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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHUNT POWER CAPACITORS OF THE SELF-HEALING TYPE FOR A.C.
SYSTEMS HAVING A RATED VOLTAGE UP TO AND INCLUDING 1 000V -

Part 1: General — Performance, testing and rating —
Safety requirements — Guide for installation and operation

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization com
national electrotechnical committees (IEC National Committees). The object of IEC Vis to pr
rnational co-operation on all questions concerning standardization in the electrical and (electronic fiel
end and in addition to other activities, IEC publishes International Standards, Techhical Specific
Tdchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as|

IEC Publications have the form of recommendations for international use and are accepted by IEC N
Cgmmittees in that sense. While all reasonable efforts are-made to ensure that the technical content

Pyblications is accurate, IEC cannot be held responsible<for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in~their national and regional publications. Any diver
beftween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEL itself does not provide any attestation,'of conformity. Independent certification bodies provide conf]
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent ceriification bodies.

All users should ensure that they-have the latest edition of this publication.

Nq liability shall attach to IEC\on its directors, employees, servants or agents including individual exper
me¢mbers of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out (of\the publication, use of, or reliance upon, this IEC Publication or any othg
Pdblications.

Attention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

Attention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
paftent rights: IEC shall not be held responsible for identifying any or all such patent rights.

This i . 1 tfictatEC—Standard-att it ro-tdeTtifvt |

made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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2014

International Standard IEC 60831-1 has been prepared by IEC technical committee 33: Power
capacitors and their applications.

This third edition cancels and replaces the second edition published in 1996 and Amendment
1:2002. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous

edition:
a) Updating of the normative references;
b) Test condifions have been clarified;
c) Thermal stability test has been clarified;
d) Maximum permissible voltage and current have been clarified;
e) Tlhe protection of the environment has been amended with safety concerns and plasti
quality requirements.
The {ext of this standard is based on the following documents:
FDIS Report on yeting
33/543/FDIS 33/550/RVD
Full information on the voting for the approval of this standard can be found in the repg
voting indicated in the above table.
This ppublication has been drafted in accordafice with the ISO/IEC Directives, Part 2.
A list of all parts in the IEC 60831 se&ries, published under the general title Shunt p
capagitors of the self-healing type for a.c. systems having a rated voltage up to and inclu
1 009 V can be found on the IEC website.
The pommittee has decided that the contents of this publication will remain unchanged
the gtability date indicated. on the IEC web site under "http://webstore.iec.ch" in the
reIatId to the specific publication. At this date, the publication will be
« rgconfirmed,
* withdrawn,
* replaced by a revised edition, or
* amended.

\ X4

rt on
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The

confents of the corrigendum of May 2014 have been included in this copy
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SHUNT POWER CAPACITORS OF THE SELF-HEALING TYPE FOR A.C.
SYSTEMS HAVING A RATED VOLTAGE UP TO AND INCLUDING 1 000V -

Part 1: General — Performance, testing and rating —
Safety requirements — Guide for installation and operation

1 Scope-and-object

This
inten
rated

This

Addifional definitions, requirements, and tests for power filter capacitorsare given in Ann

part of the IEC 60831 series is applicable to both capacitor units and capacitor b
ded to be used, particularly, for power-factor correction of a.c. power systems hav
voltage up to and including 1 000 V and frequencies of 15 Hz to 60 Hz.

part of IEC 60831 also applies to capacitors intended for use in power filter cir

The

— Shunt power capacitors of the non-self-healing type for a.c. systems having a
vpltage up to and including 1 000 V (IEC 60931-1, -2 and -3).

— Shunt capacitors for a.c. power systems having a rated voltage above 1 0(
(IEC 60871-1, -2, -3 and -4).

ollowing capacitors are excluded from this part of IEC 60831:

apacitors for inductive heat-generating plants operating at frequencies between 4
hd 24 000 Hz (IEC 60110-1 and -2).

eries capacitors (IEC60143-1, -2, -3 and¥4).
apacitorsformotorapplications—and-4he-like AC motor capacitors (IEC 60252-1 and
oupling capacitors and capacitor_dividers (IEC 60358-1).

apacitors-te-be-used-in for power electronic circuits (IEC 61071).

mall a.c. capacitors to be used for fluorescent and discharge lamps (IEC 61048
FC 61049).

apacitors for suppression of radio interference (under consideration).

apacitors intended to be used in various types of electrical equipment, and
bnsidered as,components.

apacitorsintended for use with d.c. voltage superimposed on the a.c. voltage.
ssoriesasUch as insulators, switches, instrument transformers, fuses, etc., should

dance ‘with the relevant IEC standards and are not covered by the scope of this p
0831.

anks
ng a

Cuits.
EX A.

rated
0V

0 Hz

[2).

and

thus

be in
art of

The object of this part of IEC 60831 is to:

a) formulate uniform rules regarding performances, testing and rating;

b) formulate specific safety rules;

c) provide a guide for installation and operation.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC p0060-1:49892010, High-voltage test techniques — Part 1: General definitions and test
requfrements

IEC 60269-1:49862006, Low-voltage fuses — Part 1: General requjrements

IEC $0695-2-12:2010, Fire hazard testing — Part 2-12.Glowing/hot-wire based test methgds —
Glow-wire flammability index (GWFI) test method fokdnaterials

IEC 60831-2:49952013, Shunt power capacitors of the self-healing type for a.c. sydtems
having a rated voltage up to and including 1000 V — Part 2: Ageing test, self-healing tes{ and
destnuction test

IEC B0N871-1-1087 Shunt canacitors~for-a c nower svsteams having a rated voltage hovea

= o pPUo 11O o GapacHoSs o a- 6—powerS)Stems—Aavihigaateavoriage OVe
* . . . ; i

e T e e e

IEC 61000=2-2:49902002, Electromagnetic compatibility (EMC) — Part 2-2: Environment —
Compatibility levels for low-frequency conducted disturbances and signalling in public| low-
voltage power supply systems

IEC 61000-4-1:49922006, Electromagnetic compatibility (EMC) — Part 4-1: Testing and

measurement techniques ——Overview—of-immunitytests—Basic-EMC—publication Overview of
IEC 61000-4 series
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3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

31

capacitor element

element

device consisting essentially of two electrodes separated by a dielectric

[SOURCE: IEC 60050-436:1990, 436-01-03]

3.2
capacitor unit
unit
assembly of one or more capacitor elements in the same container with terminals brough{ out

[SOYRCE: IEC 60050-436:1990, 436-01-04]

3.3
self-healing capacitor
capagitor of which the electrical properties, after local breakdewn of the dielectric, are rgpidly
and essentially restored

[SOYRCE: IEC 60050-436:1990, 436-03-12]

3.4
capacitor bank
bank
number of capacitor units connected so as to'act together

[SOURCE: IEC 60050-436:1990, 436-01-06]

3.5
capacitor
genefic term, encompassing the notions of capacitor unit and capacitor bank

Note 1 to entry: In this part of IEC 60831, the word capacitor is used when it is not necessary to lay particular
stress|upon the different.meanings of the words capacitor unit or capacitor bank.

3.6
capacitor installation
one ¢r mofe tapacitor banks and their accessories

[SOURGEEC60050-436:1990,436-04-07]

3.7

discharge device of a capacitor

device which may be incorporated in a capacitor, capable of reducing the voltage between the
terminals practically to zero, within a given time, after the capacitor has been disconnected
from a network

[SOURCE: IEC 60050-436:1990, 436-03-15, modified ("intended to reduce ... value" has been
replaced by "capable of reducing ... zero")]

3.8
internal fuse of a capacitor
fuse connected inside a capacitor unit, in series with an element or a group of elements
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[SOURCE: IEC 60050-436:1990, 436-03-16]

3.9

overpressure disconnector for a capacitor

disconnecting device designed to switch off the capacitor in the case of abnormal increase of
the internal pressure

[SOURCE: IEC 60050-436:1990, 436-03-17, modified ("to interrupt ... in the event" has been
replaced by "to switch off ... in the case")]

3.10
overfemperature disconnector for a capacitor
discdnnecting device designed to switch off the capacitor in the case of abnormal jncreage of
the ipternal temperature

3.1
line terminal
terminal intended for connection to a line conductor of a network

Note 1 to entry: In polyphase capacitors, a terminal intended to be connected-.te the neutral conductor [is not
considered to be a line terminal.

[SOYRCE: IEC 60050-436:1990, 436-03-01]

3.12
rated capacitance of a capacitor
Cn
capagitance value for which the capacitor has been designed

[SOYURCE: IEC 60050-436:1990, 436-01-12,modified (symbol C\ added and "the r.m.s. yalue
of the¢ alternating current” has been replaced by "capacitance value")]

3.13
rated output of a capacitor

On

reactive power derived from'the rated values of capacitance, frequency and voltage

[SOYRCE: IEC 60050-436:1990, 436-01-16, modified (symbol Oy added and "for which the
capagitor has been dgsigned" has been replaced by "derived ... voltage")]

3.14
rated voltageof a capacitor
Un
r.m.s|.wvalue of the alternating voltage for which the capacitor has been designed

Note 1 to entry: In the case of capacitors consisting of one or more separate circuits (such as 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 for polyphase capacitor
banks, Uy refers to the phase-to-phase voltage.

[SOURCE: IEC 60050-436:1990, 436-01-15]

3.15
rated frequency of a capacitor

N

frequency for which the capacitor has been designed
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[SOURCE: IEC 60050-436:1990, 436-01-14]

3.16

rated current of a capacitor

Iy

r.m.s. value of the alternating current for which the capacitor has been designed

[SOURCE: IEC 60050-436:1990, 436-01-13]
3.17

capacitorlosses
active power dissipated in the capacitor

Note 1 to entry: All loss-producing components should be included, for example:
— fdr a unit, losses from dielectric, internal fuses, internal discharge resistor, connections, etes

— fdr a bank, losses from units, external fuses, busbars, discharge and damping reactors, etc.

[SOYRCE: IEC 60050-436:1990, 436-04-10]

3.18
tanggnt of the loss angle of a capacitor
tan g
ratio between the equivalent series resistance and the capacitive reactance of the capacitor at
specffied sinusoidal alternating voltage and frequency

[SOYRCE: IEC 60050-436:1990, 436-04-11]

3.19
maximum permissible a.c. voltage of a capacitor
maximum r.m.s. alternating voltage which the capacitor can sustain for a given tine in
speclfied conditions

[SOYRCE: IEC 60050-436:19904,436-04-07]

3.20
maximum permissible_a:c.’ current of a capacitor
maximum r.m.s. alternating current which the capacitor can sustain for a given tinpe in
specified conditions

[SOYRCE: IEC®60050-436:1990, 436-04-09]

3.21
amb1ent air temperature
temperature of the air at the proposed location of the capacitor

3.22

cooling air temperature

temperature of the cooling air measured at the hottest position in the bank, under steady-state
conditions, midway between two units

Note 1 to entry: If only one 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 from its base.

3.23

steady-state condition

thermal equilibrium attained by the capacitor at constant output and at constant ambient air
temperature
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residual voltage
voltage remaining on the terminals of a capacitor at a certain time following disconnection

4 Service conditions

4.1

Normal service conditions

2014

This standard gives requirements for capacitors intended for use under the following
conditions:

a)

b)

c)

Capd
numl

esidual voltage at energization

ot to exceed 10 % rated voltage (Clause 22, Clause 32, and Annex B).
[titude

ot exceeding 2 000 m.

mbient air temperature categories

citors are classified in temperature categories, each categorybeing specified
er followed by a letter. The number represents the lowest(ambient air temperatu

whiclh the capacitor may operate.

The
spec
+55 1

The |
from

For i

etters represent upper limits of temperature variationsranges, having maximum v
fied in Table 1. The temperature categories cover the temperature range of -50
C.

owest ambient air temperature at which the:capacitor may be operated should be ch
the five preferred values +5 °C, -5 °C, =25 °C, —40 °C, -50 °C.

hdoor use, a lower limit of =5 °C is pormally applicable.

Tabl
air t

1 is based on service conditiohs in which the capacitor does not influence the am
mperature (for example outdoeor installations).

Table 1 — Letter symbols for upper limit of temperature range

by a
re at

hlues
C to

osen

bient

Ambient temperature
°C
Symbol
Highest mean over any period of
Maximum

24 h 1 year
A 40 30 20
B 45 35 25
C 50 40 30
D 55 45 35

NOTE 1 The temperature values according to Table 1 can be found in the
meteorological temperature table covering the installation site.

NOTE 2 Higher temperature values than those indicated in Table 1 can be
considered in special applications by mutual agreement between manufacturer and
purchaser. In that case, the temperature category should be indicated by the
combination of minimum and maximum temperature values, for example, —40/60.

If the capacitor influences the air temperature, the ventilation and/or choice of capacitor shall
be such that the Table 1 limits are maintained. The cooling air temperature in such an

insta

llation shall not exceed the temperature limits of Table 1 by more than 5 °C.
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Any combination of minimum and maximum values can be chosen for the standard

tem

perature category of a capacitor, for example —40/A or -5/C.

Preferred temperature categories are:

4.2

—40/A, -25/A, -5/A and -5/C.

Unusual service conditions

Unless otherwise agreed between manufacturer and purchaser, this standard does not apply

toc

apacitors the service conditions of which_in general are incompatible with the req

ments of the present standard.

Section 2: Qualif : | !

Juire-

5 Test requirements

5.1 | General

Clause 5 gives the test requirements for capacitor units and,,whéen specified, for capacitor
elements.

Supgorting insulators, switches, instrument transformers, fuses, etc, shall be in accordance

with relevant IEC standards.

Test conditions

Unless otherwise specified for a particularstest or measurement, the temperature o
capagitor dielectric at the start of the test shall be in the range of +5 °C to +35 °C.

dy be assumed that the dielectric*temperature is the same as the ambient temperd

provided that the capacitor has “been left in an unenergized state at constant am

perature for an adequate. period.\When—a—correction—has—to-beapplied,—therefes
-..-ee-.-e Q--“

othera 'a areed-bebween
S Vv g c—o Vv

3
a & a
cHHoHdA - d

h.c. tests and measurements shall be carried out at a frequency of 50 Hz or 60 Hz

pendent of the rated-frequency of the capacitor, if not otherwise specified.

Capdcitors having a rated frequency below 50 Hz shall be tested and measured at 50 |
60 Hg, if nat-otherwise specified.

6

f the

ture,
bient
lence
d-the

nde-

Hz or

Ctassification of tests

6.1

Routine tests

The following tests are routine tests. For details, reference should be made to the relevant
clauses or subclauses:

a
b
c

)
)
)
d)

capacitance measurement and output calculation (see Clause 7);

measurement of the tangent of the loss angle (tan d) of the capacitor (see Clause 8);
voltage test between terminals (see 9.1);

voltage test between terminals and container (see 10.1);
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e) test of the internal discharge device (see Clause 11);
f) sealing test (see Clause 12).
Routine tests shall have been carried out by the manufacturer on every capacitor before

delivery. If the purchaser so requests, he shall be supplied with a certificate detailing the
results of such tests.

In general, the indicated sequence of the tests is not mandatory.

6.2 Type tests

The following tests are type tests. For details, reference should be made to the rélévant
clauges or subclauses:

a) thermal stability test (see Clause 13);

b) measurement of the tangent of the loss angle (tan &) of the capacitor at eleyated
mperature (see Clause 14);

—

c) vpltage test between terminals (see 9.2);

(o
-
<

bltage test between terminals and container (see 10.2);

2

iphtning impulse voltage test between terminals and container (see Clause 15);
f) djscharge test (see Clause 16);

geing test (see Clause 17);

o Q@
= —
n_Q

elf-healing test (see Clause 18);
i) destruction test (see Clause 19).

Type| tests are carried out in order to ascertain that, as regards design, size, materialg and
consfruction, the capacitor complies with*the specified characteristics and operation
requirements detailed in this standard.

Unlegs otherwise specified, every capacitor sample to which the type test is applied shall first
have|withstood satisfactorily the application of all the routine tests.

The fype tests shall have been carried out by the manufacturer, and the purchaser ghall,
on request, be supplied with a certificate detailing the results of such tests.

The puccessful completion of each type test is also valid for units having the same fated
voltape and lowertoutput, provided that they do not differ in any way that may influence the
propgrties to bé‘checked by the test. It is not essential that all type tests be carried out on the
samg capacitor sample.

The |ndmber of samples for the type test shall be subjected to agreement between the

fopt d
manutraetdrer—anauset-

6.3 Acceptance tests

Some or all of the routine and/or type tests may be repeated by the manufacturer in
connection with any contract by agreement with the purchaser. The kind of tests, the number
of samples that may be subjected to such repeated tests, and the acceptance criteria shall be
subject to agreement between manufacturer and purchaser, and shall be stated in the
contract.
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7 Capacitance measurement and output calculation

71 Measuring procedure

The capacitance shall be measured at the voltage and at the frequency chosen by
the manufacturer. The method used shall not include errors due to harmonics, or to acces-
sories external to the capacitor to be measured, such as reactors and blocking circuits in the
measuring circuit. The accuracy of the measuring method and the correlation with the values
measured at rated voltage and frequency shall be given.

The capacitance measurement shall be carried out after the voltage test between terminals
(see [Clause 9).

Meagurement at a voltage between 0,9 and 1,1 times the rated voltage, and at a“frequency
betwgen 0,8 and 1,2 times the rated frequency, shall be performed on iNhe capacitor
previpusly used for the thermal stability test (see Clause 13), the ageing testy(see Clausg 17),
and fhe self-healing test (see Clause 18-before-these-tests), and could be)performed on pther
capagitors at the request of the purchaser in agreement with the manufacturer.

7.2 | Capacitance tolerances

The ¢apacitance shall not differ from the rated capacitance by/more than

-5 % to +4510 % for units and banks up to 100 kvar;
0-5 % to +1485 % for units and banks above 100 kvar.
The ¢apacitance value is that measured underthe conditions of 7.1.

In thfee-phase units, the ratio of maximum to minimum value of the capacitance meagured
betwgen any two-line terminals shall not-exceed 1,08.

NOTE| A formula for the calculation ef_the output of a three-phase capacitor from a single-phase capacjtance
measyrement is given in Annex B.

8 Measurement of the tangent of the loss angle (tan &) of the capacitor

8.1 Measuring procedure

The ¢apacitor {osses (or tan 8) shall be measured at the voltage and at the frequency chiosen
by the manufacturer. The method used shall not include errors due to harmonics, pr to
accegsories. external to the capacitor to be measured, such as reactors and blocking circuits
in the measuring circuit. The accuracy of the measuring method and the correlation with the
valuds ‘measured at the rated voltage and frequency shall be given

The measurement of the capacitor losses shall be carried out after the voltage test between
terminals (see Clause 9).

Measurement at a voltage between 0,9 and 1,1 times the rated voltage, and at a frequency
between 0,8 and 1,2 times the rated frequency shall be performed on the capacitor before the
thermal stability test (see Clause 13), and may be performed on other capacitors upon
request of the purchaser in agreement with the manufacturer.

NOTE4+—When testing a large number of capacitors, statistical sampling may be used for
measuring tan 3. The statistical sampling plan should be by agreement between manufacturer
and purchaser.
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NoTE2 The tan & value of certain types of dielectric is a function of the energization time
before the measurement. In that case, test voltage and energization time should be by
agreement between manufacturer and purchaser.

8.2 Loss requirements
The value of tan 6, measured in accordance with 8.1, shall not exceed the value declared by

the manufacturer for the temperature and voltage of the test, or the value agreed upon
between manufacturer and purchaser.

9 Vol ween terminal

9.1 Routine test

Each| capacitor shall be subjected to an a.c. test at Uy = 2,15 Uy for a minimum time of 2 $.

The [a.c. test shall be carried out with a substantially sinusoidal voltage at a freqyency
betwgen 15 Hz and 100 Hz, and preferably as near as possible to the rated frequency.

During the test, no permanent puncture or flashover shall occur. Self-healing breakdownp are
permiitted.

When the unit is composed of a number of elements, or~a group of elements connectgd in
parallel, and which are tested separately, it is not necessary to repeat the test on the unit

NOTEH—For polyphase capacitors, the test voltages _should be adjusted as appropriate.

NOTE}2 Operation of internal element fuses is permitted,*provided the capacitance tolerances are still me¢t and
that npt more than two fuses have operated per unit.—«r

9.2 | Type test

Each| capacitor shall be subjected to-an a.c. test at U; = 2,15 Uy for 10 s.
The @.c. test shall be carried out with a substantially sinusoidal voltage.

During the test, no permanent puncture or flashover shall occur. Self-healing breakdownp are
permiitted.

NoTE+—For polyphase capacitors, the test voltages should be adjusted as appropriate.

NOTE}2 Operation of internal element fuses is permitted, provided capacitance tolerances are still met, and that
not mere than two fuses have operated per unit.

10 Voltage tests between terminals and container

10.1 Routine test

Units having all terminals insulated from the container shall be subjected to an a.c. voltage
applled between the termmals (Jomed together) and the contamer M%%d#eﬁag&e#the

4—9—3—94’—7—2—k%uer—a—Fmﬂ4mum—t4me—ef—2—s— The voltage to be applied is 2 Uy + 2 kV or 3 kV,
whichever is the higher, for 10 s or 20 % higher for a minimum time of 2 s.

If the units are intended to be connected directly to the aerial power line and by agreement
between the manufacturer and the user, the test shall be performed with a voltage of 6 kV.
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During the test, neither puncture nor flashover shall occur.

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

Three-phase units having separate phase capacitance can be tested with respect to the
container with all the terminals joined together. Units having one terminal permanently
connected to the container shall not be subjected to this test.

When the unit container consists of insulating material, this test shall be omitted.

If a ¢apacitor has separate phases or sections, a test of the insulation between phaségs or
sectipns shall be made at the same voltage value as for the terminals-to-container test

10.2| Type test

Unitg having all terminals insulated from the container shall be subjected to a test accofding
to 101 for a duration of 1 min-with-a—voltage-of 3-kV-iftherated-voltage bf thecapascitor{s-Uy
£660\V-or-with-a-voltage-of 6-kVif-U\—>660-\.

The {est on units having one terminal permanently connected to the container shall be ligited
to thg bushing(s) and container (without elements) or to a«fdlly insulated unit with ideptical
intermal insulation.

If thg capacitor container is of insulating material, the test voltage shall be applied between
the t¢rminals and a metal foil wrapped closely round‘the surface of the container.

The [test shall be made under dry conditions for indoor units, and with artificial| rain
(see |[EC 60060-1) for units to be used outdeors.

During the test, neither puncture nor flashover shall occur.

NOTEH—Units intended for outdoor-installation may be subjected to a dry test only.

The nanufacturer should in\such a case supply a separate type test report showing thgt the
bushjng with enclosure, if.used, will withstand the wet test voltage.

NOTE}2 For filter capaecitors, the voltage appearing at the capacitor terminals is always higher than the n¢twork
voltage.

For filfer capacitofs;=and provided the arithmetic sum of the r.m.s values of the harmonic voltages does not gxceed
0,5 times the nominal network voltage, the test voltage between terminals and container refers to the ngminal
netwofk voltagesto which the filter is connected (and not to the voltage appearing at the capacitor terminals).

If the fadtor, of 0,5 times is exceeded, then the-rermalruleshould-apply—thatisthe test voltage between terminals

and canfainer refers to the rated voltage of the capacitor

11 Test of internal discharge device

The resistance of the internal discharge device, if any, shall be checked either by a resistance
measurement or by measuring the self-discharging rate (see Clause 22). The choice of the
method is left to the manufacturer.

The test shall be made after the voltage tests of Clause 9.
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12 Sealing test

The unit (in non-painted state) shall be exposed to a test that will effectively detect any leak
of the container and bushing(s). The test procedure is left to the manufacturer, who shall
describe the test method concerned.

If no procedure is stated by the manufacturer, the following test procedure shall apply:

Unenergized capacitor units shall be heated throughout so that all parts reach a temperature
not lower than 20 °C above the maximum value in Table 1 corresponding to the capacitor

t’\l andaoball ba oaaointoinad of th o t o arati e for 2 b ANl laalcaa ahball ool
Sym O arrdSTrarn oo rramtan o at oS tCTptTatarTCToT Z T iyo roanagocorrarnr OCTUT

It is lecommended that a suitable indicator is used.

NOTE| If the capacitor contains no liquid materials at the test temperature, the test may be omitted as a rputine
test.

13 Thermal stability test

The gapacitor 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.\Fhe dissipation in the resistors
shall|be adjusted to a value so that the container temperatures of the dummy capacitors|near
the fop opposing faces are equal to, or greater<than, those of the test capafitor.
The geparation between the units shall be equal to;ekless-than; normal spacings as spegified
by mpnufacturer’s instructions.

The @assembly shall be placed in still air (without forced air ventilation) in a heated enclgsure
in the most unfavourable thermal position<according to the manufacturer's instructions for
mounting on site. The ambient air temperature shall be maintained at or abovq the
appropriate temperature shown in Table’2. It shall be checked by means of a thermometer
havirjg a thermal time constant of approximately 1 h.

The jambient air thermometer.'should be shielded so that it is subjected to the minijmum
poss|ble thermal radiation from'the three energized samples.

Table 2= Ambient air temperature for the thermal stability test

Symbol Ambient air temperature
°C
40
45
50
D 55

After all parts of the capacitor have attained the temperature of the ambient air, the 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 throughout the last 24 h of the test shall be adjusted to
give a calculated output, using the measured capacitance (see 7.1), of at least 1,44 times its
rated output.
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The test will stop in one of the following two conditions:

— For a period of 6 h, the temperature of the container measured at 2/3 of the height from
the bottom (excluding terminals) shall not increase by more than 1 °C. In this case, the
test is considered as positive.

— If the temperature increases of three successive periods of 6 h do not decrease in
magnitude. In this case, the test is considered as having failed.

At the end of the stability test, the difference between the measured temperature of the
container and the ambient air temperature shall be recorded.

Before and after the test the capacitance shall be measured (see 7.1) within the standard
temperature range for testing (see 5.2), and these two measurements shall be corrected to
the same dielectric temperature. No change of capacitance greater than 2 %-shall be
apparent from these measurements.

A mgasurement of the tangent of the loss angle (tan 3) shall be made befofe and after the
thernpal stability test, at a temperature of-appreximately-20°C 25°C + 5°G,

The palue of the second measurement of the tangent of the loss-‘angle shall be not grgater
than that of the first by more than 2 x 10~4.

—

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

— the repeatability of the measurements;

— the fact that internal change in the dielectric may cause a small change of capacitance,
ithout the puncture of any element of the capacitor, or the blowing of an internal|fuse
Aving occurred.

> =

NOTEH—When checking whether the capacitor losses or temperature conditions are satisfied,
fluctyations of voltage, frequency and ambient air temperature during the test should be faken
into account. For this reason, it is advisable to plot these parameters and the tangent df the
loss angle and the temperature rise(as a function of time.

NoTEl2 Units intended for 60 Hz installation may be tested at 50 Hz and units intended fpr 50
Hz may be tested at 60 Hz provided that the specified output is applied. For units rated Qelow
50 Hg, the test conditions:should be agreed between purchaser and manufacturer.

NOTE[3 For polyphase\units, two possibilities are allowed:

e of a three>phase source;

|
c

— mpodification of the internal connections in order to have only one phase with the same output.

14 mleasurement of the tangent of the loss angle (tan &) of the capacitor at
ture

14.1 Measuring procedure

The capacitor losses (tan &) shall be measured at the end of the thermal stability test
(see Clause 13). The measuring voltage shall be that of the thermal stability test.

14.2 Requirements

The value of tan 8, measured in accordance with 14.1, shall not exceed the value declared by
the manufacturer for the temperature and voltage of the test, or the value agreed upon
between manufacturer and purchaser.
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15 Lightning impulse voltage test between terminals and container

Only units having all terminals insulated from the container—and—intended—for—exposed
installations shall be subjected to this test.

The impulse test shall be performed with a wave of 1,2/50 us to 5/50 us having a peak
value of 8 kV if the rated voltage of the capacitor is Uy < 690 V or having a peak value of
12 kV if Uy > 690 V.

Unless-otherwise-agreed-between-manufacturerand-purchaser; If the units are intended to be

conngtteddiTectty to exposed mstattations suchas overhead imes and by agreement betveen
the mpanufacturer and the user, the impulse test shall be performed with a wave of 1;2/50 us
to 5/50 us having a peak value of 15 kV if the rated voltage of the capacitor is Uy £%6606490 V
or hgving a peak value of 25 kV if Uy > 660690 V.

Threg¢ impulses of positive polarity followed by three impulses of negative 'polarity shall be
applied between the terminals joined together and the container.

After| the change of polarity, it is permissible to apply some impulses of lower amplitude
beforne the application of the test impulses.

The pbsence of failure during the test shall be verified by—~a—eathede—ray an oscillogfaph,
which is used to record the voltage and to check the waye'shape.

If thg capacitor container is of insulating material, the test voltage shall be applied between
the t¢rminals and a metal foil wrapped closely round the surface of the container.

NOTE| Partial discharge in the insulation to the container may be indicated by the modification of the waveshapes
betwepn the different impulses.

16 Discharge test

The pnit shall be charged by.meéans of d.c. and then discharged through a gap situated as
closq as possible to the capacitor.

It shall be subjected to-five such discharges within 10 min.
The {est voltage shall be equal to 2 Uy.

Withi

n 5 min.after this test, the unit shall be subjected to a voltage test between ternfinals
(see9.1)

The capacitancestratt—bemeasured—before thedischrarge test—and—after the—vottage test.
The measurements shall not differ by an amount corresponding either to the breakdown of an
element, or to the blowing of an internal fuse, or by more than 2 %.

For polyphase units, the test shall be carried out in the following manner:

— In the case of units with three-phase delta connection, two terminals shall be short-
circuited and the test carried out between the third terminal and the short-circuited
terminals at 2 Uy.

— In the case of units with three-phase star connection, the test shall be carried out between
two terminals with the third terminal left unconnected. The test voltage shall be 4 Uyn/Y3 to
achieve the same test voltage across the elements.

If the first peak of the test current exceeds the value of 200 /7y (r.-m.s.), it may be kept at this
limit by means of an external coil.
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17 Ageing test

The requirements for this test are given in IEC 60831-2.

18 Self-healing test

The requirements for this test are given in IEC 60831-2.

19 Destruction test

The tequirements for this test are given in IEC 60831-2.
20 Maximum permissible voltage

20.1| Long-duration voltages

Capdcitor units shall be suitable for operation at voltage level§-according to Table 3 (seq also
Clauses 29 and 32).

Table 3 — Admissible voltagedevels in service

Type Voltage Maximum Observations
factor x Uy duration
r.m.s.
Powef frequency 1,00 Continuous Highest average value during any period

of capacitor energization. For energizatio
periods less than 24 h, exceptions apply 2
indicated below (see Clause 29).

[

Powef frequency 1,10 8 hiin every 24 h | System voltage regulation and fluctuationg.
Powef frequency 1,15 30 min in every 24 h | System voltage regulation and fluctuationg.
Powef frequency 1520 5 min Voltage rise at light load (see Clause 29).
Powef frequency 1,30 1 min

Powef frequency So that the current does not exceed the value given in clause 21

plus Harmonics (see also Clauses 33 and 34).

even within the limit indicated above, may adversely affect the life duration of these
capacitors. It is assumed that the overvoltages given in Table 3 and having a value higher
than 1,15 Uy occur 200 times in the life of the capacitor.

20.2 Switching voltages

The switching of a capacitor bank by a restrike-free circuit breaker usually causes a transient
overvoltage, the first peak of which does not exceed 2 V2 times the applied voltage (r.m.s.
value) for a maximum duration of 1/2 cycle.

About 5 000 switching operations per year are acceptable under these conditions, taking into
account the fact that some of them may take place when the internal temperature of the
capacitors is less than 0 °C, but is within the temperature category. (The associated peak
transient overcurrent may reach 100 times the value Iy (see Clause 33)).
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In the case of capacitors that are switched more frequently, the values of the overvoltage
amplitude and duration and the transient overcurrent shall be limited to lower levels
(see Clause 34).

These limitations and/or reductions shall be agreed between manufacturer and purchaser.

21 Maximum permissible current

Capacitor units shall be suitable for continuous operation at an r.m.s. line current of 1,3 times
the current that occurs at rated sinusoidal voltage and rated frequency, excluding transients.
Taki;Lg into account the capacitance tolerances of-+45 1,1 Cy, the maximum curren{ can
reach-+6 1,43 Iy.

These overcurrent factors are intended to take into account the combined® effects of
harmlonics, overvoltages and capacitance tolerance according to 20.1.

22 Discharge device

Each| capacitor unit and/or bank shall be provided with a means for discharging each upit in
3 min to 75 V or less, from an initial peak voltage of V2 tim'es the rated voltage Uy.

Therge shall be no switch, fuse cut-out, or any other isolating device between the capacitor
unit @nd this discharge device.

A digcharge device is not a substitute for shart-circuiting the capacitor terminals togethef and
to ealrth before handling.

NoTEl+—Capacitors connected directly and permanently to other electrical equipment providing
a discharge path should be consSidered properly discharged, provided that the dircuit
characteristics are such as to.gnsure the discharge of the capacitor within the time spetified
above.

NoTE[2 Attention is drawn to the fact that in some countries smaller discharge times and
voltapes are required( In"that event, the purchaser should inform the manufacturer.

NoTEl3—Discharge\ 'circuits should have adequate current-carrying capacity to discharge the
capagitor from<{he peak of the 1,3 Uy overvoltage according to Clause 20.

NOTE|5—Since the residual voltage at energization should not exceed 10 % of the fated
voltape/(see 4.1), discharge resistors with lower resistance or additional switched discharge
deviges.may be needed, if the capacitors are automatically controlled.

NOTE-4 A formula for the calculation of the discharge resistance is given in Annex B.
23 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 metallic container
shall be provided with a connection capable of carrying the fault current.

24 Protection of the environment

When capacitors are impregnated with products that shall not be dispersed into the environ-
ment, the necessary precautions shall be taken. In some countries, there exist legal
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requirements in this respect (see 26.3). The units and the bank shall be labelled accordingly,
if so required.

Products of combustion of the terminals shall be environmentally acceptable.
extinguishing materials with a minimum Glow-Wire Flammability Index (GWFI) of 750 °C shall
be used for the terminals (see IEC 60695-2-12).

25 Other safety requirements

Self-

The purchaser shall specify at the time of enquiry any special requirements with regard to the

safet

y regulations that apply to the country in which the capacitor is to be installed.

Section 5: Marki

26 Marking of the unit

26.1

The
each

a) M

T
-

—

Rating plate

ollowing information shall be marked indelibly, either directly‘or by means of a plat
capacitor unit:

anufacturer.

dentification number and manufacturing year.

[he year may be a part of the identification number or be in code form)

ated output Qy in kilovars (kvar).

pr three-phase units, the total output shalf‘be given (see Annex B).

ated voltage Uy in volts (V).

ated frequency f\ in hertz (Hz).

emperature category.

ischarge device, if internal,'shall be indicated by wording or by the symbol —/—}
y the rated resistance ifi kKilohms (kQ) or megohms (MQ).

eference of self-healing design: "SH" or Z-':'? or "self-healing".

onnection symbak

A\l capacitors; except single-phase units having one capacitance only, shall have
bnnectionfindicated. For standardized connection symbols, see 26.2).

ternal-fuses, if included, shall be indicated by wording or by the symbol ————.

— or

their

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 kilovolts,
and the second number giving the peak value of the lightning impulse test voltage, in
kilovolts (for example 3/15 kV).

For units having one terminal permanently connected to the container, and-unitsfor-non-
exposed-installation—and not tested according to Clause 15, this information should be 3/-
kV.

| m) Reference to IEC 60831-1 (plus year of issue of the edition).

In the case of filter capacitors, a reference to Annex A shall be made.
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| NoTE1—For small units, which are permanently connected together by the manufacturer or the
manufacturer’s representative to form a bank or a large unit, certain of the above items may
be deleted. This bigger bank or unit should in this case carry a complete rating plate.

| NoTE2 A warning notice should be included as follows: "Warning: wait 5 minutes after
isolating supply before handling".

‘ The purchaser should specify any additional marking requirement.
26.2 Standardized connection symbols

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

D or A = delta

Y or Y
YNorY

mor| |l

star

star, neutral brought out

three sections without interconnections.
26.3| Warning plate

When capacitors are impregnated with products that shall ,not be dispersed into thg en-
vironment (see Clause 24), the capacitor shall carry markings{in accordance with the lays or
regulations in force in the user's country, the onus being on the user to infornl the
manufacturer of such laws or regulations.

27 Marking of the bank

27.1| Instruction sheet or rating plate

The {ollowing minimum information shall>be given by the manufacturer in an instruction sheet,
or alfernatively, on request of the purehaser, on a rating plate:
a) Manufacturer.
b) HRated output Qy in kilovarsy(kvar).
(Total output to be given.)

Hated voltage Uy gdnyvolts (V).
d) Qonnection symbael.

(For standardized connection symbols, see 26.2. The connection symbol may be par{ of a
mplified connection diagram.)

e
= O

inimum time required between disconnection and reclosure of the bank.

f) Weight in kilograms (kg).

NOTE The choice between a rating plate and an instruction sheet is left to the purchaser.
27.2 Warning plate

Subclause 26.3 is also valid for the bank.
Seecti 6: Guide forinstallati | ti
28 General

Unlike most electrical apparatus, shunt capacitors, whenever energized, operate continuously
at full load, or at loads that deviate from this value only as a result of voltage and frequency
variations.
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Overstressing and overheating shorten the life of a capacitor, and therefore the operating
conditions (that is, temperature, voltage and current) should be strictly controlled.

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

Because of the different types of capacitors and the many factors involved, it is not possible
to cover, by simple rules, installation and operation in all possible cases. The following
information is given with regard to the more important points to be considered. In addition, the
instriyictions of the manufacturer and the power supply authorities shall be followed, espetially
thosg¢ concerning the switching of capacitors when the network is under light load conditigns.

29 Choice of the rated voltage

The fated voltage of the capacitor shall be at least equal to the service yoltage of the nefwork
to which the capacitor is to be connected, account being taken 6f,the influence of the
presg¢nce of the capacitor itself.

In cgrtain networks, a considerable difference may exist between the service and rated
voltape of the network, details of which should be furnished+by the purchaser, so that due
allowlance can be made by the manufacturer. This is of importance for capacitors, since|their
perfdrmance and life may be adversely affected by an‘dndue increase of the voltage agross
the cppacitor dielectric.

Where circuit elements are inserted in series<with the capacitor to reduce the effects of
harmlonics, etc., the resultant increase in_the voltage at the capacitor terminals gbove
the sgrvice voltage of the network necessitates a corresponding increase in the rated volJtage
of the capacitor.

If nolinformation to the contrary is,available, the service voltage shall 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 follgwing
cons|derations shall be taken into account:

a) shunt-connected capacitors may cause a voltage rise from the source to the point where
they are located (see Annex B); this voltage rise may be greater due to the presenge of
hprmonics{ Capacitors are therefore liable to operate at a higher voltage than| that

easured before connecting the capacitors;

cpnditions (see Annex B);
out—of—eireuit—n—order—te v volltage
increase in the network.

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

NOTE1+—An excessive safety margin in the choice of the rated voltage UN should be avoided,
because this would result in a decrease of output when compared with the rated output.

NOTE-2 See Clause 20 concerning maximum permissible voltage.
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30 Operating temperature

30.1

General

2014

Attention should be paid to the operating temperature of the capacitor, because this has a
great influence on its life. In this respect, the temperature of the hot spot is a determining
factor, but it is difficult to measure this temperature in practical operation.

Temperature in excess of the upper limit accelerates electrochemical degradation of the

dielectric.
30.2| Installation
Capdcitors shall be so placed that there is adequate dissipation by convection and radifation

of the¢ heat produced by the capacitor losses.

The
good

entilation of the operating room and the arrangement of the capacitor.units shall pr
air circulation around each unit. This is of special importance for tnits mounted in

one above the other.

The

temp
of th
one (

30.3

temperature of capacitors subjected to radiation fromsthé sun or from any

bvide
rows

high-

erature surface will be increased. Depending on the coqling air temperature, the intgnsity

b cooling and the intensity and duration of the radiation} it may be necessary to o
f the following remedies:

protect the capacitors from radiation;

bt for

choose a capacitor designed for a higher ambient air temperature (for example,

htegory —5/B instead of —5/A, which is otherwise suitably designed);
employ capacitors with rated voltage ‘higher than that laid down in Clause 29.
citors installed at high altitude (méfe than 2 000 m) will be subjected to decreased

bation, which shall be considered*when determining the output of the units (see ite
se 31).

High ambient air temperature

Sym

heat
m e),

ol C capacitors are suitable for the majority of applications under tropical condilions.
In some locations, however, the ambient temperature may be such that a symbol D cap

is required. The latter may also be needed for those cases where the capacitord are
frequently subjeeted to the radiation of the sun for several hours (for example in d
areas), even though the ambient temperature is not excessive (see 30.2).

citor

esert

In eXqceptional cases, the maximum ambient temperature may be higher than 55 °C, of the
daily|average higher than 45 °C. Where it is impossible to increase the cooling condillions,

capacitorsof speciatdesigmshattbeused:

30.4

Evaluation of losses

If losses are to be evaluated, all accessories producing losses, such as external fuses,

react

ors, etc., shall be included in the calculation of total bank losses.

31 Special service conditions

Apart from the conditions prevailing at both limits of the temperature category (see 30.1),
the most important conditions, which the manufacturer shall be informed about, are the
following:

a) High relative humidity
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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.

b) Rapid mould growth

Mould growth does not develop on metals, ceramic materials and some kinds of paints
and lacquers. For other materials, mould growth may develop in humid places, especially
where dust, etc., can settle.

The use of fungicidal products may improve the behaviour of these materials, but such
products do not retain their poisoning property for more than a certain period.

c) Corrosive atmosphere

orTosive atmosphere s found—imimdustriatandcoastatrareas—ttshoutdbemotedthat in
climates of higher temperature the effects of such atmospheres may be more severg|than
in temperate climates. Highly corrosive atmosphere may be present even)in/ indoor
installations.

ollution

F

When capacitors are mounted in a location with a high degree of_ pollution, spgecial
pfecautions shall be taken.
A

G

c

Ititude exceeding 2 000 m

apacitors used at altitudes exceeding 2 000 m are subject{io special conditions| The
noice of the type should be made by agreement between_purchaser and manufacturg

—

32 Qvervoltages
Clause 20 specifies overvoltage factors.

With [the manufacturer's agreement, the overveltage factor may be increased if the estimated
number of overvoltages is lower, or if the(temperature conditions are less severe. These
powdr frequency overvoltage limits are yalid, provided that transient overvoltages arg¢ not
supefposed on them. The peak voltage §hall not exceed V2 times the given r.m.s. value.

Capdcitors that are liable to be, subjected to high overvoltages due to lightning should be
adequately protected. If lightning arresters are used, they should be located as near as
poss|ble to the capacitors.

Special arresters may-be required to take care of the discharge current from the capagitor,
espetially from large -banks.

Whep a capacitor is permanently connected to a motor, difficulties may arise |after
discgnnecting the motor from the supply. The motor, while still revolving, may act jas a
generator-by self-excitation and may give rise to voltages considerably in excess of the
systgmyvoltage.

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

NOTE 1 The maintained voltage due to self-excitation after the machine is switched off is particularly dangerous
for induction generators and for motors with a braking system intended to be operated by loss of voltage
(for example lift motors).

NOTE 2 In the case where the motor stops immediately after having been disconnected from the supply,
the compensation may exceed 90 %.

When a capacitor is connected to a motor associated with a star-delta starter, the arrange-
ment should be such that no overvoltage can occur during the operation of the starter.
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33 Overload currents

Capacitors should never be operated with currents exceeding the maximum value specified
in Clause 21.

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, power electronics,
and saturated transformer cores.

former—ee ay—b orsiderable- ase—harme of—abrorme agritadq are
ced, one of which may be amplified by resonance between the transformer| and
capatitor. This is a further reason for recommending the disconnection of capacitors\at {imes

of light load, as referred to in item b), Clause 29.

If thg capacitor current exceeds the maximum value specified in Clause 21while the voltage
is within the permissible limit of 1,10 Uy specified in Clause 20, the predominant harmonic
should be determined in order to find the best remedy.

Thenlollowing remedies should be considered:

oving some or all of the capacitors to other parts of the.system;

b) cpnnection of a reactor in series with the capacitor, to fower the resonant frequency qgf the
cjrcuit to a value below that of the disturbing harmonic;

O
-~

increase of the capacitance value when the{¢apacitor is connected close to power
semiconductors.

The yoltage waveform and the network characteristics should be determined before and|after
installing the capacitor. When sources of\harmonics such as large semiconductord are
presént, special care should be taken.

Trangient overcurrents of high amplitude and frequency may occur when capacitorg are
switched into circuit. Such transient effects are to be expected when a section of a capacitor
bank|is switched in parallel with.other sections that are already energized (see Annex B).

It may be necessary to reduce these transient overcurrents to acceptable values in relatipn to
the ¢apacitor and to~the equipment by switching on the capacitors through a resistor
(resistance switching),”or by the insertion of reactors in the supply circuit to each sectipn of
the bank.

If thg capacitors are provided with fuses, the peak value of the overcurrents due to switthing
operations shall be limited to a maximum of 100 Iy (r.m.s. value).

34 Switching and protective devices and connections

The switching and protective devices and the connections shall be designed to carry
continuously a current of 1,3 times the current that would be obtained with a sinusoidal
voltage of an r.m.s. value equal to the rated voltage at the rated frequency. As the capacitor
may have a capacitance equal to—445 1,1 times the value corresponding to its rated output
(see 7.2), this current may have a maximum value of 1,3 x-4;45 1,1 times the rated current.

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

The switching and protective devices and the connections shall be capable of withstanding
the electrodynamic and thermal stresses caused by the transient overcurrents of high
amplitude and frequency that may occur when switching on.
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Such transients are to be expected when a capacitor (unit or bank) is switched in parallel with
other capacitor(s) that are already energized. It is common practice to increase the
inductance of the connections in order to reduce the switching current, although this
increases the total losses. Care should be taken not to exceed the maximum permissible
switching current.

When consideration of the electrodynamic and thermal stresses would lead to excessive
dimensions, special precautions, such as those mentioned in Clause 33 for the purpose of
protection against overcurrents, should be taken.

NOTE4_In_certain _cases, for example when the capacitors are automatically controlled,
repeated switching operations may occur at relatively short intervals of time. Switchgear and
fuseg should be selected to withstand these conditions (see-nete-5-of Clause 22).

NOTE}2 Breakers connected to the same busbar which is also connected M0 a bank of
capagitors may be subjected to special stress in the event of switching on a shaort-circuit.

NOTE|3—Breakers for switching of parallel banks shall be able to withstand the inrush cyrrent
(amplitude and frequency) resulting when one bank is connected toca-busbar to which pther
bank[s) are already connected.

It is recommended that capacitors be protected against overcurrent by means of suitable
overgurrent relays, which are adjusted to operate the gircuit-breakers when the cyrrent
excegds the permissible limit specified in Clause 21. Fuses do not generally provide suitable
overgurrent protection.

NoTEl-Depending on the design of the capacitors,\their capacitance will vary more or lesg with
tempgrature.

Atterftion should be paid to the fact that the capacitance may change rapidly after the
energization of cold capacitors. This/Ymay cause needless functioning of the protdctive
equipment.

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

Any [bad contacts in~capacitor circuits may give rise to arcing, causing high-freqency
oscillations that may-overheat and overstress the capacitors. Regular inspection ¢f all
capagitor equipmeéntcontacts is therefore recommended.

35 Choice of creepage distance

No rgquifement at present.

36 Capacitors connected to systems with audio-frequency remote control

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

There are various methods of avoiding these deficiencies. The choice of the best method
should be made by agreement between all parties concerned.
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37 Electromagnetic compatibility (EMC)

37.1 Emission

Under normal service conditions, power capacitors according to this standard do not produce
any electromagnetic disturbances. Therefore, the requirements for electromagnetic emissions
are deemed to be satisfied, and no verification by test is necessary.

NOTE4+—Self-healing breakdowns are considered to create no electromagnetic emission
because their effect is short-circuited by the parallel capacitance.

NoTE[2Due to the decreasing impedance of capacitors with frequency, measures shou|d be
taken to avoid inadmissible influence on ripple control systems.

NoTE[3—When using capacitors and inductances in a network which is loaded.with harmonic
voltapes or currents, care should be taken because the harmonics may be amplified.—

37.2| Immunity
37.21 General

Powgr capacitors are provided for an EMC environment in¢residential, commercial, and |Jight-
indugtrial locations (being supplied directly at low voltage ffom the public mains) as well jas in
indugtrial locations (being part of a non-public low volfage industrial network).

Undgr normal service conditions, the following Jitmmunity requirements and tests are|con-
sidered to be relevant:

37.22 Low-frequency disturbances

Capdcitors shall be suitable for continuous operation in the presence of harmonics| and
interffarmonics within the limits required in Clauses 2 and 3 of IEC 61000-2-2. A verification
by teft is not necessary.

NOTE| To stay within the requirements of Clauses 20 and 21, it is common to use inductances in series wfth the
capacijtors.

37.23 Conducted-transients and high-frequency disturbances

The high capacitance of power capacitors absorbs conducted transients and high-frequyency
distufbances,~without harmful effect. A severity level not exceeding level 3, as| per
IEC $1000-4-4, is deemed to be fulfilled and a verification by test is not necessary.

37.24 “Electrostatic discharges

Power capacitors are not sensitive to electrostatic discharges. A severity level not exceeding
level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is not
necessary.

37.2.5 Magnetic disturbances

Power capacitors are not sensitive to magnetic disturbances. A severity level not exceeding
level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is not
necessary.
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37.2.6 Electromagnetic disturbances

Power capacitors are not sensitive to electromagnetic disturbances. A severity level not
exceeding level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is
not necessary.
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Annex A
(normative)

2014

Additional definitions, requirements and tests for power filter capacitors

When the following clauses are added to the text of this standard, the standard will apply to

bypass filter capacitors (see Clause 1).

A1 - ol ol o f: HF H
. IFCrino diifu UcTIrmmuavIio

A.1.

band-pass and high-pass filter capacitor

filter] capacitor

capagitor (or capacitor bank) that, when connected with other components, such as reac
and flesistor(s), gives a low impedance for one or more harmonic currents

A.1.2

rated voltage (see 3.14)

UN

arithnetic sum of the
fal |

or t 10lta
o t

.m.s. voltages arising fro armonic frequen

r raactanca at
FeatGta it

he fundamental and
A

o =

or(s)

cies;
atad

r m t n
aa atad from rated outnut (see 1 3} _andleanacit
H Voage e G—HoMm—=_te GO pHtSee—-~— o)t aCH 1222

A.1.3
rated output (see 3.13)

ON

arithmetic sum of output generated by the fundamental frequency and by the harmonics

A.1.4
rated current (see 3.16)
IN
squale root of the sum of the squaned values of the rated currents at the fundamenta
harmfonic frequencies

Note 1 to entry: For accessories such as busbars, etc., the r.m.s. value for all currents should be considered.

A.2 | Quality requirements and tests

A.2.1 Capagcitance tolerance

For filter capacitors, especially for band-pass filters, symmetrical tolerances are re
mended forboth units and banks.

atoo

and

com-

Standard units have non-symmetrical tolerance bands (See 7.Z). This fact shall be taker
account when determining the capacitance value and tolerances.

into

NoTE—When determining the bank tolerances in a filter capacitor, the following factors should

be considered:

— tolerances of the associated equipment, especially the reactor(s);

— fundamental frequency variations in the network to which the filter capacitor is connected;

— capacitance variation due to ambient temperature and load;

— the allowed capacitance variation for short periods during, for example, warming u
unusual service conditions;

— capacitance variation due to an internal protection operation, if any.

p, or
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A.2.2 Voltage test between terminals (see Clause 9)

AC test.
For filter capacitors:
Y—=24-U+45Uy
U; = 2,15 Uy
where
,ul_|_c tharmecec vynltane at tho fiindamaental freaenew:
Uy iq the arithmetic sum-of the r-m.s. values of the harmonic voltages.

Uy i
A.2.3
If for

the rated voltage defined for the filter capacitors.

Thermal stability test (see Clause 13)

filter capacitors 1,44 Qy is lower than the output determined for 1, Uy at fundam|

frequency, the latter test voltage shall be used in the thermal stability.test.

A3

For f
many

A4

For f

Overloads — Maximum permissible current (see,Clause 21)

facturer.

Markings - Instruction sheet or rating plate (see 27.1)

Iter capacitors, the tuned harmonic frequency shall preferably be marked after the

frequency, for example:

50 H
50 H
50 H

A.5

A res

y + 250 Hz (narrow band-pass filter)
y + 550/650 Hz (broad band-pass filter)
y + > 750 Hz (high-pass-ilter).

Guide for installation and operation — Choice of the rated voltage
(see Clause-29)

the findameftal frequency voltage.

Iter capacitors, the maximum permissible current shathbe agreed between purchasef

ental

and

rated

ctor in sefies with the filter capacitor will cause voltage rise on the capacitor terminals at
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Annex B
(informative)

Formulae for capacitors and installations

2014

Computation of the output of three-phase capacitors from three single-

phase capacitance measurements

flown in 7.2 are fulfilled, the output O of the capacitor can be computed with.suff

accufacy from the formula:

wherg

Ca,
UN
0

B.2

Q=AC, + G + C)eolU\Zx10-12
2 -12
Q=§(Ca +Cp +Ce )0 U2 x10
dp, and C. are expressed in microfarads (uF);

is expressed in volts (V);
is expressed in megavars (Mvar).

Resonance frequency

A capacitor will be in resonance with a harmonic in accordance with the following equati
which » is an integer:

wherpe

B.3

g the short-cireujt' power (MVA) where the capacitor is to be installed;

T

expressed-in megavars (Mvar);

g4 the harmonic number: that is, the ratio between the resonant harmonic (Hz) an
btwark frequency (Hz).

>

mmﬁmmemmm” = r of
er delta or star connection are denoted as Cg, Cp, and C¢. If the symmetry requirements

cient

on in

l the

Voltage rise

Connection of a shunt capacitor will cause the steady-state voltage rise given by the following

expression:
AU @
U S
where
AU is the voltage rise in volts (V);

U
S

is the voltage before connection of the capacitor (V);
is the short-circuit power (MVA) where the capacitor is to be installed;
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0

B.4

is expressed in megavars (Mvar).

Inrush transient current

B.4.1 Switching in of single capacitor

fS ~ Iy 2—S
0
where
Is is the peak of inrush capacitor current in amperes (A);
Iy is the rated capacitor current (r.m.s.) in amperes (A);
S is the short-circuit power (MVA) where the capacitor is to be installed;

is expressed in megavars (Mvar).

B.4.2 Switching of capacitors in parallel with energized capacitor(s)

hits

. U2
Ig =——
VXX
_ Xc
/s =N X,
wherg
Is s the peak of inrush capacitor current in amperes (A);
U s the phase-to-earth voltage in volts (V);
Xc iIs the series-connected capacitivefeactances per phase in ohms (Q);
XL s the inductive reactance per.,phase between the banks in ohms (Q);
fs is the frequency of the inrush-current in hertz (Hz);
/N iIs the rated frequency in hertz (Hz).
B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase u
R < ! \/_
kxCxIn Un V2
Ur
wherge
t s-the-timefor-dischargefromn—v2to-rin-seconds{s)
R equals discharge resistance in megohms (MQ)
C is the rated capacitance in microfarads (uF) per phase;
UN is the rated voltage of unit in volts (V);
Ur is the permissible residual voltage in volts (V) (see Clause 22 for limits of t and UR);
k  is the coefficient depending on the method of connection of the resistors to the capacitor

units (see Figure B.1).
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IEC 0313/14

Figure B.1 — k values depending on the method of connection

of the resistors-with-the capacitor-units
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9)

Interpational Standard IEC 60831-1 has been prepared by IEC technical committee 33: P

INTERNATIONAL ELECTROTECHNICAL COMMISSION

SHUNT POWER CAPACITORS OF THE SELF-HEALING TYPE FOR A.C.
SYSTEMS HAVING A RATED VOLTAGE UP TO AND INCLUDING 1 000 V -

Part 1: General — Performance, testing and rating —
Safety requirements — Guide for installation and operation

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comf
national electrotechnical committees (IEC National Committees). The object of IEE Ws to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiofal Committee inte
in |the subject dealt with may participate in this preparatory work. International, governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordancerwith conditions determin
agreement between the two organizations.

formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technical ‘committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Cdmmittees in that sense. While all reasonable efforts are-made to ensure that the technical content
Pyblications is accurate, IEC cannot be held responsible¥for the way in which they are used or fq
miginterpretation by any end user.

Inforder to promote international uniformity, IEC National Committees undertake to apply IEC Publig
trgnsparently to the maximum extent possible in~their national and regional publications. Any diver
befween any IEC Publication and the corresponding national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation,'of conformity. Independent certification bodies provide conf
aspessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
sefvices carried out by independent cefttification bodies.

All users should ensure that they.have the latest edition of this publication.

Nq liability shall attach to IEC{on its directors, employees, servants or agents including individual exper
members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
expenses arising out ©f\the publication, use of, or reliance upon, this IEC Publication or any othe
Pdblications.

Attention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for the correct application of this publication.

Atlention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
pafent rights: IEC shall not be held responsible for identifying any or all such patent rights.
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capacitors and their applications.

This third edition cancels and replaces the second edition published in 1996 and Amendment
1:2002. This edition constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a
b

Cc

d

)
)
)
)

Updating of the normative references;

Test conditions have been clarified;
Thermal stability test has been clarified;

Maximum permissible voltage and current have been clarified;
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e) The protection of the environment has been amended with safety concerns and plastic

quality requirements.

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

FDIS Report on voting
33/543/FDIS 33/550/RVD

Full information on the voting for the approval of this standard can be found in the report on

VOtin" indiuatcd i-". thc abu'v'U tablc.
This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 60831 series, published under the general titfle Shunt p
capagitors of the self-healing type for a.c. systems having a rated voltage up to and inclu
1 000 V can be found on the IEC website.

The pommittee has decided that the contents of this publication will*femain unchanged
the gtability date indicated on the IEC web site under "http://webstore.iec.ch" in the
relatéd to the specific publication. At this date, the publicationwill be

« rgconfirmed,

. ithdrawn,

placed by a revised edition, or
*+ amended.

-

The gontents of the corrigendum of May 2014<have been included in this copy.

ower
ding,

until
data
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1

This |part of the IEC 60831 series is applicable to both capacitor units and capacitor b
intended to be used, particularly, for power-factor correction of a.c. power systems hav
rated voltage up to and including 1 000 V and frequencies of 15 Hz to 60 Hz.

This |part of IEC 60831 also applies to capacitors intended for use in pewer filter cir
Addifional definitions, requirements, and tests for power filter capacitors'are given in Ann

The

Accepsories>stch as insulators, switches, instrument transformers, fuses, etc., should
accofdance ‘with the relevant IEC standards and are not covered by the scope of this p
IEC $0831.

SHUNT POWER CAPACITORS OF THE SELF-HEALING TYPE FOR A.C.
SYSTEMS HAVING A RATED VOLTAGE UP TO AND INCLUDING 1 000V -

Part 1: General — Performance, testing and rating —
Safety requirements — Guide for installation and operation

Scope

ollowing capacitors are excluded from this part of IEC 60831:

Shunt power capacitors of the non-self-healing type fer a.c. systems having a
vpltage up to and including 1 000 V (IEC 60931-, -2 and«-3).

Shunt capacitors for a.c. power systems having a rated voltage above 1 0
(IEC 60871-1, -2, -3 and -4).

apacitors for inductive heat-generating plants operating at frequencies between 4
ahd 24 000 Hz (IEC 60110-1 and -2)

Series capacitors (IEC60143-1, -2, -3 and-¥4)

motor capacitors (IEC 60252-1 and\-2)

oupling capacitors and capacitor_dividers (IEC 60358-1)
apacitors for power electronicgircuits (IEC 61071).

Small a.c. capacitors to be used for fluorescent and discharge lamps (IEC 61048
IEC 61049).

apacitors for suppression of radio interference (under consideration).

apacitors intended to be used in various types of electrical equipment, and
cpnsidered as components.

apacitorsintended for use with d.c. voltage superimposed on the a.c. voltage.

anks
ng a

Cuits.
bX A.

rated

0oV

0 Hz

and

thus

be in
art of

The object of this part of IEC 60831 is to:

a) formulate uniform rules regarding performances, testing and rating;

b) formulate specific safety rules;

c) provide a guide for installation and operation.
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60060-1:2010, High-voltage test techniques — Part 1. General definitions and test
requirements

IEC $0269-1:2006, Low-voltage fuses — Part 1: General requirements

IEC 60831-2:2013, Shunt power capacitors of the self-healing type for a.c. systems havjng a
rated voltage up to and including 1 000 V — Part 2: Ageing test, self-healing test| and
destnuction test

IEC $0695-2-12:2010, Fire hazard testing — Part 2-12: Glowing/hot-wire.based test meth¢ds —
Glow-wire flammability index (GWFI) test method for materials

IEC $1000-2-2:2002, Electromagnetic compatibility (EMC), <) Part 2-2: Environment -
Compatibility levels for low-frequency conducted disturbanceés’ and signalling in public| low-
voltage power supply systems

IEC $1000-4-1:2006, Electromagnetic compatibility/,(EMC) — Part 4-1: Testing | and
meagurement techniques — Overview of IEC 61000-4 series

3 Terms and definitions

For the purposes of this document, the:following terms and definitions apply.

31
capacitor element
element

devide consisting essentially of two electrodes separated by a dielectric
[SOYRCE: IEC 60050-436:1990, 436-01-03]

3.2
capacitor unit
unit
assembly of one or more capacitor elements in the same container with terminals brough{ out

[SOURCE: IEC 60050-436:1990, 436-01-04]

3.3

self-healing capacitor

capacitor of which the electrical properties, after local breakdown of the dielectric, are rapidly
and essentially restored

[SOURCE: IEC 60050-436:1990, 436-03-12]

3.4

capacitor bank

bank

number of capacitor units connected so as to act together
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[SOURCE: IEC 60050-436:1990, 436-01-06]

3.5
capa
gene

citor
ric term, encompassing the notions of capacitor unit and capacitor bank

Note 1 to entry: In this part of IEC 60831, the word capacitor is used when it is not necessary to lay particular

stress

3.6
capa

upon the different meanings of the words capacitor unit or capacitor bank.

citor installation

one (
[sou

3.7

b lo l al tlo ot +
FIuTT Ladpyduitul UdlTRo diTu il aLUTOoSUTIT S

RCE: IEC 60050-436:1990, 436-01-07]

discharge device of a capacitor

devid
termi
from

[SOU
repla

3.8
inter
fuse

[sou

3.9
over
discd

e which may be incorporated in a capacitor, capable of reducing the voltage betwee

n the

nals practically to zero, within a given time, after the capacitor has been disconng¢cted

a network

RCE: IEC 60050-436:1990, 436-03-15, modified ("intended-to reduce ... value" has
ced by "capable of reducing ... zero")]

nal fuse of a capacitor
connected inside a capacitor unit, in series with an element or a group of elements

RCE: IEC 60050-436:1990, 436-03-16]

pressure disconnector for a capacitor
nnecting device designed to switch off the capacitor in the case of abnormal increa

the internal pressure

[sou

RCE: IEC 60050-436:1990, 436-03-17, modified ("to interrupt ... in the event" has

replaced by "to switch offis.. in the case")]

3.10
over
discd

emperature;disconnector for a capacitor
nnecting~device designed to switch off the capacitor in the case of abnormal increa

the ipternal-temperature

been

ke of

been

se of

3.11
line terminal
terminal intended for connection to a line conductor of a network

Note 1 to entry: In polyphase capacitors, a terminal intended to be connected to the neutral conductor
considered to be a line terminal.

[SOURCE: IEC 60050-436:1990, 436-03-01]

3.12

rated capacitance of a capacitor

Cn

capacitance value for which the capacitor has been designed

is not


https://iecnorm.com/api/?name=580d36b3d5d5bd62cd019cb25247451f

-10 - 60831-1 © IEC:2014

[SOURCE: IEC 60050-436:1990, 436-01-12, modified (symbol Cy added and "the r.m.s. value
of the alternating current" has been replaced by "capacitance value")]

3.13
rated output of a capacitor

On

reactive power derived from the rated values of capacitance, frequency and voltage

[SOURCE: IEC 60050-436:1990, 436-01-16, modified (symbol Oy added and "for which the
capacitor has been designed" has been replaced by "derived ... voltage")]

3.14
rated voltage of a capacitor
Un
r.m.s|. value of the alternating voltage for which the capacitor has been designed

Note 1 to entry: In the case of capacitors consisting of one or more separate circuits (su¢h as single-phasg units
intended for use in polyphase connection, or polyphase units with separate circuits), Ugefers to the rated vpltage
of each circuit.

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

[SOYRCE: IEC 60050-436:1990, 436-01-15]

3.15
rated frequency of a capacitor

IN

frequency for which the capacitor has been designed
[SOURCE: IEC 60050-436:1990, 436-01-14]

3.16
rated current of a capacitor
In
r.m.s|. value of the alternating'¢urrent for which the capacitor has been designed

[SOYRCE: IEC 60050-436:1990, 436-01-13]

3.17
capacitor losses
active power/dissipated in the capacitor

Note 1 tosentry: All loss-producing components should be included, for example:

— fgr aunit, losses from dielectric, internal fuses, internal discharge resistor, connections, etc.;

— for a bank, losses from units, external fuses, busbars, discharge and damping reactors, etc.

[SOURCE: IEC 60050-436:1990, 436-04-10]

3.18

tangent of the loss angle of a capacitor

tan &

ratio between the equivalent series resistance and the capacitive reactance of the capacitor at
specified sinusoidal alternating voltage and frequency

[SOURCE: IEC 60050-436:1990, 436-04-11]
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3.19

maximum permissible a.c. voltage of a capacitor

maximum r.m.s. alternating voltage which the capacitor can sustain for a given time in
specified conditions

[SOURCE: IEC 60050-436:1990, 436-04-07]

3.20

maximum permissible a.c. current of a capacitor

maximum r.m.s. alternating current which the capacitor can sustain for a given time in
specified conditions

[SOYRCE: IEC 60050-436:1990, 436-04-09]

3.21
ambient air temperature
tempgrature of the air at the proposed location of the capacitor

3.22
cooling air temperature
tempgrature of the cooling air measured at the hottest position in the bank, under steady-state
condjtions, midway between two units

Note ] to entry: If only one unit is involved, it is the temperature mieasured at a point approximately 0,1 m[ away
from the capacitor container and at two-thirds of the height from itS"hase.

3.23
stearry-state condition
thermal equilibrium attained by the capacitor@t constant output and at constant ambient air
tempgrature

3.24
resiqual voltage
voltape remaining on the terminals of a capacitor at a certain time following disconnectior

4 Service conditions

4.1 Normal service-conditions

This | standard,~gives requirements for capacitors intended for use under the follqwing
condjtions:

a) Residual voltage at energization

Not\t6 exceed 10 % rated voltage (Clause 22, Clause 32, and Annex B).
b) Altitude
Not exceeding 2 000 m.

c) 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 variation ranges, having maximum values
specified in Table 1. The temperature categories cover the temperature range of —50 °C to
+55 °C.
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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.

For indoor use, a lower limit of =5 °C is normally applicable.

Table 1 is based on service conditions in which the capacitor does not influence the ambient
air temperature (for example outdoor installations).

Table 1 — Letter symbols for upper limit of temperature range

A bi + 4 +
Ambient-temperature
°C
Symbol
Highest mean over any period of
Maximum
24 h 1 year
A 40 30 20
B 45 35 25
C 50 40 30
D 55 45 35

NOTE 1 The temperature values according to Table 1,cam be found in the
meteorological temperature table covering the installation site.

NOTE 2 Higher temperature values than those jndicated in Table 1 can be
considered in special applications by mutual agreement between manufacturer and
purchaser. In that case, the temperature categery should be indicated by the
combination of minimum and maximum temperature values, for example, —40/60.

If thg capacitor influences the air temperattte, the ventilation and/or choice of capacitor|shall
be spich that the Table 1 limits are maintained. The cooling air temperature in such an
installation shall not exceed the temperature limits of Table 1 by more than 5 °C.

Any [combination of minimum«@nd maximum values can be chosen for the standard
tempgrature category of a capatitor, for example —40/A or -5/C.

Prefgrred temperature categories are:
—40/A, —25/A, -5/A and -5/C.

4.2 Unusual‘service conditions

Unleg$s otherwise agreed between manufacturer and purchaser, this standard does not apply
to cdpacitors, the service conditions of which, in general, are incompatible with the require-
mentsofthepresentstandard:

5 Test requirements

5.1 General

Clause 5 gives the test requirements for capacitor units and, when specified, for capacitor
elements.

Supporting insulators, switches, instrument transformers, fuses, etc, shall be in accordance
with relevant IEC standards.
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Test conditions

Unless otherwise specified for a particular test or measurement, the temperature of the
capacitor dielectric at the start of the test shall be in the range of +5 °C to +35 °C.

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

tem

perature for an adequate period.

The a.c. tests and measurements shall be carried out at a frequency of 50 Hz or 60 Hz inde-

pen

dent of the rated frequency of the capacitor, if not otherwise specified.

Capdcitors having a rated frequency below 50 Hz shall be tested and measured at'50
60 Hg, if not otherwise specified.

Classification of tests

Routine tests

claugdes or subclauses:

Q

ppacitance measurement and output calculation (see Clause 7);

measurement of the tangent of the loss angle (tan,8){of the capacitor (see Clause 8);

<

bltage test between terminals (see 9.1);

<

bltage test between terminals and container\(see 10.1);
test of the internal discharge device (see Clause 11);
sealing test (see Clause 12).

Rout|ne tests shall have been carried out by the manufacturer on every capacitor b
delivery. If the purchaser so requésts, he shall be supplied with a certificate detailin
resulfs of such tests.

Ing

6.2

The

gneral, the indicated sequence of the tests is not mandatory.

Type tests

claudes or subglauses:

—

Hz or

following tests are routine tests. For details, reference should be made to the rel¢vant

cfore
g the

following tests are type tests. For details, reference should be made to the rel¢vant

Jermal stability test (see Clause 13);

eastrement of the tangent of the loss angle (tan &) of the capacitor at ele

ated

temperature (see Clause 14);

voltage test between terminals (see 9.2);

voltage test between terminals and container (see 10.2);

lightning impulse voltage test between terminals and container (see Clause 15);
discharge test (see Clause 16);

ageing test (see Clause 17);

self-healing test (see Clause 18);

destruction test (see Clause 19).

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

ation
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Unless otherwise specified, every capacitor sample to which the type test is applied shall first

have

withstood satisfactorily the application of all the routine tests.

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

The successful completion of each type test is also valid for units having the same rated
voltage and lower output, provided that they do not differ in any way that may influence the
properties to be checked by the test. It is not essential that all type tests be carried out on the
same capacitor sample.

The

manyfacturer and user.

6.3

Som
conn

number of samples for the type test shall be subjected to agreement betweern

Acceptance tests

e or all of the routine and/or type tests may be repeated by the-manufactur
ection with any contract by agreement with the purchaser. The kind. 0f tests, the nu

the

er in
mber

of samples that may be subjected to such repeated tests, and the acceptance criteria shall be

subjgct to agreement between manufacturer and purchaser, andyshall be stated ir
contract.

7 Capacitance measurement and output calculation

71

The

the manufacturer. The method used shall notrinclude errors due to harmonics, or to a

sorie

measguring circuit. The accuracy of the measuring method and the correlation with the v
meagured at rated voltage and frequency shall be given.

The
(see

Meagurement at a voltage between 0,9 and 1,1 times the rated voltage, and at a frequ
ben 0,8 and 1,2<times the rated frequency, shall be performed on the capacitor

betw
previ
and

requ

7.2

The

Measuring procedure

capacitance shall be measured at the¢woltage and at the frequency chose

5 external to the capacitor to be measured, such as reactors and blocking circuits i

Capacitance measurement shall be carried out after the voltage test between term
Clause 9).

pusly used for the-thermal stability test (see Clause 13), the ageing test (see Clauss
he self-healing.test (see Clause 18), and could be performed on other capacitors 3
st of the purchaser in agreement with the manufacturer.

Capacitance tolerances

the

n by
cces-
n the
hlues

inals

ency

17),
t the

apdcitance shall not differ from the rated capacitance by more than

-5 % to +10 % for units and banks up to 100 kvar;

-5 % to +5 % for units and banks above 100 kvar.

The capacitance value is that measured under the conditions of 7.1.

In three-phase units, the ratio of maximum to minimum value of the capacitance measured
between any two-line terminals shall not exceed 1,08.

NOTE A formula for the calculation of the output of a three-phase capacitor from a single-phase capacitance
measurement is given in Annex B.
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8 Measurement of the tangent of the loss angle (tan &) of the capacitor

8.1

Measuring procedure

The capacitor losses (or tan 8) shall be measured at the voltage and at the frequency chosen
by the manufacturer. The method used shall not include errors due to harmonics, or to
accessories external to the capacitor to be measured, such as reactors and blocking circuits
in the measuring circuit. The accuracy of the measuring method and the correlation with the
values measured at the rated voltage and frequency shall be given.

termi

Meas
betw

dSUICIment O 1€
nals (see Clause 9).

urement at a voltage between 0,9 and 1,1 times the rated voltage, and at.a frequ
ben 0,8 and 1,2 times the rated frequency shall be performed on the capacitor befor

therrIaI stability test (see Clause 13), and may be performed on other capacitors

requ

Whe

st of the purchaser in agreement with the manufacturer.

 testing a large number of capacitors, statistical sampling may-be used for meas

tan ¢. The statistical sampling plan should be by agreement between manufacturer
purchaser.
The fan 6 value of certain types of dielectric is a function of the energization time befor

meas
betw

8.2

The

urement. In that case, test voltage and energization time should be by agree
ben manufacturer and purchaser.

Loss requirements

the manufacturer for the temperature and’voltage of the test, or the value agreed

betw

9 \

9.1

Each

The
betw

Durin

ben manufacturer and purchaser.

foltage tests between terminals

Routine test

capacitor shall be.subjected to an a.c. test at U; = 2,15 Uy for a minimum time of 2

a.c. test shall“be carried out with a substantially sinusoidal voltage at a frequ
ben 15 Hz,and 100 Hz, and preferably as near as possible to the rated frequency.

g thestest, no permanent puncture or flashover shall occur. Self-healing breakdown

perm

itted.

ency
e the
upon

uring
and

e the
ment

alue of tan 8, measured in accordance with 8.1, shall not exceed the value declarg¢d by

upon

ency

5 are

When the unit is composed of a number of elements, or a group of elements connected in
parallel, and which are tested separately, it is not necessary to repeat the test on the unit.

For polyphase capacitors, the test voltages should be adjusted as appropriate.

NOTE Operation of internal element fuses is permitted, provided the capacitance tolerances are still met and that
not more than two fuses have operated per unit.

9.2

Each

Type test

capacitor shall be subjected to an a.c. test at U; = 2,15 Uy for 10 s.

The a.c. test shall be carried out with a substantially sinusoidal voltage.


https://iecnorm.com/api/?name=580d36b3d5d5bd62cd019cb25247451f

-16 - 60831-1 © IEC:2014

During the test, no permanent puncture or flashover shall occur. Self-healing breakdowns are
permitted.

For polyphase capacitors, the test voltages should be adjusted as appropriate.

NOTE Operation of internal element fuses is permitted, provided capacitance tolerances are still met, and that not
more than two fuses have operated per unit.

10 Voltage tests between terminals and container

10.1 Routine test

Unitg having all terminals insulated from the container shall be subjected to an a.c. voltage
applied between the terminals (joined together) and the container. The voltage to{be“applied
is 2 Uy + 2 kV or 3 kV, whichever is the higher, for 10 s or 20 % higher for a minimum|time
of 2 $.

If thg units are intended to be connected directly to the aerial power line and by agregment
betwgen the manufacturer and the user, the test shall be performed withya voltage of 6 k.

During the test, neither puncture nor flashover shall occur.

The fest shall be performed, even if, in service, one of. the terminals is intended to be
conngcted to the container.

Threg-phase units having separate phase capacitance can be tested with respect tgo the
contginer with all the terminals joined together: Units having one terminal permanently
conngcted to the container shall not be subjectedto this test.

When the unit container consists of insulating material, this test shall be omitted.

If a ¢apacitor has separate phases-or sections, a test of the insulation between phasgs or
sectipns shall be made at the samewoltage value as for the terminals-to-container test.

10.2| Type test

Unitg having all terminals‘insulated from the container shall be subjected to a test accofding
to 10.1 for a duratiop.'of’1 min.

The {est on units*having one terminal permanently connected to the container shall be lifited
to thg bushing(s) and container (without elements) or to a fully insulated unit with ideptical
interpal insulation.

If tha_capacitor container is of insulating material, the test voltage shall be applied between
the terminals and a metal foil wrapped closely round the surface of the container.

The test shall be made under dry conditions for indoor units, and with artificial rain
(see IEC 60060-1) for units to be used outdoors.

During the test, neither puncture nor flashover shall occur.

Units intended for outdoor installation may be subjected to a dry test only.

The manufacturer should in such a case supply a separate type test report showing that the
bushing with enclosure, if used, will withstand the wet test voltage.

NOTE For filter capacitors, the voltage appearing at the capacitor terminals is always higher than the network
voltage.
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For filter capacitors, and provided the arithmetic sum of the r.m.s values of the harmonic voltages does not exceed
0,5 times the nominal network voltage, the test voltage between terminals and container refers to the nominal
network voltage to which the filter is connected (and not to the voltage appearing at the capacitor terminals).

If the factor of 0,5 times is exceeded, then the test voltage between terminals and container refers to the rated
voltage of the capacitor.

11 Test of internal discharge device

The resistance of the internal discharge device, if any, shall be checked either by a resistance
measurement or by measuring the self-discharging rate (see Clause 22). The choice of the
method is left to the manufacturer.

The {est shall be made after the voltage tests of Clause 9.

12 $ealing test

The pnit (in non-painted state) shall be exposed to a test that will effectively detect any| leak
of the container and bushing(s). The test procedure is left to the aqmanufacturer, who |shall
descfibe the test method concerned.

If no|procedure is stated by the manufacturer, the following test procedure shall apply:

Unerlergized capacitor units shall be heated throughout so“that all parts reach a temperature
not Ipwer than 20 °C above the maximum value in {Table 1 corresponding to the capacitor
symHol, and shall be maintained at this temperature‘for 2 h. No leakage shall occur.

It is lecommended that a suitable indicator is used.

NOTE| If the capacitor contains no liquid materials\at the test temperature, the test may be omitted as a rputine
test.

13 Thermal stability test

The gapacitor unit subjected to the test shall be placed between two other units of the sgame
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 so that the container temperatures of the dummy capacitors|near
the op opposing faces are equal to, or greater than, those of the test capagitor.
The $eparation~between the units shall be equal to normal spacings as specified by
manufacturer’s|instructions.

The gssembly shall be placed in still air (without forced air ventilation) in a heated enclgsure
in thp“\most unfavourable thermal position according to the manufacturer's instructionjs for
mounting on site. The ambient air temperature shall be maintained at or above the
appropriate temperature shown in Table 2. It shall be checked by means of a thermometer
having a thermal time constant of approximately 1 h.

The ambient air thermometer should be shielded so that it is subjected to the minimum
possible thermal radiation from the three energized samples.
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The {est will stop in one of the following two conditions:

At the end of the stability test, the difference between the measured temperature o
container and the ambient air temperature shallcbe recorded.

Befofe and after the test the capacitance*shall be measured (see 7.1) within the star
temperature range for testing (see 5.2).5and these two measurements shall be correct
the
apparent from these measurements.

A me

The yalue of the second measurement of the tangent of the loss angle shall be not gr
than [that of the firstlby more than 2 x 10~4.

When interpreting the results of the measurements, two factors shall be taken into account:
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Table 2 — Ambient air temperature for the thermal stability test

Symbol Ambient air temperature
°C
40
45
50
55

O o0 o >

2014

After|all parts of the capacitor have attained the temperature of the ambient air, the cap}citor
shall|be subjected for a period of at least 48 h to an a.c. voltage of substantially.sinu

form] The magnitude of the voltage throughout the last 24 h of the test shall bexadjust
give

Fpr a period of 6 h, the temperature of the container measured-at 2/3 of the height
the bottom (excluding terminals) shall not increase by mofe)than 1 °C. In this cas¢g
tgst is considered as positive.

fl the temperature increases of three successive pé€niods of 6 h do not decreaj
agnitude. In this case, the test is considered as having failed.

3

tame dielectric temperature. Nos¢hange of capacitance greater than 2 % sha

the repeatability of the measurements;

oidal
bd to

A calculated output, using the measured capacitance (see 7.1), of at least 1,44 timgs its
rated output.

from
, the

e in

f the

dard
ed to
Il be

asurement of the tangent\of the loss angle (tan §) shall be made before and after the
thernpal stability test, at a temperature of 25°C + 5°C.

bater

—

the fact that internal change in the dielectric may cause a small change of capacitance,

without the puncture of any element of the capacitor, or the blowing of an internal
having occurred.

fuse

When checking whether the capacitor losses or temperature conditions are satisfied,
fluctuations of voltage, frequency and ambient air temperature during the test should be taken
into account. For this reason, it is advisable to plot these parameters and the tangent of the
loss angle and the temperature rise as a function of time.

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.

NOTE For polyphase units, two possibilities are allowed:

use of a three-phase source;
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odification of the internal connections in order to have only one phase with the same output.

14 Measurement of the tangent of the loss angle (tan 3) of the capacitor at
elevated temperature

141

Measuring procedure

The capacitor losses (tan 38) shall be measured at the end of the thermal stability test

(see

14.2

The

the manufacturer for the temperature and voltage of the test, or the value agfreed

betw

15 1
Only

The
value
12 k

If the
lines
perfg
volta

Thre
appli

After

befone the application of theltest impulses.

The

recond the voltage andto check the wave shape.

If the

the t¢rminals,and a metal foil wrapped closely round the surface of the container.

NOTE

Clause 13). The measuring voltage shall be that of the thermal stability test.
—Requirements
alue of tan 3, measured in accordance with 14.1, shall not exceed the value declarg¢d by

ben manufacturer and purchaser.

Lightning impulse voltage test between terminals and container
units having all terminals insulated from the container shall be(subjected to this test,

mpulse test shall be performed with a wave of 1,2/50/is to 5/50 us having a
of 8 kV if the rated voltage of the capacitor is Uy <690 V or having a peak val
if Uy > 690 V.

units are intended to be connected directly. tol exposed installations such as over
and by agreement between the manufacturer and the user, the impulse test shg
rmed with a wave of 1,2/50 us to 5/50 us having a peak value of 15 kV if the
pe of the capacitor is Uy < 690 V or having a peak value of 25 kV if Uy > 690 V.

b impulses of positive polarity folowed by three impulses of negative polarity sha
ed between the terminals joined.together and the container.

the change of polarity,.itvis permissible to apply some impulses of lower ampl
Absence of failurenduring the test shall be verified by an oscillograph, which is us

capacitor/container is of insulating material, the test voltage shall be applied bet

Rartial discharge in the insulation to the container may be indicated by the modification of the waves|

upon

peak
e of

head
Il be
rated

Il be

itude

ed to

veen

hapes

betwe

bn the different impulses

16 Discharge 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 shall be equal to 2 Uy.

Within 5 min after this test, the unit shall be subjected to a voltage test between terminals

(see

9.1).
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The capacitance shall be measured before the discharge test and after the voltage test.
The measurements shall not differ by an amount corresponding either to the breakdown of an
element, or to the blowing of an internal fuse, or by more than 2 %.

For polyphase units, the test shall be carried out in the following manner:

— In the case of units with three-phase delta connection, two terminals shall be short-
circuited and the test carried out between the third terminal and the short-circuited
terminals at 2 Uy.

— In the case of units with three-phase star connection, the test shall be carried out between
two terminals with the third terminal left unconnected. The test voltage shall be 4 Uy/V3 to
athieve the same test voltage across the elements.

If the first peak of the test current exceeds the value of 200 /7y (r.m.s.), it may be kept af this
limit py means of an external coil.

17 Ageing test

The fequirements for this test are given in IEC 60831-2.

18 $elf-healing test

The tequirements for this test are given in IEC 60831-2¢

19 Destruction test

The fequirements for this test are given in IEC 60831-2.

20 Maximum permissible voltage

20.1| Long-duration voltages

Capdcitor units shall be suitable for operation at voltage levels according to Table 3 (seq also
Clausges 29 and 32).

Table 3 — Admissible voltage levels in service

Type Voltage Maximum Observations
factor x Uy duration
r.m.s.
Powef ffequency 1,00 Continuous Highest average value during any period

of capacitor energization For energizatio
periods less than 24 h, exceptions apply as
indicated below (see Clause 29).

Power frequency 1,10 8 hin every 24 h | System voltage regulation and fluctuations.
Power frequency 1,15 30 min in every 24 h | System voltage regulation and fluctuations.
Power frequency 1,20 5 min Voltage rise at light load (see Clause 29).
Power frequency 1,30 1 min

Power frequency So that the current does not exceed the value given in clause 21

plus harmonics (see also Clauses 33 and 34).

It should be noted that operation of capacitors with overload, even within the limit indicated
above, may adversely affect the life duration of these capacitors. It is assumed that the
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overvoltages given in Table 3 and having a value higher than 1,15 Uy occur 200 times in the
life of the capacitor.

20.2 Switching voltages

The switching of a capacitor bank by a restrike-free circuit breaker usually causes a transient
overvoltage, the first peak of which does not exceed 2 V2 times the applied voltage (r.m.s.
value) for a maximum duration of 1/2 cycle.

About 5 000 switching operations per year are acceptable under these conditions, taking into
account the fact that some of them may take place when the internal temperature of the
capzj:itors is less than 0 °C, but is within the temperature category. (The associated [peak
transfient overcurrent may reach 100 times the value Iy (see Clause 33)).

In the case of capacitors that are switched more frequently, the values of the“overvoltage
ampljtude and duration and the transient overcurrent shall be limited~to lower Igevels
(see [Clause 34).

Thesg limitations and/or reductions shall be agreed between manufaceturer and purchaser,

21 Maximum permissible current

Capdcitor units shall be suitable for continuous operation @t an r.m.s. line current of 1,3 {imes
the gqurrent that occurs at rated sinusoidal voltage and.fated frequency, excluding transients.
Taking into account the capacitance tolerances of/1,¥ Cy, the maximum current can neach
1,43 lIN.

These overcurrent factors are intended .te“take into account the combined effecis of
harmfonics, overvoltages and capacitance tolerance according to 20.1.

22 Discharge device

Each| capacitor unit and/or bank’shall be provided with a means for discharging each upit in
3 min to 75 V or less, from anJinitial peak voltage of V2 times the rated voltage Uy.

Therge shall be no switeh, fuse cut-out, or any other isolating device between the capacitor
unit and this dischatge device.

A discharge device is not a substitute for short-circuiting the capacitor terminals togethef and
to ealrth before’handling.

Capdcitors connected directly and permanently to other electrical equipment providipg a
discharge path should be considered properly discharged, provided that the circuit
characteristics are such as to ensure the discharge of the capacitor within the time specified
above.

Attention is drawn to the fact that in some countries smaller discharge times and voltages are
required. In that event, the purchaser should inform the manufacturer.

Discharge circuits should have adequate current-carrying capacity to discharge the capacitor
from the peak of the 1,3 Uy overvoltage according to Clause 20.

Since the residual voltage at energization should not exceed 10 % of the rated voltage (see
4.1), discharge resistors with lower resistance or additional switched discharge devices may
be needed, if the capacitors are automatically controlled.

NOTE A formula for the calculation of the discharge resistance is given in Annex B.
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23 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 metallic container
shall be provided with a connection capable of carrying the fault current.

24 Protection of the environment

When capacitors are impregnated with products that shall not be dispersed into the environ-
ment, the necessary precautions shall be taken. In some countries, there exist legal
requirements in this respect (see 26.3). The units and the bank shall be labelled accordingly,

if so fequired.

Prodlicts of combustion of the terminals shall be environmentally acceptable. |Self-
extinguishing materials with a minimum Glow-Wire Flammability Index (GWF1).of 750 °C|shall

be uged for the terminals (see IEC 60695-2-12).

25 OQther safety requirements

The
safety regulations that apply to the country in which the capagitor is to be installed.

26 Marking of the unit

26.1| Rating plate

The
each|capacitor unit:

burchaser shall specify at the time of enquiry any special’requirements with regard tp the

ollowing information shall be marked indelibly, either directly or by means of a platg, on

W

Manufacturer.

dentification number and manufacturing year.

[he year may be a part of the identification number or be in code form)

—

ated output Qy in kilovars (kvar).
pr three-phase units; the total output shall be given (see Annex B).
ated voltage Uy in volts (V).

emperature category.

ischiarge device, if internal, shall be indicated by wording or by the symbol —/—3— or

R

F

R

Hated frequeney fy in hertz (Hz).

T

D

bly-the rated resistance in kilohms (kQQ) or megohms (MQ).

Reference of self-healing design: "SH" or ZHZ) or "self-healing".

Connection symbol.

(All capacitors, except single-phase units having one capacitance only, shall have their
connection indicated. For standardized connection symbols, see 26.2).

Internal fuses, if included, shall be indicated by wording or by the symbol —/———.
Indication for the overpressure or thermal disconnector, if such disconnector is fitted.

Insulation level Uj in kilovolts (kV). (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 kilovolts,
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and the second number giving the peak value of the lightning impulse test voltage, in
kilovolts (for example 3/15 kV).

For units having one terminal permanently connected to the container, and not tested
according to Clause 15, this information should be 3/- kV.

m) Reference to IEC 60831-1 (plus year of issue of the edition).

In the case of filter capacitors, a reference to Annex A shall be made.

For small units, which are permanently connected together by the manufacturer or the
manufacturer’s representative to form a bank or a large unit, certain of the above items may

be deteted-

A warning notice should be included as follows: "Warning: wait 5 minutes after\isolating
supp|y before handling".

The purchaser should specify any additional marking requirement.
26.2| Standardized connection symbols

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

D or A = delta
Y or Y = star

YN or \f = star, neutral brought out

M or| Il =three sections without interconnections®
26.3| Warning plate

When capacitors are impregnated with products that shall not be dispersed into the en-
vironmment (see Clause 24), the capacitor; shall carry markings in accordance with the lays or
regulations in force in the user's -country, the onus being on the user to infornl the
manufacturer of such laws or reguldtions.

27 Marking of the bank

27.1]| Instruction sheet or rating plate

The {ollowing minimum information shall be given by the manufacturer in an instruction sheet,
or alfernatively;jon request of the purchaser, on a rating plate:

a) Manufaeturer.
b) HRatéd-output Qy in kilovars (kvar).

—

rotaloutputto be givemn.)
c) Rated voltage Uy in volts (V).
d) Connection symbol.

(For standardized connection symbols, see 26.2. The connection symbol may be part of a
simplified connection diagram.)

e) Minimum time required between disconnection and reclosure of the bank.
f)  Weight in kilograms (kg).

NOTE The choice between a rating plate and an instruction sheet is left to the purchaser.
27.2 Warning plate

Subclause 26.3 is also valid for the bank.
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28 General

Unlike most electrical apparatus, shunt capacitors, whenever energized, operate continuously
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 (that is, temperature, voltage and current) should be strictly controlled.

It should be noted that the mtroductlon of concentrated capacitance in a system may produce
unsagistactery-eperatngeonditiens{Herexample—amplificationof harmonies—self-exeitatipn of
machines, overvoltage due to switching, unsatisfactory working of audio-frequency-rémote-
control apparatus, etc.).

Because of the different types of capacitors and the many factors involved, it\is'not pogsible
to cqver, by simple rules, installation and operation in all possible casgs.” The follqwing
infor:llnation is given with regard to the more important points to be considered. In addition, the
instryctions of the manufacturer and the power supply authorities shall-be followed, espetially
thos¢ concerning the switching of capacitors when the network is under-light load conditigns.

29 Choice of the rated voltage

The fated voltage of the capacitor shall be at least equal te’the service voltage of the nefwork
to wpich the capacitor is to be connected, accountybeing taken of the influence of the
presg¢nce of the capacitor itself.

In cgrtain networks, a considerable differencer may exist between the service and rated
voltape of the network, details of which should be furnished by the purchaser, so that due
allowlance can be made by the manufacturer. This is of importance for capacitors, since|their
perfdrmance and life may be adverselyzaffected by an undue increase of the voltage a¢ross
the cppacitor dielectric.

Whefe circuit elements are inserted in series with the capacitor to reduce the effects of
harmionics, etc., the resultant increase in the voltage at the capacitor terminals gbove
the sgervice voltage of the network necessitates a corresponding increase in the rated volJtage
of thé capacitor.

If nolinformation to the contrary is available, the service voltage shall 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 follqwing
cons|derations shall be taken into account:

a) shunt-connected capacitors may cause a voitage fise irom the source to the point where
they are located (see Annex B); this voltage rise 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;

b) the voltage on the capacitor terminals may be particularly high at times of light load
conditions (see Annex B); in such cases, some or all of the capacitors should be switched
out of circuit in order to prevent overstressing of the capacitors and undue voltage
increase in the network.

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

An excessive safety margin in the choice of the rated voltage UN should be avoided, because
this would result in a decrease of output when compared with the rated output.
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NOTE See Clause 20 concerning maximum permissible voltage.
30 Operating temperature

30.1 General

Attention should be paid to the operating temperature of the capacitor, because this has a
great influence on its life. In this respect, the temperature of the hot spot is a determining
factor, but it is difficult to measure this temperature in practical operation.

Temperature in_excess of the upper limit accelerates electrochemical degradation of the
dieleftric.

30.2| Installation

Capdcitors shall be so placed that there is adequate dissipation by convection and radifation
of the¢ heat produced by the capacitor losses.

The yentilation of the operating room and the arrangement of the capagcitor units shall provide
good| air circulation around each unit. This is of special importance.for units mounted inrows
one above the other.

The [temperature of capacitors subjected to radiation from the sun or from any high-
tempgrature surface will be increased. Depending on the ceoling air temperature, the intgnsity
of the cooling and the intensity and duration of the radiation, it may be necessary to opt for
one of the following remedies:

|
—

g protect the capacitors from radiation;

— tq choose a capacitor designed for achigher ambient air temperature (for example,
category —5/B instead of —5/A, which is\otherwise suitably designed);

— tqQ employ capacitors with rated voltage higher than that laid down in Clause 29.
Capdcitors installed at high altitude-(more than 2 000 m) will be subjected to decreased|heat

dissipation, which shall be considered when determining the output of the units (see item e),
Clauge 31).

30.3| High ambient air.temperature

Symbol C capacitors’/are suitable for the majority of applications under tropical condilions.

citor
is required. The latter may also be needed for those cases where the capacitord are
frequently subjected to the radiation of the sun for several hours (for example in dpsert

In exceptional cases, the maximum ambient temperature may be higher than ,or the
daily average higher than 45 °C. Where it is impossible to increase the cooling conditions,
capacitors of special design shall be used.

30.4 Evaluation of losses

If losses are to be evaluated, all accessories producing losses, such as external fuses,
reactors, etc., shall be included in the calculation of total bank losses.
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31 Special service conditions

Apart from the conditions prevailing at both limits of the temperature category (see 30.1),
the most important conditions, which the manufacturer shall be informed about, are the
following:

a) 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.

b) Rapid mould growth

ould growth does not develop on metals, ceramic materials and some kinds of\paints
nd lacquers. For other materials, mould growth may develop in humid places, espetially
here dust, etc., can settle.

roducts do not retain their poisoning property for more than a certain period.
orrosive atmosphere

orrosive atmosphere is found in industrial and coastal areas. It,'should be noted that in
imates of higher temperature the effects of such atmospheres{may be more severe[than
in temperate climates. Highly corrosive atmosphere may. be present even in indoor
installations.

M
a
W
The use of fungicidal products may improve the behaviour of these matetials, but |such
p
d
G
c

ollution

F

When capacitors are mounted in a location with{,a "high degree of pollution, special
pfecautions shall be taken.
A

G

c

Ititude exceeding 2 000 m

apacitors used at altitudes exceeding 2 000 m are subject to special conditions| The
noice of the type should be made by agreément between purchaser and manufacturqr.

32 Qvervoltages
Clausge 20 specifies overvoltage factors.

With [the manufacturer's agreement, the overvoltage factor may be increased if the estimated
number of overvoltagesis-lower, or if the temperature conditions are less severe. These
powdr frequency overvoltage limits are valid, provided that transient overvoltages ar¢ not
supefposed on them: The peak voltage shall not exceed V2 times the given r.m.s. value.

Capdcitors that’are liable to be subjected to high overvoltages due to lightning should be
adequately protected. If lightning arresters are used, they should be located as near as
poss|ble testhe capacitors.

Spe igr arractare mav ha roauirad ta talkka cara Af tha dicchar
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especially from large banks.
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pacitor,

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

This, however, can usually be prevented by ensuring that the capacitor current is less than
the magnetizing current of the motor; a value of about 90 % is suggested. As a precaution,
live parts of a motor to which a capacitor is permanently connected should not be touched
before the motor stops.
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NOTE 1 The maintained voltage due to self-excitation after the machine is switched off is particularly dangerous
for induction generators and for motors with a braking system intended to be operated by loss of voltage
(for example lift motors).

NOTE 2 In the case where the motor stops immediately after having been disconnected from the supply,
the compensation may exceed 90 %.

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

33 Overload currents

Capicitors should never be operated with currents exceeding the maximum value spegified
in Clause 21.

Over|oad currents may be caused either by excessive voltage at the fundamental frequéncy,
or by harmonics, or both. The chief sources of harmonics are rectifiers, power electrgnics,
and gaturated transformer cores.

If thg voltage rise at times of light load is increased by capacitors;(the saturation of tfans-
formtr cores may be considerable. In this case, harmonics df<abnormal magnitude are
prodliced, one of which may be amplified by resonance between the transformer| and
capatitor. This is a further reason for recommending the diséennection of capacitors at {imes
of light load, as referred to in item b), Clause 29.

If thg capacitor current exceeds the maximum value_Specified in Clause 21, while the voltage
is within the permissible limit of 1,10 Uy specifiedin Clause 20, the predominant harmonic
shou|d be determined in order to find the best remedy.

Therlollowing remedies should be considered:

oving some or all of the capacitors4o other parts of the system;

b) cpnnection of a reactor in series~with the capacitor, to lower the resonant frequency qgf the
cjrcuit to a value below that of the disturbing harmonic;

c) increase of the capacitance value when the capacitor is connected close to power
spmiconductors.

The yoltage waveform-and the network characteristics should be determined before and|after
installing the capacitof. When sources of harmonics such as large semiconductord are
presént, special care should be taken.

Trangient overcurrents of high amplitude and frequency may occur when capacitorg are
switched into circuit. Such transient effects are to be expected when a section of a capacitor
bank|is(switched in parallel with other sections that are already energized (see Annex B).

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

If the capacitors are provided with fuses, the peak value of the overcurrents due to switching
operations shall be limited to a maximum of 100 7y (r.m.s. value).

34 Switching and protective devices and connections

The switching and protective devices and the connections shall be designed to carry
continuously a current of 1,3 times the current that would be obtained with a sinusoidal
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voltage of an r.m.s. value equal to the rated voltage at the rated frequency. As the capacitor
may have a capacitance equal to 1,1 times the value corresponding to its rated output
(see 7.2), this current may have a maximum value of 1,3 x 1,1 times the rated current.

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

The switching and protective devices and the connections shall be capable of withstanding
the electrodynamic and thermal stresses caused by the transient overcurrents of high
amplitude and frequency that may occur when switching on.

Such| transients are to be expected when a capacitor (unit or bank) is switched in paralle| with
othell capacitor(s) that are already energized. It is common practice to increasq the
indugtance of the connections in order to reduce the switching current, although| this
increpses the total losses. Care should be taken not to exceed the maximum’ permigsible
switching current.

Whenp consideration of the electrodynamic and thermal stresses would lead to excepsive
dimepsions, special precautions, such as those mentioned in Clause~33 for the purpoge of
protgction against overcurrents, should be taken.

In cgrtain cases, for example when the capacitors are audtomatically controlled, repgated
switching operations may occur at relatively short intervals "of time. Switchgear and {uses
shou|d be selected to withstand these conditions (see Clause 22).

Breakers connected to the same busbar which is also connected to a bank of capacitors| may
be subjected to special stress in the event of switching on a short-circuit.

Breakers for switching of parallel banks<shall be able to withstand the inrush cyrrent
(amplitude and frequency) resulting whentone bank is connected to a busbar to which pther
bank[s) are already connected.

overgurrent relays, which arefladjusted to operate the circuit-breakers when the cyrrent
excegds the permissible limit specified in Clause 21. Fuses do not generally provide suitable
overgurrent protection.

It is recommended that capacitors” be protected against overcurrent by means of su:l:able

Depgnding on the design of the capacitors, their capacitance will vary more or less| with
tempgrature.

Atterftion should be paid to the fact that the capacitance may change rapidly aftef the
energization of cold capacitors. This may cause needless functioning of the protgctive
equipment:

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

Any bad contacts in capacitor circuits may give rise to arcing, causing high-frequency
oscillations that may overheat and overstress the capacitors. Regular inspection of all
capacitor equipment contacts is therefore recommended.

35 Choice of creepage distance

No requirement at present.
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36 Capacitors connected to systems with audio-frequency remote control

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

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

37 Electromagnetic compatibility (EMC)

37.1| Emission

Undgr normal service conditions, power capacitors according to this standard dovhot produce
any glectromagnetic disturbances. Therefore, the requirements for electromagnetic emisgions
are deemed to be satisfied, and no verification by test is necessary.

Self-healing breakdowns are considered to create no electromagnetic_emission because|their
effect is short-circuited by the parallel capacitance.

Due o the decreasing impedance of capacitors with frequency, measures should be takgn to
avoid inadmissible influence on ripple control systems.

When using capacitors and inductances in a network{which is loaded with harmonic volfages
or cufrents, care should be taken because the harmienics may be amplified.

37.2| Immunity
37.21 General

Powgr capacitors are provided for an.EMC environment in residential, commercial, and |light-
indugtrial locations (being supplied @irectly at low voltage from the public mains) as well fas in
indugtrial locations (being part ofla non-public low voltage industrial network).

Undgr normal service conditions, the following immunity requirements and tests are|con-
sidered to be relevant:

37.22 Low-frequency disturbances

Capdcitors shall~be suitable for continuous operation in the presence of harmonics| and
interharmonies’ within the limits required in Clauses 2 and 3 of IEC 61000-2-2. A verifidation
by tept isrnot necessary.

T n L n . . th th
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capacitors.
37.2.3 Conducted transients and high-frequency disturbances

The high capacitance of power capacitors absorbs conducted transients and high-frequency
disturbances without harmful effect. A severity level not exceeding level 3, as per
IEC 61000-4-1, is deemed to be fulfilled and a verification by test is not necessary.

37.2.4 Electrostatic discharges

Power capacitors are not sensitive to electrostatic discharges. A severity level not exceeding
level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is not
necessary.
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37.2.5 Magnetic disturbances

Power capacitors are not sensitive to magnetic disturbances. A severity level not exceeding
level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is not
necessary.

37.2.6 Electromagnetic disturbances

Power capacitors are not sensitive to electromagnetic disturbances. A severity level not
exceeding level 3, as per IEC 61000-4-1, is deemed to be fulfilled and a verification by test is
not necessary.
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Annex A
(normative)

Additional definitions, requirements and tests for power filter capacitors

When the following clauses are added to the text of this standard, the standard will apply to

filter capacitors (see Clause 1).

A1

ol ol gl HF H
daltyu JucIIirmuiviIio

-pass and high-pass filter capacitor
filter] capacitor
capagitor (or capacitor bank) that, when connected with other components, sueh as reac

and flesistor(s), gives a low impedance for one or more harmonic currents

A.1.2

rated voltage (see 3.14)

UN

arithetic sum of the r.m.s. voltages arising from the fundamental and harmonic frequeng
A.1.3

rated output (see 3.13)

ON

arithmetic sum of output generated by the fundamental frequency and by the harmonics
A.1.4

rated current (see 3.16)

In

squale root of the sum of the squared-values of the rated currents at the fundamenta
harmlonic frequencies

Note 1 to entry: For accessories such‘as.busbars, etc., the r.m.s. value for all currents should be considered.

A.2 | Quality requirements and tests

A.2.1 Capacitance_tolerance

For filter capacitors, especially for band-pass filters, symmetrical tolerances are re
mended for beth Units and banks.

Stan@ard.units have non-symmetrical tolerance bands (see 7.2). This fact shall be taken

or(s)

ies

and

com-

into

accopntwhen determining the capacitance value and tolerances.

When determining the bank tolerances in a filter capacitor, the following factors shoul
considered:

— tolerances of the associated equipment, especially the reactor(s);

d be

— fundamental frequency variations in the network to which the filter capacitor is connected;

— capacitance variation due to ambient temperature and load;

— the allowed capacitance variation for short periods during, for example, warming u
unusual service conditions;

— capacitance variation due to an internal protection operation, if any.

p, or
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A.2.2 Voltage test between terminals (see Clause 9)

AC test.

For filter capacitors:

Uy = 2,15 Uy

where

Uy is the rated voltage defined for the filter capacitors.

A.2.3
If for

2014

| Thermal stability test (see Clause 13)

filter capacitors 1,44 Qy is lower than the output determined for 1,1 Uy at fundam|

frequency, the latter test voltage shall be used in the thermal stability test.

A3

For f
mandu

A4

For f

Overloads — Maximum permissible current (see Clause 21)

facturer.

Markings — Instruction sheet or rating plate (se€.27.1)

Iter capacitors, the tuned harmonic frequency shall preferably be marked after the

frequency, for example:

50 H
50 H
50 H

A.5

A res

y + 250 Hz (narrow band-pass filter)
y + 550/650 Hz (broad band-pass filter)
y + > 750 Hz (high-pass filter).

Guide for installation and operation — Choice of the rated voltage
(see Clause 29)

the findamental frequenegy voltage.

Iter capacitors, the maximum permissible current shall be agreed‘between purchasef

ental

and

rated

ctor in series with the filter capacitor will cause voltage rise on the capacitor terminals at
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Annex B
(informative)

Formulae for capacitors and installations

B.1 Computation of the output of three-phase capacitors from three single-
phase capacitance measurements

The mmﬁmmFmrmmmﬂ?r of
either delta or star connection are denoted as C,, Cp, and C.. If the symmetry requirements

laid down in 7.2 are fulfilled, the output Q of the capacitor can be computed with.sdfficient
accufacy from the formula:

0=%(Ca+Cp+Co)oUyp x107"2

RTINS

wherp
Ca, dp and C, are expressed in microfarads (uF);
Un |is expressed in volts (V);

0 is expressed in megavars (Mvar).

B.2 | Resonance frequency

A capacitor will be in resonance with a harmonic in accordance with the following equatipn in
which » is an integer:

S
n=_|—
Q
wherg
S id the short-circuit power (MVA) where the capacitor is to be installed;

expressed in megavars (Mvar);

()
1)

i the harmonic ‘number: that is, the ratio between the resonant harmonic (Hz) and the
btwork frequency (Hz).

N
5 =

B.3 | Voltage rise

Connection of a shunt capacitor will cause the steady-state voltage rise given by the following
expression:

AU 0
U S

where
AU is the voltage rise in volts (V);
is the voltage before connection of the capacitor (V);

%)

is the short-circuit power (MVA) where the capacitor is to be installed;

O is expressed in megavars (Mvar).
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B.4 Inrush transient current

B.4.1 Switching in of single capacitor

0
where
Is is the peak of inrush capacitor current in amperes (A);

IN isthe rated capacitor current (rm.s ) in amperes (A);

S s the short-circuit power (MVA) where the capacitor is to be installed;
is expressed in megavars (Mvar).

B.4.3 Switching of capacitors in parallel with energized capacitor(s)

. U2
Ig =—=
JXcXL
_+ |Xc
fs=/N ¥,

wherge
Is iIs the peak of inrush capacitor current in amperes (A);

U is the phase-to-earth voltage in volts (V);

Xc is the series-connected capacitive reactances per phase in ohms (Q);
X_ is the inductive reactance per phase-between the banks in ohms (Q);
fs is the frequency of the inrush current in hertz (Hz);

/N iIs the rated frequency in hertz'(Hz).

B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase upits

R < !

kxCxIn
R

UN\EJ

wherge
t is thé time for discharge from Uy V2 to UR in seconds (s);

R ¢quals discharge resistance in megohms (MQ)

C is the rated capacitance in microfarads (uF) per phase;
UN is the rated voltage of unit in volts (V);
Ur is the permissible residual voltage in volts (V) (see Clause 22 for limits of r and UR);

k  is the coefficient depending on the method of connection of the resistors to the capacitor
units (see Figure B.1).


https://iecnorm.com/api/?name=580d36b3d5d5bd62cd019cb25247451f

60831-1 © IEC:2014 -35-
R
c
k=1 R
oL . —
L [
k=1
R
c
[l
R I
k=3
c
k=1
R
R C
c
y [l
I
k=3
[l
i
| E—|
k=1
IEC 0313/
Figure B.1 — k values depending on the method of connection
of the resistors-with-the capacitor-units
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS SHUNT DE PUISSANCE AUTOREGENERATEURS
POUR RESEAUX A COURANT ALTERNATIF DE TENSION ASSIGNEE

INFERIEURE OU EGALE A 1000V -

Partie 1: Généralités — Caractéristiques fonctionnelles,
essais et valeurs assignées — Régles de sécurité —

Guide d'installation et d‘exploitation

AVANT-PROPOS

La] Commission Electrotechnique Internationale (CEI) est une organisation mondiale, " de normali
composée de l'ensemble des comités électrotechniques nationaux (Comités nationaux,de la CEl). La
pour objet de favoriser la coopération internationale pour toutes les questions de”normalisation da
domaines de I'électricité et de I'électronique. A cet effet, la CEl — entre autres activités — publie des N
rnationales, des Spécifications techniques, des Rapports techniques, des.Spécifications accessib

organisations internationales, gouvernementales et non gouvernementates,/en liaison avec la CEl, parti
égplement aux travaux. La CEI collabore étroitement avec I'OrganisationiInternationale de Normalisation
se|on des conditions fixées par accord entre les deux organisations.

Lef décisions ou accords officiels de la CEl concernant les questions techniques représentent, dans la n
dul possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de
interessés sont représentés dans chaque comité d’études.

Lep Publications de la CEIl se présentent sous la forme.de recommandations internationales et sont ag
comme telles par les Comités nationaux de la CEIl. Tous+les efforts raisonnables sont entrepris afin que
s'dssure de I'exactitude du contenu technique de se$publications; la CEl ne peut pas étre tenue respo
de|l'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

D4ns le but d'encourager I'uniformité internatiohale, les Comités nationaux de la CEl s'engagent, dans tg
mesure possible, a appliquer de fagon transparente les Publications de la CEl dans leurs publig
nationales et régionales. Toutes divergences entre toutes Publications de la CEl et toutes public
nafionales ou régionales correspondantés)doivent étre indiquées en termes clairs dans ces derniéres.

La| CEl elle-méme ne fournit aucune-attestation de conformité. Des organismes de certification indépef
fodrnissent des services d'évaluation de conformité et, dans certains secteurs, acceédent aux marqu|
copformité de la CEI. La CEIl n'est responsable d'aucun des services effectués par les organism
ceftification indépendants.

Aycune responsabilité;~ne doit étre imputée a la CEIl, a ses administrateurs, employés, auxiliair
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des C
nationaux de 2. ‘€El, pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout
dojmmage de_guetque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris le
de| justice).et les dépenses découlant de la publication ou de l'utilisation de cette Publication de la CEI
todite autre-Rublication de la CEl, ou au crédit qui lui est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de public]

s les utilisateurs dojvent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.
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référenctées est obligatoire pour une application correcte de la présente publication.

L’attention est attirée sur le fait que certains des éléments de la présente Publication de la CEIl peuven
I'objet de droits de brevet. La CEI ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de brevets et de ne pas avoir signalé leur existence.

t faire
droits

La Norme internationale CEl 60831-1 a été établie par le comité d'études 33 de la CEl:
Condensateurs de puissance et leurs applications.

Cette troisiéme édition annule et remplace la seconde édition parue en 1996 et I'Amendement
1:2002. Cette édition constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) mise a jour des références normatives;
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b) clarification des conditions d’essai;
c) clarification de I'essai de stabilité thermique;
d) clarification de la tension maximale et du courant maximal autorisés;
e) modification des mesures de sécurité et des exigences en matiére de qualité du plastique

pour la protection de I'environnement.

Le texte de cette norme est issu des documents suivants:

Rapport de vote

Lo WI~E oVl =iW]
™V

L.
TOTITIUTTN

Y
1=

Le rgpport de vote indiqué dans le tableau ci-dessus donne toute information sur le'ycte ayant

aboutti a I'approbation de cette norme.

Cettg publication a été rédigée selon les Directives ISO/CEI, Partie 2.

Une [liste de toutes les parties de la série CEI 60831, publiéesy-sous le titre général
Condensateurs shunt de puissance autorégénérateurs pour réseaux a courant alternaiif de
tensipn assignée inférieure ou égale a 1 000 V, peut étre consuttée sur le site web de la CEI.
Le comité a décidé que le contenu de cette publication nelsera pas modifié avant la daje de
stabilité indiquée sur le site web de la CEIl sous "http.//Webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

* re¢conduite,

* slpprimée,

* rgmplacée par une édition révisée, ou

* amendée.

Le contenu du corrigendum de mai'2014 a été pris en considération dans cet exemplaire.
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CONDENSATEURS SHUNT DE PUISSANCE AUTOREGENERATEURS
POUR RESEAUX A COURANT ALTERNATIF DE TENSION ASSIGNEE
INFERIEURE OU EGALE A 1000V -

Partie 1: Généralités — Caractéristiques fonctionnelles,
essais et valeurs assignées — Regles de sécurité —
Guide d'installation et d'exploitation

omaine d'application

La présente partie de la série CEIlI 60831 s'applique aux condensateurs unitaires ef aux
batteries de condensateurs autorégénérateurs destinés plus particulierement-a la corregction
du fdcteur de puissance des réseaux a courant alternatif de tension assignée inférieufe ou

partie de la CElI 60831 s'applique également aux condensateurs destinés a étre utjlisés

ondensateurs shunt de puissance non autorégénérateurs destinés a étre insfallés
sfir des réseaux a courant alternatif de tension assignée inférieure ou égale a 1 000 V
El 60931-1, -2 et -3).

ondensateurs shunt de puissance destinés a étre installés sur des réseaux a coprant
alternatif de tension assignée supérieure a 1 000 V (CEI 60871-1, -2, -3 et -4).

ondensateurs destinés a des installations de génération de chaleur par induction, squmis
aldes fréquences comprises entfe 40 Hz et 24 000 Hz (CEI 60110-1 et -2).

ondensateurs série (CEl 60143-1, -2, -3 et -4).

ondensateurs des motéurs a courant alternatif (CEIl 60252-1 et -2).
ondensateurs de couplage et diviseurs capacitifs (CEl 60358-1).
ondensateurs destinés aux circuits électroniques de puissance (CEl 61071).

— Pletits condensateurs a courant alternatif destinés aux lampes a fluorescence |et a
dgécharge (CE} 61048 et CEI 61049).

ondensateurs d'antiparasitage (a I'étude).

ondensateurs congus pour étre utilisés dans différents types d'équipements électriques
el corsidérés de ce fait comme des composants.

— Condensateurs destinés a étre utilisés sous tension continue superposée a la tension
alternative.

Il convient que les accessoires tels que les isolateurs, les interrupteurs, les transformateurs
de mesure, les fusibles, etc., soient conformes aux normes particuliéres de la CEl; ils ne sont
pas couverts par le domaine d’application de la présente partie de la CEI 60831.

La présente partie de la CElI 60831 a pour objet:

a) de formuler des régles uniformes pour les performances, les essais et les caractéristiques
assignées;

b) de formuler des régles spécifiques de sécurité;

c) de fournir un guide pour l'installation et I'utilisation.
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2 Reéférences normatives

Les documents suivants sont cités en référence de maniére normative, en intégralité ou en
partie, dans le présent document et sont indispensables pour son application. Pour les
références datées, seule I'édition citée s’applique. Pour les références non datées, la
derniére édition du document de référence s’applique (y compris les éventuels
amendements).

CEI 60060-1:2010, Technique des essais a haute tension — Partie 1: Définitions et exigences
générales

CEl é0269-1 :2006, Fusibles basse tension — Partie 1: Exigences générales

CEI 60831-2:2013, Condensateurs shunt de puissance autorégénérateurs destinés a| étre
installés sur des réseaux a courant alternatif de tension assignée inférieurée ou égale a
1 000 V — Partie 2: Essais de vieillissement, d’autorégénération et de destruction

CEIl 60695-2-12:2010, Essais relatifs aux risques du feu — Partie 2-12: Essais qu fil
incandescent/chauffant — Méthode d’essai d’indice d’inflammabilité  au fil incande$cent
(GWFI) pour matériaux

CEIl $1000-2-2:2002, Compatibilité électromagnétique (CEM) < Partie 2-2: Environnemént —
Niveaux de compatibilité pour les perturbations conduitescbasse fréquence et la transmigsion
des gignaux sur les réseaux publics d’alimentation basse tension

CEIl $1000-4-1:2006, Compatibilité électromagnétique (CEM) — Partie 4-1: Techniques d’gssai
et del mesure — Vue d’ensemble de la série CEI‘61000-4

3 Termes et définitions
Pour|les besoins du présent document, les termes et définitions suivants s’appliquent.

31
éléml:nt de condensateur
élément

dispgsitif constitué essentiellement par deux électrodes séparées par un diélectrique

[SOYRCE: CEI 60050-436:1990, 436-01-03]

condensateur unitaire

[SOURCE: CEI 60050-436:1990, 436-01-04]

3.3

condensateur autorégénérateur

condensateur dont les propriétés électriques sont rapidement et pratiquement rétablies aprés
une perforation locale du diélectrique

[SOURCE: CEI 60050-436:1990, 436-03-12]
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3.4

batterie de condensateurs

batterie

ensemble de condensateurs unitaires raccordés de fagon a agir conjointement

[SOURCE: CEI 60050-436:1990, 436-01-06]

3.5

condensateur
terme général englobant les notions de condensateur unitaire et de batterie de condensateurs

Note
néces
conde

3.6

a l'article: Dans la présente partie de la CEl 60831, le terme condensateur est utilisé lorsqu'il_n'e
Baire de préciser les différentes significations des expressions condensateur unitaire ou_batte
nsateurs.

instdllation de condensateurs

une (
[sou

3.7

disp
dispd
Zéro,
déco

[SOU
étér
3.8

coup

coup
ou a

[sou

3.9

u plusieurs batteries de condensateurs et leurs accessoires

RCE: CEI 60050-436:1990, 436-01-07]

psitif de décharge d'un condensateur

sitif pouvant étre incorporé dans un condensateur et gapable de ramener pratiquem
en un temps spécifié, la tension entre bornes de €elui-ci, lorsque le condensateur
hnecté du réseau

RCE: CEI 60050-436:1990, 436-03-15, modifié ("destiné a réduire ... condensate
emplacé par "capable de ramener ... celujzci")]

e-circuit interne d'un condensateur
e-circuit monté a l'intérieur d'une unité de condensateur et relié en série avec un élé
ec un groupe d'éléments

RCE: CEI 60050-436:1990, 436-03-16]

décdnnecteur a surpression d'un condensateur
systdme de déconnexion prévu pour déconnecter le condensateur en cas d'augmentation

anor

[SOURCE:,*CEI 60050-436:1990, 436-03-17, modifié ("a interrompre ... en cas" 34

ale de lalpression a l'intérieur de I'enveloppe

remplacé par "pour déconnecter ... en cas")]

Bt pas
ie de

ent a
a été

ment

éte

3.10

déconnecteur thermique d'un condensateur
systéme de déconnexion prévu pour déconnecter le condensateur en cas d'augmentation
anormale de la température interne du condensateur

3.11
born

e de ligne

borne destinée a étre reliée a un conducteur de ligne d'un réseau

Note 1 a I'article:

n'est pas considérée comme une borne de ligne.

[SOURCE: CEI 60050-436:1990, 436-03-01]

Dans les condensateurs polyphasés, la borne destinée a étre connectée au conducteur neutre
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3.12
capacité assignée d'un condensateur

Cn

valeur de la capacité pour laquelle le condensateur a été congu

2014

[SOURCE: CEI 60050-436:1990, 436-01-12, modifié (symbole Cy ajouté et "la valeur efficace
du courant alternatif" a été remplacé par "la valeur de la capacité")]

3.13
puissance assignée d'un condensateur

On

puisdance réactive déduite des valeurs assignées de la capacité, de la fréquence et
tensipn

e la

[SOURCE: CEI 60050-436:1990, 436-01-16, modifié (symbole Qy ajouté et "pour laquelle le

condensateur a été congu" a été remplacé par "déduite ... tension")]

3.14
tensjon assignée d'un condensateur

Un

valeyr efficace de la tension alternative pour laquelle le condensateur a été congu

Note 1 a l'article: Dans le cas de condensateurs comprenant un ou‘plusieurs circuits distincts (par exg
unités| monophasées destinées a étre utilisées en montage polyphaséf{ou unités polyphasées a circuits sép
Uy se|réfere a la tension assignée de chaque circuit.

Dans |e cas de condensateurs polyphasés avec connexions éleCtriques internes entre les phases, et dans
de bafteries polyphasées de condensateurs, Uy se référe a latension entre phases.

[SOYRCE: CEI 60050-436:1990, 436-01-15]

3.15
fréqyence assignée d'un condensateur

N

fréguence pour laquelle le condensateur a été congu
[SOURCE: CEI 60050-436;1990, 436-01-14]

3.16
courpnt assigné d‘un condensateur

Iy

valeyr efficace’du courant alternatif pour laquelle le condensateur a été congu

[SOYRCE:)CEI 60050-436:1990, 436-01-13]

mple,
arés),

e cas

3.17
pertes d'un condensateur
puissance active dissipée dans le condensateur

Note 1 a l'article:

Il convient de prendre en compte tous les composants donnant lieu a des pertes, par exemple:

pour un condensateur unitaire, les pertes des diélectriques, fusibles internes, résistances de décharge

internes, connexions, etc.

pour une batterie de condensateurs, les pertes des condensateurs unitaires, fusibles externes, jeux de barres,

réactances de décharge et d'amortissement, etc.

[SOURCE: CEI 60050-436:1990, 436-04-10]
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3.18
tangente de l'angle de perte d'un condensateur
tan o
rapport entre la résistance-série équivalente et la réactance capacitive du condensateur dans
des conditions spécifiées de fréquence et de tension alternative sinusoidale

[SOURCE: CEI 60050-436:1990, 436-04-11]

3.19
tension alternative maximale admissible d'un condensateur

valeur_efficace maximale de la tension alternative que le condensateur peut supp

pendant un temps déterminé dans des conditions spécifiées

[SOYRCE: CEI 60050-436:1990, 436-04-07]

3.20

courpnt alternatif maximal admissible d'un condensateur
valeyr efficace maximale du courant alternatif que le condensateur peut"supporter penda
templ déterminé dans des conditions spécifiées

[SOYRCE: CEI 60050-436:1990, 436-04-09]

3.21

température de l'air ambiant
tempgrature de l'air a I'emplacement prévu pour le condensateur

3.22

température de l'air de refroidissement
tempgrature de I'air de refroidissement mesurée a I'état stable a I'endroit le plus chaud
battefrie, a mi-distance entre deux unités

Note [I a l'article: S'il s'agit d'une seule unite, c'est la température mesurée a 0,1 m environ de la cu
condepsateur et aux deux tiers de la hauteur’a partir de sa base.

3.23

état stable
équillbre thermique intefne” atteint par le condensateur dans des conditions constantg
puisdance et de tempgrature de I'air ambiant

3.24

tension résiduelie
tensipn restant entre les bornes d'un condensateur un certain temps aprés la mise
service

4

4.1

orter

nt un

de la

ve du

s de

hors

Conditions de service

Conditions normales de service

La présente norme donne les exigences relatives aux condensateurs destinés a étre utilisés
dans les conditions suivantes:

a)

Tension résiduelle lors de la mise en service

Elle ne doit pas étre supérieure a 10 % de la tension assignée (voir Article 22, Artic
et Annexe B).

Altitude
Elle ne doit pas dépasser 2 000 m.

Catégories de température de I'air ambiant

le 32
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Les condensateurs sont classés en catégories de température, chaque catégorie étant
repérée par un nombre suivi d'une lettre. Le nombre représente la valeur la plus basse de la
température de l'air ambiant a laquelle le condensateur peut fonctionner.

Les lettres représentent les valeurs limites supérieures des plages de variation de la
température, dont les valeurs maximales sont spécifiées dans le Tableau 1. Les catégories
de température couvrent une plage qui s'étend de -50 °C a +55 °C.

Il convient de choisir la température minimale de I'air ambiant a laquelle le condensateur peut
étre mis sous tension parmi les cinq valeurs préférentielles +5 °C, -5 °C, -25 °C, —-40 °C, -
50 °

Pour|l'utilisation a l'intérieur, la limite inférieure de —5 °C est normalement applicable.

Le Tlableau 1 est basé sur des conditions de service dans lesquelles le, condenspateur
n'influence pas la température de I'air ambiant (par exemple, emploi a I'extérieur).

Tlableau 1 — Symboles littéraux de la limite supérieure de la plage'de températurp

Température de I'air ambiant
°C
Symbole
Moyenne la plus élevée sur toute période de
Maximum
24 h 1an
A 40 30 20
B 45 35 25
C 50 40 30
D 55 45 35

NOTE 1 Les valeurs de température du Tableau 1 peuvent étre trouvées dans les
tableaux météorologiques de tempeérature concernant le lieu d'installation.

NOTE 2 Des valeurs de témpérature plus élevées que celles qui sont indiquées au
Tableau 1 peuvent étrel-envisagées pour des applications spéciales, par accord
mutuel entre le fabricant et I'acheteur. Il convient, dans ce cas, que les catégories
de température soient indiquées en combinant les valeurs de température minimale
et maximale, par exemple —40/60.

Si le|condensateur.exerce une influence sur la température de l'air environnant, I'effet de la
ventilation et/ou~le choix du condensateur doivent permettre de maintenir les valeurs lilnites
du Thbleau.1.)Dans ce type d'installation, la température de l'air de refroidissement ng doit
pas dépasser les limites indiquées dans le Tableau 1 de plus de 5 °C.

dafiaie | atdaael 0 o
Pour Uit 1a LdAdtlTyuvuliTo TTuTimdairc

1
n'importe quelle combinaison de valeurs minimale et maximale, par exemple —40/A ou -5/C.

A oA rat e Alyin adoncatare 1l ot HN| A hAicl
ucs LUIII}JUIGlUIU uuUurrT LuniutTiioalour, 11T Tol }JUOOIUIU uc UIIOISIr
Les catégories de température préférentielles sont les suivantes:

—40/A, -25/A, -5/A et -5/C.

4.2 Conditions de service inhabituelles

Sauf accord différent passé entre le fabricant et I'acheteur, cette norme ne s'applique pas aux
condensateurs dont les conditions de service, prises en général, ne sont pas compatibles
avec les exigences de la présente norme.
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5 Exigences relatives aux essais

5.1 Généralités

L’Article 5 indique les exigences relatives aux essais des condensateurs unitaires et, lorsque
cela est précisé, des éléments des condensateurs.

Les supports isolants, les interrupteurs, les transformateurs de mesure, les fusibles, etc.,
doivent étre conformes aux normes particuliéres de la CEI.

5.2 _Conditions d'essais

Sauf| spécification contraire, pour un essai ou une mesure particuliers, la température du
diéleptrique du condensateur, au début de I'essai, doit étre comprise entre +5 °C et'435 °[C.

On peut admettre que la température du diélectrique est celle de I'air ambijant, pourvy que
le cohdensateur ait été laissé hors tension a température ambiante constante pendan{ une
duré¢ suffisante.

Les gssais et les mesures en courant alternatif doivent étre effectués a la fréquence de 80 Hz
ou 6D Hz, indépendamment de la fréquence assignée du condensateur, sauf spécification
contraire.

Les ¢ondensateurs ayant une fréquence assignée inféfieure a 50 Hz doivent étre souris a
essal et mesurés a 50 Hz ou 60 Hz, sauf spécificationicontraire.

6 Classification des essais

6.1 Essais individuels

Les ¢ssais suivants sont des essais individuels. Pour plus de détails, il convient de se rdférer
aux 3rticles ou paragraphes approptiés:

a) mesure de la capacité et calcul de la puissance (voir Article 7);

b) mesure de la tangente de-l'angle de pertes (tan &) du condensateur (voir Article 8);
c) epsai diélectrique entre bornes (voir 9.1);

d) essai diélectrigue entre bornes et cuve (voir 10.1);

e) cpntréle du,dispositif de décharge interne (voir Article 11);

f) epsai d'étanchéité (voir Article 12).

Les ¢ssais’ individuels doivent avoir été exécutés par le fabricant sur chague condenspteur
avanf livwraison. Sur demande de I'acheteur, un rapport d'essai doit lui étre remis, indiquanpt de
facon détaillée les résultats des essais.

L'ordre dans lequel les essais sont effectués n'est pas obligatoirement celui qui est indiqué
ci-dessus.

6.2 Essais de type

Les essais suivants sont des essais de type. Pour plus de détails, il convient de se référer
aux articles ou paragraphes appropriés:

a) essai de stabilité thermique (voir Article 13);

b) mesure de la tangente de I'angle de pertes (tan 8) du condensateur a température élevée
(voir Article 14);

c) essai diélectrique entre bornes (voir 9.2);
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d) essai diélectrique entre bornes et cuve (voir 10.2);

e) essai diélectrique en choc de foudre entre bornes et cuve (voir Article 15);
f) essai de décharge (voir Article 16);

g) essai de vieillissement (voir Article 17);

h) essai d'autorégénération (voir Article 18);

i) essai de destruction (voir Article 19).

Les essais de type sont effectués afin de s'assurer que la conception, les dimensions, les
matériaux et la construction sont tels que le condensateur satisfait aux caractéristiques

A £ 5 4 P~ H Al £ EH + -4 H -4 1 S 1
SpeC NMTTO TLU AUA CUTTUTLIUTTO UT TUTIVUUTITTTTITTTIU PTTUIOTUT o YAl Td PTTOUTIIC TTUTTITG .

Sauf|spécification contraire, chaque condensateur sur lequel sont effectués les essais“de| type
doit d'abord avoir supporté de facon satisfaisante tous les essais individuels.

Les gssais de type doivent avoir été exécutés par le fabricant et un certificat donnant le gétail
des rgsultats de ces essais doit étre remis a I'acheteur sur sa demande.

Un rgsultat satisfaisant pour chaque essai de type qualifie les condensateurs ayant la miéme
tensipn assignée et une puissance assignée inférieure, a condition.que ces condensateufs ne
présg¢ntent aucune différence pouvant affecter les propriétés./contrélées par ces egsais.
Il n'ept pas indispensable que tous les essais de type“soient effectués sur le méme
condgnsateur.

Le nombre d’échantillons pour I'essai de type doit faipe’objet d’'un accord entre le fabricgnt et
utilipateur.

6.3 | Essais d'acceptation

Les ¢ssais individuels et/ou de type, ouscertains d'entre eux, peuvent étre renouvelés gdar le
fabri¢ant a l'occasion de tout contratheh accord avec l'acheteur. La nature des essajs, le
nombre d'échantillons pouvant étre~soumis au renouvellement de tels essais et les critéres
d'acdeptation doivent faire I'objet d'un accord entre le fabricant et I'acheteur, et mention doit
en éfre faite dans le contrat.

7 Mesure de la capacité et calcul de la puissance

71 Modalités de mesure

La cppacité (doit étre mesurée a la tension et a la fréquence choisies par le fabricant.
La mgthode utilisée doit permettre d'éviter les erreurs dues a des harmoniques ef] aux
accegsoifes’ extérieurs au condensateur a mesurer, tels que les réactances et cifcuits
de blpcage dans le circuit de mesure. La précision de la méthode utilisée ainsi qlie la
corrétati > 2 i = > TgTTe i étre
indiquées.

La mesure de la capacité doit étre effectuée aprés l'essai diélectrique entre bornes
(voir Article 9).

Une mesure a une tension comprise entre 0,9 et 1,1 fois la tension assignée et a une
fréquence comprise entre 0,8 et 1,2 fois la fréquence assignée doit étre effectuée sur le
condensateur avant l'essai de stabilité thermique (voir Article 13), I'essai de vieillissement
(voir Article 17), et I'essai d'autorégénération (voir Article 18), et pourrait étre effectuée sur
d'autres condensateurs sur demande de I'acheteur, en accord avec le fabricant.
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Tolérances sur la capacité

La capacité ne doit pas s'écarter de la capacité assignée de plus de:

-5 % a +10 % pour les condensateurs unitaires et les batteries jusqu'a 100 kvar;

-5 % a + 5 % pour les condensateurs unitaires et les batteries au-dessus de 100 kvar.

La valeur de la capacité est mesurée dans les conditions spécifiées en 7.1.

Dans les unités triphasées, le rapport entre les valeurs maximale et minimale des capacités,
mesurées entre deux bornes de ligne quelconque, ne doit pas dépasser 1,08.

NOTE|
mono

Une formule pour le calcul de la puissance d'un condensateur triphasé a partir des mesures des cap
hasées est donnée dans I'Annexe B.

8 Mesure de la tangente de I'angle de pertes (tan §) du condensateur

8.1

Modalités de mesure

Les

ertes du condensateur (ou tan 3) doivent étre mesurées a Ja.tension et a la fréqu

choidies par le fabricant. La méthode utilisée doit permettre d'éviter les erreurs dues 3
harmloniques ou aux accessoires extérieurs au condensateur a mesurer, tels que
nces et circuits de blocage dans le circuit de mesure. La précision de la mélrnode

réac
utilis
assig

La m

e ainsi que la corrélation avec les valeurs mesurées a la tension et a la fréqu
nées doivent étre indiquées.

esure des pertes du condensateur doit étreneffectuée aprés l'essai diélectrique

borng¢s (voir Article 9).

Une

mesure a une tension comprise enire 0,9 et 1,1 fois la tension assignée et a

fréguence comprise entre 0,8 et 1,2 fois la fréquence assignée doit étre effectuée g

cond
d'aut

Lorsq
selor
fabri

La va
tensi
mise

8.2

ensateur avant I'essai de stabilité thermique (voir Article 13), et peut étre effectué
res condensateurs sur demande de I'acheteur, en accord avec le fabricant.

ue I'on essaie un grand nombre de condensateurs, une mesure de tan & peut étre
un plan d'échantillonnage. Il convient que ce dernier fasse I'objet d'un accord
ant et acheteur.

leur de tan § de’certains types de diélectriques est fonction de la durée de la mise
bn précédantila mesure. Dans ce cas, il convient que la tension d'essai et la duré
sous tepsjon préalable fassent I'objet d'un accord entre le fabricant et I'acheteur.

Exigences concernant les pertes

acités

ence
des
les

ence

entre

une
ur le
B sur

faite
entre

sous
e de

La valeur de tan 5, mesurée conformément a 8.1, ne doit pas dépasser Ia valeur spécifiée par
le fabricant pour la température et la tension de I'essai, ou la valeur fixée par accord entre le
fabricant et I'acheteur.

9 Essais diélectriques entre bornes

9.1

Essai individuel

Chaque condensateur doit étre soumis a un essai a courant alternatif a Uy = 2,15 Uy, pendant

un te

mps minimal de 2 s.

L'essai a courant alternatif doit étre exécuté a une tension pratiquement sinusoidale et a une
fréquence comprise entre 15 Hz et 100 Hz, de préférence la plus rapprochée possible de la

fréqu

ence assignée.


https://iecnorm.com/api/?name=580d36b3d5d5bd62cd019cb25247451f

-52 - 60831-1 © CEI:2014

Pendant I'essai, il ne doit se produire ni perforation permanente ni contournement. Les
perforations autorégénérables sont autorisées.

Lorsque le condensateur est composé d'un certain nombre d'éléments, ou d'un groupe
d'éléments montés en paralléle, soumis séparément a I’essai, il n'est pas nécessaire de
répéter les essais sur ce condensateur unitaire.

Pour les condensateurs polyphasés, il convient d'ajuster convenablement les tensions
d'essais.

NOTE__Le fonctionnement de fusibles internes est autorisé, a condition que les tolérances sur |a capacité soient
encor¢ respectées et que deux fusibles au plus aient fonctionné par condensateur.

9.2 | Essai de type

Chadque condensateur doit étre soumis a un essai a courant alternatif a U, = 2,16 Uy pendant
10 s.

L'esdai doit étre exécuté a une tension pratiquement sinusoidale.

Pendant l'essai, il ne doit se produire ni perforation permanente ni contournement| Les
autorlégénérations sont autorisées.

Pour| les condensateurs polyphasés, il convient d'ajuster convenablement les tengions
d'esdais.

NOTE| Le fonctionnement de fusibles internes est autorisé\a, condition que les tolérances sur la capacité [soient
encor¢ respectées et que deux fusibles au plus aient fonctionné par condensateur.

10 Essais diélectriques entre bornes“et cuve

10.1| Essai individuel

Les ¢ondensateurs dont toutes les bornes sont isolées de la cuve doivent étre soumis 3 une
tensipn alternative appliquée-entre les bornes (raccordées entre elles) et la cuve. La tenpsion
minimale a appliquer est de_2 Uy + 2 kV ou de 3 kV, en prenant la plus élevée des |[deux
valedrs, pendant 10 s, ou.de 20 % plus élevée pendant une durée minimale de 2 s.

Si s condensateurs sont destinés a étre reliés directement a la ligne aérienne
d'alimentation, et 'selon accord entre le fabricant et I'utilisateur, I'essai doit étre réalisé [avec
une tension del6-kV.

Au cours(de I'essai, il ne doit se produire ni perforation ni contournement.

Cet essai doit etre effectué méme si, en service, lune des bornes est desftinée a étre
connectée a la cuve.

Les condensateurs triphasés, dont les phases sont indépendantes, peuvent étre soumis a
essai par rapport a la cuve en raccordant toutes les bornes entre elles. Les condensateurs
ayant une borne connectée en permanence a la cuve ne doivent pas étre soumis a cet essai.

Lorsque la cuve du condensateur est constituée d'un matériau isolant, cet essai ne doit pas
étre réalisé.

Si un condensateur a des phases ou sections indépendantes, un essai d'isolement entre ces
phases ou sections doit étre effectué a la méme tension que celle qui est prévue pour l'essai
entre bornes et cuve.


https://iecnorm.com/api/?name=580d36b3d5d5bd62cd019cb25247451f

	Redline version (English only)
	CONTENTS
	FOREWORD
	1 Scope
	2  Normative references
	3 Terms and definitions
	4 Service conditions
	4.1 Normal service conditions
	4.2 Unusual service conditions

	5 Test requirements
	5.1 General
	5.2 Test conditions

	6 Classification of tests
	6.1 Routine tests
	6.2 Type tests
	6.3 Acceptance tests

	7 Capacitance measurement and output calculation
	7.1 Measuring procedure
	7.2 Capacitance tolerances

	8 Measurement of the tangent of the loss angle (tan δ) of the capacitor
	8.1 Measuring procedure
	8.2 Loss requirements

	9 Voltage tests between terminals
	9.1 Routine test
	9.2 Type test

	10 Voltage tests between terminals and container
	10.1 Routine test
	10.2 Type test

	11 Test of internal discharge device
	12 Sealing test
	13 Thermal stability test
	14 Measurement of the tangent of the loss angle (tan δ) of the capacitor at elevated temperature
	14.1 Measuring procedure
	14.2 Requirements

	15 Lightning impulse voltage test between terminals and container
	16 Discharge test
	17 Ageing test
	18 Self-healing test
	19 Destruction test
	20 Maximum permissible voltage
	20.1 Long-duration voltages
	20.2 Switching voltages

	21 Maximum permissible current
	22 Discharge device
	23 Container connections
	24 Protection of the environment
	25 Other safety requirements
	26 Marking of the unit
	26.1 Rating plate
	26.2 Standardized connection symbols
	26.3 Warning plate

	27 Marking of the bank
	27.1 Instruction sheet or rating plate
	27.2 Warning plate

	28 General
	29 Choice of the rated voltage
	30 Operating temperature
	30.1 General
	30.2 Installation
	30.3 High ambient air temperature
	30.4 Evaluation of losses

	31 Special service conditions
	32 Overvoltages
	33 Overload currents
	34 Switching and protective devices and connections
	35 Choice of creepage distance
	36 Capacitors connected to systems with audio-frequency remote control
	37 Electromagnetic compatibility (EMC)
	37.1 Emission
	37.2 Immunity
	37.2.1 General
	37.2.2 Low-frequency disturbances
	37.2.3 Conducted transients and high-frequency disturbances
	37.2.4 Electrostatic discharges
	37.2.5 Magnetic disturbances
	37.2.6 Electromagnetic disturbances


	Annex A  (normative)  Additional definitions, requirements and tests for power filter capacitors
	A.1 Terms and definitions
	A.2 Quality requirements and tests
	A.2.1 Capacitance tolerance
	A.2.2 Voltage test between terminals (see Clause 9)
	A.2.3 Thermal stability test (see Clause 13)

	A.3 Overloads – Maximum permissible current (see Clause 21)
	A.4 Markings – Instruction sheet or rating plate (see 27.1)
	A.5 Guide for installation and operation – Choice of the rated voltage (see Clause 29)

	Annex B  (informative)  Formulae for capacitors and installations
	B.1 Computation of the output of three-phase capacitors from three single-phase capacitance measurements
	B.2 Resonance frequency
	B.3 Voltage rise
	B.4 Inrush transient current
	B.4.1 Switching in of single capacitor
	B.4.2 Switching of capacitors in parallel with energized capacitor(s)
	B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase units


	Bibliography
	Figure B.1 – k values depending on the method of connectionof the resistors with the capacitor units
	Table 1 – Letter symbols for upper limit of temperature range
	Table 2 – Ambient air temperature for the thermal stability test
	Table 3 – Admissible voltage levels in service

	International Standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	1 Scope
	2  Normative references
	3 Terms and definitions
	4 Service conditions
	4.1 Normal service conditions
	4.2 Unusual service conditions

	5 Test requirements
	5.1 General
	5.2 Test conditions

	6 Classification of tests
	6.1 Routine tests
	6.2 Type tests
	6.3 Acceptance tests

	7 Capacitance measurement and output calculation
	7.1 Measuring procedure
	7.2 Capacitance tolerances

	8 Measurement of the tangent of the loss angle (tan δ) of the capacitor
	8.1 Measuring procedure
	8.2 Loss requirements

	9 Voltage tests between terminals
	9.1 Routine test
	9.2 Type test

	10 Voltage tests between terminals and container
	10.1 Routine test
	10.2 Type test

	11 Test of internal discharge device
	12 Sealing test
	13 Thermal stability test
	14 Measurement of the tangent of the loss angle (tan δ) of the capacitor at elevated temperature
	14.1 Measuring procedure
	14.2 Requirements

	15 Lightning impulse voltage test between terminals and container
	16 Discharge test
	17 Ageing test
	18 Self-healing test
	19 Destruction test
	20 Maximum permissible voltage
	20.1 Long-duration voltages
	20.2 Switching voltages

	21 Maximum permissible current
	22 Discharge device
	23 Container connections
	24 Protection of the environment
	25 Other safety requirements
	26 Marking of the unit
	26.1 Rating plate
	26.2 Standardized connection symbols
	26.3 Warning plate

	27 Marking of the bank
	27.1 Instruction sheet or rating plate
	27.2 Warning plate

	28 General
	29 Choice of the rated voltage
	30 Operating temperature
	30.1 General
	30.2 Installation
	30.3 High ambient air temperature
	30.4 Evaluation of losses

	31 Special service conditions
	32 Overvoltages
	33 Overload currents
	34 Switching and protective devices and connections
	35 Choice of creepage distance
	36 Capacitors connected to systems with audio-frequency remote control
	37 Electromagnetic compatibility (EMC)
	37.1 Emission
	37.2 Immunity
	37.2.1 General
	37.2.2 Low-frequency disturbances
	37.2.3 Conducted transients and high-frequency disturbances
	37.2.4 Electrostatic discharges
	37.2.5 Magnetic disturbances
	37.2.6 Electromagnetic disturbances


	Annex A  (normative)  Additional definitions, requirements and tests for power filter capacitors
	A.1 Terms and definitions
	A.2 Quality requirements and tests
	A.2.1 Capacitance tolerance
	A.2.2 Voltage test between terminals (see Clause 9)
	A.2.3 Thermal stability test (see Clause 13)

	A.3 Overloads – Maximum permissible current (see Clause 21)
	A.4 Markings – Instruction sheet or rating plate (see 27.1)
	A.5 Guide for installation and operation – Choice of the rated voltage (see Clause 29)

	Annex B  (informative)  Formulae for capacitors and installations
	B.1 Computation of the output of three-phase capacitors from three single-phase capacitance measurements
	B.2 Resonance frequency
	B.3 Voltage rise
	B.4 Inrush transient current
	B.4.1 Switching in of single capacitor
	B.4.2 Switching of capacitors in parallel with energized capacitor(s)
	B.4.3 Discharge resistance in single-phase units or in one-phase or polyphase units


	Bibliography
	Figures
	Figure B.1 – k values depending on the method of connectionof the resistors with the capacitor units

	Tables
	Table 1 – Letter symbols for upper limit of temperature range
	Table 2 – Ambient air temperature for the thermal stability test
	Table 3 – Admissible voltage levels in service


	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Conditions de service
	4.1 Conditions normales de service
	4.2 Conditions de service inhabituelles

	5 Exigences relatives aux essais
	5.1 Généralités
	5.2 Conditions d'essais

	6 Classification des essais
	6.1 Essais individuels
	6.2 Essais de type
	6.3 Essais d'acceptation

	7 Mesure de la capacité et calcul de la puissance
	7.1 Modalités de mesure
	7.2 Tolérances sur la capacité

	8 Mesure de la tangente de l'angle de pertes (tan δ) du condensateur
	8.1 Modalités de mesure
	8.2 Exigences concernant les pertes

	9 Essais diélectriques entre bornes
	9.1 Essai individuel
	9.2 Essai de type

	10 Essais diélectriques entre bornes et cuve
	10.1 Essai individuel
	10.2 Essai de type

	11 Essai du dispositif interne de décharge
	12 Essai d'étanchéité
	13 Essai de stabilité thermique
	14 Mesure de la tangente de l'angle de pertes (tan δ) du condensateur à température élevée
	14.1 Modalités de mesure
	14.2 Exigences

	15 Essai diélectrique en choc de foudre entre bornes et cuve
	16 Essai de décharge
	17 Essai de vieillissement
	18 Essai d'autorégénération
	19 Essai de destruction
	20 Tension maximale admissible
	20.1 Tensions de longue durée
	20.2 Surtensions de manœuvre

	21 Courant maximal admissible
	22 Dispositif de décharge
	23 Connexions à l'enveloppe
	24 Protection de l'environnement
	25 Autres exigences de sécurité
	26 Marquage du condensateur unitaire
	26.1 Plaque signalétique
	26.2 Symboles de couplage normalisés
	26.3 Plaque d'avertissement

	27 Marquage des batteries
	27.1 Notice d'instruction ou plaque signalétique
	27.2 Plaque d'avertissement

	28 Généralités
	29 Choix de la tension assignée
	30 Température de service
	30.1 Généralités
	30.2 Conditions d'installation
	30.3 Température élevée de l'air ambiant
	30.4 Evaluation des pertes

	31 Conditions spéciales de service
	32 Surtension
	33 Courants de surcharge
	34 Appareils de coupure et de protection et raccordement
	35 Choix des lignes de fuite
	36 Condensateurs raccordés à des réseaux pourvus de télécommande à fréquence acoustique
	37 Compatibilité électromagnétique (CEM)
	37.1 Emission
	37.2 Immunité
	37.2.1 Généralités
	37.2.2 Perturbations à basse fréquence
	37.2.3 Perturbations transitoires conduites et perturbations à haute fréquence
	37.2.4 Décharges électrostatiques
	37.2.5 Perturbations magnétiques
	37.2.6 Perturbations électromagnétiques


	Annexe A  (normative)  Définitions, exigences et essais supplémentaires concernant les condensateurs de puissance pour filtrage en courants forts
	A.1 Termes et définitions
	A.2 Exigences de qualité et essais
	A.2.1 Tolérances sur la capacité
	A.2.2 Essai diélectrique entre bornes (voir Article 9)
	A.2.3 Essai de stabilité thermique (voir Article 13)

	A.3 Surcharges – Courant maximal admissible (voir Article 21)
	A.4 Marquages – Notice d'instructions ou plaque signalétique (voir 27.1)
	A.5 Guide d'installation et d'exploitation – Choix de la tension assignée  (voir Article 29)

	Annexe B  (informative)  Formules pour les condensateurs et les installations
	B.1 Calcul de la puissance de condensateurs triphasés à partir de trois mesures de capacité monophasées
	B.2 Fréquence de résonance
	B.3 Elévation de tension
	B.4 Courant d'appel transitoire
	B.4.1 Mise sous tension d'un seul condensateur
	B.4.2 Enclenchement de condensateurs en parallèle avec un/des condensateur(s) sous tension
	B.4.3 Résistance de décharge dans un condensateur monophasé ou dans une phase de condensateurs polyphasés


	Bibliographie
	Figures
	Figure B.1 – Valeurs du coefficient k dépendant du mode de connexiondes résistances avec les condensateurs unitaires

	Tableaux
	Tableau 1 – Symboles littéraux de la limite supérieure de la plage de température
	Tableau 2 – Température de l'air ambiant pour l'essai de stabilité thermique
	Tableau 3 – Niveaux de tension admissibles en service






