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ABSTRACT

This project presents the design , construction and test of
a 12 kv, 50 Hz , 0.663 microfarad , 30 kvar high voltage capacitor.
The capacitor’s construction consists of two-layer aluminium foils,

~

OPP films impreénated by PXE capacitor oil , one ceramic bushing , 27
megaohm resistor and a stainless steel case. It is shown that this
compact unit-type capacitor is suitable for the HV distribution system

as a power factor improvement device since it hag passed the IEC 70 :

1967 standard test.
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Polyester 2.90

3) uWalepYNANNENLYA 88 8ne3n

Lﬁmaﬁxﬁnm%aﬂmgqmmﬁ wifin loss nssusfivatu
AR LA YR L HAU IS 90° WBR dielectric loss at{usasann
| nSUARWICEE 90° e wiSenin loss angle i‘fwuﬁﬁadﬁq;fu
phase angle @B 902 ¢ Uaztmi2psunaLADd A1y cos (90=4)
feind By tand (W zaz Hugpii8ninn Und loss factor azwnnfia
tan g NIzUAMAIIBL0DY J=cocV uRendeiaunBsadsuy p=VI cos{
$909AY VItan o (Lﬁa o dddnin 0.1)

I

d tend = r wC

\") I/Cﬂc ¢ - 9Qe_d

rI-

11 2.1 83 Twigeeaes 1R NN

|



E
%
(b) —>E
! 1 sin¢ Ising
sin i
{c}
0 —p= F
1cos ¢ —3>E
. .
kVA kvar kvar‘ »
leading kVA lagging
[+ >
kW X

32U 2.2 Power phasor UR: complexors MWINIINT=UHANY

a) Bursiiwndaa 1 Binivan

b) a8

c) Bunafly

IS 2.2 (USsuifley loss tﬁaﬂﬂawsnﬂﬁtﬁnn§nd1qﬁu

Dielectric Loss
(W/kvar)
Paper,oil-impregnated 2.0-2.5
Paper, PCB-impregnated 3.0-3.5
Plastic- film/paper, PCB-impregnated 0.5-1.0
Plastic film/paper, oil-impregnated 0.5-1.0
Metallised film under 0.5
Plastic film (OPP), MIPE-impregnated under 0.2
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kvar = 2¢fcvZ x 10-9 (3)

i c fp d1ﬁ1U1ﬁuﬂuﬂ'(microfapad)
£ A supply (Hz)

Y line voltage (V)

MSBNUIIRELABNAN kvar 11HB9MSa$9A B L0018 kyar
LﬁWisLﬁauﬁ1uvﬁﬂtw1LaaéuWHLﬁaéﬂﬁiﬁﬁWﬂwuﬁﬁaqnwsLﬂanﬁwua kvar
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WMAWSIMTIUARE element =M NENNTS (2) 1AH3z Harzy
film (fuwiedi8nn3n Harzy filw NUAINLAT AT I 1S s
47.6 V/micrometer ¥#1 20 micrometer URz3c{ Harzy film dpetiu
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= 1904/1.4 = 1360 volt

LB WIS AUTIE 12KV S9UY element 3dD series 4 9 @
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b 7
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER CAPACITORS

FOREWORD

The formal decisions or agreements of the I E C on technical matters, prepared by Technical Committees.on which all the
National Committees having a special interest therein are represented, express, as nearly as possible, an international
consensus of opinion on the subjects dealt with. N B ..

They have the form of recommendations for international usé and they are accepted by the National Committees in that
sense.

It order to promote this international unification, the I E C expresses the wish that all National Commiittees having as
yet no national rules, when preparing such rules, should use the | EC recommendations as the fundamental basis for these
rules in so far as national conditions will permit.

The desirability is recognized of extending international agreement on these matters through an endeavour to harmonize

national standardization rules with these recommendations in so far as national conditions will permit. The National
Committees pledge their influence towards that end.

PREFACE
This Recommendation has been prepared by IEC Technical Committee No. 33, Power Capacitors.

This second edition of 1EC Publication 70 revises and supersedes IEC Publications 70-1 (Part 1),

70-2 (Part 2), 70-3 (Part 3), and is the result of work done at the meeting held in Interlaken in 1961.

The draft was submitted to the National Committees for approval under the Six Months’ Rule in

August 1963. Amendments received were submitted to the National Committees for approval under the
Two Months’ Procedure in June 1965.

The following countries voted explicity in favour of publication:

Australia . Japan

Austria Korea (Republic of)
Belgium’ Netherlands
Canada Norway
Czechoslovakia Romania

Denmark South Africa
Finland Sweden

France Switzerland
Germany Turkey .
Hungary United Kingdom
India United States of America
Israel Yugoslavia:

Italy



1.1

1.2

POWER CAPACITORS

SECTION ONE — GENERAL

‘Scope

N

This Recommendation applies to both capacitor units and assemblies of capacitor units with’
accessories to form complete capacitor equipments; for connection to a low or high-voltage power
system having a frequency up to and including 100 Hz (c/s), which are intended to be used parti-
cularly for power-factor correction.

Note. — The following are excluded from this Recommendation and may form the subject of separate recommend-
ations: .

— self healing capacitors;

— Series capacitors;

— capacitors intended for control, protection and measurement purposes (e.g. coupling capacitors and
the like);

— small a.c. capacitors as used for fluorescent and discharge lamps and for electric sign circuits;

— capacitors for motor starting applications, and the like;
— capacitors for radio interference suppression.

This Recommendation applies. to capacitors intended for use within over-all temperature limits of
—40 °C and 450 °C and at altitudes not exceeding 1 000 m (3 300 ft).

For this purpose, capacitors are classified in temperature categories, each category being
characterized by both the lowest ambient air temperature at which the capacitor may be energized,
chosen from the three values —40 °C, —25 °C, —10 °C, and the upper limit of ambient air
temperature at which the capacitor may be operated, as defined below:

Maximum ambient temperature °C

Upper limit of temperature

O,
category °C Mean over Mean over Mean over
1 hour 1 24 hours 1 year
40 40 30 20
45 45 40 30
50 50 45 35

Standard temperature categories are:

—40/+-40 °C  —25/+40 °C  —10/+40 °C and —10/--45 °C

Notes 1. — For the definitions of ambient-air temperature and cooling-air tcmpérature, see definitions in Sut-
clauses 3.15 and 3.16 and in Sub-clause 18.1.
2. — Capacitors may be in operation at temperatures below the minimum ambient-air temperature

corresponding to their category, on condition that energizing of the capacitors at such temperatures
is avoided.



3.1

3.2

3.3

3.4

35

3.6

' 32
\ {
This Recommendation does not apply to capacitors, the service cohditions of which, in general,

are incompatible with the requirements of the Recommendation, unless otherwise agreed between
manufacturer and purchaser. -

Note. — This applies especially to capacitors intended to be incorporated in various types of clectrical equipment -
and which, therefore, have to be considered as components. N

Object

The object of this Recommiendation is:

a) to formulate safety rules;

b) to formulate uniform rules regarding performance, testing and rating;

¢) to give a guide for installation and operation.

Definitions

Capacitor element (or element)

An indivisible part of a capacitor consisting of electrodes separated by a dielectric.

Capacitor unit (or unit)

An assembly of one or more capacitor elements in a single container with terminals brought
out.

Capacitor bank (or bank)

A group of units, connected electrically to each other, e.g. a three-phase bank may be com-
posed of three single-phase units.

Capacitor

In this Recommendation, the word “capacitor” is used when it is not hecessary to lay parti-
cular stress upon the different meanings of the words “capacitor unit” or “capacitor bank”.

Capacitor equipment

An assembly of capacitor units and accessories suitable for connection to a circuit.

Discharge device

A device connected across the terminals or bus-bars or built into the capacitor unit, capable
of reducing the residual voltage effectively to zero after the capacitor has been disconnected from

the supply.
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3.9

3.10

3.11

312

3.13

3.14

315

Line terminals

Terminals intended to be connected to the lines. In polyphase capacitors, a terminal intended
to be connected to a possible neutral line, however, is not considered as a line terminal.

Rated voltage U,

The r.m.s. value of the voltage between terminals which the capacitor is intended to with-
stand continuously.

In the case of capacitors consisting of one or more separate circuits (e.g. single-phase units
intended for use in polyphase connection, or polyphase units with separate circuits), Un refers to
the rated voltage of each circuit.

In the case of polyphase capacitors with internal electrical connections between the phases,
Un refers to the line terminals between which the highest voltage occurs.

Insulation level U,

The insulation level of a,capacitor unit is that combination of test voltage values (both power
frequency and impulse) which characterizes the insulation between the line terminals and the
container of the unit, with regaid to its ability to withstand electric stress.

The insulation level of a capacitor bank is that combination of test voltage values (both power

frequency and impulse) which characterizes the insulation between the liné terminals (or terminal),

of the bank and metal parts which are intended to be earthed, with regard to its ability to with-
stand electric stress.

Rated output

The reactive power at rated voltage and rated frequency for which the capacitor is designed.

.

Rated current

The r.m.s. current through one line terminal at the rated output, rated voltage and rated
frequency. .

Capacitor losses

The active power consumed by a capacitor.

Note. — Unless otherwise. stated, the capacitor losses will be understood to include losses in fuses and discharge
resistors forming an integral part of the capacitor.

Tangent of the loss angle (tan 5 )

The capacitor losses divided by the reactive output of the capacitor.

Highest voltage of a system U,

The highest r.m.s. line-to-line voltage which can be sustained under normal operating
conditions at any time and at any point of the system. It excludes temporary variations due to
fault conditions or the sndden disconnection of large loads.

Ambient-air temperature

The temperature of the air at the proposed location of the capacitor.

33



3.16

3.17

3.18

4.1

4.2

4.3

4.4

Cooling-air temperature

The temperature of the cooling air measured at the hottest position in the bank, midway
between two units. If only one unit is involved, it is the temperature measured at a point approxi-
mately 30 cm away from the capacitor container and at two-thirds of the height\from its base.

Container temperature rise

The difference between the temperature of the hottest point of the container and the tempera-
ture of the cooling air.

Standard temperatures for testing

The standard ambient temperature range for testing is from 15 °C to 35 °C and, if corrections
have to be made, the reference temperature is 20 °C.

SECTION TWO — SAFETY REQUIREMENTS

Discharge device

Every capacitor equipment shall be provided with a directly connected discharge device, unless
it is connected directly to other electrical equipment providing a discharge path without having a
disconnecting switch, fuse cut-out, or series capacitor interposed.

The discheirge device (or the electrical equipment mentioned in Sub-clause 4.1) shall reduce the
residual voltage from the crest value of the rated voltage U to 50 V or less within a given time
after the capacitor is disconnected from the source of supply. This time is I min for capacitors
of rated voltage up to and including 660 V, and 5 min for capacitors of rated voltage
above 660 V.

Note. — When capacitor units are connected in series, discharge devices fitted to each unit may not be adequate
to ensure complmncc with this clause, owing to the cumulative effect of the residual voltages. If the
supply voltage is so high that this occurs, then an additional external discharge dcvncc will be necessary,
and should ‘be directly connected across the capacitor bank.

When capacitors may be switched off and on at very short intervals, arrangements shall be made
so that, at the time of reapplication of the voltage, the voltage at the terminals of the capacitor
shall be not more than 109 of the rated r.m.s. voltage.

A discharge device is not a substitute for short-circuiting the capacitor terminals together and to
earth before handling.

Note. — A residual charge may sometimes be left on the inter-connections of series connected capacitors due to
blown fuses, interrupted internal connections, or nor-linear behaviour of the dielectric resulting from
over-stressing.

These interconnections therefore shall be short-circuited to earth before handling.

Container connection

It must be possible to make a reliable connection to the metal container of a capacitor so as
to enable the potential of the container to be fixed.



7.1

7.2

7.4

Other safety requirements

The purchaser should specify, at the time of ordering, any special requirements with rcgérd
to safety regulations which apply to the country in which the capacitor is to be installed.

SECTION THREE — QUALITY REQUIREMENTS AND TESTS

Nature of tests

The tests specified are of two kinds:

a) Routine tests, viz:

capacitance (Clause 8);

capacitor losses (Sub-clause 9.1);

— d.c. or a.c. voltage test between terminals (Sub-clause 11.1.1);

a.c. voltage test between terminals and container, dry test (Sub-clause 11 1.2 a)):;

tests between terminals and earth for capacitor banks (Sub-clause 11.2). <

b) Type tests, viz:

- capacitor losses at elevated temperature (Sub-clause 9.2);

~ thermal stability test (Clause 10);

- a.c. voltage test between terminals and container, dry test; for outdoor capacitors in
addition, wet test (Sub-clause 11.1.2 b) and c));

— impulse voltage test between terminals and contamer for capacitors intended for exposed
installations (Sub-clause 11.1.3);

— discharge test (Sub-clause 11.1.4);

- ionization test (Clause 12).

Routine tests are carried out on every capacitor on completion.

Type tests are intended to prove the soundness of the design of the capacitor and its suitability
for operation under the conditions detailed in this Recommendation. The type tests shall have
been carried out by the manufacturer before the delivery of the capacitors, and a certificate
detailing the results of such tests shall be furnished to the purchaser at his request. These tests
shall have been made upon a capacitor of a design identical with that of the capacitor offered, or on
a capacitor of a design which does not differ from it in any way which might influence the proper-
ties to be checked by the type tests.

The type tests, or certain of them, shall be repeated by the manufacturer in connection with
any particular contract only by agreement with the purchaser and when so requested on the
contract for the supply of the.capacitors. The number of capacitor samples that may be subjected
to such repeat tests shall also be subject to agreement between manufacturer and purchaser,
and shall be stated on the contract.

Every capacitor sample, to which it is intended to apply the type tests, shall first have withstood
satisfactorily the application of all the routine tests. It is not essential that all type tests be
carried out on the same capacitor sample, provided that samples of identical design and pro-
cessing during manufacture are used.



8.1

9.1

Capacitance and output (routine test)

The capacitance shall be measured within the standard temperature range (see Sub-clause 3.18)
using a method which excludes errors due to harmonics and to accessories such.as resistors, reac-
tors and blocking circuits. N

The standard test conditions are the rated voltage and the rated frequency.

However, measurement at any other voltage and frequency is permitted, provided that appro-
priate correction factors are agreed upor; between manufacturer and purchaser.

Note. — 1t is recommended that the capacitance be measured, using approximately rated voltage, both before
and after the application of the voltage tests, in order to observe.any capacitance change and check the
behaviour of fuses (see Sub-clause 10.4).

The output computed from the measured capacitance, the rated voltage and the rated frequency,
shall not differ from the rated output by more than:
— 5 or +109%; for-capacitor units
— 0 or 4109 for capacitor banks.

‘

Note. — A formula for the computation of the output of a three-phase capacitor from singie-phase capacitance
measurements is given in Appendix B.

In three-phase units, the ratio of maximum to minimum values of capucitance measured between
any two line terminals shall not'exceed 1.06 for capacitors with a rated voltage above 660 V and
1.08 for capacitors with a rated voltage equal to or Jower than 660 V.

Capacitor losses

Routirie test

For the routine test, the purpose of which is to check the: uniformity of the production, the
tangent of the loss angle shall be measured within the standard temperature range (Sub-clause
3.18). The standard test conditions are the rated voltage and the rated frequency of the capacitor.
Measurements may be made at other voltages and frequencies provided that appropriate correc-
lion factors are agreed upon between manufactuter and purchaser.

Note. — In the case of testing large quantities of small capacitors, the manufacturer and purchaser may agree on
carrymng out tests on a representative number of samples, .

Type test

In the type test, the tangent of tlie loss angle shall be measured both as in the routine test, and
also at rated voltage and frequency with the capacitor at a uniform temperature of 75 L2 °C.
In this second test, the capacitor shall be energized only during the measurement, and for as short
a time as possible; the value of the tangent of the loss angle in this second test shall not exceed
either the value specified by the manufacturer in his catalogues or the value agreed for the parti-
cular contract. Both measurements may be made at a voltage and frequency different from the
rated values provided correction factors be agreed between manufacturer and purchaser.



10.

10.1

10.2

If the test dt 75 °C cannot be made, the parties may agree to substitute for it the measurement
of the tangent of the loss angle made at the end of the thermal stability test (see Sub-clause 10.3).
Notes I. — When dealing with a contract for capacitors of a type already approved (see Sub-clause 7.3) the
!os's angle test at 75 °C defined in this suY-clause may be used to check the constancy of character-
istics of the production. If the results obtained do not differ significantly from those of the
prototypes, repetition of the thermal stability test may be omitted unless it is specially specified

by the purchaser.

2. — A measurement of the tangent of the Joss angle at high temperature and at a low-voltage (such as
0.1 Uy) is under consideration as 2 means of determining the degree of contamination of the
dielectrie,

Thermal stability test (type test)

This test is intended to ensure the thermal stability of the capacitor under prolonged overload
conditions within the limits permitted in Clause 15.

Note. — 1t is recommended that the capacitor chosen for this test should have an output as nearly as possible
equal to the rated output.

The capacitor shall be placed under normal cooling conditions in an enclosure where the cooling-
air temperature (see Sub-clause 3.16) is related to the upper limit of the temperature category in
accordance with the following table: '

Upper limit of temperature Cooling-air temperature
category in the enclosure
OC o,
40 45
45 50
50 55

10.3

Throughout the test, the cooling-air temperature shall be checked by :means of a thermometer
lagged so as to have a thérmal time constant “of approximately 1 h. During the whole test,
the difference between the measured cooling-air temperature and the specified test temperature
shall not exceed 2 deg C.

After all parts of the capacitor have attained the temperature of the cooling air, the capacitor
shall be subjected for a-period of 48 h to a voltage of rated frequency and of substantially
sinusoidal form; the magnitude of the voltage being such that the output of the capacitor is
equal to 1.44 times its rated output (also see the note to Sub-clause 10.1).

During the last 10 h, the tangent of the loss angle or the temperature of the container near the
top and below the level of the impregnant shall be measured every 2 h, and throughout this
10-hour period the tangent of the loss angle or the temperature rise of the container (see Sub-
clause 3.17) shall not increase by more than the sensitivity of measurement, which shall not be

- worse than 4-107* for the tan & measurement and 4-0.5 °C for the temperature measurement.

Should a’ greater change be observed, the test shall be continued until either stabilization or
breakdown occurs.



10.4

11.

11.1.1

11.1.2

38

\ {
Notes 1. — The voltage to be applied in order to obtain an output equal to 1.44 times rated output is:
U(,esg = 1.2 Un Cn .
V Cest
where:
Cn = capacitance corresponding to the rated output
Chrest = measured capacitance of the capacitor to be tested. AN

2. — When checking whether these conditions are satisfied, fluctuations of voltage, frequency and cooling-
air temperature during the test shall be taken into account. For this reason it is advisable to plot
these parameters and the tangent of the loss angle or the temperature risé as a function of time.

3. — The final measurement of loss angle may be substituted for the type test of Sub-clause 9.2 (see last
paragraph of Sub-clause 9.2).
4. — Testing with other frequencies, not deviating by more than 209 from the rated frequency, is per-

mitted after agreement between manufacturer and purchaser. Suitable compensation for deviating
frequency by changing test voltage and/or temperature can also be agreed.

Before and after the test, the capacitance shall be measured within the standard temperature
range, and the difference in capacitor temperature for the two measurements shall not exceed
5 deg C. The change of capacitance shall not exceed 2%. . !

Voltage tests
Capacitor units

Voltage test between terminals (routine fest)

Every capacitor shall be subjected for 10 s to either test a ) or test b) below; if no agreement
has been made, the choice is left to the manufacturer: :

a) A d.c. test, the test voltage being:
U=43U,

Note. — The charging and discharging currents shall be limited to ten times the rated current.
The 10 s shall be counted from the moment the full test voltage has been reached.

b) An a.c. test, the test voltage being:
Ug=215U,

U, is the r.m.s. value of the voltage between terminals which in the test connection gives the
same dielectric stress in the capacitor elements as the rated voltage Un gives in normal service.

The a.c. test shall be carried out with a substantially sinusoidal voltage at a frequency
between 15 Hz (c/s) and 100 Hz (c/s) and preferably as nearas possible to the rated. frequency.

Note. — With'polyphasempacitors, the test connection shall be such that U, is at least equal to Un, in order to-
obtain adequate testing of all insulation between connections.

A.C. tests between terminals and container

a) Dry test (routine test)

Units having all terminals insulated from the container shall be subjected for 10 s to a test
voltage applied between line terminals (joined together) and the container. -

The test voltage shall be an a.c. voltage of a frequency between 15 Hz and 100 Hz and of
the value corresponding to the insulation level of the unit (see tables of Clause 13).
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" b) Dry test (type test)

The requitements of Sub-clause 11.1.2 a) apply for the type test, except thac the duration is.
increased from 10 s to 1 min.

¢) Wet test (type test)

. Units for outdoor use with terminal bushings shall be subjected to a'test as specified under 4)
above, but applied under artificial rain conditions. The artificial rain and the method of test
shall be in accordance with IEC Publication 60, High-voltage Test Techniques.

Impulse voltage test between terminals and container (type test)

Units having all terminals insulated from the container shall be subjected to an impulse
test before the alternating current test specified in Sub-clause 11.1.2.

The impulse test shall be made with a wave of 1.2/50 ps (as defined in IEC Publication 60) °
having a crest value corresponding to the insulation level of the unit (see table of Clause 13).

The absence of failure«during the test shall be verified by the cathode-ray ogcillograph which
is used to record the voltage and to check the wave-shape.

Five impulses of each polarity shall be applied between terminals joined together and the
container. In the case of breakdown or if flashover occurs at more than one impulse of a series
of five impulses of the same polarity, the unit is considered as not having passed the test. If one
flashover occurs in a series of five impulses, the test shall be extended by applying ten additional
impulses of the same polarity. If no further flashovers occur, the unit is considered as having
passed the test. g

Units with one terminal permanently connected to the container, whether this container is
intended to be earthed or to be externally insulated, and units not intended for exposed install-

" ations shall not be subjected to this test.

Discharge test ( typé test)
The unit shall be charged by means of d.c. to twice the r.m.s. value of the rated voltage and
then discharged through a gap situated as close as possible to the capacitor. It shall be subjected

to five such discharges within 10 min. :
Five minutes after this test, the unit shall be subjected to a voltage test between terminals as

specified in Sub-clause 11.1.1.
The capacitance shall be measured before the discharge test and after the voltage test. The

change of capacitance shall not exceed 2%.

Capacitor banks — Test between terminals and earth (routine test)
If a bank contains units or insulating supports of an insulation level lower than that of the

bank, 'additional tests shall bé carried out to ascertain that the complete bank will withstand the
tests with the voltage corresponding to the insulation level of the bank (see Clauses 13 and 22).

Yonization test (type test)

The test voltages applied during this test shall be substantially sinusoidal at approximately the
rated frequency of the capacitor. The test circuit shall be suitably damped to reduce overvoltages
due to transients as much as possible. Throughout the test, the ambient air temperature shall be

25 4+ 10 °C.
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The rated-voltage shall be applied to the capacitor for sufficient time to ensure that it reaches
thermal equilibrium. Then a test voltage, the value of which is to be agreed between manufacturer
and purchaser, shall be applied once only to the capacitor for 1 s.

The voltage shall then be reduced to 1.2 U, and maintained for a period\ of 10 min, after
which the voltage shall be raised to 1.5 U, and maintained *for a period of 10 min. At no time
during this latter 10-minute period shall an increase in ionization level be observed.

Before and after the test, the capacitance shall be measured in accordance with Sub-clause 8.1
under identical conditions for the two capacitance measurements. No significant capacitance
change shall be apparent from these measurements.

When interpreting the results of these measurements two factors shall be taken into account:

a) the reproducibility of the measurement;
b) the fact that an internal change in the dielectric may cause a small change of capacitance
without breakdown of any element of the capacitor. - \

Notes 1. — The value of the voltage applied during 1 s has not been specified; this value should be chosen
taking into consideration the service conditions of the capacitor and especially the over-
voltages, including switching surges, liable to occur in the network in whick the capacitor will be

installed.
2. — This test must be made in accordance with the above test cycle, without switching off the voltage.
3. — The measurement of ionization level may be insensitive if the capacitance of the unit to be tested is

too large in relation to that for which the test apparatus has adequate sensitivity. In this case agree-
ment should be reached between the manufacturer and purchaser to the test being carried out on a
model unit of a smaller capacitance, but of the same design and construction as that being supplied.

4. — The term * ionization ” as used herein refers to discharges generated in the dielectric and is cqui-
valent to the term * partial discharge .
5. — Such test methods as the measurement of tan$ are not considered adequate for the detection of

ionization. General requirements concerring ionization measurements are given in Appendix A,

Insulation levels and test voltages between terminal(s) and earth

The tables below show the standard insulation levels with the corresponding highest system
voltages U_. The insulation levels are defined by the r.m.s. values of the power-frequency a.c.
test voltage and the crest values of the impulse test voltage mentioned in each line of the tables.
The insulation level of a capacitor shall be chosen from the standard levels (see Clause 23).

TasLE
Range of voltages below U,, = 100 kV ( based on current practice in Europe

X3
Insulation level
Highest system voltage .
(line-to-line) U Power-frequeny Impulse test voltage
a.c. test voltage crest value
kV (r.ms.) kV (r.m.s.) kV
0.6 3 15
1.2 6 25
24 11 35
36 16 45
7.2 22 60
12 28 75
17.5 38 95
24 50 125
36 70 170
52 95 250
725 140 325
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Range of voltages from U, =100 kV upwards

Insulation level
Highest system voltage
- (line-to-line) Uy Power-frequency a.c. test voltage Impulse test voltage crest value
kV (r.m.s.) . kv
kV (r.m.s.) . : ]
. Full insulation Reduced insulation Full insulation Reduced insulation

100 185 150 450 380

123 230 185 550 450

145 275 230 . 650 550

170 325 . 215 750 650

245 460 395 1050 900

360 825

300 510 : 1175

. 460 1050

362 570 1300

510 1175

420 680 1550

630 1425

525 740 1675

680 ) 1550

Note. — The full insulation values apply to apparatus used on isolated neutral or resonant earthed systems or
non-effectively carthed systems. The reduced insulation values may only be used if the system is effec-
tively earthed. See 1EC Publication 71, Insulation Co-ordination.

SECTION FOUR — RATINGS

14. - Nameplate
14.1 The following information shall be given on the nameplate of each capacitor unit (except as
provided in the note):

Manufacturer.

Identification number.

Rated outpizt, in kilovars (see Sub-clause 14.2).

Rated voltage Uy, in volts or kilovolts.

Rated frequency, in hertz.

Temperature category.

Connection symbol (only for polyphase units (see Sub-clause 14.2),
Insulation level (see Sub-clause 14.3).

Discharge device,.if built in.

PNAL AW

b

A place shall be reserved for the measured capacitance or the measured current at rated
voltage and rated frequency. These measured values may be indicated as absolute values or as
percentages of the values equivalent to the rated output.

Further information which is of importance for the safety of persons or equipment shall be
stated either on the nameplate or in an instruction sheet. In the latter case, the nameplate shall
bear areference to this instruction sheet.
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Note. — For small units where it isimpracticable to indicate all the above itemson the nameplate, the item numbers
7, 8 and 9 may be stated in an instruction sheet. The nameplate shall bear a reference to 'this sheet.

The type of connection shall be indicated by the following symbols:

= delta

/\
Y = star
\IZ

= star, neutral brought out

For three-phase units, the total output shall be given.

= three sections without internal interconnections.
[}

The insulation level shall be marked by means of two numbers separated by a stroke, the first
number giving the r.m.s. value of the power-frequency test voltage, in kilovolts, and the second
number giving the crest value of the impulse test voltage, in kilovolts (for example 28/75).

For units which are notintended for exposed installations (see IEC Publication 71, Insulation
Co-ordination), the second number is replaced by a line (for example 28/—).

Permissible overloads

Maximum permissible voltage
Capacitor units shall be suitable for prolonged operation at an r.m.s. voltage between terminals
not exceeding 1.10 times the rated voltage, excluding transients (see, however, Clause 17).

Maximum permissible current
Capacitor units shall be suitable for continuous operation at an r.m.s. line current not
exceeding 1.30 times the current which occurs at rated sinusoidal voltage and rated frequency

excluding transients.

SECTION FIVE — GUIDE FOR INSTALLATION AND OPERATION

General
Unlike most electrical apparatus, shunt capacitors, whenever energized, operate continuously
at full load or at loads which deviate from- this value only as a result of voltage variations.

Ovcrstressing and overheating shorten the life of a capacitor and therefore the operating
conditions (i.e. temperature, voltage and current) should be strictly controlled.
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It should be noted that the introduction of concentrated capacitance in a system may produce
unsatisfactory operating conditions (e.g. amplification of harmonics, self-excitation of machines,
overvoltages due to switching, unsatlsfactory working of audio-frequency remote-control appar-
atus).

Because of the different types of capacitors and the many factois involved, it is not possible to
cover by simple rules the installation and operation in all possible cases. The following information
is given relative to the most important points to be considered. In addition, the instructions of the
manufacturer and the power supply authorities must be followed, especially those concem}ng the
switching-off of capacitors under light load conditions.

Choice of the rated voltage

In principle, the rated voltage of the capacitor should be equal to theactual service voltage of the

network to which the capacitor is to be connected, account being taken of the influence of the *

presence of the capacitor itself.
In certain networks, a considerable difference may exist between the actual and nominal volt-

ages of the network, details of which should be furnished by the purchaser, so that due allowance

- therefore may be made by the manufatturer. This is a matter of considerable importance -for

capacitors sirice their performance and life may be adversely affected by an undue increass in the
stress on the capacitor dielectric.

Where blocking circuits are inserted in series with the capacitor to reduce the effects of
harmonics, etc. the resultant increase of the voltage at the capacitor terminals above the actual
service voltage of the network will necessitate an equivalent increase in the rated voltage of the

capacitor.
If no information to the contrary is available, the actual service voltage shall be assumed as

equal to the nominal (or declared) voltage of the network.

Notes 1. — An excessive safety margin in the choice of the rated voltage Un should be avoided because this
would result in a decrease in the actual available output when compared with the rated output.

2. — See Sub-clause 15.1 concerning maximum permissible voltage.

When determining the voltage to be expected on the capacitor terminals according to Sub-clause
17.1 the following considerations shall be taken into account:

a) Capacitors cause a voltage rise at the point where they are located; this voltage rise may be
even greater for any harmonics that may be present. Capacitors are therefore liable to operate
at a higher voltage than that measured before connecting the capacitors.

b) The voltage on the capacitor terminals may be particularly high at times of light load; in such -

cases, part orall of the capacitors should be switched off (see also Sub-clause 20.3) in order to
prevent overstressing of the capacitors and undue voltage increase in the network.

Only in case of emergency should capacitors be operated at maximum permissible voltage and
maximum ambient temperature, simultaneously, and then only for short periods of time.
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Operating temperature

Special attention should be paid to the operating temperature of the capacitor because this has a
great influence on the life of the capacitor. In this respect the temperature of the hottest element
is the determining factor, but it is impossible to measure this temperature directly in practical
operation. \

The mean value over 1 h of the cooling-air temperature (see Sub-clause 3.16) should not exceed
by more than 5deg C the ambient temperature shown for the appropriate category in the
second column of the table in Sub-clause 1.2.

Capacitors shall be so placed that there is adequate dissipation by radiation and convection of the
heat produced by the capacitor losses. In this respect, the following points are important:

a) The ventilation of the operating room and the arrangement of the capacitor units shall pro-
vide good air circulation around each unit. This is of special importance for units mounted in
rows above each other.

b) The temperature-of capacitors subjected to radiation from the sun or from any surface at a
high temperature will be increased. Depending on the cooling-air temperature, the intensity
of the cooling and the intensity and duration of the radiation, it may be necessary to choose
one of the following remedies:

i) to protect the capacitors from the radiation;

ii) to choose a capacitor designed for a higher ambient temperature (e.g. category
— 10/+45 °C instead of — 10/+40 °C) or which is otherwise suitably designed;

iii) to employ capacitors with a rated voltage higher than that resulting from Clause 17
(the reduction in reactive power should then be taken into account).

Capacitors for 45 °C are suitable for the majority of applications under tropical conditions. In
some locations, however, the ambient temperature may be such that a capacitor for 50 °C is
required. The latter may also be needed for those cases where the capacitors are frequently sub-
Jected to the radiation of the sun during several hours (e.g. in desert territories), even though
the ambient temperature is not excessive (see Sub-clause 18.25)).

In exceptional cases, the ambient temperature may be higher than 50 °C maximum or 45 °C
daily average. Where it is impossible to improve the cooling conditions, capacitors of a special
design or having a higher rated voltage must be used.

Special conditions

Apart from high ambient temperature, other adverse ‘conditions of use are liable to be met
with in tropical countries. Where the purchaser knows that such conditions are present, the
manufacturer should be informed when the capacitors are ordered. This information should also
be given to the suppliers of all associated equipment for the capacitor installation.

The most important conditions are the following:

a) Frequent occurrence of periods of hi gh relative humidity. It may be necessary to choose equip-
ment for a higher insulation level, or to_use insulators of special design. Attention is drawn
to the possibility of fuses being shunted by a deposit of moisture on their surfaces,



20.

20.1

20.2

20.3

20.4

20.5

b) Rapid mould growth. Metals, ceramic materials and some paints and lacquers do not
support mould growth. When fungicidal materials are used, they do not retain their poison-
ing property for more than several months; in any case, mould may develop in an installation
on places where dust, etc. can settle.

¢) Corrosive atmosphere, which is found in industrial and coastal areas. It should be noted that
in climates of higher temperature the effects of such atmospheres may be more severe than in
temperate climateés.’

d) Attack by insects.

Overvoltages

Capacitors which are liable to be subjected to high overvoltages by lightning should be adequately
protected. If lightning arresters are used, they should be located as near as possible to the capa-
citors. Care should, however, be taken when applying arresters to Jarge banks. Special arresters
may be required to take care of the discharge current from the capacitor.

When a capacitor is permanently connected to a motor, difficulties may arise after disconnecting
the motor from the supply. The motor, while still revolving, may act as a generator by self-
excitation and may give rise to voltages considerably in excess of the system voltage.

This, however, can usually be prevented by ensuring that the capacitor current is less than
the magnetizing current of the motor; a value of about 90 is suggested. As a precaution, live
parts of a motor to which a capacitor is permanently connected should not be handled before the
motor stops. ’

Notes 1. — The possible maintenance of voltage after the machine is switched off is particularly dangerous for
induction generators and for motors with a braking system intended to be operated by loss of
voltage.

2. — In the case where the motor stops immediately after having been disconnected from the supply,
the compensation may exceed the value indicated above,

When a capacitor is connected to a motor associated with a itar-delta starter, the arrangement
should be such that no overvoltage can occur during the operation of the starter.

‘When building up a capacitor bank from a random selection of units, care should be taken to
avoid overvoltages due to the difference in capacitance between the units.. This difference may
be as high as 159 (see Sub-clause 8.2).

It should be considered in each case separately whether the best solution is to avoid voltage
differences on the units or to choose the rated voltage of the units taking into account a certain
voltage increase.
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Also the consequence- of the breakdown of a umit in connection with the method of fault
protection (see Note to Sub-clause 22.4) should be studied.

When voltage difference should be avoided, the units (or group of units) to be connected in.
series shall be chosen so as to conform in capacitance to the greatest possible ext\ent.

In the case of star connected banks with isolated neutral, capacitance difference between
phases will lead to an increase of the voltage across the capacitors in the phase with the smallest
capacitance. Where the capacitance difference is large (e.g. greater than 5%) this voltage increase
should be checked.

2L Overload currents

21.1 Capacitors should never be operated with currents exceeding the maximum value‘ specified in
Sub-clause 15.2.

21.2 Overload currents may be caused either by excessive voltage at the fundamental frequency or by
harmonics, or both. The chief sources of harmonics are rectifiers and saturated transformer cores.

21.3 If the voltage rise at times of light load is increased by capacitors, the saturation of transformer
cores may be considerable. In this case, harmonics of abnormal magnitude are produced, one of
which may be amplified by resonance between transformer and capacitor.

This is a further reason for recommending the disconnection of capacitors at times of light
‘load, as referred to in Sub-clause 17.2 a)andb).

21.4 If ihe capacitor current exceeds the maximum value specified in Sub-clause 15.2, whilst the voltage
is within the permissible limit of 1.10 Un, specified in Sub-clause 15.1, the predominating harmonic
should be determined in order to find the best remedy.

The following remedies should be considered:
a) Moving some or all of the capacitors to other parts of the system.

b) Connection of a reactor in series with the capacitor to lower the resonant frequency of the
circuit to a value below that of the disturbing harmonic (see Sub-clause 17.1).

¢) Increase of the value of the capacitance where the capacitor is connected close to rectifiers.

21.5 The voltage'wave form and the circuit characteristics should be determined before and after
installing the capacitor; in the case where sources of harmonics such as large rectifiers are present,
special care should be taken.

21.6 Transient over-currents of high amplitude and frequency may occur when capacitors are switched
into circuit. Such transient effects aré to be expected when a section of a capacitor bank is switched
in parallel with other sections which are already energized.

It may be necessary to reduce these transient over-currents to acceptable values_ in relation
to the capacitor and to the equipment by switching on the capacitors through a resistor (resis-
tance switching) or by the insertion of reactors in the supply circuit to each section of the bank
(see also Sub-clause 22.2).
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Switching and protective devices and connections

The switching and protective devices and the connections shall be designed to carry continuously
a current of 1.3 times the current which would be obtained with a sinusoidal voltage of r.m.s.
value equal to the rated voltage at the rated frequency. As the capacitor may have a capacitance
equal to 1.1 times the value cotresponding to its rated output (see Sub-clause 8.2), this current may
have a maximum value of 1.3 x 1.1 times the rated current.

Further, harmonic components, if present, may have a greater heating effect than the
corresponding fundamental component, due to the skin effect.

The switching and protective devices and the connections shall be capable of withstanding the
electro-dynamic and thermal stresses which are caused by transient over-currents of high amplitude
and frequency which may.occur at switching on.

Such transient effects are to be expected when a section of a capacitor bank is switched in
parallel with other sections which are already energized.

When consideration of the electro-dynamic and thermal stresses would lead to excessive
dimensions, special precautions, such as teferred to in Sub-clause 21.6, for the purpose of protec-
tion against over-currents should be taken.

Notes 1. — . Fuses in particular should be chosen with adequate thermal capacity.

2. — In certain cases, for example when the capacitors are automatically controlled, repeated switching
operations may recur at relatively short intervals of time, Switchgear and fuses must be selected to
withstand these conditions.

Switching devices specially suited for capacitor switching shall be used. For example, the device

_shall be such that restriking during breaking operations, which may result in high overvoltages,

cannot occur (see also Sub-clause 20.1),

If the movement of the switch contacts during opening and/or closing can be influenced. by
the operator, he should follow the relevant instructions, e.g. to operate the switch as quickly as
possible. [

It is recommended that before deciding upon the type of control device to be used with any
capacitor installation, either the capacitor manufacturer or the switchgear manufac(urer should

be consulted. -

It is recommended that capacitors be protected against over-current by means of suitable over-
current relays which are adjusted to operate the circuit-breakers when the current exceeds the
permissible limit specified in Sub-clause 15.2. Fuses generally do not provide suitable over-current
protection. ‘

" Note. — Over-current protection of a capacitor does not in itself give overvoltage protection, neither in general

does it give protection against internal faults of a capacitor unit.
The protection against internal faults of a capacitor bank built up of a multiplicity of units is especially
necessary. Suitable means should be provided to isolate automatically a faulted unit.

If iron cored reactors are used, attention should be paid to possible saturation and overheating
of the core by harmonics.

Any bad contacts in capacitor circuits may give rise to small sparks causing ,high-frequency
oscillations which may overheat and overstress the capacitors.

Regular inspection of all contacts of the capacitor equipment is therefore recommended.
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Choice of insulation level

The insulation level of a capacitor bank shall be chosen in accordance with that of the system

to which the bank will be connected, from the tables of Clause 13.

A clear distinction should be drawn between the insulation level of the ban\k and that of the
units, )
The following possibilities should be considered:

a) Where the insulation level of the units is equal to that of the bank. This may, for example, be
the case when no series connection of units is used. Extra insulation external to the units
need not be employed. .

b) Where the insulation level of the units is smaller than that of the bank. This is generally the
case when series connection of units is used and then extra insulation external to the units
is necessary. If the voltage distribution between the units and the external insulation is un-
certain, the external insulation should conform to the full insulation level of the bank.

Capacitors connected to systems with audio-frequency remote control

The impedance of capacitors at audio-frequencies is very low. When they are connected to
systems having audio-frequency remote control, overloading of the remote control transmitter

and unsatisfactory working may, therefore, result.

There are various methods of avoiding these deficiencies; the choice of the best method should
be made by agreement between all parties concerned.



APPENDIX A

GENERAL REQUIREMENTS CONCERNING IONIZATION MEASUREMENTS

To obtain maximurm sensitivity, it is desirable that the circuit of the test capacitor should. be tuned to a
frequency within the pass-band of the measuring apparatus. The output signal from this apparatus is
taken as a measure of the ionization.

the circuit in any convenient manner, if necessary after substituting an ionization-free capacitor (of sub-
stantially the same capacitance) for the capacitor under test. ’

The sensitivity of the apparatus should be such that current impulses from the discharge of 50 pC,
repeated each half-cycle of the supply frequency, can be clearly detected above the background noise,

49
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APPENDIX B

COMPUTATION OF THE OUTPUT OF THREE-PHASE CAPACITQRS FRO\VI THREE
SINGLE-PHASE CAPACITANCE MEASUREMENTS

The capacitances measured

between any two line terminals of a three-
delta or star connection are den

oted as C,, C, and C,.
If the requirements for symmetry lai

d down in Sub-clause 8.3 are fulfilled,
‘capacitor can be computed with sufficient accuracy from the formula:

phase capacitor of either

the output P of the

P=3(C+CG+CloU? x 103
Where:
Co» Cyand C, are expressed in microfarads

U, is expressed in kilovolts,
P is expressed in kilovars.
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INSULATING OILS FOR POWER CAPACITORS

NISSIN ELECTRIC CO.,LTD.

As it is well known, PCB ( poly chlorinated Biphenyl ... Askaral)
'is one of the best insulating liquids for oil impregnated or oil immersed
electrical equipments. Especially this material is considered the best R
"dielectrics available for power capacitors, because it is not only non-
inflammable but also quite stable and superb in electrical characteristics.
However, PCB became the object of public attention as one of the
enviropment polluting substances, and the use of PCB was legally prohibited
_in 1972 in Japan. ;
As substitutes for PCB, AHC oils such as AN, ADE, etc. have been
*developed by us in Japan first in the world and have now become the main
stream.
New synthetic oils to substitute PCB are now specified in the
Japanese Industrial Standard, JIS C 2320 .revised. in l978|, a first standard
in the world to cover these oils.
Capa'citor oils now being used in Japan are Aromatic hydrocarbon (AHC)
0il such as AN (JIS C 2320-1978R, Type 4), and ADE (JIS C 2320-1978R, Type 5).
Characteristics of the insulating oil used by Nissin are summarized
as shown in attached‘table for comparison with other type of capacitor
dielectrics.
This impregnant is the aromatic hydrocarbon type oil of only carbon
and hydrogen (not include chroline). Therefore, Nissin capacitor units have no
sevére disposal limitations other than normal good industrial practices for

chemical materials as mineral oil for transformer.



2.

52

PROPERTIES OF PXE

Electrical properties

This oil has slightly higher dielectric constant than conventional

mineral oils.

Dielectric strength resistivity and power factor are excellent.
Stability

Oxidation stability is good, especially thermal stability is superior
to conventional synthetic insulating .fluids.

Gas absorption

Hydrogen gas absorption ability is especially excellent in comparison
with those of mineral insulating oils and this oil has an excellent
performance under high stress and partial discharges.

Corrosiveness

Since no materials corrosive to neéals, such as sulfur or acidic
substances are contained, the teét result for corrosive sulfur is indicated
as noncorrosive. |
Toxicity ¢

It has -been confirmed that this oil has non-toxicity, therefore
the 0il can be handled in the same manner as for ordinary mineral
insulating oils.

Biodegradability

As this 6il can be easily decomposed by microorganism, there is no
envircnmental pollution problem such as caused by polychlorinated
Biphenyls.

Note As regards detail information of Health and envircnmental

assesment, please refer to Technical paper No. HB-10-76M (issued

* by NIPPON OIL CO.,LID. )
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CHARACTERISTICS OF MATERIAL FOR CAPACITOR

NISSIN ELECTRIC CO.,LTD.
1. Synthetic film (Polypropylene) [JIS C 2330-1978]
i) Physical and chemical properties

. Density : 0.91 +0.01
. Tensile strength ' : 15~ 25 kg/mn2
ii) Electrical propreties ' ‘
. Dielectric 16ss (20°C) : 0.002~0.05%
. Volume resistivity : 1016~ 1020.0. -am -
. Dielectric constant (20°C) : 2.1~2.2 -
. Dielectric strength (AC) : 300~400 kV/mm
2. Insulation paper [JIS C 2302-1978]
i) Physical and chemical properties
. Density : 0.78 g/cm3
. Impermeability ¢ _less than 10 cc/5 min
_ (by creiner porosity-meter)
. Tengsile strength : above 6.0 kg/nm2 in winding directic
ii) Electrical properties (impregnated pébe.r) ’ '
. Dielectric loss (100°C) : 0.17%
- Insulation resistance (100°C) : 100 QF
. Dielectric constant ( 20°C) s 3) 3 +0.25
. Dielectric strength (DC) ¢ 150 kV/mm
3. Insulation oil [JIS C 2320-1978] B 2 ) ,»
- Phenylxylyl ethane !
i) Physical and chemical properties (BXE) ;
- Specific gravity (15/4°C) : 0.99 +0.01 oH f
. Pour point :  -47.5°C (::>_.é§ CH3;
. Flash point : 150°C 3 }Ii CHB '
. Viscosity (30°C) X : 7.7 Cst T - ;

. Total acid value 0.01 mg KOH/g

ii) Electrical properties

. Dielectric loss ( 80°C) ¢ 0.011
. Dielectric cénstant (80°CYy : 2.5
. Volume resistivity (80°C) : 9.4 x 104
. Dielectric strength ( kv/2.5rm) : 80 -+
4. Al foil [JIS H 4160-1974]
. Class : 1IN 30 No: : AIN30H-O
L - Chemical comporient -
Al ..... above 99.30
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