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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization“\comprising
alll national electrotechnical committees (IEC National Committees). The object of IEC is/to prpomote
infernational co-operation on all questions concerning standardization in the electrical and ele¢tronic fielfls. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specificqtions,
Tegchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Pyblication(s)”). Their preparation is entrusted to technical committees; any IEC National COmmittee intefested
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 preparatientIEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with’/conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
copsensus of opinion on the relevant subjects since each technical committee has representation frpm all
inferested IEC National Committees.

3) IEL Publications have the form of recommendations for internatiofal use and are accepted by IEC National
Cgmmittees in that sense. While all reasonable efforts are made to ensure that the technical content ¢f IEC
Pdblications is accurate, IEC cannot be held responsible forythe way in which they are used or fgr any
miginterpretation by any end user.

4) In]order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
trgnsparently to the maximum extent possible in théir“national and regional publications. Any diverngence
beftween any IEC Publication and the corresponding @ational or regional publication shall be clearly indicqted in
the latter.

5) IEL itself does not provide any attestation of.conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, @ecess to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Allusers should ensure that they have“the latest edition of this publication.

7) Ngq liability shall attach to IEC or.ifs,directors, employees, servants or agents including individual experfs and
me¢mbers of its technical committees and IEC National Committees for any personal injury, property damage or
otlher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pdblications.

8) Atfention is drawn t¢ the' Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) Atjention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.

This|rédline version of the official IEC Standard allows the user to identify the chapges

mad O € SARY e ;;‘ . < e o PP A € LRE® C‘ Rere < ol nge

has been mad

e. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 60384-1 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment

This fifth edition cancels and replaces the fourth edition published in 2008 and constitutes a
technical revision, including minor revisions related to tables, figures and references.

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

o INTRODUCTION added;
o 4141 Whisker growth test added;

e Annex Q completely restructured.

The {ext of this standard is based on the following documents:

FDIS Report on voting
40/2420/FDIS 40/2444/RVD

Full information on the voting for the approval of this standard can be found in the repgrt on
voting indicated in the above table.

A lisf of all the parts of the IEC 60384 series, under the general title Fixed capacitors fof use
in elgctronic equipment, can be found on the IEC website.

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

The gommittee has decided that the contenfs of this publication will remain unchanged| until
the gtability date indicated on the IEC .website under "http://webstore.iec.ch” in the|data
reIatId to the specific publication. At thig’date, the publication will be

—

confirmed,

* withdrawn,

g¢placed by a revised edition, or
* amended.

—

IMPOQRTANT - The-“colour inside” logo on the cover page of this publication indigates
that jt contains.colours which are considered to be useful for the correct understanding
of itg contents. Users should therefore print this publication using a colour printer.
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INTRODUCTION

The specification system for fixed capacitors for use in electronic equipment is structured in a
hierarchical system consisting of the following specification types.

Generic specification

The generic specification covers all subjects mainly common to the family of fixed capacitors
for use in electronic equipment, such as terminology, methods of measurement and tests.
Where the individual subjects require the prescription conditions or parameters specific to the
particular subfamily or type of fixed capacitor, such prescriptions are required to be given by

one ¢f the subordinate specifications. A
Y
For the scope of fixed capacitors, the numeric reference to the generic specificatipn is
IEC 60384-1. N
>
Sect|onal specification N
b‘/
Sectional specifications cover all subjects additional to tho iven in the generic
specffication, which are specific to a defined sub-group of fixed acitors. These suhjects

normially are preferred values for dimensions and characteristids, additional test method$ and
relevgnt prescriptions for test methods given in the gener{(zpecification, prescriptions for
sampling and for the preparation of specimen, recomme&ed test severities and prefgrred
acceptance criteria. The sectional specification also oudilines the structure and scope df the
test gchedules which are to be applied in all subordin@ etail specifications.

For the scope of fixed capacitors, the numeric r@nces to the sectional specifications feach
from| IEC 60384-2 for polyester film capacitors to currently IEC 60384-26 for aluminium
electfolytic capacitors with conductive pa@ﬁr solid electrolyte. The variety of secfional
specffications may be adapted to the por@li of different technologies of fixed capacitors|.

¥
xO
Detall specifications give @y, or by making reference to other specificationg, all
information necessary to C@ letely describe a given type and range of fixed capadjtors,
inclufling prescriptions of “all values for dimensions and characteristics. They also giye all
inforfnation required he quality assessment of the covered type and range of |[fixed

caparfitors within a ble quality assessment system, including prescriptions for all applied
test geverities aré‘ eptance criteria, and the completed test schedules.

Detajl specification

Detall specifications can be either specifications within the IEC system, another specifidation

systgm | to IEC, or specified by the manufacturer or user. For the scope of [fixed
capagi the numeric references to detail specifications are for example IEC 60384-3}101,
if rela to the sectional specification IEC 60384-3 and to the ancillary blank detail

specification IEC 60384-3-1.
Blank detail specification

The hierarchical system of specifications is supplemented by one or more blank detail
specifications to a sectional specification, which are used to ensure a uniform presentation of
detail specifications. The blank detail specifications provide the specification writer with a
template on the layout to be adopted and on the information to be given and with guidance for
the preparation of detail specifications in line with the requirements of the superior generic or
sectional specifications. Blank detail specifications are not considered as relevant
specifications since they do not themselves describe any particular component.
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The presence of an established hierarchical specification system with blank detail
specifications permits the preparation of detail specifications even outside of the relevant IEC
technical committee.

For the scope of fixed capacitors, the numeric references to blank detail specifications are, for
example, IEC 60384-3-1, if related to the sectional specification IEC 60384-3.

Relevant specification

In this system the term “relevant specification” addresses subordinate specifications

containing-specificreguirements—where-apnlicable
9 T or -1 7 Lifg -

Any |generic or sectional specification may use abstract and universal refepericgs to
subofdinate specifications of either hierarchical level by use of the expressien* “rel¢vant
specfification”.

Generic
specification
Sectional Sectional Sectional B
specification specification specification
Blank detail
T M L 4
specification
Detail Detail
A A 2
specification specification J
IEC

1 Indlicates the range of {Relevant specifications” to the superior generic specification, where applicable.

2 Indicates the range of JRelevant specifications” to the superior sectional specification, where applicable.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General

1.1 Scope

This [part of IEC 60384 is a generic specification and is applicable to fixed capacitors™fof use
in elgctronic equipment.

It esfablishes standard terms, inspection procedures and methods of test for(use in secfional
and [detail specifications of electronic components for quality assessment or any pther
purppse.

1.2 Normative references

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

IEC 60027 (all parts), Letter symbols to be used in-electrical technology

IEC 60050 (all parts), International Electrotechnical Vocabulary-(EV)1

IEC 60062, Marking codes for resistors @hd capacitors

IEC 60063, Preferred number seriés-for resistors and capacitors

IEC $0068-1:4988 2013, Environmental testing — Part 1: General and guidance
IEC 60068-2-1:2007, Environmental testing — Part 2-1: Tests — Tests A: Cold
IEC $0068-2-2:2007, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

IEC $0068-2:6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinusoldal)

IEC @0068—2-13:1983, Environmental testing — Part 2-13: Tests — Test M: Low air pressune

IEC 60068-2-14:4984 2009, Environmental testing — Part 2-14: Tests — Test N: Change of
temperature

IEC 60068-2-17:1994, Environmental testing — Part 2-17: Tests — Test Q: Sealing

IEC 60068-2-20:4979 2008, Environmental testing — Part 2-20: Tests — Test T:-Seldering Test
methods for solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

1 www.electropedia.org
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IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance:
Shock

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic
(12 h + 12 h cycle)

IEC 60068-2-45:1980, Environmental testing — Part 2-45: Tests — Test XA and guidance:

Immr\rnlnn inclaanina anlhi/anfc
T Creaig—Soerverts

IEC $0068-2-45:1980/AMD1:1993

IEC 60068-2-54:2006, Environmental testing — Part 2-54: Tests — Test Ta:(:Soldergbility
testing of electronic components by the wetting balance method

IEC $0068-2-58:2004 2015, Environmental testing — Part 2-58: Tests — Test Td: Test methods
for splderability, resistance to dissolution of metallization and to soldering heat of suyface
mounting devices (SMD)

IEC $0068-2-67:1995, Environmental testing — Part 2-67: Tests\=) Test Cy: Damp heat, sleady
state| accelerated test primarily intended for components

IEC 60068-2-69:2007, Environmental testing — Part-2-69: Tests — Test Te: Soldergbility
testing of electronic components for surface mounting-devices (SMD) by the wetting balance
methpd

IEC $0068-2-78:2004 2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat,
steadly state

IEC 60068-2-82:2007, Environmental{ésting — Part 2-82: Tests — Test XW1: Whiskef test
methjods for electronic and electricceomponents

IEC 60294, Measurement ofthe dimensions of a cylindrical component-having—twe with|axial
terminations

IEC-4

IEC 60617, Graphical symbols for diagrams

methpd ~Apparatus, confirmatory test arrangement and guidance

IEC T;}0695-11-5:2004, Fire hazard testing — Part 11-5: Test flames — Needle-flame| test

IEC 60717, Method for the determination of the space required by capacitors and resistors
with unidirectional terminations

IEC 61193-2, Quality assessment systems — Part 2: Selection and use of sampling plans for
inspection of electronic components and-packaging packages 2

IEC 61249-2-7:2002, Materials for printed boards and other interconnecting structures —
Part 2-7: Reinforced base materials clad and unclad — Epoxide woven E-glass laminated
sheet of defined flammability (vertical burning test), copper-clad
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ISO 80000-1, Quantities and units — Part 1: General

2 Technical data

2.1 Symbols, units and abbreviated terms
211 General

Unitg, graphical symbols and letter symbols should, whenever possible; be taken from the
following publications:

EC 60027 (series);
EC 60050 (series);
EC 60617;

$0-140006 80000-1.

When further items are required, they should be «derived in accordance with the principles of
the plublications listed above.

2.1.2 Letter symbols

CN Nominal capacitance

DA Dielectric Absorption
du/dq Pulse handling capabitity
fr Self-resonat frequency
Ieak | leakagecurrent

kg MaXimum permissible pulse characteristics

R\ys Insulation resistance
Ty Lower category temperature

tan ¢ Tangent of loss angle

Tg Upper category temperature
Te Category temperature
T Operating temperature
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Rated temperature

Category voltage

Operating voltage

Rated voltage

Surge voltage
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213
CA

CB

cQcC

DMR]

ESR

IPA

PCP

QA

SMD

TA

TADI

2.2

Impedance
Temperature coefficient of capacitance
= Cy x R|nyg Time constant

Abbreviations

Capability Approval

Certification Body

Capability Qualifying Components
Designated Management Representative
Equivalent Series Resistance

Isopropyl alcohol

Process Control Plan

Qualifying Approval

Surface MoungRevice
Technology~Approval

Technology Approval Declaration Document

Terms and definitions

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

NOTE

2.21

They have been listed in alphabetical order.

a.c. capacitor
capacitor designed essentially for application with alternating voltages

2.2.2

bipolar capacitor
<electrolytic capacitor> capacitor designed to withstand an alternating voltage and/or reversal
of the applied direct voltage
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2.2.3
category of passive flammability

category—ef-passive—flammabilityis—given—by indicating the maximum burning time after a |

specified time of flame application

2.2.4
category temperature range
ambient temperature range for which the capacitor has been designed to operate continuously

Note 1 to entry: this-is—given The temperature range is limited by the lower and upper category temperature (see
2.2.10 and 2.2.41).

2.2.5L

category voltage
Uc
maximum voltage that-may can be applied continuously to a capacitor at its-upper category
temprature (2.2.41) ’

2.2.6
d.c. ¢capacitor
capagitor designed essentially for application with direct voltage

Note [l to entry: It may not be suitable for use on a.c. supplies.

2.2.7
family
<elegtronic components> group of components which predominantly displays a particular
phys|cal attribute and/or fulfils a defined function

2.2.8
gradp
term [to indicate an additional general characteristic concerning the intended application gf the
component

2.2.9
insulated capacitor
capagitor in which all terminations of a section may be raised to a potential different (byt not
less than the rated voltage) from that of any conducting surface with which the case is liable
to come into contact in mormal use

2.2.10
lower category.temperature
minimum ambient temperature for which a capacitor has been designed to opgrate
contipuously

2.217
maximum storage temperature

maximum ambient temperature which the capacitor withstands in the non-operating condition
without damage

2.2.12
maximum temperature of a capacitor
temperature at the hottest point of its external surface

Note 1 to entry: The terminations are considered to be part of the external surface.

2.213

minimum storage temperature

minimum ambient temperature which the capacitor withstands in the non-operating condition
without damage
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2.2.14
minimum temperature of a capacitor
temperature at the coldest point of the external surface

Note 1

2.2.1
nomi
Cn

to entry: The terminations are considered to be part of the external surface.

5
nal capacitance

designated capacitance value, usually indicated on the capacitor

2.2,

abilit
sourq

2.21
pola
<eleq
acco

2.21

pulse capacitor

capa

Note

2.21

pulse equivalent circuit of a capacitor

&
passiive flammability

y of a capacitor to burn with a flame as a consequence of the application of an-éxternal
e of heat

7
r capacitor
trolytic capacitor> capacitor intended for use with a unidirectional voltage connécted
rding to the polarity indication

8
citor for use with pulses of current or voltage

to entry: The definitions of IEC 60469-1-anrdtEC60469<2 apply.

9

equiyalent circuit consisting of an ideal capacitor in series with its residual inductance anfd the

equiyalent series resistance (ESR)

Note 1 to entry: For pulse operation the equivalent series resistance will be similar to, but not identical with, the

ESR measured with a sinusoidal voltagée."\The pulse ESR-sheouldtake—into—account depends on the selfies of

harmgnics in the pulse and the variation of the losses with frequency.

2.2.

rated a.c. load

maximum sinusoidal aje:'load which may be applied continuously to the terminations|of a

capagitor at any temperature between the lower category temperature (2.2.10) and the rated

tempgrature (2.2.24)

2.2.201

rated pulse-load

maximum-pulse load which may be applied at a certain pulse repetition frequency t¢ the

terminations of a capacitor at any temperature between the lower category temperpture

(2.2.10) and the rated temperature (2.2.24)—it-may-be-expressed-as-ajand-b)and-anyofthe
L :

a)y—peak-eurrentperpF-or-dufdtHus);

b) lati . ¢ ! di iods:

c)—current:

d)—peak voltage:

e)—peak-reverse-voltage;

H—pulse-repetition-frequeney{see-note-1);
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2.2.22

rated ripple current
r.m.s. value of the maximum allowable alternating current of a specified frequency, at which
the capacitor-may can be operated continuously at a specified temperature

Note 1 _to entry: As the ripple current will generate a ripple voltage across the capacitor. the sum of the direct
voltage and the peak value of the alternating voltage applied to the capacitor should not exceed the rated, vpltage
or temperature derated voltage, as applicable.

2.2.23
rated ripple voltage
r.m.s. value of the maximum allowable alternating voltage at a specified freqency
supefimposed on the d.c. voltage at which the capacitor may be operated _continuously| at a
specffied temperature

Note 1 to entry: The sum of the direct voltage and the peak value of the alternating voltage applied fo the
capac]tor should not exceed the rated voltage or temperature derated voltage,as ‘applicable.

2.2.24
rateq temperature
maximum ambient temperature at which the rated voltage may be continuously applied

2.2.25
rated voltage
Ur

2.2.25.1

rated d.c. voltage
maximum d.c. voltage which may-be applied continuously to a capacitor at the frated
tempgrature (2.2.24)

Note 1 to entry: The maximum-d.c. voltage is the sum of the d.c. voltage and peak a.c. voltage or peak|pulse
voltage applied to the capacitor:

2.2.25.2

rated a.c. voltage
maximum r.m.s)alternating voltage which may be applied continuously to a capacitor gt the
rated temperature (2.2.24) and at a given frequency

2.2.253
rateﬂfp.u.lseialtagn
peak value of the pulse voltage within a given pulse wave form which may be applied
continuously to a capacitor at the rated temperature (2.2.24)

2.2.26
reverse voltage
<polar capacitor> voltage applied to the capacitor terminations in the reverse polarity direction

Note 1 to entry: Reverse voltage applies to polar capacitors only.

2.2.27

self-healing

process by which the electrical properties of the capacitor, after a local breakdown of the
dielectric, are rapidly and essentially restored to the values before the breakdown
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2.2.28

style

subdivision of a type (2.2.39), generally based on dimensional factors, which may include
several variants, generally of a mechanical order

2.2.29

subfamily

<electronic components> group of components within a family (2.2.7) manufactured by similar
technological methods

2.2.30

surface mount capacitor L
fixed| capacitor whose small dimensions and nature or shape of terminations make_it_suitable
for uge in hybrid circuits and on printed boards

surge voltage ratio
quotient of the maximum instantaneous voltage which-may can be applied to the terminations

¢ ange
, as

tanggnt of loss angle

powqr loss of the capacitor divided by the reactive power of the capacitor at a sinudoidal
voltape at a specified frequency

2.2.33
tempgerature characteristics of capacitance
maximum variation of capacitanece’/produced over a given temperature range within the
category temperature range-—neormaly-expressed-as—a-percentageof the capacitance reflated
te—eoteronectomporature ol L0 20 (2.2 4)

Note 1 to entry: The term.characterizing this property applies mainly to capacitors of which the variatipns of
capac]tance as a function gf'temperature, linear or non-linear, cannot be expressed with precision and certainty.

Note 2 to entry: Thig CHaracteristic is normally expressed as a percentage of the capacitance related to a
referepce temperatufeof 20 °C.

2.2.34

temperature coefficient of capacitance

a

rate lot—change—of capacitance—with temperature measured over—a—specified—rande of
temperature

Note 1 to entry: The term characterizing this property applies to capacitors of which the variations of capacitance
as a function of temperature are linear or approximately linear and can be expressed with a certain precision.

Note 2 to entry: This coefficient is normally expressed in parts per million per Kelvin (1078/K).

2.2.35

temperature cyclic drift of capacitance

maximum irreversible variation of capacitance observed at room temperature during or after
the completion of a number of specified temperature cycles

Note 1 to entry: The term characterizing this property applies to capacitors of which the variations of capacitance
as a function of temperature are linear or approximately linear and can be expressed with a certain precision.
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Note 2 to entry:

tempe#atu%e—eyele—and—the—numbe#e#weles—shewd—be—s%a%ed— ThIS drlft is normally expressed as a percentage of

the ca

223

pacitance related to a reference temperature, usually 20 °C.

6

temperature derated voltage

maximum voltage that may be applied continuously to a capacitor, when it is at
temperature between the rated temperature (2.2.24) and the upper category temperature
(2.2.41)

Note 1 to entry: Refer to 2.3.6.

any

2.2,

temperature rise
tempgrature rise of the capacitor relative to the ambient temperature resulting from¢he Iq

in th

2.2.38

time
T

capacitor due to operation under a.c., pulse or charge/discharge conditions

constant

prodlict of the insulation resistance and the capacitance;

SSes

Note 1 to entry: The time constant is normally expressed in seconds.

2.2.39

type

group of components having similar design featuresyand manufacturing techniques, engbling
them| to be considered together, either for qualification approval or for quality conformance
inspgction

Note {1 to entry: These components are generally covered by a single detail specification.

Note 2 to entry: Components described in sevieral detail specifications, may, in some cases, be considefed as
belonging to the same type.

2.2.4t)

uningulated capacitor

capagitor in which one or more' of the terminations of a section cannot be raised to a pot¢ntial
diffelent (but not less than the rated voltage) from that of any conducting surface with which
the cpse is liable to come:into contact in normal use

2.2.41

uppdr category.temperature

maximum afmbient temperature for which a capacitor has been designed to opgrate

conti

huously

2.2.42
visible damage

visibl

2.3
2.31

e damage which reduces the usability of the capacitor for its intended purpose

Preferred values and additional technical requirements

General

Each sectional specification shall prescribe the preferred values appropriate to the subfamily;
for nominal capacitance, see also 2.3.2.
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2.3.2 Preferred values of nominal capacitance

The preferred values of nominal capacitance shall be taken from the series specified in
IEC 60063.

2.3.3 Preferred values of rated voltage

The preferred values of the rated voltage are the values of the R10 series of ISO 3: 1,0 — 1,25
-16-2,0-2,5-3,15-4,0-5,0-6,3 — 8,0 and their decimal multiples (x 10%, n: integer).

2.3.4 Rated a.c. load

The tated a.c. load may be expressed:

a) af low frequencies as a rated a.c. voltage;
b) at high frequencies as a rated a.c. current;
c) afintermediate frequencies as a rated reactive power (var).

This Js shown in Figure 1.

NoTEH+ For a particular type of capacitor, it may be necessary to ‘'specify one or more df the
abovg characteristics.

NOTEl2 Capacitors within the scope of this standard are_normally less than 500 var at 50 Hz to
60 He. Low frequencies may be 50 Hz to 60 Hz, 100H2 to 120 Hz, or 400 Hz. Voltages| may
be UE to 600 V r.m.s. at 50 Hz to 60 Hz. Howeyer, capacitors for filters, transmitter or

converter circuits may be required to operate under power over a wide range of frequepcies
and dp to 10 kvar at the higher frequencies with*voltages up to 1 000 V r.m.s.
A

Reactive power
limited

Voltage limited Current limited

Reactive power

-
—

Frequency

Figure t—Reactive power against frequency

2.3.5 Rated pulse load
The rated pulse load may be expressed as a) and b) and any of the remaining items:

a) peak current per uF or du/dt (V/us);

b) relative duration of charge and discharge periods;
c) current;

d) peak voltage;

e) peak reverse voltage;

f) pulse repetition frequency;
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g) maximum active power.

These parameters are fixed for periodic pulses.

In the case of intermittent pulses, the duty cycle should be specified. In the case of random
pulses, the total number expected over a given time period should be stated.

The r.m.s. pulse current should be calculated in accordance with IEC 60469:2013, 3.2.17.5. In
the case of intermittent or random pulses, the time interval should be chosen to correspond to
the maximum temperature rise.

2.3.6 Temperature derated voltage

NoTE| Information on the voltage/temperature dependence at temperatures between the fated
temperature and the upper category temperature should, if applicable, be given,inithe relg¢vant
specffication (see Figure 2).

A

(0]

()]

8

©°

>

URr Temperature

/derated voltage

Ugt-— -

-

Tr Tc  Temperature

IEC

Key
Ug is the rated voltage
Ug is the categoryroltage
T is the ratedhtemperature
Te is the _Category temperature
Figure 2 — Relation between category temperature range and applied voltage
2.4 Marking

2.4.1 General

The sectional specification shall indicate the identification criteria and other information to be
shown on the capacitor and/or packaging.

The order of priority for marking small capacitors shall be specified.

2.4.2 Coding

When coding is used for capacitance value, tolerance or date of manufacture, the method
shall be selected from those given in IEC 60062.
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3 Quality assessment procedures

Clausee3wl.2 ClauseQ. 1.2
See Annex Q.
4 Tests and measurement procedures
General information on test and measurement procedures Subclapse
General 4.1
Standard atmospheric conditions 4.2
Prying 4.3
Storage 4.25
Mounting (for surface mount capacitors only) 4.33
Eleptrical tests and measurements
nsulation resistance 4.5
Voltage proof 4.6
Capacitance 4.7
Tangent of loss angle and equivalent seri€s resistance (ESR) 4.8
| eakage current 4.9
mpedance 4.10
Self-resonant frequency and indugtance 4.11
Variation of capacitance with temperature 4.24
Surge 4.26
High surge current test 4.39
Charge and discharge tests and inrush current test 4.27
Dielectric absorption 4.36
Moltage transientoverload (for aluminium electrolytic capacitors with non- 4.40
solid electrolyite)
Mec¢hanical tests and measurements
Visual examination and check of dimensions 4.4
Dutér foil termination 412
Robustness of terminations 413
Vibration 4.17
Bump (repetitive shock) 4.18
Shock 4.19
Container sealing 4.20
Shear test 4.34
Substrate bending test 4.35
Environmental and climatic tests
Rapid change of temperature 4.16
Climatic sequence 4.21
Damp heat, steady state 4.22
Endurance 4.23
Characteristics at high and low temperature 4.29

Thermal stability test 4.30
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Damp heat, steady state—{for—multilayer—ceramic—capacitors—only), 4.37

accelerated

Tests related to component assembly

Resistance to soldering heat 4.14
Solderability 4.15
Component solvent resistance 4.31
Solvent resistance of marking 4.32
Whisker growth test 4.41
Test related to safety
Pressure relief (for aluminium electrolytic capacitors) 4.28
Passive flammability 4.38
4.1 | General
The |sectional and/or blank detail specification shall indicate the tests to be“made, which

mea

sequence in which they shall be made. The stages of each test shall be carried out i
ordef written. The measuring conditions shall be the same for initial and ffinal measureme

If national specifications within any quality assessment system include methods other

thos

¢ specified in the above specifications, they shall be fully described.

Limits given in all specifications are absolute limits. The principle to take measure

unceftainty into account shall be applied{seelEC-QC-004002-3-Annex-C-to-Clause-2).

4.2

Standard atmospheric conditions

4.2.1 Standard atmospheric conditions for testing

Unless otherwise specified, all tests and_measurements shall be carried out under star
atmogspheric conditions for testing as given in IEC 60068-1:2013, 4.3:

— tgmperature: 15 °C.to 35 °C;
— re¢lative humidity: 25% to 75 %;
— aj|r pressure: 86(kPRa to 106 kPa.

Before the measurements are made, the capacitor shall be stored at the meas
tempgrature for a time_sufficient to allow the entire capacitor to reach this temperature
period as prescribed-for recovery at the end of a test is normally sufficient for this purpos

When measurements are made at a temperature other than the specified temperature

resu

temperature during the measurements shall be stated in the test report. In the event

disp
in4.

qurements are to be made before and after each test or subgroup ©f-tests, and the

h the
nts.

than

ment

dard

uring
The

1%

, the
bient
of a

iF shally "where necessary, be corrected to the specified temperature. The am

te,\the measurements shall be repeated using one of the referee temperatures (as

jiven

2.3) and such other conditions as are prescribed in this standard.

When tests are conducted in a sequence, the final measurements of one test may be taken as

the i

nitial measurements for the succeeding test.

During measurements the capacitor shall not be exposed to draughts, direct sunlight or other

influ

ences likely to cause error.

4.2.2 Recovery conditions

Unless otherwise specified recovery shall take place under the standard atmospheric
conditions for testing (4.2.1).
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If recovery under closely controlled conditions is necessary, the controlled recovery conditions
’ of IEC 60068-1:2013, 4.4.2, shall be used.

Unless otherwise specified in the relevant specification, a duration of 1 h to 2 h shall be used.

| The definition of recovery is as given in IEC 60068-1:2013, 3.4, being further restricted for
capacitors as follows:

When a recovery period is specified as, for example, 1 h to 2 h, this means that measurement
(or other subsequent action) on a batch of capacitors may start after 1 h and shall be

Comrlnfnr] hefore 2 h from the heainnina of the recovervyneriod
J J J *

The preferred method of specifying a recovery period is in the form "x h to y h".

4.2.3 Referee conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken|from
IEC $0068-1:2013, 4.2, as given in Table 1 below, shall be selected.

Table 1 — Referee conditions

Temperature Relative Air' pressure
humidity
°C % kPa
20+ 1 63 to®7 86 to 106
23+ 1 48.t0~52 86 to 106
25+ 1 48 to 52 86 to 106
27 + 1 63 to 67 86 to 106

4.2.4 Reference conditions

For |reference purposes, the “standard atmospheric conditions for reference givgn in
IEC $0068-1:2013, 4.1, apply:

— tgmperature: 2Q.°C;
— ajr pressure: 101,3kPa.
4.3 | Drying

Unless otherwise specified in the relevant specification, the capacitor shall be conditiongdd for
96 h|+ 4 (h by heating in a circulating air oven at a temperature of 55 °C + 2 °C and a relative
humifity not exceeding 20 %.

The capacitor shall then be allowed to cool in a desiccator using a suitable desiccant, such as
activated alumina or silica gel, and shall be kept therein from the time of removal from the
oven to the beginning of the specified tests.

4.4 Visual examination and check of dimensions
441 Visual examination

The condition, workmanship and finish shall be satisfactory, as checked by visual examination
(see 2.2.42).

Marking shall be legible, as checked by visual examination and shall conform with the
requirements of the detail specification.
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4.4.2 Dimensions (gauging)

The dimensions indicated in the detail specification as being suitable for gauging shall be
checked, and shall comply with the values prescribed in the detail specification.

When applicable, measurements shall be made in accordance with IEC 60294 or IEC 60717.

4.4.3 Dimensions (detail)

All dimensions prescribed in the detail specification shall be checked and shall comply with
the values prescribed.

4.5 Insulation resistance
451 Preconditioning

Before this measurement is made, the capacitors shall be fully discharged.

4.5.2 Measuring conditions

Unle$s otherwise specified in the relevant specification, the insulation resistance shgll be
meagured at the voltage specified in Table 2.

The insulation resistance shall be measured after the voltage has been applied for 60 s + 5 s,
unlegs otherwise prescribed in the detail specification.

Table 2 — Measurement of-insulation resistance

Voltage rating of Measuring voltage
capacitor
\Y \
Ugor U, <10 UgorU,+ 10 %
10 < Ug or U400 10 £ 12
100 < Ugx(onyt, <500 100 + 15
500\ Ug or U, 500 £ 50
a8~ When it can be demonstrated that the voltage has no influence on
the measuring result, or that a known relationship exists,
measurements can be performed at voltages up to the rated or
category voltage. In case of dispute, 10 V shall be used, unless
otherwise specified in the sectional specification.

Ur ig the’'rated voltage for use in defining the measuring voltage to be used under standard
atmospheric conditions for testing.

Uc is the category voltage for use in defining the measuring voltage to be used at the upper
category temperature.

4.5.3 Test points

The insulation resistance shall be measured between the measuring points defined in Table 3,
specified in the relevant specification.

Test A, between terminations, applies to all capacitors, whether insulated or not.

Test B, internal insulation, applies to insulated capacitors in uninsulated metal cases and to
insulated and uninsulated multiple section capacitors.
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Test C, external insulation, applies to insulated capacitors in non-metallic cases or in
insulated metal cases. For this test, the measuring voltage shall be applied using one of the
three following methods as specified in the relevant specification:

4.5.4 Test methods
4.5.4.1 Foil method

A metal foil shall be closely wrapped around the body of the capacitor.

For capacitors with axial terminations this foil shall extend beyond each end by not less than
5 mnf, provided that a minimum distance of T mm can be maintained between the Toil and the
terminations. If this minimum distance cannot be maintained, the extension of the foil shall be
redu¢ed by as much as is necessary to establish the distance of 1 mm.

For fapacitors with unidirectional terminations, a minimum distance of (lymm sha|l be
mainfained between the edge of the foil and each termination.

4.5.42 Method for capacitors with mounting devices

The ¢apacitor shall be mounted in its normal manner on a metal plate, which extends at|least
12,7 )Imm in all directions beyond the mounting face of the capacitor.

4.5.4.3 V-block method

The gapacitor shall be clamped in the trough of a 90S/metallic V-block of such size thdt the
capagitor body does not extend beyond the extremities of the block.

The plamping force shall be such as to guarantee adequate contact between the capacitor
and the block.

The ¢apacitor shall be positioned in accordance with the following:

a) fgqr cylindrical capacitors: the “capacitor shall be positioned in the block so tha} the
termination furthest from thie‘axis of the capacitor is nearest to one of the faces df the
block;

b) fqr rectangular capagitors: the capacitor shall be positioned in the block so thaf the
tgrmination nearest'the edge of the capacitor is nearest to one of the faces of the blogk.

For [cylindrical and™ rectangular capacitors having axial terminations any out-of-cgntre
positloning of theterminations at their emergence from the capacitor body shall be ignoreld.

4.5.5 Femperature compensation

When prescribed in the detail specification. the temperature at which the measuremdnt is
made shall be noted. If this temperature differs from 20 °C, a correction shall be made to the
measured value by multiplying the value by the appropriate correction factor prescribed in the
sectional specification.

4.5.6 Conditions to be prescribed in the relevant specification

The relevant specification shall prescribe:

a) the measuring points and the measuring voltage corresponding to each of these test
points;

b) the method of applying the voltage (one of the methods described in 4.5.4);

c) time of electrification if other than 1 min;

d) any special precautions to be taken during measurements;
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e) any correction factors required for measurement over the range of temperatures covered
by the standard atmospheric conditions for testing;

f) the temperature of measurement if other than the standard atmospheric conditions for
testing;

g) the minimum value of insulation resistance for the various measuring points (see Table 3).

Table 3 — Measuring points

1: Single-section

2: Multiple-section

3: Multiple-section

and multiple-
section capacitors
in uninsulated
metal cases (1b,
2b, 3b)

minations con-
nectedvtogether
and the case

{{1 to 2)- case]

terminations con-
nected together and
the case

[(1 to 4)- case]

terminations ¢
nected togethe
the case

[(1 to 6)- case]

capacitors capacitors having capacitors having
Test Applicable to: ::ommon no common
ermination for all | termination, |
sections
e.gd. e.d. e.d.
10 10—{—02
10—{—o02
20— 4 30—104
30—
5O_| Hoe
A. Bétween All capacitors 1a: Between 2a: Between each of | 3a: Between tgdrmi-
term{nations® terminations the'terminations and | nations of eacl
the common termin- | section
(1-2) ation
(1-4, 2-4, 3-4) (1-2, 3-4, 5-6)
B. Infernal insulation Insulated single- 1b: Between'ter- 2b: Between all 3b: Between all

n_
r and

Insulated and
uninsulated
multiple-seCtion
capacitors.(2c and
3c)

2c: Between the
non-common
termination of each
section and all the
other terminations
connected together

e.g. [2-(1, 3, 4)]

3c: Between th
terminations of
separate secti
the two termin
ations of each
section being

connected toge

e.g.[(1 to 2)-(3

[

ther
to 6)]

ternal insulation

Insulated capaci-
tors in non-metallic
cases orin
insulated metal
cases

1c: Between the
two terminations
connected to-
gether and, as
appropriate, the
metal foil, the
metal plate or the

2d:

[(1 to 4)-metal jig]

3d:

[(1 to 6)-metal |

gl

metal V-block

[(1 to 2)-metal jig

Between all terminatio

ns connected

together and, as appropriate: the metal foil,

the metal plate or the

metal V-block

a8 Where a capacitor has more than two terminations, the measuring points are the two terminations which are
insulated from one another by the capacitor’s element dielectric. For example, for a coaxial lead-through
capacitor, the measuring points should be one of the terminations connected to the central conductor and the
coaxial metal case or mounting face.
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Voltage proof

General

2016

The test prescribed below is a d.c. test. When-therelevant-specification—preseribes an a.c.

test is applied, the test circuit shall be prescribed-by-that in the relevant specification.

4.6.2

Test circuit (for the test between terminations)

The test circuit elements shall be selected in such a way as to ensure that the conditions
relating to the charging and discharging currents and the time constant for charging,

presr\rihnrl inthe relevant snecification are maintained
1 T g

Figune 3 specifies the characteristics of a suitable test circuit.

The

The

The

esistance of the voltmeter shall be not less than 10 000 Q/V.
esistor R4 includes the internal resistance of the voltage source.

resistors R, and R, shall have a value sufficient to limit the\charging and discha

currgnt to the value prescribed in the relevant specification.

The
capa

If ap
pres(

capacitance of capacitor C; shall be not less than*10 times the capacitance o
Citor under test.

plicable, the time constant Ry x (Cyx + C4).shall be less than, or equal to, the
ribed in the relevant specification.

&

R4 U Rp
I

rging

f the

alue

IEC

Figure 3 — Voltage-proof test circuit

NOoTE The capacitor C; may be omitted for the testing of certain types of capacitors. This
should be stated in the sectional specification.
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4.6.3 Test
4.6.3.1 General

Depending on the case, the test comprises one or more parts in accordance with Table 3 and
the requirements of the relevant specification.

Repeated application of the voltage proof test may cause permanent damage to the capacitor
and should be avoided as far as possible.

4.6.3.2 Test A — Between terminations

4.6.3.2.1 Test points

The {est voltage is applied to 1a, 2a, 3a of Table 3 in accordance with the requirements ¢f the
relevant specification.

4.6.3.2.2 Procedure

With [the switch in position 2, connect the two terminals in Figure 3 to)a-variable d.c. supply of
suffigient power adjusted to the required test voltage.

Connect the capacitor to be tested (Cx) to the test circuit as indicated in Figure 3.
Movg the switch to position 1 so as to charge capacitors,C, and Cy via R;.

The pwitch remains in this position for the time\specified after the test voltage has peen
reached.

Discharge the capacitors C4 and Cy through\R, by moving the switch to position 2. As so¢n as
the Voltmeter reading has fallen to zero;~short-circuit the capacitors by moving the switch to
positlon 3 and disconnect the capacito"Cy.

4.6.3.3 Test B — Internal insulation
4.6.3.3.1 Test points

The [test voltage is applied to 1b, 2b, 2¢, 3b, 3c of Table 3 in accordance with the
requifements of the relevant specification.

4.6.3.3.2 Procedure

The gpecified test voltage is applied instantaneously via the internal resistance of the power
supply for_the time specified in the relevant specification. For point 2c use the test circuif and
the procedure indicated for the test between terminations (4.6.2 and 4.6.3.2).

4.6.3.4 Test C — External insulation (applicable only to insulated capacitors in a non-
metallic case or in an insulated metal case)

4.6.3.4.1 Test points

The test voltage is applied to 1c, 2d or 3d, using one of the three following methods for the
application of the voltage in accordance with the requirements of the relevant specification.

4.6.3.4.2 Foil method

A metal foil shall be closely wrapped around the body of the capacitor.
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For capacitors with axial terminations this foil shall extend beyond each end by not less than
5 mm, provided that a minimum distance of 1 mm/kV can be maintained between the foil and
the terminations. If this minimum cannot be maintained, the extension of the foil shall be
reduced by as much as is necessary to establish the distance of 1 mm/kV of test voltage.

For capacitors with unidirectional terminations, a minimum distance of 1 mm/kV shall be
maintained between the edge of the foil and each termination.

In no case shall the distance between the foil and the terminations be less than 1 mm.

4.6.3.43—Method forcapacitors with-mounting devices

The gapacitor shall be mounted in its normal manner on a metal plate which extends, by not
less than 12,7 mm in all directions beyond the mounting face of the capacitor.

4.6.3.4.4 V-block method

The ¢apacitor shall be clamped in the trough of a 90° metallic V-block ofsuch a size that the
capagitor body does not extend beyond the extremities of the block.

The plamping force shall be such as to guarantee adequate gcontact between the capacitor
and the block.

The ¢apacitor shall be positioned as follows:

a) fqr cylindrical capacitors: the capacitor shall be{ositioned in the block so that the tefmin-
afion furthest from the axis of the capacitor is nearest to one of the faces of the block;

b) fqr rectangular capacitors: the capacitorshall be positioned in the block so thaft the
tgrmination nearest the edge of the capacitor is nearest to one of the faces of the blogk.

For [cylindrical and rectangular capagcitors having axial terminations any out-of-cgntre
positloning of the termination at its emergence from the capacitor body shall be ignored.

4.6.3.4.5 Procedure

The ppecified test voltage is‘applied instantaneously through the internal resistance df the
powdr source for the timé.specified in the relevant specification.

4.6.4 Requirements

For gach of the‘specified test points there shall be no sign of breakdown or flashover during
the test period.

4.6.5 Conditions to be prescribed in the relevant specification

The relevant specification shall prescribe:

a) the test points (see Table 3) and the test voltage corresponding to each of these points;

b) for the external insulation test (test C), the method of applying the test voltage (one of the
methods described in 4.6.3.4);

c) the time for which the voltage is applied;
d) the maximum charging and discharging currents;

e) when applicable, the maximum value of the time constant for charging (R4 x (C4 + Cx)).


https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

IEC 60384-1:2016 RLV © IEC 2016 - 33 -

4.7 Capacitance
4.7.1 Measuring frequency and measuring voltage

The capacitance shall be measured at one of the following frequencies, unless otherwise
prescribed in the relevant specification:

— electrolytic capacitors: 100 Hz to 120 Hz
— other capacitors: € Cy<1nF: 100 kHz, 1 MHz or 10 MHz
(1 MHz shall be reference)
1nF<€p Cy<10 uF: 1 kHz or 10 kHz
(1 kHz shall be reference)
€g Cy > 10 uF: 50 Hz (60 Hz) or 100 Hz (120 Hz)

The folerance on all frequencies for measuring purposes shall not exceed +20_%:

The measuring voltage shall not exceed 3 % of Ug or 5V, whichever is the smaller, upless
otherlwise prescribed in the relevant specification.

4.7.2 Measuring equipment
The accuracy of the measuring equipment shall be such that.the error does not exceed:

a) fgr absolute capacitance measurements: 10 % of the capacitance tolerance or| 2 %
apsolute, whichever is the smaller;

b) fgr measurement of variation of capacitance: . 108.% of the specified maximum change of
Apacitance.

(¢}

In ngither case a) nor case b) need thesaccuracy be better than the minimum absllute
meagurement error (for example 0,5 pF) prescribed in the relevant specification.

4.7.3 Conditions to be prescribed‘in the relevant specification
The ftelevant specification shall ptescribe:

a) the measurement temperature if other than the standard atmospheric conditions for testing;

b) the frequencies forimeasurement and the capacitance range over which they apply, if
d|fferent from thpse-specified in 4.7.1;

(@]
~
—

he absolute measurement error, when applicable (for example 0,5 pF);

d) measuring~voltage if different from the one specified in 4.7.1;

D
-~
—

he applied polarizing voltage, when applicable.

4.8

4.8.1 Tangent of loss angle
4.8.1.1 Measuring frequency
The tangent of loss angle shall be measured under the same conditions as those given for the

measurement of capacitance at one or more frequencies taken from the list in 4.7.1, as
prescribed in the relevant specification.

4.8.1.2 Measuring accuracy

Unless otherwise specified in the sectional specification, the measuring method shall be such
that the error does not exceed 10 % of the specified value or 0,000 3, whichever is the greater.
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4.8.2 Equivalent series resistance (ESR)
4.8.2.1 Measuring frequency

The ESR shall be measured at one of the following frequencies, unless otherwise prescribed
in the relevant specification:

50 Hz, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz and 10 MHz.

4.8.2.2 Measuring accuracy

10 %

requirement, unless otherwise specified in the relevant specification.

4.8.2.3 Conditions to be prescribed in the relevant specification
The felevant specification shall prescribe

a) the frequency of measurement;

b) the absolute error measurement;

c) the measuring voltage, if different from that specified in 4.7.%;
d) the applied polarizing voltage, where applicable;

e) the temperature at which measurements shall be made, if other than the standard
afmospheric conditions for testing.

4.9 | Leakage current
491 Preconditioning

Before this measurement is made, the capacitors shall be fully discharged.

4.9.2 Test method

The |leakage current shall be, measured, unless otherwise prescribed in the rel¢vant
specffication, using the direct ,voltage (Ur or Ug) appropriate to the test temperature, after a
maximum electrification period of 5 min. The full 5 min electrification need not be appljed if
the specified leakage current limit is reached in a shorter time.

4.9.3 Power source

For the objeet.@f test, a steady source of power such as a regulated power supply shgll be
used

4.9.4 Measuring accuracy

The measurement error shall not exceed +5 % or 0,1 uA, whichever is the greater.

4.9.5 Test circuit

When prescribed in the relevant specification, a 1 000 Q protective resistor shall be placed in
series with the capacitor to limit the charging current.

4.9.6 Conditions to be prescribed in the relevant specification
The relevant specification shall prescribe:

a) the leakage current limit at a reference temperature of 20 °C, and at other specified
temperatures;
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b) when necessary, the correction factor, if the measurements are made at a temperature
other than 20 °C, but within the range of temperatures covered by the standard
atmospheric conditions for testing;

c) the electrification time, if different from 5 min;

d) whether or not a 1 000 Q protective resistor shall be placed in series with the capacitor to
limit the charging current as defined in 4.9.5.

4.10

Impedance

Impedance shall be measured by the voltmeter-ammeter method according to the circuit of
Figure 4. or equivalent.

Key

a
x

< > >~ c

The i

IEC

capacitance of specimen
measuring voltage
measuring current
ammeter
voltmeter
Figure 4 — Schematic diagram of the impedance measuring circuit

mpedance Zy of the capacitor & is given by Zx= %

The frequency of the measuring voltage shall, preferably, be chosen from the following v

50 H

The

v, 60 Hz, 100 Hz{ 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz and 10 MHz.

hccuracy of the measuring equipment shall be such that the error does not exceed

of thg¢ requirement, unless otherwise specified in the relevant specification.

NOTE]

At frequencies above 120 Hz, precautions are necessary to avoid errors arising

stray|

cufrents. The current flowing through the capacitor should be limited so tha

hlues:

10 %

from

t the

measuring result is not significantly affected by the rise of the temperature of the capacitor.

The relevant specification shall prescribe:

a) the frequency of measurement;

b) the temperature(s) at which measurements shall be made;

c) the limits of impedance, or ratio of impedances measured at different temperatures.
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4.11 Self-resonant frequency and inductance
4.11.1 Self-resonant frequency (f,)
4.11.1.1 General

For this measurement three methods are described. The first method is for general application;
the other methods may be particularly suitable for measuring certain types of capacitors
having low capacitance.

The accuracy of the measuring equipment shall be such that the error does not exceed 10 %

of the+reguirement—unless—otherwise-specified-in-therelevant-specification
< 7 Lig 1 §

4.1101.2 Method 1

Using the impedance measuring method of 4.10 and a variable frequency. source| the
lowept frequency shall be determined at which the impedance passes through a minimum.
This |s the self-resonant frequency.

NOoTE| When it is difficult to determine precisely the frequency at which the impedance i at a
minimum, then use may be made of a phase-meter to comparé~the phase of the vdltage
acrogs the capacitor with the phase of the voltage across a low¢inductance resistor connécted
in sefries with the capacitor. The resonant frequency is then‘the frequency when there js no
phasg difference. A Q-meter may be used for this purpose.

4.11[1.3 Method 2
4.111.3.1 General

For this measuring method, use shall be madeCof an absorption oscillator-wavemeter (grid dip
meter).

41101.3.2 Mounting of capacitors-with terminations for general use

Four|capacitors of nearly equahivalue and configuration shall be soldered in series at|right
anglegs to form a closed loop~Phe wires shall be of the specified length and no addifional
wiring or connections shall be/employed (see Figure 5). This loop shall be coupled as lopsely
as possible to an absorption oscillator-wavemeter and the resonant frequency shall thgn be
detefimined.

Axial terminations Unilateral terminations

e
~ -

!
+
Fa
Distance / to be specified Distance / and d to be specified
IEC

Figure 5 — Capacitor mounting arrangement
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4.11.

1.3.3  Mounting of capacitors with terminations for printed circuit use

To determine the resonant frequency under the conditions of the capacitor being mounted on
a printed circuit board and where the configuration of the case and/or the terminations does
not permit a four capacitor loop to be formed correctly, the loop shall be by formed by two
(nearly) identical capacitors with straight terminations of specified length (see Figure 6).

The second capacitor may be substituted by its mirror image on a conductive plane in the
following way.

A copper-clad, unetched sheet of printed circuit base material, whose edges are at least three

timeg
acco

The
place
coup

NOTE]
shou

Distan

4.11,

The
form
circu

as long as the maximum dimension of the capacitor is drilled in its cent
mmodate the capacitor in its normal way.

elevant specification shall prescribe the details of mounting. The capacitor.is’solder
with the capacitor being short-circuited by the copper laminate. Thep,\the capaci
ed to the search coil and measured as in 4.11.1.3.5.

Metal-cased capacitors may necessitate special arrangements for coupling, W
d be prescribed in the relevant specification.

21
or

Unetched copper Printed board

IEC

ces [ and d to be specified, where { is*to be measured from the seating plane.

Figure'6 — Capacitor mounting arrangement

1.3.4 Description of the method

hbsorption oscillator-wavemeter is a variable frequency L-C oscillator with the ind
bd as an external search coil. When the search coil is coupled into another resd

e to

ed in
or is

vhich

uctor
nant

trangjistor))-voltage. This is monitored and hence "dips" at the resonant frequency o

coup
4.11,

ed, (circuit. This coupled circuit consists of four capacitors mounted as describ
1,82 and connected in series to minimize the mutual inductance.

t, power~js absorbed causing a change in the mean grid (gate on FETs (field Iffect

the
d in

A typical diagram showing the use of an absorption oscillator-wavemeter is given in Figure 7.
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4.11.
With

resonant frequency is approached from a lower frequency. Dips’should be checked by m

the w
is no
with

4.11.
The

411,
This

frequency within Q-meter operating range. Using a Q-meter and the circuit shown in Figu
pwest frequency shall be determined at which the same resonant frequency is obtalined,

the |
whet

equa| to the self-resonant\frequency of the capacitor.

absorption oscillator-wavemeter (grid-dip meter)
coupled resonant circuit

coupling factor
Figure 7 — Typical diagram of an absorption oscillator-wavemeter
1.3.5 Use of the absorption oscillator-wavemeter
the search coil of the wavemeter close to the capacitors under investigation
avemeter away from the capacitors (reducing the absorbed power) to make sure th

t due to internal effects of the wavemeter. The regsonant frequency should be meas
bs loose a coupling as is practical to avoid pulling the oscillator.

1.3.6 Requirements

esonant frequency shall not exceed the(limits prescribed in the relevant specification.

1.4 Method 3

method is particularly suitable.for capacitors of low capacitance and with a self-resgq

her the capacitor shorting strap is in place or not. This frequency can be shown

L
C <> Q-meter
1

the
bving
e dip
ured

nant
re 8,

o be

IEC

Key

1 shorting strap

Cy capacitor under test
C variable capacitor
L inductor

Q Q-meter

Figure 8 — Schematic diagram of the measuring circuit
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4.11.2 Inductance

The series inductance Ly of a capacitor is calculated from the measured self-resonant
frequency f, of the capacitor using the formula given below:

1

Ly=——F—F5—
4n2><fr2><Cx

where Cy is the capacitance of the capacitor measured in accordance with 4.7 and the
requirements of the relevant sectional specification.

4113 Conditions to be prescribed in the relevant specification

The

a) which test method is preferred;

b) the lead length of the capacitor to be employed in the measurement;

c) a

d) the limits of series inductance or self-resonant frequency.

4.12

The
chec

A sui

The
chos

The

The

The s

With
the s|

elevant specification shall prescribe:

hy special mounting arrangement;

Outer foil termination

correct indication of the termination which is connected to the outside metal foil shall be

ed in such a way that the capacitor is not damaged.
ftable method is given in Figure 9.

requency of the generator may be from“~50 Hz to a few thousand Hertz and shall

oltage shall be of the order of 10 V.
oltmeter shall have anflinput impedance of not less than 1 MQ.
stray capacitanceofithe wiring shall be kept low.

the switch_in\position 1, the deflection of the voltmeter shall be markedly less than
witch in pesition 2.

e so

bn as to give a clear result of measurement, the most appropriate value being dependent
on thie type of capacitor under test.

with
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413
4.13,

The
appli

4.13,

switching te

voltmeter

1 General

cable.

2 Test Ua

rminations

outer foil terminations

Figure 9 — Test circuit

Robustness of terminations

1 — Tensile

The force applied shall be:

- fd
- fd

r wire terminations: see Table 4.

r terminations other than wire terminations: 20 N;

Table 4 — Tensile force

capacitors shall be subjected to—Fests IEC 60068:2-21, Tests Ua,, Ub, Uc, and U

Nominal eross-sectional Corresponding diameter (d) Force with
area () @ for circular-section wires tolerance
of £ 10 %
mm?2 mm N
$<0,05 d <0,25 1
0,056 <5<0,1 0,25 <d<0,35 2,5
0,1<5<0,2 0,35<d<0,5 5
52 ~5= 05 85— =0:8 10
05<8<1,2 0,8<d<1,25 20
12<8$ 1,25 <d 40

For circular-section wires, strips or pins: the nominal cross-sectional
area is equal to the value calculated from the nominal dimension(s)
given in the relevant specification. For stranded wires, the nominal
cross-sectional area is obtained by taking the sum of the cross-sectional
areas of the individual strands of the conductor specified in the relevant

specification.
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4.13.

3 Test Ub — Bending (half of the sample)

Method 1: Two consecutive bends shall be applied in each direction. This test shall not apply
if, in the detail specification, the terminations are described as rigid.

4.13.

4 Test Uc - Torsion (remaining sample)

Method-A 1, severity 2 (two successive rotations of 180°) shall be used.

This test shall not apply if in the detail specification the terminations are described as rigid
and to components with unidirectional terminations designed for printed wiring applications.

4.13.

This
integ

4.13.

After
dama

4.14
4.14,

Whe
of 4.

The

4.14,

5 Test Ud — Torque

test shall apply to capacitors for terminations with threaded studs or screws an
ral mounting devices. Torque and severity shall be selected from Table 5(

Table 5 — Torque

Torque
Nm
Severity Nominal thread diameter
mm
2,6 3 3,5 4 5 6 8 10 12
1 0,4 0,5 0,8 1,2 2,0 2,5 5 7 12
2 0,2 0,25 0,4 0,6 1,0 1,25 2,5 3,5 6

6 Visual examination

each of these tests, the capacitors’shall be visually examined. There shall be no v
ge.

Resistance to soldering-heat
1 Preconditioning and initial measurement
B.
capacitors)shall be measured as prescribed in the relevant specification.

2 { Test procedure

d for

sible

 prescribed in/the’relevant specification, the capacitors shall be dried using the method

Unless otherwise stated in the relevant specification, one of the following tests as set out in

the s

ame specification shall be applied.

The test conditions shall be defined in the relevant specification.

a) F

or all capacitors except those of item b) and c) below:

IEC 60068-2-20, Test Tb, method 1 (solder bath).
b) For capacitors not designed for use in printed boards, but with connections intended for

s
1
2

oldering as indicated by the detail specification:
) IEC 60068-2-20, Test Tb, method 1 (solder bath),
) IEC 60068-2-20, Test Tb, method 2 (soldering iron).

c) For surface mount capacitors
IEC 60068-2-58, reflow or solder bath method.
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4.14.3 Recovery

The period of recovery shall, unless otherwise specified in the detail specification, be not less
than 1 h nor more than 2 h, except for surface mount capacitors, for which the period of
recovery shall be 24 h + 2 h.

4.14.4 Final inspection, measurement and requirements

For

all capacitors, except surface mount capacitors, the following shall apply:

— when the test has been carried out the capacitors shall be visually examined;

— the capacitors shall then be measured as prescribed in the relevant specification-

Surfgce mount capacitors shall be visually examined and measured and shall mee
requirements as prescribed in the relevant specification.

4.15| Solderability
4151 General

NOTE|

4.15]2 Preconditioning

The
age

Unless otherwise stated in the relevant specification, the test shall be carried out with
activated flux.

4.15]3 Test procedure

Unle$s otherwise stated in the felevant specification, one of the following tests as set g

the

The {est conditions shall.be defined in the relevant specification.

a)

b)

c)

—

Here shall be no visible damage and the marking shall be Tegible;

relevant specification shall prescribe whethef/ageing is to be applied. If accele
ing is required, one of the ageing procedures given in IEC 60068-2-20 shall be applie

spme specification shall be applied.

Hor all capacitors except those of item b) and c) below:
1) IEC 60068-2-20, Test Ta, method 1 (solder bath)

Depth.of immersion (from the seating plane or component body):
2,0 mm _%’5 mm, using a thermal insulating screen of 1,5 mm £ 0,5 mm thickness;

t the

| Not—applicable This test shall not be applied to those terminations which the detail
specffication describes as not designed for soldering.

rated
.

non-

ut in

2) IEC 60068-2-20, Test Ta, method 2 (soldering iron)

3) IEC 60068-2-54, solder bath wetting balance method.

NOTE IEC 60068-2-54 is applicable only when prescribed in the detail specification or when agreed upon

between manufacturer and customer.

For capacitors not designed for use in printed boards, but with connections intended for

soldering as indicated by the detail specification:

1) IEC 60068-2-20, Test Ta, method 1 (solder bath)

Depth of immersion (from the seating plane or component body): 3,5 mm _%’5 mm.

2) IEC 60068-2-20, Test Ta, method 2 (soldering iron).
For surface mount capacitors
1) IEC 60068-2-58, reflow or solder bath method
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2) IEC 60068-2-69, solder bath wetting balance or solder globule wetting balance method.

NOTE IEC 60068-2-69 is applicable only when prescribed in the detail specification or when agreed upon
between manufacturer and customer.

4.15.4 Final inspection, measurements and requirements

The terminations shall be examined for good tinning as evidenced by free flowing of the
solder with wetting of the terminations.

The capacitors shall meet the requirements as prescribed in the relevant specification.

4.16 [ Rapid change of temperature
4.16[1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4162 Test procedure

The ¢apacitors shall be subjected to IEC 60068-2-14, Test Na, usingthe degree of severity as
presg¢ribed in the relevant specification.

4.16,3 Final inspection, measurements and requirements

After[recovery, the capacitors shall be visually examined. There shall be no visible damage.
The measurements prescribed in the relevant specification shall then be made.

4.17| Vibration
4.171 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4172 Test procedure

The ¢apacitors shall be subjected to IEC 60068-2-6, Test Fc, using the mounting method and
the degree of severity préscribed in the relevant specification.

4173 Electrical test (intermediate measurement)

When specifigd-in the detail specification, during the last 30 min of the vibration test an
electrical measurement shall be made in each direction of movement to check intermfttent
contacts,oropen or short circuits.

The methodof measurementstrattbeprescribed i the detaitspecification:

The duration of the measurement shall be the time needed for one sweep of the frequency
range from one frequency extreme to the other.

4.17.4 Final inspection, measurements and requirements

After the test the capacitors shall be visually examined. There shall be no visible damage.
When capacitors are tested as specified in 4.17.3, the requirements shall be stated in the
detail specification.

The measurements prescribed in the relevant specification shall then be made.
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Bump (repetitive shock)

1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.18.2 Test procedure

The capacitors shall be subjected to IEC-60068-2-29,-test Eb 60068-2-27, Test Ea (repetitive
shock), using the mounting method and the—degree—of severity prescribed in the relevant
specification.

Prefe

©

>

- p
4.18.
After

rred conditions are:

Lllse shape: half-sine;
imber of shocks in each direction: a minimum of 100;

bak acceleration: to be chosen from recommended severities.

3 Final inspection, measurements and requirements

The mmeasurements prescribed in the relevant specification shall then be made.

4.19
4.19.

Shock

1 Initial measurement

The measurements prescribed in the relevant §pecification shall be made.

4.19.
The

2 Test procedure

Capacitors shall be subjected to IEC 60068-2-27, Test Ea (non-repetitive shock),

the mounting method and the severity prescribed in the relevant specification.

4.19.
After

3 Final inspection, measurements and requirements

the test the capacitors shall be visually examined. There shall be no visible damage

The measurements, prescribed in the relevant specification shall then be made.

4.20

Container sealing

The

capacitors shall be subjected to the procedure of the appropriate metho

the test, the capacitors shall be visually examined. There shalbbe no visible damage.

Ising

d of

IEC 60068-2-17, Test Q, as prescribed in the relevant specification

4.21

4.21.

Climatic sequence

1 General

In the climatic sequence, an interval of a maximum of three days is permitted between any of
the tests, except that the cold test shall be applied immediately after the recovery period for

the fi

4.21.

rst cycle of the damp heat, cyclic, IEC 60068-2-30, Test Db.

2 Initial measurements

The measurements prescribed in the relevant specification shall be made.
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4.21.3 Dry heat

The capacitors shall be subjected to IEC 60068-2-2, Test Bb, for 16 h, using the degree of
severity of the upper category temperature, as prescribed in the detail specification.

The test specimens may be introduced into the chamber at any temperature from laboratory
temperature to the upper category temperature.

While still at the specified high temperature and at the end of the period of high temperature,
the measurements prescribed in the relevant specification shall be made.

After| the specified conditioning, the capacitors shall be removed from the chambern and
expopged to standard atmospheric conditions for testing for not less than 4 h.

4.21/4 Damp heat, cyclic, Test Db, first cycle

The ¢apacitors shall be subjected to IEC 60068-2-30, Test Db, for one cyele”of 24 h, usjng a
tempgrature of 55 °C (severity b).

Unless otherwise specified in the relevant specification, variant 2 shall be used.
After|recovery the capacitors shall be subjected immediately.{e’the cold test.

4215 Cold

The fapacitors shall be subjected to IEC 60068-2-1, Test Ab, for 2 h, using the degrge of
seveflity of the lower category temperature, as prescribed in the relevant specification.

The fest specimens may be introduced inte‘the chamber at any temperature from laboratory
temprature to the lower category temperature.

Whilg still at specified low temperature and at the end of the period of low temperaturg, the
meagurements prescribed in the relevant specification shall be made.

After| the specified conditioning, the capacitors shall be removed from the chamber and
expopged to standard atmospheric conditions for testing for not less than 4 h.

4.21)6 Low air pressure

The ¢apacitors/shall be subjected to IEC 60068-2-13, Test M, using the appropriate degrgee of
sevefity preschibed in the relevant specification. The duration of the test shall be 10 min,
unlegs otherwise stated in the relevant specification.

The televant Qppr‘ifir‘afinn shall prpcr‘rihn'

a) duration of test; if other than 10 min;
b) temperature;
c) degree of severity.

While at the specified low pressure, the rated voltage shall be applied during the last 60 s of
the test period, unless otherwise prescribed in the relevant specification.

During and after the test, there shall be no evidence of permanent breakdown, flashover,
harmful deformation of the case, or seepage of impregnant.
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4.21.7 Damp heat, cyclic, Test Db, remaining cycles

2016

The capacitors shall be subjected to IEC 60068-2-30, Test Db, for the following number of
cycles of 24 h as indicated in Table 6, under the same conditions as used for the first cycle.

Table 6 — Number of cycles

Climatic categories Number of cycles
-/-156 5
-1-121 1
=T-TT0 1
-/-104 None

4.218 Final measurements

After
be m

4.22

the prescribed recovery, the measurements prescribed in the relevant specification
ade.

Damp heat, steady state

4.221 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.22)2 Test procedure

The

corrg

The
spec

Whe
appli

capacitors shall be subjected to IEC 60068-2-78, Test Cab, using the degree of se

emperature and humidity of test shall be (40 £ 2) °C, (93 £ 3) %RH, unless othe
fied in the relevant specification.

h specified in the blank detail specification, the detail specification may specify
cation of a polarizing veltage during the whole period of damp heat conditioning

metallized film capacitors this test should be carried out in accordance with Annex G.

With

the exception of\electrolytic capacitors, within 15 min after removal from the

chamber, the voltage proof test of 4.6 shall be carried out at test point A only, using the

volta

je, unless atherwise specified in the detail specification.

4.2213 Finalinspection, measurements and requirements

After

shall

erity

sponding to the climatic category of the.Capacitor as indicated in the detail specification.

fwise

the
For

test
rated

recovery, the capacitors shall be visually examined. There shall be no visible da

The measurements prescribed in the relevant specification shall then be made

age.

In case of testing metallized film capacitors, when specified in the blank detail specification,
the permissible deviation of the average C-value of test group with and the test group without
d.c. voltage shall be described in the relevant detail specification.

4.23

Endurance

4.23.1 Initial measurements

The measurements prescribed in the relevant specification shall be made.

4.23.2 Test procedure

The tests of IEC 60068-2-2 apply as follows:
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a)
b)
c)

d.c. tests — Test Bb;
a.c. tests — Test Bb or Bd as applicable;
pulse tests — Test Bb or Bd as applicable.

The test specimens may be introduced into the chamber at any temperature, from laboratory
temperature to the upper category temperature, but the voltage shall not be applied to the
capacitor before it has reached the chamber temperature.

4.23.3 Conditions to be prescribed in the relevant specification

The relevant-specification-shallprescribe-
P P T

a)
b)
c)

duration of the test (for example, hours or number of pulses);
tgst temperature (for example, room, rated or upper category temperature);

vpltage and/or current to be applied (see also 4.23.4).

When capacitors have to meet additional requirements for electric shack ‘hazard protegtion,
additjonal test conditions for endurance testing (for example, pulse voltage application)|shall

be prlescribed in the relevant specification.

4.23/4 Test voltage

Unlegs otherwise specified in the relevant specification, the. voltage to be applied during the

test ghall be selected from the following.

a)

b)

d)

f)

d|c. tests

The test shall be carried out at a multiplying factor times the rated voltage (d.¢.) at
gmperatures up to the rated temperature, The test temperature and the value of the
ultiplying factor shall be specified inuthe relevant specification. For tests at the ypper
htegory temperature the derating factar for the voltage shall also be given.

—

c. tests (sinusoidal voltage)

bltage (a.c.) (see 2.3.4 a))‘at temperatures up to the rated temperature, or at the dpper
htegory temperature withha-derating factor for the voltage. The test temperature anfl the
blue of the multiplying“factor/derating factor for the voltage shall be specified in the
relevant specificationt

m
c
a
The test shall be made at 500Hz to 60 Hz and at a multiplying factor times the frated
v
c
v

alc. tests (sinusoidal current)

This test shall be made with a current applied in accordance with 2.3.4 b). The test
temperaturg) ‘the value of current and frequency shall be specified in the rel¢vant
specification.

NpTE4 To facilitate testing, the test may be made with a voltage of specified frequency
applied to a group of capacitors in parallel or in series/parallel.

sinusoldal a.c. tests (reactive power)

This test shall be made with reactive power in accordance with 2.3.4 c). The test
temperature, the value of the reactive power, and the frequency shall be specified in the
relevant specification.

NoTFE2 To facilitate testing, the test may be made with a voltage of specified frequency
applied to a group of capacitors in parallel or in series/parallel.

A thermal stability test (see 4.30) may constitute an alternative to this test. The test to be
carried out shall be specified in the detail specification.

pulse tests

This test shall be made with pulses applied in accordance with 2.3.5 and as specified in
the relevant specification. Guidance for pulse tests is given in Annex E.

sinusoidal a.c. or pulse tests with superimposed d.c.
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2016

Tests b) to e) may be carried out with superimposed d.c. as required in the relevant
specification (see also 2.2.23).

An example of a test circuit suitable for electrolytic capacitors is given in Figure 10.

4.23,
The

a) fq
b) fq
4.23.

After
cond
subj€

4.23,
The

The
shall
or at

4.24
4.24,
4.24,

Meas
spec

Figure 10 — Test circuit for electrolytic capacitors

5 Placement in the test chamber

capacitors shall be placed in the test chamber in such a manner that

r heat dissipating capacitors, no capacitor is within 25 mm of-any other capacitor,

r non-heat dissipating capacitors, no capacitor is within 5 mm of any other capacitor
6 Recovery

the specified period, the capacitors shall be allowed to cool to standard atmosp

cted to recovery.

7 Final inspection, measurements:and requirements

capacitors shall then be visually examined.

heric

tions for testing and where specified in the relevant specification, the capacitors shall be

measurements prescribed in the relevant specification shall then be made. A capacitor

be considered to have failed when the requirements of the relevant specification d
the end of the test are not'satisfied.

Variation of capacitance with temperature
1 Static method
1.1 Initiallmeasurement

urements of capacitance shall be made under the conditions prescribed in the relg
fication.

uring

pvant

4.24.

1.2 Test procedure

The capacitor shall be maintained at each of the following temperatures in turn:

a) 20°C +2 °C;

b) lower category temperature +3 °C;

c) intermediate temperatures, if required in the detail specification;
d) 20°C 2 °C;
e) intermediate temperatures, if required in the detail specification;

f) upper category temperature +2 °C;
g) 20°C+2°C.
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If required for a particular type of capacitor, the relevant specification shall prescribe whether
thermal shock is to be avoided or whether a maximum rate of change of temperature shall be
specified.

The conditions of measurement, during or after temperature cycling, a description of the
temperature cycle and the number of cycles, should be stated.

4.24.1.3 Measuring method

Capacitance measurements shall be made at each of the temperatures specified above, after
the capacitor has reached thermal stability.

The pondition of thermal stability is judged as having been reached when two readings of
capagitance taken at an interval of not less than 5 min do not differ by an amount.greater|{than
that yvhich can be attributed to the measuring apparatus.

The measurement of the actual temperature shall be made with a precision” compatiblel with
the réquirements of the detail specification.

Carepmust shall be taken during measurements to avoid condensation or frost on the sufface
of thé capacitors.

4.24/11.4 Reduced procedure

For the lot-by-lot quality conformance testing, the detdil\specification may prescribe a reduced
procedure, for example, measurements d), f) and\g) in 4.24.1.2 covering the temperpture
range from 20 °C to the upper category temperature.

4.242 Dynamic method

As an alternative to the static method 0f>4.24.1, a dynamic plotting method may be emplpyed.
The ¢apacitors shall be subjected to a'slowly varying temperature.

A temperature-sensing device shall be embedded in a dummy capacitor to be included with
the qapacitor under test in @a“manner that will ensure that the measured temperature is the
same as that occurring in the“capacitor under test. The capacitance shall be measured ysing
a self-balancing bridge or.comparator.

The ¢utput of the bridge or comparator shall be coupled to the "Y" axis of a plotting table.

The putput of'the temperature sensing device shall be coupled to the "X" axis of a plotting
table

The {emperature shall be varied slowly enough to produce a uniform curve with no loop 4t the
lower or upper category temperature. The temperature shall be varied subsequently from
20 °C to the lower category temperature, then to the upper category temperature and back to
20 °C. Two cycles shall be carried out.

This method may be employed only when it can be demonstrated that the results are the
same as for the method employing stabilized temperatures.

In case of dispute, the static method shall be used.

4.24.3 Methods of calculation
4.24.3.1 General

The following applies:
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Cy s the capacitance measured at point d) of 4.24.1.2;

Ty is the temperature measured at point d) of 4.24.1.2;

of is the capacitance measured at the test temperature, other than at points a), d) and g)
of 4.24.1.2;
T, is the temperature measured on test.

4.24.3.2 Temperature characteristics of capacitance

The variation of capacitance as a function of temperature shall be calculated for all the values
of C; as follows:

AC  CG-Cy
Co Co

The yariation of capacitance is normally expressed in per cent.

4.243.3 Temperature coefficient of capacitance and temperature)cyclic drift of
capacitance

Temperature coefficient of capacitance and temperature cycli¢ drift of capacitance shall be
calcylated as follows:

a) Tepmperature coefficient of capacitance (a)

Temperature coefficient of capacitance («a) shall-bg calculated for all the values of C; as
fqllows:

Gi=Co

=250 108
CoTi-To)

he temperature coefficient is normally expressed in parts per million per Kelvin (10-9/K).

b) Temperature cyclic drift of capacitance

The temperature cyclic .drift of capacitance shall be calculated for the poin{s of
nmeasurement of 4.24.1.2 a), d) and g) in the following manner:

as required in the relevant specification. The largest of these values is the "temperature
cyclic drift of capacitance".

The capacitance drift is normally expressed in per cent.
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4.25

Storage

4.25.1 Storage at high temperature

4.25.1.1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.25.1.2 Test procedure

The capacitors shall be subjected to IEC 60068-2-2, Test Bb, using the following severities:

— temperature: upper category temperature;

- d
The

templerature to the upper category temperature.

4.25/1.3 Final inspection, measurements and requirements

After
shall

4.25)2 Storage at low temperature
4.252.1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.252.2 Test procedure

The

at —40 °C for either a period of 4 h.after thermal stability has been reached, or for
whiclever is the shorter period.

The
temp

4.252.3 Final inspection, measurements and requirements

After
shall

4.26

4.26.1 ~Initial measurement

iration: 96 h + 4 h.

est specimens may be introduced into the chamber at any temperature_from labor

recovery for at least 16 h, the measurements prescribed in\the relevant specific
be made.

capacitors shall be subjected to IECI60068-2-1, Test Ab. The capacitors shall be s

est specimens may be_introduced into the chamber at any temperature from labor
erature to —40 °C.

recovery forhat least 16 h, the measurements prescribed in the relevant specific
be made:

Surge

atory

ation

tored
16 h,

atory

ation

The measurements specified in the relevant specification shall be made.

4.26.2 Test procedure

Suitable test circuits are shown in Figure 11 and Figure 12.

NOTE The thyristor circuit has the advantage of high repetition rates and is free from troubles associated with
dirty contacts and contact bounce.
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Motor driven switch
Charge
resistor

The poltage waveform across the capacitor under test shall be approximately as shoy

Figune 13.

° — | |
Power supply Discharge
unit Capacitor resistor
under test T
O &
TEC
Figure 11 — Relay circuit
Charge
l HDischarge
Power supply Capacitor resistor
unit under test —[
Thyristor
firing
circuit
IECII

Figure 12 — Thyristor circuit

vn in
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A
U
i !
X 0,63
3
°©
>
(]
2
S 0,37
n
Y
7 t
—»| ¢ |l-— - >
Charge Discharge
——————— |-
Cycle

rc = charge time constant

rq = discharge time constant
IEC

Figure 13 — Voltage waveform across capacitor

4.263 Final inspection, measurements and requirements

The measurements specified in the relevant specification shall be made.

4.264 Information to be given in the relevant detail specification

The following information shall be given'in the relevant specification:

a)
b)

c)

d)
e)
f)
g9)
h)

the charge time constant arising from the internal resistance of the power supply an
g¢sistance of the charge ciredit and the capacitance of the capacitor under test;

-

the discharge time constant arising from the resistance of the discharge circuit an
cppacitance of the eapacitor under test;

—

Re ratio of the surge voltage to rated or category voltage (as appropriate);

The number @f\times per hour that this voltage may be applied should be specified.
the number of cycles of test;

the duration of the charge period;

the'duration of the discharge period;

d the

1 the

the repetition rate (cycles per second);

temperature, if different from standard atmospheric conditions for testing.

4.27 Charge and discharge tests and inrush current test

4.27.1 Initial measurement

The measurements specified in the relevant specification shall be made.

4.27.2 Test procedure

Suitable test circuits are given in 4.26.2, Figure 11 and Figure 12.


https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

- 54 - IEC 60384-1:2016 RLV © |IEC 2016

The voltage and current waveforms across and through the capacitor under test are
approximately as shown in Figure 14.

a)

1

A
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©
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[SH /
/ »
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<
o
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©
S
2 7c = charge time constant
o 7g = discharge time constant
\
IEC
Figure 14 — Voltage and current waveform
4.273 Chargetand discharge
The following-information shall be given in the relevant specification:
thed{eharge time constant arising from the internal resistance of power supply and the

b)

c)
d)
e)
)
9)
h)

resistance of the charge circuit and the capacitance of the capacitor undertest; |
the discharge time constant arising from the resistance of the discharge circuit and the
capacitance of the capacitor under test;

the voltage to be applied during the charge period, if different from the rated voltage;
the number of cycles of test;

the duration of the charge period;

the duration of the discharge period;

the repetition rate (cycles per second);

temperature, if different from standard atmospheric conditions for testing.
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4.27.

4 Inrush current

The following information shall be given in the relevant specification:

a) the peak charge current;

b) the voltage to be applied during the charge period if different from the rated voltage;

c) the number of cycles of test;

d) the duration of the charge period in milliseconds;

e) the duration of the discharge period;

f) the rnpnﬁﬁnn rgfc;

g) th

4.27,

The measurements specified in the relevant specification shall be made.

4.28
4.28,

Unle

e temperature if different from standard atmospheric conditions for testing.

5 Final inspection, measurements and requirements

Pressure relief (for aluminium electrolytic capacitors)
1 General
5s otherwise specified in the relevant specification, onglef the following tests sha

Il be

used|to test the pressure relief device of the capacitors.

4.282 AC test

Applied voltage: alternating voltage with r.m.s. yalue not exceeding 0,7 times the rated direct
voltape.

Frequency of the applied voltage: 50 Hz of\,60 Hz.

Serigs resistor: R = 0,5 times the impedance of the capacitor at the test frequency.

4.283 DC test

Applil:ed voltage: direct voltage applied in the reverse direction, of an amplitude necessz

prod

4.28.

Applied pnedmatic pressure: gas pressure introduced from outside shall be increased

rate

4.28.5 “Final inspection, measurements and requirements

ce a current of 1.Ato 10 A.

4 Pneumatic-test

bf 20 _kPa/s continuously.

The measurements specified in the relevant specification shall be made.

4.29
4.29.

Characteristics at high and low temperature

1 Test procedure

ry to

at a

The capacitors shall be subjected to the procedures of the dry heat and cold test (4.21.3 and

4.21.

5, respectively) with the following details.

The degree of severity for these tests shall be the same as for the dry heat and cold tests.
Tests at intermediate temperatures may be prescribed in the relevant specification.
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Measurements shall be made at each of the specified temperatures after the capacitor has
reached thermal stability.

The condition of thermal stability is judged to be reached when two readings of a
characteristic, taken in an interval of not less than 5 min, do not differ by an amount greater
than that which can be attributed to the measuring apparatus.

4.29.2 Requirements

The capacitors shall not exceed the limits prescribed in the relevant specification.

4.30( Thermal stability test

A thgrmal stability test may constitute an alternative to the endurance test in accordanceg with
4.234 d). The test to be carried out shall be specified in the detail specification;

The [capacitor shall be loaded with a specified factor times the rated”reactive power
dissipation at the rated temperature and duration as specified in the relevant specification.

A tedt for thermal stability shall be made by measuring the temperature rise as a functipn of
time pver the last part of the specified duration. The temperature rise shall be within spegified
limitd.

The Jmeasurement of the temperature rise may be made by the use of a thermocoduple,
thermistor, infrared thermometer, infrared photographyy etc. Care should be taken to enqsure
that the error of measurement does not exceed +1°“C ‘and that errors due to heat conduyction
along measuring connections are kept to a minimum.

The felevant specification shall specify the point at which the measurements shall be made
and the method of mounting (see IEC 60068-2-2:2007, 6.4).

4.31 Component solvent resistance
4.31[1 Initial measurements

The measurements prescribed in the relevant specification shall be made.

4.312 Test procedure
The ¢gomponents:shall be subjected to IEC 60068-2-45, Test XA, with the following detailg:
| a) soplvent to be used: IPA (IEC 60068-2-45:1980/AMD1:1993, 3.1.2);

b) splventjtemperature: 23 °C £ 5 °C, unless otherwise specified in the detail specificaltion;

c) conditioning: method 2. (without rubbing):

d) recovery time: 48 h, unless otherwise stated in the detail specification.

4.31.3 Final inspection, measurements and requirements

The measurements prescribed in the relevant specification shall then be made and the
specified requirements be met.

4.32 Solvent resistance of marking

4.32.1 Test procedure

The components shall be subjected to IEC 60068-2-45, Test XA, with the following details:
| a) solvent to be used: IPA (IEC 60068-2-45:1980/AMD1:1993, 3.1.2);
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b) solvent temperature: 23 °C +5 °C;

c) conditioning: method 1 (with rubbing);

d) rubbing material: cotton wool;

e) recovery time:

4.32.
After

4.33
4.33.

Surfg
being
epox
thick
havirn
orm
elect

The

2 Final inspection, measurements and requirements

the test the marking shall be legible.

not applicable, unless otherwise stated in the detail specification.

—Mounting (for surface mount capacitors only)
1 Substrate

ce mount capacitors shall be mounted on a suitable substrate, the methedCof mou

dependent on the capacitor construction. The substrate material shall’normally G
de woven glass fabric laminated printed board (as defined in IEC 61249-2-7) w
hess of 1,6 mm £+ 0,20 mm or 0,8 mm + 0,10 mm, or a 90 % to 98 % “alumina subs
g a thickness of 0,635 mm + 0,05 mm or more, and shall not affeet’the result of any
pasurement. The detail specification shall indicate which material is to be used fo
Fical measurements.

surface mount capacitors and shall provide electrical (connection to the surface

capa

Exa
Figu

If an
spec

4.33.

Whe
spec

Citor terminals. The details shall be specified in the\detail specification.

ples of test substrates for mechanical and :€lectrical tests are shown in Figure 1§
e 16, respectively.

bther method of mounting applies, the*method should be clearly described in the
fication.

2 Wave soldering

fied in the detail specification, shall be used to fasten the component to the subsg

beforne soldering is performed.

Smal
suita

The
glue

| dots of the glue shall be applied between the conductors of the substrate by means
ble device securing repeatable results.

surfacesmount capacitors shall be placed on the dots using tweezers. To ensure th
s applied to the conductors, the surface mount capacitors shall not be moved about

nting
e an
ith a
trate
test
r the

substrate shall have metallized land areas of proper\spacing to permit mountirmg of

ount

and

letail

h the detail specification'specifies wave soldering, suitable glue, details of which may be

trate

at no

The substrate with the surface mount capacitors shall be heat-treated in an oven at 100 °C for

15 m

in.

The substrate shall be soldered in a wave soldering apparatus. The apparatus shall be
adjusted to have a pre-heating temperature of 80 °C to 100 °C, a solder bath at 260 °C + 5 °C
and a soldering time of 5s + 0,5 s.

The substrate shall be cleaned for 3 min in a suitable solvent (see IEC 60068-2-45:1980/

AMD

4.33.

1:1993, 3.1.2).

3 Reflow soldering

When the detail specification specifies reflow soldering, the following mounting procedure
applies.
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a) The solder used in preform or paste form shall be silver bearing (2 % minimum) eutectic
Sn/Pb solder together with a flux as stated in IEC 60068-2-20. Alternative solders such as
60/40 or 63/37 may be used on chips whose construction includes solder leach barriers.
Pb-free solder used in preform or paste form shall be Sn96,5Ag3,0Cu0,5 or derivative
solder together with a flux as stated in IEC 60068-2-58, or as defined in the relevant
specification.

b) The surface mount capacitor shall then be placed across the metallized land areas of the
test substrate so as to make contact between surface mount and substrate land areas.

c) The substrate shall then be placed in or on a suitable heating system (molten solder, hot
plate, tunnel oven, etc.). The temperature of the unit shall be maintained between 215 °C

apd 260 °C_until the solder melts and reflows fnrming a hnmngnnnnllc solder bond but for

bt longer than 10 s.

=]

NoTFEH Flux should be removed by a suitable solvent (see IEC 60068-2-45:1980/ANID1:1993,
3.1.2). All subsequent handling should be such as to avoid contamination. Gare should be
taken to maintain cleanliness in test chambers and during post test measurements.

NOTEl2 The detail specification may require a more restricted temperaturerange.

NOTE3 If vapour phase soldering is applied, the same methgd may be used with the
temperatures adapted.

A suitable substrate for mechanical tests is shown in Figure 15. Note that this substrate] may
not be suitable for impedance measurements. A suitablg substrate for electrical tests is shown
in Figure 16.
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Solderable areas
Non-solderable areas (covered with non-solderableacquer)
ensions are in millimetres. Tolerances: medium:
al: epoxide woven glass
ess: 1,6 mm £ 0,20 mm, or 0,8 mm 70,10 mm
sions not given should be chosen _according to the design and size of the specimens to be tested.

sion W is dependent on the design of the test equipment.

5 conductor may be omitted or used as a guard electrode.

Figure 15 — Suitable substrate for mechanical tests

Leperrpetbesulinble for fmpodonen proccnrameants,
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[¢)]

Key

[ Non-solderable areas (covered with non-solderable lacquer)
All dimpensions are in millimetres. Tolerances: medium.

Materfal: 90 % to 98 % alumina substrate

Thickjess: 0,635 mm = 0,05 mm, or more

Dimerjsions not given should be chosen according to the design and size of the specimens to be tested.
DimerJsion W depends on the design of the test equipment.

? This conductor may be omitted or used as a guard electrode.

4.34( Shear test
4.34(1 Test procedure

The $urface mount capacitors shall be mounted as described in IEC 60068-2-21, Test U.
The ¢apacitors shall be subjected to~|IEC 60068-2-21, Test Ue3, under the following cond

A forfe shall be applied to thelsurface mount capacitor body progressively, without shock
shall| be maintained for a period of 10 s + 1 s. Unless otherwise specified in the relg¢
specffication, a force shall be selected from 1 N, 2 N, 5 N or 10 N.

4.342 Final inspection, measurements and requirements

The

4.35( Substrate bending test
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a

IEC

Solderable areas

Figure 16 — Suitable substrate for electrical tests

tion.

and
bvant

surface mount capacitors shall be visually examined in the mounted state. There shall be
no vigible datmage.

4.35.1 Test procedure

The surface mount capacitor shall be mounted on an epoxide woven glass printed board as
described in 4.33.

a) The capacitance of the surface mount capacitor shall be measured as specified in 4.7 and

b)

c)

in the relevant sectional specification.

The capacitor shall be subjected to IEC 60068-2-21, Test Ue, using the conditions as

prescribed in the relevant specification for the deflection D and the number of bends.

The capacitance of the surface mount capacitors shall be measured as specified in a) with
the board in the bent position. The change of capacitance shall not exceed the limits

prescribed in the relevant specification.
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4.35.2 Recovery

The printed board shall be allowed to recover from the bent position and then removed from
the test jig.

4.35.3 Final inspection and requirements

The surface mount capacitors shall be visually examined, and there shall be no visible

dam

age.

4.36 Dielectric absorption

4.36]1 Test procedure

The

electfic fields.

For

input| resistance of minimum 10 000 MQ shall be used.

The
mea

The
surg

At the end of this period the capacitor shall be disconnected from the power source and

be discharged through a 5 Q + 5 % resistor for 10 s + 1 s, unless the specified du/d¢ val
excepded.
The [discharge resistor shall be disconnected from the capacitor at the end of the

discHarge period. The voltage remaining or regained on the capacitor (recovery voltage)
be measured.

NOTE| The recovery voltage is the miaximum voltage occurring across the capacitor terminations within a 1
period.

The

suring system.

capacitor under test shall be placed in a screened enclosure to reduce (the effd
the measurement of the voltage an electrometer or other suitable instrument havin
Fesistance of any jigs, switches, etc. used shall not affect'the input resistance o

Capacitor shall then be charged at the d.c. voltage, rating for 60 min £ 1 min. The
¢ current shall not exceed 50 mA.

lielectric absorptien:shall be calculated from the following formula:

d DA :ﬂx100x%

U, Cx

ct of

g an

f the

nitial

shall
ue is

10s
shall

5 min

wherg
d DA is the per cent dielectric absorption;
U, is the recovery voltage;

If C,

is the charging voltage;
is the capacitance of capacitor under test;
is the input capacitance of measuring system.

is less than 10 % of Cy, the above formula can be simplified to:

d DA =ﬂ><100
U,
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4.36.2 Requirement

The dielectric absorption calculated shall not exceed the limit specified in the detail
specification.

4.37 Damp heat, steady state{formultilayerceramiccapacitors-only), accelerated

NOTE

4.37,

The

Prefe

rred test durations: 168 h, 504 h or 1 000 \§\
<
13 Test procedures \‘S\

This test is also known as humidity load test or (85/85)-test.

1 Initial measurements

capacitors,—mounted—as—in—4-37-1; shall be measured i

blevant specification.

2 Test methods

tapacitors shall be subjected to IEC 60068-2-67,§t Cy.

ed in

Test

For 1
multi

hall be—taken 'e»\:vze ondensation—o ater—on—tothe capacito o ub
ensation-ma .-.»-.~.'.--- ne aoo opened-during-the-te before-the-humidi e
@,
condition@%d voltage applied, unless otherwise prescribed in the relevant specific
net film capacitors this test should be carried out in accordance with Annex (

ation.

5, for

d
a{g@amic capacitors in accordance with Annex H.
N

With the exception of electrolytic capacitors, within 15 min after removal from the test
chamber, the voltage proof test of 4.6 shall be carried out at test point A only, using the rated
voltage, unless otherwise specified in the detail specification.
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4.37.4 Final inspection, measurements and requirements

After recovery (4 h to 24 h), the capacitors shall be visually examined. There shall be no
visible damage. The measurements prescribed in the relevant specification shall then be
made.

In case of testing metallized film capacitors, when specified in the blank detail specificttion,
the permissible deviation of the average C-value of test group with and the test group without
d.c. Yoltage shall be described in the relevant detail specification.

4.38 | Passive flammability
4.38/1 Test procedure
The fest shall be made according to IEC 60695-11-5.

The [capacitor under test shall be held in the flame in the, position which best promotes
burning (if this position is not given in the detail specificatien it shall be evaluated by| pre-
testing). Each specimen shall be exposed only once to the(flame.

The $mallest, a medium (in the case of more than four‘case sizes), and the biggest casqg size
shall|lbe tested. Of each case size, three speciméens of the maximum and three specimeps of
the npinimum capacitance shall be tested, resulting in six specimens per case size.

For jime of exposure to flame and burning time, see Table 7. If applicable, the detail
speclfication shall specify the category of passive flammability.

4.38)2 Final inspection, measurements and requirements

The burning time of any specimen shall not exceed the time specified in Table 7.
Burn|ng droplets or glowing parts falling down shall not ignite the tissue paper.

Table 7 — Severities and requirements

Maximum
Caftegory Severities burning
of Flame exposure time, in seconds, for capacitor timé
flammabjility volume ranges
s
Volume Volume Volume Volume
<250 mm3 >250 mm?3 >500 mm?3 >1 750 mm?3
<500 mm?3 <1750 mm3
A 15 30 60 120 3
B 10 20 30 60 10
C 5 10 20 30 30
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4.39 High surge current test
4.39.1 Initial measurements

Not required.

4.39.2 Test procedure

The test shall be carried out at a temperature of (23 £ 3) °C.

The test circuit is shown in Figure 17. The switch may be mechanical or electronic but is
pref . ; ris
from|a low-impedance electrolytic capacitor of capacitance at least 20 000 uF to .the'rated
voltape of the capacitor under test (Ug = 2 %) from a regulated power supply <capable of
delivering 10 A. The impedance of the circuit through which the capacitor, under tgst is
charged shall meet the requirements of 4.39.3. After 1 s charging time the cecapacitor ynder
test ghall be discharged for 1 s with the switch in position B through a circuit'whose resisfance
is greater than 0,05 Q, but less than 0,2 Q.

The yoltage across the capacitor under test shall be monitored. Four further chargingd and
dischargings of the capacitor under test shall be carried out under‘the same conditions.

Capdcitors may be tested in parallel provided that

a) their total capacitance is less than 2 % of the capacitance of the reservoir capacitor, gnd
b) all the conditions specified above are met for eaCh ¢apacitor under test.

The fuse may be a wire fuse designed to blow between 0,5 A and 2,0 A or an electronic gircuit

designed to trip in the same current range.
| |
| |
R |
| |
e e
A | Cx |
)
|
DG B |
pgwer supply c NN B S
1
IEC
Key
Cy capacitor under test
C low-impedance electrolytic capacitor of capacitance at least 20 000 pF
A, B switching positions

Figure 17 — High surge current test

4.39.3 Requirements for the charging circuit

The test procedure of 4.39.2 shall be carried out with a capacitor of 47 uF + 10 %, 35 V in the
test position, or in every one of the test positions if provision is made for testing capacitors in
parallel. The monitoring of the voltage across the capacitor under test shall demonstrate that

the peak voltage across the capacitor during charging is Uy f; %, and that 90 % of the
measured peak voltage is achieved within 60 pus from the time of closure of the switch and
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without unwanted transients due to switch bounce or circuit inductance. Where there is
provision for testing capacitors in parallel, this requirement shall be verified for each capacitor
under test.

NOTE It is unlikely that this requirement will be met unless the d.c. resistance of the charging
circuit including wiring, fuse, fixtures, and the series resistance of the tank capacitor is less
than 0,5 Q.

4.39.4 Nonconforming items

A capacitor shall be considered a nonconforming item if the fuse blows or the electronic
circul|t trips at any single charging or discharging of the capacitor.

4.40( Voltage transient overload (for aluminium electrolytic capacitors with non-solid
electrolyte)

4.401 Initial measurement

The mmeasurements prescribed in the detail specification shall be made;

4.402 Test procedure
The [capacitor(s) shall then be conditioned at the test temperature by having Ug H 1 %

applied from a regulated power supply. At the end of this period, the test may commencg but
not later than 48 h after conditioning.

An example of a test circuit is shown in Figure 18.

c
unit 1 A unit 2

) . . 2

=l rN
Power J R Power
supply Cx T supply

IEC

Key

C €apacitor under test

C, Dbank capacitor to give a maximum charge time
R resistor to give a maximum charge time

L inductor to give a maximum charge time

T thyristor

Figure 18 — Voltage transient overload test circuit

The capacitor under test Cy is charged from the power supply unit 1, and the auxiliary
capacitor bank C, is charged to a voltage higher than the test voltage Up from the power
supply unit 2. On triggering the thyristor T, the capacitor bank C, is discharged through the
inductor L charging the test capacitor Cy to Up. On turning the thyristor off, the test capacitor
Cy is discharged through the resistor R from Up down to Ug.



https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

The voltage waveform across the capacitor under test shall be approximately as shown in
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Figure 19.
A
N
//
|
|
|
|
|
|
i -
|
Discharge }
Cycle }
Triggering
IEC
Key
U transient peak voltage
U rated voltage
Figure 19 — Voltage waveform
4.40)3 Final inspection, measurements and requirements
The measurements specified in the relevant specification shall be made.
4.40/4 Conditions to be prescribed in the relevant specification
The felevant specification shall prescribe:

a)
b)
c)
d)
e)

f)

the duration of the conditioning period;

the value of the transient peak voltage Up;

the value of C,, L and R to give a maximum charge time of 15 ms;

the duration of each test cycle;

the number of test cycles;

the temperature if different from standard atmospheric conditions of testing.
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4.41 Whisker growth test
4.41.1 General

If prescribed in the relevant specification, the whisker test shall be based on the

recommendations of IEC 60068-2-82.

The relevant specification shall prescribe a suitable fixing jig for the support of the specimen

during this test.

4.41.2 Preparation of specimen

The preparation of specimen shall be according IEC 60068-2-82:2007, Clause 5. é

Capdcitors intended for soldering shall receive a preconditioning by heat treatm\&)t according

to IEL 60068-2-82:2007, 5.5.

P

Capdqcitors with leads shall receive a preconditioning by leads f&vmmg according to

IEC $0068-2-82:2007, 5.6.
Qo)

@Q

4.413 |Initial measurement C)

The @ppearance of capacitors shall be examined accordingst\b\ C 60068-2-82:2007, 7.2.

o
4.414 Test procedures O<<

The lambient test, the damp heat test and th \gnperature cycling test shall be applied

accofding to the prescriptions in IEC 60068-2-8?& 07, Clause 6.

%)
4.41)5 Test severities ’\\.Q

The |severities of IEC 60068-2-82:2&@, Table 6 according to the component’s material

composition shall be applied. o

The {ollowing discrimination 9@6 applied to the selection of the severity of the temper
cycling test: C)

ature

a) the severity N, -5 @/ 125 °C shall be applied for capacitors with LCT = —55 °C or Qelow

and UCT =125 7 r above,

ahd/or UC ow 125 °C.

4.41)6 aal inspection, measurements and requirements

b) the severitkyﬁLM °C / 85 °C shall be applied for capacitors with LCT above —§5 °C

The cgﬁécitors shall be examined for appearance according to IEC 60068-2-82:2007,

Annex A.

The whisker shall not exceed the limit prescribed in the detail specification.
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Annex A
(informative)

Interpretation of sampling plans and procedures as described

2016

| in IEC 60410 for use within-the IECQ system quality assessment systems

When using IEC 60410 for inspection by attributes, the interpretations of the clauses and
subclauses of IEC 60410, as indicated below, apply for the purpose of this standard.

1

1.5
2

3.1

3.3
4.5

5.4

6.2
6.3
6.4
8.1
8.3.3
8.4
9.2

9.4

10.2

d)

I'he responsible authority Is the national authorized Institution Implementing the

basic rules and rules of procedure.
The unit of product is the electronic component defined in a detail specification.
Only the following definitions from this clause are required:

— a “defect” is any nonconformance of the unit of product to specified requiremgnts;

— a “defective” is a unit of product which contains one or more [nénconformance

The extent of nonconformance of a product shall be expressed in terms of per|cent

defective.
Not applicable.

The responsible authority is the IEC technical cemmittee drafting the blank
specification which forms part of the generic or,sectional specification.

Hetail

The responsible authority is the designatéd) management representative (DMR),

acting in accordance with the procedures_ptescribed in the document describin

gy the

inspection department of the approved.manufacturer, and approved by the-nafional

supervising-inspectorate Certification Body (CB).

The responsible authority is the DMR.

Not applicable.

The responsible authority is. the DMR.

Normal inspection shallkalways be used at the start of inspection.
The responsible autherity is the DMR.

The responsible authority is the national supervising inspectorate.

The responsible authority is the IEC technical committee drafting the blank
specificatian which forms part of the generic or sectional specification.

(Fourth‘sentence only) Not applicable.
(Fifth-sentence only) The responsible authority is the DMR.

Net-applicable.

jetail
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Annex B
(rormative informative)

Rules for the preparation of detail specifications for capacitors and

resistors for electronic equipment for use within-the lECQ-system quality

B.1

begin only when all the following conditions have been met.

Whe
its ¢
towa

B.2

T
T
Draft International Standard (FDIS).
T
T
o]

assessment systems

Drafting

tlirafting of a complete detail specification-bytEC-technical-committee 40, if required,

he generic specification has been approved.
he sectional specification, when appropriate, has been circulated for approval as an

he associated blank detail specification has been circulated for approval as an FDIS

here is evidence that at least three national committees havecformally approved, as
vn national standard, specifications covering a component of closely similar perform

rds the foregoing requirement.

Reference standard

shall

Final

their
ance.

h a national committee formally asserts that substantial or significant use is made within
buntry of a part described by some other national standard, this assertion may ¢ount

Detall specifications-prepared-under-thetresponsibility-of-technical-committee-40 shall usg the

standard of preferred values, ratings and’/characteristics and severities for environmental
., which are given in the appropriate’ generic or sectional specifications.

The

Circulation

detail specification should not be circulated as an FDIS until the sectional and blank
detail specifications have been approved for publication.
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Annex C
(rormative informative)

Layout of the first page of a PCP/CQC specification

Manufacturer’'s name

Location

Capdbility approval number PCP/CQC specification numbgr
Issug

Capdbility manual reference number Date

Desdription of PCP/CQC

Purppse of PCP/CQC

Drawling reference

Part |dentity
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D.1

Capa

Annex D
(rormative informative)

Requirements for capability approval test report

Introduction General

bility approval is decribed in Q.1.1 b).

The {
D.4.

D.2

The {

|
3

|
o

est report shall-be-dated-and-shall include the information given in Clauses D.2, D3

General Requirements
est report shall be dated and include the following general information:

anufacturer’s name and address;
ace of manufacture, if different from above;

— generic and sectional specification number, issue and amendment date;

- th
— T4

— Iq

D.3

The {

— 16

|
>

|
>

|
>

D.4

e issue number and date of the description of capability;

ference to PCP/CQC specification;

ference to the test programme for capability. approval, as applicable;

list of test equipment used together with.'appropriate uncertainties of measurement.

Summary of test information-(for each CQC)
est report shall include the«folldwing summary of test information:

sts;
Limber of specimens.tested;
Limber of nonconforming items allowed;

Limber of nonconforming items found.

Measurement record

and

Are

ol bl 14 £l 4 H o | ook ol £4 4l H o
UTU UT 1T TTOUILS UT UIT TTISasSUTrCTITITIIS 15 I AdRCTIT DTIUTT adllu altcl IS various I1Ticuliliad

vical,

environmental, and endurance tests for which post-test limits or final measurements are
specified.
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Annex E
(informative)

Guide for pulse testing of capacitors

E.1 Introduction Overview

Existing testing methods covered by this standard are suitable for capacitors operating in

sing number of applications in which the applied voltage is in the form of pulse~w(th or
withdut a reversal of polarity. These pulses may be continuous, intermittent, or¢/randgm in
occufrence.

This [annex specifies the factors affecting pulse ratings and the way in which these rdtings
may [be checked by appropriate endurance tests. The parameters of _a, pulse are defined.
Diffefent combinations of these parameters can give rise to differentVcauses of failufe as
follows.

Type Cause of failure Test

Electrolytic Surge voltage exceeded Surge voltage
Reverse voltage exceeded Reverse voltage
Overheating (I2R) Pulse or a.c.

Metallized types Peak current Charge/discharge

(intermittent)

du/dt, Pulse
Qverheating (/2R) Pulse or a.c.
lonization a.c.

All ofher du/dt Pulse
Overheating (I2R) Pulse or a.c.
Excess peak voltage Surge
lonization a.c.

E.2 Typical capacitor pulse conditions

The figures listed below for typical applications show that test specifications requiring 100 000
or 1 million pulses correspond to operations of only 5 s to 50 s.

It is not possible to produce one circuit which will reproduce all of the required conditions.

It is likely, however, that circuits can be produced which will reproduce various groups of
conditions. It does not appear possible at the present time to specify accelerated test
conditions to simulate, for example, a five-year operation.
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a) Examples for TV applications

e S-correction

Typical peak voltage: 25V,50V, 180V
Typical peak currents: 5Ato 15 A

du/dt: about 5 V/us
Frequency: 15 kHz to 20 kHz
Reactive power: up to 250 var

e Line tuning

Typical peak voltage: up to 1 500 V
Typical peak current: 5A
du/dt: 180 V/us
¢ Multiplier capacitors
Typical peak voltage: 10 kV d.c. with ripple
Typical peak current: 0,1A
du/dt: up to 1 000 V/us
b) Examples for power electronics
Tlpical peak voltages: 60 V to 100 W
Tlpical peak currents: 40 A to 100 A
dyp/de: 1 V/gs to 20 V/us
Frequencies: 50 Hz to 20 kHz
eactive power: up to 500 var

c) xample for d.c.-d.c. convertors

Tlypical peak voltage: 30V

Tlpical peak current: 6 A

dp/dt: 600 V/pus

Frequency: up to 20 kHz
d) xamples for switch*mode power supplies

Tlpical peak voltages: 15V to 400V

Typical peak_currents: 2At010 A

Frequencies: 100 Hz to 40 kHz
e) xampiles for lasers and pulse light sources

Tlpical peak voltages: 1 kV to 3 kV

[ypical peak current: TO00 A

du/dt: about 500 V/us

Frequencies: 1 kHz to 5 kHz

E.3 Effect of inductance on pulse testing

Proposed pulse test methods are likely to consist of test circuits involving repetitive charge
and discharge of capacitors in resistive circuits. This will result in conventional exponential
current and voltage characteristics.

In many applications, however, inductive effects are of considerable importance and have a
major influence on the suitability of the capacitor for the application.
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These are particularly important at high values of du/d¢. If the conditions for critical damping

exist (R2 = 4 x L/C), the effect is a minor modification of the shape of the charge or discharge
curve which will have little effect on the severity of the test.

If, however, R2 < 4 x L/C, there can be overshoot with or without damped oscillations.

These can result in overstress and increased power dissipation.
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F.1

F.2

The following guidelines apply.

a)
b)

c)
d)

T
a
F
e
T
T
n

M
f

o —

—

€
€

—

wlithout being linked to the failure critefia as specified.

Annex F
(informative)

Guidance for the extension of endurance tests on fixed capacitors

Introduction Overview

sted parties may wish to extend these tests to evaluate the long-term behaviour g
onents concerned and to improve the base for the reliability evaluation. In‘\the following,
nce is given for the performance and evaluation of such extended endurance tests.

Guidelines

pst conditions should preferably be the same as for thevstandard endurance test.

pr final measurements, the same characteristic should be measured as for the star
hdurance test.

he preferred duration for such extended endurance tests is 8 000 h.

he extended test is for information only on long-term behaviour and reliability.
easured values are therefore noted for variable analyses or other reliability evalu

termediate measurements (between 2 000 h and 8 000 h) may be made.

agreed between the parties concerned, the results of the test may be included i
brtified test record (CTR).of released lots.

he “translation” of the ‘résults of accumulated tests into reliability data is normall
sponsibility of the manufacturer. If somebody else wants to use these accumulateq
sults for his own'reliability evaluation, an appropriate acceleration factor fo
bmponents concerned-must shall be taken into account.

hy good reason, different test conditions are chosen, they should be clearly indicated.

f, for

dard

The

ation

h the

y the
test
the
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Annex G
(normative)

Damp heat, steady state with voltage applied,
for metallized film capacitors only

Introduction Overview

2016

hmp heat, steady state test with applied-d-¢- voltage shall be carried out.

orrosion sensitivity defection of the metallization of the dielectric film an additiona] test

Heviation of the average capacitance values of the test group with, and jthe test group
withqut-d-e- voltage, indicates a possible corrosion of the metallization.

Test procedure

damp heat, steady state test shall be carried out with agplied a.c. or d.c. volfage,

hding on the specified rated voltage of the capacitors.

damp heat, steady state test with applied—d-e- vaoliage shall be carried out on an

sses. The number of specimens for an additional test group with-é-¢- voltage is the
number for the test group without-d-e- voltage.

onal test group. The specimens for both test groups with and without-d-¢- voltagge can
be prepared by the manufacturer of the components, who will take care thaf the
men for both groups are produced with identical materials and in identical production

pame
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H.1

Annex H
(normative)

Accelerated damp heat, steady state,
for multilayer ceramic capacitors only

Mounting of capacitors

The gapaciiors sha € mounted so that each capaclior Is connected In series with a I",SS

Half pf the capacitors shall be connected in series with resistors of 100 kQQ + 10 % aQ/
seriep with resistors of 6,8 kQ + 10 %.

H.2

The ¢apacitors, mounted as in Clause H.1, shall be measured for insu[g}fon resistance W

volta

The |

H.3

The
(85 4
conn
conn

In both cases the voltage shall be app[i

Care
Cong

H.4

The
from
cond

H.5

Initial measurement (19

he of 1,5V + 0,1V applied across the capacitor and resistor iné&mes.

©
nsulation resistance shall meet the requirements given i%fa’ relevant specification.
N\
S
Test procedure Q<<

capacitors with associated resistors shall bQ\gubjected to conditioning at (85 + 2
bcted to 100 kQ resistors shall have aZvoltage of (1,5 £ 0,1) V applied, and {

cross the capacitor/resistor combination.
Q\

shall be taken to avoid cq@ensation of water on to the capacitors or substn

ensation may happen if the@.oor is opened during the test before the humidity is low

<

.

Recovery @

hpplied voltag{ﬁll be disconnected and the capacitors and resistors shall be rem
the test c er and allowed to recover for 4 h to 24 h in standard atmosp|
tions for ng

@inspection, measurements and requirements
AN

ected to 6,8 kQ resistors shall have E + 0,1) V or Uy applied, whichever is the Ipwer.

stor.
If in

ith a

) °C,

3) % RH for a duration to be specified iﬁ\\%e relevant specification. Those capagitors

hose

ates.
ered.

oved
heric

The capacitors, mounted as in accordance with Clause H.1, shall be measured for insulation
resistance as in Clause H.2 above.

The i

nsulation resistance shall be greater than 0,1 times the initial limit.
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Annex Q

(rermative informative)
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£ . ¢ bili | £ o1

Component range

Select PCPs Select CQCs
(Q.6;10.2) (Q.6.5.1)
I |
Prepare control plan Prepare CQC detail
(@.6.70.3) Speciication
(Q.6.5.1)
I
Commence process Prepare CQC test Program
controt {266
INITIAL
CAPABILITY APPROVAL
(Q.6.10)
Process control Lot-by-lot,test

Verification of
limits
(Q.6.10.4) IEC 1210/08
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Q.1 General
Q.1.1 Scope of this annex Q
N
This |Jgeneric specification and related sectional and detail specifications can b d fdr the

purppse of a full quality assessment system. The following types of approval 36 ovided.

a)

b)

Qualification Approval (QA) is applicable to an identified compa@gﬁt or range of
cpmponents manufactured to similar design and production procesaﬁs, for which a detail
specification exists. Such a detail specification shall be based on(;sﬂ} generic specifigation
and a relevant sectional specification and shall give provisions f@ QA.

A is granted to a manufacturer according to the provisi f Clause Q.2 when if has
ben established that the components meet the requirem@of the detail specification.

he test schedules prescribed in the detail specificatioé\for the initial product qualifigation
bproval and for the product quality conforman(@ inspections apply directly tq the
bmponent or range to be qualified.

Q
b
T
a
c
Clapability Approval (CA) is applicable to an tified component manufacturing prgcess
ahd set of design rules for which an app!@ le sectional specification exists. Sych a
sectional specification shall be based @n this generic specification and shall | give
pfovisions for a CA. B\
G
b
n
S
T

A is granted to a manufacturer@ding to the provisions of Clause Q.3 when it has
ben established that his capabllity for manufacturing processes and quality cqgntrol
ethods covering a specific CQ\@OHGH’( technology meet the requirements of the rel¢vant
becifications. N~

here are different detai ocifications used under CA. At least one detail specification is
r¢leased for the Capability Qualifying Components (CQC), identifying the component’s
plrpose and prescribing the relevant tests and requirements. Other detail specificdtions
afe released for deliverable components and thus may cover standard catalogue
cpmponents or @ omer specific components.

c) Tegchnology foval (TA) is appropriate when the complete technological process (dgsign,

pfocess ization, product manufacture, test and shipment) covers the qualifigation
appect mon to all components determined by the technology. It incorporates the |most
rec rinciples and techniques in quality management and provides for the uge of
stali§tical methods and tools, continuous improvement and procedural flexibility.

TA is applicable to an identified electronic component manufacturing activity for which a
Technology Approval Schedule (TAS) exists.

TA is granted to a manufacturer according to the provisions of Clause Q.4, when it has
been demonstrated that the quality management system established for his electronic
component manufacturing activity complies with the contents of his/her Technology
Approval Declaration Document (TADD), and meets the requirements of the TAS.

The identification of an electronic component manufacturing activity shall be based on
component(s) or range(s) of components manufactured to similar design and production
processes, for which detail specification(s) exist(s). Such detail specification(s) shall be
based on this generic specification and relevant sectional specification(s) and shall give
relevant provisions for a technology approval. Such applied detail specifications are to be
referenced in the TA.
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A prerequisite for obtaining any of these approvals is that a manufacturer has obtained the
approval of manufacturer in accordance with the provisions of the relevant certification body.

Q.1.2 Quality assessment definitions
Q.1.21 Primary stage of manufacture

The primary stage of manufacture shall be specified in the sectional specification.

Examples of the primary stage of manufacture are:

o or 1iim capacitors.
he winding of the capacitor element or the equivalent operation. é

° or ceramic capacitors: Q‘
he first common firing of the dielectric-electrode assembly. r\%

° or electrolytic capacitors: A
he capacitor manufacturer's evaluation of the formed anode foil. b‘,'\
Q.1.2.2 Structurally similar components Q(b(b

The prouping of structurally similar components for the initialq%uct qualification appfroval
testing or for the product quality conformance testing under % A or TA shall be prescribed
in thg relevant sectional specification. s\\

O

Q.1.2.3 Assessment level QQ<<

An agsessment level prescribes the severity of thaXtest schedules, the sampling plans anfd the
number of permissible non-conforming items iff\¢ach test group. Assessment levels EZ and
DZ nfeet the requirements of the zero defect.@pproach and align the assessment procedures
and [evels with the current industry practiCes, e.g. by setting the number of permitted|non-
confgrmities (acceptance number) to_ . The sectional specifications shall prescribg¢ the
requirements to the test schedules fo e in all related detail specifications.

O

NOTE|1 A variety of assessment lewgls existed historically, e.g. with different numbers of permissiblg non-
confomities per test. Only the asses\xﬁg t levels EZ and DZ are used in recent specifications.

The sampling plans and inspeéction levels for assessment levels EZ and DZ shall be selgcted
from|those given in IE 1193-2, except for those elements of the test schedule which are
basefd on fixed same)gl es, irrespective of the size of the lot being inspected.

NOTE] to an
unrea to the
insped huality

level 1

Q.1.4 1&/ Failure rate level determination (if applied)

The determination of failure rate level and certification shall be described in the relevant
specification.

Q.1.3 Rework

Rework is the rectification of a processing error by means not differing from those used in the
current process, or by an explicitly permitted rework process prior to release of the
component.

Rework shall not be carried out if prohibited by the relevant sectional or detail specification.

Applicable rework procedures shall be permitted by the relevant sectional or detail
specification and shall be fully described in the relevant documentation produced by the
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manufacturer. All rework shall be carried out under supervision of the Designated
Management Representative (DMR) prior to the formation of the inspection lot offered for
inspection to the requirements of the detail specification.

Q1.4 Alternative test methods

The test and measurement methods given by the relevant specification are intended to unify
test and measurement procedures. They are not necessarily the only methods which can be
used except when specifically designated as referee or reference methods.

An approved manufacturer shall demonstrate to the Certification Body (CB) that any
altermative method he uses will give results equivalent to those obtained by the s&:ified
%

methjpd.
Q.

In cage of dispute, the specified methods take precedence over any alternative @hod.

v

Q.1.5 Certified test records of released lots NG

4
When certified test records are prescribed in the relevant specificatiqrgb?a are requested by a
custgmer, the following information shall be given as a minimum. _C\

a) Attributes information (that is the number of components t€s)ted and the number of|non-
cpnforming components) for tests in the sub-group \&Vered by periodic inspdction

without reference to the parameter for which rejection made.

b) Mariables information (that is average and ran <(for the change in capacitance| and
number of tested components) for periodic @ specified in the relevant secfional
specification. N

N
NOTE| Under CA a certified test record refers only to tests cafried out on capability qualifying components.
‘0
Q.1.6 Unchecked parameters $\'

Only|those parameters of a componeﬁ\gwhich have been specified in the detail specifigation
and yhich were subject to testing ,@lll be assumed to be within the specified limits. It cannot
be agsumed that any unspecifi&Q.parameter will remain unchanged from one compongnt to

another. C)\\

A nejw, more extensiv écification shall be used if control of any additional paramefter is
required. Then the itional test method shall be fully described with specificatign of
samgling plans, ins(e): ion levels and requirements and applied in a relevant test schedule.

Q.1.7 Del delivery

Compon are considered to meet the stated requirements for a period of two years|after
manyf; e and lot release when stored under appropriate conditions, unless othefwise
spechi inthe relevant specification

Components held for a period exceeding that retention period shall prior to delivery be re-
examined for solderability and for electrical characteristics as prescribed in the relevant
specification. The sampling and procedure applied for re-examination shall be approved by
the Certification Body (CB).

Components are qualified for another retention period, if all relevant requirements were met in
the re-examination.

Q.1.8 Repair

Repair consists of rendering an approved component usable which has been damaged or has
become defective after its release.
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Components which have been repaired shall not be released under any specified quality
assessment system.

Q.1.9 Registration of approvals

Approvals shall be based on a published detail specification complying with this generic
specification and a relevant sectional specification.

The achieved approvals shall be entered in a relevant and published Register of Approvals,
e.g. in the approvals section “online certificates” of the website www.iecq.org. Such entries
shall contain all necessary details on the approval, including the applied specifications and
the scope of the approval, e.g. designation, variant(s) and range(s) of the a@roved

component(s). Qy
Q.1.10 Manufacture outside the geographical limits \QD

»
&
o5
S

Q.2.1 Eligibility for qualification approval C)

See the requirements of the specified quality assessment system (if any). ,\q/

Q.2 | Qualification approval (QA) procedures

A qualification approval may be granted to a manufacturer&}iing a manufacturer's apprgval.

A component is eligible for QA if the manufacturing@ess, including the prescribed primary
stagg of manufacture, is carried out under dir upervision of the relevant Designpated
Manggement Representative (DMR). ;\Q

7
Q.2.7 Application for qualification app@val

The manufacturer shall comply with tf&@pecified quality assessment system (if any).

Q.2.3 Subcontracting \&\O

The Jrelevant specification@y restrict subcontracting according to the specified qpality
assepsment system (if any).

N

If sulbcontracting ofg@primary stage of manufacture and/or subsequent stages is emplpyed,
it shgll be in acc@ ce with the specified quality assessment system (if any).

Q.2.4 T @rocedure for the initial product qualification approval

The fetailspecification shall prescribe the test schedule and the requirements for the [nitial
prodlictiqualification approval testing.

The sampling and formation of inspection lots shall be prescribed in the sectional
specification or in the detail specification. The sampling plan for the initial product
qualification approval testing is based on the fixed sample size procedure, with the number of
permissible non-conforming specimen set to zero (e.g. assessment level EZ).

The specimen for an inspection lot shall be collected at random over a short time within an
inspection period, not including any major change of the manufacturing process.

Q.2.5 Granting of qualification approval

Qualification approval shall be granted when the procedures in accordance with the specified
quality assessment system (if any) have been completed satisfactorily.
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Q.2.6 Maintenance of qualification approval

A QA shall be maintained by regular quality conformance inspections in order to demonstrate
the compliance with the requirements for quality conformance prescribed in the detail
specification.

Q.2.7 Quality conformance inspection

The test schedule and the requirements for the product quality conformance inspection shall
be prescribed in the detail specification.

The [sampling and formation of Inspeciion [ots shall be prescribed In the seclional
specffication or in the detail specification. The sampling plans and inspection level all be
seledted from those given in IEC 61193-2, for the part of the product quality c@{rmance
inspgction schedule based on variable sample sizes, as used for the lot-by-lotitesting] The
samgling plan for the periodic product quality conformance inspection testingcis ‘based op the
fixed| sample size procedure. The number of permissible nonconforming spgcimen for [each

test group of both test schedules is set to zero (e.g. assessment level EZ).,'\’

The ppecimen for an inspection lot shall be collected at random a short time with|n an
inspgction period, not including any major change of the manufacc) g process.

Utilisation of the switching rule for reduced inspection i G{(dup C of the test scheddle is
permiitted in all subgroups except endurance, unless oiérwise prescribed in the rel¢vant

specffication. <<
QO

Q.3 | Capability approval (CA) procedurq\@

Q.3.1 General \"QQ)

Capdbility Approval covers a manufactdring process and quality control methods (inclyiding
design aspects as applicable) for a sp¥cific component technology with clearly defined gcope
and lymits of the employed manufa@ring capability.

.

The [capability shall be de@cétrated on Capability Qualifying Components (CQC), which
servg as specimen for jnitial qualification testing and for subsequent quality conforrgance
inspdctions. There s be a detail specification for a CQC, based on this g

specffication and on ctional specification, giving the provisions for a CA.

neric

A dejailed Pro Qbontrol Plan (PCP) shall be used for inspections to be carried out during
the manufac& process applied to the manufacturing of components for release.

Thera’-}g(‘;ﬂ be specific detail specifications for standard catalogue components anfl for
custq specific components to be released under capability approval. They shall be based
on this generic specification and on the same sectional specification supporting the detail
specification for the CQC.

Q.3.2 Eligibility for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any).

A component manufacturer is eligible for CA if the manufacturing process, including the
prescribed primary stage of manufacture, is carried out under direct supervision of the
relevant Designated Management Representative (DMR).
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Q.3.3 Application for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any), and with the requirements of the relevant sectional specification.

Q.3.4 Subcontracting

The relevant specification may restrict subcontracting according to the rules of the specified
quality assessment system (if any).

If subcontracting of the primary stage of manufacture and/or subsequent stages is employed,
it shdlTbe n accordance with the specifled quallly assessment system (it any). A

Q.3.5 Description of the capability Q}’

©

The pnanufacturer shall describe the capability relevant to the manufacturin %hnolog) and
rang¢ of products involved in a Capability Manual (CM), which shall meet therequirements of
the sjpecified quality assessment system (if any). The CM shall state th%‘l)'?hi’ts of the coyered
technjology, and design rules, if applicable. (b(b

The €M may be subject to confidentiality, hence the manufacturer@all provide an abstract of

the description of capability suitable for publication. C)
R
O

Q.3.9 Demonstration and verification of capability,

The yerification of the claimed capability shall de @trate compliance with the conterjts of
the ¢CM and utilize Capability Qualifying Compo s (CQC) and the Process Control [Plan
(PCH), as required by the specified quality asse&ent system (if any).

<
The ICQCs shall be used to demonstrate’@e limits of capability and compliance with the
releviant detail specification.
)
Q\

Q.3.7 Granting of capability @@roval

Capdbility approval shall be ted when the procedures in accordance with the spegified
qualify assessment system @ ny) have been completed satisfactorily and the requirements
of th¢ relevant sectional specification have been met.

Q.3.§ Maintena(tpof capability approval

A Capability @val shall be maintained according to the specified quality assessment

systdm (if ar@ nd to the respective descriptions of the CM by regular quality conformance

inspgction the CQCs in order to demonstrate the compliance with the requiremenis for

quali y&/ ormance prescribed in the relevant detail specification.
AN

Q.3.9 Quality conformance inspection

Quality conformance inspections shall be executed according to the provisions of the
specified quality assessment system (if any) and to the respective descriptions of the CM.

The test schedule and the requirements for the quality conformance inspection shall be
prescribed in the relevant detail specification(s) for deliverable components, e.g. the specific
detail specifications for standard catalogue components or for customer specific components.

The sampling and formation of inspection lots shall be prescribed in the sectional
specification or in the detail specification. The sampling plans and inspection levels shall be
selected from those given in IEC 61193-2, except for those elements of the test schedule
which are based on fixed sample sizes.
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The specimen for an inspection lot shall be collected at random over a short time within an
inspection period, not including any major change of the manufacturing process.

Q.4 Technology approval (TA) procedure

Q.41 General

Technology Approval is a method of approving a complete technological process covering the
approval aspects common to all products as determined by the technology under
conS|derat|on It extends the existing swte of approval concepts (QA and CA) by adding the
folloy

a) al formal system for quality management, actively involving all employ%}/in the
cpmmitment to quality;

b) ukse of in-process control methods, for example, SPC, to be defined |Q"a Technplogy
pproval Schedule (TAS); )

-

c) a|strategy for continuous quality improvement; ’

d) monitoring the overall technologies and operations associate\}‘)b/vith the design| and
anufacturing processes as well as the components themselv

e) pfocedural flexibility due to the underlying quality assurahce management system and
arket sector requirements;

f) alcceptance of a manufacturer’s operational docume&tlon to provide means for fapid
approval or extension of approval. Q

Q.4.9 Eligibility for technology approval

A TA may be granted to a manufacturer holdl%;s\an Approval of Manufacturer to the spegified
qualify assessment system (if any). \s'Q

Prergquisite to a TA is a Technology proval Schedule (TAS) covering the entire scope of
technology for which approval is ‘l%nded, written according to the requirements of the
specified quality assessment systew(if any).

Q.4.3 Application of te@)\ology approval

The procedure and re ments for an application for TA are given in the specified qpality
assepsment system ny

Q.4.4 Subc@écting

The TAS relevant specification may restrict subcontracting according to the rules gf the
specffie lity assessment system (if any).
AN

Q.4.5 Description of technology

The manufacturer shall describe the implementation of the TAS in his organisation in a
Technology Approval Declaration Document (TADD) which shall meet the requirements of the
specified quality assessment system (if any). The TADD shall describe the relevant scope of
technology and relate to, but not exceed the range of activities covered by the TAS.

Q.4.6 Demonstration and verification of the technology

For verification of the operational and technological processes, the manufacturer shall
demonstrate compliance with the contents of the TADD, as required in the specified quality
assessment system (if any).

For manufacturing verification, characterisation and evaluation of process performance shall
be performed on components, for which a detail specification exists. Such detail specification
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shall be based on this generic specification and a sectional specification and shall give

provisions for a TA.

Q.4.7 Granting of technology approval

TA shall be granted by the Certification Body (CB) when the requirements of the specified

quality assessment system (if any) have been met.

Q.4.8 Maintenance of technology approval

A TA shall be maintained according to the provisions of the specified quality assessment

systdm (it any).

Q.4.9 Quality conformance inspection

The quality conformance inspection shall be carried out in accordance with t € ne evant TIAS.

-

3
N
&

The fuality conformance inspection of the manufacturing shall be perfarmed on components
for V\1hich a detail specification has been registered in the TADD. T est schedule an

requirements for the quality conformance inspection shall be@ scribed
specffication. C)

in the

0 the
Hetail

The [sampling and formation of inspection lots shall Bg/prescribed in the secfional

seledqted from those given in IEC 61193-2, except f
whicl are based on fixed sample sizes. Q
N\

specffication or in the detail specification. The samplin;g< plans and inspection levels shall be

N
The ppecimen for an inspection lot shall be céf{&;ted at random over a short time with

inspgction period, not including any major cb@ﬁge of the manufacturing process.
>

Utilispption of the switching rule for reduced inspection in Group C of the test schedd
permjitted in all subgroups except e&‘urance, unless otherwise prescribed in the rels

specfification. \O

hose elements of the test schédule

n an

le is
bvant
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FEOREWORD

1) Thie International Electrotechnical Commission (IEC) is a worldwide organization for standardization‘\comprising
alll national electrotechnical committees (IEC National Committees). The object of IEC is¢to prpmote
infernational co-operation on all questions concerning standardization in the electrical and electronic fielfis. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as| “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Gommittee intefested
in |the subject dealt with may participate in this preparatory work. International, governmental and non-
golvernmental organizations liaising with the IEC also participate in this preparatienIEC collaborates dlosely
with the International Organization for Standardization (ISO) in accordance with”/conditions determined by
agreement between the two organizations.

2) Thie formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
copsensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for internatiofal use and are accepted by IEC National
Cdmmittees in that sense. While all reasonable efforts are made to ensure that the technical content ¢f IEC
Publications is accurate, IEC cannot be held responsible forythe way in which they are used or fgr any
miginterpretation by any end user.

4) In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publigations
transparently to the maximum extent possible in théir“national and regional publications. Any divergence
befween any IEC Publication and the corresponding @ational or regional publication shall be clearly indicated in
the¢ latter.

5) IEE itself does not provide any attestation of.conformity. Independent certification bodies provide confprmity
aspessment services and, in some areas, aecess to IEC marks of conformity. IEC is not responsible fpr any
sefvices carried out by independent certification bodies.

6) Alllusers should ensure that they have“the latest edition of this publication.

7) N( liability shall attach to IEC or.ifsydirectors, employees, servants or agents including individual experfs and
megmbers of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
expenses arising out of the ‘publication, use of, or reliance upon, this IEC Publication or any othgr IEC
Pyblications.

8) Atfention is drawn t¢ the Normative references cited in this publication. Use of the referenced publicatipns is
indispensable for the correct application of this publication.

9) At{ention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights” NEC shall not be held responsible for identifying any or all such patent rights.

Interpatignal Standard IEC 60384-1 has been prepared by IEC technical committeg 40:
Capdcitors and resistors for electronic equipment

This fifth edition cancels and replaces the fourth edition published in 2008 and constitutes a
technical revision, including minor revisions related to tables, figures and references.

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

¢ INTRODUCTION added;
e 4.41 Whisker growth test added;

e Annex Q completely restructured.
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The text of this standard is based on the following documents:

FDIS Report on voting

40/2420/FDIS 40/2444/RVD

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

A list of all the parts of the IEC 60384 series, under the general title Fixed capacitors for use

in electronic nq::i’omanf’ canbe found on the |IEC website

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

The committee has decided that the contents of this publication will remain @nchanged| until
the gtability date indicated on the IEC website under "http://webstore.iecich"” in the[data
reIatId to the specific publication. At this date, the publication will be

-

confirmed,

¢ withdrawn,

* re¢placed by a revised edition, or
* amended.
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INTRODUCTION

The specification system for fixed capacitors for use in electronic equipment is structured in a
hierarchical system consisting of the following specification types.

Generic specification

The generic specification covers all subjects mainly common to the family of fixed capacitors
for use in electronic equipment, such as terminology, methods of measurement and tests.
Where the individual subjects require the prescription conditions or parameters specific to the
particular subfamily or type of fixed capacitor, such prescriptions are required to be given by
one ¢f the subordinate specifications.

For the scope of fixed capacitors, the numeric reference to the generic specificatipn is
IEC 60384-1.

Sectjonal specification

Sectional specifications cover all subjects additional to those Ogiven in the generic
specffication, which are specific to a defined sub-group of fixed(capacitors. These subjects
normially are preferred values for dimensions and characteristics, additional test method$ and
relevant prescriptions for test methods given in the generic{specification, prescriptions for
samgling and for the preparation of specimen, recommended test severities and prefgrred
acceptance criteria. The sectional specification also outlines the structure and scope df the
test gchedules which are to be applied in all subordinate‘detail specifications.

For the scope of fixed capacitors, the numeric references to the sectional specifications rleach
from| IEC 60384-2 for polyester film capacitors to currently IEC 60384-26 for aluminium
electfolytic capacitors with conductive palymer solid electrolyte. The variety of seciional
specffications may be adapted to the portfalio of different technologies of fixed capacitors].

Detajl specification

Deta|l specifications give directly, or by making reference to other specificationg, all
information necessary to completely describe a given type and range of fixed capacjtors,
inclugling prescriptions of ‘all values for dimensions and characteristics. They also givye all
information required forsthe quality assessment of the covered type and range of [fixed
capagitors within a suitable quality assessment system, including prescriptions for all applied
test geverities and. aeceptance criteria, and the completed test schedules.

Deta|l specifications can be either specifications within the IEC system, another specification
systgm linked to IEC, or specified by the manufacturer or user. For the scope of [fixed
caparitorsy the numeric references to detail specifications are for example IEC 60384-3;101,
if related to the sectional specification |IEC 60384-3 and to the ancillary blank detail
specification IEC 60384-3-1.

Blank detail specification

The hierarchical system of specifications is supplemented by one or more blank detail
specifications to a sectional specification, which are used to ensure a uniform presentation of
detail specifications. The blank detail specifications provide the specification writer with a
template on the layout to be adopted and on the information to be given and with guidance for
the preparation of detail specifications in line with the requirements of the superior generic or
sectional specifications. Blank detail specifications are not considered as relevant
specifications since they do not themselves describe any particular component.
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The presence of an established hierarchical specification system with blank detail
specifications permits the preparation of detail specifications even outside of the relevant IEC
technical committee.

For the scope of fixed capacitors, the numeric references to blank detail specifications are, for
example, IEC 60384-3-1, if related to the sectional specification IEC 60384-3.

Relevant specification

In this system the term “relevant specification” addresses subordinate specifications

containing-specific-reguirements—where-applicable
9 I o ] 3 L i -

Any |generic or sectional specification may use abstract and universal referencgs to
subordinate specifications of either hierarchical level by use of the expression® “rel¢vant
specffication”.

Generic
specification
Sectional Sectional Sectional B
specification specification specification
Blank detail
i P E > 1
specification
Detail Detail 5
specification specification J
IEC

1 Indicates the range of fRelevant specifications” to the superior generic specification, where applicable.

2 Indicates the range of “Relevant specifications” to the superior sectional specification, where applicable.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1 General
1.1 Scope
This [part of IEC 60384 is a generic specification and is applicable to fixed capacitors™fof use

in eld

It est
and

purp

1.2

ctronic equipment.

ablishes standard terms, inspection procedures and methods of test for(use in secfional
detail specifications of electronic components for quality assessment or any pther
bse.

Normative references

The {ollowing documents, in whole or in part, are normatively referenced in this document and

are i

ndispensable for its application. For dated references, only the edition cited applieg. For

undated references, the Ilatest edition of the referenced document (including| any

amelq

IEC 60027 (all parts), Letter symbols to be used.in electrical technology

IEC 60050 (all parts), International Electroteéhnical Vocabulary?

IEC 60062, Marking codes for resistars>and capacitors

IEC 60063, Preferred number series for resistors and capacitors

IEC $0068-1:2013, Environmental testing — Part 1: General and guidance
IEC 60068-2-1:2007, ~Environmental testing — Part 2-1: Tests — Tests A: Cold

IEC $0068-2-2:2007, Environmental testing — Part 2-2: Tests — Tests B: Dry heat

dments) applies.

IEC 60068-2:6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinudoidal)

IEC €P0068—2—13:1983, Environmental testing — Part 2-13: Tests — Test M: Low air pressiire

IEC 60068-2-14:2009, Environmental testing — Part 2-14: Tests — Test N: Change of

temp

erature

IEC 60068-2-17:1994, Environmental testing — Part 2-17: Tests — Test Q: Sealing

IEC 60068-2-20:2008, Environmental testing — Part 2-20: Tests — Test T: Test methods for
solderability and resistance to soldering heat of devices with leads

IEC 60068-2-21:2006, Environmental testing — Part 2-21: Tests — Test U: Robustness of
terminations and integral mounting devices

1 www.electropedia.org
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IEC 60068-2-27:2008, Environmental testing — Part 2-27: Tests — Test Ea and guidance:

Shock

IEC 60068-2-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic

(12 h + 12 h cycle)

IEC 60068-2-45:1980, Environmental testing — Part 2-45: Tests — Test XA and guidance:

Immersion in cleaning solvents
IEC 60068-2-45:1980/AMD1:1993

IEC : ; HHOHREREa 3 54-
testing of electronic components by the wetting balance method

IEC $0068-2-58:2015, Environmental testing — Part 2-58: Tests — Test Td: Test-method
soldgrability, resistance to dissolution of metallization and to soldering heat of su
mounting devices (SMD)

IEC $0068-2-67:1995, Environmental testing — Part 2-67: Tests —QFest Cy: Damp
steady state, accelerated test primarily intended for components

IEC §0068-2-69:2007, Environmental testing — Part 2-69: /Tests — Test Te: Solderg
testing of electronic components for surface mounting devijces”(SMD) by the wetting ba
methpd

IEC $0068-2-78:2012, Environmental testing — Parnt\2-78: Tests — Test Cab: Damp
steady state

IEC $0068-2-82:2007, Environmental testing<~ Part 2-82: Tests — Test XW1: Whiske
methjods for electronic and electric components

IEC 60294, Measurement of the ~dimensions of a cylindrical component with
termpations

IEC 60617, Graphical symbols for diagrams

IEC $0695-11-5:2004, <Fire hazard testing — Part 11-5: Test flames — Needle-flame
methiod — Apparatus; ‘confirmatory test arrangement and guidance

IEC 60717, Method for the determination of the space required by capacitors and res
with lnidirectional terminations

IEC $1493<2, Quality assessment systems — Part 2: Selection and use of sampling plar

bility

s for
rface

heat,

bility
ance

heat,

test

axial

test

stors

s for

inspaction of electronic components and packages

IEC 61249-2-7:2002, Materials for printed boards and other interconnecting structures —
Part 2-7: Reinforced base materials clad and unclad — Epoxide woven E-glass laminated

sheet of defined flammability (vertical burning test), copper-clad
ISO 3, Preferred numbers — Series of preferred numbers

ISO 80000-1, Quantities and units — Part 1. General
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2 Technical data

2.1
211

Symbols, units and abbreviated terms

General

Units, graphical symbols and letter symbols should, whenever possible, be taken from the
following publications:

IEC 60027 (series);
IEC 60050 (series);

Whe
the p

2.1.2

CN
DA
du/d1
Jr

Ileak

IEC 60617;
1$O 80000-1.

further items are required, they should be derived in accordance with the.principl
ublications listed above.

Letter symbols

Nominal capacitance

Dielectric Absorption

Pulse handling capability

Self-resonat frequency

leakage current

Maximum permissible pulse chafacteristics
Self-inductance

Insulation resistance

Lower categonytemperature

Tangent ofiloss angle

Uppercategory temperature

Category temperature

es of

Operating temperature
Rated temperature
Category voltage
Operating voltage
Rated voltage

Surge voltage
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CA

—16 —
Impedance

Temperature coefficient of capacitance

= Cy x R|nyg Time constant

Abbreviations

Capability Approval

IEC 60384-1:2016 © IEC 2016

CB

cQcC

DMR

ESR

IPA

PCP

QA

SMD

TA

TADD

2.2

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

NOTE

2.21

Certificatiomr Body

Capability Qualifying Components
Designated Management Representative
Equivalent Series Resistance

Isopropyl alcohol

Process Control Plan

Qualifying Approval

Surface Mount Device

Technology Approval

Technology Approval DeclaratioDocument

Terms and definitions

They have been listed.in alphabetical order.

a.c. ¢apacitor

caparitor designed essentially for application with alternating voltages

2.2.2

bipolar«capacitor

<electrotyticcapacitor

of the applied direct voltage

2.2.3

category of passive flammability
category indicating the maximum burning time after a specified time of flame application

2.2.4

category temperature range
ambient temperature range for which the capacitor has been designed to operate continuously

Note 1 to entry:

2.2.41).

Y ! H (Y el ot ! 1 . 1 1/
Capyatltur Ut siyricu U witristatta dit aiterriatinny vOiiaytc artu7ur 1€ rsal

The temperature range is limited by the lower and upper category temperature (see 2.2.10 and
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2.25
category voltage

Uc

maximum voltage that can be applied continuously to a capacitor at its upper category
temperature (2.2.41)

2.2.6

d.c.
capa

capacitor
citor designed essentially for application with direct voltage

Note 1 to entry: It may not be suitable for use on a.c. supplies.

2.2.7

fami

<elegtronic components> group of components which predominantly displaysa part

phys

2.2.8

grad
term

compgonent

2.2.9

insu
capa
less

to come into contact in normal use

221

lower category temperature

conti

minihum ambient temperature for which a capacitor has been designed to op
huously
1

221

maximum storage temperature

maxi

withqut damage

2.21

maximum temperature of a capacitor
tempgrature at(the hottest point of its external surface

Note

2.2.1
mini

y

cal attribute and/or fulfils a defined function

p
to indicate an additional general characteristic concerning the inténded application ¢

ated capacitor
citor in which all terminations of a section may befraised to a potential different (b
han the rated voltage) from that of any condugcting surface with which the case is

0

mum ambient temperature which the capacitor withstands in the non-operating con

2

to entry.  The terminations are considered to be part of the external surface.

cular

f the

t not
iable

erate

dition

3

mum storage temperature

minimum ambient temperature which the capacitor withstands in the non-operating condition
without damage

2.2.1

4

minimum temperature of a capacitor

temp

erature at the coldest point of the external surface

Note 1 to entry: The terminations are considered to be part of the external surface.

2.21
nom
Cn

5
inal capacitance

designated capacitance value, usually indicated on the capacitor
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2.2.16

passive flammability

ability of a capacitor to burn with a flame as a consequence of the application of an ext
source of heat

2.2.17
polar capacitor

2016

ernal

<electrolytic capacitor> capacitor intended for use with a unidirectional voltage connected

according to the polarity indication

2.2.18

pulsb capacitor
capagitor for use with pulses of current or voltage

Note | to entry: The definitions of IEC 60469 apply.

2.2.19
pulse equivalent circuit of a capacitor

equivalent circuit consisting of an ideal capacitor in series with its residdal inductance an
equiyalent series resistance (ESR)

Note 1 to entry: For pulse operation the equivalent series resistance will be.similar to, but not identical wi
ESR measured with a sinusoidal voltage. The pulse ESR depends on the«se€ries of harmonics in the pulse a
variation of the losses with frequency.

2.2
rated a.c. load

maximum sinusoidal a.c. load which may be applied continuously to the terminations
capapitor at any temperature between the lowercategory temperature (2.2.10) and the
tempgerature (2.2.24)

ripple current
. value of the maxXimum allowable alternating current of a specified frequency, at V
the cppacitor can be operated continuously at a specified temperature

Note {1 to entryi_ _As the ripple current will generate a ripple voltage across the capacitor, the sum of the
voltage and.the*peak value of the alternating voltage applied to the capacitor should not exceed the rated v|
or temperature derated voltage, as applicable.

d the

h, the
hd the

of a
rated

b the
ature

vhich

direct
pltage

2.2.23
rated ripple voltage

rm.s. value of the maximum allowable alternating voltage at a specified frequency

superimposed on the d.c. voltage at which the capacitor may be operated continuously
specified temperature

Note 1 to entry: The sum of the direct voltage and the peak value of the alternating voltage applied
capacitor should not exceed the rated voltage or temperature derated voltage, as applicable.

2.2.24
rated temperature
maximum ambient temperature at which the rated voltage may be continuously applied

at a

to the
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2.2.25
rated voltage
Ur

2.2.25.1

rated d.c. voltage

maximum d.c. voltage which may be applied continuously to a capacitor at the rated
temperature (2.2.24)

Note 1 to entry: The maximum d.c. voltage is the sum of the d.c. voltage and peak a.c. voltage or peak pulse
voltazr applied 1o the capacitor.

2.2.25.2

rated a.c. voltage
maximum r.m.s. alternating voltage which may be applied continuously to a ,capacitor gt the
rated temperature (2.2.24) and at a given frequency

2.2.25.3

rated pulse voltage
peak| value of the pulse voltage within a given pulse wave form' which may be applied
contihuously to a capacitor at the rated temperature (2.2.24)

2.2.26
reverse voltage
<polgr capacitor> voltage applied to the capacitor terminations in the reverse polarity direjction

Note 1 to entry: Reverse voltage applies to polar capaciters'only.

2.2.2)7
self-healing
procgss by which the electrical properties of the capacitor, after a local breakdown of the
dieleftric, are rapidly and essentially restored to the values before the breakdown

2.2.28
style
subdjvision of a type (2.2.39), generally based on dimensional factors, which may in¢lude
sevefal variants, generally. of a mechanical order

2.2.29
subfamily
<elegtronic cemponents> group of components within a family (2.2.7) manufactured by similar
technological'methods

2.2.30

surface mount capacitor
fixed capacitor whose small dimensions and nature or shape of terminations make it suitable
for use in hybrid circuits and on printed boards

2.2.31

surge voltage ratio

quotient of the maximum instantaneous voltage which can be applied to the terminations of
the capacitor for a specified time at any temperature within the category temperature range
(2.2.4) and the rated voltage (2.2.25) or the temperature derated voltage (2.2.36), as
appropriate
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2.2.32

tangent of loss angle

tan &

power loss of the capacitor divided by the reactive power of the capacitor at a sinusoidal
voltage at a specified frequency

2.2.33

temperature characteristics of capacitance

maximum variation of capacitance produced over a given temperature range within the
category temperature range (2.2.4)

Note 1 to entry: The term characterizing this property applies mainly to capacitors of which the variatipns of
capacltance as a function of temperature, linear or non-linear, cannot be expressed with precision and certairty.

Note 2 to entry: This characteristic is normally expressed as a percentage of the capacitance related to a
referehce temperature of 20 °C.

2.2.34
temperature coefficient of capacitance
a
rate [of change of capacitance with temperature measured over) a specified range of
templrature

Note 1 to entry: The term characterizing this property applies to capacitors\of which the variations of capacjtance
as a fyinction of temperature are linear or approximately linear and can be.expressed with a certain precision.

Note 2 to entry: This coefficient is normally expressed in parts perillion per Kelvin (1076/K).

2.2.35
temperature cyclic drift of capacitance
maximum irreversible variation of capacitance>observed at room temperature during or|after
the cpmpletion of a number of specified temperature cycles

Note {1 to entry: The term characterizing this property applies to capacitors of which the variations of capadtance
as a fyinction of temperature are linear or approximately linear and can be expressed with a certain precision.

Note 2 to entry: This drift is normally.-expressed as a percentage of the capacitance related to a refgrence
temperature, usually 20 °C.

2.2.36
temperature derated voltage
maximum voltage that may be applied continuously to a capacitor, when it is atl any
rature between’' the rated temperature (2.2.24) and the upper category temperature

to entry:, Refer to 2.3.6.

temperature rise of the capacitor relative to the ambient temperature resulting from the losses
in the capacitor due to operation under a.c., pulse or charge/discharge conditions

2.2.38

time constant

T

product of the insulation resistance and the capacitance

Note 1 to entry: The time constant is normally expressed in seconds.
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2.2.39

type

group of components having similar design features and manufacturing techniques, enabling
them to be considered together, either for qualification approval or for quality conformance
inspection

Note 1 to entry: These components are generally covered by a single detail specification.

Note 2 to entry: Components described in several detail specifications, may, in some cases, be considered as
belonging to the same type.

2.2.40

uninsulated capacitor
capagitor in which one or more of the terminations of a section cannot be raised to a_potential
diffefent (but not less than the rated voltage) from that of any conducting surface<with which
the cpse is liable to come into contact in normal use

2.2.41
uppgr category temperature
maximum ambient temperature for which a capacitor has been-designed to opprate
contihuously

2.2,
visible damage

visible damage which reduces the usability of the capacitorfor its intended purpose

2.3 | Preferred values and additional technical requirements
2.3.1 General

Each| sectional specification shall prescribe<the preferred values appropriate to the subfgmily;
for npminal capacitance, see also 2.3.2.

2.3.2 Preferred values of nominal capacitance

The [preferred values of nominal capacitance shall be taken from the series specifi¢gd in
IEC 60063.

2.3.3 Preferred values of rated voltage

The preferred values-of the rated voltage are the values of the R10 series of ISO 3: 1,0 1,25
-1,6-2,0-2,5%3,15-4,0-5,0-6,3 — 8,0 and their decimal multiples (x 107, n: integpr).

2.3.4 Rated a.c. load

The fatéd a.c. load may be expressed:

a) at low frequencies as a rated a.c. voltage;
b) at high frequencies as a rated a.c. current;
c) atintermediate frequencies as a rated reactive power (var).

This is shown in Figure 1.

For a particular type of capacitor, it may be necessary to specify one or more of the above
characteristics.

Capacitors within the scope of this standard are normally less than 500 var at 50 Hz to 60 Hz.
Low frequencies may be 50 Hz to 60 Hz, 100 Hz to 120 Hz, or 400 Hz. Voltages may be up to
600 V r.m.s. at 50 Hz to 60 Hz. However, capacitors for filters, transmitter or converter circuits
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may be required to operate under power over a wide range of frequencies and up to 10 kvar
at the higher frequencies with voltages up to 1 000 V r.m.s.

A

Reactive power
limited

Voltage limited Current limited

Reactive power

P
|

Frequengdy

IEC
Figure 1 — Reactive power against frequency

2.3.5 Rated pulse load
The tated pulse load may be expressed as a) and b) and any ‘of the remaining items:

a) pgeak current per uF or du/dz (V/us);

b) re¢lative duration of charge and discharge periods;
irrent;

pak voltage;

c
p

e) pgak reverse voltage;
pllse repetition frequency;
m

aximum active power.

Theske parameters are fixed farperiodic pulses.

In the case of intermittent pulses, the duty cycle should be specified. In the case of rapndom
pulsgs, the total numberexpected over a given time period should be stated.

The f.m.s. pulseseurrent should be calculated in accordance with IEC 60469:2013, 3.2.17|5. In
the cpse of intermittent or random pulses, the time interval should be chosen to correspond to
the maximum-temperature rise.

2.3.6 Temperature derated voltage

Information on the voltage/temperature dependence at temperatures between the rated
temperature and the upper category temperature should, if applicable, be given in the relevant
specification (see Figure 2).
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(0]

()]

S

o

>

Ur Temperature

/derated voltage

Ugt--———————————— o

TR Tc Temperature

IEC

Key
Ug is the rated voltage
Ug is the category voltage
Tr is the rated temperature
Te is the category temperature
Figure 2 — Relation between category temperature range and applied voltage
2.4 | Marking

2.4.1 General

The $ectional specification shall indicate the identification criteria and other information fo be
shown on the capacitor and/or packaging.

The ¢rder of priority for marking small capacitors shall be specified.

2.4.2 Coding

When coding is_used for capacitance value, tolerance or date of manufacture, the method
shall|be selectedfrom those given in IEC 60062.

3 Quality assessment procedures

See Annex Q.
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4 Tests and measurement procedures

General information on test and measurement procedures Subclause
General 4.1
Standard atmospheric conditions 4.2
Drying 4.3
Storage 4.25
Mounting (for surface mount capacitors only) 4.33

Electrical tests and measurements
mTsutatior resistance 4.5
Voltage proof 4.6
Capacitance 4.7
Tangent of loss angle and equivalent series resistance (ESR) 4.8
| eakage current 4.9
mpedance 4.10
Self-resonant frequency and inductance 4.11
Variation of capacitance with temperature 4.24
Surge 4.26
High surge current test 4.39
Charge and discharge tests and inrush current test 4.27
Dielectric absorption 4.36
Moltage transient overload (for aluminium electrolytic capacitors with non- 4.40

50lid electrolyte)
Mechanical tests and measurements

Visual examination and check of dimensions 4.4

Duter foil termination 412
Robustness of terminations 413
Vibration 417
Bump (repetitive shock) 4.18
Shock 419
Container sealing 4.20
Shear test 4.34
Substrate bending.test 4.35
Enyironmental and\climatic tests
Rapid change of‘temperature 416
Climatic sequence 4.21
Damp heat, steady state 4.22
Fndurance 4.23
Characteristics at high and low temperature 4.29
ThGIIIId: btabl:lty tUDt 30
Damp heat, steady state, accelerated 4.37
Tests related to component assembly
Resistance to soldering heat 4.14
Solderability 4.15
Component solvent resistance 4.31
Solvent resistance of marking 4.32
Whisker growth test 4.41
Test related to safety
Pressure relief (for aluminium electrolytic capacitors) 4.28

Passive flammability 4.38
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4.1 General

The sectional and/or blank detail specification shall indicate the tests to be made, which
measurements are to be made before and after each test or subgroup of tests, and the
sequence in which they shall be made. The stages of each test shall be carried out in the
order written. The measuring conditions shall be the same for initial and final measurements.

If national specifications within any quality assessment system include methods other than
those specified in the above specifications, they shall be fully described.

Limits given in all specifications are absolute limits. The principle to take measurement
unceftainty into account shall be applied.

4.2 | Standard atmospheric conditions
4.21 Standard atmospheric conditions for testing

Unlegs otherwise specified, all tests and measurements shall be carried,out under standard
atmogpheric conditions for testing as given in IEC 60068-1:2013, 4.3:

— tgmperature: 15 °C to 35 °C;
— relative humidity: 25 % to 75 %;
— aj|r pressure: 86 kPa to 106 kPa.

Befofe the measurements are made, the capacitor{shall be stored at the measpuring
tempgrature for a time sufficient to allow the entire~capacitor to reach this temperature| The
period as prescribed for recovery at the end of a test\is normally sufficient for this purpos

A%

When measurements are made at a temperature other than the specified temperaturg, the
results shall, where necessary, be corrected to the specified temperature. The ampient
tempgrature during the measurements shall be stated in the test report. In the event|of a
dispyte, the measurements shall be repeated using one of the referee temperatures (as given
in 4.2.3) and such other conditions as are prescribed in this standard.

When tests are conducted in_assequence, the final measurements of one test may be take¢n as
the initial measurements for'the succeeding test.

During measurements the capacitor shall not be exposed to draughts, direct sunlight or pther
influgnces likely to cause error.

4.2.2 Recovery conditions

Unle$s otherwise specified recovery shall take place under the standard atmospheric
condjtions for testing (4.2.1).

If recovery under closely controlled conditions is necessary, the controlled recovery conditions
of IEC 60068-1:2013, 4.4.2, shall be used.

Unless otherwise specified in the relevant specification, a duration of 1 h to 2 h shall be used.

The definition of recovery is as given in IEC 60068-1:2013, 3.4, being further restricted for
capacitors as follows:

When a recovery period is specified as, for example, 1 h to 2 h, this means that measurement
(or other subsequent action) on a batch of capacitors may start after 1 h and shall be
completed before 2 h from the beginning of the recovery period.

The preferred method of specifying a recovery period is in the form "x h to y h".
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Referee conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken from
IEC 60068-1:2013, 4.2, as given in Table 1 below, shall be selected.

Table 1 — Referee conditions

4.2.4

For

IEC $0068-1:2013, 4.1, apply:

— 16

— a

4.3

Unless otherwise specified in the relevant specification, the capacitor shall be conditione

96 h

humifity not exceeding 20 %.

The ¢apacitor shall then be allowed to;cool in a desiccator using a suitable desiccant, su
activated alumina or silica gel, and.shall be kept therein from the time of removal fron

oven(to the beginning of the specified tests.

4.4 | Visual examination and check of dimensions

4.4.1 Visual examination

The ¢ondition, workmanship and finish shall be satisfactory, as checked by visual examin|
(see2.2.42).

Markjng shall”be legible, as checked by visual examination and shall conform with

requi

Temperature Relative Air pressure
humidity
°C % kPa
20 + 1 63 to 67 86 to 106
23+ 1 48 to 52 86 to 106
25 +1 48 to 52 86 to 106
27 + 1 63 to 67 86 to 106

Reference conditions

reference purposes, the standard atmospheric conditions (for’ reference give

mperature: 20 °C;
r pressure: 101,3 kPa.

Drying

+ 4 h by heating in a circulating air oven.at-a temperature of 55 °C £ 2 °C and a re

rements of the detail specification.

n in

d for
ative

th as
h the

ation

the

4.4.2

Dimensions (gauging)

The dimensions indicated in the detail specification as being suitable for gauging shall be
checked, and shall comply with the values prescribed in the detail specification.

When applicable, measurements shall be made in accordance with IEC 60294 or IEC 60717.

443

Dimensions (detail)

All dimensions prescribed in the detail specification shall be checked and shall comply with
the values prescribed.
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4.5 Insulation resistance
4.51 Preconditioning

Before this measurement is made, the capacitors shall be fully discharged.

4.5.2 Measuring conditions

Unless otherwise specified in the relevant specification, the insulation resistance shall be
measured at the voltage specified in Table 2.

The arati i U v i T 5s,
unlegs otherwise prescribed in the detail specification.

Table 2 — Measurement of insulation resistance

Voltage rating of Measuring voltage
capacitor
Vv \
Ugor U, <10 UgorU,+ 10 %
10 < Ug or U, <100 10 £ 12
100 < Uy or U, <500 100 £.15
500 < Ug or U, 500 £ 50
@ When it can be demonstrated that.the'voltage has no influence on
the measuring result, or that _“a."known relationship exists,
measurements can be performéd~at voltages up to the rated or
category voltage. In case of.dispute, 10 V shall be used, unless
otherwise specified in the sectional specification.

Ur ig the rated voltage for use in defining the measuring voltage to be used under standard
atmogpheric conditions for testing:

Uc i the category voltage for use in defining the measuring voltage to be used at the gpper
category temperature.

4.5.3 Test points

The insulation resistance shall be measured between the measuring points defined in Table 3,
specffied in thedrelevant specification.

Test|A, between terminations, applies to all capacitors, whether insulated or not.

Test B, internal insulation, applies to insulated capacitors in uninsulated metal cases and to
insulated and uninsulated multiple section capacitors.

Test C, external insulation, applies to insulated capacitors in non-metallic cases or in
insulated metal cases. For this test, the measuring voltage shall be applied using one of the
three following methods as specified in the relevant specification:

4.5.4 Test methods
4.5.4.1 Foil method

A metal foil shall be closely wrapped around the body of the capacitor.
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For capacitors with axial terminations this foil shall extend beyond each end by not less than
5 mm, provided that a minimum distance of 1 mm can be maintained between the foil and the
terminations. If this minimum distance cannot be maintained, the extension of the foil shall be
reduced by as much as is necessary to establish the distance of 1 mm.

For capacitors with unidirectional terminations, a minimum distance of 1 mm shall be
maintained between the edge of the foil and each termination.

4.5.4

.2 Method for capacitors with mounting devices

The capacitor shall be mounted in its normal manner on a metal plate, which extends at least

12,7

4.5.4.3 V-block method

The
capa

The

and the block.

The

a) fq
te
b

b) fq
tg

For
posit

4.5.5

Whe
madg
meag
secti

4.5.6
The

a) th

mm in all directions beyond the mounting face of the capacitor.

capacitor shall be clamped in the trough of a 90° metallic V-block of such ‘size thg
Citor body does not extend beyond the extremities of the block.

t the

clamping force shall be such as to guarantee adequate contagtibetween the capacitor

capacitor shall be positioned in accordance with the following:

r cylindrical capacitors: the capacitor shall be pasitioned in the block so tha
rmination furthest from the axis of the capacitorlis nearest to one of the faces g
ock;

rmination nearest the edge of the capacitoris nearest to one of the faces of the blog

cylindrical and rectangular capacitors having axial terminations any out-of-c
oning of the terminations at their emergence from the capacitor body shall be ignore

Temperature compensation

n prescribed in the detail\specification, the temperature at which the measurems

shall be noted. If this'temperature differs from 20 °C, a correction shall be made t
ured value by multiplying the value by the appropriate correction factor prescribed i
bnal specification-

Conditions to be prescribed in the relevant specification
elevant(specification shall prescribe:

e measuring points and the measuring voltage corresponding to each of these

P

I the
f the

r rectangular capacitors: the capacitor shall be positioned in the block so thaf the

K.

entre
d.

nt is
b the
n the

test

hints’;

b) the method of applying the voltage (one of the methods described in 4.5.4);

c) time of electrification if other than 1 min;

d) any special precautions to be taken during measurements;

e) any correction factors required for measurement over the range of temperatures covered
by the standard atmospheric conditions for testing;

f) the temperature of measurement if other than the standard atmospheric conditions for
testing;

g) the minimum value of insulation resistance for the various measuring points (see Table 3).
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Table 3 — Measuring points

1: Single-section

2: Multiple-section

3: Multiple-section

capacitors capacitors having capacitors having
Test Applicable to: common no common
termination for all termination
sections
e.g. e.d. e.g.
10 10——02
1 n_ll_nz

30—

50_”_'0 6

A. Bet

veen terminations?

All capacitors

1a: Between
terminations

the common termin= section
(1-2) ation
(1-4, 2-4,3*4) (1-2, 3-4, 5-6)

2a: Between each of
the terminations and

3a: Between tgrmi-
nations of each

B. Inte]

Fnal insulation

Insulated single-
and multiple-
section capacitors
in uninsulated
metal cases (1b,
2b, 3b)

1b: Between ter-
minations con-
nected together
and the case

[(1 to 2)- case]

2b: Between all
termindtions con-
nected together and
the case

[(1 to 4)- case]

3b: Between all
terminations cgn-

nected together and
the case

[(1 to 6)- case]

Insulated and
uninsulated
multiple-section
capacitors (2c and
3c)

2c: Between the
non-common
termination of each
section and all the
other terminations
connected together

e.g. [2-(1, 3, 4)]

3c: Between the
terminations of
separate secti
the two termin
ations of each
section being

connected toggther

e.g.[(1 to 2)-(3|to 6)]

C. Ext

ernal insulation

Insulated capaci-
tors in nen=metallic
cases orin
insulated metal
cases

1c: Between the
two terminations
connected to-
gether and, as
appropriate, the
metal foil, the
metal plate or the
metal V-block

[(1 to 2)-metal jig

2d:

[(1 to 4)-metal jig]

3d:

[(1 to 6)-metal |ig]

Between all terminations connected

together and, as appropriate: the metgl foil,

the metal plate or the metal V-block

a Wi
ins|

ere a_capacitor has more than two terminations, the measuring points are the two terminations which a
ulated from one another by the capacitor’s element dielectric. For example, for a coaxial lead-through

[

cayl

acitar _the mpaQuring Ir'mintQ should he ane of the terminations connected ta the central canductar and the

coaxial metal case or mounting face.

4.6 Voltage proof

4.6.1 General

The test prescribed below is a d.c. test. When an a.c. test is applied, the test circuit shall be
prescribed in the relevant specification.

4.6.2 Test circuit (for the test between terminations)

The test circuit elements shall be selected in such a way as to ensure that the conditions
relating to the charging and discharging currents and the time constant for charging,
prescribed in the relevant specification, are maintained.
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Figure 3 specifies the characteristics of a suitable test circuit.
The resistance of the voltmeter shall be not less than 10 000 Q/V.
The resistor R4 includes the internal resistance of the voltage source.

The resistors Ry and R, shall have a value sufficient to limit the charging and discharging
current to the value prescribed in the relevant specification.

The capacitance of capacitor C; shall be not less than 10 times the capacitance of the
capafitor under test.

If applicable, the time constant R, x (Cx + C,) shall be less than, or equal to;{the yalue
presg¢ribed in the relevant specification.

&

R1 H Rp
| I

IEC
Figure 3 — Voltage-proof test circuit

The gapacitor-C, may be omitted for the testing of certain types of capacitors. This should be
stated inthe sectional specification.

4.6.3 Test
4.6.3.1 General

Depending on the case, the test comprises one or more parts in accordance with Table 3 and
the requirements of the relevant specification.

Repeated application of the voltage proof test may cause permanent damage to the capacitor
and should be avoided as far as possible.
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4.6.3.2 Test A — Between terminations
4.6.3.2.1 Test points

The test voltage is applied to 1a, 2a, 3a of Table 3 in accordance with the requirements of the
relevant specification.

4.6.3.2.2 Procedure

With the switch in position 2, connect the two terminals in Figure 3 to a variable d.c. supply of
sufficient power adjusted to the required test voltage.

Connect the capacitor to be tested (Cy) to the test circuit as indicated in Figure 3.
Movg the switch to position 1 so as to charge capacitors C4 and Cy via R;.

The pwitch remains in this position for the time specified after the test ‘voltage has peen
reached.

Discharge the capacitors Cy and Cy through R, by moving the switch)to position 2. As so¢n as
the Voltmeter reading has fallen to zero, short-circuit the capagitors by moving the switch to
positlon 3 and disconnect the capacitor Cy.

4.6.3.3 Test B — Internal insulation
4.6.3.3.1 Test points

The |[test voltage is applied to 1b, 2b, 2c, «3b, 3c of Table 3 in accordance with the
requirements of the relevant specification.

4.6.3.3.2 Procedure

The gpecified test voltage is applied, instantaneously via the internal resistance of the power
supply for the time specified in the‘relevant specification. For point 2c use the test circuif and
the pfrocedure indicated for the test between terminations (4.6.2 and 4.6.3.2).

4.6.3.4 Test C — External insulation (applicable only to insulated capacitors in a hon-
metallic case*or in an insulated metal case)

4.6.3.4.1 Test.points

The fest voltage is applied to 1c, 2d or 3d, using one of the three following methods fdr the
applipation_of-the voltage in accordance with the requirements of the relevant specificatiop.

4.6.3(4.2 Foil method

A metal foil shall be closely wrapped around the body of the capacitor.

For capacitors with axial terminations this foil shall extend beyond each end by not less than
5 mm, provided that a minimum distance of 1 mm/kV can be maintained between the foil and
the terminations. If this minimum cannot be maintained, the extension of the foil shall be
reduced by as much as is necessary to establish the distance of 1 mm/kV of test voltage.

For capacitors with unidirectional terminations, a minimum distance of 1 mm/kV shall be
maintained between the edge of the foil and each termination.

In no case shall the distance between the foil and the terminations be less than 1 mm.
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4.3 Method for capacitors with mounting devices

2016

The capacitor shall be mounted in its normal manner on a metal plate which extends by not
less than 12,7 mm in all directions beyond the mounting face of the capacitor.

4.6.3

4.4 V-block method

The capacitor shall be clamped in the trough of a 90° metallic V-block of such a size that the
capacitor body does not extend beyond the extremities of the block.

The clamping force shall be such as to guarantee adequate contact between the capacitor

and the block.

The

a) fa
a
b) fq
tg

For

capacitor shall be positioned as follows:

r cylindrical capacitors: the capacitor shall be positioned in the block so(that the te
ion furthest from the axis of the capacitor is nearest to one of the faces' of the block;

r rectangular capacitors: the capacitor shall be positioned in the block so tha

cylindrical and rectangular capacitors having axial terminations any out-of-c

rmination nearest the edge of the capacitor is nearest to one of the) faces of the blogk.

rmin-

I the

entre

positloning of the termination at its emergence from the capaciter’body shall be ignored.
4.6.3.4.5 Procedure
The ppecified test voltage is applied instantaneousiy. through the internal resistance gf the

powe

r source for the time specified in the relevant.specification.

4.6.4 Requirements

For 6

ach of the specified test points there\shall be no sign of breakdown or flashover d

the test period.

4.6.5
The

a) th
b) fq

c) fth
d) th

e) W

—

Conditions to be prescribed in the relevant specification

elevant specification shallprescribe:

ethods described in 4.6.3.4);
e time fofwvhich the voltage is applied;
e maximum charging and discharging currents;

e test points (see dable 3) and the test voltage corresponding to each of these poinfs;

hen applicable, the maximum value of the time constant for charging (R4 x (Cq + Cx)).

uring

r the external insulation test (test C), the method of applying the test voltage (one qf the

4.7

4.71

Capacitance

Measuring frequency and measuring voltage

The capacitance shall be measured at one of the following frequencies, unless otherwise
prescribed in the relevant specification:

— electrolytic capacitors: 100 Hz to 120 Hz
— other capacitors: Cn < 1nF: 100 kHz, 1 MHz or 10 MHz

(1 MHz shall be reference)

1nF<Cy<10pF: 1 kHz or 10 kHz
(1 kHz shall be reference)

Cn > 10 pF: 50 Hz (60 Hz) or 100 Hz (120 Hz)
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The tolerance on all frequencies for measuring purposes shall not exceed +20 %.

The measuring voltage shall not exceed 3 % of Ug or 5V, whichever is the smaller, unless
otherwise prescribed in the relevant specification.

4.7.2 Measuring equipment
The accuracy of the measuring equipment shall be such that the error does not exceed:

a) for absolute capacitance measurements: 10 % of the capacitance tolerance or 2 %
absolute, whichever is the smaller;

b) far measurement of variation of capacitance: 10 % of the specified maximum change of
c@pacitance.

In ng¢ither case a) nor case b) need the accuracy be better than the minimum absplute
meagurement error (for example 0,5 pF) prescribed in the relevant specification:

4.7.3 Conditions to be prescribed in the relevant specification

The felevant specification shall prescribe:

a) the measurement temperature if other than the standard atmospheric conditions for testing;

b) the frequencies for measurement and the capacitance.range over which they apgly, if
d[fferent from those specified in 4.7.1;

c) the absolute measurement error, when applicabley(for example 0,5 pF);
d) measuring voltage if different from the one specified in 4.7.1;

—

e) the applied polarizing voltage, when applicable.

4.8 | Tangent of loss angle and equivalent series resistance (ESR)
4.8.1 Tangent of loss angle
4.8.1(1 Measuring frequency.

The fangent of loss angle shall be measured under the same conditions as those given fqr the
meagurement of capacitance at one or more frequencies taken from the list in 4.7.1, as
pres¢ribed in the releyant specification.

4.8.1.2 Measuring accuracy

Unless otherwise specified in the sectional specification, the measuring method shall be[such
that the errer does not exceed 10 % of the specified value or 0,000 3, whichever is the grpater.

4.8.2—FEquivalent-seriesresistance(ESR)
4.8.2.1 Measuring frequency

The ESR shall be measured at one of the following frequencies, unless otherwise prescribed
in the relevant specification:

50 Hz, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz and 10 MHz.

4.8.2.2 Measuring accuracy

The accuracy of the measuring equipment shall be such that the error does not exceed 10 %
of the requirement, unless otherwise specified in the relevant specification.
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2.3 Conditions to be prescribed in the relevant specification

The relevant specification shall prescribe

a)
b)
c)
d)
e)

4.9
4.9

Before this measurement is made, the capacitors shall be fully discharged.

4.9

A Preconditioning

.2 Test method

the frequency of measurement;

the absolute error measurement;

the measuring voltage, if different from that specified in 4.7.1;
the applied polarizing voltage, where applicable;

2016

the temperature at which measurements shall be made, if other than the standard

atmospheric conditions for testing.

Leakage current

The |leakage current shall be measured, unless otherwise prescribed in the rel¢vant

speclfication, using the direct voltage (Ug or U,) appropriate,to the test temperature, at
maximum electrification period of 5 min. The full 5 min electfification need not be appl

the

4.9

For the object of test, a steady source of power\such as a regulated power supply sha
used

4.9

The measurement error shall not exceed +5 % or 0,1 pA, whichever is the greater.

4.9

When prescribed in the relevant specification, a 1 000 Q protective resistor shall be plac
seriep with the capacitorto limit the charging current.

4.9

The felevantsspecification shall prescribe:

a)

b)

c)
d)

. Power source

.4 Measuring accuracy

.5 Test circuit

.6 Conditionsto be prescribed in the relevant specification

specified leakage current limit is reached in a shorter time.

the leakage current limit at a reference temperature of 20 °C, and at other spe
tgmperatures;

ter a
ed if

Il be

ed in

Cified

when necessary, the correction factor, if the measurements are made at a temperature
other than 20 °C, but within the range of temperatures covered by the standard

atmospheric conditions for testing;
the electrification time, if different from 5 min;

whether or not a 1 000 Q protective resistor shall be placed in series with the capacitor to

limit the charging current as defined in 4.9.5.

4.10 Impedance

Impedance shall be measured by the voltmeter-ammeter method according to the circuit of
Figure 4, or equivalent.
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ih

Key

Cy capacitance of specimen
U measuring voltage

1 measuring current

A ammeter

\Y voltmeter

Figure 4 — Schematic diagram of the impedance measuring circuit

The impedance Zy of the capacitor Cy is given by Zy= %

The frequency of the measuring voltage shall, preferably, be chosen from the following values:
50 Hg, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHzy1 MHz and 10 MHz.

The f@ccuracy of the measuring equipment shall‘be such that the error does not exceed (10 %
of th¢ requirement, unless otherwise specifieddn the relevant specification.

At frequencies above 120 Hz, precautions are necessary to avoid errors arising from [stray
currgnts. The current flowing through-the capacitor should be limited so that the measpring
result is not significantly affected by.the rise of the temperature of the capacitor.

The felevant specification shall'prescribe:

a) the frequency of measurement;
b) the temperature(s).at which measurements shall be made;
c) the limits of impedance, or ratio of impedances measured at different temperatures.

4.11| Self-resonant frequency and inductance

4.11.(1 { Self-resonant frequency (f,)

4.11.1.1 General

For this measurement three methods are described. The first method is for general application;
the other methods may be particularly suitable for measuring certain types of capacitors
having low capacitance.

The accuracy of the measuring equipment shall be such that the error does not exceed 10 %
of the requirement, unless otherwise specified in the relevant specification.

4.11.1.2 Method 1

Using the impedance measuring method of 4.10 and a variable frequency source, the
lowest frequency shall be determined at which the impedance passes through a minimum.
This is the self-resonant frequency.
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When it is difficult to determine precisely the frequency at which the impedance is at a
minimum, then use may be made of a phase-meter to compare the phase of the voltage
across the capacitor with the phase of the voltage across a low-inductance resistor connected
in series with the capacitor. The resonant frequency is then the frequency when there is no
phase difference. A Q-meter may be used for this purpose.

4.11.1.3 Method 2
4.11.1.3.1 General

For this measuring method, use shall be made of an absorption oscillator-wavemeter (grid dip
metep)-

4.111.3.2 Mounting of capacitors with terminations for general use

Four|capacitors of nearly equal value and configuration shall be soldered in.series at|right
anglgs to form a closed loop. The wires shall be of the specified length @nd no addifional
wiring or connections shall be employed (see Figure 5). This loop shall be‘coupled as lopsely
as possible to an absorption oscillator-wavemeter and the resonant frequency shall thgn be
detefmined.

Axial terminations Unilateral terminations
) .
? v

Distance / to be specified Distance / and d to be specified

IEC
Figure 5 — Capacitor mounting arrangement

4.111.3.3 Mounting/of capacitors with terminations for printed circuit use

To determine the-tesonant frequency under the conditions of the capacitor being mountgd on
a pripted circuit board and where the configuration of the case and/or the terminations [does
not germit_a‘our capacitor loop to be formed correctly, the loop shall be by formed by two
(neatfly) identical capacitors with straight terminations of specified length (see Figure 6).

The second capacitor may be substituted by (tS mirfor image on a conductive ptane in the
following way.

A copper-clad, unetched sheet of printed circuit base material, whose edges are at least three
times as long as the maximum dimension of the capacitor is drilled in its centre to
accommodate the capacitor in its normal way.

The relevant specification shall prescribe the details of mounting. The capacitor is soldered in
place with the capacitor being short-circuited by the copper laminate. Then the capacitor is
coupled to the search coil and measured as in 4.11.1.3.5.

Metal-cased capacitors may necessitate special arrangements for coupling, which should be
prescribed in the relevant specification.
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21
or

Unetched copper Printed board

IEC

Distar|ces / and d to be specified, where [ is to be measured from the seating plane.

41101.3.4

The pbsorption oscillator-wavemeter is a variable frequency L-C oscillator with the ind

Figure 6 — Capacitor mounting arrangement

Description of the method

uctor

formg¢d as an external search coil. When the search coil is coupled into another resgnant
circul|t, power is absorbed causing a change in the mean grid ((gate on FETs (field ¢ffect
transfistor)) voltage. This is monitored and hence "dips" at,the resonant frequency of the
coup|ed circuit. This coupled circuit consists of four capagitors mounted as describg¢d in

4.110.3.2

and connected in series to minimize the mutual inductance.

A typical diagram showing the use of an absorption oscillator-wavemeter is given in Figure 7.

A

il

1 - 2 -
IEC
Key
1 absorption oscillator-wavemeter (grid-dip meter)
2 coupled-résonant circuit
M coupling factor
Figure 7 — Typical diagram of an absorption oscillator-wavemeter

4.11.1.3.5 Use of the absorption oscillator-wavemeter

With the search coil of the wavemeter close to the capacitors under investigation, the
resonant frequency is approached from a lower frequency. Dips should be checked by moving
the wavemeter away from the capacitors (reducing the absorbed power) to make sure the dip
is not due to internal effects of the wavemeter. The resonant frequency should be measured
with as loose a coupling as is practical to avoid pulling the oscillator.

4.11.1.3.6

Requirements

The resonant frequency shall not exceed the limits prescribed in the relevant specification.
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411.1.4 Method 3

This method is particularly suitable for capacitors of low capacitance and with a self-resonant
frequency within Q-meter operating range. Using a Q-meter and the circuit shown in Figure 8,
the lowest frequency shall be determined at which the same resonant frequency is obtained,
whether the capacitor shorting strap is in place or not. This frequency can be shown to be
equal to the self-resonant frequency of the capacitor.

i CL [ ) ameter

"t o

IEC

Key

1 shorting strap

Cy capacitor under test
C variable capacitor
L inductor

Q Q-meter

Figure 8 — Schematic diagram of{the measuring circuit

4.112 Inductance

The |series inductance Ly of a capacitor is calculated from the measured self-resgnant
frequency f, of the capacitor using the formula given below:

1
Ix=—5 7 .~
4nex f,“xCx

wherp Cy is the capaeitance of the capacitor measured in accordance with 4.7 and the
requirements of the relevant sectional specification.

4113 Conditions to be prescribed in the relevant specification
The felevantispecification shall prescribe:

a) which.test method is preferred;

b) the lead length of the capacitor to be employed in the measurement;
c) any special mounting arrangement;

d) the limits of series inductance or self-resonant frequency.
4.12 Outer foil termination

The correct indication of the termination which is connected to the outside metal foil shall be
checked in such a way that the capacitor is not damaged.

A suitable method is given in Figure 9.

The frequency of the generator may be from 50 Hz to a few thousand Hertz and shall be so
chosen as to give a clear result of measurement, the most appropriate value being dependent
on the type of capacitor under test.
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The voltage shall be of the order of 10 V.

The voltmeter shall have an input impedance of not less than 1 MQ.
The stray capacitance of the wiring shall be kept low.

With the switch in position 1, the deflection of the voltmeter shall be markedly less than with
the switch in position 2.

2 —
1
2 L
@ Y v
— 3
IEC
Key
1,2 switching terminations
3 outer foil terminations
\% voltmeter

Figure 9 ~Test circuit

4.13| Robustness of terminations
4131 General

The [capacitors shall be subjected to IEC 60068-2-21, Tests Ua,, Ub, Uc, and Ud, as
appligable.

4132 Test Ua, - Tensile
The force appliedtshall be:

— fqr terminations other than wire terminations: 20 N;

— fqr wire\terminations: see Table 4.
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Table 4 — Tensile force

4.13.
Meth
if, in
4.13.
Meth

This

4.13.

This
integ

Nominal cross-sectional Corresponding diameter (d) Force with
area () @ for circular-section wires tolerance
of £10 %
mm?2 mm N
§<0,05 d<0,25 1
0,056 <5<0,1 0,25 <d<0,35 2,5
0,1<5<0,2 0,35<d<0,5 5
0,2<5<0,5 0,5<d<0,8 10
05<5<1,2 0,8<d<125 20
12<8 1,25 <d 40

specification.

a8  For circular-section wires, strips or pins: the nominal cross-sectional
area is equal to the value calculated from the nominal dimension(s)
given in the relevant specification. For stranded wires, the nominal
cross-sectional area is obtained by taking the sum of the cross-sectional
areas of the individual strands of the conductor specified in the relevant

3 Test Ub — Bending (half of the sample)

pd 1: Two consecutive bends shall be applied in each’direction. This test shall not

the detail specification, the terminations are deseribed as rigid.

4 Test Uc — Torsion (remaining sample)

pd 1, severity 2 (two successive rotations‘of 180°) shall be used.

test shall not apply if in the detail/specification the terminations are described as
and o components with unidirectional~terminations designed for printed wiring applicatior

5 Test Ud — Torque

test shall apply to capacitors for terminations with threaded studs or screws an

ral mounting devices: Torque and severity shall be selected from Table 5.

Table 5 — Torque

apply

rigid

d for

4.13.

After each of these tests, the capacitors

Torque
Nm
Severity Nominal thread diameter
mm
2,6 3 3,5 4 5 6 8 10 12
1 0,4 0,5 0,8 1,2 2,0 2,5 5 7 12
2 0,2 0,25 0,4 0,6 1,0 1,25 2,5 3,5 6

6 Visual examination

damage.

shall be visually examined. There shall be no visible
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4.14 Resistance to soldering heat
4141 Preconditioning and initial measurement

When prescribed in the relevant specification, the capacitors shall be dried using the method
of 4.3.

The capacitors shall be measured as prescribed in the relevant specification.

4.14.2 Test procedure

ut in

The {est conditions shall be defined in the relevant specification.

a) Hor all capacitors except those of item b) and c) below:
IEC 60068-2-20, Test Tb, method 1 (solder bath).

b) For capacitors not designed for use in printed boards, but with cennections intendgd for
bldering as indicated by the detail specification:

s
1) IEC 60068-2-20, Test Tb, method 1 (solder bath),
2) IEC 60068-2-20, Test Th, method 2 (soldering iron).
F

or surface mount capacitors
IEC 60068-2-58, reflow or solder bath method.

4143 Recovery

The period of recovery shall, unless otherwise-specified in the detail specification, be nof less
than |1 h nor more than 2 h, except for sufface mount capacitors, for which the peripd of
recoYery shall be 24 h + 2 h.

4144 Final inspection, measurement and requirements
For gll capacitors, except surfagéimount capacitors, the following shall apply:

— when the test has been, cafried out the capacitors shall be visually examined;
— there shall be no visible damage and the marking shall be legible;
— the capacitors shall'then be measured as prescribed in the relevant specification.

Surfgce mount)capacitors shall be visually examined and measured and shall mee} the
requirements as prescribed in the relevant specification.

4.15( Solderability

4.15.1 General

This test shall not be applied to those terminations which the detail specification describes as
not designed for soldering.

4.15.2 Preconditioning

The relevant specification shall prescribe whether ageing is to be applied. If accelerated
ageing is required, one of the ageing procedures given in IEC 60068-2-20 shall be applied.

Unless otherwise stated in the relevant specification, the test shall be carried out with non-
activated flux.
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4.15.3 Test procedure

Unless otherwise stated in the relevant specification, one of the following tests as set out in
the same specification shall be applied.

The test conditions shall be defined in the relevant specification.

a) For all capacitors except those of item b) and c) below:
1) IEC 60068-2-20, Test Ta, method 1 (solder bath)

Depth of immersion (from the seating plane or component body

o-n 0 : o — et 4 = A PRI
<, U T _g 5 THITL - USITTY a HICTITIdT TTsulatinng sCrecit O 1,9 THIT T-U, 9 THITT UTICRTICS 9,

IEC 60068-2-20, Test Ta, method 2 (soldering iron)

3) IEC 60068-2-54, solder bath wetting balance method.

NOTE IEC 60068-2-54 is applicable only when prescribed in the detail specification or when agreeq upon
between manufacturer and customer.

b) For capacitors not designed for use in printed boards, but with connections intendgd for
spldering as indicated by the detail specification:

1) IEC 60068-2-20, Test Ta, method 1 (solder bath)
Depth of immersion (from the seating plane or component-body): 3,5 mm 7?,’5 mm.

2) IEC 60068-2-20, Test Ta, method 2 (soldering iron).
c) Hor surface mount capacitors

1) IEC 60068-2-58, reflow or solder bath method

2

IEC 60068-2-69, solder bath wetting balance or solder globule wetting balance method.

NOTE IEC 60068-2-69 is applicable only whenprescribed in the detail specification or when agreedq upon
between manufacturer and customer.

4154 Final inspection, measurements and requirements

The fterminations shall be examinéd for good tinning as evidenced by free flowing of the
soldgr with wetting of the terminations.

The ¢apacitors shall meet the“requirements as prescribed in the relevant specification.

4.16 | Rapid change 'of temperature
4161 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.16.2.{Test procedure

The capacitors shall be subjected to IEC 60068-2-14, Test Na, using the degree of severity as
prescribed in the relevant specification.

4.16.3 Final inspection, measurements and requirements

After recovery, the capacitors shall be visually examined. There shall be no visible damage.
The measurements prescribed in the relevant specification shall then be made.

4.17 Vibration
4.17.1 Initial measurement

The measurements prescribed in the relevant specification shall be made.
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4.17.2 Test procedure

The capacitors shall be subjected to IEC 60068-2-6, Test Fc, using the mounting method and

the d

4.17.

egree of severity prescribed in the relevant specification.

3 Electrical test (intermediate measurement)

When specified in the detail specification, during the last 30 min of the vibration test an
electrical measurement shall be made in each direction of movement to check intermittent
contacts, or open or short circuits.

The method of measurement shall be prescribed in the defail specification.

The

Huration of the measurement shall be the time needed for one sweep of thed{frequ

rang¢ from one frequency extreme to the other.

417,

After
Whe
detai

4 Final inspection, measurements and requirements

n capacitors are tested as specified in 4.17.3, the requirements’ shall be stated i
specification.

The measurements prescribed in the relevant specification shall then be made.

4.18
4.18.

Bump (repetitive shock)

1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.18.

The
mour

Prefd

©

>

- p
4.18.
After

2 Test procedure

capacitors shall be subjected 4o IEC 60068-2-27, Test Ea (repetitive shock), usin
ting method and the severity prescribed in the relevant specification.

rred conditions are:

Llse shape: half-sine;
imber of shocksjin each direction: a minimum of 100;

bak acceleration: to be chosen from recommended severities.

3 Finalinspection, measurements and requirements

the test, the capacitors shall be visually examined. There shall be no visible damage.

ency

the test the capacitors shall be visually examined. There shall‘be no visible damage.

h the

y the

The measurements prescribed in the relevant specification shall then be made.

4.19
4.19.

Shock

1 Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.19.

2 Test procedure

The capacitors shall be subjected to IEC 60068-2-27, Test Ea (non-repetitive shock), using
the mounting method and the severity prescribed in the relevant specification.
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4.19.3 Final inspection, measurements and requirements

After the test the capacitors shall be visually examined. There shall be no visible damage.
The measurements prescribed in the relevant specification shall then be made.

4.20 Container sealing

The capacitors shall be subjected to the procedure of the appropriate method of
IEC 60068-2-17, Test Q, as prescribed in the relevant specification.

4.21( Climatic sequence
4.21/1 General
In th¢ climatic sequence, an interval of a maximum of three days is permitted-between any of

the tests, except that the cold test shall be applied immediately after the recovery perigd for
the first cycle of the damp heat, cyclic, IEC 60068-2-30, Test Db.

4.212 |Initial measurements

The measurements prescribed in the relevant specification shall be made.

4.213 Dry heat

The fapacitors shall be subjected to IEC 60068-2-2£ Tiest Bb, for 16 h, using the degree of
sevefity of the upper category temperature, as prescribed in the detail specification.

The fest specimens may be introduced into the chamber at any temperature from laboratory
templerature to the upper category temperature.

Wh”ri still at the specified high temperature and at the end of the period of high tempergture,
the npeasurements prescribed in the-relevant specification shall be made.

After| the specified conditioning, the capacitors shall be removed from the chamber and
expopged to standard atmosphéric conditions for testing for not less than 4 h.

4.21/4 Damp heat, cyclic, Test Db, first cycle

The gapacitors shall be subjected to IEC 60068-2-30, Test Db, for one cycle of 24 h, usjng a
tempgrature of(55-°C (severity b).

Unless otherwise specified in the relevant specification, variant 2 shall be used.

Afterrecovery thecapacitorsshattbesubjectedimmediatety tothecofdtest:

4.21.5 Cold

The capacitors shall be subjected to IEC 60068-2-1, Test Ab, for 2 h, using the degree of
severity of the lower category temperature, as prescribed in the relevant specification.

The test specimens may be introduced into the chamber at any temperature from laboratory
temperature to the lower category temperature.

While still at specified low temperature and at the end of the period of low temperature, the
measurements prescribed in the relevant specification shall be made.
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After the specified conditioning, the capacitors shall be removed from the chamber and
exposed to standard atmospheric conditions for testing for not less than 4 h.

4.21.6 Low air pressure

The capacitors shall be subjected to IEC 60068-2-13, Test M, using the appropriate degree of
severity prescribed in the relevant specification. The duration of the test shall be 10 min,
unless otherwise stated in the relevant specification.

The relevant specification shall prescribe:

a) dpration of test; It other than 10 min;
b) tgmperature;
c) degree of severity.

Whilg at the specified low pressure, the rated voltage shall be applied during‘\the last 6Q s of
the tg¢st period, unless otherwise prescribed in the relevant specification.

During and after the test, there shall be no evidence of permanght,breakdown, flashpver,
harmiful deformation of the case, or seepage of impregnant.

4.21f7 Damp heat, cyclic, Test Db, remaining cycles

The papacitors shall be subjected to IEC 60068-2-30,/Test Db, for the following number of
cycles of 24 h as indicated in Table 6, under the same conditions as used for the first cyc|e.

Table 6 — Numberof cycles

Climatic categories Number of cycles
-/-156 5
-1-121 1
-1-140 1
~/-104 None

4.21/8 Final measurements

After|the prescribed.recovery, the measurements prescribed in the relevant specification|shall
be mpade.

4.22 Damp heat, steady state

4.22 1~ nitial measurement

The measurements prescribed in the relevant specification shall be made.

4.22.2 Test procedure

The capacitors shall be subjected to IEC 60068-2-78, Test Cab, using the degree of severity
corresponding to the climatic category of the capacitor as indicated in the detail specification.
The temperature and humidity of test shall be (40 + 2) °C, (93 + 3) %RH, unless otherwise
specified in the relevant specification.

When specified in the blank detail specification, the detail specification may specify the
application of a polarizing voltage during the whole period of damp heat conditioning. For
metallized film capacitors this test should be carried out in accordance with Annex G.
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With the exception of electrolytic capacitors, within 15 min after removal from the test
chamber, the voltage proof test of 4.6 shall be carried out at test point A only, using the rated
voltage, unless otherwise specified in the detail specification.

4.22.3 Final inspection, measurements and requirements

After recovery, the capacitors shall be visually examined. There shall be no visible damage.
The measurements prescribed in the relevant specification shall then be made.

In case of testing metallized film capacitors, when specified in the blank detail specification,
the permissible deviation of the average C-value of test group with and the test group without
d.c. yoltage shall be described in the relevant detail specification.

4.23| Endurance
4.231 Initial measurements

The mmeasurements prescribed in the relevant specification shall be made.

4.232 Test procedure
The {ests of IEC 60068-2-2 apply as follows:

a) dfc. tests — Test Bb;
b) alc. tests — Test Bb or Bd as applicable;
c) pllse tests — Test Bb or Bd as applicable.

The {est specimens may be introduced into thexechamber at any temperature, from laboratory
tempgrature to the upper category temperature, but the voltage shall not be applied tp the
capagitor before it has reached the chambertemperature.

4.2313 Conditions to be prescribed\in the relevant specification
The felevant specification shall prescribe:

a) dpration of the test (for example, hours or number of pulses);

b) tgst temperature (for example, room, rated or upper category temperature);
c) veltage and/or current to be applied (see also 4.23.4).

When capacitors.fiave to meet additional requirements for electric shock hazard protegtion,

additjonal test‘conditions for endurance testing (for example, pulse voltage application)|shall
be prescribed.in the relevant specification.

4.23.4° Test voltage

Unless otherwise specified in the relevant specification, the voltage to be applied during the
test shall be selected from the following.

a) d.c. tests

The test shall be carried out at a multiplying factor times the rated voltage (d.c.) at
temperatures up to the rated temperature. The test temperature and the value of the
multiplying factor shall be specified in the relevant specification. For tests at the upper
category temperature the derating factor for the voltage shall also be given.

b) a.c. tests (sinusoidal voltage)

The test shall be made at 50 Hz to 60 Hz and at a multiplying factor times the rated
voltage (a.c.) (see 2.3.4 a)) at temperatures up to the rated temperature, or at the upper
category temperature with a derating factor for the voltage. The test temperature and the
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d)

e)

f)

value of the multiplying factor/derating factor for the voltage shall be specified in the

relevant specification.
a.c. tests (sinusoidal current)

This test shall be made with a current applied in accordance with 2.3.4 b). The test
temperature, the value of current and frequency shall be specified in the relevant

specification.

To facilitate testing, the test may be made with a voltage of specified frequency applied to

a group of capacitors in parallel or in series/parallel.

sinusoidal a.c. tests (reactive power)

This—test—stratt—be—Tmade—with—Teactive power—m—accordancewith—2:34T)—The
temperature, the value of the reactive power, and the frequency shall be specifiedai
relevant specification.

p facilitate testing, the test may be made with a voltage of specified frequency appli
group of capacitors in parallel or in series/parallel.

arried out shall be specified in the detail specification.
Lilse tests

his test shall be made with pulses applied in accordance withh 2.3.5 and as specifi
the relevant specification. Guidance for pulse tests is given in/Annex E.

T
a
Al thermal stability test (see 4.30) may constitute an alternative to thisitest. The test
c
p
T

s{inusoidal a.c. or pulse tests with superimposed d.c.

specification (see also 2.2.23).

An example of a test circuit suitable for electrolytic\capacitors is given in Figure 10.

S 11

W11
T T T

IEC

Figure 10 — Test circuit for electrolytic capacitors

4.2315 Placement in the test chamber

The ¢apacitors’/shall be placed in the test chamber in such a manner that

a) fqr heat dissipating capacitors, no capacitor is within 25 mm of any other capacitor,

b) formomrheatdissipatimgcapacitors; o capacitor s withim 5Smmrofany other capacitor.

test
h the

ed to

o be

ed in

Tests b) to e) may be carried out with superimpdsed d.c. as required in the rel¢vant

4.23.6 Recovery

After the specified period, the capacitors shall be allowed to cool to standard atmospheric
conditions for testing and where specified in the relevant specification, the capacitors shall be
subjected to recovery.

4.23.7 Final inspection, measurements and requirements

The capacitors shall then be visually examined.

The measurements prescribed in the relevant specification shall then be made. A capacitor
shall be considered to have failed when the requirements of the relevant specification during
or at the end of the test are not satisfied.
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4.24 \Variation of capacitance with temperature
4.24.1 Static method
4.24.1.1 Initial measurement

Measurements of capacitance shall be made under the conditions prescribed in the relevant
specification.

4.24.1.2 Test procedure

The capacitor shall be maintained at each of the following temperatures in turn:

a) 2p°C+2°C;
b)
c)
d) 2p°C+2°C;
e)
f) upper category temperature +2 °C;
g) 2p°C+2-°C.

o

wer category temperature +3 °C;

=

termediate temperatures, if required in the detail specification;

rltermediate temperatures, if required in the detail specification;

c

If required for a particular type of capacitor, the relevant specification shall prescribe whether
thermal shock is to be avoided or whether a maximum pate’of change of temperature shall be
specified.

The [conditions of measurement, during or aftertemperature cycling, a description of the
tempgrature cycle and the number of cycles, should be stated.

4.24(1.3 Measuring method

Capdcitance measurements shall be made at each of the temperatures specified above,|after
the cppacitor has reached thermalsstability.

The fpondition of thermal stability is judged as having been reached when two readings of
capagitance taken at an interval of not less than 5 min do not differ by an amount greater|{than
that yvhich can be attributed to the measuring apparatus.

The measurement of’the actual temperature shall be made with a precision compatiblgl with
the requirements of the detail specification.

Care|shall'be taken during measurements to avoid condensation or frost on the surface ¢f the
caparlitors-

4.24.1.4 Reduced procedure
For the lot-by-lot quality conformance testing, the detail specification may prescribe a reduced

procedure, for example, measurements d), f) and g) in 4.24.1.2 covering the temperature
range from 20 °C to the upper category temperature.

4.24.2 Dynamic method

As an alternative to the static method of 4.24.1, a dynamic plotting method may be employed.
The capacitors shall be subjected to a slowly varying temperature.

A temperature-sensing device shall be embedded in a dummy capacitor to be included with
the capacitor under test in a manner that will ensure that the measured temperature is the


https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

IEC 60384-1:2016 © IEC 2016 - 49 -

same as that occurring in the capacitor under test. The capacitance shall be measured using
a self-balancing bridge or comparator.

The output of the bridge or comparator shall be coupled to the "Y" axis of a plotting table.

The output of the temperature sensing device shall be coupled to the "X" axis of a plotting
table.

The temperature shall be varied slowly enough to produce a uniform curve with no loop at the
lower or upper category temperature. The temperature shall be varied subsequently from

° to-the lower cateaorvy temnerature then to the unner cateaorvtemnerature and hac
(0]
Ty P 7 PP Ty L hd

20 °Q. Two cycles shall be carried out.

This Imethod may be employed only when it can be demonstrated that the results ar¢ the
samg as for the method employing stabilized temperatures.

In cage of dispute, the static method shall be used.

4.24[3 Methods of calculation
4.24[3.1 General
The following applies:

Cy |is the capacitance measured at point d) of 4.24 42;
Ty is the temperature measured at point d) of 4.24.1.2;

G is the capacitance measured at the test temperature, other than at points a), d) apd g)
of 4.24.1.2;
T, is the temperature measured on test:

4.243.2 Temperature characteristics of capacitance

The yariation of capacitance as a function of temperature shall be calculated for all the values
of C;[as follows:

AC  CG—Cq
Co Co

The yariation of)capacitance is normally expressed in per cent.

4.243.3 ~ Temperature coefficient of capacitance and temperature cyclic drift of
capacitance

Temperature coefficient of capacitance and temperature cyclic drift of capacitance shall be
calculated as follows:

a) Temperature coefficient of capacitance (a)
Temperature coefficient of capacitance («) shall be calculated for all the values of C; as
follows:

GG

=70 08
Co(Ti-Tp)

a;

The temperature coefficient is normally expressed in parts per million per Kelvin (10-5/K).

b) Temperature cyclic drift of capacitance
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he temperature cyclic drift of capacitance shall

measurement of 4.24.1.2 a), d) and g) in the following manner:

2016

be calculated for the points of

5da:CO_Ca
Co
Cq—C
Sgq=—T 2
Co
Cq—C
Sga=
Co
ap required in the relevant specification. The largest of these values is the “temper
cyclic drift of capacitance".
The ¢apacitance drift is normally expressed in per cent.
4.25| Storage
4.25/1 Storage at high temperature

4.25,

The measurements prescribed in the relevant specification shall be made.

4.25,
The

— 16
- d

The

tempgrature to the upper category temperature.

4.25,
After

1.1 Initial measurement

1.2 Test procedure

tapacitors shall be subjected to IEC 60068-2-2, Test Bb, using the following severitigs:

mperature: upper category temperature;
Liration: 96 h + 4 h.

est specimens may be infroduced into the chamber at any temperature from labor

1.3 Final inspection, measurements and requirements

recovery fornat least 16 h, the measurements prescribed in the relevant specific

ature

atory

ation

shalllbe made.

4.252 Storage at low temperature

4.252:1” Initial measurement

The measurements prescribed in the relevant specification shall be made.

4.25.2.2 Test procedure

The capacitors shall be subjected to IEC 60068-2-1, Test Ab. The capacitors shall be stored
at —40 °C for either a period of 4 h after thermal stability has been reached, or for 16 h,

whichever is the shorter period.

The test specimens may be introduced into the chamber at any temperature from laboratory

temperature to —40 °C.
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4.25.2.3 Final inspection, measurements and requirements

After recovery for at least 16 h, the measurements prescribed in the relevant specification
shall be made.

4.26 Surge
4.26.1 Initial measurement

The measurements specified in the relevant specification shall be made.

4.ZGJZ_I'E'5'I‘DTITEE'U'DTE
Suitable test circuits are shown in Figure 11 and Figure 12.
NOTE| The thyristor circuit has the advantage of high repetition rates and is free from troublesh\associated with
dirty dontacts and contact bounce.
Motor driven switch
Charge
resistor ;
1 i
| I ! J
Power supply Discharge
unit Capacitor resistor
under test
(@] &
IEC
Figure 41 — Relay circuit
Charge
m resistor
o ™~ I .
N7
l HDischarge
Power supply Capacitor resistor
unit under test —[
I
\
Thyristor
firing
circuit
IEC

Figure 12 — Thyristor circuit

The voltage waveform across the capacitor under test shall be approximately as shown in
Figure 13.
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rc = charge time constant

rq = discharge time constant
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Figure 13 — Voltage waveform across capacitor

4.263 Final inspection, measurements and requirements

The measurements specified in the relevant specification shall be made.

4.26.4 Information to be given in the relevant detail specification
The following information shall be given'in the relevant specification:
a) the charge time constant arising from the internal resistance of the power supply anf the

rg@sistance of the charge cireuit and the capacitance of the capacitor under test;

b) the discharge time constant arising from the resistance of the discharge circuit and the
capacitance of the capacitor under test;

c) the ratio of the surge voltage to rated or category voltage (as appropriate);

The number efitimes per hour that this voltage may be applied should be specified.
d) the numberof cycles of test;

e) the duration of the charge period;

f) thel duration of the discharge period;

g) the repetition rate (cycles per second);

h) temperature, if different from standard atmospheric conditions for testing.
4.27 Charge and discharge tests and inrush current test
4.27.1 Initial measurement

The measurements specified in the relevant specification shall be made.

4.27.2 Test procedure

Suitable test circuits are given in 4.26.2, Figure 11 and Figure 12.
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The voltage and current waveforms across and through the capacitor under test are
approximately as shown in Figure 14.

a)

1

A
ot
(0]
< 0,63
S
>
2 0,37
@©
(4
\ i
t
— c [*— — T [—
Charge | Discharge
- an >
3 Cycle R
c k
sl ot
3
o
(0]
>
@®
ey
oV
A -
t
<
o
5
o
(]
>
@
S
£ 7c = charge time constant
e g = discharge time constant
\J
IEC
Figure 14 — Voltage and current waveform
4.27,3 Chargetand discharge
The following-information shall be given in the relevant specification:
the{eharge time constant arising from the internal resistance of power supply and the
resistance of the Phargp circuit and the (‘ap;\(‘itznr‘p of the r‘apar‘itnr under test;

b)

c)
d)
e)
f)
g9)
h)

the discharge time constant arising from the resistance of the discharge circuit and the
capacitance of the capacitor under test;

the voltage to be applied during the charge period, if different from the rated voltage;
the number of cycles of test;

the duration of the charge period;

the duration of the discharge period;

the repetition rate (cycles per second);

temperature, if different from standard atmospheric conditions for testing.
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4.27.4 Inrush current
The following information shall be given in the relevant specification:

a) the peak charge current;

b) the voltage to be applied during the charge period if different from the rated voltage;
c) the number of cycles of test;

d) the duration of the charge period in milliseconds;

e) the duration of the discharge period;

f) the rnpnﬁﬁnn rgfc;

g) the temperature if different from standard atmospheric conditions for testing.

4.27)/5 Final inspection, measurements and requirements

The measurements specified in the relevant specification shall be made.

4.28 | Pressure relief (for aluminium electrolytic capacitors)
4.28/1 General

Unle$s otherwise specified in the relevant specification, onglef the following tests shgll be
used|to test the pressure relief device of the capacitors.

4,282 AC test

Applied voltage: alternating voltage with r.m.s. yalue not exceeding 0,7 times the rated direct
voltape.

Frequency of the applied voltage: 50 Hz 0£\,60 Hz.
Serigs resistor: R = 0,5 times the impedance of the capacitor at the test frequency.

4.28.3 DC test

Applied voltage: direct voltage applied in the reverse direction, of an amplitude necess3ry to
prodlice a current of 1.Ato 10 A.

4.284 Pneumatic-test

Applied pnedmatic pressure: gas pressure introduced from outside shall be increased|at a
rate of 20 kPa/s continuously.

4.28.5 “Final inspection, measurements and requirements

The measurements specified in the relevant specification shall be made.

4.29 Characteristics at high and low temperature
4.29.1 Test procedure

The capacitors shall be subjected to the procedures of the dry heat and cold test (4.21.3 and
4.21.5, respectively) with the following details.

The degree of severity for these tests shall be the same as for the dry heat and cold tests.
Tests at intermediate temperatures may be prescribed in the relevant specification.
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Measurements shall be made at each of the specified temperatures after the capacitor has
reached thermal stability.

The condition of thermal stability is judged to be reached when two readings of a
characteristic, taken in an interval of not less than 5 min, do not differ by an amount greater
than that which can be attributed to the measuring apparatus.

4.29.2 Requirements

The capacitors shall not exceed the limits prescribed in the relevant specification.

4.30 Thermal stability test

A thgrmal stability test may constitute an alternative to the endurance test in accordanceg
4.234 d). The test to be carried out shall be specified in the detail specification;

The |capacitor shall be loaded with a specified factor times the rated”reactive p
dissipation at the rated temperature and duration as specified in the relevant specification.

A tedt for thermal stability shall be made by measuring the temperature rise as a functi
time pver the last part of the specified duration. The temperature rise shall be within spe
limitq.

The measurement of the temperature rise may be made by the use of a thermoco

with

ower

bn of
cified

uple,

thermistor, infrared thermometer, infrared photographyy etc. Care should be taken to enqsure

that fhe error of measurement does not exceed +1<C and that errors due to heat condu
along measuring connections are kept to a minimum.

The

4.31| Component solvent resistance
4.31[1 Initial measurements

The measurements prescribed in the relevant specification shall be made.

4.312 Test procedure
The ¢omponents:shall be subjected to IEC 60068-2-45, Test XA, with the following detailyg:

a)
b)
c)
d)

splvent to.be used: IPA (IEC 60068-2-45:1980/AMD1:1993, 3.1.2);

ction

relevant specification shall specify the point at which the measurements shall be made
and the method of mounting (see IEC 60068-2-2:2007, 6.4).

splventitemperature: 23 °C + 5 °C, unless otherwise specified in the detail specification;

conditioning: method 2. (without rubbing):

recovery time: 48 h, unless otherwise stated in the detail specification.

4.31.3 Final inspection, measurements and requirements

The measurements prescribed in the relevant specification shall then be made and the
specified requirements be met.

4.32 Solvent resistance of marking

4.32.1 Test procedure

The components shall be subjected to IEC 60068-2-45, Test XA, with the following details:

a)

solvent to be used: IPA (IEC 60068-2-45:1980/AMD1:1993, 3.1.2);
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b) solvent temperature: 23 °C +5 °C;

c) conditioning: method 1 (with rubbing);

d) rubbing material: cotton wool;

e) recovery time:

4.32.
After

4.33
4.33.

Surfg
being
epox
thick
havirn
orm
elect

The

2 Final inspection, measurements and requirements

the test the marking shall be legible.

2016

not applicable, unless otherwise stated in the detail specification.

—Mounting (for surface mount capacitors only)
1 Substrate

ce mount capacitors shall be mounted on a suitable substrate, the methedCof mou

dependent on the capacitor construction. The substrate material shall’normally G
de woven glass fabric laminated printed board (as defined in IEC 61249-2-7) w
hess of 1,6 mm = 0,20 mm or 0,8 mm + 0,10 mm, or a 90 % to 98 % “alumina subs
g a thickness of 0,635 mm + 0,05 mm or more, and shall not affeet’the result of any
pasurement. The detail specification shall indicate which material is to be used fo
Fical measurements.

surface mount capacitors and shall provide electrical (connection to the surface

capa

Exa
Figu

If an
spec

4.33.

Whe
spec

Citor terminals. The details shall be specified in the\detail specification.

ples of test substrates for mechanical and :€lectrical tests are shown in Figure 1§
e 16, respectively.

bther method of mounting applies, the*method should be clearly described in the
fication.

2 Wave soldering

fied in the detail specification, shall be used to fasten the component to the subsg

beforne soldering is performed.

Smal
suita

The
glue

| dots of the glue shall be applied between the conductors of the substrate by means
ble device securing repeatable results.

surfacenmount capacitors shall be placed on the dots using tweezers. To ensure th
s applied to the conductors, the surface mount capacitors shall not be moved about

nting
e an
ith a
trate
test
r the

substrate shall have metallized land areas of proper\spacing to permit mountirmg of

ount

and

letail

h the detail specification'specifies wave soldering, suitable glue, details of which may be

trate

at no

The substrate with the surface mount capacitors shall be heat-treated in an oven at 100 °C for

15 m

in.

The substrate shall be soldered in a wave soldering apparatus. The apparatus shall be
adjusted to have a pre-heating temperature of 80 °C to 100 °C, a solder bath at 260 °C + 5 °C
and a soldering time of 5s + 0,5 s.

The substrate shall be cleaned for 3 min in a suitable solvent (see IEC 60068-2-45:1980/

AMD

4.33.

1:1993, 3.1.2).

3 Reflow soldering

When the detail specification specifies reflow soldering, the following mounting procedure
applies.
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a)

b)

The solder used in preform or paste form shall be silver bearing (2 % minimum) eutectic
Sn/Pb solder together with a flux as stated in IEC 60068-2-20. Alternative solders such as
60/40 or 63/37 may be used on chips whose construction includes solder leach barriers.
Pb-free solder used in preform or paste form shall be Sn96,5Ag3,0Cu0,5 or derivative
solder together with a flux as stated in IEC 60068-2-58, or as defined in the relevant
specification.

The surface mount capacitor shall then be placed across the metallized land areas of the
test substrate so as to make contact between surface mount and substrate land areas.

The substrate shall then be placed in or on a suitable heating system (molten solder, hot
plate, tunnel oven, etc.). The temperature of the unit shall be maintained between 215 °C

apd 260 °C_until the solder melts and reflows fnrming a hnmngnnnnllc solder bond but for

bt longer than 10 s.

=]

Flux jshould be removed by a suitable solvent (see IEC 60068-2-45:1980/AMD1:1993, 3{1.2).
All stibsequent handling should be such as to avoid contamination. Care should-be takgn to

maintain cleanliness in test chambers and during post test measurements.

The dletail specification may require a more restricted temperature range;

If vapour phase soldering is applied, the same method may be wsed with the temperafures

adapted.

A sultable substrate for mechanical tests is shown in Figure 15. Note that this substrate| may
not be suitable for impedance measurements. A suitable substrate for electrical tests is shown

in Figure 16.
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Key
|:| Solderable areas
[ |

Non-solderable areas (covered with non-solderable lacquer)
All dimensions are in millimetres. Tolerances: medium.

Material: epoxide woven glass

Thickness: 1,6 mm £ 0,20 mm, or 0;8 mm = 0,10 mm

Dimersions not given should be chesen according to the design and size of the specimens to be tested.
Dimerlsion W is dependent on the design of the test equipment.

# This conductor may be omijtted or used as a guard electrode.

Eigure 15 — Suitable substrate for mechanical tests
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Key
|:| Solderable areas
[

Non-solderable areas (covered with non-solderable lacquer)

All dimensions are in millimetres. Tolerances: medium.

Materfal: 90 % to 98 % alumina substrate

Thickgess: 0,635 mm = 0,05 mm, or more

Dimerjsions not given should be chosen according to the design and size of{thé“specimens to be tested.

Dimerlsion W depends on the design of the test equipment.

# This conductor may be omitted or used as a guard electrode.

Figure 16 — Suitable substrate for electrical tests

4.34| Shear test

4.34]11 Test procedure

The surface mount capacitors shall belmounted as described in IEC 60068-2-21, Test U.

The ¢apacitors shall be subjected:to IEC 60068-2-21, Test Ue3, under the following cond

A forge shall be applied to the surface mount capacitor body progressively, without shock
shall be maintained for-a period of 10 s + 1 s. Unless otherwise specified in the reld
specification, a force.shall be selected from 1 N, 2 N, 5 N or 10 N.

4.34)2 Final inspection, measurements and requirements

The

no vigible damage.

tion.

and
bvant

surface~mount capacitors shall be visually examined in the mounted state. There shall be

4.35 Substrate bending test

4.35.1 Test procedure

The surface mount capacitor shall be mounted on an epoxide woven glass printed board as
described in 4.33.

a) The capacitance of the surface mount capacitor shall be measured as specified in 4.7 and

b)

c)

in the relevant sectional specification.

The capacitor shall be subjected to IEC 60068-2-21, Test Ue, using the conditions as

prescribed in the relevant specification for the deflection D and the number of bends.

The capacitance of the surface mount capacitors shall be measured as specified in a) with
the board in the bent position. The change of capacitance shall not exceed the limits

prescribed in the relevant specification.
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4.35.2 Recovery

The printed board shall be allowed to recover from the bent position and then removed from
the test jig.

4.35.3 Final inspection and requirements

The surface mount capacitors shall be visually examined, and there shall be no visible
damage.

4.36 Dielectric absorption

4.361 Test procedure

The capacitor under test shall be placed in a screened enclosure to reduce (the effdct of
electric fields.

For the measurement of the voltage an electrometer or other suitable instrument having an
input/resistance of minimum 10 000 MQ shall be used.

The fesistance of any jigs, switches, etc. used shall not affect'\the input resistance of the
meaguring system.

The gapacitor shall then be charged at the d.c. voltage, rating for 60 min £ 1 min. The |nitial
surge current shall not exceed 50 mA.

At the end of this period the capacitor shall be disconnected from the power source and|shall
be discharged through a 5 Q + 5 % resistor for 10 s + 1 s, unless the specified du/d¢ value is
excegded.

The [discharge resistor shall be discopnected from the capacitor at the end of the|10 s
discHarge period. The voltage remaining or regained on the capacitor (recovery voltage)|shall
be measured.

NOTE| The recovery voltage is the miaximum voltage occurring across the capacitor terminations within a 15 min
period.

The dielectric absorptien:shall be calculated from the following formula:

pa="14100 x

U, Cx

Cx+C0

where

DA is'thé per cent dielectric absorption;

U, is the recovery voltage;

U, is the charging voltage;

Cy is the capacitance of capacitor under test;

Cy is the input capacitance of measuring system.

If Cq is less than 10 % of Cy, the above formula can be simplified to:

=1 %100
Uy
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4.36.
The

4.37

NOTE

4.37.

2 Requirement

dielectric absorption calculated shall not exceed the limit specified in the detail
specification.

Damp heat, steady state, accelerated
This test is also known as humidity load test or (85/85)-test.

1 Initial measurements

The capacitors shall be measured as prescribed in the relevant specification.

4.37.
The

Prefd

4.37,

Test

For 1
multi

With
cham
volta

4.37.
After

visible damage. The measurements prescribed in the relevant specification shall the
made.

In cq
the p
d.c.

4.38
4.38.

2 Test methods

capacitors shall be subjected to IEC 60068-2-67, Test Cy.
rred test durations: 168 h, 504 h or 1 000 h.

3 Test procedures

condition: rated voltage applied, unless otherwise prescribed in the relevant specific

netallized film capacitors this test should be carried out in accordance with Annex (
ayer ceramic capacitors in accordance with Annex/H.

the exception of electrolytic capacitors, within 15 min after removal from the
ber, the voltage proof test of 4.6 shall be carried out at test point A only, using the
je, unless otherwise specified in the detail specification.

4 Final inspection, measurements.and requirements

recovery (4 h to 24 h), the capacitors shall be visually examined. There shall i

se of testing metallized film capacitors, when specified in the blank detail specific
ermissible deviation\of the average C-value of test group with and the test group wi
oltage shall be.described in the relevant detail specification.

Passiveflammability

1 Testprocedure

The 1|est shall be made according to IEC 60695-11-5.

ation.

5, for

test
rated

e no
n be

tion,
hout

The capacitor under test shall be held in the flame in the position which best promotes
burning (if this position is not given in the detail specification it shall be evaluated by pre-
testing). Each specimen shall be exposed only once to the flame.

The smallest, a medium (in the case of more than four case sizes), and the biggest case size
shall be tested. Of each case size, three specimens of the maximum and three specimens of
the minimum capacitance shall be tested, resulting in six specimens per case size.

For time of exposure to flame and burning time, see Table 7. If applicable, the detail
specification shall specify the category of passive flammability.
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4.38.2 Final inspection, measurements and requirements

The burning time of any specimen shall not exceed the time specified in Table 7.
Burning droplets or glowing parts falling down shall not ignite the tissue paper.

Table 7 — Severities and requirements

Maximum
Category Severities burning
of Flame exposure time, in seconds, for capacitor time
fla ability volume ranges
s
Volume Volume Volume Volume
<250 mm?3 >250 mm? >500 mm?3 >1 750 mm?3
< 500 mm? <1750 mm3

A 15 30 60 120 3

B 10 20 30 60 10

C 5 10 20 30 30

4.39| High surge current test
4.391 Initial measurements

Not required.

4.392 Test procedure

The {est shall be carried out at a temperature of (23 + 3) °C.

The test circuit is shown in Figure17. The switch may be mechanical or electronic Qut is
prefgrably electronic. With the switch in position A, the capacitor under test is charged far 1 s
from|a low-impedance electrolytic capacitor of capacitance at least 20 000 uF to the rated
voltape of the capacitor under test (Ug = 2 %) from a regulated power supply capable of
delivering 10 A. The impedance of the circuit through which the capacitor under tgst is
charged shall meet the,requirements of 4.39.3. After 1 s charging time the capacitor ynder
test ghall be dischafged for 1 s with the switch in position B through a circuit whose resisfance
is greater than 0,05 Q, but less than 0,2 Q.

The poltage\across the capacitor under test shall be monitored. Four further chargingd and
dischargings of the capacitor under test shall be carried out under the same conditions.

Capacitors may be tested in parallel provided that

a) their total capacitance is less than 2 % of the capacitance of the reservoir capacitor, and
b) all the conditions specified above are met for each capacitor under test.

The fuse may be a wire fuse designed to blow between 0,5 A and 2,0 A or an electronic circuit
designed to trip in the same current range.
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4.39.

The {

| B switching positions

IEC

capacitor under test

low-impedance electrolytic capacitor of capacitance at least 20 000 pF

Figure 17 — High surge current test

3 Requirements for the charging circuit

test
paral

the ¢

meas
withg
provi

It is Unlikely that this requirement will be met unless the d.c. resistance of the charging G

inclu

0,5 Q.

4.39.

A ca
circu

4.40

osition, or in every one of the test positions if provision is made for testing capacitd
lel. The monitoring of the voltage across the capacitor under test shall demonstratg

eak voltage across the capacitor during, charging is Uy f; %, and that 90 % o

ured peak voltage is achieved within 6Q>us from the time of closure of the switch
ut unwanted transients due to switeh."‘bounce or circuit inductance. Where the]

ling wiring, fuse, fixtures,(and the series resistance of the tank capacitor is less

4 Nonconforming'items

t trips at anycsingle charging or discharging of the capacitor.

electrolyte)

est procedure of 4.39.2 shall be carried out with a_capacitor of 47 uF + 10 %, 35 V ip the

rs in
that
f the

and
re is

sion for testing capacitors in parallel;this requirement shall be verified for each capacitor
under test.

ircuit
than

pacitor shallebg” considered a nonconforming item if the fuse blows or the elecfronic

Voltage transient overload (for aluminium electrolytic capacitors with non-solid

4.40.

1 Initial measurement

The measurements prescribed in the detail specification shall be made.

4.40.

2 Test procedure

The capacitor(s) shall then be conditioned at the test temperature by having Ug+ 1 %
applied from a regulated power supply. At the end of this period, the test may commence but
not later than 48 h after conditioning.

An example of a test circuit is shown in Figure 18.
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T
I~ ° . [ .
= (N YT TY N
Power R Power
supply Cx —|/ Ch —/— supply
unit 1 unit 2
O O
1eC
Key
C capacitor under test
C bank capacitor to give a maximum charge time
R resistor to give a maximum charge time
L inductor to give a maximum charge time
T thyristor

Figure 18 — Voltage transient overload'test circuit

The [capacitor under test Cy is charged from the power supply unit 1, and the auxiliary
capagitor bank C, is charged to a voltage higher<than the test voltage Up from the power
supp|y unit 2. On triggering the thyristor T, the capacitor bank C, is discharged througp the
indugtor L charging the test capacitor Cy to Up.“On turning the thyristor off, the test capacitor
Cy ig discharged through the resistor R from g down to Ug.

The poltage waveform across the capacitor under test shall be approximately as shown in
Figune 19.
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/
_/

Charge Discharge
- -
Cycle
Triggering

IEC
Key

Uj transient peak voltage

U} rated voltage

Figure 19 — Voltage waveform

4.40;3 Final inspection, measurements and requirements

The measurements specified in the relevant specification shall be made.

4.40/4 Conditions-to be prescribed in the relevant specification
The felevant spé€cification shall prescribe:

a) the duration of the conditioning period;

b) theYalue of the transient peak voltage Up;

c) the value of Cp, L and R to give a maximum charge time of 15 ms;
d) the duration of each test cycle;
e) the number of test cycles;

f) the temperature if different from standard atmospheric conditions of testing.

4.41 Whisker growth test
4.41.1 General

If prescribed in the relevant specification, the whisker test shall be based on the
recommendations of IEC 60068-2-82.
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The relevant specification shall prescribe a suitable fixing jig for the support of the specimen

durin

g this test.

4.41.2 Preparation of specimen

The preparation of specimen shall be according IEC 60068-2-82:2007, Clause 5.

Capacitors intended for soldering shall receive a preconditioning by heat treatment according
to IEC 60068-2-82:2007, 5.5.

The @appearance of capacitors shall be examined according to IEC 60068-2-82:2007, 7.2.

3 Initial measurement

0068-2-82:2007, 5.6.

44144 Test procedures

The [ambient test, the damp heat test and the temperature cycling test shall be applied
accofding to the prescriptions in IEC 60068-2-82:2007, Clause 6-

4.41f5 Test severities

The [severities of IEC 60068-2-82:2007, Table 6 according to the component’'s material
composition shall be applied.

The following discrimination shall be applied to the selection of the severity of the temperpture
cycling test:

a) the severity N, =55 °C / 125 °C shall;be applied for capacitors with LCT = —55 °C or helow

a

b) th
a

4.41,

The
Anng

The

d UCT =125 °C or above,

e severity K, —40 °C / 85 °€-shall be applied for capacitors with LCT above -85 °C

hd/or UCT below 125 °C.

6 Final inspection, measurements and requirements

capacitors shall-be examined for appearance according to IEC 60068-2-82:2007,

X A.

vhisker shall*'not exceed the limit prescribed in the detail specification.



https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

IEC 60384-1:2016 © IEC 2016 - 67 -

Annex A
(informative)

Interpretation of sampling plans and procedures as described
in IEC 60410 for use within quality assessment systems

When using IEC 60410 for inspection by attributes, the interpretations of the clauses and
subclauses of IEC 60410, as indicated below, apply for the purpose of this standard.

1

1.5
2

3.1

3.3
4.5

5.4

6.2
6.3
6.4
8.1
8.3.3
8.4
9.2

9.4

10.2

d)

The responsible authority is the nafional authorized insiitufion implementing
basic rules and rules of procedure.

The unit of product is the electronic component defined in a detail specification.
Only the following definitions from this clause are required:

— a “defect” is any nonconformance of the unit of product to specified requirems
— a “defective” is a unit of product which contains one or more [nénconformance

The extent of nonconformance of a product shall be expressed in terms of per
defective.

Not applicable.

The responsible authority is the IEC technical cemmittee drafting the blank
specification which forms part of the generic or,sectional specification.

the

nts;

cent

Hetail

The responsible authority is the designatéd) management representative (DMR),

acting in accordance with the procedures_ptescribed in the document describin
inspection department of the approved manufacturer, and approved by
Certification Body (CB).

The responsible authority is the DMR.

Not applicable.

The responsible authority is the DMR.

Normal inspection shalkalways be used at the start of inspection.
The responsible autherity is the DMR.

The responsible authority is the national supervising inspectorate.

The responsible authority is the IEC technical committee drafting the blank
specificatian which forms part of the generic or sectional specification.

(Fourth‘sentence only) Not applicable.
(Fifth~sentence only) The responsible authority is the DMR.

Net-applicable.

g the
the

letail
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Annex B
(informative)

Rules for the preparation of detail specifications for capacitors and
resistors for electronic equipment for use within quality assessment

B.1

systems

Drafting

Whe
its ¢
towa

B.2

Deta
and
secti

B.3

The
detai

drafting of a complete detail specification, if required, shall begin only when a
ving conditions have been met.
he generic specification has been approved.

he sectional specification, when appropriate, has been circulated for approval as an
raft International Standard (FDIS).

he associated blank detail specification has been circulated for approval as an FDIS

here is evidence that at least three national committees havecformally approved, as
vn national standard, specifications covering a component of closely similar perform

rds the foregoing requirement.

Reference standard

| specifications shall use the standard of preferred values, ratings and character
severities for environmental tests;Cetc., which are given in the appropriate genej
bnal specifications.

Circulation

detail specification.should not be circulated as an FDIS until the sectional and
specifications have been approved for publication.

| the

Final

their
ance.

h a national committee formally asserts that substantial or significant use is made within
buntry of a part described by some other national standard, this assertion may ¢ount

stics
ic or

blank
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Annex C
(informative)

Layout of the first page of a PCP/CQC specification

Manufacturer’'s name

Loca

Caps

Issusd

Cap4g

Desg

Purp

Draw

Part

fion

bility approval number

bility manual reference number

ription of PCP/CQC

bse of PCP/CQC

ing reference

dentity

PCP/CQC specification numbe

Date

-
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Annex D
(informative)

Requirements for capability approval test report

D.1 General

Capability approval is decribed in Q.1.1 b).

The ]est report shall include the information given in Clauses D.2, D.3 and D .4.

D.2 | Requirements
The fest report shall be dated and include the following general information:

anufacturer’s name and address;

|
3

ace of manufacture, if different from above;

|
o

bneric and sectional specification number, issue and amendment date;

| |
=~ «Q

He issue number and date of the description of capability;

|
-

g¢ference to PCP/CQC specification;

|
-

g¢ference to the test programme for capability .approval, as applicable;
— allist of test equipment used together with appropriate uncertainties of measurement.

D.3 | Summary of test information-(for each CQC)
The fest report shall include the following summary of test information:

— tgsts;

|
>

Limber of specimens tested;

|
>

Limber of nonconforming items allowed,;

|
>

Limber of nonconforming items found.

D.4 | Measurement record

A reqord of the results of the measurements is taken before and after the various mechanical,
envir ||||n::||ta=, and—endurance—tests—for—which puat-tcat tmits—or—fimatmeasurements are
specified.
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E.1

Annex E
(informative)

Guide for pulse testing of capacitors

Overview

Existing testing methods covered by this standard are suitable for capacitors operating in

tings

e as

sing number of applications in which the applied voltage is in the form of pulse~w
withdut a reversal of polarity. These pulses may be continuous, intermittent, or/randd
occufrence.
This [annex specifies the factors affecting pulse ratings and the way in which these ra
may [be checked by appropriate endurance tests. The parameters of a, pulse are defined.
Diffefent combinations of these parameters can give rise to differentVcauses of failu
follows.
Type Cause of failure Test
Electrolytic Surge voltage exceeded Surge voltage
Reverse voltage exceeded Reverse voltage
Overheating (I2R) Pulse or a.c.
Metallized types Peak current Charge/discharge
(intermittent)
du/dt, Pulse
Qverheating (/2R) Pulse or a.c.
lonization a.c.
All ofher du/dt Pulse
Overheating (I2R) Pulse or a.c.
Excess peak voltage Surge
lonization a.c.
E.2 Typical capacitor pulse conditions

The figures listed below for typical applications show that test specifications requiring 100 000
or 1 million pulses correspond to operations of only 5 s to 50 s.

It is not possible to produce one circuit which will reproduce all of the required conditions.

It is likely, however, that circuits can be produced which will reproduce various groups of
conditions. It does not appear possible at the present time to specify accelerated test

conditions to simulate, for example, a five-year operation.
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a) Examples for TV applications

e S-correction

Typical peak voltage: 25V,50V, 180V
Typical peak currents: 5Ato15A

du/dt: about 5 V/us
Frequency: 15 kHz to 20 kHz
Reactive power: up to 250 var

e Line tuning

Typical peak voltage: up to 1 500V
Typical peak current: 5A
du/dt: 180 V/ps
¢ Multiplier capacitors
Typical peak voltage: 10 kV d.c. with ripple
Typical peak current: 0,1A
du/dt: up to 1 000 V/us
b) Examples for power electronics
Tlpical peak voltages: 60 V to 100V
Tlpical peak currents: 40 A to 100 A
dp/de: 1 V/gs to 20 V/us
Frequencies: 50~Hz to 20 kHz
eactive power: up to 500 var

c) xample for d.c.-d.c. convertors

Tlypical peak voltage: 30V

Tlpical peak current: 6 A

dp/dt: 600 V/us

Frequency: up to 20 kHz
d) xamples for switch*mode power supplies

Tlpical peak voltages: 15V to 400V

Typical peak_currents: 2At010 A

Frequencies: 100 Hz to 40 kHz
e) xamples for lasers and pulse light sources

Tlpieal peak voltages: 1 kV to 3 kV

Typical peak current. 000 A

du/dt: about 500 V/us

Frequencies: 1 kHz to 5 kHz

E.3 Effect of inductance on pulse testing

Proposed pulse test methods are likely to consist of test circuits involving repetitive charge
and discharge of capacitors in resistive circuits. This will result in conventional exponential
current and voltage characteristics.

In many applications, however, inductive effects are of considerable importance and have a
major influence on the suitability of the capacitor for the application.
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These are particularly important at high values of du/d¢. If the conditions for critical damping
exist (R2 = 4 x L/C), the effect is a minor modification of the shape of the charge or discharge
curve which will have little effect on the severity of the test.

If, however, R2 < 4 x L/C, there can be overshoot with or without damped oscillations.

These can result in overstress and increased power dissipation.



https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

F.1

- 74 - IEC 60384-1:2016 © IEC 2016

Annex F
(informative)

Guidance for the extension of endurance tests on fixed capacitors

Overview

recoffds (CTR), but to accumulate them, wherever possible, for the evaluation of reli
data| As the usual duration of endurance tests on capacitors is 1 000 h or 2 000 hyintér
parti¢s may wish to extend these tests to evaluate the long-term behaviour of the;compo

con

given for the performance and evaluation of such extended endurance tests.

F.2

The following guidelines apply.

a)
b)

c)
d)

cerned and to improve the base for the reliability evaluation. In the following, guidan

Guidelines

pst conditions should preferably be the same as for thevstandard endurance test.

T
a

Fpr final measurements, the same characteristic should be measured as for the star
ehdurance test.
T
T
11

he preferred duration for such extended endurance tests is 8 000 h.

he extended test is for information only on long-term behaviour and reliability.
easured values are therefore noted for variable analyses or other reliability evalu
wlithout being linked to the failure critefia as specified.

ntermediate measurements (between 2 000 h and 8 000 h) may be made.

flagreed between the parties concerned, the results of the test may be included i
certified test record (CTR)-of released lots.

The “translation” of the ‘results of accumulated tests into reliability data is normall
sponsibility of the manufacturer. If somebody else wants to use these accumulateq
sults for his own'reliability evaluation, an appropriate acceleration factor fo
cpomponents concerned shall be taken into account.

= =

hy good reason, different test conditions are chosen, they should be clearly indicated.

f, for

dard

The

ation

h the

y the
test
the
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G.1

Annex G
(normative)

Damp heat, steady state with voltage applied,
for metallized film capacitors only

Overview

For d
for d

The
withd

G.2

The
depe

The

by th
are [
spec
grou

orrosion sensitivity detection of the metallization of the dielectric film an additiona
hmp heat, steady state test with applied voltage shall be carried out.

test

deviation of the average capacitance values of the test group with, and jthe test group

ut voltage, indicates a possible corrosion of the metallization.

Test procedure

damp heat, steady state test shall be carried out with applied a.c. or d.c. vol
hding on the specified rated voltage of the capacitors.

tage,

damp heat, steady state test with applied voltage ;shall be carried out on an addifional
test group. The specimens for both test groups with and¢without voltage can only be prepared

b without voltage.

e manufacturer of the components, who will take\care that the specimen for both groups
roduced with identical materials and in identical production processes. The number of
mens for an additional test group with valtage is the same as the number for thg test
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Annex H
(normative)

Accelerated damp heat, steady state,
for multilayer ceramic capacitors only

Mounting of capacitors

The ¢apaciiors sha € mounted so that each capaciior 1S connected In series with a resjstor.

Half pf the capacitors shall be connected in series with resistors of 100 kQ + 10 % and+h
seriep with resistors of 6,8 kQ + 10 %.

H.2

The ¢apacitors, mounted as in Clause H.1, shall be measured for insulation resistance W

volta

The i

H.3

The
(85 4
conn
conn

In both cases the voltage shall be appliediacross the capacitor/resistor combination.

Care
Cong

H.4

The
from
cond

H.5

Initial measurement

ge of 1,5V + 0,1 V applied across the capacitor and resistor incseries.

nsulation resistance shall meet the requirements given in‘the relevant specification.

Test procedure

capacitors with associated resistors shall be_subjected to conditioning at (85 + 2
3) % RH for a duration to be specified in‘the relevant specification. Those capa

ected to 6,8 kQ resistors shall have (50 + 0,1) V or Ui applied, whichever is the |

shall be taken to avoid candensation of water on to the capacitors or substi
ensation may happen if the.door is opened during the test before the humidity is low

Recovery

hpplied voltage shall be disconnected and the capacitors and resistors shall be rem
the test chamber and allowed to recover for 4 h to 24 h in standard atmosp|
tions for tésting.

Final inspection, measurements and requirements

If in

ith a

) °C,
Citors

bcted to 100 kQ resistors shall have a’voltage of (1,5 + 0,1) V applied, and those

pwer.

ates.
ered.

oved
heric

The capacitors, mounted as in accordance with Clause H.1, shall be measured for insulation
resistance as in Clause H.2 above.

The i

nsulation resistance shall be greater than 0,1 times the initial limit.
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Q.1

This [generic specification and related sectional and detail specifications can be used.fg
purpose of a full quality assessment system. The following types of approval are proeyided.

a)

b)
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Annex Q
(informative)

Quality assessment procedures

General

A Scope of this annex

Qualification Approval (QA) is applicable to an identified componentior rang
cpmponents manufactured to similar design and production processes, forbwhich a

specification exists. Such a detail specification shall be based on this gen€eric specific
and a relevant sectional specification and shall give provisions for a QA.

A is granted to a manufacturer according to the provisions of"€lause Q.2 when i
ben established that the components meet the requirements ofithe detail specificatio

he test schedules prescribed in the detail specification forlthe initial product qualific
pbproval and for the product quality conformance inspections apply directly td
bmponent or range to be qualified.

Q

b

T

a

c

Capability Approval (CA) is applicable to an identified component manufacturing prg
aphd set of design rules for which an applicabte\sectional specification exists. Su
sectional specification shall be based on «this generic specification and shall
plovisions for a CA.

C
b
m
s
T

A is granted to a manufacturer according to the provisions of Clause Q.3 when i
ben established that his capability \for manufacturing processes and quality cq
ethods covering a specific component technology meet the requirements of the relé
pecifications.
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Technology Approval Schedule (TAS) exists.

TA is granted to a manufacturer according to the provisions of Clause Q.4, when it has
been demonstrated that the quality management system established for his electronic
component manufacturing activity complies with the contents of his/her Technology

Approval Declaration Document (TADD), and meets the requirements of the TAS.

The identification of an electronic component manufacturing activity shall be based on
component(s) or range(s) of components manufactured to similar design and production
processes, for which detail specification(s) exist(s). Such detail specification(s) shall be

based on this generic specification and relevant sectional specification(s) and shall

give

relevant provisions for a technology approval. Such applied detail specifications are to be

referenced in the TA.

A prerequisite for obtaining any of these approvals is that a manufacturer has obtained the
approval of manufacturer in accordance with the provisions of the relevant certification body.
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Q.1.2  Quality assessment definitions
Q.1.21 Primary stage of manufacture

The primary stage of manufacture shall be specified in the sectional specification.

Examples of the primary stage of manufacture are:

e For film capacitors:
the winding of the capacitor element or the equivalent operation.

e For ceramic capacitors:
he first common firing of the dielectric-electrode assembly.

. or electrolytic capacitors:
he capacitor manufacturer's evaluation of the formed anode foil.

Q.1.2.2 Structurally similar components

The prouping of structurally similar components for the initial product qualification approval
testing or for the product quality conformance testing under QA, CA or(JA shall be prescribed
in the relevant sectional specification.

Q.1.2.3 Assessment level

An agsessment level prescribes the severity of the test schedules, the sampling plans and the
number of permissible non-conforming items in each-fest group. Assessment levels EZ4 and
DZ meet the requirements of the zero defect approach’/and align the assessment procedures
and l|evels with the current industry practices, e.g. by setting the number of permitted|non-
conf@rmities (acceptance number) to zero. The sectional specifications shall prescrib¢ the
requirements to the test schedules for use in all, related detail specifications.

NOTE|1 A variety of assessment levels existedihistorically, e.g. with different numbers of permissiblg non-
confofmities per test. Only the assessment levels(EZ and DZ are used in recent specifications.

The sampling plans and inspection‘lévels for assessment levels EZ and DZ shall be selg¢cted
from|those given in IEC 61193-2;-except for those elements of the test schedule which are
basefd on fixed sample sizesitrespective of the size of the lot being inspected.

NOTE|2 The assessment of ‘a, quality level close or equal to zero defects by sampling only would lead|to an
unreagonable increase of jispection efforts. Hence, zero acceptance number sampling plans can only apply|to the
inspedtion of products that'are manufactured under suitable process control with the target of a zero-defect quality
level Before samplingdnspéection.

Q.1.2.4 Failure rate level determination (if applied)

The determination of failure rate level and certification shall be described in the relg¢vant
specffication.

Q.1.3 Rework

Rework is the rectification of a processing error by means not differing from those used in the
current process, or by an explicitly permitted rework process prior to release of the
component.

Rework shall not be carried out if prohibited by the relevant sectional or detail specification.

Applicable rework procedures shall be permitted by the relevant sectional or detail
specification and shall be fully described in the relevant documentation produced by the
manufacturer. All rework shall be carried out under supervision of the Designated
Management Representative (DMR) prior to the formation of the inspection lot offered for
inspection to the requirements of the detail specification.
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Q.14 Alternative test methods

The test and measurement methods given by the relevant specification are intended to unify
test and measurement procedures. They are not necessarily the only methods which can be
used except when specifically designated as referee or reference methods.

An approved manufacturer shall demonstrate to the Certification Body (CB) that any
alternative method he uses will give results equivalent to those obtained by the specified
method.

In case of dispute, the specified methods take precedence over any alternative method.

Q.1.5 Certified test records of released lots

When certified test records are prescribed in the relevant specification and are requested| by a
custqmer, the following information shall be given as a minimum.

a) Attributes information (that is the number of components tested and the number of|non-
cpnforming components) for tests in the sub-groups covered cby* periodic inspégction
ithout reference to the parameter for which rejection was made.

umber of tested components) for periodic tests spegified in the relevant secfional

W

b) Mariables information (that is average and range for the. change in capacitance| and
n

specification.

NOTE| Under CA a certified test record refers only to tests carried out on capability qualifying components.
Q.1.64 Unchecked parameters

Only[those parameters of a component which have been specified in the detail specifidation
and Which were subject to testing shall be assumed to be within the specified limits. It cannot
be agsumed that any unspecified parameter will remain unchanged from one compongnt to
another.

A new, more extensive specification shall be used if control of any additional paramefter is
requifred. Then the additional fest method shall be fully described with specificatign of
sampling plans, inspection levels’ and requirements and applied in a relevant test schedule.

Q.1.7 Delayed delivery

Components are cansidered to meet the stated requirements for a period of two years|after
manyfacture and%lot release when stored under appropriate conditions, unless othefwise
specified in the relevant specification.

Components held for a period exceeding that retention period shall prior to delivery be re-
exanjinedfor solderability and for electrical characteristics as prescribed in the relg¢vant
spec fication. The Qampling and prnr\nrhlrp npplinrl for re-examination shall be Qpprn\/cd by

the Certification Body (CB).

Components are qualified for another retention period, if all relevant requirements were met in
the re-examination.

Q.1.8 Repair

Repair consists of rendering an approved component usable which has been damaged or has
become defective after its release.

Components which have been repaired shall not be released under any specified quality
assessment system.
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Q.1.9 Registration of approvals

Approvals shall be based on a published detail specification complying with this generic
specification and a relevant sectional specification.

The achieved approvals shall be entered in a relevant and published Register of Approvals,
e.g. in the approvals section “online certificates” of the website www.iecq.org. Such entries
shall contain all necessary details on the approval, including the applied specifications and
the scope of the approval, e.g. designation, variant(s) and range(s) of the approved
component(s).

Q.1.10 Manufacture outside the geographical limits

See the requirements of the specified quality assessment system (if any).

Q.2 | Qualification approval (QA) procedures

Q.2.1 Eligibility for qualification approval

A qualification approval may be granted to a manufacturer holdingcasmanufacturer's approval.

A component is eligible for QA if the manufacturing processs.ificluding the prescribed primary
stage of manufacture, is carried out under direct supervision of the relevant Desigpated
Manggement Representative (DMR).

Q.2.7 Application for qualification approval

The manufacturer shall comply with the specified*quality assessment system (if any).

Q.2.3 Subcontracting

The [relevant specification may restrict subcontracting according to the specified quality
assepsment system (if any).

If sulbcontracting of the primary stage of manufacture and/or subsequent stages is employed,
it shall be in accordance with the specified quality assessment system (if any).

Q.2.4 Test procedure for the initial product qualification approval

The fetail spegification shall prescribe the test schedule and the requirements for the initial
prodiict qualification approval testing.

The |sampling and formation of inspection lots shall be prescribed in the secfional
specffication or in the detail specification. The sampling plan for the initial product
qualification approval testing is based on the fixed sample size procedure, with the number of
permissible non-conforming specimen set to zero (e.g. assessment level EZ).

The specimen for an inspection lot shall be collected at random over a short time within an
inspection period, not including any major change of the manufacturing process.

Q.2.5 Granting of qualification approval

Qualification approval shall be granted when the procedures in accordance with the specified
quality assessment system (if any) have been completed satisfactorily.
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Q.2.6 Maintenance of qualification approval

A QA shall be maintained by regular quality conformance inspections in order to demonstrate
the compliance with the requirements for quality conformance prescribed in the detail
specification.

Q.2.7 Quality conformance inspection

The test schedule and the requirements for the product quality conformance inspection shall
be prescribed in the detail specification.

The [sampling and formation of Inspeciion [ots shall be prescribed In the seclional
specffication or in the detail specification. The sampling plans and inspection levels shall be
seledted from those given in IEC 61193-2, for the part of the product quality conformance
inspgction schedule based on variable sample sizes, as used for the lot-by-lot/testing| The
samgling plan for the periodic product quality conformance inspection testingcis ‘based op the
fixed| sample size procedure. The number of permissible nonconforming specimen for jeach
test group of both test schedules is set to zero (e.g. assessment level EZ).

The gpecimen for an inspection lot shall be collected at random qvep a short time withjn an
inspgction period, not including any major change of the manufacturing process.

Utilisption of the switching rule for reduced inspection in. Group C of the test schedyle is
permiitted in all subgroups except endurance, unless otherwise prescribed in the rel¢vant
specification.

Q.3 | Capability approval (CA) procedures

Q.3.1 General

Capdbility Approval covers a manufacturing process and quality control methods (incléiding
design aspects as applicable) for a specific component technology with clearly defined scope
and lymits of the employed manufacturing capability.

The [capability shall be demonstrated on Capability Qualifying Components (CQC), which
servg as specimen for initial qualification testing and for subsequent quality conformance
inspgctions. There shalls be a detail specification for a CQC, based on this generic
specification and on_a sectional specification, giving the provisions for a CA.

A dejailed Progess Control Plan (PCP) shall be used for inspections to be carried out during
the mpanufactaring process applied to the manufacturing of components for release.

Therg shall be specific detail specifications for standard catalogue components angl for
custgmer specific components to be released under capability approval. They shall be based
on this generic specification and on the same sectional specification supporting the detail
specification for the CQC.

Q.3.2 Eligibility for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any).

A component manufacturer is eligible for CA if the manufacturing process, including the
prescribed primary stage of manufacture, is carried out under direct supervision of the
relevant Designated Management Representative (DMR).
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Q.3.3 Application for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment
system (if any), and with the requirements of the relevant sectional specification.

Q.3.4 Subcontracting

The relevant specification may restrict subcontracting according to the rules of the specified
quality assessment system (if any).

If subcontracting of the primary stage of manufacture and/or subsequent stages is employed,
it shdlTbe n accordance with the specified qualily assessment system (if any).

Q.3.5 Description of the capability

The nanufacturer shall describe the capability relevant to the manufacturing(technology and
rangT of products involved in a Capability Manual (CM), which shall meet the,requirements of
the slpecified quality assessment system (if any). The CM shall state the limits of the coyered
technology, and design rules, if applicable.

The CM may be subject to confidentiality, hence the manufacturer@hall provide an abstract of
the description of capability suitable for publication.

Q.3.64 Demonstration and verification of capability,

The yerification of the claimed capability shall demengtrate compliance with the contents of
the €M and utilize Capability Qualifying Components (CQC) and the Process Control [Plan
(PCH), as required by the specified quality assessment system (if any).

The [CQCs shall be used to demonstrate*the limits of capability and compliance with the
relevant detail specification.

Q.3.7 Granting of capability approval

Capdbility approval shall be granted when the procedures in accordance with the specified
qualify assessment system ((ifiany) have been completed satisfactorily and the requirements
of the relevant sectional specification have been met.

Q.3.8 Maintenance of capability approval

A Capability Approval shall be maintained according to the specified quality assessiment
systgm (if any)‘and to the respective descriptions of the CM by regular quality conformance
inspgctions-on the CQCs in order to demonstrate the compliance with the requiremenis for
qualify eanformance prescribed in the relevant detail specification.

Q.3.9 Quality conformance inspection

Quality conformance inspections shall be executed according to the provisions of the
specified quality assessment system (if any) and to the respective descriptions of the CM.

The test schedule and the requirements for the quality conformance inspection shall be
prescribed in the relevant detail specification(s) for deliverable components, e.g. the specific
detail specifications for standard catalogue components or for customer specific components.

The sampling and formation of inspection lots shall be prescribed in the sectional
specification or in the detail specification. The sampling plans and inspection levels shall be
selected from those given in IEC 61193-2, except for those elements of the test schedule
which are based on fixed sample sizes.
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The specimen for an inspection lot shall be collected at random over a short time within an
inspection period, not including any major change of the manufacturing process.

Q.4 Technology approval (TA) procedure

Q.41 General

Technology Approval is a method of approving a complete technological process covering the
approval aspects common to all products as determined by the technology under
consideration. It extends the existing suite of approval concepts (QA and CA) by adding the

follo

a) al formal system for quality management, actively involving all employees. in the
cpmmitment to quality;

b) ulse of in-process control methods, for example, SPC, to be defined in.a Technplogy
pproval Schedule (TAS);

c) a|strategy for continuous quality improvement;

d) monitoring the overall technologies and operations associated-with the design| and
anufacturing processes as well as the components themselves;

e) pfrocedural flexibility due to the underlying quality assurahce management system and
arket sector requirements;

f) acceptance of a manufacturer’s operational documentation to provide means for fapid
approval or extension of approval.

Q.4.2 Eligibility for technology approval

A TA may be granted to a manufacturer holding~an Approval of Manufacturer to the spegtified
qualify assessment system (if any).

Prergquisite to a TA is a Technology :Approval Schedule (TAS) covering the entire scope of
technology for which approval is intended, written according to the requirements of the
specified quality assessment system-(if any).

Q.4.3 Application of technology approval

The procedure and requirements for an application for TA are given in the specified quality
assegsment system (if any).

Q.4.4 Subcontracting

The TAS orthe relevant specification may restrict subcontracting according to the rules ¢f the
specified(quality assessment system (if any).

Q.4.5 Description of technology

The manufacturer shall describe the implementation of the TAS in his organisation in a
Technology Approval Declaration Document (TADD) which shall meet the requirements of the
specified quality assessment system (if any). The TADD shall describe the relevant scope of
technology and relate to, but not exceed the range of activities covered by the TAS.

Q.4.6 Demonstration and verification of the technology

For verification of the operational and technological processes, the manufacturer shall
demonstrate compliance with the contents of the TADD, as required in the specified quality
assessment system (if any).

For manufacturing verification, characterisation and evaluation of process performance shall
be performed on components, for which a detail specification exists. Such detail specification
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shall be based on this generic specification and a sectional specification and shall give
provisions for a TA.

Q4.7 Granting of technology approval

TA shall be granted by the Certification Body (CB) when the requirements of the specified

quali

ty assessment system (if any) have been met.

Q.4.8 Maintenance of technology approval

A TA shall be maintained according to the provisions of the specified quality assessment

systdm (it any).

Q.4.9 Quality conformance inspection

The quality conformance inspection shall be carried out in accordance with the relevant TAS.

The
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1)

6)

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 1: Spécification générique

AVANT-PROPOS

composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)<{L-EC
objet de favoriser la coopération internationale pour toutes les questions de normalisation dars, les donj
de| I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités — publie des Normesinternati
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au‘public (PAS)
ides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confiée a des-comités d'étud
travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organi
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC,|participent égaleme

du| possible, un accord international sur les sujets étudiés, étant donné\glie les Comités nationaux de
intéressés sont représentés dans chaque comité d’études.

Lep Publications de 'lEC se présentent sous la forme de recommandations internationales et sont ag
comme telles par les Comités nationaux de I'lEC. Tous les effgrts faisonnables sont entrepris afin qus
s'dssure de I'exactitude du contenu technique de ses publications; I'|EC ne peut pas étre tenue responsa
I'éyentuelle mauvaise utilisation ou interprétation qui en estfaite’par un quelconque utilisateur final.

D4dns le but d'encourager I'uniformité internationale, les €oamités nationaux de I'lEC s'engagent, dans tg
mesure possible, a appliquer de fagon transparente lescRublications de I'lEC dans leurs publications nati
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications national
régionales correspondantes doivent étre indiquéesentermes clairs dans ces dernieres.

C elle-méme ne fournit aucune attestation~de conformité. Des organismes de certification indéper
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marqu
cophformité de I'lEC. L’IEC n'est responsable ‘d'aucun des services effectués par les organismes de certifi
indépendants.

Tous les utilisateurs doivent s'assurer.qu'ils sont en possession de la derniére édition de cette publication|

7) Augune responsabilité ne doit étre\imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou manda

y ¢ompris ses experts particuliers et les membres de ses comités d'études et des Comités nationaux de
popr tout préjudice causé e€n cas de dommages corporels et matériels, ou de tout autre dommage de q
nafure que ce soit, dirette,'ou indirecte, ou pour supporter les colts (y compris les frais de justice)
dépenses découlant_de )Jla publication ou de l'utilisation de cette Publication de I'lEC ou de toute
Publication de I'lEC,(ou au crédit qui lui est accordé.

ttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publid
référencées est/obligatoire pour une application correcte de la présente publication.

L’3dttention“est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuven)
I'opjet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels
de|breyets et de ne pas avoir signalé leur existence.

La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normaIiLation
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La Norme internationale TEC 60384-T a efé éfablie par le comité defudes 40 de
Condensateurs et résistances pour équipements électroniques.

'1EC:

Cette cinquiéme édition annule et remplace la troisiéme édition parue en 2008. Cette édition
constitue une révision technique, incluant des révisions mineures des tableaux, des valeurs et
des références.

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

INTRODUCTION ajoutée;
4.41 Essai sur le développement des trichites ajouté;

Annexe Q entiérement restructurée.
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Le texte de cette norme est issu des documents suivants:

FDIS Rapport de vote

40/2420/FDIS 40/2444/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.

Une liste de toutes les parties de la série IEC 60384, publiées sous le titre général
Condensateurs fixes utilisés dans les équipements électroniques, peut étre consultée sur le
site web de I'lEC.

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

Le comité a décidé que le contenu de cette publication ne sera pas modifiéyavant la daje de
stabilite indiquée sur le site web de I''EC sous "http://webstore.iec.ch"~déans les données
relatijves a la publication recherchée. A cette date, la publication sera

* rgconduite,

* sUpprimée,

emplacée par une édition révisée, ou
* amendée.

-
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INTRODUCTION

Le systéme de spécifications pour des condensateurs fixes utilisés dans des équipements
électroniques est structuré dans un systéme hiérarchique constitué des types suivants de
spécifications.

Spécification générique

La spécification générique couvre tous les sujets, principalement les sujets communs a la
famille de condensateurs fixes utilisés dans des équipements électroniques, tels que la

e , e " des
etres relatifs aux exigences spécifiques a la sous-famille particuliére ou -au|type
parti¢ulier de condensateur fixe sont exigés, de telles exigences doivent étre donnéesvwal une
des gpécifications subordonnées.

Pour| le domaine d'application des condensateurs fixes, la référence .numérique de la
spécffication générique est I'lEC 60384-1.

Spégification intermédiaire

Les gpécifications intermédiaires couvrent tous les sujets s'ajoutant a ceux indiqués dans la
spécffication générique et qui sont spécifiques a un sous-groupe défini de condensateurs
fixes| Ces sujets sont normalement les valeurs préférentielles des dimensions et des
caragtéristiques, les méthodes d'essai supplémentaires et les exigences applicables aux
méthpdes d'essai données dans la spécificationy'générique, les exigences relatives a
I'échantillonnage et a la préparation des éprouvettes, les sévérités d'essai recommandégs et
les cfitéres d'acceptation préférentiels. La spécification intermédiaire présente égalemgnt la
structure et le domaine d'application des programmes d'essai qui doivent étre appliqués |dans
toutels les spécifications particuliéres subordonnées.

Pour| le domaine d'application des condensateurs fixes, les références numériques| aux
spécffications intermédiaires vont de\|'lEC 60384-2 pour les condensateurs a film de polygester
a adtuellement I''EC 60384-26_ pour les condensateurs électrolytiques en aluminiym a
électfolyte solide en polymére(conducteur. La variété de spécifications intermédiaires|peut
étre adaptée aux différentes/technologies de condensateurs fixes.

Spédification particuliére

Les ppécifications\ particuliéeres donnent, directement ou en faisant référence a d'autres
spécffications,{outes les informations nécessaires pour décrire complétement un type ef une
plage donnés de condensateurs fixes, y compris les exigences relatives a toutes les valeurs
des Hdimensjons et des caractéristiques. Elles donnent également toutes les informations
exigges’ pour l'assurance de la qualité du type et de la plage de condensateurs fixes couyverts
dans| un”systéme approprié d'assurance de la qualité, y compris les exigences relatiyes a
toutes les sévérités d'essai et a tous les critéres d'acceptation appliqués, et les programmes
d'essai réalisés.

Les spécifications particulieres peuvent étre soit des spécifications du systeme IEC, soit une
autre spécification liée a I'lEC, soit une spécification du fabricant ou de I'utilisateur. Pour le
domaine d'application des condensateurs fixes, les références numériques aux spécifications
particulieres sont par exemple I'lEC 60384-3-101, pour une spécification particuliere se
rapportant a la spécification intermédiaire IEC 60384-3 et a la spécification particuliére cadre
auxiliaire IEC 60384-3-1.

Spécification particuliére cadre

Dans le systéme hiérarchique de spécifications, une spécification intermédiaire est complétée
par une ou plusieurs spécifications particuliéeres cadres utilisées pour assurer une
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présentation uniforme des spécifications particuliéres. La spécification particuliére cadre
fournit au rédacteur des spécifications un modéle de disposition a adopter et un modéle
d'informations a fournir, ainsi que des lignes directrices pour la préparation de spécifications
particulieres en respectant les exigences des spécifications génériques ou intermédiaires
supérieures. Les spécifications particulieres cadres ne sont pas considérées comme des

spéci

fications applicables parce qu'elles ne décrivent pas de composants particuliers.

La présence d'un systeme de spécifications hiérarchiques établi, avec des spécifications
particulieres cadres, permet de préparer des spécifications particulieres méme en dehors du
comité d'études de I'lEC concerné.

Pour
spéc
parti

Spég

Dang
subo

tuliere cadre se rapportant a la spécification intermédiaire IEC 60384-3.

rdonnées contenant des exigences spécifiques, le cas échéant.

référ
hiér

N'im}orte quelle spécification générique ou intermédiaire peut utiliser un résumé et

le domaine d'application des condensateurs fixes, les références numériques
fications particuliéres cadres sont par exemple I'lEC 60384-3-1, pour une spécific

ification applicable

ce systéme, le terme «spécification applicable» porte sur< des spécifica

nces universelles a des spécifications subordonné€s de n'importe quel n
rchique en utilisant I'expression «spécification applicable».

Spécification
générique
Spécification Spécification Spécification A
intermédiaire intermédiaire intermédiaire
Spécification
M AR pepp——— > 1
particuliere’cadre
Spécification Spécification 2
particuliére particuliére J
IEC

aux

ation

tions

des
veau

Léger

de

1 Indique la plage de "Spécifications applicables" pour la spécification générique supérieure, le cas échéant.
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CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 1: Spécification générique

1 Généralités

1.1 Domaine d'application

La fdrésente partie de I'IEC 60384 est une spécification générique qui s'applique| aux
condensateurs fixes utilisés dans les équipements électroniques.

Elle ¢tablit des définitions, des procédures de contrbéle et des méthodes d'essai normalis¢es a
utiliser dans les spécifications intermédiaires et particuliéres des composants électroniques,
pour|les systémes d'assurance de la qualité ou pour tout autre usage.

1.2 Références normatives

Les glocuments suivants sont cités en référence de manigre.normative, en intégralité qu en
parti¢, dans le présent document et sont indispensables* pour son application. Pouf les
références datées, seule I'édition citée s’applique. ‘Pour les références non datéefs, la
derniere édition du document de référence s’applique(y compris les éventuels amendemgnts).

IEC 60027 (toutes les parties), Symboles littéraux a utiliser en électrotechnique

IEC $0050 (toutes les parties), Vocabulairé Electrotechnique International

IEC 60062, Codes de marquage des-résistances et des condensateurs

IEC 60063, Séries de valeurs normales pour résistances et condensateurs

IEC 60068-1:2013, Essais d'environnement — Partie 1: Généralités et lignes directrices
IEC 60068-2-1:2007, ,"Essais d’environnement — Partie 2-1: Essais — Essai A: Froid

IEC $0068-2-2:2007, Essais d’environnement — Partie 2-2: Essais — Essai B: Chaleur sdche

(sinujs@idales)

IEC T;OO68-2-6:2007, Essais d’environnement — Partie 2-6: Essais — Essai Fc: Vibrdtions

IEC 60068-2-13:1983, Essais d’environnement — Partie 2-13: Essais — Essai M: Basse
pression atmosphérique

IEC 60068-2-14:2009, Essais d’environnement — Partie 2-14: Essais — Essai N: Variation de
température

IEC 60068-2-17:1994, FEssais d'environnement — Partie 2-17: Essais — Essai Q: Etanchéité

IEC 60068-2-20:2008, 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 60068-2-21:2006, Essais d’environnement — Partie 2-21: Essais — Essai U: Robustesse
des sorties et des dispositifs de montage incorporés
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IEC 60068-2-27:2008, Essais d’environnement — Partie 2-27: Essais — Essai Ea et guide:
Chocs

IEC 60068-2-30:2005, Essais d’environnement — Partie 2-30: Essais — Essai Db: Essai
cyclique de chaleur humide (cycle de 12 h + 12 h)

IEC 60068-2-45:1980, Essais fondamentaux climatiques et de robustesse mécanique —
Partie 2-45: Essais — Essai XA et guide: Immersion dans les solvants de nettoyage
IEC 60068-2-45:1980/AMD1:1993

IEC 60068-2-58:2015, Essais d’environnement — Partie 2-58: Essais — Essai Td. MétHodes
d’esdai de la soudabilité, résistance de la métallisation a la dissolution etrrésistance| a la
chalgur de brasage des composants pour montage en surface (CMS)

IEC 60068-2-67:1995, Essais d’environnement — Partie 2-67: Essais'— Essai Cy: Essai
continu de chaleur humide, essai accéléré applicable en premier lieu.aux composants

IEC 60068-2-69:2007, Essais d’environnement — Partie 2-69, Essais — Essai Te: Esspi de
brasabilité des composants électroniques pour les composahis’de montage en surface (CMS)
par 4 méthode de la balance de mouillage

IEC $0068-2-78:2012, Essais d’environnement — Partie 2-78: Essais — Essai Cab: Chaleur
humide, essai continu

IEC 60068-2-82:2007, Essais d’environnement — Partie 2-82: Essais — Essai XW1: MéthHodes
de vaérification des trichites pour les compaSants électroniques et électriques

IEC 60294, Mesure des dimensions-d'n composant cylindrique a sorties axiales

IEC 60617, Symboles graphiques pour schémas
IEC $0695-11-5:2004, Essais relatifs aux risques du feu — Partie 11-5: Flammes d'esjsai —
Méthpde d'essai au brileur-aiguille — Appareillage, dispositif d'essai de vérification et lijgnes

s et

s for

IEC 61249-2-7:2002, Matériaux pour circuits imprimés et autres structures d'interconnexion
— Partie 2-7: Matériaux de base renforcés, plaqués et non plaqués — Feuille stratifiée tissée
de verre E avec de la résine époxyde, d'inflammabilité définie (essai de combustion verticale),
plaquée cuivre

ISO 3, Nombres normaux — Séries de nombres normaux

ISO 80000-1, Grandeurs et unités — Partie 1: Généralités
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2 Données techniques

2.1
211

Symboles, unités et abréviations

Généralités

Il convient que les unités, les symboles graphiques et les symboles littéraux proviennent,

dans

la mesure du possible, des publications suivantes:

— |EC 60027 (série);
— IEC 60050 (série);

B

[«
\

Si d'
princ

2.1.2

Cn
DA
du/dy

Jr

]Ieak

EC 60617;
50 80000-1.

Aautres rubriques sont exigées, il convient qu’elles soient établies conformément
pes énoncés dans les publications référencées ci-dessus.

Symboles littéraux

Capacité nominale

Dielectric Absorption (absorption diélectrique)

Capacité a supporter des impulsions

Fréquence de résonance propre

Courant de fuite

Caractéristiques des impulsions@gaximales admissibles
Inductance propre

Résistance d'isolement

Température de.catégorie inférieure

Tangente de.l’angle de perte

Température de catégorie supérieure

Température de catégorie

Temperature de fonctionnement
Température assignée

Tension de catégorie

Tension de fonctionnement
Tension assignée

Surtension

Impédance

aux
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a Coefficient de température de la capacité
T = C\ x R|ng Constante de temps

2.1.3 Abréviations

CA Agrément de savoir-faire (Capability Approval)
CB Organisme de certification (Certification Body)

CQC Composants pour agrément de savoir-faire (Capability Qualifying Components)

DMR| Responsable désigné (Designated Management Representative)
RSE| Résistance-Série Equivalente

IPA Alcool isopropylique (/sopropyl alcohol)

PCP| Plan de Contrdle de Processus

QA Homologation (Qualifying Approval)

CMS| Composant pour Montage en Surface

TA Agrément de technologie (Technology Approval)

TADD Document de déclaration d’agrément de technologie (Technology Approval Declaration
Document)

2.2 Termes et définitions

Pour|les besoins du présent document}‘les termes et définitions suivants s’appliquent.

NOTE| Dans la version anglaise, les termes sont énumérés par ordre alphabétique.

2.21
condensateur pour courant alternatif
condensateur congu essentiellement pour fonctionner sous des tensions alternatives

2.2.2
condensateurbipolaire
<conflensateur) électrolytique> condensateur prévu pour supporter une tension alternative
et/ouf une-inversion de la polarité de la tension continue appliquée

2.2.3
catégorie d'inflammabilité passive

catégorie indiquant la durée maximale d'inflammation autorisée aprés une durée d'application
de flamme spécifiée

2.2.4

plage des températures de catégorie

plage des températures ambiantes pour laquelle le condensateur a été congu pour
fonctionner de maniére continue

Note 1 a l'article: La plage des températures est limitée par la température de catégorie inférieure et la
température de catégorie supérieure (voir 2.2.10 et 2.2.41).
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2.2.5
tension de catégorie

Uc

tension maximale pouvant étre appliquée de maniére continue a un condensateur utilisé a sa
température de catégorie supérieure (2.2.41)

2.2.6
condensateur pour courant continu
condensateur congu essentiellement pour fonctionner sous des tensions continues

Note

2.2.7

1 a l'article: |l peut ne pas convenir pour une utilisation sur des sources de courant alternatif.

famille
<conjposants électroniques> groupe de composants qui présentent principalement un at
phys|que particulier et/ou réalisent une fonction définie

2.2.8

clas
term

e
I servant a préciser des caractéristiques générales complémentaires conce

I'application projetée du composant

2.2.9

condensateur isolé
condensateur dont toutes les bornes d'une section {peuvent étre portées a un potg

diffé

ent (mais non inférieur a la tension assignée) dé.celui de toute surface conductrice

laquelle le boitier est susceptible d'entrer en contact‘en utilisation normale

2.21
température de catégorie inférieure
tempgrature ambiante minimale pour laguelle un condensateur a été congu en vue

fonc

2.2.11

fjonnement permanent

température maximale de stockage
tempgrature ambiante maximale que le condensateur supporte sans dommage en cond

den

2.2.12

on-fonctionnement

température maximale d'un condensateur
tempgrature du point le plus chaud de la surface externe

Note

2.2.1B8

a l'article: Les bornes sont considérées comme faisant partie de la surface externe.

tribut

rnant

entiel
avec

d'un

tions

température minimale de stockage
température ambiante minimale que le condensateur supporte sans dommage en conditions

den

on-fonctionnement

2.2.14
température minimale d'un condensateur
température du point le plus froid de la surface externe

Note

1 a l'article: Les bornes sont considérées comme faisant partie de la surface externe.

2.2.15
capacité nominale

Cn

valeur de capacité pour laquelle a été congu le condensateur et qui est habituellement
marquée sur celui-ci
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2.2.16

inflammabilité passive

aptitude d’'un condensateur a briler avec une flamme par suite de I'application d’une source
de chaleur externe

2.2.17

condensateur polarisé

<condensateur électrolytique> condensateur congu pour étre utilisé sous une tension
unidirectionnelle reliée conformément a la polarité indiquée

2.2.18
condensateur pour impulsions
condensateur pour utilisation avec des impulsions de courant ou de tension

Note 1 a l'article: Les définitions de I'lEC 60469 s'appliquent.

2.2.19
circyit équivalent en impulsion d'un condensateur
circujt équivalent d'un condensateur composé d'un condensateur)-idéal en série |avec
I'indJctance parasite et la résistance série équivalente (RSE)

Note 1 a I'article: Pour le fonctionnement en impulsion, la résistance série\équivalente sera similaire, majs non
identique a la RSE mesurée sous une tension sinusoidale. La RSE «efd impulsions dépend des fréguences
harmgniques contenues dans l'impulsion et de la variation des pertes selon la fréquence.

2.2

charge assignée en alternatif
charge alternative sinusoidale maximale qui peutiétre appliquée en permanence aux bornes
d'un condensateur a toute température comprise.entre la température de catégorie inférjeure
(2.2.10) et la température assignée (2.2.24)

2.2.21

charge assignée en impulsions
charge maximale en impulsions quipeut étre appliquée aux bornes d'un condensateur 3 une
certaine fréquence de répétition 'des impulsions a toute température comprise entfe la
tempgrature de catégorie inférieure (2.2.10) et la température assignée (2.2.24)

2.2,

courpnt ondulé assigné
valeyr efficace du(courant alternatif maximal admissible d'une fréquence spécifiée, |sous
lequel le condensateur peut fonctionner de fagon permanente a une température spécifiée

Note 1 a I'article: ) Dans la mesure ou le courant ondulé générera une tension ondulée a travers le condensateur, il
convignt quetla* somme de la tension continue et de la valeur de créte de la tension alternative appliqguée au
condepsateur) ne dépasse pas la tension assignée ou, selon le cas, la tension corrigée en fonction |de la
température.

2.2.23

tension ondulée assignée

valeur efficace de la tension alternative maximale admissible d'une fréquence spécifiée
superposée a la tension continue a laquelle le condensateur peut fonctionner de fagon
permanente a une température spécifiée

Note 1 a l'article: 1l convient que la somme de la tension continue et de la valeur de créte de la tension alternative
appliquées au condensateur ne dépasse pas la tension assignée ou, selon le cas, la tension corrigée en fonction
de la température.

2.2.24

température assignée

température ambiante maximale a laquelle la tension assignée peut étre appliquée de
maniére continue
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2.2.25
tension assignée
Ur

2.2.251

tension continue assignée

tension continue maximale pouvant étre appliquée en permanence a un condensateur utilisé a
la température assignée (2.2.24)

Note 1 a l'article: La tension continue maximale est la somme de la tension continue et de la valeur de créte de la
tensizr alternative ou de la valeur de créie de la tension dimpulsion appliquées au condensateur.

2.2.25.2

tension alternative assignée
tensipn alternative efficace maximale pouvant étre appliquée en permanence & un
condensateur utilisé a la température assignée (2.2.24) et a une fréquence donnée

2.2.25.3

tension assignée en impulsions
valeyr de créte de la tension d'impulsion dans une forme d'onde d/impulsion donnée, polivant
étre appliquée en permanence a un condensateur utilisé a la température assignée (2.2.44)

2.2.26
tensjon inverse
<congdensateur polarisé> tension appliquée aux borngs)du condensateur dans le sens inyerse
de polarité

Note 1 a I'article: La tension inverse s’applique aux condensateurs polarisés uniquement.

2.2.27
autogicatrisation
procgssus par lequel les propriétés électriques d'un condensateur sont, aprés une perforation
locale du diélectrique, rapidement. €t essentiellement rétablies aux valeurs existant avgnt la
perfdration

2.2.28
modele
subdjvision d'un type((2:2.39), généralement basée sur des facteurs dimensionnels, qui|peut
inclufe plusieurs vatiantes, généralement d'ordre mécanique

2.2,

sous-famille
<conjposants électroniques> groupe de composants d’'une famille (2.2.7), fabriqués par des
méthpdes technologiques similaires

2.2.30

condensateur pour montage en surface

condensateur fixe dont les petites dimensions et la nature ou la forme des bornes rendent
approprié son montage dans des circuits hybrides et en surface des cartes imprimées

2.2.31

rapport de surtension

quotient de la tension instantanée maximale qui peut étre appliquée aux bornes du
condensateur, pour une durée spécifiée, a toute température a l'intérieur de la plage des
températures de catégorie (2.2.4) par, selon le cas, la tension assignée (2.2.25) ou la tension
corrigée en fonction de la température (2.2.36)
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2.2.32

tang

ente de I'angle de pertes

tan &
rapport de la perte de puissance du condensateur a la puissance réactive du condensateur,

lorsq

u'une tension sinusoidale de fréquence spécifiée est appliquée a ses bornes

2.2.33
caractéristiques capacité/température
variation maximale de capacité qui se produit sur une plage donnée de températures a

l'inté

Note
capac

rieur de la plage des températures de catégorie (2.2.4) du condensateur

2016

a l'article: Cette caractéristique s'applique principalement aux condensateurs dont les variatio
té en fonction de la température, variations linéaires ou non linéaires, ne peuvent pas étre exprimée

précisjon et certitude.

Note 2 a l'article: Cette caractéristique s’exprime normalement en pourcentage de la valeurpde/capacit
température de référence de 20 °C.

2.2.34

coefficient de température de la capacité

a

rapport de la variation de capacité, mesurée aux extrémités(-d*‘une plage spécifié
tempgratures, a la variation de température la provoquant

Note 1 a l'article: Cette propriété s'applique aux condensateurs dont |€s, variations de capacité en fonction

température sont linéaires ou approximativement linéaires, et peut étre énoncée avec une certaine précision.

Note 2 & l'article: Ce coefficient s'exprime normalement en milliohiémes par Kelvin (10-%/K).

2.2.35
dérive de capacité aprés cycle thermique

varia

kion irréversible maximale de capacité©Observée a la température ambiante penda

aprés l'exécution d'un nombre spécifié de.cycles de température

Note

a l'article: Cette propriété s'applique aux condensateurs dont les variations de capacité en fonction

température sont linéaires ou approximativement linéaires, et peut étre énoncée avec une certaine précision.

Note 2 a l'article: Cette dérive s'exprime généralement en pourcentage de la valeur de capacité a la tempé&

de réf

2.2.36

tens
tensi

Erence, laquelle est normalement de 20 °C.

on corrigée en fonction de la température
bn maximale pouvant étre appliquée de fagon permanente aux bornes d'un condens

a toyte température comprise entre la température assignée (2.2.24) et la températui
catégorie supérieure (2.2.41)

Note

2.2,

a l'drticle: Se reporter a 2.3.6.

hs de
avec

1]

de

de la

Nt ou

de la

rature

ateur
e de

7

échauffement
élévation de la température du condensateur par rapport a la température ambiante résultant
des pertes internes dues au fonctionnement sous tension alternative, en impulsions ou dans
des conditions de charge/décharge

2.2.38
constante de temps

T

produit de la résistance d'isolement par la capacité

Note 1 a l'article: La constante de temps s'exprime normalement en secondes.
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2.2.39

type

ensemble de composants de conception et de techniques de fabrication identiques,
permettant de les prendre en compte soit en vue de procéder a une homologation, soit dans
le cadre d'un contrdle de la conformité de la qualité

Note 1 a I'article: Ces composants font généralement I'objet d'une seule spécification particuliere.

Note 2 a l'article: Des composants décrits dans plusieurs spécifications particuliéres peuvent, dans certains cas,
étre considérés comme appartenant a un méme type.

2.2.40

condensateur non isole
condensateur dont au moins une des bornes d'une section ne peut pas étre portée [a un
potentiel différent (mais non inférieur a la tension assignée) de celui de toute-"sufface
condlctrice avec laquelle le boitier est susceptible d'entrer en contact en utilisation normale

2.2.41

température de catégorie supérieure
tempgrature ambiante maximale pour laquelle un condensateur a étéCeongu pour fonctignner
de maniére continue

2.2.4P2
dommage visible
dommage visible susceptible de réduire I'aptitude du condensateur a I'emploi pour lequel il a
été prévu

2.3 Valeurs préférentielles et exigences techniques supplémentaires
2.31 Généralités

Chadue spécification intermédiaire doit spécifier les valeurs préférentielles appropriées a la
soustfamille; pour la capacité nominale«oir aussi 2.3.2.

2.3.2 Valeurs préférentielles de la capacité nominale

Les (aleurs préférentielles(de la capacité nominale doivent étre prises dans les sléries
spécffiées dans I'lEC 60063.

2.3.3 Valeurs préferentielles de la tension assignée

Les valeurs préférentielles de la tension assignée sont les valeurs de la série R10 de I'l$0O 3:
1,041,25-46—-2,0-2,5-3,15-4,0-5,0 - 6,3 — 8,0 et leurs multiples décimaux (x 10", n:
nombre entier).

2.3.4 Charge assignée en alternatif

La charge assignée en alternatif peut s'exprimer comme étant:

a) une tension alternative assignée aux basses fréquences;
b) un courant alternatif assigné aux fréquences élevées;
C) une puissance réactive assignée aux fréquences intermédiaires (var).

Ceci est présenté a la Figure 1.

Pour un type particulier de condensateur, il peut étre nécessaire de spécifier une ou plusieurs
des caractéristiques ci-dessus.

Les condensateurs couverts par le domaine d’application de la présente norme ont
normalement une puissance réactive inférieure a 500 var a une fréquence comprise entre
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50 Hz et 60 Hz. Les fréquences basses peuvent étre 50 Hz a 60 Hz, 100 Hz a 120 Hz ou
400 Hz. Les tensions efficaces peuvent atteindre 600V a une fréquence comprise entre
50 Hz et 60 Hz. Cependant, il peut étre exigé que des condensateurs pour filtres, pour circuits
d'émetteur ou de convertisseur fonctionnent dans une large plage de fréquences sous une
puissance allant jusqu'a 10 kvar aux plus hautes fréquences avec des tensions efficaces
jusqu'a 1 000 V.

A

Q0 Limitée par la

g puissance réactive

©

@

o

C

3

2 Limitée par la Limitée par le

o tension courant
Fréguence

IEC
Figure 1 — Puissance réactive en fonction. de la fréquence
2.3.5 Charge assignée en impulsions

La charge assignée en impulsions peut s'exprimer par les parametres a) et b) et un ou
plusieurs des autres parameétres ci-apreés:

a) cpurant de créte par puF ou du/dt (V/us);

b) dyrées relatives des périodes de charge et de décharge;
c) cpurant;

d) tension de créte;

e) tgnsion inverse de créte;

f) frequence de répétition des impulsions;

g) plissance active-maximale.

Ces parameétres 'sont fixés pour des impulsions périodiques.

Dang le cas~d'impulsions intermittentes, il convient de spécifier le cycle de service. Daps le
cas [d'impulsions aléatoires, il convient de fixer le nombre total d'impulsions attendues
pendgntine période donnée.

Il convient de calculer le courant efficace en impulsions conformément au 3.2.17.5 de
I'lEC 60469:2013. Dans le cas d'impulsions intermittentes ou aléatoires, il convient de choisir
I'intervalle de temps de fagon qu’il corresponde a I'échauffement maximal.

2.3.6 Tension corrigée en fonction de la température

Il convient que les informations sur la dépendance entre tension et température a des
températures comprises entre la température assignée et la température de catégorie
supérieure soient données, le cas échéant, dans la spécification applicable (voir Figure 2).
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A

Tension
Ur Tension corrigée en
fonction de la température
Ugt-———————————

——— b

!

TR Tc Température
IEC

Légernde
Ug est |la tension assignée
Ue est la tension de catégorie
TR est la température assignée
Te est la température de catégorie
Figure 2 — Relation entre la plage des températures'de catégorie et la tension appliquée
2.4 Marquage
241 Généralités
La gpécification intermédiaire doit . indiquer les critéres d'identification et les aptres

informations devant étre portées sur le\condensateur et/ou I'emballage.
L'ord

2.4.2 Codage

Lorsqu'un code est utilisé pour le marquage de la valeur de la capacité, de la tolérance ¢
la da

Voir

re de priorité du marquage-des petits condensateurs doit étre spécifié.

ke de fabrication, le code employé doit étre choisi parmi ceux donnés dans I'lEC 600

Procédures d’assurance de la qualité

‘Annexe Q.

u de
62.
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Informations générales sur les essais et procédures de mesure Para-
graphe
Généralités 4.1
Conditions atmosphériques normalisées 4.2
Séchage 4.3
Stockage 4.25
Montage (pour les condensateurs pour montage en surface uniquement) 4.33
Essais-et-mesurages—électrigues
Résistance d'isolement 45
Tension de tenue 416
Capacité 417
Tangente de I'angle de perte et résistance-série équivalente (RSE) 418
Courant de fuite 4)9
mpédance 410
nductance et fréquence de résonance propre 411
Variation de la capacité avec la température 4.%4
Surtension 4.26
F-ssai aux surintensités 4.89
Fssais de charge et décharge et de courant d’appel 4.27
Absorption diélectrique 4.36
Surtension transitoire (pour condensateurs éfectrolytiques en aluminium a 4.40
Blectrolyte non solide)
Esgqais et mesurages mécaniques
xamen visuel et contrble des dimensions 44
ortie de I'armature extérieure 412
obustesse des sorties 413
ibrations 417
ecousses (chocs répétitifs) 4.18
hocs 4.19
“tanchéité des boitiers 4.20
ssai de cisaillement 4.34
ssai de pliage du)jsubstrat 4.35
Esgais d’environnement et climatiques
ariations tapides de température 4.16
équence,climatique 4.21
haleur*humide, essai continu 4.92
ndurance 4.23
nrar‘férieﬁqnne a- haute et basse fnmpérnhlrne 4.99
Essai de stabilité thermique 4.30
Essai continu de chaleur humide accéléré 4.37
Essais relatifs a I’assemblage des composants
Résistance a la chaleur de brasage 4.14
Brasabilité 4.15
Résistance au solvant des composants 4.31
Résistance au solvant du marquage 4.32
Essai sur le développement des trichites 4.41
Essai relatif a la sécurité
Décharge de pression (pour les condensateurs électrolytiques en aluminium) 4.28
Inflammabilité passive 4.38
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4.1 Généralités

La spécification intermédiaire et/ou la spécification particuliéere cadre doivent indiquer les
essais a effectuer, les mesurages a effectuer avant et aprés chaque essai ou chaque sous-
groupe d'essais et l'ordre dans lequel ces essais doivent étre effectués. Les étapes de
chaque essai doivent étre effectuées dans l'ordre indiqué. Les conditions de mesure doivent
étre les mémes pour les mesurages initiaux et finaux.

Si les spécifications nationales d’'un systéme d'assurance de la qualité incluent des méthodes
différentes de celles indiquées dans les spécifications ci-dessus, elles doivent étre décrites
de fagon détaillée.

Les |imites données dans toutes les spécifications sont des limites absolues. Le_principe
prévoyant la prise en compte de lI'incertitude de mesure doit étre appliqué.

4.2 Conditions atmosphériques normalisées
4.21 Conditions atmosphériques normalisées d’essai

Sauf| spécification contraire, tous les essais et mesurages doivent ‘étre effectués dans les
condjtions atmosphériques normalisées d’essai fixées au 4.3 de I'lE€' 60068-1:2013.

— tgmpérature: 15 °C a 35 °C;
— hpmidité relative: 25 % a 75 %;
— pfession atmosphérique: 86 kPa a 106 kPa.

Avanit les mesurages, le condensateur doit étre stocké a la température de mesure perant
un tgmps suffisant pour lui permettre d'atteindre-cette température en tout point. La période
spécffiée pour la reprise a la fin d'un essai est@ormalement suffisante.

Lorsque des mesurages sont effectués”a une température différente de la tempérpture
spécffiée, les résultats doivent, si nécessaire, étre corrigés pour la température spécifiép. La
tempgrature ambiante pendant les'mesurages doit étre indiquée dans le rapport d'essai. En
cas de conflit, les mesurages!i-doivent étre répétés en utilisant une des tempérafures
d'arbjtrage (conformément a,4.2:3) et d’autres conditions précisées dans la présente norme.

Lorsque des essais sont effectués en séquence, les mesurages finaux d'un essai peuvent étre
pris gomme mesurages Jinitiaux de I'essai suivant.

Pendant les mesurages, le condensateur ne doit pas étre exposé aux courants d'aif, au
rayomnementrsolaire direct ou a d'autres influences susceptibles d'introduire des erreurs.

4.2.2 Conditions de reprise

Sauf spécification confraire, la reprise doit s effectuer dans les conditions atmosphériques
normalisées d’essai (4.2.1).

S’il est nécessaire de procéder a la reprise dans des conditions bien contrblées, les
conditions de reprise contrbélées du 4.4.2 de I'lEC 60068-1:2013 doivent étre utilisées.

Sauf indication contraire donnée dans la spécification applicable, une durée de 1 h a 2 h doit
étre utilisée.

La définition de la reprise est telle que donnée au 3.4 de I'lEC 60068-1:2013, et elle est
davantage restreinte pour les condensateurs, comme suit:
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Lorsqu’une période de reprise est spécifié¢e comme étant, par exemple, de 1 h a 2 h, ceci
signifie que le mesurage (ou autre action ultérieure) sur un lot de condensateurs peut débuter
aprés 1 h et doit étre terminé avant 2 h a partir du début de la période de reprise.

La méthode préférentielle pour spécifier une période de reprise se présente sous la forme "x h
ayh"

4.2.3 Conditions d'arbitrage
Pour les besoins d'arbitrage, une des conditions atmosphériques normalisées pour les essais

d'arbitrage du 4.2 de I'lEC 60068-1:2013, présentées dans le Tableau 1 ci-dessous, doit étre
choidie.

Tableau 1 — Conditions d’arbitrage

Température Humidité relative Pression atmosphérique
°C % kPa
20+ 1 63 a 67 86 a 106
23 +1 48 a 52 86 a106
25 + 1 48 a 52 86/a 106
27 + 1 63 a 67 86 a 106
4.2.4 Conditions de référence

Pour| les références, les conditions atmosphériques normalisées de référence du 4.1 de
I''EC|60068-1:2013 s’appliquent:

— tgmpérature: 20 °C;
— pression atmosphérique: 101,3 kRa:
4.3 Séchage

Sauf| indication contraire (dans la spécification applicable, le condensateur doit| étre
condjtionné pendant 96 h +4 h par un chauffage dans un four a circulation d'air porté 3 une
tempjrature de 55 °C,+.2'°C et dont I'humidité relative ne dépasse pas 20 %.

Le gondensateur\'doit ensuite étre mis a refroidir dans un dessiccateur contenarjt un
dess|ccant approprié, tel que de l'alumine activée ou du gel de silice, et doit y étre mainptenu
depujs la sortie du four jusqu'au début des essais spécifiés.

4.4 Examen visuel et controle des dimensions

4.4.1 Examen visuel

L'examen visuel doit montrer que I'état de la piéce, I'exécution et la finition sont satisfaisants
(voir 2.2.42).

Le marquage doit étre lisible a I'examen visuel et doit étre conforme aux exigences de la
spécification particuliere.

4.4.2 Dimensions (calibrage)

Les dimensions indiquées dans la spécification particuliére, appropriées au calibrage, doivent
étre vérifiées, et elles doivent étre conformes aux valeurs précisées dans la spécification
particuliere.
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Lorsque cela est applicable, les mesurages doivent étre effectués conformément a

I''EC 60294 ou a I'EC 60717.

4.4.3 Dimensions (détail)

Toutes les dimensions précisées dans la spécification particuliere doivent étre vérifiées et

doivent étre conformes aux valeurs indiquées.

4.5 Résistance d'isolement

4.51 Préconditionnement

Avanlt d'effectuer ce mesurage, les condensateurs doivent étre complétement déchargés.

4.5.2 Conditions de mesure

Sauf|indication contraire dans la spécification applicable, la résistance d'isolement doit

mesyrée sous la tension spécifiée dans le Tableau 2.

étre

La résistance d'isolement doit étre mesurée aprés que la tension~a’eté appliquée pemndant
60 s |- 5 s, sauf indication contraire dans la spécification particuliere.

Tableau 2 — Mesurage de la résistance d’isolement

Caractéristiques assignées
de tension du condensateur

Tension de mesure

\Y \Y
Ugou U, <10 Ugou U, +10 %
10 < Ug ou U, < 100 10 £ 12
100 < Ug ou U, < 500 100 + 15
500 < Ug ou Uy 500 + 50

intermeédiaire.

2 Lorsqu'il peut.étre démontré que la tension n'a pas d'influence sur le
résultat de(la,mesure, ou qu'une relation connue existe, les mesurages
peuvent étre~effectués a des tensions pouvant atteindre, selon le cas, la
tensiontassignée ou la tension de catégorie. En cas de litige, la tension
de 0. \/*doit étre utilisée, sauf indication contraire dans la spécification

Ur ¢st la tghsion assignée utilisée pour définir la tension de mesure a utiliser dang

condjtionsatmosphériques normalisées d’essai.

des

sque

UC dstha tension de r‘a’régnrip utilisée pour définir la tension de mesure a utiliser lod

I'essai est effectué a la température de catégorie supérieure.

4.5.3 Points d’essai

La résistance d'isolement doit é&tre mesurée entre les points de mesure définis au Tableau 3,

indiqués dans la spécification applicable.

L'essai A, entre sorties, s'applique a tous les condensateurs, isolés et non isolés.

L'essai B, isolation interne, s'applique aux condensateurs isolés en boitier métallique non
isolé et aux condensateurs multiples isolés et non isolés.
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L'essai C, isolation externe, s'applique aux condensateurs isolés en boitier non métallique ou
en boitier métallique isolé. Pour cet essai, la tension de mesure doit étre appliquée en
utilisant l'une des trois méthodes suivantes, comme cela est indiqué dans la spécification
applicable.

4.5.4 Méthodes d’essai
4541 Méthode de la feuille métallique

Une feuille métallique doit étre enroulée étroitement autour du corps du condensateur.

Pour[Tes condensaieurs a sorties axiales, cetie feullle doit depasser dau moins 5, mm a
chaque extrémité, a condition qu'un espace minimal de 1 mm puisse étre maintenu enfre la
feuille métallique et les sorties. Si cet espace minimal ne peut étre assuré, la dimension [de la
feuille doit étre réduite d'autant qu'il sera nécessaire pour ménager un espace de/4 mm.

Pour| les condensateurs a sorties unilatérales, une distance minimale ,del”1 mm doit| étre
mainfenue entre le bord de la feuille et chaque sortie.

4.5.4.2 Méthode pour les condensateurs comportant des dispositifs de montage

Le condensateur doit étre monté de fagon normale sur une plaque métallique dépassan{ d'au
moing 12,7 mm, dans toutes les directions, la face de montagé.du condensateur.

4.5.43 Méthode du bloc métallique en V

Le cpndensateur doit étre calé dans le fond d'un‘bloc métallique en V ouvert a 90° de
dimepsions telles que le corps du condensateurcne*dépasse pas les extrémités du bloc.

La fqrce appliquée pour caler le condensateur doit étre telle qu'elle garantisse un contact
adéquat entre le condensateur et le bloc:

Le cgndensateur doit étre placé confermément aux dispositions suivantes:

a) cpndensateurs cylindriquesle condensateur doit étre placé dans le bloc de telle sortg¢ que
g sortie la plus éloignée de I'axe du condensateur soit au plus prés de lI'une des facgs du

OC;

b
b) cpndensateurs rectangulaires: le condensateur doit étre placé dans le bloc de telle sorte
gle la sortie la plus proche du bord du condensateur soit au plus prés de lI'une des faces
d

I bloc.

Pour|les condensateurs cylindriques et rectangulaires a sorties axiales, tout décentrement
évenfuel des*sorties au point ou elles sortent du corps du condensateur doit étre ignoré.

4.5.5l ~" Compensation de température

Lorsque cela est indiqué dans la spécification particuliére, la température a laquelle le
mesurage est réalisé doit étre notée. Si cette température différe de 20 °C, une correction
doit étre apportée a la valeur mesurée en multipliant la valeur par le facteur de correction
approprié indiqué dans la spécification intermédiaire.

4.5.6 Conditions devant étre indiquées dans la spécification applicable
La spécification applicable doit indiquer:

a) les points de mesure et la tension de mesure correspondant a chacun de ces points;
b) la méthode d'application de la tension (I'une de celles décrites en 4.5.4);

c) le temps d'électrisation, s'il est différent de 1 min;
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d) toute précaution spéciale a prendre pendant les mesurages;

e) tous les facteurs de correction exigés pour les mesurages a l'intérieur de la plage des
températures couverte par les conditions atmosphériques normalisées d’essai;

f) la température de mesure, si
normalisées d’essai;

elle est différente des conditions atmosphériques

g) la valeur minimale de la résistance d'isolement pour les différents points de mesure (voir

le Tableau 3).
Tableau 3 — Points de mesure
1: Condensateurs | 2: Condensateurs 3: Condensateurs
simples multiples dont tous | multiplesidont les
les éléments ont élémentsn'ont pas
une sortie de sortie commune
commune
par exemple par exemple par exemple
Essai Applicabilité: 10 10—{—t02
10402 | 2004 3070,
304
5O0—H06
A. Entte sorties® Tous 1a: Entre sorties 2a: Entre la sortie 3a: Entre les sprties
condensateurs commune et de chaque élément
(1-2) chacune des autres
sorties (1-2, 3-4, 5-6)
(1-4, 2-4, 3-4)
B. Isolption interne Condensateurs b Entre les 2b: Entre toutes les 3b: Entre toutes les
simples et sorties reliées sorties reliées entre sorties reliées entre

multiples isolés en
boitier métallique
non isolé (1b 2b,
3b)

entre elles et le
boitier

[(1 & 2)- boitier]

elles et le boitier

[(1 & 4)- boitier]

elles et le boitier

[(1 & 6)- boitie

Condensateurs
multiples isolés et
ron,isolés (2c et
3¢)

2c: Entre la sortie
non commune de
chaque élément et
toutes les autres
sorties reliées entre
elles

par exemple [2-(1,
3, 4)]

3c: Entre les sprties
de chacun des
éléments pris

deux, les deux
sorties de chaque
élément étant
reliées entre elles

eux a

par exemple [(]l a
2)-(3 a 6)]

C. Isol

htion externe

Condensateurs
isolés en boitier

1c: Entre les deux
sorties reliées

2d:

3d:

non métallique ou
en boftier
métallique isolé

entre elles et,
selon le cas, la
feuille métallique,
la plaque
métallique ou le
bloc métallique en
\%

[(1 a 2)- gabarit
métallique

[(1 & 4)- gabarit
métallique]

[(1 a 6)- gabarit
métallique]

Entre toutes les sorties reliées entre elles
et, selon le cas: la feuille métallique, la
plague métallique ou le bloc métallique en V

Lorsqu'un condensateur a plus de deux sorties, les points de mesure sont les deux sorties isolées I'une de

I'autre par I'élément diélectrique du condensateur. Par exemple, pour un condensateur de traversée coaxiale, il
convient que les points de mesure soient I'une des sorties reliées au conducteur central et au boftier métallique
coaxial ou a la face de montage.
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4.6 Tension de tenue
4.6.1 Généralités

L'essai spécifié ci-aprés est un essai en courant continu. Lorsqu'un essai en courant alternatif
est appliqué, le circuit d'essai doit étre indiqué dans la spécification applicable.

4.6.2 Circuit d'essai (pour I'essai entre sorties)

Les éléments du circuit d'essai doivent étre tels que les conditions concernant les courants de
charge et de décharge et la constante de temps a la charge, indiqués dans la spécification

app”"\gl"\ln7 soient-maintenuss-

La Figure 3 spécifie les caractéristiques d'un circuit d'essai approprié.
La r&sistance du voltmétre ne doit pas étre inférieure a 10 000 Q/V.
La rgsistance R, comprend la résistance interne de la source de tension:

Les nésistances R4 et R, doivent avoir une valeur suffisante pour dimiter le courant de charge
et del décharge a la valeur indiquée dans la spécification applicable:

La capacité du condensateur C, doit étre au moins dix fois plus grande que la capacité du
condensateur en essai.

Le cas échéant, la constante de temps R x (Cyx +.C%) doit étre inférieure ou égale a la vgleur
indighée dans la spécification applicable.

R4 U Ro
| I
1, 2 3(L
O O

Figure 3 — Circuit d’essai de tension de tenue

Le condensateur C; peut étre omis pour I'essai de certains types de condensateurs. Il
convient que cela soit fixé dans la spécification intermédiaire.
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4.6.3 Essai
4.6.3.1 Généralités

L'essai comprend, selon le cas, une ou plusieurs parties, conformément au Tableau 3 et aux
exigences de la spécification applicable.

L'application répétée de l'essai de tension de tenue peut endommager le condensateur de
facon irréversible, et il convient de I'éviter dans la mesure du possible.

4.6.3.2 Essai A — Entre sorties

4.6.3.2.1 Points d’essai

La tgnsion d’essai est appliquée aux points 1a, 2a, 3a du Tableau 3, selon les exigencegs de
la spgcification applicable.

4.6.3.2.2 Procédure

Le commutateur étant placé en position 2, relier les deux bornes représentées a la Figure 3 a
une source de tension continue réglable de puissance suffisante-et'réglée a la valeur de la
tensipn d'essai exigée.

Religr le condensateur a soumettre aux essais (Cy) au cireuit d'essai, comme indiqué gur la
Figune 3.

Placgr le commutateur en position 1 de fagon a charger les condensateurs C; et Cyx a travers
R,.

Le cqmmutateur reste dans cette position pendant le temps spécifié aprés que la tension d'egsai a
été afteinte.

Décharger les condensateurs C4 et(Cy a travers R, en plagant le commutateur en positipn 2.
Dés flue le voltmetre est revenu @ zéro, mettre les condensateurs en court-circuit en plagant
le commutateur en position 3 efldéconnecter le condensateur Cy.

4.6.3.3 Essai B — Isolation interne
4.6.3.3.1 Points“d’essai

La tgnsion d’essai est appliquée aux points 1b, 2b, 2¢, 3b, 3¢ du Tableau 3, selon les
exiggnces de-la.spécification applicable.

4.6.3.3.2 Procédure

La tension d'essal spécifiée est appliquée instantanement a travers la résistance interne de
I'alimentation pendant le temps indiqué dans la spécification applicable. Pour le point 2c,
utiliser le circuit d'essai et la procédure indiquée pour I'essai entre sorties (4.6.2 et 4.6.3.2).

4.6.3.4 Essai C - Isolation externe (applicable uniquement aux condensateurs
isolés dans un boitier non métallique ou dans un boitier métallique isolé)

4.6.3.4.1 Points d’essai

La tension d’essai est appliquée aux points 1c, 2d ou 3d en utilisant, pour I'application de la
tension, l'une des trois méthodes suivantes, selon les exigences de la spécification applicable.

4.6.3.4.2 Méthode de la feuille métallique

Une feuille métallique doit étre enroulée étroitement autour du corps du condensateur.


https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

-116 - IEC 60384-1:2016 © IEC 2016

Pour les condensateurs a sorties axiales, cette feuille doit dépasser d'au moins 5 mm a
chaque extrémité, a condition qu'un espace minimal de 1 mm/kV puisse étre maintenu entre
la feuille métallique et les sorties. Si cet espace ne peut étre maintenu, le dépassement de la
feuille doit étre réduit autant qu'il est nécessaire pour établir I'espace de 1 mm/kV de tension
d'essai.

Pour les condensateurs a sorties unilatérales, une distance minimale de 1 mm/kV doit étre
maintenue entre le bord de la feuille et chaque sortie.

En aucun cas, la distance entre la feuille et les sorties ne doit étre inférieure a 1 mm.

4.6.3.4.3 Méthode pour les condensateurs comportant des dispositifs de monkage

Le condensateur doit étre monté de fagon normale sur une plaque métallique dépassant
moing 12,7 mm, dans toutes les directions, la face de montage du condensateur.

4.6.3.4.4 Méthode du bloc métallique en V

Le

dimepsions telles que le corps du condensateur ne dépasse pas les extrémités du bloc.

La fo

Le candensateur doit étre placé conformément aux dispositions suivantes:

Pour|les condensateurs cylindriques et rectangulaires a sorties axiales, tout décentre
éventuel de la sortie au point-ou-elle sort du corps du condensateur doit étre ignoré.

4.6.3.4.5 Procédure

La tension d'essai specifiée est appliquée instantanément a travers la résistance interne
sour¢e d’alimentation et pendant le temps indiqué dans la spécification applicable.

4.6.4 Exigences

Pour|chacun des points d’essai spécifiés, il ne doit y avoir aucun signe de claquage
contaurnement ppndam‘ la périndp d'essai

b
c
gle la sortie la plus proche du bordidu condensateur soit au plus prés de l'une des
d

cpndensateur doit étre calé dans le fond d'un bloc métallique,"en V ouvert a 9(

cpndensateurs cylindriques: le condensateur doit étre placé dans le bloc de telle sort
Ig sortie la plus éloignée de I'axe du condensateur soit au plus prés de I'une des fac
oc;

bndensateurs rectangulaires: le condensateur doit étre placé dans le bloc de telle

I bloc.

d'au

° de

rce appliquée pour caler le condensateur doit étre telle qu’elle assure un contact adgquat
entre le condensateur et le bloc.

que
s du

sorte
aces

ment

de la

ni de

4.6.5 Conditions devant étre indiquées dans la spécification applicable

La spécification applicable doit indiquer:

a) les points d’essai (voir Tableau 3) et la tension d'essai correspondant a chacun de ces
points;

b) pour I'essai d’isolation externe (essai C), la méthode d'application de la tension d’essai
(I'une de celles décrites en 4.6.3.4);

c) la durée d'application de la tension;

d) le courant maximal de charge et de décharge;

e) le cas échéant, la valeur maximale de la constante de temps a la charge (R4 x (Cq + Cy)).
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4.7

4.71

Capacité

Fréquence de mesure et tension de mesure

Sauf indication contraire dans la spécification applicable, la capacité doit étre mesurée a l'une
des fréquences suivantes:

— condensateurs électrolytiques: 100 Hz a 120 Hz
— autres condensateurs:  Cy <1 nF: 100 kHz, 1 MHz ou 10 MHz

(la référence doit étre 1 MHz)
1 nF < Cn<10 uF: 1 kHz ou 10 kHz

La td
+20 §

Sauf
étre

4.7.2

L’exd

4.7.3

(la référence doit étre 1 kHz)
Cn > 10 pF: 50 Hz (60 Hz) ou 100 Hz (120 Hz)

0.

indication contraire dans la spécification applicable, la tension de<mesure ne doi
supérieure a 3 % d’'Ug ou 5V, selon la plus faible des deux valeUrs:

Equipement de mesure
ctitude de I’équipement de mesure doit étre telle que l'erreur n'excéde pas:
bur les mesures absolues de capacité: 10 % de-la tolérance de capacité ou 2 %

esure absolue, la plus petite de ces deux valedrs“étant applicable;

pbur les mesures de variation de capacité; 10" % de la variation maximale de cap
hécifiée.

erreur absolue minimale de mesurg“(par exemple 0,5 pF) indiquée dans la spécifid
cable.

Conditions devant étre indiquées dans la spécification applicable

écification applicable deit indiquer:

température dé )mesure si elle differe des conditions atmosphériques normal
essai;

s fréquences'de mesure et la plage de capacité auxquelles elles s'appliquent, si
bnt différentes de celles qui sont spécifiées en 4.7.1;

brreur @bsolue de mesure, lorsque cela est applicable (par exemple 0,5 pF);

tefision de mesure, si elle differe de celle qui est spécifiée en 4.7.1;

lérance sur toutes les fréquences dans le cadre des mesurages ne doithpas dépasser

pas

de la

acité

aucun des deux cas a) et b) ci-dessus;’il n'est nécessaire que I'exactitude soit meiljeure

ation

sées

elles

e) le cas échéant, la tension de polarisation appliquée.

4.8
4.8.1
4.8.1

Tangente de l'angle de perte et résistance-série équivalente (RSE)
Tangente de I'angle de perte

A Fréquence de mesure

La tangente de l'angle de perte doit étre mesurée dans les mémes conditions que celles
indiquées pour le mesurage de la capacité a une ou plusieurs fréquences prises dans la liste

de 4.

7.1 et précisées dans la spécification applicable.
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4.8.1.2 Exactitude de mesure
Sauf indication contraire dans la spécification intermédiaire, la méthode de mesure doit étre

telle que l'erreur ne dépasse pas 10 % de la valeur spécifiée ou 0,000 3, selon la plus grande
des deux valeurs.

4.8.2 Résistance-série équivalente (RSE)
4.8.2.1 Fréquence de mesure

Sauf indication contraire dans la spécification applicable, la résistance-série équivalente doit

2 maesurde a l'une des fréauences suivantaes:
etre
g r

50 Hg, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz et 10 MHz.

4.8.2.2 Exactitude de mesure

Sauf|indication contraire dans la spécification applicable, I'exactitude de I’équipement de
mesyre doit étre telle que I'erreur ne dépasse pas 10 % de l'exigence.

4.8.2.3 Conditions devant étre indiquées dans la spécification applicable
La spécification applicable doit indiquer

a) Ig fréquence de mesure;

b) I'eérreur absolue de mesure;

c) Id tension de mesure, si différente de celle spécifiée en 4.7.1;
d) 14 tension de polarisation appliquée, si applicable;

e) Ig température a laquelle les mesurages:doivent étre effectués, si différente de cellg des
cpnditions atmosphériques normaliséestd’essai.

4.9 Courant de fuite
4.9.1 Préconditionnement

Avanit d'effectuer ce mesurage, les condensateurs doivent étre complétement déchargés.

4.9.2 Méthode d’essai

Le cqurant de fuite 'doit étre mesuré, sauf indication contraire dans la spécification applicable,
sous|la tensigr<continue (Ug ou Ug) appropriée a la température de I'essai, aprés une péfiode
d'élegtrisation-ne dépassant pas 5 min. Il n'est pas nécessaire d'appliquer la tension pendant
la totalité des 5 min si le courant de fuite spécifié est atteint dans un temps plus court.

4.9.3 Source d’alimentation

Dans le cadre d'un essai, une source d’alimentation stable telle qu'une alimentation stabilisée
doit étre utilisée.

4.9.4 Exactitude de mesure

L'erreur de mesure ne doit pas étre supérieure a +5 % ou 0,1 pA, selon la plus grande des
deux valeurs.

4.9.5 Circuit d'essai

Lorsque la spécification applicable le précise, une résistance de protection de 1 000 Q doit
étre placée en série avec le condensateur pour limiter le courant de charge.
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4.9.6 Conditions devant étre indiquées dans la spécification applicable
La spécification applicable doit indiquer:

a) la limite du courant de fuite a la température de référence de 20 °C, et a d'autres
températures spécifiées;
b) si nécessaire, le facteur de correction, lorsque les mesurages sont effectués a une

température située dans la plage des températures correspondant aux conditions
atmosphériques normalisées d’essai, mais différente de 20 °C;

c) le temps d'électrisation, s'il differe de 5 min;

d) sjpunerésistancedeprotectionde—+08066-doitoumedoitpas—étreptacéeen—sérieavec le
cpndensateur pour limiter le courant de charge, comme cela est défini en 4.9.5.

4.10| Impédance

L'imgédance doit étre mesurée par la méthode utilisant un voltmétre et gn)ampérenjétre,
confgrmément au circuit de la Figure 4, ou circuit équivalent.

IEC

Légerde

Cy capacité de I’éprouvette
U tension de mesure

1 courant de mesure

A ampeéremetre

\Y voltmétre

Figure 4 — Schéma de principe du circuit de mesure de I'impédance

L'imgédance Zy du condensateur Cy est donnée par ZX:%.

La fréquence de la tension de mesure doit étre de préférence choisie parmi les valeurs
suivantes:

50 Hz, 60 Hz, 100 Hz, 120 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz et 10 MHz.

Sauf indication contraire dans la spécification applicable, I'exactitude de I'équipement de
mesure doit étre telle que I'erreur ne dépasse pas 10 % de l'exigence.

Aux fréquences supérieures a 120 Hz, des précautions sont nécessaires pour éviter des
erreurs survenant du fait de courants vagabonds. Il convient que le courant traversant le
condensateur soit limité, de telle sorte que le résultat de mesure ne soit pas modifié de fagon
significative par I'’échauffement du condensateur.


https://iecnorm.com/api/?name=ef69b73f6b49558fcf75b7a47a230243

	Redline version (English only)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 General
	1.1 Scope
	1.2 Normative references

	2 Technical data
	2.1 Symbols, units and abbreviated terms
	2.1.1 General
	2.1.2 Letter symbols
	2.1.3 Abbreviations

	2.2 Terms and definitions
	2.3 Preferred values and additional technical requirements
	2.3.1 General
	2.3.2 Preferred values of nominal capacitance
	2.3.3 Preferred values of rated voltage
	2.3.4 Rated a.c. load
	2.3.5 Rated pulse load
	2.3.6 Temperature derated voltage

	2.4 Marking
	2.4.1 General
	2.4.2 Coding


	3 Quality assessment procedures
	4 Tests and measurement procedures
	4.1 General
	4.2 Standard atmospheric conditions
	4.2.1 Standard atmospheric conditions for testing
	4.2.2 Recovery conditions
	4.2.3 Referee conditions
	4.2.4 Reference conditions

	4.3 Drying
	4.4 Visual examination and check of dimensions
	4.4.1 Visual examination
	4.4.2 Dimensions (gauging)
	4.4.3 Dimensions (detail)

	4.5 Insulation resistance
	4.5.1 Preconditioning
	4.5.2 Measuring conditions
	4.5.3 Test points
	4.5.4 Test methods
	4.5.5 Temperature compensation
	4.5.6 Conditions to be prescribed in the relevant specification

	4.6 Voltage proof
	4.6.1 General
	4.6.2 Test circuit (for the test between terminations)
	4.6.3 Test
	4.6.4 Requirements
	4.6.5 Conditions to be prescribed in the relevant specification

	4.7 Capacitance
	4.7.1 Measuring frequency and measuring voltage
	4.7.2 Measuring equipment
	4.7.3 Conditions to be prescribed in the relevant specification

	4.8 Tangent of loss angle and equivalent series resistance (ESR)
	4.8.1 Tangent of loss angle
	4.8.2 Equivalent series resistance (ESR)

	4.9 Leakage current
	4.9.1 Preconditioning
	4.9.2 Test method
	4.9.3 Power source
	4.9.4 Measuring accuracy
	4.9.5 Test circuit
	4.9.6 Conditions to be prescribed in the relevant specification

	4.10 Impedance
	4.11 Selfresonant frequency and inductance
	4.11.1 Self-resonant frequency (fr)
	4.11.2 Inductance
	4.11.3 Conditions to be prescribed in the relevant specification

	4.12 Outer foil termination
	4.13 Robustness of terminations
	4.13.1 General
	4.13.2 Test Ua1 – Tensile
	4.13.3 Test Ub – Bending (half of the sample)
	4.13.4 Test Uc – Torsion (remaining sample)
	4.13.5 Test Ud – Torque 
	4.13.6 Visual examination

	4.14 Resistance to soldering heat
	4.14.1 Preconditioning and initial measurement
	4.14.2 Test procedure
	4.14.3 Recovery
	4.14.4 Final inspection, measurement and requirements

	4.15 Solderability
	4.15.1 General
	4.15.2 Preconditioning
	4.15.3 Test procedure
	4.15.4 Final inspection, measurements and requirements

	4.16 Rapid change of temperature
	4.16.1 Initial measurement
	4.16.2 Test procedure
	4.16.3 Final inspection, measurements and requirements

	4.17 Vibration
	4.17.1 Initial measurement
	4.17.2 Test procedure
	4.17.3 Electrical test (intermediate measurement)
	4.17.4 Final inspection, measurements and requirements

	4.18 Bump (repetitive shock)
	4.18.1 Initial measurement
	4.18.2 Test procedure
	4.18.3 Final inspection, measurements and requirements

	4.19 Shock
	4.19.1 Initial measurement
	4.19.2 Test procedure
	4.19.3 Final inspection, measurements and requirements

	4.20 Container sealing
	4.21 Climatic sequence
	4.21.1 General
	4.21.2 Initial measurements
	4.21.3 Dry heat
	4.21.4 Damp heat, cyclic, Test Db, first cycle
	4.21.5 Cold
	4.21.6 Low air pressure
	4.21.7 Damp heat, cyclic, Test Db, remaining cycles
	4.21.8 Final measurements

	4.22 Damp heat, steady state
	4.22.1 Initial measurement
	4.22.2 Test procedure
	4.22.3 Final inspection, measurements and requirements

	4.23 Endurance
	4.23.1 Initial measurements
	4.23.2 Test procedure
	4.23.3 Conditions to be prescribed in the relevant specification
	4.23.4 Test voltage
	4.23.5 Placement in the test chamber
	4.23.6 Recovery
	4.23.7 Final inspection, measurements and requirements

	4.24 Variation of capacitance with temperature
	4.24.1 Static method
	4.24.2 Dynamic method
	4.24.3 Methods of calculation

	4.25 Storage
	4.25.1 Storage at high temperature
	4.25.2 Storage at low temperature

	4.26 Surge
	4.26.1 Initial measurement
	4.26.2 Test procedure
	4.26.3 Final inspection, measurements and requirements
	4.26.4 Information to be given in the relevant detail specification

	4.27 Charge and discharge tests and inrush current test
	4.27.1 Initial measurement
	4.27.2 Test procedure
	4.27.3 Charge and discharge
	4.27.4 Inrush current
	4.27.5 Final inspection, measurements and requirements

	4.28 Pressure relief (for aluminium electrolytic capacitors)
	4.28.1 General
	4.28.2 AC test
	4.28.3 DC test
	4.28.4 Pneumatic test
	4.28.5 Final inspection, measurements and requirements

	4.29 Characteristics at high and low temperature
	4.29.1 Test procedure
	4.29.2 Requirements

	4.30 Thermal stability test
	4.31 Component solvent resistance
	4.31.1 Initial measurements
	4.31.2 Test procedure
	4.31.3 Final inspection, measurements and requirements

	4.32 Solvent resistance of marking
	4.32.1 Test procedure
	4.32.2 Final inspection, measurements and requirements

	4.33 Mounting (for surface mount capacitors only)
	4.33.1 Substrate
	4.33.2 Wave soldering
	4.33.3 Reflow soldering

	4.34 Shear test
	4.34.1 Test procedure
	4.34.2 Final inspection, measurements and requirements

	4.35 Substrate bending test
	4.35.1 Test procedure
	4.35.2 Recovery
	4.35.3 Final inspection and requirements

	4.36 Dielectric absorption
	4.36.1 Test procedure
	4.36.2 Requirement

	4.37 Damp heat, steady state, accelerated
	4.37.1 Initial measurements
	4.37.2 Test methods
	4.37.3 Test procedures
	4.37.4 Final inspection, measurements and requirements

	4.38 Passive flammability
	4.38.1 Test procedure
	4.38.2 Final inspection, measurements and requirements

	4.39 High surge current test
	4.39.1 Initial measurements
	4.39.2 Test procedure
	4.39.3 Requirements for the charging circuit
	4.39.4 Nonconforming items

	4.40 Voltage transient overload (for aluminium electrolytic capacitors with non-solid electrolyte)
	4.40.1 Initial measurement
	4.40.2 Test procedure
	4.40.3 Final inspection, measurements and requirements
	4.40.4 Conditions to be prescribed in the relevant specification

	4.41 Whisker growth test
	4.41.1 General
	4.41.2 Preparation of specimen
	4.41.3 Initial measurement
	4.41.4 Test procedures
	4.41.5 Test severities
	4.41.6 Final inspection, measurements and requirements


	Figures 
	Figure 1 – Reactive power against frequency
	Figure 2 – Relation between category temperature range and applied voltage
	Figure 3 – Voltage-proof test circuit
	Figure 4 – Schematic diagram of the impedance measuring circuit
	Figure 6 – Capacitor mounting arrangement
	Figure 7 – Typical diagram of an absorption oscillator-wavemeter
	Figure 8 – Schematic diagram of the measuring circuit
	Figure 9 – Test circuit
	Figure 10 – Test circuit for electrolytic capacitors
	Figure 11 – Relay circuit
	Figure 12 – Thyristor circuit
	Figure 13 – Voltage waveform across capacitor
	Figure 14 – Voltage and current waveform
	Figure 15 – Suitable substrate for mechanical tests
	Figure 16 – Suitable substrate for electrical tests
	Figure 17 – High surge current test
	Figure 18 – Voltage transient overload test circuit
	Figure 19 – Voltage waveform

	Tables 
	Table 1 – Referee conditions
	Table 2 – Measurement of insulation resistance
	Table 3 – Measuring points
	Figure 5 – Capacitor mounting arrangement
	Table 4 – Tensile force
	Table 5 – Torque
	Table 6 – Number of cycles
	Table 7 – Severities and requirements

	Annexes 
	Annex A (informative) Interpretation of sampling plans and procedures as described in IEC 60410 for use within quality assessment systems
	Annex B (informative) Rules for the preparation of detail specifications for capacitors and resistors for electronic equipment for use within quality assessment systems
	B.1 Drafting
	B.2 Reference standard
	B.3 Circulation

	Annex C (informative) Layout of the first page of a PCP/CQC specification
	Annex D (informative) Requirements for capability approval test report
	D.1 General
	D.2 Requirements
	D.3 Summary of test information (for each CQC)
	D.4 Measurement record

	Annex E (informative) Guide for pulse testing of capacitors
	E.1 Overview
	E.2 Typical capacitor pulse conditions
	E.3 Effect of inductance on pulse testing

	Annex F (informative) Guidance for the extension of endurance tests on fixed capacitors
	F.1 Overview
	F.2 Guidelines

	Annex G (normative) Damp heat, steady state with voltage applied, for metallized film capacitors only
	G.1 Overview
	G.2 Test procedure

	Annex H (normative) Accelerated damp heat, steady state, for multilayer ceramic capacitors only
	H.1 Mounting of capacitors
	H.2 Initial measurement
	H.3 Test procedure
	H.4 Recovery
	H.5 Final inspection, measurements and requirements

	Annex Q (informative) Quality assessment procedures
	Q.1 General
	Q.1.1 Scope of this annex
	Q.1.2 Quality assessment definitions
	Q.1.3 Rework
	Q.1.4 Alternative test methods
	Q.1.5 Certified test records of released lots
	Q.1.6 Unchecked parameters
	Q.1.7 Delayed delivery
	Q.1.8 Repair
	Q.1.9 Registration of approvals
	Q.1.10 Manufacture outside the geographical limits

	Q.2 Qualification approval (QA) procedures
	Q.2.1 Eligibility for qualification approval
	Q.2.2 Application for qualification approval
	Q.2.3 Subcontracting
	Q.2.4 Test procedure for the initial product qualification approval
	Q.2.5 Granting of qualification approval
	Q.2.6 Maintenance of qualification approval
	Q.2.7 Quality conformance inspection

	Q.3 Capability approval (CA) procedures
	Q.3.1 General
	Q.3.2 Eligibility for capability approval
	Q.3.3 Application for capability approval
	Q.3.4 Subcontracting
	Q.3.5 Description of the capability
	Q.3.6 Demonstration and verification of capability
	Q.3.7 Granting of capability approval
	Q.3.8 Maintenance of capability approval
	Q.3.9 Quality conformance inspection

	Q.4 Technology approval (TA) procedure
	Q.4.1 General
	Q.4.2 Eligibility for technology approval
	Q.4.3 Application of technology approval
	Q.4.4 Subcontracting
	Q.4.5 Description of technology
	Q.4.6 Demonstration and verification of the technology
	Q.4.7 Granting of technology approval
	Q.4.8 Maintenance of technology approval
	Q.4.9 Quality conformance inspection



	Bibliography

	International Standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 General
	1.1 Scope
	1.2 Normative references

	2 Technical data
	2.1 Symbols, units and abbreviated terms
	2.1.1 General
	2.1.2 Letter symbols
	2.1.3 Abbreviations

	2.2 Terms and definitions
	2.3 Preferred values and additional technical requirements
	2.3.1 General
	2.3.2 Preferred values of nominal capacitance
	2.3.3 Preferred values of rated voltage
	2.3.4 Rated a.c. load
	2.3.5 Rated pulse load
	2.3.6 Temperature derated voltage

	2.4 Marking
	2.4.1 General
	2.4.2 Coding


	3 Quality assessment procedures
	4 Tests and measurement procedures
	4.1 General
	4.2 Standard atmospheric conditions
	4.2.1 Standard atmospheric conditions for testing
	4.2.2 Recovery conditions
	4.2.3 Referee conditions
	4.2.4 Reference conditions

	4.3 Drying
	4.4 Visual examination and check of dimensions
	4.4.1 Visual examination
	4.4.2 Dimensions (gauging)
	4.4.3 Dimensions (detail)

	4.5 Insulation resistance
	4.5.1 Preconditioning
	4.5.2 Measuring conditions
	4.5.3 Test points
	4.5.4 Test methods
	4.5.5 Temperature compensation
	4.5.6 Conditions to be prescribed in the relevant specification

	4.6 Voltage proof
	4.6.1 General
	4.6.2 Test circuit (for the test between terminations)
	4.6.3 Test
	4.6.4 Requirements
	4.6.5 Conditions to be prescribed in the relevant specification

	4.7 Capacitance
	4.7.1 Measuring frequency and measuring voltage
	4.7.2 Measuring equipment
	4.7.3 Conditions to be prescribed in the relevant specification

	4.8 Tangent of loss angle and equivalent series resistance (ESR)
	4.8.1 Tangent of loss angle
	4.8.2 Equivalent series resistance (ESR)

	4.9 Leakage current
	4.9.1 Preconditioning
	4.9.2 Test method
	4.9.3 Power source
	4.9.4 Measuring accuracy
	4.9.5 Test circuit
	4.9.6 Conditions to be prescribed in the relevant specification

	4.10 Impedance
	4.11 Selfresonant frequency and inductance
	4.11.1 Self-resonant frequency (fr)
	4.11.2 Inductance
	4.11.3 Conditions to be prescribed in the relevant specification

	4.12 Outer foil termination
	4.13 Robustness of terminations
	4.13.1 General
	4.13.2 Test Ua1 – Tensile
	4.13.3 Test Ub – Bending (half of the sample)
	4.13.4 Test Uc – Torsion (remaining sample)
	4.13.5 Test Ud – Torque
	4.13.6 Visual examination

	4.14 Resistance to soldering heat
	4.14.1 Preconditioning and initial measurement
	4.14.2 Test procedure
	4.14.3 Recovery
	4.14.4 Final inspection, measurement and requirements

	4.15 Solderability
	4.15.1 General
	4.15.2 Preconditioning
	4.15.3 Test procedure
	4.15.4 Final inspection, measurements and requirements

	4.16 Rapid change of temperature
	4.16.1 Initial measurement
	4.16.2 Test procedure
	4.16.3 Final inspection, measurements and requirements

	4.17 Vibration
	4.17.1 Initial measurement
	4.17.2 Test procedure
	4.17.3 Electrical test (intermediate measurement)
	4.17.4 Final inspection, measurements and requirements

	4.18 Bump (repetitive shock)
	4.18.1 Initial measurement
	4.18.2 Test procedure
	4.18.3 Final inspection, measurements and requirements

	4.19 Shock
	4.19.1 Initial measurement
	4.19.2 Test procedure
	4.19.3 Final inspection, measurements and requirements

	4.20 Container sealing
	4.21 Climatic sequence
	4.21.1 General
	4.21.2 Initial measurements
	4.21.3 Dry heat
	4.21.4 Damp heat, cyclic, Test Db, first cycle
	4.21.5 Cold
	4.21.6 Low air pressure
	4.21.7 Damp heat, cyclic, Test Db, remaining cycles
	4.21.8 Final measurements

	4.22 Damp heat, steady state
	4.22.1 Initial measurement
	4.22.2 Test procedure
	4.22.3 Final inspection, measurements and requirements

	4.23 Endurance
	4.23.1 Initial measurements
	4.23.2 Test procedure
	4.23.3 Conditions to be prescribed in the relevant specification
	4.23.4 Test voltage
	4.23.5 Placement in the test chamber
	4.23.6 Recovery
	4.23.7 Final inspection, measurements and requirements

	4.24 Variation of capacitance with temperature
	4.24.1 Static method
	4.24.2 Dynamic method
	4.24.3 Methods of calculation

	4.25 Storage
	4.25.1 Storage at high temperature
	4.25.2 Storage at low temperature

	4.26 Surge
	4.26.1 Initial measurement
	4.26.2 Test procedure
	4.26.3 Final inspection, measurements and requirements
	4.26.4 Information to be given in the relevant detail specification

	4.27 Charge and discharge tests and inrush current test
	4.27.1 Initial measurement
	4.27.2 Test procedure
	4.27.3 Charge and discharge
	4.27.4 Inrush current
	4.27.5 Final inspection, measurements and requirements

	4.28 Pressure relief (for aluminium electrolytic capacitors)
	4.28.1 General
	4.28.2 AC test
	4.28.3 DC test
	4.28.4 Pneumatic test
	4.28.5 Final inspection, measurements and requirements

	4.29 Characteristics at high and low temperature
	4.29.1 Test procedure
	4.29.2 Requirements

	4.30 Thermal stability test
	4.31 Component solvent resistance
	4.31.1 Initial measurements
	4.31.2 Test procedure
	4.31.3 Final inspection, measurements and requirements

	4.32 Solvent resistance of marking
	4.32.1 Test procedure
	4.32.2 Final inspection, measurements and requirements

	4.33 Mounting (for surface mount capacitors only)
	4.33.1 Substrate
	4.33.2 Wave soldering
	4.33.3 Reflow soldering

	4.34 Shear test
	4.34.1 Test procedure
	4.34.2 Final inspection, measurements and requirements

	4.35 Substrate bending test
	4.35.1 Test procedure
	4.35.2 Recovery
	4.35.3 Final inspection and requirements

	4.36 Dielectric absorption
	4.36.1 Test procedure
	4.36.2 Requirement

	4.37 Damp heat, steady state, accelerated
	4.37.1 Initial measurements
	4.37.2 Test methods
	4.37.3 Test procedures
	4.37.4 Final inspection, measurements and requirements

	4.38 Passive flammability
	4.38.1 Test procedure
	4.38.2 Final inspection, measurements and requirements

	4.39 High surge current test
	4.39.1 Initial measurements
	4.39.2 Test procedure
	4.39.3 Requirements for the charging circuit
	4.39.4 Nonconforming items

	4.40 Voltage transient overload (for aluminium electrolytic capacitors with non-solid electrolyte)
	4.40.1 Initial measurement
	4.40.2 Test procedure
	4.40.3 Final inspection, measurements and requirements
	4.40.4 Conditions to be prescribed in the relevant specification

	4.41 Whisker growth test
	4.41.1 General
	4.41.2 Preparation of specimen
	4.41.3 Initial measurement
	4.41.4 Test procedures
	4.41.5 Test severities
	4.41.6 Final inspection, measurements and requirements


	Annexes 
	Annex A (informative) Interpretation of sampling plans and procedures as described in IEC 60410 for use within quality assessment systems
	Annex B (informative) Rules for the preparation of detail specifications for capacitors and resistors for electronic equipment for use within quality assessment  systems
	B.1 Drafting
	B.2 Reference standard
	B.3 Circulation

	Annex C (informative) Layout of the first page of a PCP/CQC specification
	Annex D (informative) Requirements for capability approval test report
	D.1 General
	D.2 Requirements
	D.3 Summary of test information (for each CQC)
	D.4 Measurement record

	Annex E (informative) Guide for pulse testing of capacitors
	E.1 Overview
	E.2 Typical capacitor pulse conditions
	E.3 Effect of inductance on pulse testing

	Annex F (informative) Guidance for the extension of endurance tests on fixed capacitors
	F.1 Overview
	F.2 Guidelines

	Annex G (normative) Damp heat, steady state with voltage applied, for metallized film capacitors only
	G.1 Overview
	G.2 Test procedure

	Annex H (normative) Accelerated damp heat, steady state, for multilayer ceramic capacitors only
	H.1 Mounting of capacitors
	H.2 Initial measurement
	H.3 Test procedure
	H.4 Recovery
	H.5 Final inspection, measurements and requirements

	Annex Q (informative) Quality assessment procedures
	Q.1 General
	Q.1.1 Scope of this annex
	Q.1.2 Quality assessment definitions
	Q.1.3 Rework
	Q.1.4 Alternative test methods
	Q.1.5 Certified test records of released lots
	Q.1.6 Unchecked parameters
	Q.1.7 Delayed delivery
	Q.1.8 Repair
	Q.1.9 Registration of approvals
	Q.1.10 Manufacture outside the geographical limits

	Q.2 Qualification approval (QA) procedures
	Q.2.1 Eligibility for qualification approval
	Q.2.2 Application for qualification approval
	Q.2.3 Subcontracting
	Q.2.4 Test procedure for the initial product qualification approval
	Q.2.5 Granting of qualification approval
	Q.2.6 Maintenance of qualification approval
	Q.2.7 Quality conformance inspection

	Q.3 Capability approval (CA) procedures
	Q.3.1 General
	Q.3.2 Eligibility for capability approval
	Q.3.3 Application for capability approval
	Q.3.4 Subcontracting
	Q.3.5 Description of the capability
	Q.3.6 Demonstration and verification of capability
	Q.3.7 Granting of capability approval
	Q.3.8 Maintenance of capability approval
	Q.3.9 Quality conformance inspection

	Q.4 Technology approval (TA) procedure
	Q.4.1 General
	Q.4.2 Eligibility for technology approval
	Q.4.3 Application of technology approval
	Q.4.4 Subcontracting
	Q.4.5 Description of technology
	Q.4.6 Demonstration and verification of the technology
	Q.4.7 Granting of technology approval
	Q.4.8 Maintenance of technology approval
	Q.4.9 Quality conformance inspection



	Bibliography
	Figures 
	Figure 1 – Reactive power against frequency
	Figure 2 – Relation between category temperature range and applied voltage
	Figure 3 – Voltage-proof test circuit
	Figure 4 – Schematic diagram of the impedance measuring circuit
	Figure 5 – Capacitor mounting arrangement
	Figure 6 – Capacitor mounting arrangement
	Figure 7 – Typical diagram of an absorption oscillator-wavemeter
	Figure 8 – Schematic diagram of the measuring circuit
	Figure 9 – Test circuit
	Figure 10 – Test circuit for electrolytic capacitors
	Figure 11 – Relay circuit
	Figure 12 – Thyristor circuit
	Figure 13 – Voltage waveform across capacitor
	Figure 14 – Voltage and current waveform
	Figure 15 – Suitable substrate for mechanical tests
	Figure 16 – Suitable substrate for electrical tests
	Figure 17 – High surge current test
	Figure 18 – Voltage transient overload test circuit
	Figure 19 – Voltage waveform

	Tables 
	Table 1 – Referee conditions
	Table 2 – Measurement of insulation resistance
	Table 3 – Measuring points
	Table 4 – Tensile force
	Table 5 – Torque
	Table 6 – Number of cycles
	Table 7 – Severities and requirements


	Français 
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Généralités
	1.1 Domaine d'application
	1.2 Références normatives

	2 Données techniques
	2.1 Symboles, unités et abréviations
	2.1.1 Généralités
	2.1.2 Symboles littéraux
	2.1.3 Abréviations

	2.2 Termes et définitions
	2.3 Valeurs préférentielles et exigences techniques supplémentaires
	2.3.1 Généralités
	2.3.2 Valeurs préférentielles de la capacité nominale
	2.3.3 Valeurs préférentielles de la tension assignée
	2.3.4 Charge assignée en alternatif
	2.3.5 Charge assignée en impulsions
	2.3.6 Tension corrigée en fonction de la température

	2.4 Marquage
	2.4.1 Généralités
	2.4.2 Codage


	3 Procédures d’assurance de la qualité
	4 Essais et procédures de mesure
	4.1 Généralités
	4.2 Conditions atmosphériques normalisées
	4.2.1 Conditions atmosphériques normalisées d’essai
	4.2.2 Conditions de reprise
	4.2.3 Conditions d'arbitrage
	4.2.4 Conditions de référence

	4.3 Séchage
	4.4 Examen visuel et contrôle des dimensions
	4.4.1 Examen visuel
	4.4.2 Dimensions (calibrage)
	4.4.3 Dimensions (détail)

	4.5 Résistance d'isolement
	4.5.1 Préconditionnement
	4.5.2 Conditions de mesure
	4.5.3 Points d’essai
	4.5.4 Méthodes d’essai
	4.5.5 Compensation de température
	4.5.6 Conditions devant être indiquées dans la spécification applicable

	4.6 Tension de tenue
	4.6.1 Généralités
	4.6.2 Circuit d'essai (pour l'essai entre sorties)
	4.6.3 Essai
	4.6.4 Exigences
	4.6.5 Conditions devant être indiquées dans la spécification applicable

	4.7 Capacité
	4.7.1 Fréquence de mesure et tension de mesure
	4.7.2 Équipement de mesure
	4.7.3 Conditions devant être indiquées dans la spécification applicable

	4.8 Tangente de l'angle de perte et résistance-série équivalente (RSE)
	4.8.1 Tangente de l'angle de perte
	4.8.2 Résistance-série équivalente (RSE)

	4.9 Courant de fuite
	4.9.1 Préconditionnement
	4.9.2 Méthode d’essai
	4.9.3 Source d’alimentation
	4.9.4 Exactitude de mesure
	4.9.5 Circuit d'essai
	4.9.6 Conditions devant être indiquées dans la spécification applicable

	4.10 Impédance
	4.11 Inductance et fréquence de résonance propre
	4.11.1 Fréquence de résonance propre (fr)
	4.11.2 Inductance
	4.11.3 Conditions devant être indiquées dans la spécification applicable

	4.12 Sortie de l'armature extérieure
	4.13 Robustesse des sorties
	4.13.1 Généralités
	4.13.2 Essai Ua1 – Traction
	4.13.3 Essai Ub – Pliage (sur la moitié de l’échantillon)
	4.13.4 Essai Uc – Torsion (autre moitié de l’échantillon)
	4.13.5 Essai Ud – Couple
	4.13.6 Examen visuel

	4.14 Résistance à la chaleur de brasage
	4.14.1 Préconditionnement et mesurage initial
	4.14.2 Procédure d’essai
	4.14.3 Reprise
	4.14.4 Inspection finale, mesurage et exigences

	4.15 Brasabilité
	4.15.1 Généralités
	4.15.2 Préconditionnement
	4.15.3 Procédure d’essai
	4.15.4 Inspection finale, mesurages et exigences

	4.16 Variations rapides de température
	4.16.1 Mesurage initial
	4.16.2 Procédure d’essai
	4.16.3 Inspection finale, mesurages et exigences

	4.17 Vibrations
	4.17.1 Mesurage initial
	4.17.2 Procédure d’essai
	4.17.3 Essai électrique (mesurage intermédiaire)
	4.17.4 Inspection finale, mesurages et exigences

	4.18 Secousses (chocs répétitifs)
	4.18.1 Mesurage initial
	4.18.2 Procédure d’essai
	4.18.3 Inspection finale, mesurages et exigences

	4.19 Chocs
	4.19.1 Mesurage initial
	4.19.2 Procédure d’essai
	4.19.3 Inspection finale, mesurages et exigences

	4.20 Étanchéité des boîtiers
	4.21 Séquence climatique
	4.21.1 Généralités
	4.21.2 Mesurages initiaux
	4.21.3 Chaleur sèche
	4.21.4 Chaleur humide, cyclique, essai Db, premier cycle
	4.21.5 Froid
	4.21.6 Basse pression atmosphérique
	4.21.7 Chaleur humide, cyclique, essai Db, cycles restants
	4.21.8 Mesurages finaux

	4.22 Chaleur humide, essai continu
	4.22.1 Mesurage initial
	4.22.2 Procédure d’essai
	4.22.3 Inspection finale, mesurages et exigences

	4.23 Endurance
	4.23.1 Mesurages initiaux
	4.23.2 Procédure d’essai
	4.23.3 Conditions devant être indiquées dans la spécification applicable
	4.23.4 Tension d’essai
	4.23.5 Positionnement dans la chambre d’essai
	4.23.6 Reprise
	4.23.7 Inspection finale, mesurages et exigences

	4.24 Variation de la capacité avec la température
	4.24.1 Méthode statique
	4.24.2 Méthode dynamique
	4.24.3 Méthodes de calcul

	4.25 Stockage
	4.25.1 Stockage à haute température
	4.25.2 Stockage à basse température

	4.26 Surtension
	4.26.1 Mesurage initial
	4.26.2 Procédure d’essai
	4.26.3 Inspection finale, mesurages et exigences
	4.26.4 Informations devant être données dans la spécification particulière applicable

	4.27 Essais de charge et de décharge et essai de courant d’appel
	4.27.1 Mesurage initial
	4.27.2 Procédure d’essai
	4.27.3 Charge et décharge
	4.27.4 Courant d’appel
	4.27.5 Inspection finale, mesurages et exigences

	4.28 Décharge de pression (pour les condensateurs électrolytiques en aluminium)
	4.28.1 Généralités
	4.28.2 Essai en courant alternatif
	4.28.3 Essai en courant continu
	4.28.4 Essai pneumatique
	4.28.5 Inspection finale, mesurages et exigences

	4.29 Caractéristiques à haute et basse températures
	4.29.1 Procédure d’essai
	4.29.2 Exigences

	4.30 Essai de stabilité thermique
	4.31 Résistance au solvant des composants
	4.31.1 Mesurages initiaux
	4.31.2 Procédure d’essai
	4.31.3 Inspection finale, mesurages et exigences

	4.32 Résistance au solvant du marquage
	4.32.1 Procédure d’essai
	4.32.2 Inspection finale, mesurages et exigences

	4.33 Montage (pour les condensateurs pour montage en surface uniquement)
	4.33.1 Substrat
	4.33.2 Brasage à la vague
	4.33.3 Brasage par fusion

	4.34 Essai de cisaillement
	4.34.1 Procédure d’essai
	4.34.2 Inspection finale, mesurages et exigences

	4.35 Essai de pliage du substrat
	4.35.1 Procédure d’essai
	4.35.2 Reprise
	4.35.3 Inspection et exigences finales

	4.36 Absorption diélectrique
	4.36.1 Procédure d’essai
	4.36.2 Exigences

	4.37 Essai continu de chaleur humide accéléré
	4.37.1 Mesurages initiaux
	4.37.2 Méthodes d’essai
	4.37.3 Procédures d'essai
	4.37.4 Inspection finale, mesurages et exigences

	4.38 Inflammabilité passive
	4.38.1 Procédure d’essai
	4.38.2 Inspection finale, mesurages et exigences

	4.39 Essai aux surintensités
	4.39.1 Mesurages initiaux
	4.39.2 Procédure d’essai
	4.39.3 Exigences pour le circuit de charge
	4.39.4 Éléments non conformes

	4.40 Surtension transitoire (pour condensateurs électrolytiques en aluminium à électrolyte non solide)
	4.40.1 Mesurage initial
	4.40.2 Procédure d’essai
	4.40.3 Inspection finale, mesurages et exigences
	4.40.4 Conditions devant être indiquées dans la spécification applicable

	4.41 Essai sur le développement des trichites
	4.41.1 Généralités
	4.41.2 Préparation des éprouvettes
	4.41.3 Mesurage initial
	4.41.4 Procédures d'essai
	4.41.5 Sévérités des essais
	4.41.6 Inspection finale, mesurages et exigences


	Annexes 
	Annexe A (informative) Interprétation des plans d’échantillonnage et des procédures tels qu’ils sont décrits dans l'IEC 60410 et destinés à être utilisés dans les systèmes d’assurance de la qualité
	Annexe B (informative) Règles pour la préparation des spécifications particulières pour des condensateurs et des résistances pour équipements électroniques, destinés à être utilisés dans les systèmesd’assurance de la qualité
	B.1 Élaboration
	B.2 Norme de référence
	B.3 Diffusion

	Annexe C (informative) Disposition de la première page d’une spécification PCP/CQC
	Annexe D (informative) Exigences pour le rapport d’essai d’agrément de savoir-faire
	D.1 Généralités
	D.2 Exigences
	D.3 Résumé des informations sur les essais (pour chaque CQC)
	D.4 Enregistrement de mesure

	Annexe E (informative) Guide pour l’essai en impulsion des condensateurs
	E.1 Présentation
	E.2 Conditions typiques en impulsions pour les condensateurs
	E.3 Influence de l'inductance sur les essais en impulsions

	Annexe F (informative) Lignes directrices pour l’extension des essais d’endurance sur les condensateurs fixes
	F.1 Présentation
	F.2 Lignes directrices

	Annexe G (normative) Essai continu de chaleur humide avec application de tension, pour les condensateurs à film métallisé uniquement
	G.1 Présentation
	G.2 Procédure d’essai

	Annexe H (normative) Essai continu de chaleur humide accéléré, pour les condensateurs céramiques multicouches uniquement
	H.1 Montage des condensateurs
	H.2 Mesurage initial
	H.3 Procédure d’essai
	H.4 Reprise
	H.5 Inspection finale, mesurages et exigences

	Annexe Q (informative) Procédures d’assurance de la qualité
	Q.1 Généralités
	Q.1.1 Domaine d'application de la présente annexe
	Q.1.2 Définitions de l'assurance de la qualité
	Q.1.3 Reprise
	Q.1.4 Autres méthodes d'essai
	Q.1.5 Rapports certifiés d’essais des lots acceptés
	Q.1.6 Paramètres non vérifiés
	Q.1.7 Livraison différée
	Q.1.8 Réparation
	Q.1.9 Registre des agréments
	Q.1.10 Fabrication hors des limites géographiques

	Q.2 Procédures d’homologation (QA)
	Q.2.1 Aptitude à l’homologation
	Q.2.2 Demande d’homologation
	Q.2.3 Sous-traitance
	Q.2.4 Procédure d’essai pour l’homologation initiale des produits
	Q.2.5 Octroi de l’homologation
	Q.2.6 Maintien de l’homologation
	Q.2.7 Contrôle de conformité de la qualité

	Q.3 Procédures d’agrément de savoir-faire
	Q.3.1 Généralités
	Q.3.2 Aptitude à l'agrément de savoir-faire
	Q.3.3 Demande d'agrément de savoir-faire
	Q.3.4 Sous-traitance
	Q.3.5 Description du savoir-faire
	Q.3.6 Démonstration et vérification de savoir-faire
	Q.3.7 Octroi de l'agrément de savoir-faire
	Q.3.8 Maintien de l’agrément de savoir-faire
	Q.3.9 Contrôle de conformité de la qualité

	Q.4 Procédure d’agrément de technologie
	Q.4.1 Généralités
	Q.4.2 Aptitude à l’agrément de technologie
	Q.4.3 Demande d’agrément de technologie
	Q.4.4 Sous-traitance
	Q.4.5 Description de la technologie
	Q.4.6 Démonstration et vérification de la technologie
	Q.4.7 Octroi d’agrément de technologie
	Q.4.8 Maintien d’agrément de technologie
	Q.4.9 Contrôle de conformité de la qualité



	Bibliographie
	Figures 
	Figure 1 – Puissance réactive en fonction de la fréquence
	Figure 2 – Relation entre la plage des températures de catégorie et la tension appliquée
	Figure 3 – Circuit d’essai de tension de tenue
	Figure 4 – Schéma de principe du circuit de mesure de l'impédance
	Figure 5 – Disposition de montage des condensateurs
	Figure 6 – Disposition de montage des condensateurs
	Figure 7 – Schéma typique d’un ondemètre-oscillateur à absorption
	Figure 8 – Schéma de principe du circuit de mesure
	Figure 9 – Circuit d’essai
	Figure 10 – Circuit d’essai pour les condensateurs électrolytiques
	Figure 11 – Circuit à relais
	Figure 12 – Circuit à thyristors
	Figure 13 – Forme d’onde de la tension aux bornes du condensateur
	Figure 14 – Forme d’onde de la tension et du courant
	Figure 15 – Substrat approprié pour les essais mécaniques
	Figure 16 – Substrat approprié pour les essais électriques
	Figure 17 – Essai aux surintensités
	Figure 18 – Circuit d’essai de la surtension transitoire
	Figure 19 – Forme d’onde de la tension

	Tableaux 
	Tableau 1 – Conditions d’arbitrage
	Tableau 2 – Mesurage de la résistance d’isolement
	Tableau 3 – Points de mesure
	Tableau 4 – Force de traction
	Tableau 5 – Couple
	Tableau 6 – Nombre de cycles
	Tableau 7 – Sévérités et exigences






