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INTERNATIONAL‘ ELECTROTECHNICAL COMMISSION

-

SHUNT CAPACITORS FOR A.C. POWER SYSTEMS HAVING
A RATED VOLTAGE ABOVE 660 V

Part 1: General
Performance, testing and rating - Saf ety requirements -
Guide for installation and operation

FOREWORD

1) The formal decisions or agreements of the IEC 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. ’ %

2) They have the form of recommendations for international use and they are accepted by the National Commitiees in that
sense. .

3) Inorder to promote international unification, the IEC expresses the wish that all National Committees should adopt the
text of the IEC recommendation for their national rules in so far as national conditions will permit. Any divergence
between the IEC recommendation and the corresponding national rules should, as far as possible, be clearly indicated in
the latter. \

4) The 1EC has not laid down any procedure concerning marking as an indgtion of approval and has no responsibility
when an item of equipment is declared to comply with one of its recommendations. .

PREFACE

This standard has been prepared by 1EC Technical Committee No. 33: Power Capacitors.

The text of this standard is based on the followin g documents:

Six Months’ Rule Report on Voting

33(CO)70 33(C0O)79

Further information can be found in the Report on Voting indicated in the table above.

The foliowing 1 E C publications are quoted in this standard:

Publications Nos. 50 (436): International Electrotechnical Vocabulary, Chapter 436: Power Capacitors (in prepa-
ration).
60: High Voltages Test Techniques.
- 71: Insulation Co-ordination.
- 71-1(1976): Part }: Terms, Definitions, Principles and Rules.
71-2(1976): Part 2: Application Guide.
99: Lightning Arresters.
110 (1973): Recommendation for Capacitors for Inductive Heat Generating Plants Operating at
Frequencies between 40 and 24 000 Hz.
143 (1972): Series Capacitors for Power Systems. -
252(1975). A.C. Motor Capacitors.
- 358(1971): Coupling Capacitors and Capacitor Dividers.
549 (1976): High-vcltage Fuses for the External Protection of Shunt Power Capacitors.

.

566 (1982): Capacitors for Use in Tubular Fluorescent and other Discharge Lamp Circuits.

593 (1977): Internal Fuses and Internal Overpressure Disconnectors for Shunt Capacitors.
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SHUNT CAPACITORS FOR A.C. POWER SYSTEMS HAVING
A RATED VOLTAGE ABOVE 660 V

Part1 :'General
Performance, testing and rating - Safety requirements -
Guide for installation and operation

SECTION ONE — GENERAL

1. Scope

This standard is applicable to capacitor units and capacitor banks intended to be used in
particular for power-factor correction of a.c, power systems having a rated voltage above
660 V and a frequency of 15 Hz to 60 Hz. .

Itis also applicable to capacitors intended for use in power filter circuits.

Notes 1. — Additional definitions, requirements and test for filter capacitors are given in Appendix C,

2. — Additional requirements for capacitors to be protected by internal fuses, as well as requirements for the
internal fuses, are givenin IEC Publication 593. s

3. — Requirements for capacitors to be protected by external fuses, as well as requirements for the external
fuses, are given in Appendix D.

4. — This standard is not applicable to high-voltage capacitors composed of low-voltage capacitors of the
self-healing metallized dielectric type. Additional definitions, requirements and tests for self-healing
capacitors will be found in the future 1EC Publication XXX.

5. — The following are also excluded from this standard: .
— Shunt capacitors for a.c. power systems of up to and including 660 V rated voltage (IEC Publi-
cation XXX, in preparation). .
— Capacitors for induction heat-generating plants, operating at frequencies between 40 Hz and
24000 Hz (1EC Publication 110). d

— Series capacitors (1EC Publication 143).
~ Capacitors for motor applications and the like (IEC Publication 252).

— Coupling capacitors and capacitor dividers (1EC Publication 358). >
— Capacitors to be used in power electronics circuits (I1EC Publication YYY (under consideration)).

— Smalla.c. capacitors to be used for fluorescent and discharge lamps (IEC Publication 566).

— Capacitors for suppression of radio interference (1EC Publication ZZZ (under consideration)).

- ~— Capacitors intended to be used in various types of eletrical equipment and thus considered as
components.
— Capacitorsintended for use with d.c. voltage superimposed on the a.c. voltage.
6. — Accessories, such as insulators, switches, instrument transformers, external fuses, etc., shall comply with
the relevant 1EC standards.

2. Object
- The object of this standard is:, -
a) to formulate uniform rules regarding performance, testing and rating;

b) to formulate specific safety rules;
¢) to provide a guide for installation and operation.
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3. Definitions

3.1

32

33

34

3.5

3.6

3.7

3.8

For the purpose of this standard, the following definitions apply:

Capacitor element (or elem ent*)
Adevice consistin g essentially of two electrodes separated by a dielectric (IEV 436-01-03 *).

Capacitor unit (or unit) .
An assembly of one or more capacitor elements in the same container with terminals
brought out (IEV 436-01-04).

Capacitor bank (or bank) .
Anumber of capacitor units connected so as to act together (IEV 436-01-06).

Capacitor _
Inthis standard, the word “capacitor” is used when it is not necessary to lay particular stress
upon the different meanings of the word “capacitor unit” or “capacitor bank™,

Capacitor installation
A capacitor bank and its accessories (IEV 436-01 -07).

Discharge device of a capacitor \

A device, which may be incorporated in a capacitor, capable of reducing the voltage
between the terminals effectively to zero within a given time, after the capacitor has been
disconnected from a network (IEV 436-03-15).

Internal fuse of a capacitor ¢
A fuse connected inside a capacitor unit, in series with an element or a group of elements
(IEV 436-03-16). .

Line terminals
Terminals to be connected to the lines (IEV 436-03-01).

Note. — In polyphase capacitors, a terminal intended to be connected to the neutral conductor is not considered to
be a line terminal,

3.9 Rated capacitance of a capacitor (CN)

3.10

341

3.12

The capacitance value for which the capacitor has been designed (IEV 436-01-12).

Ratedoutput of a capacitor (Qy)
The reactive power derived from the rated values of capacitance, frequency and voltage (or
current) (IEV 436-01-15).

Ratedvoltage of a capacitor (Uy)
The r.ms. value of the alternating voltage for which the capacitor has been designed

(IEV 436-01-16).

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

For polyphase capacitors with internal electrical connections between the phases, and polyphase capacitor
banks, Uy refers to the phase-to-phase voltage.

Rated frequency of a capacitor (fy)
The frequency for which the capacitor has been designed (IEV 436-01-14).

* IEC Publication 50(436). (In preparation.)
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3.13  Rated current of a capacitor (I\)

The r.m.s. value of the altemating'currcnt for which the capacitor has been designed
(IEV 436-01-13). - Ca T

3.14 Capacitor losses
The active power dissipated by a capacitor (IEV 436-04-10).

Notes1. — All loss-producing components should be included:
— for example for a unit, losses from dielectric, internal fuses, discharge device(s), connections, etc.;

— for example for a bank, 1osses from units, external fuses, busbars, discharge and damping reactors,
etc.
2. — The capacitor losses may be recalculated as an equivalent series resistor to the unit and /or bank.

3.15 Tangent of the loss angle ((lan 6) of a capacitor

The ratio between the equivalent series resistance and the capacitive reactance of a capa-
citor at specified sinusoidal alternating voltage and frequency (IEV 436-04-1 1).

"3.16  Maximum permissible voltage of a capacitor
The maximum r.m.s. alternating voltage which a capacitor can withstand for a given time in
specified conditions (IEV 436-04-07).

3.17 Maximum permissible current of a capacitor
The maximum r.m.s. alternating current which a capacitor can carry for a given time in
specified conditions (IEV 436-04-09).

3.18 Ambient air temperature
The temperatureof the air at the proposed location of the capacitor.

3.19 Cooling air temperature :

The temperature of the cooling air measured at the hottest position in the bank, under
steady-state conditions, 'midway between two units. If only orie unit.is involved, it is the
temperature measured at a point approximately 0.1 m away from the capacitor container and
at two thirds of the height measured from its base. :

3.20 Steady-state condition
Thermal equilibrium attained by the capacitor at constant output and at constant ambient
air temperature.

3.21 Residual voltage
The voltage remaining on the terminals of a capacitor at a_certain time following discon-
nection. -

4. Service conditions .

4.1 Normal service conditions
This standard gives requirements for capacitors intended for use in the following condi-
tions: ‘
a) Residual voltage at energization.
Not to exceed 10% of rated voltage (Clause 21, Clause 31, Sub-clause 19.2 and
Appendix A).
b) Altitude.
Not exceeding 1 000 m.
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4.2

¢) Ambient air temperature categories.
Capacitors are classified in temperature categories, each category being specified by a
number followed by a letter. The number represents the lowest ambient air temperature at
which the capacitor may operate. The letters represent upper limits of temperature varia-
tion ranges, having maximum values specified in Table I.

The temperature categories cover a total temperature range from —50°C to +55°C.

The lowest ambient air temperature at which the capacitor may be operated should be
chosen from the five preferred values +5°C, 5 °C, =25°C, —40°C, —-50°C.

Note. — With the agreement of the manufacturer, the-capacitor may be used at a Jower temperature than the limits
above, provided that energization takes place at a temperature at or ebove these limits (Sub-clause 29. 1).

Table I is based on service conditions in which the capacitor does not influence the ambient
air temperature (for example outdoor installations).

TABLE 1
Ambient air temperature C)
Symbol 5 :

Maximum Highest mean over any period of
24h I year

A 40 30 20

B 45 35 25

C 50 40 30

D 55 45 35

Note. — The temperature values according to Table I can be found in the meteoro-
logical temperature tables covering the installation site.

If the capacitor influences the air temperature, the ventilation and/or choice of capacitor
shall be such that the cooling-air temperature in the installation does not exceed the tempera-

ture limits of Table I by more than 5°C.

Any combination of minimum and maximum values can be chosen.for the standard
temperature category of a capacitor, for example —40/A or —5/C. Preferred standard
temperature categories are: —40/A, —25/A,-5/A and -5/C.

Unusual service conditions

Unless otherwise agreed between manufacturer and purchaser, this standard does not
apply to capacitors, the service conditions of which, in, general, are incompatible with the
requirements of the present standard.

N
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SECTION TWO — QUALITY REQUIREMENTS AND TESTS

5. Test requirements - -

5.1

5.2

6.1

6.2

General
This section gives the test requirements for capacitor units.

Supporting insulators, switches, instrument transformers, external fuses, etc. shall be in
accordance with relevant 1 EC standards.

Test conditions . .
Unless otherwise specified for a particular test or measurement, the temperature of the
capacitor dielectric shall be in the range +5°Cto +35°C. - ’ ’

When a correction has to be applied, the reference temperature to be used is +20 °C, unless
otherwise agreed between the manufacturer and the purchaser.

It may be assumed that the dielectric temperature of the capacitor unit is the same as the
ambient temperature, provided that the capacitor has been left in an unenergized state at a

constant ambient temperature for an adequate period. -

The a.c. tests and measurements shall be carried out at a frequency of 50 Hz or 60 Hz inde-
pendent of the rated frequency of the capacitor, if not otherwise specified.

Classification of tests
The tests are classified as routine tests, type tests and acceptance tests.

Routine tests
a) Capacitance measurement (Clause 7).
b) Capacitor loss tangent (tan 6) measurement (Clause 8).
¢) Voltage test between terminals (Clause 9).
d) A.C.voltage test between terminals and container (Clause 10).
e) Test of internal discharge device (Clause 11).
J) Sealing test (Clause 12).
Routine tests shall be carried out by the manufacturer on every capacitor before delivery.
On request, the purchaser shall be supplied with a test report.
The test sequence above is not mandatory.
Note. — If agreed between purchaser and manufacturer a short-circuit dischgrge test may be carried out as a routine
test. The test parameters shall also be agreed upon.
Type tests
a) Thermal stability test (Clause 13).
b) Capacitorloss tangent (tan ) measurement at elevated temperature {Clause 14).
¢) A.C.voltage test between terminals and container (Clause 15).
d) Lightning impulse voltage test between terminals and container (Clause 16).

e) Short-circuit discharge test (Clause 17).

Type tests are carried out in order to ascertain that, as regards design, size, materials and
manufacture, the capacitor complies with the characteristics and operational requirements
specified in this standard. -

Unless otherwise specified, every capacitor sample to which it is intended to apply the type
test shall first have withstood satisfactorily the application of all the routine tests.
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The type tests shall be made upon capacitors of a design identical with that of the capacitor
to be supplied or on capacitors of design and processing that do not differ from it in any way
that might influence the properties to be checked by the type test.

It is not essential that all type tests be carrled out on the same capacitor unit; théy may be
carried out on different units having the same characteristics.

The type tests shall be carried out by the manufacturer, and, on request, the purchaser shall
besupplied with a certificate detailing the results of such tests.

6.3 Acceptance tests

The routine and/or type tests, or some of them, may be repeated by the manufacturer in .
connection with any contract by agreement with the purchaser. '

The number of samples that may be subjected to such tests, and the acceptance criteria,
shall be subject to agreement between manufacturer and purchaser, and shall be stated in a
contract. ‘

7. Capacitance rﬁeasurement (routine test)

7.1

7.2

Measuring procedure

The capacitance shall be measured at 0.9 to 1.1 times the rated voltage; using a method that
excludes errors due to harmonics. N

Measurement at another voltage is permitted, provided that appropriate correction factors
areagreed upon between the manufacturer and the purchaser.

The final capacitance measurement shall be carried out after the voltage test (Clauses 9
and 10).

In order to reveal any change in capacitance, for example due to puncture of an element, or
failure of an internal fuse, a preliminary capacitance measurement shall be made, before the
other electrical routine tests. This preliminary measurement shall be performed with a
reduced voltage not higher than 0.15 Un.

The accuracy of the measuring method shall be such that the tolerances according to Sub-
clause 7.2 can be met. If agreed upon, a higher accuracy may be required and in such a case
the accuracy of the measuring method shall be stated by the manufacturer.

The repeatability of the measuring method shall be such that a punctured element or an
operated internal fuse can be detected.

Notes 1. — For polyphase capacitors the measuring voltage shall be adjusted to give 0.9 to 1.1 times rated voltage
across eath element. .
2. — The manufacturer shall, by agreement, provide curves or tables showing:

— the capacitance under steady-state conditions at rated outputas a function of ambient temperature
within the temperature category;

— the capacitance as a function of the dielectric temperature within the tempcratixrc category.

Py

Capacitance tolerances
. The capacitance shall not differ from the rated capacitance by more than:
—5%to +15% for capacitor units or banks containing one unit per phase;

—5%to +10% for banks up to 3 Mvar total rating;
0%to +10% for banks from 3 Mvar to 30 Mvar total rating;

0%to +5% for banks above 30 Mvar total rating.
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The capacitance value is that measured under the conditions of Sub-clause 7.1
In three-phase units and basks, the ratio of maximum to minimum values of capacitance
measured between any two line terminals shell not exceed 1.08. '

Notes]. — See also Sub-clause 31.5 concerning tolerarices.

2. — A formula for the calculation of the output of a three-phase capacitor from single-phase capacitance
measurements is given in Appendix A.

3. — For banks above 3 Mvar total rating, closer tolerances for output and phase capacitance ratios may be
agreed between manufacturer and purchaser.

4. — Smaller ratios of maximum to minimum value of the phase capacitances may be peeded in star
connected banks with isolated neutral; see Sub-clause 31.5. . .

8. Capacitorloss tangent (tan 5) measurement (routine test)

8.1 Measuring procedure C .

The capacitor losses (tan &) shall be measurd at 0.9 to 1.] times rated voltage using a )
method that excludes errors due to harmonics. The accuracy of the measuring method and the
correlation with the values measured at rated voltage and frequency shall be given.

NotesI. — For polyphase capacitors the measuring voltage shall be adjusted to give 0.9 to 1.1 times rated voltage
across each element.
2. — The tan & value of certajn types of dielectric is a function of the energization time before the measure-
ment.
8.2 Loss requirements ,
The requirements regardin g capacitor losses may be agreed upon between manufacturer
and purchaser.
The value of capacitor losses is that measured under the conditions of Sub-clause 8.1.

Note. — The manufacturer should, by agreement, provide curves or tables showing the capacitor losses (or tan 5)
under steady-state condition at rated output as a function of ambient temperature within the temperature

category.

9. Voltage test between terminals (routine test)

Every capacitor shall be subjected for 10 to either the test of Sub-clause 9.1 or that of Sub-
clause 9.2. In the absence of an agreement, the choice is left to the manufacturer. During the
test, neither puncture nor flashover shali occur.

9.1 A.C. test
Thea.c. test shall be carried out with a substantially sinusoidal voltage of:

U=215Uy

- In the United States of America the value Ui = 2.0 Uy is used.

Notes1. — Other tountries may use the value U, = 2.0 Uy only if agreed between purchasef and manpfacturer.
2. — If the capacitors are to be re-tested after delivery a voltage of 75% of U, is recommended for the second

test.

3. — For polyphase capacitors, the test voltage shall be adjusted to give the appropriate voltage across each
element.

4. — Units having internal element fuses, and within the capacitance tolerances in spite of one or more

operated element fuses, may only be delivered after agreement between purchaser and manufacturer.

5. — When the impedance of capacitor units or banks having earthed neutrals is too high to efTectively
modify system overvoltages and the banks are not protected in accordance with Sub-clauses 31.2 and
34.2, the test voltages for units shall be equal to the appropriate power frequency withstand test voltage
from Tables I11A, HIB and IV. If the units in the bank are connected in series the test voltage shall be in

proportion.



871-1 © IEC 1987 - 23—

9.2

10.

11.

12

13.
13.1

D.C. test
The test voltage shall be:
b Ui=43 Uy *
Notes 1. — See Sub-clause 9.1, Note 2. *
2. — See Sub-clause 9.1, Note 3.

3. — See Sub-clause 9.1, Note 4.

4. — See Sub-clause 9.1, Note 5, the test voltage, however, being d.c. and haviné a value of 2.0 (4.3/2.15)
times the value according to Note 5 of Sub-clause 9.1.

A.C. voltage test between terminals and container (routine test)

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

The value of the test voltage shall be chosen according to Clause 18. ~

During the test, neither puncture nor flashover shall occur.

The test shall be performed, even if one of the terminals in service is intended to be
connected to the container. ) ’

Units having one terminal permanently connected to the container shall not be subjected to
this test. B

Units with separate phases shall be subjected to voltage tests between phases of the same
value asfor the terminals to container test. : E

Test of internal discharge device (routine test)

The resistance of the internal discharge device, if any, shall be checked by a resistance
measurement (Clause 21 and Appendix A). 7 :

The method may be selected by the manufacturer.

The test shall be made after the voltage test of Clausé 9.

Sealing test (routine test)
Unenergized capacitor units shall be heated throughout so that, for at least 2 h, all parts
reach a temperature not lower than 20°C above the maximum value in Table 1. .

No leakage shall occur.
It is recommended that a suitable leakage indicator be used.

Thermal stability test (type test) .

General
THiis test is intended to:
a) determine the thermal stability of the capacitor under overload conditions;

* b) condition the capacitor to enable a reproducible loss measurement to be made.

13.2

Measuring procedure
The capacitor unit subjected to the test shall be placed between two other units of the same
rating which shall be energized at the same voltage as the test capacitor. Alternatively, two
dummy capacitors each containing resistors may be used. The dissipation in the resistors shall
be adjusted to a value such that the case temperature of the dummy capacitors near the top
opposing faces are equal to or greater than those of the test capacitor. The separation between
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the units shall be equal to or less than the normal spacing. The assembly shall be placed in still
air in a heated enclosure in the most unfavourable thermal position according to the manufac- -
turer’s instructions for.mounting on site. The ambient air temperature shall be maintained at
the appropriate temperature shown in Table [I. It shall be checked by means of a thermometer
having a thermal time constant of approximately 1 h. This thermometer shall be shielded so
that it is exposed to the minimum possible thermal radiation from the three energized

samples.
TABLE II
Symbol . Ambicnt air temperature (°C)
A 40
B 45
C 50
D 55
Temperature tolerance: £2°C

The test capacitor shall be subjected for a period of at least 48 h, to an a.c. voltage of
substantially sinusoidal form. The magnitude of the voltage shall be kept constant throughout
the test. Its value is computed from the measured capacitance (Sub-clause 7.1) to give a calcu-
lated output of the capacitor equal to 1.44 times its rated output. g

During the last 6 h the temperature of the container near the top shall be measured at least
four times. Throughout this period of 6 h, the temperature shall not increase by more than
1°C. Should a greater change be observed, the test shall be continued until the above
requirement is satisfied for four consecutive measurements during a subsequent 6 h period.

Before and after the test the capacitance shall be measured (Sub-clause 7.1) within the
temperature range according to Sub-clause 5.2 and the two measurements shall be corrected
to the same dielectric temperature. The difference between the two measurements shall be less
than an amount corresponding to either breakdown of an element or operation of an internal
fuse.

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

— the reproducibility of the measurements;

— the fact that internal change in dielectric may cause a small change of capacitance, without
puncture of any element of the capacitor or operation of an internal fuse having occurred.

Notes I. — When checking if the temperature conditions are satisfied, fluctuations of voltage, frequency and
cooling-air temperature during the test should be taken into account. For this reason, it is advisable to
- _ plotthese parameters, and the temperature rise of the container as afunction of time.

2. — Units intended for 60 Hz installation may be tested at 50 Hz and units intended for 50 Hz may be tested
at 60 Hz provided that the specified output-is applied. For units rated below 50 Hz the test conditions -
should be agreed between purchaser and manufacturer.

14.  Capacitor loss tangent (tan §) measurement at elevated temperature (type test)

14.1 Measuring procedure
The capacitor losses (tan &) shall be measured at the end of the thermal stability test
(Clause 13). The measuring voltage shall be that of the thermal stability test.
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l4.§ Reguirements

I5.

I6.

16.1

The value of tan § measured in 'accordancs: with Sub-clause 14:1 shall not exceed the value
declared by the manufacturer, or the value agreed upon between manufacturer and purchaser.

A.C. voltage test between terminals and container (type test)

Units having all terminals insulated from the container shall be subjected to a test
according to Clause 18 with a duration of 1 min.

Tests on units having one terminal permanently connected to the container shall be limited
to the bushing(s) and container (without elements). .

The test is dry for units to be used indoors, and with-artificial rain (see IEC Publication 60:
High-voltage Test Techniques) for units to be used outdoors.

The positions of the bushings when subjected to a test under artificial rain shall correspond
to their position in service.
During the test, neither puncture nor flashover shall occur.

Note. — Units intended for outdoor installation may be subjected to only a dry test if the manufacturer can supplya
scparate type test report showing that the bushings will withstand the wet test voltage for 1 min. The
position of the bushings in this separate type test should correspond to their position in service.

Lightning impulse test between terminals and container (type test)
This test is applicable to units according to the following requirements:

— units having all terminals insulated from the container and intended for connection to
overhead lines shall be tested in accordance with Sub-clause 16.1;

— units having one terminal connected to the container and units not intended for
connection to overhead lines shall be tested according to Sub-claiise 16.2 on a model unit
only.

The lightning impulse test shall be made in accordance with 1EC Publication 60 but with a
wave-shape of (1.2 to 5)/50 ps having a crest value corresponding to the insulation level of the

unit according to Clause 18.

The absence of failure or partial breakdown during the test shall be verified by a
cathode-ray oscilloscope which is used to record the voltage and to check the wave-shape.

Test on a standard unit
Fifteen impulses of positive polarity followed by 15 impulses of negative polarity shall be
applied between bushings joined together and the container.
After the change of polarity it is permissible to apply some impulses of lower amplitude
before the application of the negative impulses. .
The capacitor is considered to have passed the test if:
— no puncture has occurred;
— not more than two flashovers have occurred at each polarity;
— the wave-shape has revealed no irregularities, or the wave-shape recorded at a reduced
voltage (i.e. at 50% to 70% of the test voltage) does not differ significantly from that
recorded at test voltage.
Alternatively the standard unit shall be subjected to tliree positive impulses applied
between bushings joined together and the container. The above acceptance criteria are appli-
cable except for that no flashover is permitted.
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162 Test on a model unit

17.

18.
18.1

182

The model unit shall be equipped with bushing(s), shall have ‘the internal bushing
connection wire equipped with its standard insulation, shall be filled with impregnant but
shall contain no elements. The internal bushing connection wire may be either bent in a
U-shape between the bushings or equipped with an electrical stress relieving device. '

The model un.it shall be tested and accepted according to Sub-clause 16.1.

Short-circuit discharge test (type test)

The unit shall be charged by means of d.c. 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.

The test voltage shallbe 2.5 Un. -
Within 5 min after this test, the unit shall be subjected to a voltage test between terminals
(Clause 9).

The capacitance shall be measured before the discharge test and after the voltage test. The .
differences between the two measurements shall be less than an amount corresponding to
either breakdown of an element or operation of an internal fuse. -

Note. — The purpose of the discharge test is to reveal deficiencies in the internal connections.

SECTION THREE — INSULATION LEVELS

Insulation levels

Standard values
The insulation levels of the capacitor units and of the capacnor installation shall be chosen
from the standard values prescribed by 1EC Publication 71-1.

The standardized values of the highest voltage for equipments are divided into three ranges:

— Range A: Voltage less than 52 kV. The prescribed values from IEC Pubhcatlon 71-1 are
supplemented by two values of the highest voltage for equipment (1.2 kV and
2.4 kV) which are given in Table I1IA (current practice in most European and
several other countries).
- Values based on current practice in some North-American and other counmcs
are given in Table IIIB for voltages up to 52kV.

— Range B: From 52 kV to less than 300 kV. The prescribed valucs from IEC Publi-
cation 71-1 are given in Table IV.

— Range C: 300 kV and above. The prescribed values from IEC Publication 71-1 are given
in Table V.

Insulation levels of capacitor units
For insulation levels of capacitor units connected in single-phase systems see Sub-
clause 18.4.
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18.2.1  Units with full insulation to container

Units having containers connected to earth and having ‘'on¢ bushing connected to line
potential (the other bushing(s) being connecied to line and/or isolated neutral) shall have an
insulation level according to Table I11A or Table 111B.

Note. — Thesame requirement is also applicable to series connected units having earthed containers.

18.2.2  Units with containers insulated from earth .
This sub-clause applies to units mounted on insulated racks in banks with either isolated or
earthed neutrals.

The power frequency test voltage of the insulation to the container shall be calculated
according to the following formula:

© Uy=215Uy-n
where:
U, = powerfrequency testvoltage
Uy = rated voltage of the capacitor

n = number of units in series relative to the metal rack to which the containers are connected (for example if six
units are series connected in one rack with the centre point connected to the rack, nis 3)

The same test level U shall be used as a minimum requirement for busbar and mter-rack
insulators which are in parallel with the unit(s) (see Sub-clause 18.3.2).

Note. — If the rack is not connected to one of the electrical interconnectionis between capacitors units, the power
frequency test voltage U, should be agreed upon.

18.3  Capacitor banks, star and delta connected

18.3.1 Insulation to earth (banks with isolated neutral only)

The bank shall have full insulation to earth accordmg to Table IIIA Table I1IB, Table IV
or Table V.

18.3.2 Insulation across each phase of the capacitor bank

Each insulation across parts of a phase or insulation to earth of the whole phase of the bank
shall have its insulation level determined according to the formula of Sub-clause 18.2.2.
However, nin this case corresponds to the number of units which span this insulation.

Note. — When damping reactors are connected in series with the capacitor bank, either at the earthed or insulated
neutral point or in the line connections, their insulation levels should be equal to that of the supply system.

18.3.3  Phase-to-phase insulation of the capacitor bank
Insulation between line connections shall have an insulation level accordmg to Table IIIA,
Table I11B, Table IV or Table V. -
Insulation between racks (units, connections, etc.) mounted in different phases shall be
designed to have an appropriate proportion of the whole insulation.

Note. — If the damping reactors are connected as described in the note of Sub-clause 18.3.2 the insulation between
phases should not be impaired. .

18.4  Units and/or banks connected to single phases -
Units and/or banks connected to single phases shall have their insulation levels chosen as
follows:

18.4.1 Connection to two lines of a three-phase system
Insulation levels, test voltages, etc., shall be chosen as for a complete three-phase bank.
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Connection to a true single-phase system

-

Two possibilities exist: ]
if connected between line and earth the insulation levels for the unit/bank shall be chosen
as if this was a line-to-earth phase of a three-phase system having a line-to-line voltage
equal to V3 times the line-to-earth voltage of the single-phase system;

if connected between potentials isolated from earth the unit/bank shall have the same
insulation levels as a unit/phase of a bank which is delta-connected in a three-phase

system.

TABLE 1IIA
Standard insulation levels for Uy, < 52kV

Serie I (based on current practice in most European and several other countries)

Highest voltagl}: for equipment Rated lightning xrr(:s:al;e) withstand voltage Ratesdh;;;\v;;rfargg:ency
« mms ) withstand voltage
e List 1 List2 (r.m.s.)

3% 3% kV =y kv
1.2 - 251 6
24 - 354 8
3.6 20 40 10
7.2 40 60 20
17.5 75 95 38
24 95 125 50
36 145 170 70

1) Does not apply to non-exposed circuits.

The choice between the values of List 1 and List 2 may be made, taking into account the

information given in IEC Publications 71-1 and 71-2.

TABLE IIIB -
Standard insulation levels for Un < 52kV

Serie I1 (based on current practice in some North American and other countries)

_ Highest voltage for equipment Rated lightning impulse Rated power-frequency short
- Un withstand voltage duration withstand voltage
(r.m.s.) (peak) - (r.ms.)
kv kv kV
1.30 30D 6
2.75 451 13
5.5 75 24
15.5 95 30
19.8 125 36
21.5 150 50
38.0 200 70
483 250 95

1) Does not apply to non-exposed circuits.
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TABLE 1V

Standard insulation levels for 52 kV< Up < 360 kV

1 2 3 4
Highest voltage Base for per unit Rated lightning impuise Rated power-frequency
for equipment (p.u.) values withstand voltage short duration withstand
U U Y2 “voltage
" V3
(r.ms.) (peak) (peak) (r.m.s.)
kv kv kV ' kv
52 ~ 425 250 95
725 59 325 140
123 100 450 185
145 118 =] 550 230
170 139 650 - 275
245 = 200 -§\ 750 : 325
850 360
§ 950 395
1050 460

The table associates one or more recommended insulation levels with each standard value
of the highest voltage for equipment.

Intermediate test voltages shall not be employed.

Several insulation levels may exist in the same system appropriate to installations situated
in different locations or to various equipments situated in the same installation. For the
selection of the insulation given by the level in relation to the particular conditions of the
installation, see IEC Publication 71.
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"TABLE V
S tandagd‘insulation levels for Un > 300 kV

.

1 2 3 4 5 6
Highest Base for p.u. Rated switching impulse Ratio between rated Rated lightning
volt.agc for values withstand voltage lightning and impulse withstand
equipment V2 switching impulse voltage
U, "3 withstand voltages
(r.m.s.) (peak) (peak) (peak) -
kV 3% pu. kv kv

00—

362 —mM————

920 ——p——

525 —m4———

: LI3——1 850
. e
| —3.06 750
N—127

245 : >9so
112
296 \ ' >x 050
: L1 ———

L —2.76 —— 24—

343 < - | >
_> 1050 € 1.24

| —2.45 —— \ _> 1300

429

A

N—12.74 1175/ : 1425
N o——= 41—

132 ——ro
et 119 —— [~ 1550

|, —2.08 {300
/ \><: y A7, —
1.38 ——
765 625 2.28 1425 < 1.26 ——> 1800
s A~ | LI6——— -
~~—2.48 1550 ~ 1.26 1950
\_ 1.47 ——— 2100
1.55 2400
Notes 1. — A discussion ot: the selection of rated swi.tching impulse withstand voltages will be found in the second

edition of IEC Publication 71-2.

2. — The range of rated lightning impulse withstand voltages in Table V, associated with a particular rated
switching impulse withstand voltage has been chosen on the basis of the following considerations:

.

a) For equipment protected by surge arresters, the two lower values of lightning impulse withstand

b)

voltages are applicable. .
They have been chosen by taking into account the ratio of lightning impulse protective levels to
switching impulse protective levels likely to be achieved with surge arresters, and by adding appro-
priate margins which may be particularly necessary in view of the greater influence of the distance
separating the surge arresters and the protected apparatus at the protection level achievable for
lightning impulses as compared with that for switching impulses.

For equipment not protected by surge arresters (or not effectively protected), only the highest value
of lightning impulse withstand voltages should be used. These highest values are based on the ratio
that is normally obtained between the lightning and switching impulse withstand voltages of the
external insulation ‘of apparatus (e.g. circuit-breakers, disconnecting switches, instrument trans-
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formers, etc.). They were chosen in such a way that the insulation dcsién wijlbedetermined mainly by
the ability of the external insulation to withstand the switching impulse test voltages.
-

¢) In a few extreme cases, provision ha$ to be made for a higher value of lightning impulse withstand
- voltage. This higher value should be chosen from the series of standard values given in IEC Publi-
cation 71-1.

N

-

SECTION FOUR - OVERLOADS

19.  Maximum permissible voltage

19.1

Long duration voltages
Capacitor units shall be suitable for operation at voltage levels according to Table VI
(Clauses 28 and 31). ) : . . - :

TABLE VI
Voltage factor .
Type . x Uy Maximum duration - Observation
(r.m.s.) : )
Power frequency . 1.00 Continuous Highest average value during

Power frequency 1.10 [2hinevery24h System voltage regulation

Power frequency . 1.15 30mininevery24 h System voltage regulation

Power frequency 1.20 5 min Voltage rise at light load (see
Clause 28)

Power frequency 1.30 I min

Power frequency Such that the current does notexceed the value given in Clause 20 (see also Clauses 32 and 33)

plus harmonics

- any period of capacitor
energization. For energiza-
tion periods less than 24 h
exceptions apply in accor-
dance with the values be-
low (Clause 28)

and fluctuations

and fluctuations

19.2

The amplitudes of the overvoltages that may be tolerated without significant deterioration .
of the capacitor depend on their duration, their total number and the capacitor temperature
(Clause 28). It is assumed that the overvoltages given in Table VI and having a value higher
than 1.15 Uy occur not more than 200 times in the capacitor’s life.

' !

Switching voltages _

The residual voltage on a capacitor prior to energization shall not exceed 10% of the rated
voltage (Sub-clause 4.1 a)). The energization of a capacitor bank by a restrike-free circuit
breaker usually causes 2 transient overvoltage, the first peak of which does not exceed 2v2
times the applied voltage (r.m.s. value) for a maximum duration of %2 cycle.

It is assumed that the capacitors may be switched 1000 times per year under these condi-
tions. (The associated peak transient overcurrent may reach 100 times the value Iy. See Sub-

clause 32.2)
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€

In the case of capacitors which are switched more frequently, the values of the ovi:rvoltage
amplitude and duration and the transient overcurrent shall be limited to lower levels. These
limitations and/or reductions shall be agreed upon in the contract.

-+

Maximum permissible current

Capacitor units shall be suitable for continuous operation at an r.m.s. current of 1.30 times
the current that occurs at rated sinusoidal voltage and rated frequency, excluding transients.
Depending on the actual capacitance value, which may be a maximum of 1.15 Cy, the
maximum current can reach 1.5 Iy (Clause 32).

These overcurrent factors are intended to take care of the combined effects due to
harmonics and overvoltages up to and including 1.10 Uy according to Sub-clause 19.1.

»

SECTION FIVE — SAFETY REQUIREMENTS
Discharge devices
_ Each capacitor unit shall be providéd with means for discharging to 75V or less from an
initial peak voltage of V2 times rated voltage Un.

The above requirement applies to banks with a voltage rating of up to and including 25 kV.
The maximum discharge time is 10 min for both capacitors and banks.

-

There must be no switch, fuse, or any other isolating device between the capacitor unit
and/or bank and the discharging device as defined above.

A discharging device is not a substitute for short-circuiting the capacitor terminals together
and to earth before handling.
Notes 1. — Capacitors connected directly to other electrical equipment -providing a discharge path should be
considered properly discharged, provided that the circuit characteristics are such as to meet the
discharge requirements. > d

2. — "Adischarge time of 10 min per bank, up to 25 kV, requires a discharge time shorter than 10 min for indi-
vidual capacitor units when the bank is composed of units connected in series.

3. — For banks having a rated voltage higher than 25kV in which capacitor units usually are connected in
series the voltage across the bank terminals may be higher than 75 V after 10 min due to the cumulative
effect of the residual voltages for each unit. The discharge time to 75 V for the bank shall be stated by the
manufacturer in the instruction sheet or on a rating plate.

4. — In certain countries smaller discharge times and voltages are rcquircd.lln this event, the purchaser
- should inform the manufacturer.
5. — Discharge circuits should have adequate current carrying capacity to discharge the capacitor from the

peak of the 1.3 Uy overvoltage according to Clause 19.

6. — An electrical fault in a unit protected by a fuse, or a flashover across part of the bank, can produce local
residual charges inside the bank which cannot be discharged within the specified time by means of a
discharge device connected between the terminals of the bank. ,

7. — Aformula for the calculation of the discharge resistance is given in Appendix A.

Container connections

To enable the potential of the metal container of the capacitor to be fixed, and to be able to
carry the fault current in the event of a breakdown to the container, the container shall have
provision for connection by means of abolt of thread size at least M 10 or equivalent.
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23. Protection of the environment

When capacitors are impregnated with materials that must not be dispersed into the
environment, precautions shall-be taken. In some countries, there are legal requxrements
in this respect. (See Sub-clause 25.3 and Appendix B.)

24. Other safety requirements

The purchaser shall specify at the time of enquiry any special requirements with regard to
the safety regulations applicable in the country in which the capacitor is to be installed.

SECTION SIX — MARKINGS

25. Markings of the unit . IR

25.1 " Rating plate
The following information shall be given on the ratin g plate of each capacitor unit:

1. Manufacturer. -
2. Identification number and manufacturing year.
The year may be a part of identification number or be in code form.

Rated output Qy in kilovars.

For three-phase units the total output shall be given (see Appendix A).

4. Rated voltage Uy in volts or kilovolts.

5. Rated frequency fyin hertz.

6. Temperature category (see Sub-clause 4.1).

7. Discharge device, if internal, shall be indicated.by wording or by the symbol -—3-
or by the rated ohmic value,.

8. Insulation level Uj; in kilovolts (only for units having all terminals insulated from the

container).

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 kilo-
volts, and the second number giving the crest value of the impulse test voltage, in kilo-

volts (for example 28/75) (see Clause 18).

W

For units having one terminal permanently connected to the container and not tested
according to Clause 16 this information is not applicable.
9. Connection symbol.
- All capacitors, except single-phase having one capacitance only, shall have their
connection indicated. .
Forstandardized connection symbols, see Sub-clause 25.2.
10. Internal fuses, if included, shall be indicated by wording or.by the symbol —=-.

11. Chemical or trade name of impregnant. (This indication shall be stated on the
warning plate. See Sub-clause 25.3.)
12. Reference to IEC Publication 87! (plus year of issue).

Note. — On request of the purchaser, the measured capacitance shall be indicated either in absolute value, or in
pereentage, or by symbols. . .
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25.2  Standardized connection symbols

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

D or A = delta B

Y or Y = star

YN 6;' \]4 = star, neutral brought out
. HI or

’ = three sections without internal interconnections -

25.3 Warning plate

If the capacitor unit contains matérial which may pollute the environment (Clause 23)or

may be hazardous in any other way (for example flammability), the unit shall be equipped
with a label according to the relevant faws of the country of the user. The purchaser shail
inform the manufacturer about such law(s).

Regarding capacitors with polychlorobiphenyl impregnant, see Appendix B.

26. Markings of the bank

26.1 Instruction sheet or rating plate

The following minimum information shall be given by the manufacturer in an instruction

sheet or alternatively, on request of the purchaser, on a rating plate:

1.
2.

Manufacturer.

Rated output Qy in megavars.

Total output to be given.

Rated voltage Uy in kilovolts.

Insulation level U;.

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 rated power-frequency 3hort duration
voltage (for Up, <300 kV) or- the peak value of the rated switching.impulse voltage (for
Unp » 300 kV) in kilovolts, and the second number giving the crest value of the rated
lightning impulse withstand voltage in kilovolts (for example 185/ 450). ‘

Connection symbol.

For standardized connection symbol see Sub-clause 25.2.

The connection symbol may be part of a simplified connection diagram showing for
example unbalance protection, damping reactors; etc. '

Minimum time required between disconnection and reclosure’of the bank (see Sub-clause
4.1 a), and Appendix A). :
Time to discharge to 75 V (in the case of banks rated above 25 kV).

26.2 Warning plate

Sub-clause 25.3 is also valid for the bank.
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27.

28.

SECTION SEVEN — GUIDE FOR INSTALLATION AND OPERATION

-
. *

General

Unlike most electrical apparatus, shunt capacitors, whenever energized, operate con-
tinuously at full load, or at loads that deviate from this value only as a result of voltage and
frequency variations.

Overstressing and overheating shorten the life of a capacitor, and therefore the operating
conditions (i.e. temperature, voltage and current) should be strictly controlled and specified.

It should be noted that the introduction of local capacitance in a system may produce
unsatisfactory operating conditions (for example amplification of harmonics, self-excitation
of machines, overvoltages due to switching, unsatisfactory working of audio-frequency
remote-control apparatus, etc.).

Because of the different types of capacitor and the many factors involved, it is not possible
to cover, by simple rules, installation and operation in all possible cases. The following infor-
mation is given with regard to the more important points to be considered.

In addition, the recommendations of the manufacturer and the power supply authorities
should be followed, especially those concerning the switching of capacitors when the network
is under light load conditions. i

Choice of the rated voltage

The rated voltage of the capacitor should be not less than the maximum operating voltage
of the network to which the capacitor is to be connected, account being taken of the influence
of the capacitor itself. .

In certain networks, a considerable difference may exist between the operating and rated
voltage of the network, details of which should be provided by the purchaser, so that due
allowance can be made by the manufacturer. This is of importance for capacitors, since their
performance and life may be adversely affected by an undue increase of the voltage across the

capacitor dielectric.

Where inductive elements 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
operating voltage of the network requires a corresponding increase in the rated voltage of the
capacitor.

If no information to the contrary is available, the operating voltage should be assumed as
equal to the rated or declared voltage of the network.

When determining the voltage to be expected on the capacitor terminals, the following
considerations should be taken into account:

— shunt-connected capacitors may cause a voltage increase in the network where they are
located (Appendix A). This voltage increase may be greater due to the presence of
harmonics. Capacitors are therefore liable to operate at a higher voltage than that
measured before connecting the capacitors; .

— the voltage at the capacitor terminals may be particularly high at times of light load (see
Appendix A). In this case, the whole or part of the capacitor should be switched off in
order to prevent overstressing of the capacitor units and undue voltage increase in the

network.
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Only -in case of emergency should capacitors simultaneously be operated. at maximum
permissible overvoitage and maximum ambient temperature and then only for short periods
of time. . .

Notes 1. — An excessive safety margin in the choice of the rated voltage Uy should be avoided, because this would
result in a decrease of output.

2. — See Clause 19 concerning maximum permissible voltage.

3. — Allowance should be made for the effect of unit capacitance tolerance on the operating voltage in series
or star connected assemblies. The operation of capacitor fuses will also increase the operating voltage on
the remaining parallel connected units.

29. Operating temperature

29.1 General

Attention should be paid to the upper operating temperature of the capacitor, because thls
has a great influence on its life.

When the capacitor dielectric reaches a temperature below the lower limit of its category,
there may be the danger of initiating partial discharges in the dielectric, not only wien ihe
capacitor is initially energized but also during service when the capacitor has low dielectric
losses causing a negligible temperature rise.

Note. — 1If losses are to be evaluated, it is recommended that, as a reference temperature, the average ambient
temperature is used, with due regard to the output of the capacitor for different periods of the year or the
service period. It is also possible to define losses at several ambient temperatures and calculate their mean
value.

All loss-producing accessories, such as external fuses, reactors, ctc. should be included in calculation of
total bank losses.

29.2 Installation
Capacitors should be so placed that there is adequate dissipation by convection and radi-
ation of the heat produced by the capacitor losses. The ventilation of any enclosure and the

arrangement of the capacitor units shall provide good air circulation around each unit. This is
of importance for units mounted in rows above each other.

The temperature of capacitors subjected to radiation from the sun or from any high-
temperature surface will be incréased. Depending on the cooling-air temperature, the
‘intensity of the cooling and the intensity and duration of the radiation, it may be necessary to
use one or more of the following remedies:

Ve
— to protect the capacitors from radiation;

— tochosea ca;;acitor designed for a ﬁigher ambient air temperature (for example category
—5/B instead of —5/A, or which is otherwise suitably designed);

— o employ capacitors withrated voltage higher than that resulting from Clause 28;

— to employ forced air cooling.

Capacitors installed at high altitudes (more than 1000m) will be subject to decreased
convective heat dissipation, which should be considered when determining the output of the
units. The ambient temperature, however, is usually lower at such an altitude (see also Sub-
clause 34.1).

29.3 High ambient air temperature
Capacitors for symbol C are generally suitable for the majority of applications under
tropical conditions. In some locations, however, the ambient air temperature may be such that
a symbol D capacitor is required. The latter may also be needed for those cases where the
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30.

3L

31.1

capacitors are frequently subjected to the radiation of the sun for several hours (for example
in desert territories), even though the ambient temperature is not excessive (Sub-clause 29.2).

In exceptional cases, the ambient air temperature may be higher than 55°C maximum, or
45°C daily mean. Where it is impossible to improve the cooling conditions, capacitors of
special design or with a higher rated voltage should be used.

Special conditions
In addition to the conditions covered in Clause 29, the manufacturer should be advised by
the purchaser of any special service conditions such as:
— High relative humidity
It may be necessary to use insulators of special design. Attention is drawn to the possibility
of external fuses being shunted by a deposit of moisture on their surfaces.

— 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 poisoning property for more
than several months. In any case, mould may develop in an installation on places where

dust, etc., can settle.

— Corrosive atmospheres
Such atmospheres are found in industrial and coastal areas. It should be noted that in

climates of higher temperature the effects may be more severe than in temperate climates.
Highly corrosive atmospheres may also be presentin indoor applications.

— Pollution
When capacitors are mounted in a location with a high degree of pollution, special

precautions should be taken.

— Altitudes exceeding 1 000 m
Capacitors used at altitudes exceeding 1000 m are subject to special conditions. The
choice of the type should be made by agreement between purchaser and manufacturer (see-
Sub-clauses 29.2 and 34.1).

— Earthquake areas
In some areas there is a higher probability of earthquakes, which may affect the
mechanical design of the capacitors and/or banks to be installed in such areas.

The purchaser shall specify acceleration amplitude and damping values.

Overvoltages .

Clause 19 specifies overvoltage factors.

With the manufacturer’s agreement, some overvoltage factors may be increased if the esti-
mated overvoltage incidence is lower, or if the temperature conditions are less severe. These
power frequency overvoltage limits are valid, provided that transient overvoltages are not
superposed on them. The peak voltage should not exceed 1.41 times the given r.m.s. value.

Restriking of switches
High overvoltage transients may be encountered when capacitors are disconnected by
switching devices which may be either the capacitor switch or more remote switch(es) which
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31.2

31.3

314

315

allow restriking. Care shouid be taken to select switching devices which operate without
causing excessive overvoltage. = . .

If, nevertheless, restriking cannot be prevented, it may be necessary to use -capacitors
having a higher insulation level and a higher rated voltage.

Lightning
Capacitors which are liable to be subjected to high overvoltages by lightning should be
adequately protected. If surge arresters are used, they should be located as near as possible to
the capacitors. Special arresters may be required to take care of the discharge current from the
capacitor, especially from large banks. (See IEC Publication 99.)

Motor self-excitation
When a capacitor is permanently connected to a motor, difficulties may arise after discon-
necting the motor from the supply. The motor, while still rotating, may act as a generator by
self-excitation and may give cause 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 no-load 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 maintained voltage due to self-excitation after the machine is switched off is particularly dangerous
in the case of induction generators and for motors with a braking system intended to be operated by loss

of voltage (for example lift motors).
2. — Inthe case in which the motor stops immediately after disconnection from the supply, the compensation
may exceed 9055,

Star-delta starting

When a capacitor is connected to a motor equipped with a star-delta starter, the
arrangement should be such that no overvoltage can occur during the operation of the starter,
unless otherwise agreed between purchaser and manufacturer.

Capacifor unit selection

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 or groups of units
connected in series.

This difference may be as high as 20% in the extreme case (see Sub-clause 7.2).

It should be considered in each case whether the best solution to avoid overvoltages on
units or groups of units is to arrange the units in such a way that the voltage differences are
minimized or to choose the rated voltage of the units taking into account a certain voltage
increase.

If capacitor units or groups of units, are connected in. series, they should also be so

_arranged asto have the smallest possible capacitance differences.

Also the method of fault protection (see Sub-clause 33.3, Note 1) and the consequence of
the breakdown of a unit in connection with this method should be studied. When it is required
to minimize voltage differences, the units or groups of units to be connected in series shall be
chosen so that their capacitances are as closely matched as possiblé (see also Sub-clause 7.2).

In the case of star-connected banks with isolated neutral, capacitance differences between
phases will lead to an increase of the voltage across the capacitors in the phase with the

smallest capacitance.
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Overload currents

-
)

Continuous overcurrents e
Capacitors should never be operated with currents exceeding the permissible value speci-
fied in Clause 20, except for periods not longer than 5 min in conjunction with voltage rise at
light loads according to Table VL.

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

When the voltage rise at periods 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 periods of
light load, as indicated in Clause 28. )

The voltage waveform and the network characteristics should be determined before and
after installing the capacitor. If sources of harmonics such as large rectifiers are present,
special care should be taken.

If the capacitor current should exceed the maximum value épeciﬁed in Clause 20, whilst the
voltage is within the permissible limits specified in Sub-clause 19.1, the predominating
harmonic should be determined in order to find the best remedy.

One or more of the following remedies may be effective in reducing the current:

— moving some or all of the capacitors to other parts of the system;

— connection of a reactor in serfes with the capacitor to lower the resonant frequency of the
circuit to a value below that of the disturbing harmonic (see Clause 28);

— increasing the value of the capacitance where the capacitor is connected close to rectifiers.

Notes 1. — 1f iron-cored reactors are used, attention should be paid to possible saturation and overheating of the
core by harmonics.
2. — Any bad contacts or joints in capacitor circuits may give rise to arcing, causing high-frequency oscilla-
tions which may overheat and overstress the capacitors.

Regular inspection of all contacts and joints of the capacitor equipment is therefore recommended.

3. — Aformula for the calculation of the resonant frequency is given in Appendix A. .

.

Transient overcurrents
Transient overcurrents of high amplitude and high frequency may occur when capacitors
are switched into circuit and especially when a section of a capacitor bank is switched in
parallel with other sections which are already energized (see Appendix A).

It may be necessary to reduce these transient overcurrents to acceptable values in relation to
the capacitor and to the equipment by switching the capacitors through a resistor (resistance
switching) or by the insertion of reactors in the supply circuit to each section of the bank (see
also Sub-clause 33.2). : :
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Overload currents

'Y
Continuous overcurrents . .. .
Capacitors should never be operated with currents exceeding the permissible value speci-
fied in Clause 20, except for periods not longer than 5 min in con junction with voltage rise at
light loads according to Table VI.

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, thyristor devices and
saturated transformer cores.

When the voltage rise at periods 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 rccommending the disconnection of capacitors at periods of
light load, as indicated in Clause 28.

The voltage waveform and the network characteristics should.be determined before and
after installing the capacitor. If sources of harmonics such as large rectifiers are present,
special care should be taken.

If the capacitor current should exceed the maximum value specified in Clause 20, whilst the
voltage is within the permissible limits specified in Sub-clause 19.1, the predominating
harmonic should be determined in order to find the best remedy.

One or more of the following remedies may be effective in reducing the current:

— moving some or all of the capacitors to other parts of the system:;

— 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 Clause 28);

— increasing the value of the capacitance where the capacitor is connected close to rectifiers.

Notes 1. — 1f iron-cored reactors are used, attention should be paid to possible saturation and overheating of the
core by harmonics.
2. — Any bad contacts or joints in capacitor circuits may give rise to arcing, causing high-frequency oscilla-
tions which may overheat and overstress the capacitors.

Regular inspection of all contacts and joints of the capacitor equipment is therefore recommended.

3. — Aformula for the calculation of the resonant frequency is given in Appendix A..

.

Transient overcurrents
Transient overcurrents of high amplitude and high frequency may occur when capacitors
are switched into circuit and especially when a section of a capacitor bank is switched in
parallel with other sections which are already energized (see Appendix A).

It may be necessary to reduce these transient overcurrents to acceptable values in relation to
the capacitor and to the equipment by switching the capacitors through a resistor (resistance
switching) or by the insertion of reactors in the supply circuit to each section of the bank (see

also Sub-clause 33.2).
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.The peak value of the overcurrents due to switching operations should be limited to a
maximum of 100 Iy (r.m.s; value). (Sub-clause 33.1, Note }, Appendix D and 1EC Publi-
cation 593.) e :

Switching and protective devices

Withstand requirements

The switching and protective devices and the connections should be designed to carry
continously a current of 1.3 times the current (see Clause 20) which could be obtained with a
sinusoidal voltage of r.m.s. value equal to the rated voltage at the rated frequency. Depending
on the actual capacitance value, which may be at most equal to 1.15 times the value corre-
sponding to its rated output (Sub-clause 7.2), this current may have a2 maximum value of
L3 - 1.15 = 1.5 times the rated current for individual units and lower values for banks (see
Sub-clause 7.2). .

Furthermore, 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 should be capable of with-
standing the electrodynamic and thermal stresses which are caused by transient overcurrents
of high amplitude and frequency which may occur when 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 design requirements, special precau-
tions, such as those referred to in Sub-clause 32.2 for the purpose of protection against over-
currents, should be taken.

Notes 1. — Fuses, in particular, should be chosen with adequate thermal capacity (see Appendix D and 1EC Publi-
cation 593). e ’

2. — In certain cases, for cxample when the capacitors are automatically controlled, repeated switching
operations may occur at relatively short intervals of time. Switchgear and fuses should be selected to
withstand these conditions.The requirement of Item a)of Sub-clause 4.1 that the residual voltage at ener-
gization should not exceed 10% of the rated voltages should be observed.

- . -N- .
3. — Circuit breakers connected to the same busbar may be subjected to special stress in case of switching on
against a short-circuit. .

4. — Circuit breakers for switching of parallel banks shall be able to withstand the inrush current (amplitude
and frequency) resulting when one bank is connected to a busbar to which one or more other banks are

already connected.

Restrike-free breakers
Circuit breakers suitable for capacitor switching should be used. For example, the device
should be such that restriking during breaking operations, which may result in excessive over-
voltages, cannot occur (see also Sub-clause 31 Ny

It is recommended that before deciding upon the type of swifching device to be used with
any capacitor installation, the capacitor manufacturer and the switchgear manufacturer

should be consulted.

Relay settings
It is recommended that capacitors be protected against overcurrent by means of suitable
overcurrent relays which are adjusted to trip the circuit-breakers when the current exceeds the
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34.1

34.2

permissible limit specified in Clausé 20. Fuses generally do not provide suitable overcurrent
protection (see Appendix D and 1EC Publication 593).

Notes 1. — An overcurrent protection system does not in itself give sufficient protection against overvoltages,
neither does it in general give protection against internal faults of a capacitor unit.

Protection against internal faults of a capacitor bank especially when built up of a multiplicity of units is
therefore necessary. Suitable means should be provided to isolate automatically a faulted unit or a
faulted element.

2. — Depending on the type of the capacitors their capacitance will vary more or less with temperature.

Attention should be paid to the fact that the capacitance may change rapidly when cold capacitors are
switched on. This phenomenon is prominent at low temperature when the temperature rise of the capa-
citors and thus the capacitance values may be unbalanced.

This may cause unwanted functioning of the protective equipment.

3. — When the units of a bank are individually protected by external fuses, the user may request that the bank
remains in circuit even though the number of blown fuses mvolvcs a prolonged overvoltage exceeding

the limits given in Clause 19.
In this case a higher rated voltage for the unit(s) should be chosen or a time limit for the overvoltage
should be decided by agreement between the manufacturer and the purchaser.

Choice of insulation levels
The insulation level of a capacitor bank should be chosen to conform to that of the system
to which the bank will be connected, from the tables of Clause 18. .
Units according to Sub-clause 18.2.1 and banks according to Sub-clause 18.3.1 should have
an insulation level equal to or higher than that of the system. .
The insulation levels of Sub-clauses 18.2.2, 18.3.2 and 18.3.3 are considered sufficient for
the switching surges if restrike-free breakers are used. :
Regarding choice of creepage distances, see Clause 35.

Note. — Unit(s) having the container as one terminal, which are not tested to the container according to Clause 16
and which are equipped with internal element fuses, should have their insulation to container dimensioned
to withstand a higher voltage than the external insulation between the terminals. A breakdown of the
insulation to the container may completely or partially by-pass the internal elcment fuses (see IEC Publi-

cation 593).

Altitudes exceeding 1 000 m

Insulation levels chosen according to Clause 18 might be too low for use at altitudes higher .

than 1 000 m (Sub-clause 4.1). The purchaser should in such a case, specify which insulation
level is required when referred to normal test conditions. .

The requirements of Sub-clause 18.2 are still valid, but for the new specified insulation
level.

Regarding units with the container as one terminal the manufacturers should provide
evidence that the external insulation of the unit bushing can withstand a test voltage of k times
the test voltage according to Sub-clause 18.2 where k is the ratio between the new specified
power frequency withstand voltage and the corresponding a.c.'withstand voltage accordmg to
the tables of Clause 18 for the same Up,.

Influence of the capacitor itself
The voltage withstand values in Table II1IA, Table I1IB, Table IV and Table V are in
accordance with IEC Publication 71, and are chosen to give sufﬁcxent margin to transient
overvoltages for objects having low capacitance values.
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In capacitor units or capacitor banks the tables are therefore only applicable to installa-
tions having low capacitance values, such as insulation to earth of fully msulated units or of'

insulation between an insulated neutral and'earth.

The phase capacitance of a power capacitor having an earthed neutral point is usually suffi-
cient to substantially reduce the amplitude of lightning or switching surges even if the surge
originates from a point relatively close to the capacitor.

Overhead earth wires

Units or banks with earthed neutrals are usually considered properly protected (see Sub-
clause 9.2, Note 4) from lightning surges, if the unit (bank) and connecting lines are equipped .
with overhead earthed wires up to at least a distance from the unit (bank) of 5 times Uy, (in
kilovolts to give metres) or 200 m whichever value is the greater.

Choice of creepage distances
Creepage distances and degrees of pollution are currently under consideration.

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 trans-
mitter 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.-
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. APPENDIX A

-

FORMULAE FOR CAPACITORS AND INSTALLATIONS

Computation of the output of three-phase capacitors from three single-phase capacitance
measurements )

The capacitance measured between any two line terminals of a three-phase capacitor of
cither delta or star connection are denoted as C,, G, and C.. If the symmetry requirements
laid down in Sub-clause 7.2 are fulfilled, the output Q of the capacitor can be computed from
the formula: 5

Q=7 (G+G+CoUR-1078
where: 3 '
-Gy, G, and C_are expressed in microfarads
Uy is expressed in kilovolts
Q isexpressedin megavars

Resonant frequency -
A capacitor may be in resonance with a harmonic, in accordance with the following
equation in which ris an integer: '

where:

S = short-circuit power (MVA) at the point where the capacitor is to be connected

Q  isexpressed in megavars

r - b:lzrmonic number, that is the ratio between the resonant harmonic frequency (Hz) and the network frequency
(Hz). : =

Yoltage increase
Connection of a shunt capacitor will cause the following permanent voltage increase:

AU 0

——— PR e = -

U S

where:

AU = voltage increase

U = voltage before connection of the capacitor

S = short-circuit power (MVA) at the point where the capacitor is to be connected
Q is expressed in megavars

Inrish transient current

Switching in of single capacitor bank

28 .
iy e
where:
I, = crestofinrush bank current, expressed in amperes
Iy = rated capacitor bank current (r.m.s.), expressed in amperes
S = short-circuit power (MVA) at the point where the capacitor is to be connected

Q is expressed in megavars
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A4.2  Switching in of a bank in parallel with energized bank(s)

2 " 1
I = W2 where X, =302 [—

VX XL O
where:

I, = crestofinrush bank current, expressed in amperes
U = phase-to-earth voltage, expressed in volts

1))

X, = series-connected capacitive reactance per phase, expressed in ohms
X, = inductive reactance per phase between the banks, expressed in ohms

0, = outputs of the bank to be switched in
Q, = the sum of the already energized bank(s), expressed in megavars

AS. Discharge resistance in single-phase unit

t

R< Clog. (Un V2700
where: -
t = timefordischarge from UnvZ to Ug, expressed in seconds
R = dischargeresistance, expressed in megohms
C = capacitance, expressed in microfarads
Un = rated voltage of unit, expressed in volts
Ug = permissible residual voltage, expressed in volts
(See Clause 21 for limits of tand Uy).

A6. Discharge time to 10% of rated voltage
265t

1) =2.65RC =

where:

t = timefordischarge from Uyy2to Ug, expressed in seconds
Uy = rated voltage of unit, expressed in volts

Ur = permissible residual voltage, expressed in volts

!, = dischargetime expressed in seconds to 10% of rated voltage

If the limits of Clause 21 are strictly observed, then:

1590
17 Tog.(Un’53)

loge(Unv2/ Ug)

.
+ —)’ . 1076
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~ APPENDIX B -

PRECAUTIONS TO BE TAKEN TO AVOID POLLUTION OF THE
ENVIRONMENT BY POLYCHLORINATED BIPHENYLS

The disposal of polychlorinated biphenyls without the necessary precautions may involve
pollution of the environment. In some countries, the characteristics of the polychlorinated
biphenyls used in the impregnation of capacitors and the methods employed for their destruction
are governed by laws, or codes of practice.

In the absence of regulatjons it is suggested that the following measures are taken:

— equip banks with collecting devices that prevent the dispersion of polychlorinated biphenyl
over the ground in the event of leakage from the capacitor container, for example by the use of
suitable paving;

— avoid the use of products with a high chlorine content (for example hexa- or penta-chloro-
biphenyl), since these products possess a lower degree of biodegradability;

— dispose of the defective capacitors by pyrolysis, or burial in suitable locations which positively
isolate the capacitors and their components from the water table.

When the capacitor is impregnated with polychlorobiphenyls, it shall be labelled (Sub-clause
25.3) in accordance with the relevant laws of the country of the customer. If no law exists a label
with the following wording shall be used:

“This capacitor contains polychlorobiphenyl, which could pollute the environment. It shall be
disposed of in accordance with local regulations.”
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APPENDIX C -

ADDITIONAL REQUIREMENTS FOR POWER FILTER CAPACITORS

When the following clauses are added to this publication it applies to by-pass filter capacitors
(see Clause 1, Note 1).

.Add the following definition to Clause 3:
Band-pass and high-pass filter capacitor (filter capacitor):

A capacitor which, when connected together with other components, provides a low impedance
path for one or more harmonic currents.

Addition to Sub-clause 3.10:

For filter capacitors, the rated output is the arithmetic sum of outputs generated at the funda-
mental frequency and at the harmonics frequencies.

Addition to Sub-clause 3.11:

In the case of filter capacitors, Uy is defined as the arithmetic sum of the r.m.s. voltages arising
from the fundamental voltage and the harmonic voltage, or as the voltage calculated from rated
output (see Addition to Sub-clause 3.10) and capacitor reactance at rated frequency, whichever
value is the greatest.

Addition to Sub-clause 3.13: y

For filter capacitors the rated current is defined as the square root of the sum of the squared
values of the rated currents at the fundamental and harmonic frequencies. ‘Accessories such as
busbars, shall be designed to operate satisfactorily at this current and at overcurrents (see

Clause 20).

Addition to Sub-clause 7.2: .
-~ For filter capacitors, especially for band-pass filters, symmetncal tolerances are recommended
both for units and banks.
For units in band-pass filters: £ 5%
For units in high-pass filters: £7.5%
The tolerances for banks shall be agreed upon between purchaser and manufacturer.

New Notes to Sub-clause 7.2: ]
When determining the bank tolerances in a filter capacitor the following factors should be considered:

— tolerances of the associated equipment especially the reactor(s); .
— the variations of the fundamental frequency in the network to which the filter capacitor is connected;
— the capacitance variation due to temperature;
— the allowed capacitance variation for shorter periods for example during warming up or fault conditions such as
punctures before fuse clearing;
— the capacitance variation after fuse operation.
If standard (oIT~thc-shelf) units are used, then the required bank tolerance should be achieved by selection of units.

!
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Addition to Sub-clause 9.1:

For filter capacitors: .
U =2.15TU;+ 1.5 Uy

In the United States of America, the value Uy = 2.0 Uy + 1.5 U is used.

where:

U, = fundamental frequency r.m.s. voltage after installation

Uy = arithmetic sum of the r.m.s. values of the harmonic voltages after installation

Note. — Othercountries may use the value U, =2.0 Uy + 1.5 Uy only if agreed between purchaser and manufacturer.

Addition to Sub-clause 9.2:

For filter capacitors:
Ut =43 U +3 Uy

New note to Sub-clause 13.2: )

If for filter capacitors, 1.44 Qy is lower than the output determinde by 1.1 Uy and Cy at fundamental frequency,
this latter test voltage shall be used in the thermal stability test. :

Addition to Clause 18:

For filter capacitors, Up, refers fo fundamental frequency voltage at the terminals of the filter
circuit after installation. ; '
— However, if the arithmetic sum of the r.m.s. values of the harmonic voltages Uy is greater than

0.5 times the fundamental frequency voltage U (i.e. Uy > 0.5 Up), the insulation level of a capa-

citor shall be chosen according to the highest voltage for equipment in the network Un
increased by 0.5 Uy.

The insulation level and creepage distance shall be chosen from the standard levels. Clause 28
should also be taken into consideration. r

Addition to Clause 20:
For filter capacitors the maximum permissible current shall be agreed between manufacturer and
purchaser.
Addition to Sub-clauses 25 land26.1:
For filter capacitors the tuned harmonic frequency shall be marked, preferably after rated
frequency. :
For example: 50+ 250 Hz (narrow band-pass filter)
50 + 550/650 Hz (broad band-pass filter)
50 + > 750 Hz (high-pass filter)
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" APPENDIX D “

TEST REQUIREMENTS AND APPLICATION GUIDE FOR EXTERNAL FUSES
AND UNITS TO BE EXTERNALLY FUSED

DI. Scope
Appendix D applies to external fuses used with high-voltage shunt capacitors. The fuses
shall be in accordance with IEC Publication 549.

D2. Object
The object of Appendix D is:
a) to specify rules regarding testing and performances of external fuses;

b) to provide a guide for the application of external fuses.

D3. Definitions
D3.1 See IEC Publication 549.

D3.2  External fuse
A fuse connected outside the capacitor unit(s) and electrically in series with one unit or one
group of parallel units.

D4. Performance requirements
a) The performance requirements of the fuse shall be in accordance with IEC Publi-
cation 549.

b) The fuse shall be able to carry the number of inrush current surges due to switching, during
the life of the capacitor. The peak value of the inrush current shall not exceed 100 times the

rated (r.m.s.) current (see Sub-clause 32.2).

Note. — If the service conditions permit, the words “during the life of the capacitor™ may be replaced by “until the .«
next regular maintenance lnSpCCthﬂ

c) The fuse(s) connected to undamaged unit(s) shall be able to carry the discharge currents

due to the breakdown of other unit(s) and the currents due to short- c1rcu1t faults external to

the unit(s).
DS5. Tests
DS5.1  Tests on fuses .

See IEC Publication 549.

D5.2  Type tests on capacitor containers
Under consideration.

D6. Guide for co-ordination of fuse protection

Dé6.1 General
Each fuse is connected in series with one unit or one group of units which the fuse is
intended to isolate if the unit or one of the units in the group becomes faulty.
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Notes]. — Depending on the bank arrangement and the internal connections of the unit, the current through the
faulty unit due to its faflure, together with the current due to the discharge of stored energy in units
connected in parallel with the faulty unit, may not be sufficient to operate the fuse until several of the
series connected elements of the faulty unit have failed. In order to ensure that the fuse will operate and
isolate a completely failed unit the fuse should be rated such that it will operate when subjected solely to
the resulting power-frequency overcurrent which would flow in the short-circuited unit. :

2. — The operation of one or more fuses will cause a change of voltage distribution within the bank. The
voltage across the sound unit(s) should not exceed the value given in Clause 19, nor exist for longer than
the corresponding duration given in Clause 19. Unless arrangements are made for the disconnection of
the bank to achieve this requirement, all the units in the bank should be rated appropriately for the more
severe duty arising from the disconnection of units due to operated fuses. (See also Sub-clause 333,

Note3.)

3. — For units with series-connected elements, the breakdown of an element causes voltage distribution
changes within the bank and within the unit to occur before fuse operation.

These voltage changes should be considered with respect to the electrical protection of the bank.

D6.2 Protection sequence
The various protective devices of a capacitor bank should operate in a specified order.

Normally the first stage is the operation of the unit (group) fuse. The second stage is the
relay protection of the bank (for example overcurrent or unbalance protection). The third

stage is the network or equipment protection.

Notes 1. — Depending on the size of the bank, the design of the relay protection, etc., all three stages are not
necessarily used in all capacitor banks.
2. — Inlarge banks, an alarm stage may also be used.

3. — Unless the fuse always operates as 2 result of discharge energy within the voltage range of 0.9 - V2. Uy
102 - V2 « Uy the manufacturer should provide time/current characterisfics and tolerances for the fuse.

4. — In some cases, the unbalance protection is more sensitive than the fuses, implying fusé operation only
for example, for flashover across the bushing or complete breakdown of the dielectric of the unit,

In such a case the unbalance protection is the first stage protection and the fuse(s) act as 2 back-up
protection. -

D7. Choice of fuses

D7.1 General

In selecting fuses, consideration should be given to minimizing the probability of case
rupture in the event of a capacitor unit failure by making use of the best available data and
guidelines. The data and the guidelines employed shall be agreed upon by the purchaser and
manufacturer. '

This requirement refers to power-frequency overcurrent as well as to stored energy in
parallel with the failed unit.

In the selection of fuses, consideration should be given to the electrical and thermal condi-
tions imposed on them should they be in circuit during the type tests of Clauses 13 and 17.

D7.2 Non current-limiting fuses i .
These are usually of the expulsion type, with renewable fuselinks.
They have little or no current limiting action on either working frequency current or stored
energy discharge.
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The total energy stored in the capacitor in parallel with the failed capacitor should be less
than the fuse can discharge without exploding, and less than thc energy required to burst the
failed capacitor (Sub-clause D7.1). L.

This type of fuse may be used where the working frei;uency overcurrents which can be
supplied to the faulty unit are sufficiently low.

D7.3  Current-limiting fuses

D8.

This type of fuse limits working frequency overcurrents to less than the prospective value
and reduces the current to zero before the normal working frequency current zero.

A properly designed current limiting fuse wiil discharge only a portion of the stored energy
available to the failed capacitor.

The amount let through by the fuse should be less than that required to burst a failed capa-
citor (see Sub-clause D7.1). .

These fuses should be used when either the working frequency overcurrents or maximum
stored energy in parallel with a possible failed unit is high enough to cause bursting of an
expulsion fuse or a failed capacitor. Properly designed current limiting fuses impose no upper
limit on thé parallel stored energy available to a failed capacitor. et -

Information needed by the user of the fuses

To be able to choose the right fuse for each application, it may be necessary to refer to somé
or all of the information given in 1 EC Publication 549.
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SHUNT CAPACITORS FOR A.C. POWER SYSTEMS HAVING
A RATED VOLTAGE ABOVE 660 V

Part 2: Endurance testing

FOREWORD

R .
.3 3.
Lt Y]

1) 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,

2) They have the form of recommendations for international use and they are accepted by the National Commiuces in thai sense.

3) In order to promote internatiénal unification, the I E C expresses the wish that all National Committees should adopt the text
of the 1 E C recommendation for their national rules in so far_as national conditions will permit. Any divergence between the
1E C recommendation and the corresponding national rules should, as far as possible, be clearly indicated in the latter.

PREFACE

This report has been prepared by IEC Technical Committee No. 33: Power capaciiors.

The text of this report is based on the following documents:

Six Months’ Rule Report on Voting

33(CO)71 33(C0O)80

Full information on the voting for the approval of this report can be found in the Voting Report
indicated in the above table.

The following IE C publications are quoted in this report:

Publications Nos. 70 (1967): Power capacitors.
143 (1972): Series capacitors for power systems.
871-1 (1987): Shunt capacitors for a.c. power systems having a rated voltage above 660 V, Part 1:
' General - Performance, testing and rating ~ Safety requirements — Guide for installation
and operation.

. -
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SHUNT CAPACITORS FOR A.C. POWER SYSTEMS
HAVING A RATED VOLTAGE ABOYE 660 V

Part 2: Endurance testing

INTRODUCTION

The endurance test requirement is at present based on too little international experience and is
therefore issued as an 1EC report.

1.

Scope

SECTION ONE - GENERAL .

This report applies to capacitors according to IEC Publication 8711 and gives the
requirements for endurance testing of these capacitors.

2\. Definitions

For the purpose of this report the following definitions apply, in addition to those given in
IEC Publication 871-1: .

2.1 Test (capacitor) unit (for endurance test)

The test unit may be one of the units to be manufactured or a special unit which, with respect to
the properties to be checked by the endurance test, is equivalent to the units to be manufactured.

Notes 1. — The reason for using a special test unit is to match the unit with the available test power supply.

2. - For limits of test unit size and its manufacture, sece Appendix B.

3. ~ Where the capacitor design to be tested includes discharge resistors and/or internal fuses, similar
representative components should be included with the special unit.

2:2 Comparable element design

23

Comparable element design is a range of element constructions that will be comparable in
performance, under the endurance test procedure, with the elements in the test unit. (See
Appendix B for detailed design limits.) .

Inter-element insulation .

The insulation between two series-connected elements inside the capacitor unit.

The inter-elemént insulation consists of:
— the outer turns of the insulation layers around the electrodes in- an element;

- the inter-element insulation may also include a separate insulation layer placed between the.
two elements. This separate insulation layer may protrude outside the width and (or) length
dimension(s) of the flattened element (see Appendix C).
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3.

SECTION TWO - QUALITY REQUIREMENTS AND TESTS

-
. *

Classification of endurance tests

The endurance test is a type test carried out in order to ascertain that repeated overvoltage
stresses do not cause a dielectric breakdown.

The endurance test shall be carried out by the manufacturer. The purchaser shall on request be
supplied with a certificate detailing the results of such a test.

4. Endurance test and requirements

4.1

4.2

If the endurance test is to be performed on capacitors intended to be used at a frequency below
50 Hz, the test conditions shall be agreed upon between manufacturer and purchaser.

For capacitors' which are exposed to higher overvoltages, transients, etc. (e.g. see IEC
Publication 871-1, Sub-clause 9.1, Note S, and Sub-clause 31.1), the amplitude of the applied test
voltages in the endurance test (Sub-clauses 4.1, 4.2, 4.4, 4.5 and Appendix A) shall be increased

in proportion.
The endurance testing of a test unit shall be carried aut in the sequence given below.

The applied test voltage shall have a frequency of 50 Hz or 60 Hz except for the test according
to Sub-clause 4.1 where a d.c. voltage can be used according to Sub-clause 9.2 of IEC

Publication 871-1.

Routine test

The test unit shall be subjected to the routine voltage test between the terminals (see
1EC Publication 871-1, Clause 9) with an amplitude such that.the correct test voltage is obtained

across each element. 4 E

Conditioning of the units before the test

The test unit shall be subjected to a voltage of not less than 1.1 times Uy at an ambient
temperature of not less thah +10 °C for 16 h to 24 h.

Note. — The conditioning is carried out to stabilize the dielectric properties of the test unit.

4.3 Initial capacitance and loss measurements

4.4

The test unit shall be placed for at least 12 h in the unenergized state in a chamber with forced
air circulation having a temperature selected from the range +60 °C to +75°C with a permitted

variation of *2 °C.

The unit, at the same ambient temperature, shall then be subjected to Uy. The capacitance and
the losses shall be measured within 4.5 min to 5.5 min after the voltage application.
Notes 1. — The repeatability of the loss measurement should be Such that a deviation of 5.10~* (0.05 W/kvar) can be
dstected when the unit is subjected to the same test later (Sub-clause 4.6).

2. - The measuring procedures according to Sub-clauses 7.1 and 8.1 of 1EC Publication 871-1 should be followed
except for the temperature and measuring time requirements which are according to this sub-clause.

3. — Instead of performing the test at the same ambient temperature the test unit may be thermally insulated in
order to avoid a temperature decrease in the test unit before the measurement has been completed.

Overvoliage test

The unit shall be placed for at least 12 h in the unenergized state in a chamber with forced
air circulation having a temperature not exceeding the lower limit of the temperature category
(see 1 EC Publication 871-1, Sub-clause 4.1).
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The test unit shall then be placed in still air at an ambient temperature of +15 °C to +35 °C.

Within 5 min after being taken-out of the ventilated chamber, the test unit shall be subjected to
1.1 Uy and within 5 min after the voltage application an overvoltage of 2.25 Uy shall be applied
without any voltage interruption for a duration of 15 cycles after which the 1.1 times Uy, voltage is
maintained again without any voltage interruption. After an interval of 1.5 min to 2 min at 1.1 Uy,
another equal overvoltage shall be applied and the procedure repeated.

The unit shall be subjected daily to a total of 130 to 170 overvoltage periods, each of 15 cycles
duration.

The unit shall then imn;cdiate!y be placed in the ventilated cooled chamber again for at least
12 hin the unenergized state and the test shall continue each day until the unit has been subjected
to a total of 1 700 overvoltage periods of 15 cycles duration (25 500 overvoltage test cycles).

. . s ea Qe 3 oo HCR IR I PR titoel?

Notes 1. - Detailed requirements regarding the overvoltage sha'pc and the tolerances are given in Appendix A.

2. - The test should be made on consecutive days. Interruptions of up to two days, for eaamplc during weekends,
are permitted, provided that the test unit remains unenergized in the cooled chamber during the whole
interruption period and that the test is continued on the third day.

3. = If the 5 min limit cannot be achieved before voltage application, the test unit shall be thermally insulated in
order to avoid undue heating.

4.5 OQverload run

Within 1 h after the end of the overvoltage test according to Sub-clause 4.4, the test unit shall
be subjected to not less than 1.4 Uy for at least 500 h. The test unit shall then be placed in still air
at an ambient temperature of +15 °C to +35 °C.

During the 500 h period not more than ten voltage interrﬁptions are allowed. None of these

interruptions shall exceed 8 h.

Notes 1. - It should be observed that the overload run is not in itself considered as a separate test, but instead as a means
to check that the deterioration that might have developed during the overvoltage test has not caused
permanent and potentially destructive damage.

2. - Forced air or liquid-bath cooling may be used if the temperature of the container exceeds 45 °C.

3. — The container temperature is determined as the average value of two measurements made on the larger sides
of the unit. The measuring points are placed in the centre of the areas of these larger sides covering the
clements used in the test. (See Appendix B, Clause B2.)

4.6 Final capacitance and loss measurements

The measurements according to Sub-clause 4.3 shall be repeated within two days of completing
the overload run in Sub-clause 4.5 at the same temperature, voltage and frequency.

L]

4.7 Acceptance criteria

The acceptance criteria are that no breakdown shall occur when two units have been tested or
alternatively one breakdown is accepted when three units have beén tested.

The capacitance measurements performed in Sub-clauses 4.3 and 4.6 shall differ less than an
amount corresponding to either breakdown of an element or operation of an internal fuse.

Note. — The losses measured in the test according to Sub-clauses 4.3 and 4.6 should be reported in order to be able to
check the consistency of capacitor production over longer periods.
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4.8 Validity of test

-
The endurance test is a test on the elements (their dielectric design and composition), and on
the manufacturing process of these elements when assembled into a capacitor unit.

~

4.8.1 Unit design variations

Each endurance test will also cover other capacitor designs, which are allowed to differ from the
testéd design within the following limits:
- Element design according to Appendix B.

= Any combination of series/parallel connection of elements with a’proportionally thinner, but
otherwise comparable dielectric (see Appendix B, Clause B1) to be used at a lower rated
voltage, provided that the rated electric stress is not higher than the stress corresponding to Uy
for the test. When a mixed dielectric is used, the stress value to be used in this comparison is the
one across each of the solid materials and calculated for the rated thicknesses of the solid

materials only.

- Any combination of series/parallel connections of comparable elements, which are within the
limits of Appendix B.

—~ Identical system of assembling the elements.

— Identical or thicker inter-element insulation (see Sub-clause 2.3).

~ Identical manufacturing process within tolerances.
~ Units having a thinner, but otherwise similarly designed, insulation to container, for use in a
unit having a lower insulation class.
— Another of the manufacturer’s standard container sizes within the following dimensional limits
compared with the unit under test: 1
e depth of container: 50% to 120% ; ‘
e height of contaiher: 25% to 105 % ;
e width of container: 50% to 200%. -
Neither the space between container and the insulated element package nor the insulation to
container shall be increased.

Note. - Details of container dimensions are given in Appendix C.

4.8.2 Service condition variations

Each endurance test will also cover other service conditions according to the following items
provided that the requirements of Sub-clause 4.8.1 are also satisfied :

= Units having a lowest category temperature higher than that of the test sample.
= Units having identical elements to be used at a lower rated voltage.

= An endurance test performed at 50 Hz is also available for 60 Hz units and vice versa. Note,
however, that if using the lower of the two allowed a.c. test voltages (Sub-clause 4.1) some

restrictions may apply.
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APPENDIX A

-
-

WAVEFORM OFf OVERVOLTAGE

The test voltage shall have a frequency of 50 Hz or 60 Hz.
The overvoltage shall be applied without any interruption of the steady voltage of 1.05 Unto 1.15 Ux.

The amplitude limits for the constant voltage and overvoltage are given in Figure 1.
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FIG. 1. - Time and amplitude limits for an overvoltage period.

Times, other than T, are expressed in numbers of cycles of the test frequency.

T, is the interval of 1.5 min to 2 min between two consecutive overvoltage periods.
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APPENDIX B

REQUIREMENTS REGARDING COMPARABLE ELEMENT DESIGN |
AND TEST UNIT DESIGN '

Bl. Comparable element design criteria

Element designs are considered to be comparable with respect to the endurance test conditions
and criteria if the following requirements are fulfilled:

Bi.1 They have the same number of layers of solid materials in the dnelectnc xmpregnated w1th the

same liquid. . T i e
B1.2 The dielectric composition of the solid matenals shall be the same for exér;xple all-film or
all-paper or film-paper-film, etc. S I It IRt OVRL L B

B1.3 Solid and liquid dielectric materials shall satisfy the same manufacturer’s specifications.

B1.4 The aluminum-foil design shall be the same:

— same manufacturer’s specification ;

thickness within +20% ;

exposed or non-exposed foil edges;

if folding of the foil at the edges and (or) cut ends is a feature of the design, this shall be the
same as for the tested elements;

100% to 150% free margin compared with the tested elements.

B1.5 Element connections shall be of the same type, for example tabs,soldering, etc.

B1.6 The element width (active foil width) is allowed to be smaller or equal to 100% and the element
length (active foil length) is allowed to vary within 50% to 300% compared with the elements

under test. (See Appendix C for clarification.)

B2. Test unit design

When performing the endurance test, a test unit is considered to be comparable to the units to
be manufactured if the following requirements are satisfied for the test unit:

- B2.1 The elements are within the limits given in Clause B1.

B2.2 Elements shall be similarly assembled, have equal or thinner inter-element insulation, be equally
pressed within the manufacturing tolerance, etc., compared with the producnon unit.

The elements shall be assembled according to the manufacturer’s standard procedure. For
- dimensional limits of units, see Sub-clause 4.8.1.

B2.3 At least four of these elements shall be connected to give not less than 30 kvar output at rated
voltage. All connected elements shall be placed adjacent to each other.



. Lok .

871-2 © 1EC 1987 -19 -

The connected elements may be series and parallel-connected in any way to match the test
equipment. - - :

At least three inter-element insulations shall be assembled, in such a way that in the test they
are exposed to the voltage difference occurring between two series-connected elements.

B2.4 The connections outside the elements may be enlarged in order to handle the increased currents
due, for ¢xample, to a number of elements in parallel.

B2.5 The insulation to the container shall be identical with or thicker than that of the units to be
produced.

Note. - This requirement is intended to ensure that the drying and impregnation conditions are equal to those of the units
to be produced. The electrical withstand requirements of the insulation to container are taken care of by the tests

according to Clauses 10, 15 and 16 of IEC Publication 871-1.

B2.6 A container to the manufacturer’s design shall be used. See also Sub-clause 4.8.1 for dimensional
allowances. )

The container material shall be identical with that of the units'but painting may be different.

Bushing design and number of bushings may be adjusted in order to match the test voltage and/
or test currents. : & .

B2.7 The drying and impregnation process shall be identical with the normal production process.
The position and attitude of the test unit shall be the same as for the units to be produced
(e.g. horizontal or vertical elements).

B2.8 The test unit shall in all other respects follow the same manufacturing procedure as the units to
be produced. ‘
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DEFINITION OF ELEMENT AND CAPACITOR CONTAINER DIMENSIONS

Cl. Flattened pressed element

The element has been pressed flat in the height direction. -

~

Height

t
\
<

{Flat-pressed) Length

— P
Lol |

Element or (active) foil length is obtained on unwinding the element in.the length direction.

- C2. Capacitor container

Height

v | e

Width

.

Height is always determined from the side on which the bushings are fitted, to the opposite side.

Normally the length direction. of the flattened element corresponds to the container depth
direction. Depending on the design, the element width direction may correspond either to

container height direction or to container width direction.
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D1.

D2.

APPENDIX D

- - -
-

BACKGROUND TO THE REQUIREMENTS FOR ENDURANCE TESTING

Introduction

Since the mid 1970s there has been increasing interest in endurance testing of capacitors.

The goal for such an endurance test has been the creation of a tool for the testing of specific
capacitor designs and the manufacturing process of such capacitors in order to be able to establish
that the capacitor will withstand the service conditions with a high reliability. ’

It is clear that in order to obtain results from such a test within a reasonable time, the capacitor
has to be highly stressed. It is then very importént that the applied test stresses (voltage,
temperature, etc.) are not allowed to cause any unrealistic phenomena in the capacitor, for
example, thermal deterioration of the dielectric due to a hot-spot temperature which is far higher
thdn the worst one ever to appear in service. TN '

The most difficult task when devising an endurance test is to correlate the outcome of the test
with service experience, which requires many years. During the last ten years the capacitor
industry has been (and still is) in a period of rapid development during which there have been
changes in both solid materials and impregnants. The otherwise obvious method of performing
different endurance tests on old capacitor designs with well-known service records has therefore

not been possible.

Experimental work with endurance testing has been carried out by some organizations during
recent years and this work has been published. This has resulted in descriptions of tests which
differ considerably from each other. Even if most of the published papers claim that designs
having passed the proposed test will have better service records, this judgement is based on a
rather short service time experience and in no paper so far have there been any reports regarding
the service experience of unit designs which came very close to passing the proposed endurance

test.

Choice of test parameters

The basis for such a choice should be the overstresses (voltage, temperature) which the
capacitor will be exposed to in service. The overstresses which have been considered to have the
highest influence on the capacitor dielectric are the switching overvoltages (I1E C Publication 871-
1, Sub-clause 19.2) in combination with a very low dielectric temperanire.

D2.1 Overvoliage level: 2.25 Uy

To give a margin above the value according to Clause 19 of IEC Publication 871-1.

D2.2 Constant voltage level: 1.1 Uy

To include the required 12 h overvoltage according to Sub-clause 19.1 of 1EC Publication
871-1 but without causing too high a temperature increase in the test unit during each testing day.
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D2.3  Overvoltage period: 15 cycles

To increase the possible partial discharge damage caused by each’overvoltage half-cycle, but
without causing a partial discharge avalanghe during the overvoltage period.

To avoid excessive voltage swings when changing the voltage levels and not to receive
proportionally too fany voltage crests close to 2.25 Uy at the increase and/or the decrease of
the voltage. . :

To make possible a practical power supply.

D2.4 Overvoltage periods pér day: 130 to 170
Intervals between these periods: 1.5 min to 2 min

To give the dielectric time to absorb the gas which may have been generated by partlal
discharges during an overvoltage period. . .o - srrtennt

To expose the test units to their lowest rated temperature on at least 10 occasions.

To enable two different units to be tested in succession in the same power supply diring a
working day.

D2.5 Total number of overvoltage periods : 1700

To subject the test unit to more than 25 000 overvoltage cycles whicp give a margin over
the expected 1000 unidirectional switching operations annually (IEC Publication 871-1,
Sub-clause 19.2) during the service of the capacitor.

D2.6 Overload run voltage: 1.4 Uy
Container temperature limit: 45 °C

To amplify the partial discharge damage which may have been created in the overload test
without causing dielectric destruction due to excessive temperature.”

D3. Choice of acceptance parameters

The object for such a choice has been to find as simple and unambiguous criteria as possible.

As the complete sequence of tests gives very high stresses on the test'unit it has been considered
sufficient to require only that the test units shall pass the test successfully. This means that no

breakdown shall have taken place.

Partial discharge and/or tan 6 tests could perhaps only add information regarding the behaviour
of the test unit during the test.

Furthermore, the reliability and repeatability of partial discharge are not so great that ambiguity
could be avoided.

The fact that different dielectric systems will give-both different tan & levels as well as different
tan § variations during the endurance test makes it difficult to propose standardized limits.

However, the tan 6 measurements should be reported in order to provide a check on uniformity
of production of the manufacturer.

D4. Selection of test unit

It is obvious that an endurance test will require a long time to perform. This proposal requires
30 to 40 days, depending on how the weekends are used. In some papers even much longer testing
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times have been mentioned. The required long testing time will be in conflict with the delivery
times for capacitors. - i -

-

In order to reduce the number of tests td be made it is thérefore important to formulate the test
requirements in such a way that the outcome of one test will be valid for a design-range.

This is in line with the normal requirements for type tests where it is permitted to perform a type
test on a similar unit provided that the parameter to be tested will not be influenced by the use
of a similar unit for the particular type test.

There should therefore not be conflict with any requirements if the endurance testing is
performed on model units, provided that the model units are truly representative of the service
unit. It should be noted that when making partial discharge tests according to 1 E C Publication 70
or IEC Publication 143 the use of model units is already allowed. '

The power supply equipment for endurance testing would be very complicated and expensive if
designed to cover a complete range of standard capacitor units (50 kvar to 300 kvar at Uy) within
a complete.rated voltage range 1000 V to 20000 V). Furthermore the power supply can in most
cases only accommodate one test sample at a time.

The endurance test is a test on the elements (their dielectric design and composition), and on
the assembling of these elements into a capacitor unit. As a model unit manufactured within the
limits of Appendix B is truly representative, the use of model units has been allowed and is
considered to be both practical and economical when performing the endurance test.
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31 {W-17 1 9,032 9,032 15,055 15,055 . 0.00
32 |w-59 2 7,552 15,104 8,812 17,624 0.00
33 |w-51 1 32,588 32,588 44,085 44,065 0.00
34 |w-52 4 448,598 | 1,794,392 393,782 | 1,575,128 0.00 .
35 |w-53 1 44,572 44,572 68,410 68,410 0.00
36 |W-53 1|7 40,337 40,337 61,653 61,653 0.00
7 |w-54 1 139,372 139,372 82,767 82,7687 0.00 .
38 |W-55 " 1 70,943 70,943 35,471 35,471 , 0.00
9 [w-56 1 49,798 49,796 61,690 61,690 0.00
0 |w-57 o1 4,057 4,057 8,812 8,812 ! N 0.00
1 |W-58 1 37,131 37,131 46,267 46,267 0.00 .
2 [w-59 K 1 8,945 8,945 10,281 10,281 0.00 .
3 |w-60 ! 2 8,438 16,878 8,812 17,624 0.00
4 |¥W-61 1 5,931 5,931 8,812 8,812 0.00
5 |w-62 1 12,179 12,179 25,704 25,704 0.00 '
6 |w-63 1 8,327 8,327 17,625 17,625 0.00
7 {W-64 1 16,418 16,418 62,653 82,653 0.00
8 |w-65 1 12,815 12,815 50,123 50,123 . 0.00
9 {H-66 2 11,640 23,280 13,219 26,438 0.00
0 |w-67 10 20,930 209,300 ol . 0 " 0.00
1 |v-68 ' 8 19,901 159,208 ) -0 0.00 :
2 |w-69 15 3,111 46,865 0 0 0.00
3 IWN-70 3 2,586 7,758 0 0 ) 0.00

1.2 “wpaee UREUNINTEANAMNNLYS 190 S1 CROUND unefu2 (SHOP, OFPFICE AREA) . 0.00
¢ {pa-2 1 229,592 229,592 30,281 30,281 0.00
5 |DA-3 1 708,937 706,937 156,172 156,172 0.00
3" (DA-6 1 29,046 29,046 | 10,832 10,832 0.00
7 [pa-8 1 28,355 28,355 8,812 8,812 0.00
3 (w-1 1 9,135 9,138 18,175 18,175 v 0.00
) {W-2 (ARCHIECT A-57)] 1 16,865 16,865 38,372 38,372 0.00
) (w-3 1 4,343 4,343 12,117 12,117 ] 0.00






