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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CAPACITORS FOR POWER ELECTRONICS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all petenst—electrotechrical—committees—HEGNational—GCemmittees—Th bieet—ef—H=G—is—te—promote

intefnational co-operation on all questions concerning standardization in the electrical and electronic fi¢lds. To
this|end and in addition to other activities, IEC publishes International Standards, Technical Specififations,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referréd~to ds “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inferested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC.collaborates|closely
withl the International Organization for Standardization (ISO) in accordance with conditions determ|ned by
agr¢ement between the two organizations.

2) The|formal decisions or agreements of IEC on technical matters express, as nearly.as possible, an interpational
congensus of opinion on the relevant subjects since each technical commitiee* has representation from all
intefested IEC National Committees.

3) IEC|Publications have the form of recommendations for international usé€_ and are accepted by IEC WNational
Compmittees in that sense. While all reasonable efforts are made to €nsure that the technical conten{ of IEC
Pubjications is accurate, IEC cannot be held responsible for the(way in which they are used or [for any
misinterpretation by any end user.

4) In drder to promote international uniformity, IEC National Committees undertake to apply IEC Publ|cations
transparently to the maximum extent possible in their natienal and regional publications. Any divérgence
between any IEC Publication and the corresponding national‘or regional publication shall be clearly indigated in
the Jatter.

5) IEC]|itself does not provide any attestation of conformity. Independent certification bodies provide copformity
assessment services and, in some areas, access to' IEC marks of conformity. IEC is not responsible [for any
seryices carried out by independent certification.bodies.

6) Al

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual expgrts and
members of its technical committeessand 1EC National Committees for any personal injury, property dafage or
othgr damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fegs) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Pubjications.

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

8) Attegntion is drawn to the Normative references cited in this publication. Use of the referenced publicgtions is
indigpensable for the correct application of this publication.

9) Attention is drawn to ‘the possibility that some of the elements of this IEC Publication may be the supject of
patgnt rights. IEC«shall not be held responsible for identifying any or all such patent rights.

This redline;version of the official IEC Standard allows the user to identify the changes
made|to’the previous edition. A vertical bar appears in the margin wherever a change
has bgen‘made. Additions are in green text, deletions are in strikethrough red text
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International Standard IEC 61071 has been prepared by IEC technical committee 33: Power
capacitors and their applications.

This second edition cancels and replaces the first edition published in 2007. This edition
constitutes a technical revision.

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

¢ Introduction of new terms and definitions

o clarifications for surge discharge test

¢ indications for measuring procedure during thermarl stability test
e clgrifications for self-healing test

e clgrifications for endurance test

e clgrifications for destruction test

e upfate of normative references

e geheral editorial review

The tgxt of this International Standard is based on the following,documents:

FDIS Report on-voting
33/610/FDIS 33/642/RVD

Full information on the voting for the approval of this International Standard can be foluind in
the report on voting indicated in the above table.

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided that the gontents of this document will remain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data relgted to
the specific document. At this date; the document will be
e re¢onfirmed,

e withdrawn,

o replaced by a revised edition, or

e anjended.

IMPO = . inside’ i icati indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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CAPACITORS FOR POWER ELECTRONICS

1 Scope

This International Standard applies to capacitors for power electronics applications.

The operating frequency of the systems in which these capacitors are used is usually up to
15 kHz, while the pulse frequencies may be up to 5 to 10 times the operating frequency.

The (
compd

applic
storag

The fd

e (Ca
a

e (Ca

This dgocument covers an extremely wide range of capacitor technologies “for numerous

htions, e.g. overvoltage protection, DC and-a-6- filtering, switching circuits,—d-6- ¢nergy

e, auxiliary inverters, etc.

llowing are excluded from this document:

pacitors for induction heat-generating plants operatingfat frequencies—between}40-Hz

H-24-000-Hz range up to 50 kHz (see IEC 60110-1 and<EC 60110-2);

bacitors for motor applications and the like (see IE€60252-1 and IEC 60252 -2);

e capacitors to be used in circuits for blocking obe“or more harmonics in power $upply
nefworks;

e small AC capacitors as used for fluorescent and discharge lamps (see IEC 61048 and
IEC 61049);

e capacitors for suppression of radio interference (see IEC 60384-14);

e sh
=

e sh
to

up
g

e €

e Se

e CO

e (Ca

ocument distinguishes between AC and DC capacitors which are consider
nents when mounted in enclosures.

int capacitors for AC power systems having a rated voltage above 1 000
s 60871-1-andEC60871-2 theJEC 60871 standards);

int power capacitors of the self-healing type for AC systems having a rated volt3
and including 1 000 V (see IEC 60831-1 and IEC 60831-2);

ctronic capacitors not used in power circuits;
ries capacitors for power systems (see IEC 60143);
ipling.capacitors and capacitors dividers (see IEC 60358);

baciters for microwave ovens (see IEC 61270-1);

ed as

(see

ge up

int power capacitortof ‘the non-self-healing type for AC systems having a rated vpltage
to and including(1\000 V (seetEC-60931-1-and tECB80931-2 the IEC 60931 standprds); |

e (Ca

I £ T L 4 / =0 a0 an
PAUILOTS TOT Talwdy dpplitatulls (SCC 1L U TOooT).

Examples of applications are given in 9.1.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)

IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature
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IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test T.-Seldering Test methods
for solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

\EC 60074-1 Insulati g Part 1: Definitions._principl !
£C 600712 Insulat — Part o Aoolicat] ,

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

IEC 60664-1, Insulation coordination for equipment within low-voltage Systems — Rart 1:
Principles, requirements and tests

IEC 60695-2-11, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-Wire flammability test method for end-products (GWEPT)

IEC 60695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods —
Glow-Wire flammability index (GWFI) test method for materials

IEC 60947-1:2007, Low-voltage switchgear and controlgear — Part 1: General rules

3 Terms and definitions
For the purposes of this document, the felfowing terms and definitions apply.

ISO apd IEC maintain terminological databases for use in standardization at the following
addregses:

e |EC Electropedia: available at http://www.electropedia.org/

e |SP Online browsin@ platform: available at http://www.iso.org/obp

3.1
capaditor element (or element)
devicq consisting essentially of two electrodes separated by a dielectric

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

3.2
capacitor unit (or unit)
assembly of one or more capacitor elements in the same container with terminals brought out

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

3.3
capacitor bank
number of capacitor units connected so as to act together

[SOURCE: IEC 60050-436:1990, 436-01-06]
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3.4

capacitor
general term used when it is not necessary to state whether reference is made to an element,

a unit

3.5

or a capacitor bank

capacitor equipment
assembly of capacitor units and their accessories intended for connection in power electronic

equipment

3.6

capagci

power| capacitor intended to be used in power electronic equipment and capable of epgrating
continpously under sinusoidal and non-sinusoidal current and voltage

3.7

metalifoil capacitor (non-self-healing)

capacftor in which the electrodes usually consist of metal foils separated, by ‘a dielectric

Note 1 jo entry: In the event of a breakdown of the dielectric, the capacitor does fiot restore itself.

3.8

self-hpaling metallized dielectric capacitor

capaci|tor, of which at least one electrode consists of a metallic deposit on the dielectric

Note 1 [to entry: In the event of local breakdown of the dielectric, the electric properties of the capacjtor are
rapidly pnd essentially self-restored.

3.9

AC capacitor

capac

Note 1
capacit

3.10

tor essentially designed for operationiwith alternating voltage

br manufacturer.

DC capacitor

capac

Note 1
manufa

3.11
mode
unit W

tor essentially desjgned for operation with direct voltage

o entry: DC capacijtors may be used with a specified AC voltage only where authorized by the ¢
Cturer.

capacitor
hich.simulates a complete unit or element in an electrical test, without reduci

severi

fy.Of the electrical, thermal or mechanical conditions

o entry: AC capacitors may be used-with DC voltage up to the rated voltage only when authorizeq by the

hpacitor

||\g the

Note 1 to entry: The model unit may be of a different size from the complete unit.

Note 2 to entry: The combined sum of stresses should always be considered, for instance the sum of temperature
and mechanical conditions as well as electrical stresses.

3.12
intern

al (element) fuse

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

[SOURCE: IEC 60050-436:1990, 436-03-16]
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3.13
safety devices

3.13.1

overpressure disconnector

disconnecting device inside a capacitor, designed to interrupt the current path in case of
abnormal increase of internal overpressure

3.13.2

overpressure detector

device designed to detect abnormal increase of the internal pressure, usually used to operate
an electrical switch and indirectly interrupt the current path

3.13.

segm{nted metallization design
patterp design of the metal layer over the dielectric shaped in a way to allow a’small pdrt of it
to be|isolated in case of local short circuit or breakdown, in order to(restore the full
functignality of the unit with a negligible loss of capacitance

3.13.
special unsegmented metallization design
design of the metal layer over the dielectric shaped in a way that safe self-healing feptures
operaling at a voltage up to Us guarantee the full functionality~of/the unit with a negligible loss
of capjacitance.

3.14
safety protection

prote¢ted capacitor

capac|tor that can be submitted to the destruction test as described at 5.16

Note 1 |to entry: protected capacitors alone arelnot sufficient to prevent all possible dangers in ¢ase of
malfundtion.

3.15
unprotected capacitor
capac|tor that don’t meet the destruction test as described at 5.16

3.16
discharge device of a capacitor
devicgd which may be.incorporated in a capacitor, capable of reducing the voltage betwegn the
terminfals practically*to zero, within a given time, after the capacitor has been disconngected
from g network

[SOURCE: )IEC 60050-436:1990, 436-03-15, modified ("to a given value" replacgd by
"pract|cally to zero")]

3.17

rated AC voltage

Uy

maximum operating peak recurrent voltage of either polarity of a reversing type waveform for
which the capacitor has been designed

Note 1 to entry: The waveform can have many shapes. Examples are given in Annex A.
Note 2 to entry: The mean value of the waveform may be positive or negative.

Note 3 to entry: It is important to note that the rated AC voltage is not an r.m.s. value.


https://iecnorm.com/api/?name=c739efc34b9d2f62a7d776ab36226f0d

IEC 61071:2017 RLV © IEC 2017 -1 -

3.18
rated DC voltage

Unpc
maximum operating peak voltage of either polarity but of a non-reversing type waveform, for
which the capacitor has been designed, for continuous operation

Note 1 to entry: Damping capacitors, for gate turn-off thyristor (GTO) can be regarded as DC capacitors with a
ripple voltage equal to the rated DC voltage Uy = U,

In the case of reversal voltage (U, ), the use should be agreed between user and manufacturer.

Note 2 to entry: If the reversal voltage is small (less than 10 %), the voltage waveform can be considered to be
non- reyersing, For test purposes, Uz and U _should be increased by Urev, the reversal voltage

3.19
ripple|voltage
Ur
peak-fo-peak alternating component of the unidirectional voltage

3.20
non-recurrent surge voltage
U

S
peak Yoltage induced by a switching or any other disturbance of.the system which is allowed
for a ljmited number of times and for durations shorter than thé\basic period

3.21
insuldtion voltage
U;
r.m.s.| value of the sine wave voltage designed’ for the insulation between terminjls of

capaciltors to case or earth

3.22
maximum peak current
]
maximum repetitive peak current that can occur during continuous operation

3.23
maximum current

’max
maximjum r.m.s. current for continuous operation

3.24

[naximum surge current

IS

peak nmonsrepetitive current induced by switching or any other disturbance of the system|which
is allo%mwmmmmmm—
3.25

pulse frequency

fp

repetition rate of periodic current pulses

3.26

current pulse width

T

time of current flow during charging or discharging from one voltage value to another, of the
capacitor

Note 1 to entry: Pulse current waveform examples are shown in Annex A.
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3.27

resonance frequency

fr

lowest frequency at which the impedance of the capacitor becomes minimum

3.28
duty cycle

3.28.1
continuous duty
operation time such that a capacitor is at thermal equilibrium for most of the time

3.28.i

intermittent duty
discorftinuous working or operation with variable loads which should be described in tefms of
ON/OIFF or HIGH/LOW periods with their durations

3.29

thermial equilibrium
state ¢f a capacitor when the temperature measured anywhere on its case or internally s less
than 3K above or below that temperature which would, be reached after waiting an infinitely
long time under fixed conditions of ambient temperature, cooling, and internal power los§

3.30
thermjal time constant
measyre of the time required for a capagitor to reach thermal equilibrium after a chapge in
ambiept temperature, cooling, or internghpower loss

3.31
lowes|t operating temperature
emin B . . . .
lowes{ temperature of thedielectric at which the capacitor may be energized

3.32
contajner temperature rise
Aacase
differgnce between the temperature of the hottest point of the container and the tempdrature

of the|cooling air

3.33
cooling-air temperature

eamb

temperature of the cooling air measured at the hottest position of the capacitor, 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.

3.33.1
outlet fluid temperature for forced-cooled capacitors
temperature of the cooling fluid as it leaves the capacitor, measured at the hottest point
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3.33.2

inlet fluid temperature for forced-cooled capacitors

temperature of the cooling fluid measured in the middle of the inlet fluid channel at a point not
influenced by the heat dissipation of the capacitor

3.34

maximum operating temperature

emax

highest temperature of the case at which the capacitor may be operated under steady state
condition

3.35
hotspl?t temperature
the highest temperature present inside the capacitor dielectric

3.36
steady-state conditions
thermal equilibrium attained by the capacitor at constant output and at constant cool|ng-air
:empeta%u%e conditions

3.37
capagitor losses
active|power dissipated in the capacitor

Note 1 [to entry: Unless otherwise stated, the capacitor losses~are understood to include losses in fuges and
discharpe resistors forming an integral part of the capacitor{ At high frequency, the capacitor losges are
predomjnantly due to losses in connections, contacts and electrodes.

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

3.38
tangent of the loss angle of a capacitor
tan 6
ratio Hetween the equivalent series-resistance and the capacitive reactance of a capacitpr at a
specifled sinusoidal alternatingvoltage, frequency and temperature

Note 1 1o entry: tan 6= R, 8= tang, + R, oC

tan¢ 4  dielectric loss fagtor

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

3.39
equivrlent series resistance of a capacitor
Resr

effective resistance which, if connected in series with an ideal capacitor of capacitance value
equal to that of the capacitor in question, would have a power loss equal to active power
dissipated in that capacitor under specified operating conditions

3.40

series resistance

RS

effective ohmic resistance of the conductors of a capacitor under specified operating
conditions
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3.41
maximum power loss

Pmax
maximum power loss at which the capacitor may be operated at the maximum case

temperature

3.42

maximum frequency for maximum power loss and maximum current

f

frequency at which the maximum current (/,,54) produces the maximum power loss (Pp,5,) in
the capacitor

Note 1 fo entry:  For explanation of f,, see AnnexB Figure B.1.
4 Service conditions

4.1 Normal service conditions
4.1.1 General

This sfandard gives requirements for capacitors intended for use(in, the following conditi¢ns.

4.1.2 Altitude

Altitude shall not exceed 1 000 m unless the effects©n“cooling and external insulatipn are
taken jinto account.

NOTE |The effect of altitude on convection cooling and external insulation—sheould has to be takpn into
considdration, if the altitude exceeds 1 000 m.

4.1.3 Operating temperature (6,,,,4)

The upper limit of the case temperature 6,,,, at which the capacitor may be operated| shall
normally be chosen from the values 45 °C, 55 °C, 70 °C and 85 °C. A different maximum
operaling temperature shall be subject to agreement between manufacturer and user.

4.1.4 Operating temperature with forced cooling

If cappcitors are intended for use with forced cooling using a fluid medium, the opgrating
tempefrature conditions specified in 4.1.23 shall be observed. The lowest inlet temperatlire for
the copling fluid.should be defined, taking into account the viscosity of the fluid.

There| are AwW0 methods for specifying the upper temperature limit of the cooling me¢dium,
using eitherthe inlet or the outlet cooling fluid temperature.

Unless otherwise agreed, the choice of method shall be left to the capacitor manufacturer.
For the inlet method, the flow of cooling medium shall be specified.

4.2 Unusual service conditions

This standard does not apply to capacitors, whose service conditions are such as to be in
general incompatible with its requirements, unless otherwise agreed between the
manufacturer and the user.

Unusual service conditions require additional measurements, which ensure that the conditions
of this standard are complied with even under such unusual service conditions.
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If such unusual service conditions exist then they-must shall be notified to the manufacturer of

the ca

pacitor.

Unusual service conditions can include:

e unusual mechanical shocks and vibrations.

e cooling water with corrosive or obstructing particles (sea water, very hard water).

e corrosive and abrasive particles in the cooling air.

e dust in the cooling air, particularly if conductive.

losive dust or gas
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5.1
5.1.1
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5.1.2
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NOTE
capacit
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or water vapour or corrosive substances.
Clear radiation.

Lsual storage or transport temperature.

usual humidity (tropical or subtropical region).

Cessive and rapid changes of temperature (more than 5 °C/h) or-of humidity (mor
o/h).

'vice areas higher than 1 000 m above sea level.
perimposed electromagnetic fields.

cessive overvoltages, as far as they exceed the limits given in Clause 6.
uality requirements and tests

Test requirements
General

ubclause gives the test requirements for capacitor units.

Test conditions

5 otherwise specified for a particular test or measurement, the temperature
tor dielectric shallsbe in the range of +5 °C to +35 C. If corrections are necessa
hce temperature( shall be +20 C, unless otherwise agreed between the manufg

It is assuméd that the dielectric temperature is the same as the ambient temperature, provided
br has been/left in an unenergized state, in a constant ambient temperature, for an adequate period
to reach thermal equilibrium.

C\{ests and measurements shall be carried out with a substantially sinusoidal volt

e than

bf the
y, the
cturer

hat the
of time

hge at

a frequency specified by the manufacturer.

5.2

5.2.1

Classification of tests

General

The tests are classified as routine tests and type tests.

5.2.2

Routine tests

a) Sealing test (5.8).

b) Ex

ternal inspection (5.14.2).

c) Voltage test between terminals (5.5.2).

d) Voltage test between terminals and case (5.6.1).
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e) Capacitance and tan 6 measurements (5.3).

f) Test of internal discharge device (5.7).

Routine tests shall be carried out by the manufacturer on every capacitor before delivery.

At his request, the user shall be supplied with a certificate detailing the results of such tests.

The sequence of the tests is as indicated above.

5.2.3 Type tests

a) Megcthanicattests (5147

b) Vdltage test between terminals (5.5.3).

c) Vdltage test between terminals and case (5.6.2).

d) Sdrge discharge test (5.9).

e) Sdif-healing test (5.11).

f) Ervironmental testing (5.13).

g) Measurement of the tangent of the loss angle (tan o) (5.4).

h) Thermal stability test (5.10).

i) Tgst of internal discharge device (5.7).

j) Rgsonance frequency measurement (5.12).

k) Endurance test between terminals (5.15).

[) Digconnection test on fuses (5.17).

m) Dagstruction test (5.16).

Type [tests are intended to prove the s@undness of the design of the capacitor and its
suitabjlity for operation under the considerations detailed in this standard.

The type tests shall be carried out by the manufacturer, and the user shall, on requgst, be
supplied with a certificate, detailing the results of such tests.

Unles$ otherwise specified, every capacitor sample to which it is intended to apply the type
test shall first have withstood satisfactorily the application of all the routine tests.

These|tests shall he*made upon a capacitor of a design identical to that of the capacitor|junder
contract, or on-a{Capacitor of a design that gives during the test the same or more sevefe test
conditjons.

It is ngt\&ssential that all type tests be carried out on the same capacitor sample.

5.3 Capacitance and tan § measurements (routine test)

5.3.1 Measuring procedure

The capacitance and tan ¢ shall be measured at a voltage and a 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 shall be given and shall be better than 0,2 % for
capacitance and 10 % for tan ¢.

NOTE For capacitors in the millifarad range a lower accuracy may be appropriate.
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The capacitance measurement shall be carried out after the voltage test between terminals

(see 5

5).

For capacitors with internal fuses, capacitance measurement shall also be made before the
voltage tests.

5.3.2 Capacitance tolerances
If not otherwise specified, the capacitance measured shall not differ from the rated
capacitance by more than —=10 % to +10 %.
5.3.3 Coss requirements (tan 9)
The requirements regarding capacitor losses may be agreed upon between the manafgcturer
and the user.
5.4 |Measurement of the tangent of the loss angle (tan §) of a capacitor (type test)
5.4.1 Measurements
5.4.1. General
The fdllowing measurements shall be made.
5.4.1.2 AC capacitors
The capacitor losses (tan 6) shall be measured atithe end of the thermal stability test (see
5.10).|The measuring voltage and frequency may,be agreed upon between the manufgcturer
and the user.
5.4.1.3 DC capacitors
The measurement shall be carried,.out at the end of thermal stability test at an AC vpltage
appropriate to capacitor rating, subject to this voltage being a maximum of U, divided by 2\/5.
5.4.2 Loss requirements
The value of tan 6§ measured in accordance with 5.4.1 shall not exceed the value declafed by
the manufacturer, or'the value agreed upon between the manufacturer and the user.
5.5 |Voltagetest between terminals
5.5.1 General
Tests shal-be-earried-outaccording-totable—
Table 1 — Test voltage between terminals
AC capacitors DC capacitors
All types Non-self-healing Self-healing
AC test voltage r.m.s. value 1,6 Uy - -
DC test VOItage 2,15 UN 2 UNDC 1,5 UNDC

The test voltage indicated in Table 1 can be reduced if capacitors are intended for intermittent
duty (see 3.27) or for short service duration; the new values shall be agreed upon between
the manufacturer and the user.
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NOTE The AC test voltage-may has to be at a frequency of 50 Hz or 60 Hz.
5.5.2 Routine test

Every capacitor shall be subjected for 10 s to either test of 5.5.1 at ambient temperature. The
choice is left to the manufacturer. During the test, neither puncture nor flashover shall occur.

Self-healing breakdowns are permitted.

The duration may be reduced to 2 s provided the voltage is increased by 10 %.

; 2l elemen i i irternal—elemen (s) is
he capacit

ifted, provided t

NOTE |The routine test is intended to be applied once. If repeated it-should has to be carried out at 90 % of the
originallvalue unless agreed-differently otherwise-by with the manufacturer.

5.5.3 Type test

The capacitor shall be subjected for 1 min to either test of 5.5.1.
The choice is left to the manufacturer.
After the voltage test between terminals the capacitance andtan 6§ shall be measured.

5.6 |AC voltage test between terminals and case
5.6.1 Routine test

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

The tgst voltage values are the following:
Ut cask =2 U; + 1000 V or 2 000V whichever is the highest value,
where| U, is the insulation.Voltage.

The dlration may be reduced to 2s provided the voltage is increased by 10 %.

The insulating( voltage of the capacitor shall be specified by the user. The insulation volfage is
equal [to the rated voltage of the capacitor, divided by V2, unless otherwise specified.

Durin“ e tesi, neitner punciure nor fmasnover shdil OCCUr. The test shidll be perrorieda ven If
one of the terminals is intended to be connected to the container in service.

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

Units having insulated containers shall not be subjected to this test.

NOTE 1 |If the capacitor (with metal container) is equipped with an external overpressure detector, the terminals
of the detector-sheutd has to be be joined together and connected to the container.

NOTE 2 The voltage test between the overpressure detector and the container-should has to be be agreed
between user and manufacturer.

NOTE 3 This test can be carried out a maximum of two times on the same capacitor.
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5.6.2 Type test

Units having all terminals insulated from the container shall be subjected to a test according
to 5.6.1 with the same voltage value, but with a duration of 1 min. Capacitors with insulating
container shall have a metal foil tightly wrapped all around them during the test. The foil shall
be connected to one terminal of the test supply.

5.7 Test of internal discharge device

The resistance of the internal discharge device, if any, shall be checked either by resistance
measurement or by measuring the self-discharge rate.

The tgst shall be made after the voltage tests of 5.5.

5.8 |Sealing test

The uhit (in a non-painted state) shall be exposed to a test that will effectively’detect any leak
of the|l container and terminals. The test procedure is left to the manufacturer whq shall
descripe the method concerned.

If no grocedure is stated by the manufacturer the following test procedure shall apply.

Unengrgized capacitor units shall be heated to a uniform temperature of at least their
maximum operating temperature plus 5 °C and shall be gpaintained at this temperature|for at
least three times the thermal constant, but not less than 2*h.

No legkage shall occur. It is recommended that a_suitable indicator be used.
Leakape source of the capacitor shall be detegtable by visual inspection.

The Zst position of the capacitor _unit shall be defined by agreement betweeln the
manufiacturer and the user, taking intoyaccount the use position of the device.

NOTE |[If the capacitor contains no liquid‘material, the choice to carry out this test or not is left to the manufacturer
and it-spoutd has to be be carried out by sampling.

5.9 |Surge discharge test

The upits shall be charged by means of a DC source and then discharged through a|short-
circuitjng device situdted as close as possible to the capacitor. They shall be subjected fto five
such dischargesamithin40-min.

Fhe-tgstvoltage-shal-be-equat-to 44Uy pe

Within-5-min-After this test, the units shall be subjected to a voltage test between terminals
(see 5.5).

The capacitance shall be measured before the (surge) discharge test and after the voltage
test.

The two measurements shall not differ more than an amount corresponding either to
breakdown of an element or to blowing of an internal fuse.

For self-healing capacitors, the change of capacitance shall be less than £1 %.
The following formula shall be checked: tan §< 1,2 x tan §, + 1 x 104,

Tan Jis the value after the test, tan 5, before the test.
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For capacitors without specified surge current limitation (short-circuit-proof capacitors), the
test voltage for the surge discharge test shall be equal to 1,1 Uy or 1,1 Uypc-

Test voltages higher than 1,1 Uy or 1,1 Uypc have to be agreed between manufacturer and
user.

If, however, a maximum surge current is specified, the discharge current shall be adjusted by
variatien reduction of the charging voltage and/or increasing the impedance of the discharge
circuit to a value of:

=11/

eSSl 4 S

NOTE |Be aware of the energy stored in the capacitor during surge-discharge testing.
5.10 |Thermal stability test
5.10.1 General

This test is performed on both AC and DC capacitors and provides,thé following inforfnation
about|the capacitors subjected to it:

a) it determines the thermal stability of the capacitor under ovérload conditions;

b) it ¢onditions the capacitor to enable a reproducible loss measurement to be made.
5.10.2 Measuring procedure

One chpacitor unit shall be placed in an enclosure where the cooling temperature shall Qe:

a) fof natural cooling,-that-indicated-by-themarufacturer{4, ., +5°C 5 degrees abope the
highest temperature of the ambient (&,y,) at which the capacitor can operate [under

stgady state condition at P, 4;

b) fon forced cooling, 5 degrees above'the specified outlet cooling temperature at whigh the

capacitor can operate under steady state condition at P, + 5 °C.

After Bll parts of the capacitorihave attained the temperature of the cooling medium, the
capac|tor shall be subjected‘for a period of at least 48 h to an AC voltage of substgntially
sinusqidal form.

The value of the voltage and frequency shall be kept constant through the test.

The slipply conditions are those indicated in-Arnex-B Figure B.1 with the equal power tp 1,21
P

max-

For pureMAC capacitors of single frequency the maximum reactive power is the base flor the
determination of the test conditions and the calculations. The thermal stability test should be
performed with a reactive power of Qoet = 1,21 Q [Qiest = 1,21 (Uy)? / 2 x @ C] which is equivalent
to 1,21 Ppax.

During the last 6 h, the temperature of the case near the top shall be measured at least four
times; throughout this period of 6 h, the temperature rise shall not increase by more than 1 K.

Should a greater change be observed, the test may be continued until the above requirement
is met for four consecutive measurements during a 6 h period.

Before and after the test, the capacitance shall be measured within the temperature range
given in 5.1.2 for testing, and the two measurements shall be corrected to the same dielectric
temperature.
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The difference between the two measurements for non-self-healing capacitors shall be less
than an amount corresponding to either breakdown of an element or operation of an internal

fuse.-fiihocadeinie oo the o Senancnes ot e sofemnad Leos Bl

For self-healing capacitors, the change of capacitance shall be less than +1 %.
At the end of this test, the tand measurement is performed (see 5.4.1).

The following formula shall be checked: tan §< 1,2 x tan §, + 1 x 10—4.

Tan o jsthe—vatue-aferthetesttanosbeforethedtest

NOTE When checking whether the capacitor losses or the temperature conditions are satisfied/fluetuations of
voltage| frequency and cooling medium temperature during the test-sheuld has to be be taken intojaceount. For this
reason,|it is advisable to plot these parameters and the case temperature as a function of time.

NOTE 2 The test-may can be performed, on agreement between the manufacturer and the user, with|a non-
sinusoiglal voltage, provided the value of power loss remains at 1,21 P, 5y.

NOTE § The testis not intended to be representative of the final application

5.11 |Self-healing test

The purpose of the test is to confirm the presence of self<héaling technology. This fest is
applicpble only to self-healing capacitors and may be garried out on a complete unit] on a
separate element or on a group of elements that are ¢art of the unit, provided the elgments
unde:-]’test are identical to those used in the unit and’ their conditions are similar to thpse in
the unfit. The choice is left to the manufacturer.

The capacitor or element shall be subjected\for 10 s to a DC voltage: 1,1 times of th¢ non-
recurrent/surge voltage (Ug), or equal to\the routine test voltage (46 2,15 Uy far a.c.
capacijtors, 1,5 Uypc for DC capacitors) whichever is higher.

If fewer than five clearings occur during this time, the voltage shall be increased slowly until
five of more clearings have occurred since the start of the test or until the voltage has
reachg¢d 2,5 times the rated voltage.

If fewer than five clearings'have occurred when the voltage has reached 2,5 Uy, for a time of
10 s, the test shall be-finished.

Beforg and aftefithe test, the capacitance and tan & shall be measured. No change |of the
capac|tance equal/higher than 0,5 % shall be permitted.

The fqllewing formula shall be checked: tan §< 1,1 tan 5, + 1 x 104,

Tan Jis the value after the test, tan g, is the value before the test.

5.12 Resonance frequency measurement

The resonance frequency shall be measured within the temperature range according to 5.1.2,
using a method that minimizes errors due to connections and accessories.

The appropriate measuring method may be chosen from the two examples given in-ApnrexC
Figures C.1, C.2 and C.3.

This measurement is not necessary for all applications.

NOTE 1 The self inductance is calculated from the resonance frequency and the value of self inductance
sheould has not to exceed the value agreed upon between the manufacturer and the user.
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NOTE 2 Modern equipments can require the capacitor to have very low self inductance for correct operation.
5.13 Environmental testing
5.13.1 Change of temperature

The-change test of temperature-test change shall be carried out in accordance with test Na or
Nb of IEC 60068-2-14, on agreement between user and manufacturer with the upper and
lower limit temperature of the capacitor.

Test Nb shall be carried out with a transition time of about 1 h (1 K/min).

5.13. Damp heat, steady state

The damp heat steady-state test (test Cab) shall be carried out in accordance with JEC §0068-
2-78 with a degree of severity in accordance with location category of the capacitor. Before
the start of the long-term test, the capacitance shall be measured at-roomctemperatute test
conditjon as described at 5.1.2. After completion of the steady-state test,‘the capacitof shall
be subjected to a voltage test between terminals in accordance with 5.5412,’and a voltage test
betwepn terminals and container in accordance with 5.6.1.

Finally a capacitance measurement shall be carried out in accordance with 5.3.1 at |stable
room-{emperature at test condition as described at 5.1.2.

No tegt sample shall suffer puncturing or flashover. Self<healing punctures are permitted. The
changg in capacitance shall not exceed 2 %.

5.14 |Mechanical testing
5.14.1 Mechanical tests of terminals

The rgbustness of terminations shall be:tested in accordance with Table 2.

Table 2 — Testing the robustness of terminals

No. Tests or measurements Performance Test criteria

1 Tensile strength of conneéting cables IEC 60068-2-21 Ua1 |Individual with capacitor weight, at |east
and soldered connections. 10N

2 Flexural strength of(connections Ub1 |Number of flexing cycles: 2

3 Flexural strength-of' soldering and flat Ub2 |Number of bending cycles, for sold¢red
plug lugs lugs with connected wire also: 2

4 Tersion resistance of axial connections Uc |Severity 2

5 Terqueresistance of screwed and bolted Ud |Severity 2
ellements

6 Solderability and heat resistance of IEC 60068-2-20 Soldering iron at 350 °C
soldered connections Size A

5.14.2 External inspection

Capacitors are visually examined and checked for finish, marking and overall dimensions.

5.14.3 Vibration and shocks
This test shall be performed only at the request of the user and agreed with the manufacturer.

a) Vibration, in accordance with IEC 60068-2-6.
1) For capacitors of weight not exceeding 3 kg:
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f=10 Hz to 55 Hz
a=0,35 mm

Test duration per axis = 10 frequency cycles (3 axes offset from each other by 90°),
1 octave/min.

2) For capacitors whose weight exceeds 3 kg: the choice of the test condition shall be
agreed between the manufacturer and user.

b) Impacts: the choice of the test condition shall be agreed between the manufacturer and
user.

Before and after the mechanical tests, the capacitance shall be measured. No change of the

b b Ll L ) o0/ L ) adhih (]
Capacitanmce equar tormgner—tralr U0 /6 shalt 0e Permiieu:

5.15 |Endurance test
5.15.1 General

The pprpose of the endurance test is to demonstrate the performance of\the capacitor|under
the conditions which will actually occur in service.

The endurance test shall be performed on a complete unit or model capacitor.

5.15.20 Conditioning of the units before the test

The ufit shall be exposed to 1,1 times Uy in still air at’a temperature of not less than 410 °C
for 16|h to 24 h. The unit shall be allowed to cool doWwn and reach thermal equilibrium af room
tempefature after conditioning.

NOTE |This procedure is left to the choice of the manufaetarer.

5.15.3 Initial capacitance and loss factor measurements

TFThe uhit shall be nlaced for at leagst~12 N an uneneraized -state in—a ventilated chdmber
HHe—UpHt—Sha—oepPraceatorat—+reasStyi=—HHh—ah-uhenRergzec—stateh—a—vehtHatea—GRqRder;
hawa—tempe#a%u%&ef—(—%@—-*—%}—@
€ = -
FT'he Measurements cshall he\narformed gs for 5 3 at thae csame ambient temperature 15 min
Reasurements——Snanr——oepeHo €C0—aS1oFos at e Saheamdietemperatuire;joh

The upit shall be tested for capacitance and tan & per 5.3 at test condition as described at
5.1.2.[The ambienttemperature during this measurement shall be recorded.

5.15.4 Endurance test

The tgstiehamber shall be heated to a temperature close to the test temperature.

The test unit shall be placed in the heated chamber and energized at the appropriate
conditions as described in Table 3. AC and D.C. capacitors shall be subjected to the
appropriate test as decided by the manufacturer. When the unit has achieved the test
temperature, the cooling/heating conditions are adjusted so that stabilization is achieved at
this test temperature. After this initial stabilization no changes in cooling/heating temperature
are permitted.

The test temperature is the maximum case temperature (6,,,,) during maximum continuous

operating condition, i.e. excluding short time and exceptional conditions.

The test voltage U; (pure d.c. voltage equal to Uypc or a.c. sinusoidal voltage with a peak
voltage equal to-&,,c-oF Uy multiplied by the acceleration factor) shall be applied.
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A different acceleration factor/test duration can be selected according to Table 3. The choice
is left to the manufacturer. Half way through the endurance test the capacitor shall be de-
energized, cooled in still air at the ambient temperature, and subjected to 1 000 discharges as
for 5.9, but with a peak current of 1,4 I, where [ is the maximum peak current (see 3.2021).

The frequency of the discharges shall be decided by the manufacturer.

As-soon-as-pessible Following the 1 000 surge-discharges, the capacitors shall be energized
again in order to complete the test.

Table 3 — Endurance test

Type|of capacitor U, Test steps Temperature Duration ornpmber
of discharges
1,4 Uype Test temperature 25@ h
14U 1,47 Room temperature 1000 times
7 YNDC (see 5.1.2)
1,4 Uypc Test temperature 250 h
DC
1,3 Unpe Test temperature 500 h
13U 1,417 Room temperature 1 000 times
2 ¥YNDC (see 5.1.2)
1,3 Unpe Testitemperature 500 h
1,35 Uy Test temperature 250 h
1,35 Uy 1,47 Room temperature 1 000 times
(see Note 1) (see 5.1.2)
1,35Uy Test temperature 250 h
AC
1,25 Uy Test temperature 500 h
1,25 Uy 1,47 Room temperature 1 000 times
(see Note 1) (see 5.1.2)
1,25 Uy Test temperature 500 h
The conditions during this test maybe different to the service conditions, e.g. 50 Hz or 60 Hz for &ll a.c.
capacifors.
Additignal cooling has to be used if the temperature of the case exceeds 6,,,.
Dampihg capacitors for gate turn off thyristors (GTO) on agreement between the user and the manufactufer can
be tesfed with a rippletvoltage (unidirectional) U; = U, = (1,25 or 1,35) Uy as for a.c. capacitors.
Due tq thetength of this test, voltage interruptions are allowed. During these interruptions, the
unit haso, Temain in the controlled ambient. If power is lost to the chamber, the ambiept test
__:'-_ be-established-fo h-Brio o-ra-gnarai on-o ha axl

NOTE The purpose of the tests is not to predict the capacitor lifetime but to show the capability of the capacitor to
work under stringent conditions.

5.15.5 Final capacitance and tan § measurement
The measurement shall be performed as indicated in 5.3 within two days after completing the

endurance test. The ambient temperature during the final measurements shall not differ more
than +2 °K from the temperature recorded during the initial measurements.

5.15.6 Acceptance criteria

The capacitance measurement performed in Clauses 5.15.3 and-% 5.15.5 shall differ by not
more than 3 % of the initial values. The losses shall be reported.
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If the unit/capacitor has failed, the test is repeated and no more failures are permitted.

5.16
5.16.1

Destruction test

General

This test is performed to give an indication of the behaviour of the capacitor and to prove the
proper work of the safety system within the specification limits. Completely safe failure during
this test cannot be guaranteed.

This test shall be applied—enly to protected capacitors (see 8.1.1-with-any-safety-system).

Howe

er, the fnllnwing notes should be taken into account

The n
kind o

Capad
overpH
only W

NOTE
be diffe]
considg

NOTE 2
service
considg

The d
applic
cycles
off the

bn-self-healing capacitors protected by internal fuses shall comply with 507vF
f capacitors, complying with 5.17 is considered equivalent as with 5.16.

itors without disconnection device but with, or intended for. service wit
essure detector shall be subjected to this test, and shall be marked "Safe opsg
ith overpressure detector".

As the actual conditions can be significantly different in service, the behaviour at the end of life m
rent. Stored energy, expected short-circuit current, duration of failuré,.Current (and so on)-sheuld h3
red in the application. Compliance with 5.16 does not guarantee safe‘end of life of a capacitor.

successful completion of the test is not sufficient to guaranfge the total safe failure of the compo
For this reason, there is a residual risk of fire and/oK explosions that has to be carefully t
ration.

estruction test shall be carried out related toJthe type of safety system and to the
htion of capacitors, according to Table @ Performing of the test by applying L
or DC-DC cycles is at the choice of the manufacturer. After a failure the time to
capacitor from the power supply shall be given by the manufacturer.

Table 4 — Destruction_ test as a function of type of safety system

pr this

h, an
ration

ay also
s to be

ents in
bken in

main
C-AC
switch

Type of unit Safety system Main application Test subclause
AC 5.16.2
1. Qverpressure detector
DC 5.16.3
) 2. Overpressure AC 5.16.2
Self-hepling disconnector DC 516.3
3. segmented or
unsegmented metallization DC/AC 5.16.3
design
AC 5.16.2
1 _Overpressure detector
Non-self-healing DC 5.16.3
2. Internal fuses AC 5.17
5.16.2 Test sequence for a.c. capacitors

The test shall be carried out on a capacitor unit.

When specified by the manufacturer, a capacitor which has passed the endurance test may
be used.

The principle of the test is to promote failures in the element(s) by a high internal impedance
DC power supply, and subsequently to check the behaviour of the capacitor when an AC
voltage is applied. The failure of non-self-healing capacitors without internal fuses may be
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promoted according to the procedures of 5.17.4. The choice is left to the manufacturer. The
capacitor shall be mounted in a circulating air oven having a temperature equal to the
maximum ambient air temperature of the operating temperature of the capacitor.

When all the capacitor parts have reached the temperature of the oven, the following test
sequence shall be performed with the circuit given in Figure 1. Instead of the fuse in Figure 1,
if the capacitor is protected by the overpressure detector, a circuit breaker is used which is
controlled by the overpressure detector.

a) With the selector switches H and K in position 1 and "a" respectively, the AC voltage

SO

b) T
m

c) Switch H is set to position 3 and switch K to position "b" in order to apply‘the D

VO

urce N is set to 1,3 Uy and the capacitor current is recorded.
nufacturer; the switch H is then set to position 2.

tage to the capacitor which is maintained for a given period, as,’stated |

manufacturer.

d) Switch K is then set to position "a" again in order to apply the AG. test voltage

ca

pacitor for a period of 5 min when the current is again recorded.

The fdllowing conditions may be obtained:

1) THe ammeter | and the voltmeter U both indicate zero: in this’case the fuse F or the

of

the overpressure detector shall be checked. If the fuse’\F has blown, it shall be re

THen the voltage N is applied to the capacitor and™if the fuse blows again
overpressure detector has worked, the procedure is_interrupted.

If
co
co

he fuse F does not blow or the overpressure detector has not worked, the prog

Ntinues using only the switch K.

2) The current indicated by the ammeter | is'Zero and the voltmeter U indicates 1,3 Uy.

In

this case the procedure is interrupted.

3) THe current indicated by the ammeter | is higher than zero. In this case the prog

CO

htinues as per items b), ¢),.and d).

If, aftdr repeating this proceddre several times, the remaining capacitance is higher than

or 10

Yo of the initial value in case of self-healing capacitors with fused segmented-er9

y the

test
y the

to the

status
placed.
pr the

edure

hsisting in applying to the capacitor T and~N"voltage as prescribed in items c) and d)

Hﬂsquemed design, anether sample may be used, and/or test voltage and test time
increased, or the unit-has-te shall be subjected to an externally operated overpressur

the dij

given

When
voltag

In caq

required.

report

ed.

The short-circuit current of the N voltage source at the capacitor terminals should be higher

than 51/

max-
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DC

The r4g

Fuse according to IEC 60269-1 shall be used.

NOTE
putting

NOTE 3 If the capacitor unit is too large or too small to comply with the test parameters, the test-should h
performed on agreement between the manufacturer and user.

NOTE § For unprotected capacitors, the risk of explosion is related to the)duration of the short-circuit currg

The us|

reasongdbly help the designer to estimate the risk of explosion.
5.16.3 Test sequence for d.c. capacitors

The test shall be carried out on a capaciter unit. When specified by the manufactd
tor which has passed the endurancé*test may be used. The principle of the tegt is to

capac

promgte failures in the element(s) by~a@ high internal impedance DC power supply

subsefuently to check the behaviour-of the capacitor when high DC voltage with super
AC orf-d-e-, as an alternative, when AC or DC low voltage with low internal impeda
applief.

The failure of non-self-healing capacitors with internal fuses may be promoted accord

the pr

The ¢

maximum ambient:air temperature for the operating temperature of the capacitor.

When
seque
with a

R 3 F
@_rg\z 0 )
1 ./ —
b K

- b

&) EE &l
T a | N AC
|

IEC

Figure 1 — Destruction test arrangement

ted current / of the fuse shall be not less than 2 /,,,.

b corresponding capacitance in parallel with the N source.

er can give theoretical information, while the manufactirer can declare the 2t, this informat

bcedures of 5.17.4«.The choice is left to the manufacturer.
hpacitor shall be’ mounted in a circulating air oven having a temperature equal
all the.'capacitor parts have reached the temperature of the oven, the followin

hce shall be performed with the circuit given in Figure 1: the N source is a DC gen
superposed ripple voltage (AC component).

If the capacitor unit is used in parallel connection with other units, the test-sheuid has to be perfofmed by |

s to be |

nt.

on can

rer, a

, and
posed
hce is |

ing to
to the

g test
erator

An example of N generator is given in Figure 2.

The rated current of the fuse F shall be not less than 2 /.. A fuse according to IEC 60269-1
shall be used. Instead of the fuse shown in Figure 2, if the capacitor is protected by an
overpressure detector, a circuit breaker is used which is controlled by the overpressure
detector.

a) With the selector switches H and K in position 1 and "a", the voltage source N is set to
1,3 UNDC and to 1,1 IN'

b) The DC voltage source T is set at the value stated by the manufacturer; the switch H is
then set to position 2.

c) Switch H is set to position 3 and switch K to position "b" in order to apply the DC test T to
the capacitor which is maintained for a given period, stated by the manufacturer.
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d) Switch K is then set to the position "a" again in order to apply the superimposed test

\¢)

Itage N to the capacitor for a period of 5 min while the current is recorded.

The following conditions may be obtained:

1) Th

e ammeter | and the voltmeter U both indicate zero.

In this case the fuse or the status of the overpressure detector shall be checked. If the
fuse F has blown it shall be replaced. The voltage N is then applied to the capacitor and if
the fuse blows again or the overpressure detector has operated, the procedure is
interrupted. If the fuse F does not blow or the overpressure detector has not operated, the
procedure consisting in the application to the capacitor of T and N voltage as prescribed in
items c) and d) is continued, using only the switch K.

2) T
In

If fhe capacitance is higher than zero, the procedure is continued as per_items b),

d).
3) Th
In

If, afte
or 10

Hﬂsquemed design, another sample may be used, and/or{est voltage and test time nj
increase

discornector or the overpressure detector has operatéd) ‘The value of this pressure sh
given py the manufacturer.

When|the procedure is interrupted, the capacitoris cooled to the ambient temperatur
the vqltage test between terminals and terminals and case shall be carried out accord
5.5 and 5.6.

In casle of operation of an overpressurg detector, no voltage test between terminals sh
performed.

If a dg¢vice according to Figure.2is not available, a N source according to Figure 3 g

used.

generators shall be adjustable.

Item 4
1 and

The s
than 5

e current indicated by the ammeter | is zero and the voltmeter U indicates 1,3 Uy
this case the procedure is interrupted and the capacitance is checked.

e current indicated by the ammeter | is higher than zero.
this case the procedure continues as per items b), ¢) and d).

r repeating this procedure several times the remaining capacitance is higher thar
Yo of the initial value in case of self-healing capacitors with fused segmented-er9

c) and

zZero,

[ ooaiod
ay be

d, or the unit shall be subjected to an externally”operated overpressure until the

In this case, a high d.c.” current is generated by a diode bridge. The d.c. an

) of 5.16.3 shall ‘be modified as follows: "with the selector switches H and K in p
"a" respectively;’the voltage source N shall be set to 1,3 Uy".

all be

b, and
ing to

all be

an be
d a.c.

psition

higher

Key

hort-circuiticurrent of the N voltage source at the capacitor terminals should be
Imax-
P4
+ C
DC prm— i 3 —
e Y 7
1" 2 [

IEC

1 high-voltage, high-current DC generator

2 specimen under test

3 inverter device, thyristors, inductor

Figure 2 — N source DC - Type 1
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N Y

"
DC @/ AC

1 |- 2

IEC
Key
1 higH-voltage, low-current (300 mA) DC generator
low{voltage, high-current AC generator
low4{voltage rectifier bridge

blogking HV rectifier

shoft-circuit current adjustment

o o A~ W N

spegimen under test

Figure 3 — N source DC — Type 2

NOTE 1 If the capacitor unit is used in parallel connection with gther units, the test-should has to be perfoimed by
putting p corresponding capacitance in parallel with the N souree.

NOTE 2 The ac voltage should be selected-insuch-wava
NOH+HEg4—tRea-c—voHage-shothabe-set tegH-sueh-Way-a HOWa-cHetHatohotHtRe-snort-cHetHt

NOTE-} 2 If the capacitor unit is too large or too small\to comply with the test parameters, the test-sheuld has to
be performed on agreement between the manufacturer and user.

The AC voltage shall be selected in such way as to allow a circulation of the short{circuit
current.

In casle of protected self-heating capacitors—wi ;
other |methods to demonstrate the ability of a capacitor to lose more than 90 % |of its
capac|tance may be agreed between manufacturer and user.

5.17 |Disconnecting-test on internal fuses
5.17.1 General

This test applies to non-self-healing capacitors fitted with internal current fuses.

The fUsE 15 CcONMected M Serfes with the etement(s ) which the fuse 15 intended to isofate if the
element(s) becomes faulty. The range of currents and voltages for the fuse is therefore
dependent on the capacitor design and, in some cases, also on the bank in which it is
connected.

The operation of an internal fuse is generally determinated by one or both of the following
factors:

e the discharge energy from elements or units connected in parallel with the faulty element
or unit;

e the available fault current.

NOTE If the unit is protected by an external fuse, the test is carried out with the external fuse suggested by the
capacitor manufacturer.
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Disconnecting requirements

The fuse shall enable the faulty element to be disconnected when electrical breakdown of
elements occurs in a voltage range, in which u4 is the lowest and u, the highest value of the
voltage between the terminals of the unit at the instant of fault.

The recommended values for uy and u, are the following:

uy = 0,842 Uy

where

NOTE
termina
values

5.17.3

After
voltag
during

The internal fuses during the life of the capacitor shall)be able to

e (Ca

o withstand the unit surge current (/y);

e (Ca

o wilhstand the discharge test.

NOTE

5.17.4 Test procedure

The d

upper
immed

The v
beforg
repeat
repeal

U, =~Z U
U, is the test voltage according to Table 1.

The uy and u, values above are based on the voltage that may normally occur across the capac
s at the instant of electrical breakdown of the element. The user-should has tq specify if the uy
Hiffer from the standard ones.

Withstand requirements

pperation, the fuse assembly shall withstand full element voltage, plus any unbal
e due to fuse action, and any short-time transient overvoltage normally exper
the life of the capacitor.

ry continuously a maximum unit current of ‘1 /5.

Ty the discharge currents due to thebreakdown of element(s);

Guidance for fuse and disconnector protection is given in 9.13.

sconnecting test on fuses is carried out at the upper and at the lower voltage limit
d.c. test voltagé v, (see 5.17.2) is applied until at least one fuse has failed.
iately, the voltage is reduced to 0,8 Uy until a further fuse fails.

pltage aeross the unit shall be measured throughout the test. If the voltage imme
and immediately after the fuse operates differ by more than 10 %, the test sh

ed{n a new unit at the manufacturer’s discretion.

tor unit
and u,

nced
enced

5. The
Then,

Hiately
all be

ed, with extra capacitance connected in parallel to the unit under test. This test may be

The tests of fuses are performed either on one complete capacitor unit or on two units, if there
is only one fuse inside.

One of the following test procedures a), b), ¢), d) or an alternative method shall be used. The
choice is left to the manufacturer.

It is preferred to use a method where the tests can be carried out on a standard unit.

a) Mechanical puncture of the element

Mechanical puncture of the element is made by a nail, which is forced into the element
through a pre-drilled hole in the container.
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NOTE 1 Puncture of only one element cannot be guaranteed.

NOTE 2

In order to limit the possibility of a flashover to the container along the nail, or through the hole

caused by the nail, it is recommended to use a "nail" made of insulating material-may—be—used and/or to
perform the punctures-may—be-perfermed in the element connected permanently, or during the test, to the
container.

b) Electrical breakdown of the element (first method)

Some elements in the test unit are provided with, for example, a tab, inserted between the
dielectric layers. Each tab is connected to a separate terminal.

To obtain breakdown of an element thus equipped, a surge voltage of sufficient amplitude
is applied between the tab and one of the foils of such a modified element.

CW’ i ;
c) Electrical breakdown of the element (second method)

C¢
ex
se

To
ch

C
d) El
A
m4
filn
At
in

po
In
ca
Su
nu
ing
NOTE
capacit

NOTE 2
groups

rtain elements in the test unit are provided with a short fusible wire connected

barate insulated terminal.

arged to a sufficient energy is discharged into the wire in order to'blow it.
pacitor current and/or voltage shall be recorded during the test
ctrical breakdown of the element (third method)

small part of an element (or of several elements) in<a unit is removed at the t
nufacture and replaced with a weaker dielectric. For“example: 10 cm? to 20 cm
n-paper-film dielectric is cut out and replaced with two thin papers.

special cases, it may be necessary to extend the tests until two or more breakdo
pacitor elements have occurred. The number of breakdowns at each voltage |
ch cases should be subject-to agreement between the manufacturer and the user
mber of breakdowns js\exceeded, the voltages stated in 5.17.7 may have
reased.

| Precautions—sheytd\\tias to be taken when performing this test against the possible explosi
Dr unit.

In case of internal element series connections it is recommended-te-discharge that all the series

be dischargea-after each test-ifthecapacitor-has-internal-element seriesconnections.

5.17.59 Capacitance measurement

o two

ra tabs and inserted between the dielectric layers, each tab being_tohnected to a

obtain breakdown of an element equipped with this fusible wire) a-separate capacitor

me of
2 of a

the upper voltage limit, one additional fuse (or one-tenth of the fused elements directly

of the

pbarallel) connected to a sound element(s) issallowed to be damaged.
Thf test voltage shall be maintained .fof’ several seconds (minimum 10 s) Jfter a
br¢akdown to ensure the fuse has disconnected correctly unaided by disconnection

wer supply.

vns of
mit in
If the
to be

n of a

blement

After thetest, capacitance shall be measured to prove that the fuse(s) has (have) blown

A measuring method shall be used that is sufficiently sensitive to detect the capacitance
change caused by one blown fuse.

5.17.6 Visual checking

After the disconnecting test, no significant deformation of the container shall be apparent.

5.17.7 \Voltage test

The unit shall withstand for 10 s, without further operation of fuses, a voltage test. This
withstand test voltage should normally be equal to the test voltage specified in Table 1, unless
otherwise agreed by the manufacturer and the user in accordance with the provisions of item
d) of 5.17.4.
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6 Overloads

6.1

Maximum permissible voltages

Capacitor units shall be suitable for operation at voltage levels and duration according to
Table 5 without any failure. It should be recognised that any significant period of operation at
voltages above the rated one will reduce overall life

Table 5 — Maximum permissible voltages

Overvoltage Maximum duration within one day Observation
1,1 Uy 30 % of on-load duration System regulation
1,15 Uy 30 min System regulatien
1,2 Uy 5 min System regulation
1,3 Uy 1 min System regulation

An ovdg

The a
capaci

In add
is less

The aV

rvoltage equal to 1,5 Uy for 30 ms is permitted 1 000 times during the life of the capacitor.

nplitudes of the overvoltages that may be tolerated without significant reduction in the life-time
or depend on their duration, the number of application, and the capacitor témperature.

tion these values assume that the overvoltages may appear when the‘internal temperature of the ca
than 0 °C but within the temperature category.

erage applied voltage shall not be higher than the specified voltage.

of the

bacitor

7 Safety requirements

7.1

The u
requir
each |

Capadg
short

There
and th

A disg
to ear

Discharge device

se of discharge resistors is not-suitable for certain power electronic capacitors.
bd by the user, each capacitor unit or bank shall be provided with means for disch
nit in 10 min to 75 V or lessi-from an initial voltage Uy or Uypc.

circuit between terminals and terminals to case before delivery.

shall be no switeh, fuse cut-out, or any other isolating device between the capacit
is dischargétdevice.

hargesdevice is not a substitute for short-circuiting the capacitor terminals togeth
h befdare handling.

When
arging

itors without discharge resistors and with energy above 100 J shall be protected by a

Dr unit

er and

Capacitors connected directly to other electrical equipment providing a discharge path shall
be considered properly discharged, provided that the circuit characteristics are such as to
ensure the discharge of the capacitor within the time specified above.

Discharge circuits shall have adequate current-carrying capacity to discharge the capacitor
from the peak of the maximum overvoltage.

7.2

Case 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 case, the case shall be provided with
a connection suitable to carry the fault current, or with an unpainted non-corrodible metallic

region

suitable for a connecting clamp.
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7.3

Protection of the environment

When the capacitor is impregnated with materials that shall not be dispersed into the
environment, precautions shall be taken. In some countries, there exist legal requirements in
this respect.

The user shall specify any special requirements for labelling which apply to the country of

installation-{see-8-14-2).

Products of combustion shall be environmentally acceptable. Self extinguishing materials are
necessary for the terminals (test temperature 750 °C: see IEC 60695-2-11 or IEC 60695-2-12.

7.4

Other safety requirements

The user shall specify at the time of enquiry any special requirements with/regard
safety|regulations that apply to the country in which the capacitor is to be installed.

8

8.1

Markings

Marking of the units — Rating plate

The fdllowing information shall be given on the rating plate of each capacitor unit:

M4nufacturer

Id¢ntification number and manufacturing datei¥he date of manufacturing may be a
idgntification number or be in code form.

Cqpacitance (uF)

Tolerance (%)

UNpc or Uy (volts)

Ui [(volts, a.c.) (if specified, .s€e*3.4920)

rlax-(optionah(watts)

1, {optionab{Hz)

Imax (optional) (A)

Is (if any) (A)

Omlin ( °C)

O { CO)

gximum tightening torque (Nm) (see note 2)

=

to the

part of

Type of cooling medium and temperature (only for forced cooling — see Clause 4)
Reference to this standard.

The following signs shall be added if applicable:

for internal discharge device —H
for internal fuse or disconnector —

>
for self-healing capacitors SH or <

type of protection: protected / unprotected
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For small units where it is impracticable to indicate all the above items on the rating plate,
certain items shall be given in an instruction sheet.

NOTE 1 The location of the markings on the capacitor unit should be defined on agreement between the
manufacturer and the user.

NOTE-3 2 Additional data can be added to the rating plate, or additional warning plate, on agreement between the
manufacturer and the user.

9 Guid : lLati | :

9.1 General

Oversjressing and overheating shorten the life of a capacitor, and therefore the opgrating
conditjons (i.e. temperature, voltage, current and cooling) should be strictlycontrolled.

Because of the different types of capacitor and the many factors involved, it is not possjble to
cover,|using simple rules, installation and operation in all possible cases.

The fgllowing information is given with regard to the more important points to be consifiered.
In addition, the instructions of the manufacturer shall be followed.

There|are seven major applications:

a) infernal overvoltage protection: snubber capacitors, loaded with part of sinusoidal voltages;
both voltages may alternate with a certain amount of superimposed direct voltage;

b) D¢ harmonic filter capacitors generally loaded with a direct voltage superimposed jwith a
nojn-sinusoidal alternating voltage;

c) switching circuit: commutating capacitors, generally loaded with trapezoidal shaped
voltages;

d) exfernal AC overvoltage protegtion;

e) external DC overvoltage pratection;

f) internal AC harmonic filter;

g) DC energy storade: auxiliary capacitors. Generally supplied with direct voltage and
pefriodically charged and discharged with high peak current.

9.2 |Choice of/rated voltage

The ratedvoltage of the capacitor shall be equal to the recurrent peak voltage, not so|much
because/of-the intrinsic stress, but because the high values of dV/dt in power electronigds may
induca_partial discharge and losses which affect the capacitor life

Most of the applications in power electronics show varying loads. Therefore it is necessary
that the manufacturer and the user discuss the rated voltage and the true voltage stresses
extensively.

Only in case of emergency should capacitors be operated at maximum permissible voltage
and maximum operating temperature simultaneously, and then only for short periods of time
(see Table 5).

NOTE The manufacturer may give the diagram of applicable voltage as a function of frequency and ambient
temperature (6,p)-
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9.3 Operating temperature
9.3.1 General

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

Temperature in excess of §,,,, accelerates electrochemical degradation of the dielectric.

Temperature below 6, or very rapid changes from hot to cold may initiate partial discharge
degradation in the dielectric.

9.3.2 Installation

Capagqitors shall be so placed that there is adequate dissipation by convection, ‘conduction
and rpdiation of the heat produced by the capacitor losses. The lossgs™\dgenerated by
assoclated equipment shall be taken into account.

The cpoling of the operating enclosure and the arrangement of the) capacitor unity shall
provide adequate cooling of each unit. This is of importance for upits mounted in rowp, one
above|the other.

The temperature of capacitors subjected to radiation from the sun or from any high
tempefature surface will be increased.

After installation it is necessary to verify that the temperature of the case be lower thap 6,
with the maximum service conditions (voltage, current and cooling temperature).

Depending on the efficiency of the cooling, and the intensity and duration of the radiagion, it
may be necessary to adopt one of the following precautions:

e protect the capacitor from radiation;

e chpose a capacitor designed for higher service air temperature or employ capacitors with
rated voltage higher than that1aid down in Clause 4 and 9.2;

e capacitors installed at-altitudes above 1 000 m will be subjected to decreasq heat
digsipation; this should\be considered when determining the power of the units.

9.3.3 Unusual cooling conditions

In exgeptional ‘cases, the inlet temperature may be higher than 55 °C maximum and
capaci|tors ofispecial design or with a higher rated voltage shall be used.

9.4 |Special service conditions

Apart from high ambient temperature, other adverse conditions of use are liable to be
encountered. When the user is aware of such conditions, the manufacturer should be
informed when the capacitors are ordered.

This information should also be given to the suppliers of all associated equipment for the
capacitor installation.

The most important conditions are the following:

a) Frequent occurrence of periods of 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.
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b) Rapid mould growth

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

c) Corrosive atmospheres are found in industrial and coastal areas

It should be noted that in climates of higher temperature the effects of such atmospheres
may be more severe than in temperate climates. Highly corrosive atmospheres may be
present even in indoor application.

d) Pollution

When capacitors are mounted in a location with a high degree of pollution,\gpecial
pre¢cautions shall be taken.

e) Altfitude exceeding 1 000 m

Cqpacitors used at altitudes exceeding 1 000 m are subject to special™~condition$. The
chpice of the type shall be made by agreement between the user and|(the manufdcturer
(sge 4.2).

9.5 |Overvoltages

Overvpltage factors are specified in 6.1.

With the manufacturer's agreement, the overvoltage factor may be increased if the estimated
number of overvoltages is lower, or if the temperature conditions are less severe.

Capagditors that are liable to be subjected to high lightning overvoltages should be adedquately
protegted. If lightning arresters are used, they-should be located as near as possible [to the
capacitors.

Transjent overvoltages during unusual;s€rvice conditions may enforce the choice of higher
rated ¢apacitors.

When| overvoltages are higher{than those permitted in Table 5 (i.e. capacitors (Irectly
connefted to the line) a higher voltage test may be required, on agreement betweg¢n the
manufiacturer and the user.

9.6 [Overcurrents

Capagqitors shouldvnever be operated with currents exceeding the maximum values pf the
eters defined in-3-20; 3.21, 3.22 and 3.23.

Transient,'evercurrents of high amplitude and frequency may occur when capacitofs are
switc into the circuit or th ipment is switched. It m n ry tor these
transient overcurrents to acceptable values in relation to the capacitor and to the equipment.

9.7 Switching and protective devices

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

If consideration of electrodynamic and thermal stress would lead to excessive dimensions,
special precautions for the purpose of protection against overcurrents should be taken.

NOTE Fuses in particular-sheuld has to be chosen with an adequate thermal capacity.
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9.8 Choice of creepage distance and clearance
9.8.1 Creepage distance

The recommendations given in IEC 60664-1 shall apply. The user shall specify which one of
the pollution levels, or specific creepage distance, is applicable. Table 15 of
IEC 60947-1:2007 gives specific creepage distances for different pollution levels.

9.8.2 Air clearances

Guidelines for selection of air clearance distance are found in IEC 60947-1. Table 13 of
IEC 60947-1:2007 gives specific clearance distances for different impulse voltages.

9.9 Connections

The durrent leads into the capacitor are capable of dissipating heat from the cappcitor.

Equally they are capable of transferring heat generated in outer connections into the capacitor.

Therefore it is necessary to keep the connections leading to the capacifors always coolgr than
the capacitor itself.

Any Had contacts in capacitor circuits may give rise to afeing, causing high-frequency
oscillgtions that may overheat and overstress the capacitors:

Regular inspection of all capacitor equipment contactscand capacitor connections is thgrefore
recommended.

9.10 |(Parallel connections of capacitors

Special care is necessary when designing“circuits with capacitors connected in parallel,
becaupe there are two possible dangers:

a) the current splitting depends an-slight differences in resistance and inductance |in the
cufrent paths, so that one of the capacitors may be easily overloaded;

b) belcause of the high frequengies often encountered in power electronics, interconngctions
shpuld usually be designed‘for low inductance and resistance.

As a gonsequence, whenone capacitor fails by a short circuit, the complete energy Jof the
parall¢l capacitors will be rapidly dissipated at the point of breakdown.

Usually, it is impossible to disconnect the units by a current limiting fuse.

Special precautions have to be taken in this case.

9.11 Series connections of capacitors

In d.c. capacitors, because of variations in the insulation resistance of units, the correct
voltage sharing between units should be ensured by resistive voltage dividers for safety
reasons. The lifetime of the resistor must not be shorter than the lifetime of the equipment.

NOTE |Interruption in a resistor leads to overcharging of the affected capacitor.

AC voltages and intermittent d.c. application having long OFF periods need no special
dividers, as the integral discharge devices will discharge any residual charge.

The insulation voltage of the units shall be appropriate for the series arrangement.
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Magnetic losses and eddy currents

The strong magnetic fields of conductors in power electronics may induce alternating
magnetization of magnetic cases and eddy currents in any metal part and thereby produce

heat.

It is therefore necessary to situate capacitors at a safe distance from heavy current
conductors and to avoid the use as far as possible of magnetic materials.

9.13

Guidance for internal fuse and disconnector protection in capacitors

The ff&&%&wﬂm&mﬁg&w i i i i i i if the
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9.14
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olate it from the remaining part of the capacitor, which allows the unit to canti
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Guidance for unprotected capacitors
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danger appears due “to a failing capacitor. This requirement applies in particu
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Annex A
(informative)

Waveforms

For power electronic capacitors waveform definitions are explained through the example of a
trapezoidal voltage, as shown in Figure A.1.

[

u

Uy N

~>

IEC

Key

T cgpacitor current pulse’ width

~

b SJstem pulse duration

sylstem pulse frequency

C o"

N Pgak recurrent voltage

-

pdak'‘Current

~

inductance of the inductor connected in series with the capacitor

O

capacitor capacitance

Figure A.1a — Commutating waveform
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Figure '‘A.1c — Damping capacitor for gate turn-off thyristors waveform

IEC

Figure A.1d — Damping circuit example

Figure A.1 — Example of waveforms and their circuits
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Operational limits of capacitors with sinusoidal voltages
as a function of frequency and at maximum temperature (6max)

[

u

Un Y

—41 -

Annex B
(normative)

Unax = constant

P

=
//
Pmax

Pmax = constant

/max

Imax = constant

f

The maximum voltage is in general a function of dielectric thickness (&), intrinsic field st

(Ep) anddemperature (6).

Figure B.1 — Supply conditions

IEC

rength

Upax = f (Ep, a, 0)

For the frequency range f < f; , the following is valid:

fy is the frequency at which the power loss of the capacitor is maximum:

2
P :U_N
2

Um ax — UN

o x C tan &4

@ = 27If1
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f, is the frequency at which the maximum current (/,,54) produces the maximum power loss

(Pmax) in the capacitor.

For the frequency range f; to f,:

P = constant

max

and f, is the frequency at which the effective current reaches its maximum:

I = lmﬂ\(

Abovd the maximum frequency the maximum current shall be reduced due to skin effect] etc.

The clharacteristic values of the capacitors are the following:

U

Pmax
tan 5;] capacitor loss tangent at the frequency f;

max | Maximum voltage

maximum power loss

tan 5,| capacitor loss tangent at the frequency f,
fy maximum frequency for full power loss and maximun current

max maximum current r.m.s. value

NOTE |[The suggested thermal stability test conditions are the\following:

2 /2
1,21 Py = 2= x @y x C x tan 8502 1,21 x — M, tan 5, wy = 2nfy
2 @y x C
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Annex C
(normative)

Resonance frequency measuring methods — Examples

C.1 Method 1

FG U1 U2 C —

Capacitor case

where

FG is the variable frequency generator;

R is the non-inductive load resistance directly connected to the tested'c€apacitor terminals;
R, is the capacitor equivalent series resistance;

L is the capacitor equivalent series inductance;

C is the capacitor capacitance;

u, u are the electronic voltmeters.

N
N

Figure C.1 — Measuring circuit

By changing a frequency and keeping Ugconstant, it is possible to plot a graph which
the relation between the voltage across-the capacitor and the supply frequency.

The minimum value of U, corresponds to the resonance frequency (f,).
The connections shall be as short as possible.

v, |

IEC

shows

V2 min

=h
~-

IEC

Figure C.2 — Relation between the voltage across

the capacitor and the supply frequency
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C.2 Method 2

The unit shall be charged by means of DC and then discharged through a gap situated
directly at the capacitor terminals.

The discharge current wave shape is recorded by an oscilloscope.
f. is evaluated by computation of the number of intersections of the time axis.

The shape of the discharge waveform is a function of the equivalent series resistance and the
strayi ductance

: , [ .
VR

— — IEC

NOTE [With the second method, the discharge freguency is measured. This is equal to self resonance freqpency if
the damping factor is low and if the external inductance of the connections is negligible in comparison with that of
internallconnections.

In any ¢ase the damping factor can be taken into account to calculate the self-inductance.

Figure’C.3 — Discharge current wave shape
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

CAPACITORS FOR POWER ELECTRONICS

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To

2)

3)

4)

5)

6)

7)

8)

9)

Intern
capac

This {
consti

all

this
Tec

Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee/in{

in t
gov

with| the International Organization for Standardization (ISO) in accordance with conditions determ
agr¢ement between the two organizations.

The
con
inte

IEC

Pub)
mis

In grder to promote international uniformity, IEC National Cominittees undertake to apply IEC Publ

tran
bet
the

IEC
ass

seryices carried out by independent certification bodies.

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

No
mery
othe
exp
Pub)

Atte
indi
Attd
patq

end and in addition to other activities, IEC publishes International Standards, Technical Spegifi
hnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to-\3

he subject dealt with may participate in this preparatory work. International, governmental an
ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates

formal decisions or agreements of IEC on technical matters express, as nearly as possible, an inter
sensus of opinion on the relevant subjects since each technical committee"has representation
ested IEC National Committees.

ications is accurate, IEC cannot be held responsible for the way\ih which they are used or
nterpretation by any end user.

Sparently to the maximum extent possible in their natiofal)‘and regional publications. Any div
een any IEC Publication and the corresponding nationalor régional publication shall be clearly indi
atter.

itself does not provide any attestation of conformity.“Independent certification bodies provide co
bssment services and, in some areas, access to lEC marks of conformity. IEC is not responsible

iability shall attach to IEC or its directorsy employees, servants or agents including individual exp4g
hbers of its technical committees andAEC National Committees for any personal injury, property dar
r damage of any nature whatsoever;” whether direct or indirect, or for costs (including legal fe
bnses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
ications.

ntion is drawn to the Normative references cited in this publication. Use of the referenced publicd
Epensable for the correctiapplication of this publication.

ntion is drawn to thé possibility that some of the elements of this IEC Publication may be the su
nt rights. IEC shall not be held responsible for identifying any or all such patent rights.

btional Standard IEC 61071 has been prepared by IEC technical committee 33:
tors andtheir applications.

Cations,
s “IEC
erested
d non-
closely
ned by

hational
rom all

Publications have the form of recommendations for international useand~are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure-that the technical content

of IEC
for any

cations
brgence
ated in

formity

for any

rts and
hage or
ps) and
er IEC

tions is

bject of

Power

ufes a technical revision.

econd ‘edition cancels and replaces the first edition published in 2007. This Tdition

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

Int

roduction of new terms and definitions

clarifications for surge discharge test

indications for measuring procedure during thermal stability test

clarifications for self-healing test

clarifications for endurance test

clarifications for destruction test

update of normative references

general editorial review
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The text of this International Standard is based on the following documents:

FDIS Report on voting
33/610/FDIS 33/612/RVD

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

This document has been drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has decided thatthe contents of this document witt Temain unchanged until the
stabilify date indicated on the IEC website under "http://webstore.iec.ch" in the data relgted to
the specific document. At this date, the document will be
e re¢onfirmed,

e withdrawn,

e replaced by a revised edition, or

e anjended.
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CAPACITORS FOR POWER ELECTRONICS

1 Scope
This International Standard applies to capacitors for power electronics applications.

The operating frequency of the systems in which these capacitors are used is usually up to

15 kH while the nulse freauencies mav be unto 5 to 10 times the operating freauency
7 L bt J Lud L J -1 J

The document distinguishes between AC and DC capacitors which are considered as
compagnents when mounted in enclosures.

This dgocument covers an extremely wide range of capacitor technologies for numerous
applicptions, e.g. overvoltage protection, DC and filtering, switching circuits, energy stprage,
auxiligry inverters, etc.

The fgllowing are excluded from this document:

e capacitors for induction heat-generating plants operating at frequencies range |up to
50|kHz (see IEC 60110-1 and IEC 60110-2);

e capacitors for motor applications and the like (see’JEC 60252-1 and IEC 60252 -2);

e capacitors to be used in circuits for blocking.one or more harmonics in power $upply
nefworks;

e small AC capacitors as used for fluoresgcent and discharge lamps (see IEC 61048 and
IEC 61049);

e capacitors for suppression of radio-interference (see IEC 60384-14);

e shpnt capacitors for AC power 'systems having a rated voltage above 1 000 V (s¢e the
IEC 60871 standards);

e shpunt power capacitors of.the self-healing type for AC systems having a rated voltgge up
to pnd including 1 000+V (see IEC 60831-1 and IEC 60831-2);

e shpunt power capacitor of the non-self-healing type for AC systems having a rated vpltage
up|to and including)1 000 V (see the IEC 60931 standards);

gctronic capacitors not used in power circuits;

e €
e sefies capacitors for power systems (see IEC 60143);

e colpling)capacitors and capacitors dividers (see IEC 60358);

e capacitors for microwave gvens (enn IEC 61770_1);

e capacitors for railway applications (see IEC 61881).

Examples of applications are given in 9.1.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their
content constitutes requirements of this document. For dated references, only the edition
cited applies. For undated references, the latest edition of the referenced document (including
any amendments) applies.

IEC 60068-2-6, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoidal)
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IEC 60068-2-14, Environmental testing — Part 2-14: Tests — Test N: Change of temperature

IEC 60068-2-20, Environmental testing — Part 2-20: Tests — Test T: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady
state

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

IEC 60664-1, Insulation coordination for equipment within low-voltage systems-— Rart 1:
Principles, requirements and tests

IEC 60695-2-11, Fire hazard testing — Part 2-11: Glowing/hot-wire based test methods —
Glow-Wwire flammability test method for end-products (GWEPT)

IEC 60695-2-12, Fire hazard testing — Part 2-12: Glowing/hot-wire based test methods —
Glow-wire flammability index (GWFI) test method for materials

IEC 60947-1:2007, Low-voltage switchgear and controlgéar — Part 1: General rules

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

ISO apd IEC maintain terminological databases for use in standardization at the following
addregses:

e |EC Electropedia: available_at hitp://www.electropedia.org/

e ISP Online browsing platferm: available at http://www.iso.org/obp
3.1

capaditor element (or element)
devicq consisting essentially of two electrodes separated by a dielectric

[SOURCE: IEC_60050-436:1990, 436-01-03]
3.2

capaciter-unit{orunit)

assembly of one or more capacitor elements in the same container with terminals brought out

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

3.3
capacitor bank
number of capacitor units connected so as to act together

[SOURCE: IEC 60050-436:1990, 436-01-06]
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3.4

capacitor

general term used when it is not necessary to state whether reference is made to an element,
a unit or a capacitor bank

3.5

capacitor equipment

assembly of capacitor units and their accessories intended for connection in power electronic
equipment

3.6

capagci
power| capacitor intended to be used in power electronic equipment and capable of epgrating
continpously under sinusoidal and non-sinusoidal current and voltage

3.7
metalifoil capacitor (non-self-healing)
capacitor in which the electrodes usually consist of metal foils separated, by ‘a dielectric

Note 1 jo entry: In the event of a breakdown of the dielectric, the capacitor does fiot restore itself.

3.8
self-hpaling metallized dielectric capacitor
capaci|tor, of which at least one electrode consists of a metallic deposit on the dielectric

Note 1 [to entry: In the event of local breakdown of the dielectric, the electric properties of the capacjtor are
rapidly pnd essentially self-restored.

3.9
AC capacitor
capac|tor essentially designed for operationiwith alternating voltage

Note 1 fo entry: AC capacitors may be used-with DC voltage up to the rated voltage only when authorizeq by the
capacitpr manufacturer.

3.10
DC capacitor
capac|tor essentially designed for operation with direct voltage

Note 1 fo entry: DC capacitors may be used with a specified AC voltage only where authorized by the cgpacitor
manufafpturer.

3.1
mode| capacitor

unit which.simulates a complete unit or element in an electrical test, without reducing the
severify\0f'the electrical, thermal or mechanical conditions T

Note 1 to entry: The model unit may be of a different size from the complete unit.

Note 2 to entry: The combined sum of stresses should always be considered, for instance the sum of temperature
and mechanical conditions as well as electrical stresses.

3.12
internal (element) fuse
fuse connected inside a capacitor unit, in series with an element or a group of elements

[SOURCE: IEC 60050-436:1990, 436-03-16]
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3.13
safety devices

3.13.1

overpressure disconnector

disconnecting device inside a capacitor, designed to interrupt the current path in case of
abnormal increase of internal overpressure

3.13.2

overpressure detector

device designed to detect abnormal increase of the internal pressure, usually used to operate
an electrical switch and indirectly interrupt the current path

3.13.

segm{nted metallization design
patterp design of the metal layer over the dielectric shaped in a way to allow a’small palrt of it
to be|isolated in case of local short circuit or breakdown, in order to_restore the full
functignality of the unit with a negligible loss of capacitance

3.13.
special unsegmented metallization design
design of the metal layer over the dielectric shaped in a way that safe self-healing feptures
operafing at a voltage up to Us guarantee the full functionality»of/the unit with a negligible loss
of cappcitance.

3.14
safety protection

protec¢ted capacitor

capacitor that can be submitted to the destruction test as described at 5.16

Note 1 [to entry: protected capacitors alone arelnot sufficient to prevent all possible dangers in ¢ase of
malfundtion.

3.15
unprotected capacitor
capacltor that don’'t meet the destruction test as described at 5.16

3.16
discharge device of a capacitor
devicqd which may be.incorporated in a capacitor, capable of reducing the voltage betwegn the
terminfals practically*to zero, within a given time, after the capacitor has been disconfected
from g network

[SOURCEt JIEC 60050-436:1990, 436-03-15, modified ("to a given value" replacged by
"pract|cally to zero")]

3.17

rated AC voltage

Uy

maximum operating peak recurrent voltage of either polarity of a reversing type waveform for
which the capacitor has been designed

Note 1 to entry: The waveform can have many shapes. Examples are given in Annex A.
Note 2 to entry: The mean value of the waveform may be positive or negative.

Note 3 to entry: It is important to note that the rated AC voltage is not an r.m.s. value.
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3.18
rated DC voltage

Unpc
maximum operating peak voltage of either polarity but of a non-reversing type waveform, for
which the capacitor has been designed, for continuous operation

Note 1 to entry: Damping capacitors, for gate turn-off thyristor (GTO) can be regarded as DC capacitors with a
ripple voltage equal to the rated DC voltage Uyp = U..

In the case of reversal voltage (U, ), the use should be agreed between user and manufacturer.

Note 2 to entry: If the reversal voltage is small (less than 10 %), the voltage waveform can be considered to be
non- reyersing, For test purposes, Uz and U _should be increased by Urev, the reversal voltage

3.19
ripple|voltage
Ur
peak-fo-peak alternating component of the unidirectional voltage

3.20
non-recurrent surge voltage
U

S
peak yoltage induced by a switching or any other disturbance of.the system which is allowed
for a ljmited number of times and for durations shorter than thé\basic period

3.21
insuldtion voltage
U;
r.m.s.| value of the sine wave voltage designed’ for the insulation between terminjals of

capaciltors to case or earth

3.22
maximum peak current
]
maximum repetitive peak current that can occur during continuous operation

3.23
maximum current

’max
maximjum r.m.s. current for continuous operation

3.24

[naximum surge current

IS

peak nmonsrepetitive current induced by switching or any other disturbance of the system|which
is allo’cvmwmmmwnmmmm—
3.25

pulse frequency

fp

repetition rate of periodic current pulses

3.26

current pulse width

T

time of current flow during charging or discharging from one voltage value to another, of the
capacitor

Note 1 to entry: Pulse current waveform examples are shown in Annex A.
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resonance frequency

f,

r
lowest frequency at which the impedance of the capacitor becomes minimum

3.28

duty cycle

3.28.1

continuous duty
operation time such that a capacitor is at thermal equilibrium for most of the time

3.28.
inter
discor]
ON/O

3.29
therm
state
than 3
long ti

3.30

thermjal time constant

measyre of the time required for a capacitor to reach\thermal equilibrium after a cha
ambient temperature, cooling, or internal power loss

3.31

lowest operating temperature

emin . ) ; ) .

lowes{ temperature of the dielectric at which the capacitor may be energized

3.32

contajner temperature rise

Aacase

differgnce between the temperature of the hottest point of the container and the tempsg
of the|cooling air

3.33

cooling-air temperature

eamb

tempefrature)of the cooling air measured at the hottest position of the capacitor, under s

ittent duty
tinuous working or operation with variable loads which should be described/in te
FF or HIGH/LOW periods with their durations

| equilibrium

f a capacitor when the temperature measured anywhere on its\case or internally
K above or below that temperature which would be reachedCafter waiting an inf
me under fixed conditions of ambient temperature, cooling;.and internal power los

'ms of

s less
initely

h

»]

nge in

rature

feady-

state ¢

onditions, midway between two units

Note 1 to entry:

from the capacitor container and at two-thirds of the height from its base.

3.33.1
outlet
tempe

3.33.2
inlet f

fluid temperature for forced-cooled capacitors
rature of the cooling fluid as it leaves the capacitor, measured at the hottest point

luid temperature for forced-cooled capacitors

If only one unit is involved, it is the temperature measured at a point approximately 0,1 m away

temperature of the cooling fluid measured in the middle of the inlet fluid channel at a point not
influenced by the heat dissipation of the capacitor
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3.34

maximum operating temperature

6,

max

highest temperature of the case at which the capacitor may be operated under steady state
condition

3.35

hotspot temperature
the highest temperature present inside the capacitor dielectric

3.36

steadrsla‘te-cmrd'iﬁvrrs

thermal equilibrium attained by the capacitor at constant output and at constant.c

condit

3.37
capac
active

Note 1
dischar
predom

[SOUS

3.38

tange
tan 6
ratio b
specif
Note 1

tano §

[SOUS

3.39

ons

itor losses
power dissipated in the capacitor

to entry: Unless otherwise stated, the capacitor losses are understood(te include losses in fus
pe resistors forming an integral part of the capacitor. At high frequency, the capacitor loss
nantly due to losses in connections, contacts and electrodes.

RCE: IEC 60050-436:1990, 436-04-10]

ht of the loss angle of a capacitor

etween the equivalent series resistance-and the capacitive reactance of a capacit
ed sinusoidal alternating voltage, frequency and temperature

oentry: tan 6=R,, oC=tans; + R, oC
dielectric loss factor

RCE: IEC 60050-436:19905'436-04-11]

equivalent series resistance of a capacitor

Resr

effecti
equal
dissip

ve resistance which, if connected in series with an ideal capacitor of capacitance
to that (ofy'the capacitor in question, would have a power loss equal to active
bted in-that capacitor under specified operating conditions

ooling

es and
es are

br at a

value
power

3.40

series resistance

R

S
effective ohmic resistance of the conductors of a capacitor under specified operating

condit

3.41

ions

maximum power loss

P

max

maximum power loss at which the capacitor may be operated at the maximum case

tempe

rature
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3.42

maximum frequency for maximum power loss and maximum current

f

frequency at which the maximum current (/,,54) produces the maximum power loss (Pp,5,) in
the capacitor

Note 1 to entry:  For explanation of f,, see Figure B.1.
4 Service conditions

4.1 Normal service conditions

4.1.1 General

This sfandard gives requirements for capacitors intended for use in the following\conditi¢ns.

4.1.2 Altitude

Altitude shall not exceed 1 000 m unless the effects on cooling and external insulatipn are
taken jinto account.

NOTE |The effect of altitude on convection cooling and external insulation“\has to be taken into considerption, if
the altitude exceeds 1 000 m.

4.1.3 Operating temperature (6,,,4)
The upper limit of the case temperature 6,,,, at which the capacitor may be operated| shall

normally be chosen from the values 45 °C, 553C, 70 °C and 85 °C. A different maximum
operaling temperature shall be subject to agreement between manufacturer and user.

4.1.4 Operating temperature with forced cooling
If cappcitors are intended for use with forced cooling using a fluid medium, the opgrating

tempefrature conditions specified.in4.1.3 shall be observed. The lowest inlet temperatiire for
the copling fluid should be defingd, taking into account the viscosity of the fluid.

There|are two methods for .specifying the upper temperature limit of the cooling me¢dium,
using pither the inlet orthe outlet cooling fluid temperature.

Unles$ otherwise agreed, the choice of method shall be left to the capacitor manufacture

—

For the inlet method, the flow of cooling medium shall be specified.

4.2 Unusual service conditions

This standard does not apply to capacitors, whose service conditions are such as to be in
general incompatible with its requirements, unless otherwise agreed between the
manufacturer and the user.

Unusual service conditions require additional measurements, which ensure that the conditions
of this standard are complied with even under such unusual service conditions.

If such unusual service conditions exist then they shall be notified to the manufacturer of the
capacitor.

Unusual service conditions can include:

e unusual mechanical shocks and vibrations.


https://iecnorm.com/api/?name=c739efc34b9d2f62a7d776ab36226f0d

IEC 61071:2017 © |IEC 2017 -15 -

e cooling water with corrosive or obstructing particles (sea water, very hard water).

e corrosive and abrasive particles in the cooling air.

e dust in the cooling air, particularly if conductive.

e explosive dust or gas.

e il

or water vapour or corrosive substances.

e nuclear radiation.

e unusual storage or transport temperature.

e unusual humidity (tropical or subtropical region).

e eX
59

e Se
e SuU

° ex
5 Q

5.1
5.1.1

This s

5.1.2

Unles
capac
refere
and th

NOTE
capacit
in orde

The A
a freq

5.2

5.2.1

cessive and rapid changes of temperature (more than 5 °C/h) or of humidity (mer
o/h).

'vice areas higher than 1 000 m above sea level.
berimposed electromagnetic fields.

Cessive overvoltages, as far as they exceed the limits given in Clause 6.
pality requirements and tests

Test requirements
General

ubclause gives the test requirements for capacitor‘units.

Test conditions

5 otherwise specified for a particular~test or measurement, the temperature

tor dielectric shall be in the range-of +5 °C to +35 C. If corrections are necessa
hce temperature shall be +20 C\‘unless otherwise agreed between the manufg
e user.

It is assumed that the dielectric-temperature is the same as the ambient temperature, provided
br has been left in an unenetgized state, in a constant ambient temperature, for an adequate period
to reach thermal equilibrium.

C tests and measurements shall be carried out with a substantially sinusoidal volt
lency specified. by the manufacturer.

Classification of tests

General

B than

bf the
y, the
cturer

hat the
of time

age at

The t

5.2.2
a) Se
b) Ex

cte arg eclaccifigd 2¢c rauting tgcte and tvng tasts
tS—H S SSHea—as1eHHRe—+ tS—aha—tfpe—+ S

Routine tests
aling test (5.8).
ternal inspection (5.14.2).

c) Voltage test between terminals (5.5.2).

d) Voltage test between terminals and case (5.6.1).

e) Capacitance and tan 6 measurements (5.3).

f) Te

st of internal discharge device (5.7).

Routine tests shall be carried out by the manufacturer on every capacitor before delivery.

At his request, the user shall be supplied with a certificate detailing the results of such tests.
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The sequence of the tests is as indicated above.

5.2.3

Type tests

a) Mechanical tests (5.14).
b) Voltage test between terminals (5.5.3).

c) Voltage test between terminals and case (5.6.2).
d) Surge discharge test (5.9).

e) Self-healing test (5.11).

f) Environmental testing (5.13).

hy T
i) Te
) Re
k) En
[) Di
m) De

Type
suitab

The ty
suppli

Unles
test sh

a) Mjasurement of the tangent of the loss angle (tan o) (5.4).

ermal stability test (5.10).

st of internal discharge device (5.7).
sonance frequency measurement (5.12).
durance test between terminals (5.15).
sconnection test on fuses (5.17).
struction test (5.16).

tests are intended to prove the soundness of the {design of the capacitor g
lity for operation under the considerations detailed,in‘this standard.

pe tests shall be carried out by the manufactdurer, and the user shall, on requsd
bd with a certificate, detailing the results of such tests.

5 otherwise specified, every capacitorySample to which it is intended to apply th
all first have withstood satisfactorily ¢he application of all the routine tests.

nd its

st, be

e type

These|tests shall be made upon a capacitor of a design identical to that of the capacitor|junder
contract, or on a capacitor of a design that gives during the test the same or more sevefe test
conditjons.

It is not essential that all type tests be carried out on the same capacitor sample.

5.3 |Capacitance and tan § measurements (routine test)

5.3.1 Measuring procedure

The cppacitance and tan ¢ shall be measured at a voltage and a frequency chosen by the
manuilacturer.

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 shall be given and shall be better than 0,2 % for
capacitance and 10 % for tan ¢.

NOTE

For capacitors in the millifarad range a lower accuracy may be appropriate.

The capacitance measurement shall be carried out after the voltage test between terminals

(see 5

5).

For capacitors with internal fuses, capacitance measurement shall also be made before the
voltage tests.
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5.3.2 Capacitance tolerances

If not otherwise specified, the capacitance measured shall not differ from the rated
capacitance by more than =10 % to +10 %.

5.3.3 Loss requirements (tan )

The requirements regarding capacitor losses may be agreed upon between the manufacturer
and the user.

5.4 Measurement of the tangent of the loss angle (tan §) of a capacitor (type test)

5.4.1 Measurements
5.4.1. General

The fdllowing measurements shall be made.

5.4.1.2 AC capacitors
The cppacitor losses (tan 6) shall be measured at the end of the\thermal stability tegt (see

5.10).|The measuring voltage and frequency may be agreed upon between the manufgcturer
and the user.

5.4.1.3 DC capacitors

The measurement shall be carried out at the end.of\thermal stability test at an AC vpltage
appropriate to capacitor rating, subject to this voltage being a maximum of U, divided by 242.

5.4.2 Loss requirements

The value of tan 6§ measured in accordance with 5.4.1 shall not exceed the value declafed by
the manufacturer, or the value agreedyupon between the manufacturer and the user.

5.5 |Voltage test between terminals
5.5.1 General

Tests shall be carried-out according to Table 1.

Table 1 — Test voltage between terminals

AC capacitors DC capacitors
All types Non-self-healing Self-heailing
AC test voltage r.m.s. value 1,56 Uy - -
DC test voltage 2,15 Uy 2 Unpe 1,5 Unpe

The test voltage indicated in Table 1 can be reduced if capacitors are intended for intermittent
duty (see 3.27) or for short service duration; the new values shall be agreed upon between
the manufacturer and the user.

NOTE The AC test voltage has to be at a frequency of 50 Hz or 60 Hz.
5.5.2 Routine test

Every capacitor shall be subjected for 10 s to either test of 5.5.1 at ambient temperature. The
choice is left to the manufacturer. During the test, neither puncture nor flashover shall occur.


https://iecnorm.com/api/?name=c739efc34b9d2f62a7d776ab36226f0d

-18 — IEC 61071:2017 © IEC 2017

Self-healing breakdowns are permitted.
The duration may be reduced to 2 s provided the voltage is increased by 10 %.

In the case of units with all elements in parallel, operation of internal element fuse(s) is
permitted, provided the capacitance tolerances are still met.

NOTE The routine test is intended to be applied once. If repeated it has to be carried out at 90 % of the original
value unless agreed otherwise with the manufacturer.

5.5.3 Type test

The celapacitor shall be subjected for 1 min to either test of 5.5.1.
The choice is left to the manufacturer.
After the voltage test between terminals the capacitance and tan § shall be.measured.

5.6 |AC voltage test between terminals and case
5.6.1 Routine test

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

The tgst voltage values are the following:

Ui cask =2 U; + 1000 V or 2 000 V whichever ig>the highest value,

where| U; is the insulation voltage.

The dlration may be reduced to 2s provided the voltage is increased by 10 %.

The insulating voltage of the eapacitor shall be specified by the user. The insulation volfage is
equal [to the rated voltage of the capacitor, divided by \/5 unless otherwise specified.

During the test, neitherpuncture nor flashover shall occur. The test shall be performed ¢ven if
one of the terminals is“intended to be connected to the container in service.

Units having.one terminal permanently connected to the container shall not be subjedted to
this tefst.

Units havina-ineilatad containere-chall nat ha cuhi
t AHg—HRStat 860t e rs—5SHare+Be-5uo

NOTE 1 |If the capacitor (with metal container) is equipped with an external overpressure detector, the terminals
of the detector has to be be joined together and connected to the container.

NOTE 2 The voltage test between the overpressure detector and the container has to be be agreed between user
and manufacturer.

NOTE 3 This test can be carried out a maximum of two times on the same capacitor.
5.6.2 Type test

Units having all terminals insulated from the container shall be subjected to a test according
to 5.6.1 with the same voltage value, but with a duration of 1 min. Capacitors with insulating
container shall have a metal foil tightly wrapped all around them during the test. The foil shall
be connected to one terminal of the test supply.
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5.7

Test of internal discharge device

The resistance of the internal discharge device, if any, shall be checked either by resistance
measurement or by measuring the self-discharge rate.

The test shall be made after the voltage tests of 5.5.

5.8

Sealing test

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

descri

If no p

Unengrgized capacitor units shall be heated to a uniform temperature (of “at leas
maximum operating temperature plus 5 °C and shall be maintained at this' temperature

least {

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

Leaka

The Est position of the capacitor unit shall be ,défined by agreement betwee

manu

NOTE
and it h

5.9

The u
circuit

After this test, the units shall be subjected to a voltage test between terminals (see 5.5).

The ¢
test.

The t

For se

e the method concerned

rocedure is stated by the manufacturer the following test procedure shall apply:

hree times the thermal constant, but not less than 2 h.

pge source of the capacitor shall be detectable by visual inspection.

cturer and the user, taking into account the use position of the device.

If the capacitor contains no liquid material, the choiceto carry out this test or not is left to the manu
ps to be be carried out by sampling.

Surge discharge test

hits shall be charged by means~of a DC source and then discharged through a

The following formula shall be checked: tan §< 1,2 x tan §, + 1 x 104,

Tan ¢

is the value after the test, tan ¢, before the test.

their
for at

n the

acturer

short-

ng device situated as close as:possible to the capacitor. They shall be subjected fo five
such discharges.

Apacitance shall \be measured before the (surge) discharge test and after the vpltage

Wwo measurements shall not differ more than an amount corresponding either to
breakgown-6fan element or to blowing of an internal fuse.

For capacitors without specified surge current limitation (short-circuit-proof capacitors), the
test voltage for the surge discharge test shall be equal to 1,1 Uy or 1,1 Uypc-

Test voltages higher than 1,1 Uy or 1,1 Uypc have to be agreed between manufacturer and

user.
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If, however, a maximum surge current is specified, the discharge current shall be adjusted by
reduction of the charging voltage and/or increasing the impedance of the discharge circuit to a

value of:
Itest = 1"”s
NOTE Be aware of the energy stored in the capacitor during surge-discharge testing.
5.10 Thermal stability test
5.10.1 General

This t
about

a) it determines the thermal stability of the capacitor under overload conditions;

b) it

5.10.2 Measuring procedure

Onec

a) fo

which the capacitor can operate under steady state condition at P

b) fo
ca

After
capac

sinusqidal form.
The value of the voltage and frequency shall be kept constant through the test.

The siipply conditions are those indicated in Figure B.1 with the equal power to 1,21 P,

For py

determination of the test.cenditions and the calculations. The thermal stability test sho

perfor
to 1,21

During the last~6-h, the temperature of the case near the top shall be measured at lea

times;

Shoul
is met

the capacitors subjected to it:

onditions the capacitor to enable a reproducible loss measurement t6 be made.

bpacitor unit shall be placed in an enclosure where the cooling-temperature shall b

natural cooling, 5 degrees above the highest temperatire of the ambient (6,
max;

forced cooling, 5 degrees above the specified putlet cooling temperature at whi
pacitor can operate under steady state conditiofpat P, + 5 °C.

tor shall be subjected for a period of at’Jeast 48 h to an AC voltage of substg

med with a reactive power of Qigg; = 1,21 Q [Quest = 1,21 (Uy)? / 2 X © C] which is equ
P.

max.

throughotut this period of 6 h, the temperature rise shall not increase by more thar

pst is performed on both AC and DC capacitors and provides the following inforrlnation

e:
mb) at

ch the

bll parts of the capacitor have attained thertemperature of the cooling medium, the

ntially

X"

re AC capacitors of single frequency the maximum reactive power is the base flor the

ld be
ivalent

5t four
1 K.

| ‘a~greater change be observed, the test may be continued until the above requir|

ement

for four consecutive measurements during a 6 h period.

Before and after the test, the capacitance shall be measured within the temperature range
given in 5.1.2 for testing, and the two measurements shall be corrected to the same dielectric
temperature.

The difference between the two measurements for non-self-healing capacitors shall be less
than an amount corresponding to either breakdown of an element or operation of an internal

fuse.

For self-healing capacitors, the change of capacitance shall be less than £1 %.

At the

end of this test, the tans measurement is performed (see 5.4.1).
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The following formula shall be checked: tan §< 1,2 x tan 5, + 1 x 1074

Tan ¢'is the value after the test, tan o, before the test.

NOTE 1 When checking whether the capacitor losses or the temperature conditions are satisfied, fluctuations of
voltage, frequency and cooling medium temperature during the test has to be be taken into account. For this
reason, it is advisable to plot these parameters and the case temperature as a function of time.

NOTE 2 The test can be performed, on agreement between the manufacturer and the user, with a non-sinusoidal
voltage, provided the value of power loss remains at 1,21 P, .

NOTE 3 The test is not intended to be representative of the final application

5.11 |Self-healing test

The purpose of the test is to confirm the presence of self-healing technology.<This fest is
applicpble only to self-healing capacitors and may be carried out on a compléete unitf on a
separate element or on a group of elements that are part of the unit, provided the elgments
under|test are identical to those used in the unit and their conditions are similar to thpse in
the unfit. The choice is left to the manufacturer.

The capacitor or element shall be subjected for 10 s to a DC voltage: 1,1 times of th¢ non-
recurrgnt/surge voltage (Ug), or equal to the routine test voltage. (2,15 Uy for a.c. capaitors,
1,56 Uypc for DC capacitors) whichever is higher.

If fewer than five clearings occur during this time, the Meltage shall be increased slowly until
five of more clearings have occurred since the start.of the test or until the voltage has
reached 2,5 times the rated voltage.

If fewer than five clearings have occurred whef’the voltage has reached 2,5 Uy, for a ime of
10 s, the test shall be finished.

Beforg and after the test, the capacitance and tan 6 shall be measured. No change [of the
capac|tance equal/higher than 0,5 % shall be permitted.

The fdllowing formula shall be"checked: tan §< 1,1 tan 5, + 1 x 1074
Tan ofis the value after the test, tan ¢, is the value before the test.

5.12 |Resonance frequency measurement

The rgsonance frequency shall be measured within the temperature range according t0]5.1.2,
using p method that minimizes errors due to connections and accessories.

The appropriate measuring method may be chosen from the two examples given in Fligures
C.1,C.2 and C.3.

This measurement is not necessary for all applications.

NOTE 1 The self inductance is calculated from the resonance frequency and the value of self inductance has not
to exceed the value agreed upon between the manufacturer and the user.

NOTE 2 Modern equipments can require the capacitor to have very low self inductance for correct operation.
5.13 Environmental testing
5.13.1 Change of temperature

The test of temperature change shall be carried out in accordance with test Na or Nb of
IEC 60068-2-14, on agreement between user and manufacturer with the upper and lower limit
temperature of the capacitor.
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Test Nb shall be carried out with a transition time of about 1 h (1 K/min).

5.13.2

Damp heat, steady state

The damp heat steady-state test (test Cab) shall be carried out in accordance with IEC 60068-
2-78 with a degree of severity in accordance with location category of the capacitor. Before
the start of the long-term test, the capacitance shall be measured at test condition as
described at 5.1.2. After completion of the steady-state test, the capacitor shall be subjected
to a voltage test between terminals in accordance with 5.5.2, and a voltage test between

termin

Finally

als and container in accordance with 5.6.1.

-

O canacoitanca maoacuiramant chall ha aoreind ALt 1n anonrdana~n aath B 2 4 ot oto
Sopatrtartce— e oot o CCoTrdorTce— oot

ble at

test cq

No teg
chang

5.14
5.14.1

The rd

1= 154 TTCToOUTOTTITIOTTT ISAVER A IR R ACA" e A~ g ) ot

ndition as described at 5.1.2.

t sample shall suffer puncturing or flashover. Self-healing punctures are permitte
e in capacitance shall not exceed 2 %.

Mechanical testing
Mechanical tests of terminals

bustness of terminations shall be tested in accordance with Table 2.

Table 2 — Testing the robustness.of terminals

1. The

No. Tests or measurements Performance Test criteria

1 Tensile strength of connecting cables IEC 60068-2:21 Ua1 |Individual with capacitor weight, at |east
amd soldered connections 10N

2 Flexural strength of connections Ub1 |Number of flexing cycles: 2

3 Flexural strength of soldering and flat Ub2 |Number of bending cycles, for sold¢red
plug lugs lugs with connected wire also: 2

4 Tersion resistance of axial connections Uc |Severity 2

5 Torque resistance of screwed andbolted Ud |Severity 2
elements

6 Splderability and heat resistance of IEC 60068-2-20 Soldering iron at 350 °C
s¢ldered connections Size A

5.14.2

Capag

5.14.3

Externaltinspection

itors are-visually examined and checked for finish, marking and overall dimension

Vibration and shocks

This test shall be performed only at the request of the user and agreed with the manufacturer.

a) Vibration, in accordance with IEC 60068-2-6.

1)

2)

For capacitors of weight not exceeding 3 kg:
f=10 Hz to 55 Hz

a=0,35 mm

Test duration per axis = 10 frequency cycles (3 axes offset from each other by 90°),

1 octave/min.

For capacitors whose weight exceeds 3 kg: the choice of the test condition shall be

agreed between the manufacturer and user.

b) Impacts: the choice of the test condition shall be agreed between the manufacturer and
user.
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Before and after the mechanical tests, the capacitance shall be measured. No change of the
capacitance equal to/higher than 0,5 % shall be permitted.

5.15 Endurance test
5.15.1 General

The purpose of the endurance test is to demonstrate the performance of the capacitor under
the conditions which will actually occur in service.

The endurance test shall be performed on a complete unit or model capacitor.

5.15.20 Conditioning of the units before the test

The ufit shall be exposed to 1,1 times Uy in still air at a temperature of not less than 410 °C
for 16|h to 24 h. The unit shall be allowed to cool down and reach thermal equilibrium aj room
tempefrature after conditioning.

NOTE |This procedure is left to the choice of the manufacturer.
5.15.3 Initial capacitance and loss factor measurements

The upit shall be tested for capacitance and tan & per 5.3 at4€st condition as described at
5.1.2.|The ambient temperature during this measurement shall be recorded.

5.15.4 Endurance test

The tgst chamber shall be heated to a temperature 'close to the test temperature.

The test unit shall be placed in the heated chamber and energized at the apprqpriate
conditjons as described in Table 3. ACt'and D.C. capacitors shall be subjected fo the
appropriate test as decided by the manufacturer. When the unit has achieved the test
tempefrature, the cooling/heating conditions are adjusted so that stabilization is achieyed at
this telst temperature. After this initial stabilization no changes in cooling/heating tempgrature
are pgrmitted.

The tgst temperature is the ‘maximum case temperature (6,,,,) during maximum continuous
operaling condition, i.e~excluding short time and exceptional conditions.

The tgst voltage Up\(pure d.c. voltage equal to Uypc or a.c. sinusoidal voltage with g peak
voltage equal toly multiplied by the acceleration factor) shall be applied.”

A diffgrent acceleration factor/test duration can be selected according to Table 3. The ¢hoice
is left|tocthe manufacturer Half way through the endurance test the capacitor shaII he de-
energt
for 5.9, but W|th a peak current of 1,4 I, where / is the maX|mum peak current (see 3.21).

The frequency of the discharges shall be decided by the manufacturer.

Following the 1 000 surge-discharges, the capacitor shall be energized again in order to
complete the test.
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Table 3 — Endurance test

Type of capacitor U, Test steps Temperature Duration or number
of discharges
1,4 Uype Test temperature 250 h
14U 1,47 Room temperature 1 000 times
7 YNDC (see 5.1.2)
1,4 Unpe Test temperature 250 h
DC
1,3 Unpe Test temperature 500 h
1,47 Room temperature 1 000 times
1,3 Unpc (see 5.1.2)
1,3 Unpe Test temperature 500 h
1,35 Uy Test temperature 250 h
1,35 Uy 1,47 Room temperature 1.000 times
(see Note 1) (see 5.1.2)
1,35 Uy Test temperature 250 h
AC
1,25 Uy Test temperature 500 h
1,25 Uy 1,47 Room temperature 1 000 times
(see Note 1) (see 5.1.2)
1,25 Uy Test temperature 500 h
The conditions during this test may be different to the service conditions, e.g. 50 Hz or 60 Hz for all a.c.
capacifors.
Additignal cooling has to be used if the temperature of the case.exceeds 6,,y.
Dampipg capacitors for gate turn off thyristors (GTO) on-agreement between the user and the manufactufjer can
be tesfed with a ripple voltage (unidirectional) U, = U, =((1525 or 1,35) Uy as for a.c. capacitors.
Due tq the length of this test, voltage-interruptions are allowed. During these interruptions, the
unit has to remain in the controlled ambient. If power is lost to the chamber, the ambiept test
tempefrature shall be establishedcfor 12h prior to re-energization of the units.
NOTE |The purpose of the tests iS not to predict the capacitor lifetime but to show the capability of the capacitor to
work urlder stringent conditions.
5.15.9 Final capacitance and tan § measurement
The mleasurement-shall be performed as indicated in 5.3 within two days after completipng the

than H2 °K-rom the temperature recorded during the initial measurements.

5.15.

nce test. The ambient temperature during the final measurements shall not diffef more

The capacitance measurement performed in Clauses 5.15.3 and 5.15.5 shall differ by not

more t

han 3 % of the initial values. The losses shall be reported.

If the unit/capacitor has failed, the test is repeated and no more failures are permitted.

5.16
5.16.1

Destruction test

General

This test is performed to give an indication of the behaviour of the capacitor and to prove the
proper work of the safety system within the specification limits. Completely safe failure during
this test cannot be guaranteed.
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This test shall be applied to protected capacitors (see 8.1.1). However, the following notes
should be taken into account.

The non-self-healing capacitors protected by internal fuses shall comply with 5.17. For this
kind of capacitors, complying with 5.17 is considered equivalent as with 5.16.

Capacitors without disconnection device but with, or intended for service with, an
overpressure detector shall be subjected to this test, and shall be marked "Safe operation
only with overpressure detector".

NOTE 1 As the actual conditions can be significantly different in service, the behaviour at the end of life may also
be dlff IUIIt. StUIU\J UIIUIHy, U}\pb‘btcd D:IUIt'b;Ibu;t \;uIIUIIt, \Juldt;ull Uf fﬂ;:ulb‘ buIIUIIt \dlld oU UII} :Ia tO be

considgred in the application. Compliance with 5.16 does not guarantee safe end of life of a capacitor.

NOTE 2 successful completion of the test is not sufficient to guarantee the total safe failure of the'componpents in
service| For this reason, there is a residual risk of fire and/or explosions that has to be_ €arefully taken in
considgration.

The destruction test shall be carried out related to the type of safety systém and to thg main
applicption of capacitors, according to Table 4. Performing of the test by applying PC-AC
cycleg or DC-DC cycles is at the choice of the manufacturer. After alfailure the time to pwitch
off thg capacitor from the power supply shall be given by the manufacturer.

Table 4 — Destruction test as a function of type-of safety system

Type of unit Safety system Main-application Test subclause
AC 5.16.2
1. Overpressure detector
DC 5.16.3
) 2. Overpressure AC 5.16.2
Self-hepling disconnector DC 516.3
3. segmented or
unsegmented metallization DC/AC 5.16.3
design
AC 5.16.2
1. Overpressure detector
Non-seff-healing DC 5.16.3
2. Internal fuses AC 5.17

5.16.20 Test sequerice for a.c. capacitors

The tgst shall'be carried out on a capacitor unit.

When|spéecified by the manufacturer, a capacitor which has passed the endurance tegt may
be used:

The principle of the test is to promote failures in the element(s) by a high internal impedance
DC power supply, and subsequently to check the behaviour of the capacitor when an AC
voltage is applied. The failure of non-self-healing capacitors without internal fuses may be
promoted according to the procedures of 5.17.4. The choice is left to the manufacturer. The
capacitor shall be mounted in a circulating air oven having a temperature equal to the
maximum ambient air temperature of the operating temperature of the capacitor.

When all the capacitor parts have reached the temperature of the oven, the following test
sequence shall be performed with the circuit given in Figure 1. Instead of the fuse in Figure 1,
if the capacitor is protected by the overpressure detector, a circuit breaker is used which is
controlled by the overpressure detector.
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a) With the selector switches H and K in position 1 and "a" respectively, the AC voltage
source N is set to 1,3 Uy and the capacitor current is recorded.

b) The DC voltage source T is set at the voltage and short-circuit current value stated by the
manufacturer; the switch H is then set to position 2.

c) Switch H is set to position 3 and switch K to position "b" in order to apply the DC test
voltage to the capacitor which is maintained for a given period, as stated by the
manufacturer.

d) Switch K is then set to position "a" again in order to apply the AC test voltage to the
capacitor for a period of 5 min when the current is again recorded.

The following conditions may be obtained:

1) The ammeter | and the voltmeter U both indicate zero: in this case the fuse F orthe |status
of the overpressure detector shall be checked. If the fuse F has blown, it shall\be replaced.
THen the voltage N is applied to the capacitor and if the fuse blows ‘again ¢r the
overpressure detector has worked, the procedure is interrupted.

If {he fuse F does not blow or the overpressure detector has not werkéd, the progedure
copsisting in applying to the capacitor T and N voltage as prescribed in items c) and d)
coptinues using only the switch K.

2) The current indicated by the ammeter | is zero and the voltmeter U indicates 1,3 Uy.
In this case the procedure is interrupted.

3) The current indicated by the ammeter | is higher than_zero. In this case the progedure
continues as per items b), ¢), and d).

If, aftgr repeating this procedure several times, the.remaining capacitance is higher thar zero,
or 10 % of the initial value in case of self-healingrcapacitors with fused segmented design,
anoth¢r sample may be used, and/or test voltage and test time may be increased, or the unit
e subjected to an externally operated overpressure until the disconnector ¢or the
overpilessure detector has worked. Thewiwalue of this pressure shall be given RQy the
cturer.

When|the procedure is interrupted,‘the capacitor is cooled to ambient temperature and the
voltage test between terminals.and terminals and case is carried out according to 5.5 and 5.6.
In cage of operation of an (overpressure detector, no voltage test terminal to term(nal is
required. The status of the. detector after cooling down to ambient temperature shfall be
reported.

The short-circuit carrent of the N voltage source at the capacitor terminals should be higher

than § /

3 F
R H
2 —
ORI o——ee
1
+ I
T ]
DC T v a, 1 u N AC

- b |

max-

i

IEC
Figure 1 — Destruction test arrangement
The rated current / of the fuse shall be not less than 2 /...

Fuse according to IEC 60269-1 shall be used.
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NOTE 1 If the capacitor unit is used in parallel connection with other units, the test has to be performed by putting
a corresponding capacitance in parallel with the N source.

NOTE 2 If the capacitor unit is too large or too small to comply with the test parameters, the test has to be
performed on agreement between the manufacturer and user.

NOTE 3 For unprotected capacitors, the risk of explosion is related to the duration of the short-circuit current.

The user can give theoretical information, while the manufacturer can declare the /?t, this information can
reasonably help the designer to estimate the risk of explosion.

5.16.3 Test sequence for d.c. capacitors

The test shall be carried out on a capacitor unit. When specified by the manufacturer, a
capac|tor which has passed the endurance test may be used. The principle of the tegt is to
promate failures in the element(s) by a high internal impedance DC power supply, and
subsepuently to check the behaviour of the capacitor when high DC voltage with{supenposed
AC or] as an alternative, when AC or DC low voltage with low internal impedance, is applied.

The failure of non-self-healing capacitors with internal fuses may be prompted according to
the prpcedures of 5.17.4. The choice is left to the manufacturer.

The cpapacitor shall be mounted in a circulating air oven having a:temperature equal fto the
maximum ambient air temperature for the operating temperature ©of the capacitor.

When|all the capacitor parts have reached the temperature of the oven, the following test
sequence shall be performed with the circuit given in Figuré.1: the N source is a DC generator
with a|superposed ripple voltage (AC component).

An example of N generator is given in Figure 2.

The rgted current of the fuse F shall be not lgss’than 2 /.. A fuse according to IEC 6(3269-1
shall be used. Instead of the fuse shown in" Figure 2, if the capacitor is protected |by an
overpilessure detector, a circuit breaker~s used which is controlled by the overprgssure
detector.

a) Wi{th the selector switches H.and K in position 1 and "a", the voltage source N is|set to
1,3 Uypc and to 1,1 /.

b) The DC voltage source T-is set at the value stated by the manufacturer; the switch H is
then set to position 2.

c) Switch H is set toposition 3 and switch K to position "b" in order to apply the DC teft T to
thé capacitor whieh'is maintained for a given period, stated by the manufacturer.

d) Switch K is¢sthen set to the position "a" again in order to apply the superimposed test
voltage N toythe capacitor for a period of 5 min while the current is recorded.

The fdllowing conditions may be obtained:

1) Theammeterand-the vottmeter U bothrindicatezeTo:

In this case the fuse or the status of the overpressure detector shall be checked. If the
fuse F has blown it shall be replaced. The voltage N is then applied to the capacitor and if
the fuse blows again or the overpressure detector has operated, the procedure is
interrupted. If the fuse F does not blow or the overpressure detector has not operated, the
procedure consisting in the application to the capacitor of T and N voltage as prescribed in
items c) and d) is continued, using only the switch K.

2) The current indicated by the ammeter | is zero and the voltmeter U indicates 1,3 Uypc.-
In this case the procedure is interrupted and the capacitance is checked.

If the capacitance is higher than zero, the procedure is continued as per items b), ¢) and
d).

3) The current indicated by the ammeter | is higher than zero.

In this case the procedure continues as per items b), ¢) and d).
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If, after repeating this procedure several times the remaining capacitance is higher than zero,
or 10 % of the initial value in case of self-healing capacitors with fused segmented design,
another sample may be used, and/or test voltage and test time may be increased, or the unit
shall be subjected to an externally operated overpressure until the disconnector or the
overpressure detector has operated. The value of this pressure shall be given by the
manufacturer.

When the procedure is interrupted, the capacitor is cooled to the ambient temperature, and
the voltage test between terminals and terminals and case shall be carried out according to
5.5 and 5.6.

In ca f ; f )all be
performed.

If a de¢vice according to Figure 2 is not available, a N source according to Figure 3 dan be
used. [In this case, a high d.c. current is generated by a diode bridge. The*d.c. and a.c.
generators shall be adjustable.

ltem q) of 5.16.3 shall be modified as follows: "with the selector switches H and K in p¢sition
1 and|'a" respectively, the voltage source N shall be set to 1,3 Uy".

The short-circuit current of the N voltage source at the capacitor terminals should be higher
than § /

DC @/ = ;Z Zi 3 —

1 24

IEC

Key
1 higH-voltage, high-current'DC generator
2 spegimen under test

3 invdrter device, thyfistors, inductor

Figure 2 — N source DC - Type 1
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N Y

+
chg%ﬁ/ AC

1 |- 2

IEC
Key
1 higH-voltage, low-current (300 mA) DC generator
low{voltage, high-current AC generator
low4{voltage rectifier bridge

blogking HV rectifier

shoft-circuit current adjustment

o o A~ W N

spegimen under test

Figure 3 — N source DC - Type 2

NOTE 1 If the capacitor unit is used in parallel connection with ether units, the test has to be performed by putting
a corregponding capacitance in parallel with the N source.

NOTE 2 If the capacitor unit is too large or too small to~comply with the test parameters, the test hap to be
performed on agreement between the manufacturer and user.

The AC voltage shall be selected in suchiway as to allow a circulation of the short{circuit
current.

In cade of protected self-healing capacitors other methods to demonstrate the ability of a
capaci|tor to lose more than 90.%.0f its capacitance may be agreed between manufacturgr and
user.

5.17 |Disconnecting test'on internal fuses

5.17.1 General

This test applies‘to non-self-healing capacitors fitted with internal current fuses.

The fyse’is-connected in series with the element(s) which the fuse is intended to isolatq if the
elemept(s) becomes faulty. The range of currents and voltages for the fuse is thegrefore
dependent on the capacitor design and, in some cases, also on the bank in which it is
connected.

The operation of an internal fuse is generally determinated by one or both of the following
factors:

e the discharge energy from elements or units connected in parallel with the faulty element
or unit;

e the available fault current.

NOTE |If the unit is protected by an external fuse, the test is carried out with the external fuse suggested by the
capacitor manufacturer.
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Disconnecting requirements

The fuse shall enable the faulty element to be disconnected when electrical breakdown of
elements occurs in a voltage range, in which u4 is the lowest and u, the highest value of the
voltage between the terminals of the unit at the instant of fault.

The recommended values for uy and u, are the following:

us = 0,8 UN

where

NOTE
termina
from th

5.17.3

After
voltag
during

The internal fuses during the life of the capacitor shalhbe able to

e Ca

e withstand the unit surge current (/y);

e (Ca

e wifhstand the discharge test.

NOTE

5.17.4 Test procedure

The d

upper
immed

The v
beforeg
repeal
repeat

uy =t
U, is the test voltage according to Table 1.

The uy and u, values above are based on the voltage that may normally occur across the capac
s at the instant of electrical breakdown of the element. The user has to specify if the 44 and u, valug
e standard ones.

Withstand requirements

tor unit
s differ

pperation, the fuse assembly shall withstand full element voltage, plus any unbal
e due to fuse action, and any short-time transient overvoltage normally exper
the life of the capacitor.

ry continuously a maximum unit current of 1"/ 5.

Ty the discharge currents due to the breakdown of element(s);

Guidance for fuse and disconnector protection is given in 9.13.

sconnecting test on‘fuses is carried out at the upper and at the lower voltage limit
d.c. test voltage v, (see 5.17.2) is applied until at least one fuse has failed.
iately, the voltage is reduced to 0,8 Uy until a further fuse fails.

bltage across the unit shall be measured throughout the test. If the voltage imme
and immediately after the fuse operates differ by more than 10 %, the test sh

edon a new unit at the manufacturer’s discretion.

nced
enced

5. The
Then,

Hiately
all be

ed, with extra capacitance connected in parallel to the unit under test. This test mpay be

The tests of fuses are performed either on one complete capacitor unit or on two units, if there
is only one fuse inside.

One of the following test procedures a), b), c), d) or an alternative method shall be used. The
choice is left to the manufacturer.

It is preferred to use a method where the tests can be carried out on a standard unit.

a) Mechanical puncture of the element

Mechanical puncture of the element is made by a nail, which is forced into the element
through a pre-drilled hole in the container.

NO

TE 1 Puncture of only one element cannot be guaranteed.
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b)

c)

d)

NOTE 2 In order to limit the possibility of a flashover to the container along the nail, or through the hole
caused by the nail, it is recommended to use a "nail" made of insulating material and/or to perform the
punctures in the element connected permanently, or during the test, to the container.

Electrical breakdown of the element (first method)

Some elements in the test unit are provided with, for example, a tab, inserted between the
dielectric layers. Each tab is connected to a separate terminal.

To obtain breakdown of an element thus equipped, a surge voltage of sufficient amplitude
is applied between the tab and one of the foils of such a modified element.

Capacitor current and/or voltage shall be recorded during the test.

Electrical breakdown of the element (second method)

Cdrtain elements in the test unit are provided with a short fusible wire connected (Eo two
exjra tabs and inserted between the dielectric layers, each tab being connected to a
separate insulated terminal.

Tol obtain breakdown of an element equipped with this fusible wire, a separate capacitor
charged to a sufficient energy is discharged into the wire in order to blow, it

Cqpacitor current and/or voltage shall be recorded during the test.
Elgctrical breakdown of the element (third method)

A pmall part of an element (or of several elements) in a upit is removed at the time of
manufacture and replaced with a weaker dielectric. For example: 10 cm?2 to 20 cm? of a
film-paper-film dielectric is cut out and replaced with two ¢hin"papers.

At[the upper voltage limit, one additional fuse (or ong-tenth of the fused elements directly
in parallel) connected to a sound element(s) is allowed to be damaged.

The test voltage shall be maintained for several seconds (minimum 10 s) dfter a
brgakdown to ensure the fuse has disconnected correctly unaided by disconnection|of the
power supply.

In special cases, it may be necessary tq extend the tests until two or more breakdoywns of
capacitor elements have occurred. The number of breakdowns at each voltage I|mit in
sugh cases should be subject to agreément between the manufacturer and the user] If the
number of breakdowns is exceeded, the voltages stated in 5.17.7 may have [to be
ingreased.

NOTE 1 Precautions has to be taken when performing this test against the possible explosion of a capacitqr unit.

NOTE 2 In case of internal element series connections it is recommended that all the series element groups be

discharped after each test.
5.17.59 Capacitance-measurement

After the test, eapacitance shall be measured to prove that the fuse(s) has (have) blown

A measuring method shall be used that is sufficiently sensitive to detect the capaditance

change*calised by one blown fuse.

5.17.6 Visual checking

After the disconnecting test, no significant deformation of the container shall be apparent.

5.17.7 Voltage test

The unit shall withstand for 10 s, without further operation of fuses, a voltage test. This
withstand test voltage should normally be equal to the test voltage specified in Table 1, unless
otherwise agreed by the manufacturer and the user in accordance with the provisions of item
d) of 5.17.4.
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6 Overloads

6.1

Maximum permissible voltages

Capacitor units shall be suitable for operation at voltage levels and duration according to
Table 5 without any failure. It should be recognised that any significant period of operation at
voltages above the rated one will reduce overall life

Table 5 — Maximum permissible voltages

Overvoltage Maximum duration within one day Observation
1,1 Uy 30 % of on-load duration System regulation
1,15 Uy 30 min System regulatien
1,2 Uy 5 min System regulation
1,3 Uy 1 min System regulation

An ovdg

The a
capaci

In add
is less

The aV

rvoltage equal to 1,5 Uy for 30 ms is permitted 1 000 times during the life of the capacitor.

nplitudes of the overvoltages that may be tolerated without significant reduction in the life-time
or depend on their duration, the number of application, and the capacitor témperature.

tion these values assume that the overvoltages may appear when the‘internal temperature of the ca
than 0 °C but within the temperature category.

erage applied voltage shall not be higher than the specified voltage.

of the

bacitor

7 Safety requirements

7.1

The u
requir
each |

Capadg
short

There
and th

A disg
to ear

Discharge device

se of discharge resistors is not-suitable for certain power electronic capacitors.
bd by the user, each capacitor unit or bank shall be provided with means for disch
nit in 10 min to 75 V or lessi-from an initial voltage Uy or Uypc.-

circuit between terminals and terminals to case before delivery.

shall be no switeh, fuse cut-out, or any other isolating device between the capacit
is dischargétdevice.

hargesdevice is not a substitute for short-circuiting the capacitor terminals togeth
h befare handling.

When
arging

itors without discharge resistors and with energy above 100 J shall be protected by a

Dr unit

er and

Capacitors connected directly to other electrical equipment providing a discharge path shall
be considered properly discharged, provided that the circuit characteristics are such as to
ensure the discharge of the capacitor within the time specified above.

Discharge circuits shall have adequate current-carrying capacity to discharge the capacitor
from the peak of the maximum overvoltage.

7.2

Case 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 case, the case shall be provided with
a connection suitable to carry the fault current, or with an unpainted non-corrodible metallic

region

suitable for a connecting clamp.
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7.3

Protection of the environment

When the capacitor is impregnated with materials that shall not be dispersed into the
environment, precautions shall be taken. In some countries, there exist legal requirements in
this respect.

The user shall specify any special requirements for labelling which apply to the country of
installation.

Products of combustion shall be environmentally acceptable. Self extinguishing materials are
necessary for the terminals (test temperature 750 °C: see IEC 60695-2-11 or IEC 60695-2-12.

7.4

Other safety requirements

The user shall specify at the time of enquiry any special requirements with/regard
safety|regulations that apply to the country in which the capacitor is to be installed.

8

8.1

Markings

Marking of the units — Rating plate

The fgllowing information shall be given on the rating plate of each capacitor unit:

Manufacturer

Idgntification number and manufacturing date. Thie’date of manufacturing may be a
idgntification number or be in code form.

Cqpacitance (uF)
Tolerance (%)
UNpc or Uy (volts)
U

i [(volts, a.c.) (if specified, see 3¢20)

-~

max (optional) (A)

if any) (A)

n (°C)

L (°C)

gximum tightening torque (Nm) (see note 2)

>

~

>
3 3 °

=

Type of cooling medium and temperature (only for forced cooling — see Clause 4)

Rdference to this standard.

The fdllowing signs shall be added if applicable:

to the

part of

for internal discharge device —H
for internal fuse or disconnector —t

>
for self-healing capacitors SH or <

type of protection: protected / unprotected

For small units where it is impracticable to indicate all the above items on the rating plate,
certain items shall be given in an instruction sheet.

NOTE 1

manufacturer and the user.

The location of the markings on the capacitor unit should be defined on agreement between the
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NOTE 2 Additional data can be added to the rating plate, or additional warning plate, on agreement between the
manufacturer and the user.

9 Guidance on installation and operation

9.1 General

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

Because of the different types of capacitor and the many factors involved, it is not possible to
H Uation

cover poilna ciranla rnlac notao and onaration 1n All Ao ihla ~AocAc
OO g o P TCT oo rotoma oo o OpPeTotror o P oS oToTe— oo oto-

The fgllowing information is given with regard to the more important points to be{consifiered.
In addition, the instructions of the manufacturer shall be followed.

There|are seven major applications:

a) internal overvoltage protection: snubber capacitors, loaded with pdrtyof sinusoidal voltages;
both voltages may alternate with a certain amount of superimposed direct voltage;

b) DQC harmonic filter capacitors generally loaded with a direct\voéltage superimposed |with a
nojn-sinusoidal alternating voltage;

c) switching circuit: commutating capacitors, generally {Joaded with trapezoidal shaped
voltages;

d) exfernal AC overvoltage protection;
e) external DC overvoltage protection;
f) internal AC harmonic filter;

U

g) DCQ energy storage: auxiliary capacitors. Generally supplied with direct voltage and
pefriodically charged and discharged.with high peak current.

9.2 |Choice of rated voltage

The rated voltage of the capacitor shall be equal to the recurrent peak voltage, not so|much
becaupe of the intrinsic stress,/but because the high values of dV/dt in power electronigs may
inducg partial discharge and losses which affect the capacitor life.

Most of the applications in power electronics show varying loads. Therefore it is necgssary
that the manufacturer and the user discuss the rated voltage and the true voltage stfesses
extengively.

Only ip case' of emergency should capacitors be operated at maximum permissible vpltage
and mlaximum operating temperature simultaneously, and then only for short periods qf time
(see Tabte5)-

NOTE The manufacturer may give the diagram of applicable voltage as a function of frequency and ambient
temperature (6,p)-

9.3 Operating temperature
9.3.1 General

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

Temperature in excess of 6,,,, accelerates electrochemical degradation of the dielectric.
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Temperature below 6, or very rapid changes from hot to cold may initiate partial discharge

degradation in the dielectric.

9.3.2 Installation

Capacitors shall be so placed that there is adequate dissipation by convection, conduction
and radiation of the heat produced by the capacitor losses. The losses generated by
associated equipment shall be taken into account.

The cooling of the operating enclosure and the arrangement of the capacitor units shall
provide adequate cooling of each unit. This is of importance for units mounted in rows, one
aboverthe-other

The temperature of capacitors subjected to radiation from the sun or fromany high
tempefature surface will be increased.

After installation it is necessary to verify that the temperature of the case ‘b€ lower thap 6,
with the maximum service conditions (voltage, current and cooling temperature).

Depending on the efficiency of the cooling and the intensity and duration of the radiation, it
may be necessary to adopt one of the following precautions:
e protect the capacitor from radiation;

e chpose a capacitor designed for higher service airAemperature or employ capacitols with
rated voltage higher than that laid down in Clause(4 and 9.2;

e capacitors installed at altitudes above 1 000'm will be subjected to decreasq heat
digsipation; this should be considered when, determining the power of the units.

9.3.3 Unusual cooling conditions

In exgeptional cases, the inlet temperature may be higher than 55 °C maximum and
capaci|tors of special design or with.a’higher rated voltage shall be used.

9.4 |Special service conditions

Apart [from high ambienti\temperature, other adverse conditions of use are liable |[to be
encorlrjrtered. When theuser is aware of such conditions, the manufacturer shoyld be
informed when the cdpacitors are ordered.

This ipformation¢should also be given to the suppliers of all associated equipment fpr the
capaci|tor installation.

The mostiimportant conditions are the following:

a) Frequent occurrence of periods of 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

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

c) Corrosive atmospheres are found in industrial and coastal areas

It should be noted that in climates of higher temperature the effects of such atmospheres
may be more severe than in temperate climates. Highly corrosive atmospheres may be
present even in indoor application.
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d) Pollution

When capacitors are mounted in a location with a high degree of pollution, special
precautions shall be taken.

e) Altitude exceeding 1 000 m

Capacitors used at altitudes exceeding 1 000 m are subject to special conditions. The
choice of the type shall be made by agreement between the user and the manufacturer
(see 4.2).

9.5

Overv

With t

Overvoltages

oltage factors are specified in 6.1.

he manufacturer's agreement, the overvoltage factor may be increased if the \esti

numbegr of overvoltages is lower, or if the temperature conditions are less severe,

Capadg
proteg
capac

Trans
rated

When
conne

ted. If lightning arresters are used, they should be located as near, as possible
tors.

ent overvoltages during unusual service conditions may @nforce the choice of
Capacitors.

cted to the line) a higher voltage test may bef required, on agreement betwe

manufiacturer and the user.

9.6

Capad

Overcurrents

itors should never be operated with\ currents exceeding the maximum values

paramleters defined in 3.21, 3.22 and 3.23;

Trans

ent overcurrents of high amplitude and frequency may occur when capacito

switcrled into the circuit or the. equipment is switched. It may be necessary to reduce

transi

9.7

Switch

Switching and protective devices

ing and proteetive devices and connections shall be capable of withstandin

mated

itors that are liable to be subjected to high lightning overvoltages should be adequately

to the

higher

overvoltages are higher than those permitted <in Table 5 (i.e. capacitors (1irectly

n the

of the

s are
these

nt overcurrents to acceptable values in relation to the capacitor and to the equipment.

g the

electrgdynamics,and thermal stresses caused by the transient overcurrents of high amplitude

and fr

If con

bguency-that may occur when switching on or otherwise.

sideration of electrodynamic and thermal stress would lead to excessive dimen

specig

sions,

I'precautions for the purpose of protection against overcurrents should be taken.

NOTE
9.8
9.8.1

Fuses in particular has to be chosen with an adequate thermal capacity.
Choice of creepage distance and clearance

Creepage distance

The recommendations given in IEC 60664-1 shall apply. The user shall specify which one of
the pollution levels, or specific creepage distance, is applicable. Table 15 of
IEC 60947-1:2007 gives specific creepage distances for different pollution levels.

9.8.2

Air clearances

Guidelines for selection of air clearance distance are found in IEC 60947-1. Table 13 of
IEC 60947-1:2007 gives specific clearance distances for different impulse voltages.
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9.9 Connections

The current leads into the capacitor are capable of dissipating heat from the capacitor.
Equally they are capable of transferring heat generated in outer connections into the capacitor.

Therefore it is necessary to keep the connections leading to the capacitors always cooler than
the capacitor itself.

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

Regulhl_rn—éﬁl_ﬁ—ﬁl_rrr iNSpection of all capacitor equipment contacts and capacitor connections is tharefore
recommended.

9.10 |(Parallel connections of capacitors

Special care is necessary when designing circuits with capacitors connected in parallel,
becaufe there are two possible dangers:

a) the current splitting depends on slight differences in resistance: and inductance |in the
current paths, so that one of the capacitors may be easily overloaded;

b) belcause of the high frequencies often encountered in powg&relectronics, interconngctions
shpuld usually be designed for low inductance and resistance.

As a ¢onsequence, when one capacitor fails by a shori*circuit, the complete energy [|of the
parallel capacitors will be rapidly dissipated at the poiat of breakdown.

Usually, it is impossible to disconnect the units by*a current limiting fuse.
Special precautions have to be taken in this‘case.

9.11 [Series connections of capacitors

In d.c] capacitors, because of. &ariations in the insulation resistance of units, the qorrect
voltage sharing between units)*should be ensured by resistive voltage dividers for [safety
reasofs. The lifetime of the resistor must not be shorter than the lifetime of the equipmept.

NOTE |[Interruption in a resistor leads to overcharging of the affected capacitor.

AC vgltages andwvintermittent d.c. application having long OFF periods need no gpecial
dividels, as the-ifitegral discharge devices will discharge any residual charge.

The infsulation voltage of the units shall be appropriate for the series arrangement.

9.12 Magnetic losses and eddy currents

The strong magnetic fields of conductors in power electronics may induce alternating
magnetization of magnetic cases and eddy currents in any metal part and thereby produce
heat.

It is therefore necessary to situate capacitors at a safe distance from heavy current
conductors and to avoid the use as far as possible of magnetic materials.

9.13 Guidance for internal fuse and disconnector protection in capacitors

The fuse is connected in series with the element that the fuse is designated to isolate, if the
element becomes faulty. After the breakdown of an element the fuse connected to it will blow
and isolate it from the remaining part of the capacitor, which allows the unit to continue in
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service. The blowing of one or more fuses will cause voltage changes within the bank when
series connections are used.

The voltage across sound unit(s) shall not exceed the value given in 5.17.

Depending on the internal connection of the units, the blowing of one or more fuses may also
cause a change of voltage within the unit.

The remaining elements in a series group will have an increased working voltage and the
manufacturer shall, on request, give details of the voltage rise caused by blown fuses.

do nof increase the current significantly. But, in the event of rising pressure (e.g..cauged by
thermal instability, which may occur at the end of the capacitor life or, in some casSes,|by an
excessive number of self-healing breakdowns, caused by extreme overloads) the self-healing
power| electronics capacitor shall be protected by an overpressure.\disconnecf{or or
overpillessure detector.

Becaise of the self-healing properties of the capacitors, breakdowns are not dangerays and

These|devices are not intended to protect against internal short circuits:

9.14 |Guidance for unprotected capacitors

For ppwer electronics capacitors, the user has to assureé by qualified installation, tlrat no
danger appears due to a failing capacitor. This requirement applies in particular to
unprofected capacitors.
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Annex A
(informative)

Waveforms

For power electronic capacitors waveform definitions are explained through the example of a
trapezoidal voltage, as shown in Figure A.1.

[

u

Uy N

~>

IEC

Key

T cgpacitor current pulse width

~
(2]

stem pulse duration

kel

sylstem pulse frequency

S o"

N Pgak recurrent voltage

-

pgak'current

inductance of the inductor connected in series with the capacitor

o -

capacitor capacitance

Figure A.1a — Commutating waveform
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Figure '‘A.1c — Damping capacitor for gate turn-off thyristors waveform

IEC

Figure A.1d — Damping circuit example

Figure A.1 — Example of waveforms and their circuits
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Operational limits of capacitors with sinusoidal voltages
as a function of frequency and at maximum temperature (6max)

[

u

Un Y

—41 -

Annex B
(normative)

Unax = constant

P

=
//
Pmax

Pax = constant

/max

Imax = constant

f

The maximum voltage is in general a function of dielectric thickness (&), intrinsic field st

(Ep) anddemperature (6).

Figure B.1 — Supply conditions

IEC

rength

Upax = f (Ep, a, 0)

For the frequency range f < f; , the following is valid:

fy is the frequency at which the power loss of the capacitor is maximum:

2
P = U
max 2

Um ax — UN

o x C tan &4

w = 27'Cf1
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f, is the frequency at which the maximum current (/,,54) produces the maximum power loss

(Pmax) in the capacitor.

For the frequency range f; to f,:

P = constant

max

and f, is the frequency at which the effective current reaches its maximum:

I = lmﬂ\(

Abovd the maximum frequency the maximum current shall be reduced due to skin effect] etc.

The clharacteristic values of the capacitors are the following:

U

Pmax
tan 5;] capacitor loss tangent at the frequency f;

max | Maximum voltage

maximum power loss

tan 5,| capacitor loss tangent at the frequency f,
fy maximum frequency for full power loss and maximun current

max maximum current r.m.s. value

NOTE |[The suggested thermal stability test conditions are the\following:

2 12
1,21 Prax :U—xa)2 x C x tan 5= 1,21x — " _ x tan &5 wy = 27f,
2 w9 X C
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Annex C
(normative)

Resonance frequency measuring methods — Examples

C.1 Method 1

FG U1 U2 C —

Capacitor case

where

FG is the variable frequency generator;

R is the non-inductive load resistance directly connected to the tested'c€apacitor terminals;
R, is the capacitor equivalent series resistance;

L is the capacitor equivalent series inductance;

C is the capacitor capacitance;

u, u are the electronic voltmeters.

N
N

Figure C.1 — Measuring circuit

By changing a frequency and keeping Ugconstant, it is possible to plot a graph which
the relation between the voltage across-the capacitor and the supply frequency.

The minimum value of U, corresponds to the resonance frequency (f,).
The connections shall be as short as possible.

v, |

IEC

shows

V2 min

=h
-

IEC

Figure C.2 — Relation between the voltage across

the capacitor and the supply frequency
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C.2 Method 2

The unit shall be charged by means of DC and then discharged through a gap situated
directly at the capacitor terminals.

The discharge current wave shape is recorded by an oscilloscope.
f. is evaluated by computation of the number of intersections of the time axis.

The shape of the discharge waveform is a function of the equivalent series resistance and the
strayi ductance

: , [ .
VR

— — IEC

NOTE [With the second method, the discharge freguency is measured. This is equal to self resonance freqpency if
the damping factor is low and if the external inductance of the connections is negligible in comparison with that of
internallconnections.

In any ¢ase the damping factor can be taken into account to calculate the self-inductance.

Figure’C.3 — Discharge current wave shape
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discharge lamp circuits — General and safety requirements
IEC 61048:2006/AMD1:2015

IEC 61270-1:1996, Capacitors for microwave ovens — Part 1: General

IEC 61881-1:2010, Railway applications — Rolling stock equipment — Capacitors for power
electronics — Part 1: Paper/plastic film capacitors

IEC 61881-2:2012, Railway applications — Rolling stock equipment — Capacitors for power
electronics — Part 2: Aluminium electrolytic capacitors with non-solid electrolyte

IEC 6

881-3:2012, Railway applications — Rolling stock equipment — Capacitors\for

electronics — Part 3: Electric double-layer capacitors

IEC 6

881-3:2012/AMD1:2013

IEC 60071-1:2006, Insulation co-ordination — Part 1: Definitions, principles_ahd rules

IEC 60071-2:1996, Insulation co-ordination — Part 2: Application guide

power
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1) La

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS POUR ELECTRONIQUE DE PUISSANCE

AVANT-PROPOS

Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour
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électricité et de I'électronique. A cet effet, '|EC — entre autres activités — publie des Normes interna
Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public(PAS
les (ci-apres dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités/d*étud
aux desquels tout Comité national intéressé par le sujet traité peut participer. lkes organ
nationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égalem
bux. L’'IEC collabore étroitement avec I'Organisation Internationale de Normalisatien (ISO), se
itions fixées par accord entre les deux organisations.

décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la
ossible, un accord international sur les sujets étudiés, étant donné que lessComités nationaux (
essés sont représentés dans chaque comité d’études.

Publications de I'lEC se présentent sous la forme de recommandations internationales et sont
me telles par les Comités nationaux de 'lEC. Tous les efforts raisénnables sont entrepris afin qy
sure de |'exactitude du contenu technique de ses publications; I'l|EC ne peut pas étre tenue respons
bntuelle mauvaise utilisation ou interprétation qui en est faite par adh 'quelconque utilisateur final.
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le but d'encourager I'uniformité internationale, les Comités, hationaux de I'lEC s'engagent, dans

dgionales. Toutes divergences entre toutes Publications, de I'lEC et toutes publications nation

elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indép
issent des services d'évaluation de conformité et, dans certains secteurs, accedent aux marg

les utilisateurs doivent s'assurer qu'ils.sont en possession de la derniere édition de cette publicatid

ne responsabilité ne doit étre imputée_a I'lEC, a ses administrateurs, employés, auxiliaires ou mand
mpris ses experts particuliers etilés membres de ses comités d'études et des Comités nationaux d
tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de

re que ce soit, directe ou gjndirecte, ou pour supporter les colts (y compris les frais de justice
bnses découlant de la publication ou de ['utilisation de cette Publication de I'IEC ou de tout
ication de I'lEC, ou au crédit qui lui est accordé.

ention est attirée sur les références normatives citées dans cette publication. L'utilisation de publ
Fencées est obligatoire pour une application correcte de la présente publication.

ention est attiree ‘sur le fait que certains des éléments de la présente Publication de I'l[EC peuvd
et de droits{de_brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tel
revets et(é ne pas avoir signalé leur existence.
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I"EC:

nsateurs de puissance et leurs applications.

Cette deuxieéme édition annule et remplace la premiére édition publiée en 2007. Cette édition
constitue une révision technique.

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

e introduction de nouveaux termes et définitions

e clarifications des essais de décharge

e indications sur la procédure de mesure pendant I'essai de stabilité thermique

e clarifications des essais d'autorégénération

e clarifications des essais d'endurance

e clarifications des essais de destruction
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e mise a jour des références normatives

e révision éditoriale générale

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
33/610/FDIS 33/612/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le vote ayant
abouti a I'approbation de cette norme.

Ce dofpument a été rédigé selon les Directives ISO/IEC, Partie 2.

Le comité a décidé que le contenu de ce document ne sera pas modifié avant la date de
stabilifé indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives au document recherché. A cette date, le document sera
e reg¢onduit,

e supprimé,

e remplacé par une édition révisée, ou

e anjendé.
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1

CONDENSATEURS POUR ELECTRONIQUE DE PUISSANCE

Domaine d'application

La présente Norme internationale s’applique aux condensateurs pour les applications de
I’électronique de puissance.

La frg
généralement 15 kHz, mais les fréquences d'impulsions peuvent atteindre 5 a 10\ {oi
fréque

Une ¢
alternatif et les condensateurs a courant continu qui sont considérés comme des comp
lorsqu

Le pré§
répon
filtrag¢ a courant continu et a courant alternatif, les circuits/de commutation, le stq
d’éner

Les cq

leq
for
IE

leq
IE
les
ply
leq
dé
les

leq
ten

leq
rés
IE

nce de fonctionnement.

istinction est faite dans le présent document entre les condensateurs a c

ils sont montés dans un boftier fermé.

sent document couvre une trés grande variété de technologies*de condensateur
ire a de nombreuses applications, par exemple la protection contre les surtensig

gie a courant continu, les inverseurs auxiliaires, etc.

ndensateurs suivants sont exclus du présent dogument:

condensateurs destinés a des installations."de production de chaleur par ind
ctionnant sur des plages de fréquences pouvant atteindre 50 kHz (voir IEC 6011
C 60110-2);

condensateurs utilisés pour dess moteurs et similaires (voir IEC 60252
C 60252-2);

condensateurs destinés a éire utilisés dans des circuits pour le blocage d'une
sieurs harmoniques dans les.réseaux d’alimentation;

petits condensateurs @ courant alternatif utilisés pour les lampes fluorescente
charge (voir IEC 61048 et IEC 61049);

condensateurs d'antiparasitage (voir IEC 60384-14);

condensateurs_shunt destinés a étre installés sur des réseaux a courant altern
sion assignée-supérieure a 1 000 V (voir les normes de la série IEC 60871);

condensateurs shunt de puissance autorégénérateurs destinés a étre installés s
eaux<as courant alternatif de tension assignée inférieure ou égale a 1 000
> 60831-1 et IEC 60831-2);

burant
bsants

5 pour
ns, le
ckage

uction
0-1 et

1 et

ou de

5 et a

atif de

r des
(voir

le

condensateurs shunt de nuissance non autorédadndrateurs destinés 3 atre install
g )

3s sur

des réseaux a courant alternatif de tension assignée inférieure ou égale a 1 000 V (voir
les normes de la série IEC 60931);

les condensateurs pour I'électronique, qui ne sont pas utilisés dans les circuits de
puissance;

les condensateurs en série destinés a étre utilisés sur des réseaux (voir IEC 60143);

les condensateurs de couplage et les diviseurs capacitifs (voir IEC 60358);

les condensateurs pour les fours a micro-ondes (voir IEC les condensateurs pour les

ap

plications pour chemins de fer (voir IEC 61881);

les condensateurs pour les applications pour chemins de fer (voir IEC 61881);

Des exemples d’applications sont donnés en 9.1.
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2 Reéférences normatives

Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. 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).

IEC 60068-2-6, Essais d'environnement — Partie 2-6: Essais — Essai Fc: Vibrations
(sinusoidales)

IEC 60068-2-14, Essais d'environnement — Partie 2-14: Essais — Essai N: Variation de
température

IEC 60068-2-20, Essais d'environnement — Partie 2-20: Essais — Essai T: Méthodes d'essai
de la brasabilité et de la résistance a la chaleur de brasage des dispositifs a broches

IEC 60068-2-21, Essais d'environnement — Partie 2-21: Essais — EssaiNU. Robustesge des
sortie$ et des dispositifs de montage incorporés

IEC 6(0068-2-78, Essais d'environnement — Partie 2-78: Essais < Essai Cab: Chaleur hiimide,
essai pontinu

IEC 60269-1, Fusibles basse tension — Partie 1: Exigencés générales

IEC 60664-1, Coordination de l'isolement des matériels dans les systéemes (réseaux) albasse
tension — Partie 1: Principes, exigences et essais

IEC 60695-2-11, Essais relatifs aux risques du feu - Partie 2-11: Essais pu fil
incandescent/chauffant — Méthode d'essaid'inflammabilité pour produits finis (GWEPT)

IEC 60695-2-12, Essais relatifs .aux risques du feu - Partie 2-12: Essais pu fil
incandescent/chauffant — Méthodeid'essai d'indice d'inflammabilité au fil incandescent (GWFI)
pour matériaux

IEC 60947-1:2007, Apparéillage a basse tension — Partie 1. Régles générales

3 Termes et définitions

Pour Ies beseins du présent document, les termes et définitions suivants s'appliquent.

L'ISO [etW1EC tiennent & jour des bases de données terminologiques destinées a étre ut|lisées

|- - L ol L H N
en normransatrom,  constuitapres auXxaaresses sutrvantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1
élément de condensateur (ou élément)
dispositif constitué essentiellement par deux électrodes séparées par un diélectrique

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

3.2

condensateur unitaire (ou unité)

ensemble d'un ou plusieurs éléments de condensateurs placés dans une méme enveloppe et
reliés a des bornes de sortie
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[SOURCE: IEC 60050-436:1990, 436-01-04]

3.3

batterie de condensateurs
ensemble de condensateurs unitaires raccordés de fagon a agir conjointement

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

3.4

condensateur
terme générique utilisé quand il n'est pas nécessaire d'indiquer s'il est fait référence a un

éléme

3.5

ensemble de condensateurs
ensenible de condensateurs unitaires avec leurs accessoires pour étre._connecté
équipgement d'électronique de puissance

3.6

condgnsateur pour électronique de puissance

conde

puissgnce et capable de fonctionner de fagon continuecavec des courants et te
sinusdidaux et non sinusoidaux

3.7

condgnsateur a feuille métallique (non autorégénérateur)
sateur dont les électrodes sont généralement constituées de feuilles métalliques

conde
sépar

Note 1

3.8

condgnsateur a diélectrique métallisé autorégénérateur

conde
diélec

Note 1

rapidenjent et quasiment rétablies.

3.9

condgnsateur.accourant alternatif

conde

Note 1
la tensi

3.10

ht, & une unité ou a une batterie de condensateurs

hsateur de puissance destiné a étre utilisé dans des £quipements d'électroniq

es par un diélectrique

b |'article:  En cas de claquage du diélectrigue, le condensateur ne se rétablit pas.

hsateur dont au moins uné,des électrodes est constituée d’'un dépdt métallique
rigue

b |'article: Dans le casid’un claquage local du diélectrique, les propriétés électriques du condensatg

hsateur principalement congu pour travailler avec une tension alternative

b.J'article: Les condensateurs a courant alternatif peuvent étre utilisés avec une tension continue

ue de
nsions

sur le

ur sont

jusqu'a

bn-assiandée mais-seulement avec l'autorisation du fabricant de condensateurs
=) T

condensateur a courant continu

conde

Note 1

3.1

nsateur principalement congu pour travailler avec une tension continue

a l'article: Les condensateurs a courant continu peuvent étre utilisés avec une tension alternative spécifiée,
mais seulement avec l'autorisation du fabricant de condensateurs.

condensateur modéle
unité simulant une unité ou un élément complet lors d'un essai électrique, sans diminuer la

SEeVeri

Note 1

té des conditions électriques, thermiques ou mécaniques

a l'article: L’unité modeéle peut étre d’une taille différente de I'unité compléte.
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Note 2 a l'article: Il convient de toujours considérer la somme combinée des contraintes; par exemple la
des conditions thermiques et mécaniques et des contraintes électriques.

3.12

coupe-circuit interne (élément)
coupe-circuit monté a l'intérieur d’'une unité de condensateur et relié en série avec un élément

ou un

groupe d’éléments

[SOURCE: IEC 60050-436:1990, 436-03-16]

3.13

dispositifs de sécurité

somme

3.13.1
sectig
dispos
passa

3.13.2
détec
dispos

nneur a surpression
itif de déconnexion placé a l'intérieur d'un condensateur, destiné a interrom
pe du courant en cas d’augmentation anormale de la surpression interne

eur de surpression
itif congu pour détecter une augmentation anormale (de- la pression in

généralement utilisé pour effectuer une commutation électrique et qui inte

indire

tement le passage du courant

3.13.3
struc

ure de métallisation segmentée

structyire de la couche métallique située au-dessus du diélectrique formée de fa
permettre d'en isoler une petite partie en cas de.court-circuit ou de claquage local
rétablir toute la fonctionnalité de I'unité avec une perte de capacité négligeable

3.13.

strucflure de métallisation spéciale nonwsegmentée
structyire de la couche métallique située au-dessus du diélectrique formée de fagon q

carac
garant

3.14

proted
condg
conde

Note 1
cas de

3.15

aristiques d'autorégénérationide slreté agissant a une tension allant jusqu
issent toute la fonctionnalité:de 'unité avec une perte de capacité négligeable

ttion de sécurité
nsateur protégé
hsateur pouvant étre soumis a I'essai de destruction décrit en 5.16

b |'article;~Des condensateurs protégés seuls ne suffisent pas a empécher tous les dangers poss
lysfonctionnement.

bre le

terne,
rompt

con a
pour

e les
'a Us

bles en

conde
conde

3.16

insateur non protégé

nsateur non conforme a I'essai de destruction décrit en 5.16

dispositif de décharge d’un condensateur
dispositif pouvant étre incorporé au sein d'un condensateur, capable de réduire pratiquement
jusqu'a zéro la tension entre bornes, en une durée donnée, aprés avoir déconnecté le

conde

nsateur d'un réseau

[SOURCE: IEC 60050-436:1990, 436-03-15, modifiée ("a une valeur donnée" remplacé par
"pratiquement jusqu'a zéro")]
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3.17

tension alternative assignée

Uy

tension de créte récurrente maximale de service de l'une ou de l'autre des polarités d'une

forme

d'onde réversible pour laquelle le condensateur a été concgu

Note 1 a I'article: La forme d’onde peut avoir différentes formes. Des exemples sont donnés a I’Annexe A.

Note 2 a l'article: La valeur moyenne de la forme d'onde peut étre positive ou négative.

Note 3 a I'article: Il est important de noter que la tension alternative assignée n'est pas une valeur efficace
3.18

tensign continue assignée

Unpc n : . . , N e
tension de créte maximale de service de I'une ou l'autre des polarités, mais d'une

d'ondg
été co

Note 1

forme

non réversible pour laquelle, en fonctionnement de fagon continue, le icondensdteur a
ncu
b I'article: Les condensateurs d’amortissement pour thyristor blocable (GTO~Gate Turn-Off) peuv

bnt étre
ontinue

lisateur

but étre
version

on du
de de

5 des

considgrés comme des condensateurs a courant continu avec une tension d'ondulation-égale a la tension g
assignée Uype = U,

Dans I¢ cas d’'une tension d’inversion (U,,,), il convient que I'utilisation fassg-I'objet d'un accord entre I'ut
et le falricant.

Note 2 [a l'article: Si la tension d’inversion est faible (moins de 10/%), la forme d’onde de la tension p
considgrée comme non réversible. Pour les essais, il convient d’algmenter UNDC et Ur de la tension d’in
Urev-

3.19

tensign d'ondulation

Ur

compg@sante alternative créte a créte de la_tension unidirectionnelle

3.20

surtension non récurrente

US

tensiop de créte produite parj,une commutation ou par tout autre type de perturbati
systéme, tolérée un nombre limité de fois et pendant une durée plus courte que la périg
récurrgnce

3.21

tensign d’isolement

Ui

valeur| efficace de la tension sinusoidale congue pour [lisolement des borne
condensateurs par rapport au boitier ou a la terre

3.22

courant de créte maximal

]

courant de créte maximal répétitif qui peut apparaitre durant un fonctionnement de fagon
continue

3.23

courant maximal

Imax

valeur

efficace maximale du courant pour un fonctionnement de fagon continue
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surintensité maximale

Is

courant de créte non répétitif produit par une commutation ou par tout autre type de
perturbation du systéme, toléré un nombre limité de fois et pendant une durée plus courte que

la péri

3.25

ode de récurrence

fréquence des impulsions

f

p
fréquence de répétition des impulsions périodiques de courant

3.26

largeyr des impulsions de courant

T
durée
autre

Note 1

3.27

fréqueénce de résonance

f

r
fréqugnce la plus basse pour laquelle I'impédance du condensateur est minimale

3.28
cycle

3.28.1

servige continu

temps

équilire thermique

3.28.2

servige intermittent
fonctignnement discontinu avec.des charges variables qu'il convient de décrire en tern
périodes MARCHE/ARRET ou ELEVE/FAIBLE accompagnées de leur durée

3.29
équili

état d'un condensateur lorsque la température mesurée n'importe ou sur le boitier|

l'intéri
serait
ambia

3.30
const

du passage du courant durant la charge ou la décharge, d'une valeur de.tension
bu niveau du condensateur

b I'article: Des exemples de formes d'impulsions de courant sont donnés a I’Annexe A.

de fonctionnement

de fonctionnement pendant lequel.\le” condensateur est la plupart du temps

bre thermique

eur du eondensateur ne varie pas de plus de 3 °K par rapport a la températu
atteintevaprés une longue période de temps dans des conditions fixées de tempé
hte,(de'refroidissement et de perte de puissance interne

a une

a son

es de

ou a
re qui
rature

ante de temps thermique

mesure du temps exigé pour qu'un condensateur atteigne I'équilibre thermique aprés une
variation de température ambiante, un refroidissement ou une perte de puissance interne

3.31

température de fonctionnement minimale

6,

min

température la plus basse du diélectrique a laquelle le condensateur peut étre mis sous

tensio

n


https://iecnorm.com/api/?name=c739efc34b9d2f62a7d776ab36226f0d

IEC 61071:2017 © |IEC 2017 - 59 -

3.32

élévation de température du boitier

A6

case

différence de température entre le point le plus chaud du boitier et la température de l'air de
refroidissement

3.33

température de I'air de refroidissement

eamb

température de l'air de refroidissement mesurée au niveau du point le plus chaud du

conde

Note 1
niveau
depuis

3.33.1

tempdrature de sortie du fluide pour condensateurs a refroidissement.forcé

température du fluide de refroidissement lorsqu'il quitte le condensateut, mesurée au p
plus chaud

3.33.2

tempdrature d'entrée du fluide pour condensateurs a refroidissement forcé
tempé}ature du fluide de refroidissement mesurée au milieu-du canal d’entrée du fluide
point me subissant pas l'influence de la dissipation de chaleur du condensateur

3.34

tempédrature maximale de fonctionnement

emax r . ng Y .
température maximale du boitier a laquelle."le condensateur peut fonctionner dan
conditjons de régime établi

3.35

température de point chaud

tempé

3.36
condi

équilipre thermique (atteint par le condensateur pour une puissance constante ¢

condit|

3.37

perteg d'un'condensateur
puissgnce active dissipée dans le condensateur

Note 1

nsateur, dans des conditions de régime établi et a mi-chemin entre deux unités

b I'article:  S'il n'y a qu'une seule unité a prendre en considération, il s’agit de la température mes
d’'un point situé approximativement a 0,1 m du boitier du condensateur et aux deux tiers, de_la
a base.

rature maximale présente.@l'intérieur du diélectrique d'un condensateur

lions de régime établi

ons de refroidissement constantes

Lrée au
hauteur

pint le

en un

s des

t des

a l'article: Sauf indication contraire, les pertes du condensateur comprennent également les pertes dans
les fusibles et dans les résistances de décharge qui font partie intégrante du condensateur. A haute fréquence, les
pertes du condensateur sont principalement dues aux pertes dans les connexions, contacts et électrodes.

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

3.38
tange
tan 6

nte de I'angle de perte d'un condensateur

rapport entre la résistance série équivalente et la réactance capacitive d'un condensateur
dans des conditions spécifiées de tension alternative sinusoidale, de fréquence et de
température

Note 1

a l'article: tan 6 = Resr oC = tan Syt RS oC
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tan ¢, = facteur de perte du diélectrique

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

3.39

résistance série équivalente d'un condensateur

R

esr

résistance effective qui, connectée en série avec un condensateur idéal de capacité égale a
celle du condensateur considéré, occasionnerait une perte de puissance égale a la puissance

active

3.40

absorbée par le condensateur, dans des conditions de fonctionnement spécifiées

résistlance série

RS
résistd
fonctig

3.41
perte

Pmax
perte

maxin

3.42

nce ohmique effective des conducteurs d’'un condensateur dans les conditio
nnement spécifiées

de puissance maximale

ale de boftier

fréquénce maximale pour perte de puissance maximale et courant maximal

f,
fréque
dans |

Note 1
4 C

4.1
411
La pr
utilisé
4.1.2

L altity
d’isolq

nce a laquelle le courant maximal (/,,54) produit la perte de puissance maximale
e condensateur

b 'article:  Pour les explications de f,, voir la,Figure B.1.
bnditions de service

Conditions de service noarmales
Généralités

bsente norme donne des exigences applicables aux condensateurs destinés
5 dans les conditions qui suivent.

Altitude

de (e doit pas dépasser 1 000 m, a moins que les effets de refroidissem
ment externe ne soient pris en compte.

ns de

e puissance maximale avec laquelle le condensateur peutfonctionner a la tempédrature

P

max)

h étre

bnt et

NOTE L'effet de I'altitude sur le refroidissement par convection et sur les isolations externes doit étre pris en
considération lorsque I'altitude dépasse 1 000 m.

41.3

Température de fonctionnement (6,,,,x)

La limite haute de la température du boitier 6,,,, a laquelle le condensateur peut étre amene
a fonctionner, doit étre choisie normalement parmi les valeurs 45 °C, 55 °C, 70 °C et 85 °C.
Une température de fonctionnement maximale différente doit faire I'objet d’un accord entre le
fabricant et l'utilisateur.

4.1.4

Température de fonctionnement avec refroidissement forcé

Si les condensateurs sont destinés a étre utilisés avec un refroidissement forcé par un fluide,
les conditions de température de fonctionnement spécifiées en 4.1.3 doivent étre observées.
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Il convient de définir la plus basse température du fluide de refroidissement a I'entrée en
prenant en compte la viscosité du fluide.

'y a deux méthodes pour spécifier la limite supérieure de température du fluide de
refroidissement, en utilisant la température du fluide de refroidissement a I'entrée ou a la
sortie.

Sauf accord contraire, le choix de la méthode doit étre laissé au fabricant de condensateurs.

Pour la méthode a I'entrée, le débit du fluide de refroidissement doit étre spécifié.

4.2 Conditions de service inhabituelles

Sauf gccord contraire passé entre le fabricant et I'utilisateur, la présente norme, ne s'applique
pas alx condensateurs dont les conditions de service ne sont généralement pas compatibles
avec ges exigences.

Les conditions de service inhabituelles exigent des mesures additionnelles qui assurent que
les cgnditions décrites dans la présente norme sont compatibles™avec ces évenfuelles
conditjons de service inhabituelles.

Si de| telles conditions de service inhabituelles existent,. elles doivent étre notifiées au
fabricant de condensateurs.

De telles conditions de service inhabituelles peuvent@étre:

e dep chocs et des vibrations mécaniques inhabituels;

o de|l'eau de refroidissement avec des parficules corrosives ou obstruantes (eau d¢ mer,
eal trés dure);

e dep particules corrosives et abrasives-dans I'air de refroidissement;
e dep poussieres dans l'air de refroidissement, particulierement si elles sont conductriges;
e dep poussiéres ou des gaz explosifs;

o dej|la vapeur d'huile ou d'eau, ou des substances corrosives;
e un[rayonnement nucléaire;

e unp température inhabituelle de stockage ou de transport;

e unp humidité.inhabituelle (région tropicale ou subtropicale);

e dep variations excessives et rapides de température (plus de 5 °C/h) ou d'humiditg (plus
de|5 %/h);

o dep.zones de fonctionnement a plus de 1 000 m au-dessus du niveau de la mer;

e des champs électromagnétiques superposés;

e des surtensions excessives, si elles dépassent les limites données a |'Article 6.
5 Exigences et essais relatifs a la qualité

5.1 Exigences relatives aux essais
5.1.1 Généralités

Ce paragraphe donne les exigences relatives aux essais des condensateurs unitaires.
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Conditions d’essai

Sauf spécification contraire pour un essai ou une mesure particuliere, la température du
diélectrique du condensateur doit étre comprise entre +5 °C et +35 °C. Si des corrections sont
nécessaires, la température de référence doit étre +20 °C, sauf accord contraire entre le
fabricant et I'utilisateur.

NOTE Par hypothése, la température du diélectrique est la méme que la température ambiante, a condition que le
condensateur ait été laissé hors tension a une température ambiante constante pendant une durée suffisante pour
atteindre I’équilibre thermique.

Les essais et mesures en courant alternatif doivent étre réalisés avec une tension de forme

pratiq

5.2
5.2.1

Les es

5.2.2

a)
b)
c)
d)
e)
f)

Les e
livrais

Sur dg

L'ordr

5.2.3

a)
b)
c)
d)
e)
f)
9)
h)
i)
)
k)
1)

Es
Cqg
Es
Es
Mg
Es

ES
Es
ES
ES
Es

oTTe

Classification des essais
Généralités
sais sont classés en essais individuels et essais de type.

Essais individuels

Sai d'étanchéité (5.8).

ntréle externe (5.14.2).

sai de tension entre bornes (5.5.2).

sai de tension entre les bornes et le boitier (5.6-N.
sure de la capacité et de tan 6 (5.3).

sai du dispositif interne de décharge (5.7);

ssais individuels doivent étre exécutés par le fabricant sur chaque condensateur
DN.

mande de l'utilisateur, un rapport d'essai avec les résultats détaillés doit lui étre f
b dans lequel les essais sont effectués est indiqué ci-dessus.

Essais de type
sais mécaniques! (5.14).
sai de tensjon entre bornes (5.5.3).
sai de {ension entre les bornes et le boitier (5.6.2).

saj deydécharge (5.9).

saivd'autorégénération (5.11).

avant

burni.

Essai d’environnement (5.13).

Mesure de la tangente de I’'angle de perte (tan 0) (5.4).

Essai de stabilité thermique (5.10).

Essai du dispositif interne de décharge (5.7).

Mesure de la fréquence de résonance (5.12).

Essai d’endurance entre bornes (5.15).

Essai de déconnexion des coupe-circuits (5.17).

m) Essai de destruction (5.16).

Les essais de type sont effectués afin de prouver le bon dimensionnement du condensateur
et son aptitude a fonctionner suivant les considérations détaillées dans la présente norme.
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Les essais de type doivent étre effectués par le fabricant, qui doit, a la demande de
['utilisateur, lui fournir un certificat détaillant les résultats de tels essais.

Sauf spécification contraire, chaque échantillon de condensateur destiné a étre soumis aux
essais de type doit avoir passé tous les essais individuels avec succes.

Ces essais doivent étre effectués sur un condensateur dont la conception est identique au
condensateur du contrat ou sur un condensateur dont la conception donnerait aux essais des
conditions de méme sévérité ou de sévérité supérieure.

Il n'est pas essentiel que tous les essais de type soient effectués sur le méme échantillon de
condepsateur.

5.3 [Mesure de la capacité et de tan § (essai individuel)
5.3.1 Procédure de mesure

La capacité et tan 6 doivent étre mesurées a une tension et a une fréquence choisies [par le
fabricant.

La me¢thode utilisée doit permettre d'éviter les erreurs dues\d des harmoniques ¢t aux
accessoires extérieurs au condensateur a mesurer, tels que,des’réactances et des circyits de
blocage dans les circuits de mesure.

La prdcision de la méthode de mesure doit étre donnée/et doit étre meilleure que 0,2 % pour
la cappcité et 10 % pour tan 6.

NOTE |[Pour les condensateurs situés dans la plage des.millifarads, une précision inférieure peut convenir.

La capacité doit étre mesurée aprés I'essaitde tension entre bornes (voir 5.5).

Pour Ies condensateurs avec coupe-circuits internes, la capacité doit également étre mgsurée
avant |es essais de tension.

5.3.2 Tolérances sur la capacité

Sauf gpécification contraire, la capacité mesurée ne doit pas s'écarter de la capacité assignée
de plus de =10 % a +10-%.

5.3.3 Exigences relatives aux pertes (tan )

Les exigences relatives aux pertes du condensateur peuvent faire I'objet d'un accord eptre le
fabricTnt etd'utilisateur.

5.4 Mesure de la tangente de I’angle de perte (tan §) d’un condensateur (essai de type)
5.4.1 Mesures
5411 Généralités

Les mesures suivantes doivent étre faites.

5.4.1.2 Condensateurs a courant alternatif

Les pertes du condensateur (tan §) doivent étre mesurées a la fin de l'essai de stabilité
thermique (voir 5.10). La tension et la fréquence de mesure peuvent faire I'objet d'un accord
entre le fabricant et I'utilisateur.
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5.4.1.3 Condensateurs a courant continu

La mesure doit étre réalisée a la fin de I'’essai de stabilité thermique a une tension alternative
appropriée aux caractéristiques assignées du condensateur, avec un maximum de U, divisée

par2\/§.

5.4.2 Exigences relatives aux pertes

La valeur de tan 6 mesurée conformément a 5.4.1 ne doit pas dépasser la valeur déclarée par
le fabricant ni la valeur définie par accord entre le fabricant et I'utilisateur.

5.5 Essal de tension entre bornes
5.5.1 Généralités

Les egsais doivent étre réalisés selon le Tableau 1.

Tableau 1 — Tension d'essai entre bornes

Condensateurs a Condensateurs a courant continu
courant alternatif
Tous les types Non Autorégénérate
autorégénérateur ur
Valeur|efficace de la tension d’essai alternative 1,5 UN - -
Tensign d'essai continue 2,15 6y 2 Uype 1,5 Uybe

Les tgnsions d'essai indiquées dans le Tableat’1 peuvent étre réduites si les condenspteurs
sont Testinés a un usage intermittent (voir>3.27) ou a un service de courte duréle; les
nouvelles valeurs doivent faire I'objet d'un-accord entre le fabricant et I'utilisateur.

NOTE |La fréquence de la tension d’essai alternative doit étre 50 Hz ou 60 Hz.
5.5.2 Essai individuel
Chaqgye condensateur doit étré soumis durant 10 s a I'un des essais de 5.5.1 a la tempdrature

ambiante. Le choix est<laissé au fabricant. Pendant l'essai, aucune perforation et jaucun
contodrnement ne doivent apparaitre.

Les clhquages autorégénérateurs sont admis.

La dunée peutétre réduite a 2 s, a condition que la tension soit augmentée de 10 %.

Dans lexcas d'unités daont tous les éléments sont en Ins!ralll‘:ln’ l'utilisation de (‘mllnn-rircuits

internes est admise, a condition que la capacité reste dans ses tolérances.

NOTE L’essaiindividuel est destiné a étre appliqué une fois. S’il est répété, il doit étre réalisé a 90 % de la valeur
d'origine, sauf accord contraire du fabricant.

5.5.3 Essai de type

Le condensateur doit étre soumis pendant 1 min a I'un des essais de 5.5.1.
Le choix est laissé au fabricant.

Apres I'essai de tension entre bornes, la capacité et tan § doivent étre mesurées.
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5.6
5.6.1

Essai de tension alternative entre les bornes et le boitier

Essai individuel

Les unités, dont toutes les bornes sont isolées du boftier, doivent étre soumises pendant 10 s

aune
Les te

Ut porti

tension appliquée entre les bornes (raccordées entre elles) et le boitier.
nsions d'essai sont les suivantes:

or =2 U;+1000Vou2000YV, lavaleur la plus élevée étant applicable,

ou Ui
La dur
La te
d'isolg
spécif]

Pend4

."bi id tb‘llbiull U”ibuiclllcllt.

ée peut étre réduite a 2 s, a condition que la tension soit augmentée de 10 %-
ment est égale a la tension assignée du condensateur diviséé par 2
cation contraire.

nt I'essai, aucune perforation et aucun contournement ne doivent apparaitre. L

doit él{re effectué méme si, au cours de I'utilisation, une des bornés est destinée a étre

au boi

Les u
étre s

Les ur

NOTE
bornes

NOTE
I'achetd

NOTE J
5.6.2

Les u
confor

bien
de I'eq

ier.

nités n'ayant qu'une seule borne connectée en pérmanence au bofitier ne doive
bumises a cet essai.

ités ayant des boitiers isolés ne doivent pas étre soumises a cet essai.

Si le condensateur (avec un boitier métallique) est équipé d’un détecteur de surpression exte
du détecteur doivent étre raccordées entrel€lles et connectées au boitier.

ur et le fabricant.

Cet essai peut étre réalisé-at.maximum deux fois sur le méme condensateur.
Essai de type

nités, dont toutés-les bornes sont isolées du bofitier, doivent étre soumises a un

sal.

nsion d'isolement du condensateur doit étre spécifiée par l'utilisateur. La te¢nsion

sauf

'essai
reliée

nt pas

ne, les

P L’essai de tension entre le détecteur de surpression et le boitier doit faire I'objet d’'un accond entre

essai

me a 5.6.1,%vec la méme valeur de tension, mais avec une durée de 1 mip. Les
condzgsateurs avec un boftier d’isolation doivent étre enroulés dans une feuille mét
rrée ddrant 'essai. La feuille doit étre connectée a I'une des bornes de I'alimentation

bllique

5.7

Exai du di itif inf e décl

La résistance du dispositif interne de décharge, le cas échéant, doit étre contrélée par une
mesure de résistance ou bien par la mesure du taux d'autodécharge.

L'essai doit étre fait aprés les essais de tension de 5.5.

5.8

Essai d'étanchéité

L’'unité (dans un état non peint) doit étre exposée a un essai qui détectera effectivement toute
fuite du boitier et des bornes. La procédure d’essai est déterminée par le fabricant qui doit
décrire la méthode applicable.

Si aucune procédure n’est précisée par le fabricant, la procédure d’essai suivante doit étre

appliq

uée.
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Des condensateurs unitaires hors tension doivent étre chauffés a une température uniforme
au moins égale a leur température maximale de fonctionnement, augmentée de 5 °C, et
doivent étre maintenus a cette température pendant au moins trois fois la constante

thermi
Aucun

L’origi

que, et pas moins de 2 h.
e fuite ne doit apparaitre. |l est recommandé d'utiliser un indicateur approprié.

ne de la fuite du condensateur doit étre détectable par contrdle visuel.

La position d’essai du condensateur unitaire doit étre définie par accord entre le fabricant et
I'utilisateur, en prenant en compte la position d’utilisation du dispositif.

NOTE
fabricar

5.9

décha
conde

Aprés

La caf

Les uEités doivent étre chargées au moyen d'une source de courant_continu, pui

Si le condensateur ne contient aucun matériau liquide, le choix de réaliser ou non cet essaiest 14
t. L'essai doit étre réalisé par échantillonnage.

Essai de décharge

gées a travers un dispositif de court-circuit situé aussi pres que possil
sateur. Les unités doivent étre soumises a cinq décharges.

cet essai, les unités doivent étre soumises a un essai de_tension entre bornes (vg

acité doit étre mesurée avant I'essai de décharge &t aprés I'essai de tension.

issé au

5 étre
le du

ir 5.5).

Les rg¢sultats de ces deux mesures ne doivent pas faire apparaitre de variation pguvant

indiqu
Pour |
La for
Tan &
Les cd
résistd

1,1 U)

Des tqg

le fabiicant etd'utilisateur.

Toutel

er le claquage d'un élément ou la fusion d'un‘coupe-circuit interne.

bs condensateurs autorégénérateurs, lawvariation de capacité doit étre inférieure 3
mule suivante doit étre controlée:tan 6< 1,2 x tan 5, + 1 x 1074

est la valeur aprés I'essaj, tan ¢, est la valeur avant I'essai.

ndensateurs pour lesquels aucune limite de surintensité n'est spécifiée (condens
nt aux courts-circuits), la tension d'essai pour I'essai de décharge doit étre é
ou 1,1 Uypc-

nsions d'egssai supérieures a 1,1 Uy ou 1,1 Uypc doivent faire I'objet d'un accord

ois,'si une surintensité maximale est spécifiée, le courant de décharge doit étre

1 %.

ateurs
hale a

entre

ajusté

en réq

uisant la tension de charge et/ou en augmentant I'impédance du circuit de déch

hrge a

une valeur de:

NOTE
5.10

5.10.1

Itest = 1'1/5
Garder a I'esprit I'énergie stockée dans le condensateur pendant I'essai de décharge.

Essai de stabilité thermique

Généralités

Cet essai est réalisé sur des condensateurs a courant alternatif et sur des condensateurs a
courant continu; il donne les informations suivantes sur le condensateur soumis a l'essai:

a) il détermine la stabilité thermique du condensateur en conditions de surcharge;
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b) il assure un conditionnement du condensateur qui permet de mesurer les pertes de fagon
reproductible.

5.10.2 Procédure de mesure

Un condensateur unitaire doit étre placé dans une enceinte ou la températu
refroidissement doit étre:

re de

a) pour un refroidissement naturel, supérieure de 5 degrés par rapport a la température

ambiante la plus élevée (6

co

a

nditions de régime établi a P ,;

mb) @ laquelle le condensateur peut fonctionner dans des

b) pour un refroidissement forcé, supérieure de 5 degrés par rapport a la température de
refroidissement a la sortie spécifiée a laquelle le condensateur peut fonctionner danfs des
conditions de régime établi a P, .

Dés

ue toutes les parties du condensateur ont atteint la température”'du flui

refroigissement, le condensateur doit étre soumis pendant une durée d'au_moins 48 h

tensio

La val

h alternative de forme pratiquement sinusoidale.

tout I'¢ssai.

Les ¢

onditions d'alimentation sont celles qui sont indiquées” a la Figure B.1 ave

puissgnce égale a 1,21 P .

Pour |
et les

d'effegtuer I'essai de stabilité thermique avec uhe’/puissance réactive Qg = 1,21 Q[
1,21 (Uy)? / 2 x o C], équivalente a 1,21 P, .

Duran
moins
plus d

I les 6 derniéres heures, la température en partie haute du boftier doit étre mesu

e 1 K.

Si un¢ variation plus grande-‘est observée, l'essai peut étre poursuivi jusqu'a ce q
exigernces ci-dessus soient .satisfaites pendant quatre mesures successives, sur une p

de 6 h.

Avant
en 5.1

La dif

férence~entre ces deux mesures pour des condensateurs non autorégénérateu

étre inférieure a une quantité correspondant soit au claquage d'un élément, soit a la

d'un c

bupe-circuit interne.

jle de
a une

leur de la tension et celle de la fréquence doivent étre maintenties constantes pgndant

C une

bs condensateurs a courant alternatif purs a une seule fréquence, les conditions q'essai
calculs sont déterminés en se basant sur lajpuissance réactive maximale. Il convient

Qtest =

ée au

quatre fois. Pendant cette périade de 6 h, la température ne doit pas augmenjter de

e les
eriode

et aprés l'essaila capacité doit étre mesurée dans la plage des températures données
.2 et les detux-mesures doivent étre corrigées pour la méme température du diélegtrique.

s doit
fusion

Pour les condensateurs autorégénérateurs, la variation de capacité doit étre inférieure a +1 %.

A la fin de cet essai, la mesure de tan ¢ est effectuée (voir 5.4.1).

La formule suivante doit étre controlée: tan §< 1,2 x tan 5, + 1 x 1074

Tan o

NOTE 1

est la valeur aprés I'essai, tan ¢, est la valeur avant I'essai.

Les fluctuations de la tension, de la fréquence et de la température du fluide de refroidissement au cours

de I'essai doivent étre prises en compte pour contréler que les conditions sur la température ou les pertes du
condensateur sont respectées. Pour cette raison, il est conseillé de tracer ces parameétres et la température du
bofitier en fonction du temps.
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