voltage Number of Sample Size Number of Fajlures/Unit-
Type kV) Units Unit-Years Faflures Year
All
Liquid .6-15 65 745 15 0.0201

size categories. The small sample sizes in several categories
in Table XVII make it impossible to draw any definite con-
clusions on the effect of voltage on the failure rates of rec-
tifier transformers.

CONCLUSION

The purpose of this survey was to update the results of
the 1973-1974 survey and to clarify some of the issues raised
by those results. In general, the data obtained in the latest
survey confirm the previous results.

Only that data from which meaningful results could be
obtained were included in this report. Obviously more in-
formation was requested in the survey than discussed in
the previous sections. The remaining data were eliminated
either because the sampie sizes were too small, because analy-
sis showed it to have litile or no influence on transformer
reliability, or because it could not be reported in a meaningful
way.

APPENDIX
December 15, 1978

Subject: Reliability Survey for Power, Rectifier, and Arc-
Furnace Transformers

Dear Sir:

The Power System Reliability Subcommittee of the Indus-
trinl and Commercial Power Systems Committee reguests
yout cooperation in a survey to determine the reliability
of power, rectifier, and arc-furnace transformers in indus-
trid plants, This survey is part of a program to update the
information obtained in our 1971 general reliability survey
of plant cquipment and to provide additional information
on rectifier and arc-furnace transforimers.

494

The results of this survey will be published in an IEEE
paper. The information obtained is expected to be of value
to system planners, designers, and users in the reliability evalu-
ation of various alternatives. Individual responses will be held
in confidence and only summaries published.

SURVEY INSTRUCTIONS

Definitions, brief instructions, and sample survey forms
(Figs. 1-2) are provided for guidance. We wish to emphasize
that all requested data is important, but it is also realized that
some of the information requested may be unknown. In
such cases, simply provide the information that is known,
and leave the other spaces blank. If additional survey forms
are needed, please duplicate the forms provided.

Definitions

1) Failure: A failure is any trouble with a power system
component that causes any of the following to occur:
a) partial or complete shutdown, or below standard
plant operation,
b) unacceptable performance of user’s equipment,
c) operation of the electrical protective relaying or
emergency operation of the plant electrical system,
d) de-energization of any electric circuit of equipment.
2} Failure Duration: Duration of a failure or repair time
of a failed component 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 includes time for
diagnosing the trouble, locating the failed component, waiting
for parts. repairing or replacing, and restoring the component
to service. ft is not the rime required to restore service to a
load by putting alternate circuits into operation.

Copyright © 2007 IEEE. All rights reserved.
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Company Wams sad Flanty

Locetlion:

Industey Typet

Pariond Reportad: Frowt Manch Taar

k211 Month Tanc

_—

TOTAL POPULATIONt {Liut sach traneformer by nusber on & sapsrete lice.)

Extent of Msintanancs

1/ Usa code from atbached shasts,

Fig. 1. Recllability survey for power, rectifier, and arc-fumace transformers.

Type Rastoy Restor
of Jfacl stiom

Fall=Msthe Urstnc{

Description of Failed Compongnt

1/ Use code from sttached sheets.
2/ Check applicable box.

Fig. 2. Vziled Unit Data: Use transformer number from total population form.

Copyright © 2007 IEEE. All rights reserved. 495
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General Data Location
1) It is vitally important that the period being reported 1) Indoor
be given. 2) Outdoor
2) Indicate the general type of industry involved at the
plant being reported, such as auto, cement, chemical, Rating
metalworking, petroleum, pulp and paper, textile, etc. 1} 300-10 000 kVA
2} >10 000 kVA
Total P s
otel PonuietonDote CODE NUMBERS TO BE USED WITH FAILED UNIT
1) Using the Total Population data block, give the re- DATA FORM
quested data for ail power, rectifier, and arc-furnace  Fgilure Initiating Cause

transformers in service during the period reported
whether or not failures have been experienced, Data
should be reported on only those transformers used on
a continuous basis. Transformers which are de-energized
for substantial periods of time should not be included.

2) The age is the number of years from the time of instal-
lation to the end of the period reported under General
Data.

3) Give a brief description of the extent of maintenance.

Failed Unit Data

1) List each failure separately.

2) Transformer Number for each failure is the Transformer
Number used on the Total Population form.

3) Specify the age of the transformer at the time of failure.

4) Specify the failure initiating cause, contributing cause,
and suspected failure responsibility using the code num-
bers on the attached sheets.

5) Check the restoration urgency.

6) Specify the time in hours from the onset of the failure
until the transformer was restored to service.

7) Describe briefly the component that failed, including the
component material.

Your participation in this survey will be greatly appreciated.

Sincerely,

1. W_ Aquilino
Working Group Chairman

CODE NUMBERS TO BE USED WITH TOTAL
POPULATION FORM

Transformer Type

1) Power
2) Rectifier
3) Arc-Furnace

Subclass Type

1) Liquid
2) Dry

496

1) Transient overvoltage disturbance (lightning, switching
surges, arcing ground fault, etc.). ’
2) Continuous overvoltage.
3) Overheating.
4) Winding insulation breakdown.
5) Insulating bushing breakdown.
6) Other insulation breakdown.
7) Mechanical breaking, cracking, loosening, abrading, or
deforming of static or structural parts.
8} Mechanical burnout, friction, or seizing of moving parts.
9) Mech lly caused d: from foreign source (dig-
ging, vehicular accident, etc.).
10} Shorting by tools or other metal objects.
11) Shorting by birds, snakes, rodents, etc.
12) Malfunction of protective relay control device or auxili-
ary device.
13) Low voltage.
14) Low frequency.
15) Improper operating procedure.
16) Loose connection or termination.
17) Others.

Failure Conrributing Cause

1} Persistent overloading.
2) Abnormal temperature.
3) Exposure to aggressive chemicals, solvents, dusts, mois-
ture, or other contaminants.
4) Exposure to nonelectrical fire or burning.
5) Obstruction of ventilation by foreign object or material.
6) Normal deterjoration from age.
7) Severe wind, rain, snow, sleet, or other weather condi-
tions.
8) Improper setting of protective device.
9) Lack of protective device.
10) Inadequate protective device.
11) Malfunction of protective device.
12) Loss, deficiency, cc tion, or d
or other cooling medium.
13) Improper operating procedure or testing error.
14) Inadequate maintenance.
15) Others.

a4

g ion of oil

Suspected Fatlure Responsibility

1) Manufacturer-defective component or improper assem-
bly.

Copyright © 2007 IEEE. All rights reserved.
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2) Transportation to sne-lrnproper handl]ng
3) Application engi g-improper appl

4) Inadequate installation and testing prior to startup.
5) Inadequate maintenance.

6) Inadequate operating procedures.

7) Outside agency-personnel.

8) Outside agency-others.

9) Others.

jon

Failure Characteristic

1) Automatic removal by protective device.
2) Partial failure reducing capacity .
3) Maaval removal.
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