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Abstract

This paper discusses those factors of design, manufacture,
and application which most affect the reliable performance
and minimization of case rupture of capacitor units on
electric transmission and distribution systems. It is the
objective of the paper to help the casual capacitor user
Identify ltems which are most important in the selection
and application of capacitors ¢ to assure reliable performance

Background

During the past several years there have been numerous
discussions relatino to capacitor reliability and case rupture
performance. This high level of attention probably stems
both from increasing emphasis on safety and environmental
protection, and from several incidents of high capacitor
failure rates.

Most of these discussions have been related to capacitor
case rupture curves, capacitor fusing, and testing of capcitor

units to improve reliability.

While the reHabllty of Westinghouse power capacitor units
has probably been the best in the industry over the past
several years, we nevertheless have had incidents of higher
than desirable failure rates and have been involved In
discussions of capacitor reliability and protection with
many users.

Several observations emerge from this experience:

1. There appear to be some misconceptions regarding
teats to predict the reliability of caoadtor units.

2. Some of the field problems which have been ex-
perienced may have been aggravated by application
oversights.

3. In a number of cases the bank protection has been
defective or Inappropriately adjusted.

4. In some cases, a more thorough examination of the
*Quipment during installation and/or more thorough
or regular maintenance examinations might have
helped avoid problems.

As a result of these observations, we have come to the
conviction that users seriously interested in reducing case
nature probability need to review ail aspects of capacitor
selection, application, instaiatlon. protection, and main-
tenance for their equipment installations. *

fe?»I®*

As an aid in this regard, we would like to share
number of observations and experiences which we fe
may be helpful to some users in improving the rellabili
of their capacitor installations. These comments are primer
directed at shunt capacitors for power factor correction i
utffity systems at 2400 volts or higher, in equipments |
pole top installation, in metal enclosed equipment, and
open stacks.

Case Rupture

Capacitor casa rupture, if it occurs, may pose sev

problems:

1. Potential hazards to people and property from force
expeKed narls and possible fire.

2. Dielectric fluids leaking onto painted surfaces may
finishes.

3. Potential environmental hazard (partlculaily In the i
of older apparatus containing polychlorinated tuot
(PCBJ)and the necessity for special cleanup, disp
and reporting.

This vulnerability exists in addition to the cost of
system vars and the costs of repair, maintenance
replacement.

The severity of a specific occurrence may deoen
many factors. Rupture size may vary from a small
fracture (with ‘'weeping' fluid loss) to disintegrate
the capacitor and broadcast of parts and material.

Factors affecting the severity include at least:

1. The cause and location of the initial dielectrir

2. Capacitor unit design and rating.

3. Fault protection employed for the unit and eqirir

4. Equipment arrangement (senes and parallel gt
grounding, etc.).

5. System characteristics.

For example, a fault at the too edge of a winding ¢
by transient overvoltage might give a more violent r
of energy than a puncture brought about by overt
in the central portion of the winding. Or, « ca
container with large, flexible sides might accommod.
slow development of gas pressure from a low *
arc better than a capacitor with a smaller mor
container. Available system fault current, or the
of a nearby, parallel connected csdalL.” wym
the power input and rupture violenci
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Case rupture is not one uniform phenomenon with one
ultimate consequence. It 1s. rather. the result of many
varied sels of circumstances. with many possible outcomes.
About the only two things that.are uniform about .capacitor
case ruptures are: -

1. The case if fractured at lgast to the point where fluid

_may {eak out.

2. ltis yndesirabie.

Rather than enalyZing the detals of all of the possible
case rupture phenomena, in this paper we focus on those
tactors which expenence-indicates will tend to minimize the
numbers and violance of case ruptures.

THE CAPACITOR UNIT

The single most important factor in minimizing capaciter
case rupture is he reliabflity of the capacitor units them-
seives. The refiability is determined by both the capacitor
design and by the manulacturing quality contral processes.

Design snd Testing

Basically, capacitor designs are determined by matching
the field performance fequirements with sufficient design
performance capabiflies to insure adequate margins be-
tween the two throughout the anticipated period of use.
The capacitor design must take into account a complex
sel ot physical, chemical, eleciricel and mechanical properiies
involving the materials used in the capacitor as well as
the manner in which they are cambined to make up the
capacitor. Potential capacitor materials and designs are
evalugted by utizing test methads that have previously
been found to be parliculerly useful and by continually
devising new tests to make more accurate assessments
of the materials or capacitor designs.

When fim-lype capacitors were introduced more than '

10 years ago, the problems associated with capacitor
operation at high ambient temperatures were essentially
eliminated due to the low temperature rise of this type of
capacitors. The limiting design factor was shifted from a
thermal 10 a partial-discharge-inception-voitage problem.
Theretore, more and more altention has been paid to
overvoltage gndurance testing and partial discharge testing
of modern capaciors.

Partial discharge testing is used in many types of capacitor
evalyation tests. One of the traditicnal methods Is to
measure the partial discharge inception and extinction
voltages of capacitars using either electronic or ultrasonic
type delection equipment. The partial discharge perfarmance
is ralaied to both the impregnating fluid used and to the
design of the winding. {Table 1)

Because of the improvement in parlia! discharge inceplion
and extinction due to the use of rolled foil construction,
Westinghouse high voltage capacitors utilize this design
improvement to provide sn increased design margin.

The partial discharge inception volitage {PDiIV) and partial

discharge exlinclion voltage {PDEV) ara also measured as
afunclion o dieteciric temperature [Figure 1)

TABLE ¥ =&
Partiat Discherge Voltuges 2 .
S 25°C (Parcent Rated V). 78~

Type Dasign Fiyid POV PDEV 4
1 AFPFA Polychionnaled bighenyl 158 1"y
2 AFPFm Porychionngted ooyl 200 ™
3 AFPFyr Isopeopyttishenyl 250 - 187
4 AFPFar Phinciate gster 8 236 139
TFichigrobenzene ’ .
5 AFPFar Butylated mono- 208 167
chiorgiphenylowoe B X
] AFPFA Mineral O 170 1]

A = conventional fos
FPF @ . 75¢ga. fim, 45 ga. paper. 75ga him
ar = narow fof wih rolled edges
POIV = Parbal discharge inception voitage
PDEV = Partlal cischurge aatinction voltages

wv

300 4

100

40 <« ® 0 W
Figure 1 Partial Discharge Inception Voltage .
Typical curve: Varlations occur with dielectric designs §
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Another useful test that has been used Is an overvoltag
cycling test. This is used with several variations. Tyae ¢
s shown in Figure 2.

Y

o

90 S0cone e 8 Mruter ——— Y 24tarcten o] TV
Figure 2 Overvoitage Cycling Test: Type |

In this test. the capacitor is tested lor 24 hours (48 cycies!
at each V, levg! (raised in 0.1 V, steps each 24 hoursh
until failure occurs. Dunng this -test the partial discharg®
intensity is monitored and is a measure of the dielectrc
degradation that is occurring dunng the test(Table 2J

TABLE2 .
Design Fluld V. Fallure Levels % Rated V.
AFFa PCB ©o. 230 .
AFPar PCB 260
AFPpr Wemcol . 280

A = convenbonal fod & = narrow tod with rokked €30
160Ga fm, 4502 paper  PCB w  poiychionnated eyt
8 = narow TAght e0galod  Wemeol &  30propy! Dpmew
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. This lest Is also performed to yetermne the effect af

low temperature n a Type Il test {Figure 3}). In tws
test the capacitor is cooled to a low temperajure before
the test and re-cooled after 15 cycles to mamiain the
dielectric within @ narrow range of low temperature. Results
are shown m Table 3

" —

b—-&usuml-sm—-]—-— 25 Mardas ———a] TIME

Figure 3 Low Temperature Overvoltage
Cycling Test: Typell

TABLE 3
V Falture Love|
Design Fluid Temp °C '4 Rated V
AFPFA PCB 25 215
AFPfer Wemcol 40 250

A = conventronal loil
FPF = 75ga lim, 45qa paper. 75ga fim
a = namow lod with rolled edges

in another variation, Type fil, the V, value is manlained
al a constant value and the test capacitors are cycled
for a pre-determined number of times (Figure 4) AHer
the overvollage cycling. the power taclor 15 measured al
100*C as a means of delecling effects of dislectric
degradation {Table 4),

TABLE 4
initial Final P.F. 100°C
Derign Fluid Tamp P.F. 100°C  Afier 1000 Cycles
AFPFA PCB 25*C 050 ORR
AFPFar PCB 23*C 040 0e2
AFPFor Wemcol 25°C 047 043
A = conventional lod
FPF = 75gs.lim, 45 9a. paper, 75 ga fim
& = narrow rolled edge fod
Wy
Y. ' Stcone
viod o
0% - Y2 My 4

Figure 4 Ovefvoitage Cycling Test: Type Hi

SHll another overvoltage cycling test, Type V. 1s made Jd»
shown in Figute 5. In this test. the sampius are tested
to failure (Table S). In addition. Uw parlial dscharge
intensily is-monitored during the test (Figure 6) and the
length of lime thal the parlial discharges persist atter an
overvoltage is measured {Table &)

TABLE S
Deaign Filuld Cycles to Fallure
AFPFA e ] 47
AFPEar Pce 167
AFEFA DEMP + 130
25°% TCB

AFPFA Wemeol > 1340
AFPFar. Wemeol > 1340
AFPFA DINP 10
AFPEA MCS 1238 560

A = conventona fon
FPF = 75g8 him 45 ga. peper. 75ga ldm
or w  narow rofled adge foil
DEMP = emyihexylphthalsle
TC8 = tnchiorobenzene
DINP w  diisononytphthalate
MCS 1238 = mopropyibphanyl 4 sultone

b1
w2

md

l.—_- Iy m——— ] s
21 s--«-:. e

LIT0 —-—.|

Figure 5 Overvoltage Cycling Test: Type IV’

Figure & Oscillogram ftrom Overvonage Cyclmg
Test: TypetV .

3
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TABLE 6
' Pertis! Discharge Intensity - Picocoulombs
8Sec
Design Fluld During OV 2 Cycies Atter OV After OV
AFPFA PCB 4000 200 <2
AFPFa CB 800 80 <2
AFPFA Wemcol 400 150 <?
AFPFar Wemeol 200 <2 <z
AFPFA DEMP + 1500 200 S0
25% TCB

A = conventional fod

FPF = T75ga. tim, 45 ga. peper. T3 ga. fim
ar = narrow roled edge fol

OEHP = digthythexyidhinalale

TC8 = nchiorobenzene

Voltage capabiiity is siso measured by step-stress tests
(Figure 7). in this test the vollage is maintaned at a
fixed vaiue for a specified pariod and then is increased
fo the next higher voltage step untlt failure occurs.
Partia) discharges or power lactor may be menilored either
during or alter each step (Table 7). When this last is
used at low lemperatlures, the capacitors are re-cooled

+ after aach voitage step.

FOOR
- QUALITY
- ORIGINAL

120
"o
0 0¥ 0tPx i xt TME WNUTES
Figura 7 Step - Stress Test
TABLE7
Voltage Step ot
Design Fluld Tomp *C Fallure, % Rated
AFPFA PCB +40 140
AFPFar Waemcol -40 150
AFPFar Wemeol . 1 140

A = conwentional toil
FPF = 7Sgu fim, 4504 paper, 7Spa. fim
o = naTow rolled edge foll

Low temperatura switching tesis are also used to check
the effect of transient overvoitages. Capacitors are switched
for & specified numbar of limas st increasing voltage levels
until fafiure ‘occurs. The aswilching transien! is typically
& per unit voitage of 1.75 limes the test voitage lavel.
The continuous test voltages are maintained for approximately
two minules, then tumed off for a3 few seconds and
switched on again with the associaled transient. This
switching test is usually made st various ltemperatures to

eatablish a reigtionship betwaesn swilching voltage and
temperature (Figura 8). 9 ge an

hid

140 2
720

4 i 8 ™ o ® TR

Figure 8 Low Temperature Switching Tests -

A simiar test to simulate effects of transionis §H
oscillalory discharge stress test (Figure 9). '

. 10 mm
/1 0 ¥,

A A pASS AL
H‘g- WY YN W WL Al
i

o § § ~ohe—3 3 nelt 3 7 ol %] et § i 12 W

Figure 9 Oscllatory Oischarge Test

The capacitor i3 charged with a dc power su@
& voitage V, and discharged at 2 pre-selectod freq
and reversal Then an ac power source is switched.
at a voltage V, for a specitied time. The number of w
cycles raquired to cause failure is measured (Table

TABLES
Paak V €0 Hz. RMS Ns.CY
Design Fluld . V%Rated ¥, % Rated wrd
AFPFA PCa 300 100 .
AFPFar Wemcol 300 100 >wad
AFPFar Wameo) 400 100 1.4
AFFFPr  Wamecol 400 100 v

These are but a few of the overvoltage tests u¥
assess the voltage capabiity of capacitors, but he
among the newar tests devised for this purpose. In g¢
these tests all predict that most non-PCB fluids P
much betier than PCB flulds using the same fitnr
dielectric system. They also indicate that, of the
PCB fluids compared, the Wemcol (isopropyibif
mpregnaled systemns perform with the best resuits ¢
exception, .

Manulacturing snd Quality Contrel

Design tests such as thase discussad above are €
in establishing the capability of a system.to meet
performance requiraments. However, when large &'
of a particular produtt design sre actually manul
only strict adherance to the use of proper manul
techniques and materials will insure that the a quality
is produced. The verilication that the proper te
and materigls have been used comes from produ
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spection and tests For a proguct such as capacitor units,
a heavy emphasis should be placed on production
{routing) tesfing of every capacitor produced. Although
; thvs adds some initial cost to the product, it gives the
2 Q’ . maximum assurance of a reliable, trouble-free capacitor with
lower long-term costs. This is a desirable goal trom both
. the user's and the manufacturer's viewpoint. Capacitors
are a slalic device which should require little or no
maintenance and glso should have a long, useful lilte with

. alow tield lailure rate.

fh Thers are many manufacturing techniques and tests used
to make high quality capacitors. Some ol the, more
: critical of these are:

-

. Winding in a clean room with temperature, humidity
t end particie control,

Ory overpotential tests on windings and sssemblies.
. Dry capacitance and discharge resistor test.

Dry teak test ot container and bushings,

Batch-type drying and liquid filling process.

Therough haat treatment to insure complate impreg-
nation.

Power factor measurement at maximum internel tern-
peratura limit at rated voltage - all capagcitors (routine
test),

8. Ultrasonic partial discharge measursment to assure

. compiete impregnetion has been achieved - all capa-
citors (routine test).

8. Overpotential test on al! capacitors {routine test)
at a dc voltage of 4.3 or 6,25 times rated voltage
for 10 seconds {test Isvel selected by the customer
with regard to application requirements).

10. Final leak test by heating units to meximum dieleciric
temperature limil for a minimum of six haurs.

N o0aoP

These production tests on afl capecitors will assure a
Customer that each capacitor received has been checked

against potential problems in each ol the following basic
areas of concern:

T YRR TSNS L W 7 GO AN SR .....-'..:‘.i.@-....m-.-q.- e

A eta e it

Thermsi PFR. ltmedvonmctmmmﬂe
hot S0t temperatury
’ lhhctnc strength O¢ Overportential test
3 Putia dacharges Ultrasonic  partisl  diacharge meuumum
“ Fluid leahage wigh lemperatusrq jeak texr

When these production techniques ana tests are employed
and are backed up by proper design tests, the capacitor
user will have assurance that he wil aqgually receive
capacitors that will perform reliably. on his system.

FEICETTETI

CAPACITOR UNIT APPLICATION !'

The rather targe number of field problems whic_'h h:
been aggravated by inappropriate unit selection has b
somewhat surprising to us. While we are not naive leno
to believe that the basic applicalion documents! (Al
IEEE Standard 18-1969 or NEMA CP1) are thorous
understood by all individuals involved in selecting canacn
we ara Lomowha! surprised at the apparent "tach
awareness ol tactors which need to be considered n
selection of capacitor units. |

In selection of units. basically lour items need to
considerad: vollage, cumrent, kVAC, and tempera!

|
Voltage l

The recommended overvollage application lmit
capacitor units ia Hlustrated in Figure 10. This fi fgure ap
to the voltage across the active element of the capa|
{Note: for units not connected to the case, the ‘.
applies to the insulation between the aclive element an
case. The “BIL® for units connected to the case r
only to the strength of the bushing(s).) '

Some ¢f the circymstances which have re,’sultt

exceeding the recommended limits include: '

1. Restriking ol capacitor breskers or switche:
produced voltages in excess of the recomm:
impulso kmits.

2. Vollage rise across ghort-Circuit-imiting iof

. reagtors in serles with the capacitor has re
in hgher than recommended centinuous w

3. Group fusing of thr¢e phase ungrounded ca
banks has, at the time of unit short eircult, n(
in overvoltages for units in the unlau!ted |
exceeding the recommended mit, i

4. if the substation bus voltage continuously runs
than nominal, on banks with several series' gre
increase in voltage due to the loss iof
units in one aerias group may result in a
in excess of the recommended vo!tage
belance of the unils in that group. A cons
epplication would consider the maximum appliec
{ncluding any addition to crest veltage from ha
plus the maximum allowable unbalance.

POOR 5. High harmonics, In eddition 1o leading to

' ) ‘m _current and therma! overloading. can also a
. - % g ciently to peak-to-peak voltages across the «
i Potential Problem Ares Production ﬁl'ltlflllelT.‘ to v & intemal partial discharges s

degradation of the distectnic. Such applicati
occwr when sgtandard shunt capacttors are
to power fiters on the basis of hmdamental ]
requirements and without consideralion, of

short lime, and continuous harmonic currents.

in determining the coordination between llarre
capacitors, the protective lovel of the arrester Ic
1.2 microseconds and longer can be compare
(without margin) with the 4 times per year reec
impuise voltage appiication limit of the capacitor
capaciter tends to act as a fiter, eliminatin}'g th
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Connnder front-of-wave sparkover for the arrester. The
‘maugn” is inherent in the seiection of the & times per
Yaa umit glong with the fact that amester values are
Mawawygm. Alsa, the preaance of the capacitors at the
@Totter Jocation efiminates the need for considering the
short tme reflections which need 1o be considerad mn
ranatormer and switchgear protection. In addition, the

| Very presence of the capacitor on the system tends to

8Ct a5 short circuit to high fraquency transients on the
System, and will often reduce otherwise excessive voitages

Applied voltages in excess of the
limits make the unit vuinerable to damage. Tg
that the reflability of the instaliation s wpog
n excess of the recommended application
be avoided, to minimize the risks assoctel’S
possible increase in failure probabiity. LR

10 bukow arrester sparkover lovals.
POUR
S
IGINAL
8 orERATIONS
24
32
3.0
OPERATIONS
28
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2.4 |200 OPERATIONS \

4000 OPERATIONS
20 N

18 .%ﬂ

PLAF JIAFAGE PR UNST UP CAL( OF LT RATING)

.2
1.0
= IMPULSE > POWER FREQUENCY
oY - 08 10" 1 104
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FIGURE 10 - CAPACITOR OVERVOLTAGE APPLICATION GUIDE X
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; ‘Current
}'em The recommended overcurrant application limit tor caoa-
g_:: ctor units is shown in Figure 1 1. The subject of overcurrent

. emadt cwheens e aretnlns

vt W

i sritumdan S - o

spolication has been under consideration in both NEMA
and IEEE standardizing committees, the recommendations
may change in the near fuluwre. Also, the overcurrent

H capabifty of luses, circuit breakers, bus work, CT's, ete.
' used in capacitor aguipments may not always be the same
i us the capacitor units. For these reasons, applications faling

in the shaded area of Figure 11 should be checked with
the proposad manufacturer of the equipment. The sttuations

for which overcurrents most often need to be considersd
are: .

. Large rectifier instaflations
Large arc tumaces or weldters
. lLarge SCR controlled equipment
Tuned filters
. Resonant system condltions
Small capacitor banks frequently switched in
with large banks

DG AW -

Experience indicales very little problem to capacil
from gurrent alone. The most common “currenl” p
have been baked-out fuses and burnad-out currer
formers due to harmonic overcurrents. Capacitt

are more commonly imited by total kVAC than by
alane,

POOR

SRGAC

..-_.;_‘,.a,_\,v..t.‘..‘h oS # 3N maranes kI adia V07

|
=
wu 4 CpetfYr,
§ 10002 BperIVr:
1400 OpetJYr.
g
: ]ac00 Operd¥r,
[
: -]
@’ . &
8
(2]
b=
=
=
o]
[N
(e
- This curve interred tom
“:-j ovsrvoitege application
§ ..—‘%‘ﬁ
\-ﬂblw oPp .
. 3 CONTINTBIT |
‘ -
ré"u;g;ff, - POWER FAEQUENCY CURRERT
1 -1 10
uulsscouus'm 1900 10 100 SZCOND! 0. -
FIGURE 11 CAPACITOR OVERCURRENT APPLICATION QUIDE T
The system conditions which may lead to exces:
KVAC

o

e
s

The tot) continuous KVAC in & capacitor unit should be
imited 10 1.35 times nominal. In determining the lotal
KVAC, factors to be considered include- system voitage as a
Per cent on nominal, capacitor unit capacitance as a per

cent of nominal (standard fimits -0, + 15%), ¥nd harmonic
current content. :

are essentially the same as those listed und
{above}, with the axceplion of switehing. These i
will usually result in the sefection of higher tha
voltage capacitor unils to meet both the voltage
requitements of the installation. A failure to
the units appropriately has resutted in units bew
in excass af their recommended kVAC mit wit
oxcessive temperatures.

2 iy =
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Ambisnt Temperature

Standard individual capacitor units are mtended to be
mermally stable at 46°C and are intended for a normal
annual average ambient temperature of no higher than 35°C.
More realistic limits for equipments are 35-40°C for
the hottest day expected at the location and an annual
average of 20-25°C,

Large capacitor instaflations inside of buildings i hot
climates {and especially those close o large furmnaces)
need careful consideration of ambient temperature. The heat
dissipated by the units thamselves can add to the ambienl
temperature in an enclosed arsa. For sych high temperature
gpplications, an ambient tempgrature alarm and trip relay is
approgriale.

Capacitor unit voltage, cument, KVAC end ambient tem-

" peralure zre important considerations in avoiding vuinerability

to capacitor units .and equipment failure. Avoiding unit
fallyre t5 the first and most important step in minimizing
the probabifity of capacitor case rupture.

PROTECTION

Sophistication of protection ig related to the size of the
capachor installation and the aflect on the system in the
evant of unit or equipment failure.

Individual unit or group fusing serves as the first fine of
protection for larger installations. Unbalance relaying quickly
removes the bank from the system in the evant of excessive
numbers of unil fuse operations or other failure within
the bank. Major fault protection Is provided by system
overcurrent relaying or overcurrant relaying in the capaciter
switching circuit breaker.

A number of observations have been made concerning
each of these areas of protection, which will be discussed.

Fusing

The optimum fuse is the smallest, fastest fuse which wél
not result in nuisance operations and which will meet
the voltage, fault current, and energy reguirements of the
location.

Fusa-case rupture coordination has been the subject of
much discussion and confusion. Fuse total clearing curves
are, relatively speaking, the result of a rather well standard-
lzed test procedure, and result from & rather uniform
meiting phenomenon from fuse link to fuse Snk at a given
curront level. Over the years rather consistent procedures
have been developed for fuse-fuse and fuse-relay coor-
dination. Even in this rather mature sres of coordination,
there are occasional reports of mis-coordination.

Capaclior case rupture is not one rather unilorm sequence
of evenis as in fuse ink meiting and clearing. There are
many modes of faiure resuiting in ditferent probabilities of
case ruplure. Even in onekVACrating, the physical volume
of the can, internal connections, operating temperature, as
well 83 many other variables probably have some influence
on the case ruptura chargctaristics.

Note that the normal currenl in a8 2 4 kV unit is more
than eight times the current of a 20 kV unit of the same
KVACrating. The norma! current through a 2.4 kV capaeitor
is the same magnitude as the cumrenl in a Severely
fauited 20 kV capacitor. This distingction 1s nol normally
made at the low current -end of the case rupture curves.

The great majority of case rupture tests reporied have
been started with essentially completely faled unils. in
the field, there is at {east a possibility that the und
fauit will develop gradually. pack by pack. Perhaps the
presence or absence of parallel capacitors will have an
eftect on the internal gas generation during this partialy
faulted condition. Capacitively limited fault currents in high
vollage shunt capacitor banks may have differsnt arcing
end gas generation characteristics than inductively limitec
fault currents on a distribution feeder or in the laboratory

There may be a great many differences between th¢
conditions surrrounding a faufted capacitor in service thar
the conditions surrounding a pre-faulted capacitor under
going case rupture tests in the laboratory.

We understand that some ysers occasionally re-fuse ¢apa
citors that are not noticeably bulged, without testing then
(a practice which we would discourage). This may resu
in energizing faulted units a second time, increasing th
probability of case rupture. Depending on thes naturn
of the laull, the fuse may clear befere the unit show
any visible signs of bulging.

Severa! users have commented that their observed cas
rupture probabdity is higher than the expascted 10!
based on coordinating & tuse with the capocilor c¢as
rupture curves (which are plotted at the 10% probability ¢
case rupture loval). Considering all of the possible diife
ences between field conditions and laboralory test conc
tions, this is not entirely surprising. We regerd the cas
rypture curves as as giving an indication of capacitor ¢2<
rupture performance under a stated set of condition
The process of cese rupture testing hes led *> ma
improvements in case rupture performance. The &a
rupture curves, however, are probably not gn adequf
basis for predicling case rupture probabiity of fall
capacitors under a wide variely of field conditions, F
experience with given fusing practices is' the ultimé
measure of case -rupture probability. Certainly we wol
not suggest using fuses rated higher than suggest
by the case rupture curves, but fower rated tuses may |
desirable for some types of installations.

On distribution banks where system available tfault cuft
excceds about 5000 amperes, some form of cusrent fimil
fusing is desirable to avoid excessive internal faull ens!
Also, on large substation Banks with many units in pard
current limiting fuses are racommended. to kmit the ene
discharged into a fault from parallet units: -
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Relaying

Inappropriate relay setlings, defective relay systems, and
absence of relay protection altogether have and can result
in extensive capacitor bank damage in the svent of
arcing within the bank.

Smallet group-fused banks {up to about 1200kVAC at
12 kV) usually involve no special refaying protection. Back-
up protection is provided by system relaying. Relaying
shoulkd at least be considered for iarger banks using
individually lused capacitors.

In considering rolaying, at least three kinds of protection

need {o be considared:

1. Unbalance protection. Fuse operations on some units
may cause the voltage to increase on other units
in the same group. Unbalance protection may gwve
an alarm for a small amount of voitage rise and trip
the bank off to avoid damage from excessive voltage
rise,

2. Group arc-over protection. For some bank contigura-
tions, an arc In one capsciter group will have limited
faglt curent because of other groups in series.
Trunsients associated with such an arc can damage
capacitors, blow fuses, cause viclant case ruptures
from high voltages, etc. The bank should be dis-
connected quickly {certainly within one-hall second)
tor a group arc-over.

3. Phase-lo-phase and phase-to-ground faults. These
favits should be removed gquickly, and without re-
closing to svoid high transient voltages and currents.
Sometimes this protection is provided by bus fault
or teeder protection.

There has been some menticn in the industry of the
use of pressure swilches in indwidual capacitor umts
to detect tow currant faulls. While there is litle doubt
that pressure switches can reduce the probability of
case- rupture from certain types of low cument faulls
in switched capacitor equipment, there is some question
as to the economic viability of wide scale apgiication of
pressure switches. Prassure switches are probably not a
viable altemative on individually fused capacilors in
targe assembiies, particularly at transmission voilages.

SHIPPING AND INSTALLATION

in many cases transportation from the manufacturing
olant to the Instalistion site is the most severe duty
faquired of a capacitor equipment.

New capecitor equipment should be thoroughly inspected
on instaiiation. !.ook especiafly for. (1) leaks, (2) loose
p . lerminals, or fuses, (3) broken porcelain,
{4) dented containers, () broken frames or busses. Any
demage revealed requires rastoring the parts to original
Condition or replacement of parts.

Utting instructions shouid be followed and proper fift
mmdhw\loadingofmovm_

R & further suggested thal a check of the matesia
“#ived be made against the erection drawing requirements
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and that nameplate ratings be verifisd. Some failures
have occurted because the wrong rating of fuse or
capacitor was applied.

During installalion, follow the manufactyrers recommenda-
tions in ensuring connection with adequate bus or lead
conduclors with capability of at least 135% ot rated
nominal capacitor current. Normally the capacitor circuit
breaker overigad trip is set to thp batween 135% and
200°% of rated nominal capacitor current. All bus joints
and conneclions to terminals mus! be propserly prepared
and lighlened as a loosened, overheated. melted bus
jont can induce a restriking bus tault with disastrous
consequences 1o the capacdors.

Depending on the methad of protection against an intemal
bank tault, it may be necessary to establish very close
balance batween the capacitances of the phases. Wher
individual capacitor rack ¢apacitance values are provided
arrange the racks in accordance with the manufacturer:
recommendalion. Check the capacitance value for eac
phase, independently, to ascertain that values are matche:
within tolerance. For banks connacted wye-wye, compar
the impedances of sections 1 and 2 of the same phase
as well as the impedances of the three phasas of th
same section. Use these impedance checks to caiculal
the effectiveness of the relay protection acheme. D
withstand dielectric strength tests might be made on ba:
and spacing insulators to detect any cracks result
from shipment, handling, or instaling. Upon initial energizab
of a large capacitor bank, the signal 10 any relays us
tor detecting unbalance should be checked to reassi
proper initial balance.

MAINTENANCE

Regular mgintenance and inspection can help reduce,
probability of trouble and timit the possible consaquenc
As a minimum, visual inspectien for blown fusaes, dama
ingulators, bushings, or containers (for leakage or swel
ls recommended. Pofluted atmospherss or environm
may regquire periodic cleaning of porcelain insulators
bushings. Weathered surfaces should be refinishec
required. T T

Blown fuses can result from improperly installed tu
excessive harmgnic or inrush cumrent, extemal arc
fault in the capacitor. Before replacing the fuse
restoring service, inspect the capacitor for visible “sig
external damage and after shorting the capacitor, rec
the cepacitance. A small, hand held gapacitance
{such as the Doric Model 130 C-Meler) is conve
and usehu! for this. Do not re-tuse or re-energize a fz
or partly faulted capacitor as the damage sutfered ¢
the initial fuse operation may be such as o cau
Righ probabifity of case rupture during the second
ooeration. in event that no damage to the capatito
be detected, re-fuse with the correct fuse oleme
&l cases when energizing a capacitor gher re-t
observe salety precautions againot potentis) fafur

e rupture.

vty

+

NPC00026358

753685



SN S

T OLE R

PUVL I S N I

PO P HLINPINN

[ N T

T

Cia it A it b b AL e et A it 3 Pt et ot e s
2 i arsipireiomtaimusainh s N .

PR

damage to capacitor installation because of apparent fack
of maintenance of the pratective system Regular checks
shouid be made that the correct current through a CT (or
voitage on a PT) will cause proper relay, alarm. ang
preaker aperation. Prolective gaps on CT's should be
checked (or proper clesrance and breakers should be
hi-potted on & reasonably regular basis.

¥ thero has been a major falure resulting n external
areing in a capacitor instaliation, the entire instattation shoutd
be thoroughly inspected before trying to re-energize it

1. All capacitors should be checked for proper capaci-
fance; inatsliations with sevenal serias groups should
hsve the capacitance balanced so the the voltage
divides equally among the series groups.

2. A capacitor units should be chacked for excessive
corrasion of bushing contamination and any indication
of leaks. Units should be painted and bushings cleaned
as required. Leoking units should be eliminated.

3. Al tuses should be checkad for continuity, expulgion
fuges checked for tighiness.

4. All insulaicrs should inspected and any badiy chipped
ones replaced.

§. In addition, the relaying check suggesied eartier
should be done before re-energizing the bank,

Based on past expefience, & thorough examinafion of
the bank will ikely reveal some unexpected tams.

OTHER CONSIDERATIONS
Switching

Inappropriate selection of switches or breakers for capaci-
tor swilching has and can cause problems for both the
capacitor bank and the system. Switches used tor capacitor
switching sheuld be rated for capacitor switching; the con-
tacts should net bounce on closing or restrike on opening.
It s also desirable to test the breaker or awitch in
place after installation but before energizing the capacitor
bank. Interupters should be hi-potted in place. It is also
desirable to check the liming of interrupters where there
are several interrupters in series per phase. Shipping
demage, which may not be ohvious by visual examination
of the breaker, has caused breaker matfunction and resulting
capacitor bank damage.

Bank Configuration
Grounded vs. Ungrounded, Grounded banks resuit in

lower transiont voltages on the capacitor switch and may
reault in lass unit overvaltage for individual fuse operation.

Ungrounded banks have no ground path for certain harmonic -

currents, minimize ground currents during switching, and-
may Emit feuit cunenl for some fault conditions. For
transmission voitage banks, the base insulstion is reduced
or eiiminated by a grounded wye connection: mast banks
230 kV and higher are connected grounded wye,

Series and peralel groups. Generally a bank with the
fswest number of serles groups and the maximum number

- of paratis! units is easiest {o protect. In this casem coran

per cent chonge in capacitance for one group is easiest

R R ETCE XY A sl

......

Al least several capacitor failures have résulled in %NM and recresents Ine loss of a farge number ot

units.

Fllter Banks

While oversoltzge and overcurrant guidelines were given
in an earier part of this presentation, the design of filler
banks should almos! always be done in cooperation
with the manufacturer. Mounting of reactors, connection
and protection of capacitors, selection of ratings, ete. ¢an
aimast always be aided by the manufacturer’s experiance
with previous banks.

SUMMARY

‘Capacitor case rupture is the resuit of many, varied
phenomena. Most important in minimizing the probabity of
case rupture is the correct application of retiable capacilor
units. In sddition, proper protection ¢can help minimize the
probability of rupture in the event of failure.

Many of the Iactors involved in capacitor reliabiity
application. and protection have been discussed Satistacton
periormance is not a matter of fusing alone, or of capacto
construction alons, or of protective relaying slone, of ¢
application criteria alone....but reguires balanced attentio
(o afi of the factors as outlined in the paper.
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