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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
al national electrotechnical committees (IEC National Committees). The object of IEC is to promote internatjonal
-operation on all questions concerning standardization in the electrical and electronic, fields. To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Redorts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as !IEC" Publication(s)"). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealfwith
ay participate in this preparatory work. International, governmental and non-governmental organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with\the International Organization for
Jtandardization (ISO) in accordance with conditions determined by agreementibetween the two organizatiops.

he formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internatjonal
cpnsensus of opinion on the relevant subjects since each technjcale¢ommittee has representation frop all
interested IEC National Committees.

C Publications have the form of recommendations for interfational use and are accepted by IEC Natjonal
Jommittees in that sense. While all reasonable efforts are{made to ensure that the technical content ofl IEC
ublications is accurate, IEC cannot be held responsible’ for the way in which they are used or for| any
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
tlansparently to the maximum extent possible in theirnational and regional publications. Any divergence betyveen
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the Iatter.

C itself does not provide any attestation _eficonformity. Independent certification bodies provide confofmity
assessment services and, in some areas,sdccess to IEC marks of conformity. IEC is not responsible foq any
services carried out by independent certifieation bodies.

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

o liability shall attach to IEC or(its directors, employees, servants or agents including individual expertq and
embers 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 fees)| and
ekpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other| IEC
Hublications.

Attention is drawn (o jthe Normative references cited in this publication. Use of the referenced publicatiops is
imdispensable forithe correct application of this publication.

Attention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC(shall not be held responsible for identifying any or all such patent rights.

commented version (CMV) of the official standard IEC 60384-14:2023 edition|5.0
s“the user to identify the changes made to the previous IEC 60384-14:2013+

AMD1:2016 CSV edition 4.1. Furthermore, comments from IEC TC 40 experts are provided
to explain the reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.
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IEC 60384-14 has been prepared by IEC technical committee 40: Capacitors and resistors for
electronic equipment. It is an International Standard.

This fifth edition cancels and replaces the fourth edition published in 2013 and
Amendment 1:2016. This edition constitutes a technical revision.

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

a) in damp heat steady state test, all capacitor types are tested both with and without rated

oltaaa- tha nuimhar of tact niacac hac haaon incraacad-
O+ta g6t HdHP e ++te5t+pP1te 6853586 R1HereasSeas

b) {angent of loss angle is added In Group O tests, in safety tests only;

c) gqualification approval based on safety and performance tests has been removed from| the
main text to a normative annex;

d) the range of rated voltages is given instead of exact rated voltage values;

e) normative annex for description of capacitor styles and of creepage/clearance distgnce
measurement has been added,;

f) the importance of mechanical failures (cracks) in component encapsulation as a sgfety
eature is highlighted in handling instructions and requirements\after all relevant tests.

The|text of this International Standard is based on the following-documents:

Draft Report on voting

40/2985/FDIS 40/3022/RVD

Fulllinformation on the voting for its approval can be found in the report on voting indicated in
the pbove table.

The|language used for the developmerit;of this International Standard is English.

A ligt of all the parts of the IEC 60384 series, published under the general title Fixed capacftors
for yse in electronic equipment;;can be found on the IEC website.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accprdance with ISOLAEE Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC|are
desgribed in greater‘detail at www.iec.ch/publications.

The[committeg” has decided that the contents of this document will remain unchanged until the
stahjility .date indicated on the IEC website under webstore.iec.ch in the data related to|the
spegific'document. At this date, the document will be

e reconfirmed,
e withdrawn,
e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference
suppression and connection to the supply mains

1 o L
oo Trar

1 |[Scope

Thig part of IEC 60384 applies to capacitors and resistor-capacitor combinations-intended tp be
conpected to AC mains or other supply with a nominal voltage not exceeding\1.000 V AC (RMS)
or4-500-Vd-¢e-, and with a nominal frequency not exceeding 100 Hz. Thissdocument inclydes
alsd additional specific conditions and requirements for the connectign’to DC supplies with a
rateld voltage not exceeding 1 500 V DC. |1

1.2 Object

Thel|principal object of this part of IEC 60384 is to prescribepreferred ratings and characterigtics
and| to select, from IEC 60384-1, the appropriate quality”"assessment procedures, tests |and
medsuring methods and to give general performancérequirements for this type of capadjtor.
Tes| severities and requirements prescribed in detail specifications referring to this sectipnal
spetification are of equal or higher performance level; lower performance levels are|not
permitted.

Thig document also provides a schedule of safety tests to be used by national testing stat|ons
in cpuntries where approval by such stations is required.

The| overvoltage categories in combination with the AC mains voltages for the capacitors
clagsified in this document-shaqtld are to be taken from IEC 60664-1.

2 [Normative referehces

Thelfollowing documents are referred to in the text in such a way that some or all of their conftent
constitutes requirements of this document. For dated references, only the edition cited applies.
For| undated-aeferences, the latest edition of the referenced document (including |any
amgndmentsy applies.

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

IEC 60063, Preferred number series for resistors and capacitors

IEC 60068-1:49882013, Environmental testing — Part 1. General and guidance

IEC 60068-2-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing


The scope is now making clear that this document is primarily intended for components connected to AC mains, but they can with given conditions also be used in DC supplies.

https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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IEC 60384-1:20082021, Fixed capacitors for use in electronic equipment — Part 1. Generic
specification

IEC 60447 G : bols ,

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

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods

IEC1860940
= TovI4Y

corlolote fi et A .

IEC|61193-2:2007, Quality assessment systems — Part 2: Selection and use of s@mpling plans
for jnspection of electronic components and packages

IEC|61210, Connecting devices — Flat quick-connect terminations\*for electrical copper
confluctors — Safety requirements

CISPR 17, Methods of measurement of the suppression characteristics of passive EMC filtering
devices

ISO| 7000, Graphical symbols for use on equipment——index—and—synopsis (availabl¢ at
httpf//www.graphical-symbols.info/equipment)

3 |Terms and definitions and classification

3.1 Terms and definitions

For|the purposes of this document, the terms, and definitions of IEC 60384-1, as well as| the
follqwing, apply.

ISOjand IEC maintain termiinological databases for use in standardization at the following
addfesses:
e |EC Electropedial_available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
NOTE Some definitions of IEC 60384-1 have been expanded, as is indicated by a note.

3.1
AC capacitor

heottnr Aancianad ntiallhy
A=) T

Cap oCTtoT uuolgl LA~

Note 1 to entry: AC capacitors may be used on DC supplies having the same voltage as the AC RMS rated voltage
of the capacitor. For use of capacitors with rated DC voltage greater than the rated AC voltage, see Annex H.

3.1.2

electromagnetic interference suppression capacitor

radio interference suppression capacitor

AC capacitor used for the reduction of electromagnetic interference caused by electrical or
electronic apparatus, or other sources



https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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3.1.3

capacitor of Class X
RC unit of Class X
capacitor or RC unit of a type suitable for use in situations where failure of the capacitor or RC

unit

would not lead to danger of electrical shock but could result in a risk of fire

3.1.4

capacitor of Class Y
RC unit of Class Y
capacitor or RC unit of a type suitable for use in situations where failure of the capacitor could

lead

to danger of eleciric shack

3.1.p

two
eled

Note|

3.1.

series RC unit

fung

Note|

Note
unde

3.1.
leac
<co
whi

rterminal capacitor
tromagnetic interference suppression capacitor having two terminals

1 to entry: See Figure 1.

IEC

Figure 1 — Two-terminal EMI suppression capacitor
6
tional combination of a resistor in series withya capacitor of Class X or Y

1 to entry: See Figure 2.

Figure 2 — RC unit

2 to entry: In this document, where the word "capacitor" appears, the words "capacitor or RC unit" shou
rstood where the,context permits.

7
-through capacitor
hxial>)capacitor with a central current-carrying conductor surrounded by a capacitor elen
h.is’symmetrically bonded to the central conductor and to the outer casing to form a co3

023

d be

hent
xial

con

Note

struction

1 to entry: These lead-through capacitors are coaxially mounted (see Figure 3).

Central conductor
carrying supply current

| |
L—— —_

Earthed circular
mounting flange

IEC

Figure 3 — Lead-through capacitor (coaxial)


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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3.1.8
lead-through capacitor
<non-coaxial> capacitor in which the supply currents flow through or across the electrodes

Note 1 to entry: See Figure 4 a), Figure 4 b), Figure 4 c) and Figure 4 d).

Earthed metal case IEC

b) Lead-through capacitor for asymmetrical use (non-coaxial)

Earthed metal case IEC

c). Multiple unit lead-through capacitor (non-coaxial)
for symmetrical and asymmetrical use

IEC

d) Multiple unit lead-through capacitor

Figure 4 — Lead-through capacitors

3.1.9
by-pass capacitor
capacitor where radiofrequency interference currents are by-passed

Note 1 to entry: There are three common forms: single, delta and T-connected. The single capacitor consists of a
capacitor in a metal case with one termination connected to the case as in Figure 5 a); the delta form consists of an
X-capacitor and two Y2-capacitors arranged in a delta network as in Figure 5 b); the T-connected form consists of
three capacitors C,, Cy and C connected in T as shown in Figure 5 c).


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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The delta and T-connected forms are electrically equivalent (star-delta transformation). In the T-connected form the
X-capacitor is the result of the series connection of Cy — C. and the Y-capacitors are the results of the series

connections of C, — Cz and C, — C..

When T-connected capacitors are submitted to tests, and it is stated that voltages shall be applied across the X-
capacitors, such voltages shall be applied between the line (L) and neutral (N) terminations. Similarly, when it is
stated that voltages shall be applied across the Y-capacitors, such voltages shall be applied between the line and
neutral terminations connected together and the earth termination.

Note 2 to entry: See Figure 5a), Figure 5b) and Figure 5c¢)

T T T T T i

' |
—% |-| ==

| |

L ' IEC

a) Single by-pass capacitor

|
| y |
| I

1 X :
: I I - o
! l
Le— IEC

:_ __________________ |
|
| I L
[ —
: |
— |
[ Ca G
—_— |
1 —=—=| 4
|
| — CC |
I —
| -
L [
IEC

¢).\'Example of a T-connected by-pass capacitor (in non-metallic housing)

NOTE For capacitors with non-metallic housings, the earth connection is brought out as a separate terminatiqn as
is shpwn in Eigure 5c).

Figure 5 — By-pass capacitors

3.1.10

rated voltage

<for capacitor>-eitherthe RMS operating voltage of rated frequency or the DC operating voltage
that-may can be applied continuously to the terminations of a capacitor at any temperature
between the lower and the upper category temperatures

Note 1 to entry: This implies, for capacitors covered by this document, that the category voltage is the same as the
rated voltage.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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3.1.11

rated DC voltage |2

Ugr DC

maximum DC operating voltage, which can be applied continuously to the terminations of a
capacitor at any temperature between the lower and the upper category temperatures

Note 1 to entry: This term and designation (U DC) are used only for a capacitor specified with rated DC voltage
exceeding its rated AC voltage (RMS).

3.1.12

rated power
<of |a series RC unit> maximum power that can be dissipated by the RC unit at the rated
temperature during continuous operation

3.1.3

uppler category temperature
maXimum surface temperature for which the capacitor has been desighed to opefate
conjinuously

Note|1 to entry: For lead-through capacitors and series RC units, the external surfaee-temperature can be affgcted
by infernal heating due to the lead-through current. The terminations of a capaciteryare considered to be part df the
extefnal surface.

Note|2 to entry: This definition replaces that given in IEC 60384-1:2008202, 3.41, because suppression capagitors
in acpordance with this document are intended to be connected to the mains network and-may can have internalfheat
genefration as a result.

3.1.14

lowpr category temperature
minimum surface temperature for which the‘capacitor has been designed to opefate
continuously

Note|1 to entry: This definition replaces that given,in IEC 60384-1:20082021, 3.10.

3.1./15

rated temperature
<of p lead-through capacitor or'series RC unit> maximum ambient temperature at which a I¢ad-
throjugh capacitor can carry-its'rated lead-through current or a series RC unit can dissipatg its
rated power

Note|1 to entry: This definition replaces that given in IEC 60384-1:20082021, 3.24.

3.1.116

inse¢rtion loss
<fonl capacitors> ratio of the voltage before and after the insertion of the suppressof as
megsurediat the terminations

Notel1 to entry: When measured in decibels, the insertion loss is 20 times the logarithm to base 10 of the Iratio
stated.

3.1.17

rated current of the conductor

<of a lead-through capacitor> maximum permissible current flowing through the conductors of
the capacitor at the rated temperature during continuous operation

3.1.18

main resonant frequency

<of a two-terminal capacitor> lowest frequency at which the impedance of the capacitor is a
minimum when applying a sinusoidal voltage



This definition is added to support the Annex H information.

https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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3.1.19
impulse voltage
periodic transient voltage of a defined waveform as described in IEC 60060-1

3.1.20

passive flammability

ability of a capacitor to burn with a flame as a consequence of the application of an external
source of heat

3.1.21
active-flammabitity
ability of a capacitor to burn with a flame as a consequence of electric loading

3.1.p2

surface mount capacitor
capfcitor whose small dimensions and nature of shape of terminations make-’it suitablg for
surface mounting in hybrid circuits and on printed boards

3.2| Classifications
3.2/ Classification of X capacitors

Clags X capacitors are divided into two subclasses (see Table’1) according to the peak vol{age
of the impulses superimposed on the mains voltage to which they may be subjected in seryice.
Such impulses—may can arise from lightning strikes, on outside lines, from switching in
neighbouring equipment, or switching in the equipmentin which the capacitor is used.

Table 1 - Classification of Class X capacitors

Peak impulse voltage
slibclass Peak impulse Apblication U, applied before endurance test
voltage in service
Cn 1,0 uF Cn > 1,0 uF
X1 >2,5 kV High pulse application 4 kV Up = 4 in KV
<4,0 kV G
10°F
X2 <2,5 kV General purpose 2,5 kV Up - 2,5 in kv
oY
106 F

X1|capacitors may\bée substituted by Y2 or Y1 capacitors of the same or higher Ug. X2 capacitors can|be
sufstituted withX4 or Y2 or Y1 capacitors of the same or higher Uy.

NOJTE 1/~ The factor used for the reduction of U, for capacitance values above 1,0 uF maintains 0,5 x Cy JP2
corstant,for these capacitance values; Cy is in F.

NOTE 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage are found in
IEC 60664-1.

3.2.2 Classification of Y capacitors

Class Y capacitors are further divided into three subclasses, Y1, Y2 and Y4, as shown in Table 2.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2
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Table 2 — Classification of Class Y capacitors

Subclass Type of insulation bridged

Range of rated Peak impulse voltage

voltages Up applied before endurance test

Y1 Double insulation or reinforced <500 V 8,0 kV
insulation

Y2 Basic insulation or supplementary 2150 V Cn 1,0 uF Cn > 1,0 pF

insulation <500V
5 kV 5

Basic insulation or supplementary

Y4 . .
insulation

<150 V 2,5 kV

Y2

capacitors may be substituted by Y1 capacitors of the same or higher Up.

NO

NO|
cor

NO
IEQ

TE 1 For definitions of basic, supplementary, double, and reinforced insulation, see IEC 61140.

TE 2 The factor used for the reduction of U, for capacitance values above 1,0\pF maintains 0,5 x Cy
stant for these capacitance values; Cy is in F.

[TE 3 Overvoltage categories in association with rated impulse voltage and-rated mains voltage are foun
60664-1.

Onsg

The|

Ass
cap
and

Ondg
insu
Y4-
and

4

4.1

The

Y 1-capacitor may bridge double insulation or rejnférced insulation. |3
enclosure of a Y1-capacitor shall not containrother components.

bmblies, like Delta by-pass or T-connected by-pass capacitors, may be constructed frorn
hcitors and X-capacitors provided these capacitors fulfil the requirements for the releva
Y subclasses.

lation. If combined basic-.and supplementary insulations are bridged by two or more Y2

the same nominal capacitance value.

Preferred ratings and characteristics

Preferred climatic categories

ny-
nt X

Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary

- or

Capacitors in series, they shall have the same class and sub-class, the same rated voltage,

valdes given in detail specifications-shallpreferably should be selected from this paragraph.

The Capaciiors covered by this document are classiiied Into climatic categories according to the
general rules given in I[EC 60068-1:49882013, Annex A.

The lower and upper category temperatures and the duration of the damp heat, steady state

test

shall be chosen from the following:

ower category temperature: -65 °C, =55 °C, -40 °C, -25 °C and -10 °C;

— upper category temperature:  +85 °C, +100 °C, +105 °C, +110°C, +125 °C and +155
— duration of the damp heat, steady state test: 21 days and 56 days.

OC;

The severities for the cold and dry heat tests are the lower and upper category temperatures,
respectively.


This statement is made to reaffirm the information already given in Table 2 above. This information has not been clear for all users of this standard.
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For guidance on the application of the categories described above, see IEC 60940:2015.

4.2 Preferred values of ratings

4.21 Nominal capacitance (Cy)

The preferred values of nominal capacitance are:

1;1,5; 2,2; 3,3; 4,7; 6,8 and their decimal multiples.

Thepe values conform to the Eb series of preferred values given in IEC 60063.

4.2.p Tolerance on nominal capacitance

Thelmaximum tolerance on nominal capacitance is £20 %.

4.23 Selection of rated voltages (Ug)

nreferred values of rated volta
pretefrreavades-otrrateavorta

1040\~

aare 125
eafe—+£o

~N
»
(]
~
<)

D

(o

The|range of rated AC voltages is from 125 V to 1 000 V. [4
The|range of rated DC voltages is from 125 V to 1 5004V.

Elegtromagnetic interference suppression capacitors should be chosen to have a rated volfage
equpl to, or greater than, the nominal voltage of the supply system to which they are connedted.
The| design of the capacitors-sheuld shall take into account the possibility that the voltage of
the pystem-may can rise by up to 10 % abové'the system's nominal voltage. In star connectipns,
the maximum voltage over the capacitors\shall be calculated in the worst possible case when
the hominal capacitance tolerances of the capacitors used are considered.

4.2.4 Nominal resistance (Ry)

Preferred values of nominal resistance shall be taken from the E6 series of IEC 60063.

4.2.6 Rated temperature

The| rated tempecrature for lead-through capacitors and series RC units shall be not less than
+40|°C.

4.2.6 Passive flammability

The|preferred category of passive flammability permitted is Category B (see 5.18). If categofy C
is used, it-hasto shall be agreed between the component supplier and the customer. See 5.18
also for alternative passive flammability testing.

Exemption: for components smaller than 1 750 mm3, the passive flammability category C is
permitted.

NOTE Passive flammability categories better than C-may can require flame retardant additives, which-may can be
considered to cause environmental impact. These categories—should—be are subject to discussion between
manufacturers and customers to find a compromise between safety and environmental requirements.

4.3 Requirements for sleeving, tape, tubing and wire insulation

Sleeving, tape, tubing, and wire insulation used in the components falling under this document
shall be rated for the voltage involved and the temperature attained under any condition of


The number of supply systems has increased and subsequently the number of rated voltage values of capacitors in the marketplace has multiplied. It is very difficult to give a preferred list of values, and the general rules given is Subclause 4.2.3 are sufficient in defining these values.
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actual use. Sleeving, tubing and wire insulation shall have flame retardant rating Class VWA1.

Fhey Tape shall be flame retardant-according-to-Class VW4 | 5

If insulated terminals are requested, the preferable colours should be transparent or white.

5

5.1

Thiﬁmmmmww&w i i i -1
Clayise 10.

AC
nom
freq

Dur
bod
sha

5.2
5.2.

See]

5.2.

Cre
diffd
vall

Tab
|EC]
obtd

Tab
Poll

The

Test and measurement procedures, and performance requirements

General

tests carried out at a frequency between 50 Hz and 100 Hz are considered valid for
inal frequency between 50 Hz and 100 Hz. In case of doubt, 50 Hz shall bethe referg
uency for measurements.

ng handling, testing and inspection, unintended damages to the insulation on compo
y and leads shall be avoided. The handling instructions as provided by the manufact
| be followed. [6

Visual examination and check of dimensions
( General

IEC 60384-1:20082021, 7.1 with the additional details in 5.2.2.

P Creepage distances and clearances

bpage distances and clearances on the“outside of the capacitor between live part

es given in Table 3.

e 3 is based on IEC 60664-1,but equipment safety standards IEC 60335-1,+EC-60065]
160950-1 and IEC 62368-1-have also been considered. Further information-may carn
ined from IEC 60664-1,

e 3 is generated using the following environmental conditions as main guideline:

ution degree 2, altitude < 2 000 m and CTI (Comparative Tracking Index) of materials =

for ¢
tot

distancés than ones given here.

CTI of materials in components allow that. Creepage distance shall always be larger or e
esclearance distance indicated in this table. Equipment standards-may can require la

4 to

any
nce

hent
Lirer

5 of

rent polarity or between live parts and a metal case shall be not less than the appropijiate

and
be

00.

creepage)distances smaller than those in Table 3 can be used, if rules given in IEC 6066¢4-1

ual
Fger

Compliance shall be checked by measurement in accordance with the rules laid down in
IEC 60664-1 for measurements on the outside of the capacitor. Additional requirements-may
can be necessary, for example for capacitors intended to be used in other environments than
pollution degree 2 (e.g. drip-proof and splash-proof capacitors) or for the use of capacitors in
altitudes higher than 2 000 m. See IEC 60664-1 for guidance.



The requirement for tape is separated from other insulations.

Through this new edition the importance of the mechanical integrity of the component insulation is underlined.
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Table 3 — Creepage distances and clearances

023

Points of Rated voltage (RMS)
measurement
Ugs130V 130 V< Ug =250V | 250 V < Up <500V | 500V <Ug=<760V 760V <Ug=<1000V

[P @ [Py @ [Py @ [Py @ [Py @
g e g e g e g e g e c
&S £ e £ e £ e g e g
o0 o o0 o o0 o o0 o o0 o
0T o (Sl o (Sl o (Sl o (Sl o
T T T T T T T T T T

Between live 2,0 1,5 3,0 2,5 4,0 3,0 6,3 5,5 8,0 56

partg of

diffefent

polarity

(fungtional

insulation) @

Between live 2,0 1,5 4.0 3,0 50 4.0 6,3 55 8,0 75

part$ and other

metdl parts

over|basic

insulation ®

Between live 8,0 8,0 8,0 8,0 10,0 8,0 12,6 11,0 16,0 11],0

partg and other

metgl parts

over|reinforced

insulation ©

NOTJE The reinforced insulation figures for voltages >500 VAare given for information only. In this standar¢l Y1

capdcitors are limited to 500 V.

a8 These limits shall be used for measurements between terminals of an X-capacitor.

b These limits shall be used for measurements between each terminal and the metal case of an X-capacitorfand

fpbr measurements between terminals or betwéen each terminal and the metal case of an Y2- or Y4-capacitpr.

¢ These limits shall be used for measurements between terminals of an Y1- capacitor (up to 500 V).

Annex J describes different.styles of capacitors, and how the creepage and clearance distarjces

are measured for them. Preeautions required for handling the capacitors, for example when the

leads are bent, are also\described. |7

5.3| Electrical tests

5.3/ Voltage proof

5.3./1.1 General

See| IEC 60384-1:20082021, 6.2 with the details from 5.3.1.2 to 5.3.1.5.

5.3.1.2 Test circuit for DC tests

Omit the capacitor C, if the capacitor under test, or a section of it, is a metallized film or
metallized paper capacitor.

The product of R4 and (C4 + Cy) shall be less than, or equal to, 1 s and greater than 0,01 s.

R, includes the internal resistance of the power supply.

R, shall limit the discharge current to a value equal to, or less than, 0,05 A.


Following the discussions with IEC TC 108, Annex J is added to describe in detail different capacitor styles, and how the creepage and clearance distances are measured. 
In this context the importance of the mechanical integrity of the components is raised to focus.
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5.3.1.3 Test circuit and method for AC tests

When a 50/60 Hz voltage is applied for qualification approval and periodic tests, the voltage
shall be supplied from a transformer fed from a variable autotransformer, and the voltage shall
be raised from near zero to the test voltage at a rate not exceeding 150 V/s. The test time shall
be counted from the time the test voltage is reached. At the end of the test time, the test voltage
shall be reduced to near zero and the capacitor discharged through a suitable resistor.

For lot-by-lot and 100 % testing, the voltage shall be applied directly at the full test voltage, but
overvoltage peaks should be avoided.

5.3./1.4 Applied voltage

The|

IE

test

C(60384-1:20082021, Table 3, for a period of 1 min for qualification approval'and peri

follgwing details:

a)
b)

c)

or encapsulated units with a non-metallic case, a voltage proof test-such as Test C sha
carried out only for qualification approval tests and periodic tests)

he method of applying the test voltage for Test C shall be(given in the detail specifica
For qualification testing, the foil method given in IEC 60384-1:200682021, 6.2.3.4. sha
Ised, unless otherwise specified in the detail specification;

NOTE This test is applicable only to insulated capacitors ington-metallic case or in insulated metallic case
EC 60384-1:20082021, 6.6.3.4.

or testing during a period between 1 s and 2 s,\the voltage of Table 4 shall be increase
ndicated in Figure 9;

when a capacitor is qualified for DCdpplications in accordance with Annex H, the

hpplied for lot-by-lot (100 %) tests:did qualification tests, if its value is higher than the v
hs determined in accordance with<Table 4. |8

Attention is drawn to the fact'that repetition of the voltage proof test by the user-may

dam

voltage should not be greater than 66 % of the test voltage specified in Table 4.

Table 4 — Voltage proof

voltages of Table 4 shall be applied between the respective measuring points_showpn in

bdic

ng and for a period of not less than 1 s for lot-by-lot quality conformance testing, with| the

he test in accordance with 2c of IEC 60384-1:20082021, Table 3, shall'not be carried ¢ut;

| be

i e

See

] as

test

oltage as calculated in accordancewith Table H.1 for the voltage proof test A shal| be

hlue

can

age the capacitor. If repetition of the voltage proof test is made by the user, the apglied

Class Range, of rated Test Ad Test B or Test C
voltages
A1 2 U, + 1500V (AC) with
<1000V 4,3 Uy (DC) °® R (AC) wi
X2 a minimum of 2 000 V (AC) 2
1 <500V 4 000 V (AC) 4 000V (AC)
vo 2150V Ug + 1200V (AC) with a 2 Ug + 1500V (AC) with
<500V minimum of 1 500 V (AC) P a minimum of 2 000 V (AC) ®
Y4 <150V 900 V (AC) P 900 V (AC) P

For Delta and T-connected capacitor units in accordance with Figure 5b and Figure 5c, the test voltage for

terminals to case shall be the appropriate test voltage for the Y-capacitors.

For lot-by-lot tests of Class Y2- and Y4-capacitors, the AC test voltage may be replaced by a DC voltag
1,5 times the prescribed AC voltage.

The Uy in this DC test is the rated AC voltage value.

For capacitors qualified in accordance with Annex H, see 5.3.1.4 e).

e of



This is clarifying the test voltage for capacitors, which are qualified for DC applications. This was not clear in the previous edition of this document.
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5.3.1.5 Requirements

There shall be no permanent breakdown or flashover during the test period.

NOTE The occurrence of self-healing breakdowns during the application of the test voltages on metalized film
capacitors is allowed.

In visual inspection after the test, the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated areas (the creepage distance and clearance
specified in Table 3 shall be ensured). [9

5.3. Capacitance
5.3.2.1 General

See| IEC 60384-1:20082021, 6.3 with the details in 5.3.2.2 and 5.3.2.3.

5.3.2.2 Measuring conditions

The|capacitance measured shall be the series equivalent capacitance:

The| measuring frequency shall be 1 kHz, but the measuring freguency shall be 1 MHZ for
ceramic capacitors with Cy < 100 pF (class 2) and Cy < 1 000 pFE (class 1).

The|measuring temperature shall be in accordance with IEC 60384-1:20082021, 5.2.1.

Thel measuring voltage shall not exceed the rated voltage. For ceramic capacitors, |the
megsuring voltage shallbe 1,0V £ 0,2 V.

As the nominal capacitance of ceramic capacitors, as measured above, is the small-signal
capgcitance, the manufacturer shall supply the following information for ceramic capacitors:

a) the maximum expected 50/60 Hz-current through the capacitor at rated voltage taking|into
hccount capacitance toleranCe and temperature characteristic (or coefficient) of
capacitance;

b) the minimum expected~capacitance taking into account the capacitance tolerance |and
emperature characteristic (or coefficient) of capacitance.

5.3.2.3 Requirements

The| capacitance‘value shall be within the specified tolerance.

5.3.3 Tangent of loss angle

Thig testis normally required for metallized and ceramic capacitors only.

See |IEC 60384-1:20082021, 6.4 with the following details:

The measuring frequency shall be 10 kHz for Cyy < 1 yF and 1 kHz for Cy > 1 yF. For ceramic
capacitors, the measuring frequency shall be 1 kHz, but for capacitors with Cy < 100 pF (class 2)
and Cy < 1 000 pF (class 1), the measuring frequency shall be 1 MHz.

5.3.4 Resistance (Equivalent Series Resistance (ESR)) (for RC units only)

The ESR shall be measured in a series equivalent circuit at the following frequency:

100 kHz for Ry * Cy < 50 ys;

1 kHz for Ry x Cy 2 50 ps


The importance of the mechanical integrity after several tests is emphasized, which was not so clear in the previous edition. This kind of new requirement is added to many following tests.

https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC

whe
Ry
CN

60384-14:2023 CMV © IEC 2023 - 23 -

re

is the nominal resistance in ohms, and

is the nominal capacitance in farads.

5.3.5 Insulation resistance

5.3.5.1 General

See

IEC 60384-1:20082021, 6.1 with the details in 5.3.5.2 and 5.3.5.3.

In Iq
valu
thar

5.3.5.2 Temperature correction

t-by-lot quality conformance testing, the measuring may be interrupted at the time that
e of the insulation resistance exceeds the limits of Table 5 or Table 6, which can be-shg
60 s.

the
rter

When-preseribed stated in the detail specification, the temperature at which the measurement

is m
mes
sec

5.3.
The|

ade shall be noted. If this temperature differs from 20 °C, a correction shall be made to
sured value by multiplying it by the appropriate correction factorypreseribed stated in
ional specification for the relevant dielectric or that given in the-detail specification.

5.3 Requirements

insulation resistance shall exceed the values of Table-5 or Table 6, as appropriate.

Table 5 — Insulation resistance — Safety tests only 10

the
the

Test A Test B or Test C
When C, > 0,33 pF When C, < 0,33 pF R in MQ
RCy in's R in MQ
20002 " 6 000 6 000

Cy is the nominal capacitange and R the measured insulation resistance.

Limits more severe andelated to the dielectric may be given in the detail specification for performance tq
only, where possible fy~teference to the appropriate IEC publication.

For capacitors haying-One termination connected to the case, the insulation resistance limits for Test A shg
be used.

For capacitofs-'with a discharge resistor, measurement should be carried out with the discharge resi
disconngCted. If the resistor cannot be disconnected without the capacitor being destroyed, the test should
omitted-ih, Group A; and, for qualification approval and periodic tests, the test should be carried out on hal

the, $§pgcimens in the sample, which should consist of capacitors specially made without discharge resistof

sts

uld

tor
be
f of

a

b
by

Alst’ for mixed plastic/paper dielectrics.

For capacitors with ester-impregnated paper dielectric, the values of the table shall be replaced respectively

the values 500, 1 500 and 2 000.



The comments in Table 6 are repeated here in case that Table 5 is cited out of context.
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Table 6 — Insulation resistance — Safety and performance tests

Test A Test B or Test C
Dielectric When C, > 0,33 uF When C =< 0,33 pF Rin MQ
RCy ins Rin MQ
Paper 2 P 2 000 6 000 6 000
Plastic 5000 15 000 30 000
Ceramic - 6 000 3000
REMARKS

tn-theTablet1-and-Table12; C is the nominal capacitance and R the measured insulation resistange.

only, where possible by reference to the appropriate IEC publication.

be used.

For capacitors with a discharge resistor, measurement should be carried out with the discharge resi

resistors.

Limits more severe and related to the dielectric may be given in the detail specification for performance tgsts

For capacitors having one termination connected to the case, the insulation resistance limits,for Test A shquld

disconnected. If the resistor cannot be disconnected without the capacitor being.destroyed, the test shquld
be omitted in Group A; and, for qualification approval and periodic tests, thé test should be carried outf on
half of the specimens in the sample, which should consist of capacitors specially made without dischafge

tor

Also for mixed plastic/paper dielectrics.

For capacitors with ester-impregnated paper dielectric, the values™of the table shall be replaced respecti
by the values 500, 1 500 and 2 000.

ely
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Seg]

The

The
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The|
the

coa
insu

5.5

5.5.

Robustness of terminations

IEC 60384-1:20082021, 7.3 with the fallowing details.

test for snap-in contacts shall be specified in the detail specification; the test methods
prity shall comply with the-applicable clauses of IEC 61210.

test shall be carefully tonducted in accordance with the instructions so that the coatin
Capacitor is not bfoken due to mishandling of the part. In visual inspection after the test
ing of the capagitor shall not have any cracks exposing internal live parts or in def
lated areas.(the creepage distance and clearance specified in Table 3 shall be ensure

Resistance to soldering heat

1 General

test method and degree of severity-to be used shall be specified in the detail specificafion.

and

g of
the
ned

).

This test is not applicable to capacitors with insulated leads longer than 10 mm, or to capacitors

with

terminations not intended to be soldered (such as screw and fast-on terminations).

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitance
drift is required, preconditioning should be performed as advised by the manufacturer (see

Ann

See

ex G).

IEC 60384-1:20082021, 9.1 with the details in 5.5.2 and 5.5.3.
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5.5.2 Test conditions

There shall be no pre-drying.

5.5.3 Final inspection, measurements, and requirements

The final measurements after this test are the intermediate measurements after the tests of
Subgroup 1A and before the remainder of the tests of Group 1. The capacitors shall be visually
examined and measured and shall meet the requirements of Table 7.

Table 7 — Resistance to soldering heat — Requirements

Inspection or Inspection or Requirements
measurement measuring method
Vispal examination 5.2 No visible damage. In visual inspectign after the
test, the coating of the capacitor sh@N rot have any
cracks exposing internal live parts or'in defined
insulated areas (the creepage distance and
clearance specified in Table 3'shall be ensured).
Capacitance 5.3.2 The difference between the capacitance measured
finally and in Group 0.ofTable 14, or Table 15 sh3ll
not exceed 5 % @
Registance 5.3.4
(if 4pplicable) [ARIR| < 5 %
a8 |For ceramic capacitors, the capacitance difference shall not exce€d*10 %.

5.6| Solderability
5.6.1 General

Thig test is not applicable to capacitors with terminations not intended for soldering (such as
scrgw terminations and snap-in contacts).

See| IEC 60384-1:20082021, 9.2 with the details in 5.6.2 and 5.6.3.

5.6.2 Test conditions

No ageing is required-

Preferred solderSsand their solder bath temperature and process time:

— $Bn96,5Ag8Cu,5 solder: 245 °C + 3 °C for (3 £ 0,3) s;
— Bn99;3Cu,7 solder: 250 °C + 3 °C for (3 £ 0,3) s.

When'Wethod 2 is used, a soldering iron of size A shall be used

5.6.3 Requirements

See Table K.3.

5.7 Rapid change of temperature
5.71 General

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitance
drift is required, preconditioning should be performed as advised by the manufacturer
(see Annex G).
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023

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

See

IEC 60384-1:20082021, 8.1 with the following details.

— Number of cycles: 5.

— Duration of exposure at the temperature limits: minimum 30 min.

5.7.2 Final inspection

The

canacitare chall ha vienally avamined and therae chall he no vicihla damane
t

In
exp
spe

5.8

5.8.

Seg]

5.8.

The|
whi
10 H

The
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by t

5.8.

In
exp
spe

5.9
5.9.
The|

7 =4

isual inspection after the test, the coating of the capacitor shall not have a#ycrd
bsing internal live parts or in defined insulated areas (the creepage distance andweleard
Cified in Table 3 shall be ensured).

Vibration
U General

IEC 60384-1:20082021, 7.4 with the details in 5.8.2 and 5.8.3.

] Test conditions

following degree of severity of test Fc applies:, 0575 mm displacement or 100 n
hever is the lower amplitude, over one of the following frequency ranges: 10 Hz to 55
1z to 500 Hz, 10 Hz to 2 000 Hz. The total duration shall be 6 h.

detail specification shall prescribe the_ frequency range and shall also prescribe
nting method to be used. For capacitors\with axial leads that are intended to be mou

3 Final inspection

isual inspection after the test, the coating of the capacitor shall not have any crd
bsing internal live_parts or in defined insulated areas (the creepage distance and cleard
Cified in Table 3.shall be ensured).

Repetitive'shock (bump)
U General

detail specification shall state whether the bump or the shock test applies.

he leads, the distance between the body and the mounting point shall be 6 mm £ 1 mm.

cks
nce

/s2,
Hz,

the
hted

cks
nce

See

5.9.
The

IEC 60384-1:20082021, 7.5 with the details in 5.9.2 and 5.9.3.

2 Test conditions

following are the preferred severities.

— Total number of bumps: 1 000 or 4 000

— Acceleration: 400 m/s?

— Pulse duration: 6 ms

The

mounting method and the severity shall be specified in the detail specification.
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5.9.3 Final inspection, measurements, and requirements

The final measurements after this test are the intermediate measurements after the tests of
Subgroup 1B and before the remainder of the tests of Group 1.

The capacitors shall be visually examined and measured and shall meet the following
requirements.

e There shall be no visible damage. In visual inspection after the test, the coating of the
capacitor shall not have any cracks exposing internal live parts or in defined insulated areas
(the creepage distance and clearance specified in Table 3 shall be ensured).

) he change of capacitance compared with the value measured in Group 0 of-Fable4
able K.3 shall not exceed 5 %, except for ceramic capacitors for which it shall n6t-exdeed
0 %.

. he value of tan ¢ shall not exceed the limit-presecribed stated in the detail specification.

. he change of resistance (if applicable) shall not exceed the limit in Table 9.

When preconditioning is performed, initial measurements for reference shall be carried out after
preg¢onditioning.

5.10 Shock
5.10.1 General
The| detail specification shall state whether the bump_ odr’'the shock test applies.

Seeg| IEC 60384-1:20082021, 7.6 with the details in 5.10.2 and 5.10.3.

5.10.2 Test conditions

The|severities in Table 8 are preferred.
Pulge-shape: half-sine wave

Table’8 — Shock test preferred severities

Peak acceleration Corresponding
duration of the pulse
m/s? ms
500 11
1000 6

The mmm‘ring method the qpvprity, and the number of shocks alnng each axis shall be spec fied
in the detail specification.

5.10.3 Final inspection, measurements, and requirements

The final measurements after this test are the intermediate measurements after the tests of
Subgroup 1B and before the remainder of the tests of Group 1.

The capacitors shall be visually examined and measured and shall meet the following
requirements.

e There shall be no visible damage. In visual inspection after the test, the coating of the
capacitor shall not have any cracks exposing internal live parts or in defined insulated areas
(the creepage distance and clearance specified in Table 3 shall be ensured).


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

- 28 - IEC 60384-14:2023 CMV © IEC 2

023

e The change of capacitance compared with the value measured in Group 0 of Table K.3 shall
not exceed 5 %, except for ceramic capacitors for which it shall not exceed 10 %.

e The value of tan ¢ shall not exceed the limit-preseribed stated in the detail specification.

e The change of resistance (if applicable) shall not exceed the limit in Table 9.

When preconditioning is performed, initial measurements for reference shall be carried out after
preconditioning.

5.11

Container sealing

5.11
This

Se¢]

5.11
The

app
Tes

5.11

Dur

5.1%

5.12

.1 General

test is applicable only if prescribed in the detail specification.
IEC 60384-1:20082021, 7.9 with the details in 5.11.2 and 5.11.3.

.2 Test conditions

capacitors shall be subjected to either Test Qc or to Test QdOof IEC 60068-2-17
ropriate. Unless otherwise specified in the detail specification, Method 1 shall be used W
Qc is employed.

.3 Requirements

ng or after the test, as applicable, there shall be nolevidence of leakage.

Climatic sequence

.1 General

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitg

driff]

is required, preconditioning should be performed as advised by the manufacturer

Annex G).

See]

5.12

The|
5.9.

5.1%

Seg]

IEC 60384-1:20082021,.8:2 with the details from 5.12.2 to 5.12.7.

.2 Initial measurements

initial measurements for the climatic sequence are the measurements carried out in 5
3 or 5.10.3 as. appropriate.

.3 Dry heat
IEC-60384-1:20082021, 8.2.3 with the following details.

as
hen

nce
see

5.3,

No measurements are required at the upper category temperature.

5.12.4 Damp heat, cyclic, test Db, first cycle

See

IEC 60384-1:20082021, 8.2.4.

5.12.5 Cold

See

IEC 60384-1:20082021, 8.2.5 with the following details.

No measurements are required at the lower category temperature.
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5.12.6 Damp heat, cyclic, test Db, remaining cycles

See |IEC 60384-1:20082021, 8.2.7.

5.12.7 Final inspection, measurements, and requirements

See |IEC 60384-1:20082021, 8.2.8 with the following details.

Recovery shall be for 24 h £ 2 h under standard atmospheric conditions for testing.

Aftwwﬁmhﬂmﬂ—mwmmmmhﬂ—mﬁ the
reqlirements of Table 9.

Table 9 — Climatic sequence — Requirements

Inspection or Inspection or Requirements
measurement measuring method

Vispal examination 5.2 No visible damage. In visualinspection after the
test, the coating of the gapacitor shall not have anjy
cracks exposing interdaktive parts or in defined
insulated areas (the'creepage distance and
clearance specifieduh Table 3 shall be ensured).
The marking shall)be legible

Capacitance 5.3.2 The final capacitance value shall be within 5 %2 of
the value(measured in 5.5.3, 5.9.3 or 5.10.3 as
appliecable

Tangent of loss angle 5.3.3 Thetincrease of tan & over the value measured in

(mgtallized capacitors only) Group 0 shall not exceed
0,008 for C\, =1 pF
0,005 for Cy > 1 pF

Registance 5.3.4 |AR / Rl <59

(if applicable) a

Voltage proof 531 Test voltage given in Table 4
No permanent breakdown or flashover is permittefl

Inspilation resistance 5.3.5 Greater than 50 % of the applicable limits of Tabl¢ 5
or Table 6

a8 |For ceramic capacitors, the capacitance difference shall not exceed 10 %.

5.13 Damp heat,'steady state (DHSS)

5.13.1 General

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitgnce
driftl is required, preconditioning should be performed as advised by the manufacturer (see
Anniex-G)

Annex | describes specific humidity robustness grades, tests, and requirements for applications,
where high stability under high humidity operating conditions is required. A sample tested to
comply to one of the robustness grades of Annex | fulfils the requirements of the second half of
the sample described in 5.13.3 (DHSS with voltage applied), and the test results are valid for
approval testing in accordance with 8.4, Annex F or Annex K. 11

See |IEC 60384-1:20082021, 8.3 with the details from 5.13.2 to 5.13.4.



This prevents unnecessary duplication of testing when more severe test conditions are followed.
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5.13.2 Initial measurements

Initial measurements have been carried out in Group 0 of Table 14 or Table 15.

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

5.13.3 Test conditions

The sample shall be divided to two parts of equal size.

The| first half of the sample shall be tested without voltage applied with following prefefred
severities:

— Temperature: 40 °C + 2 °C;
— Relative humidity: (93 £ 3) %;

— Duration: 21 days or 56 days, in line with the climatic category of the eapacitor.

Thel| other half of the sample shall be tested with rated“AC voltage applied in the following
conglitions: 12

— Temperature: 40 °C + 2 °C;
— Relative humidity: (93 £ 3) %;
— Duration: 21 days.

5.13.4 Final inspection, measurements, and requirements

Redovery shall be for 1 h to 2 h under standard atmospheric conditions for testing.

After recovery, the capacitorsitested without voltage shall be visually examined and measyred
and|shall meet the requirements of Table 10.

After recovery, the gapacitors tested with voltage shall be visually examined and measured|and
shal|l meet the requirements of Table 11. The electrical requirements of Table 11 are identical
to those of Table 1.



The DHSS test is made more severe than it was in the previous edition. The additional test with voltage aims to offer a better guarantee than before to screen out marginal designs, especially when the capacitor designs are getting smaller and smaller.
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Table 10 — Damp heat, steady state —
Requirements for samples tested without voltage applied

Inspection or Inspection or Requirements
measurement measuring method
Visual examination 5.2 No visible damage. In visual inspection after the

test, the coating of the capacitor shall not have any
cracks exposing internal live parts or in defined
insulated areas (the creepage distance and
clearance specified in Table 3 shall be ensured).
The marking shall be legible

Caparcitance 5372 T e fimatcapacitance vatue shatt-bewittim 5% of
the value measured in Group 0 of Table 16 or4
Table K.3, as applicable
Tangent of loss angle 5.3.3 The increase of tan & over the value measured in
(mgtallized capacitors only) Group 0 shall not exceed
0,008 for C\y =1 pF
0,005 for C\ > 1 pF
Registance 5.3.4 |AR / Rl <59
(if applicable) a
Voltage proof 5.3.1 Test voltage as in Table 4
No permanent breakdewn or flashover is permitte
Insplation resistance 5.3.5 Greater than 50.%) of the applicable limits of Tablg 5

or Table 6

@ |For ceramic capacitors the capacitance difference shall not exce€d 15 %.

Table 11 — Damp heat, steady state -\Requirements for samples tested
with voltagerapplied 13

Measurement Measuring meéethod Requirements

Vispal examination 52 No visible damage. In visual inspection after thg
test, the coating of the capacitor shall not have
any cracks exposing internal live parts or in
defined insulated areas (the creepage distance
and clearance specified in Table 3 shall be
ensured).

The marking shall be legible

«

Capacitance 5.3.2 Metalized capacitors: [ac | <10 %

Ceramic capacitors: lac | <15 %

=]

Tarjgent of loss angle 5.3.3 The increase of tan & over the value measured

hall
(mdtallized capacitors only) Group 0 shall not exceed

0,024 for Cy <1 pF?

0,015 for Cy> 1uF @

IS

Redistaree 53-

(if applicable)

SRTRIZ5 %

Voltage proof 5.3.1 Test voltage as in Table 4

Insulation resistance 5.3.5 > 50 % of the applicable limits of Table 5 or
Table 6, or minimum 200 MQ, whichever is higher

The change of capacitance value depends on technology, and, as is for example the case for ceramic capacitors,
can be reversible. Thus, the requirements are different.

2  For certain applications, smaller values for the increase tan § can be required.

5.13.5 Sample size summary for humidity tests 14

Table 12 shows sample sizes for humidity tests in accordance with 5.13, Annex H and Annex I.



This is a new requirements table for DHSS test with voltage. The requirements are somewhat relaxed from the requirements in the test without voltage but according to good industrial practise. The electrical requirements in Table 11 are same as in Table I.1 in Annex I defining the specific humidity robustness grades.

Table 12 is put here to help the reader to understand how many pieces shall be tested in different tests / test combinations.
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Table 12 — Sample sizes for humidity tests

DHSS Test group Without Ug AC applied Ug DC applied
voltage
5.13 6 6°
Annex H, Table H.1 +0 +0 + 62
Annex |, Grade (I), (1), (1lI) +0 10 + 64

NOTE The + sign in front of the numbers means an additional sample to the samples
of 5.13.

2 Additional sample if the capacitors are also specified for Ui DC exceeding Ug AC
(RMS)

b See 5.13.1

5.14 Impulse voltage
5.14.1 General

Thig test is to be carried out as a sequence with the endurance test.described in 5.15.

5.14.2 Initial measurements

Initial measurements have been made in Group 0 of Table/17 or Table K.3.

When preconditioning is performed, initial méasurements shall be carried out after
pre¢onditioning.

5.14.3 Test conditions

Each individual capacitor shall be subjected to a maximum of 24 impulses of the same poldrity.
The|time between impulses shall be-not less than 10 s. The peak value of the voltage impplse
shall be as given in Table 1 and Table 2.

The|rise time, ¢, is defined as 7, = (199 — #30) * 1,67. Time ¢, is the front time 7 defined in
IEC|60060-1:2010, 7.1.18.

The|decay time ¢4 is the same as time to half value T, defined in IEC 60060-1:2010, 7.1.23.

The| waveform¢will be determined by the test circuit parameters. Details of the test circuit|are
givegn in Annex A.

Bef?re use, the functioning of the circuit shall be checked using Cyx values of 0,01 yF and 0,1 pF
and the values for the other circuit elements as given in Table A.1. The rise time ¢, and decay
time ¢4 shall be within 0 % + 50 % of the values given in Table A.2. The capacitors Cy used for
this check should not be high-permittivity ceramic.

If the waveform from the check shows a damped oscillation, the peak-to-peak value of this
oscillation, U, shall be not greater than 10 % of the peak voltage of the impulse Usg as shown

pp’
in Figure 6.
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Figure 6 — Impulse wave form

5.14.4 Requirements

Thefre shall be no permanent breakdown or flashover.

If any three successive impulses are shown by the oscilloscope‘monitor to have had a waveﬂorm
indicating that no self-healing breakdowns or flashovers have'taken place in the capacitor, fhen
no further impulses shall be applied, and the capacitor shall be counted as conforming.

indigcating that no self-healing breakdowns or flashovers have occurred, then the capacitor ghall
be gounted as conforming, but, if fewer than thtee impulses are of the required waveform, {hen
the capacitor shall be counted as a nonconforming item.

If al] 24 impulses have been applied to the capaciterand 3 or more of them are of a wave%orm

5.1% Endurance
5.18.1 General

When, for fixed capacitors of cetamic dielectric Class 2, a precise measurement of capacitgnce
driff is required, preconditioning should be performed as advised by the manufacturer (see
Annex G).

The|endurance test shall be started within one week of the completion of the impulse volfage
test] See IEC 60384<1:20082021, 8.5 with the details from 5.15.2 to 5.15.9.

5.15.2 Test)conditions

The|capagitors shall be placed in the test chamber in such a manner that no capacitor is within

25 mmiof any other capacitor.

However, there is an exception, when the width or diameter of the capacitor is less than 25 mm,
then the distance between the capacitors may be reduced to the value of this width or diameter,
provided that this causes no extra heating of the capacitors. If in doubt, the 25 mm spacing
shall be used.

The capacitors shall not be heated by direct radiation and the circulation of the air in the
chamber shall be adequate to prevent the temperature from exceeding +3 °C of the specified
temperature at any point where capacitors are placed.

For non-self-healing capacitors, a 1 A fuse or larger, if the capacitance value under test so
requires, shall be connected in the supply circuit, and shall not rupture during the test.
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NoTE—For self-healing capacitors, a fuse or other device of suitable sensitivity may be
connected in the circuit of each capacitor to indicate if a failure occurs.

5.15.3 Sampling

The sample for the endurance test shall be divided, if necessary, into two or three parts
according to the numbers given in Table 15, Table K.1, Table 17, or Table K.3, so that separate
tests—may can be carried out on the X-capacitors, the Y-capacitors, and the lead-through
arrangements.

For example, when testing delta capacitor units (see 3.1.9), 12 capacitor units shall be tested
accoprding to 5.15.5 and another 12 units according to 5.15.6. When testing a Class Y
lead-through capacitor (see 3.1.8), 12 capacitors shall be tested in accordance with 5,156 |and
six dinits in accordance with 5.15.7.

5.15.4 Initial measurements

Initial measurements have been carried out in 5.14.2.

5.18.5 Endurance for Class X capacitors and RC units containing Class X capacitorls

For|multi-section capacitors, all X-sections shall be tested in parallel, if necessary, by shonting
out [any Y-sections. For T-connected capacitors (see 3.1.9),-the test shall be carried|out
between the terminals normally connected to line and neutral;

The|capacitors and RC units, for which no rated temperature is given, shall be submitted tp an
endprance test of 1 000 h at upper category tempepature at a voltage of 1,25 Ug, except [that

oncg every hour, the voltage shall be increased to voltage Ug RMS for 0,1s, where
Ug 1,5 x Ugor 1000V RMS, whichever is higher. Each of these voltages shall be appligd to

each capacitor individually through a resistor of 47 Q, with a tolerance of 5 %. The suitable
circpit is shown in Annex B.

NOoTE—The value of this resistor is.chosen to simulate the high-frequency impedance of|the
supply mains. For capacitors withcapacitance value above 10 pF, the dissipated power in| the
resiptor becomes large. With. increasing capacitance values the dissipated power may risg to
unpfactical level. In this kind of situation, safety test houses may allow a lower resistance value
of 5| % of the reactance value of the test capacitor C, to be used.

RC units, for which™a-rated temperature is given, shall be mounted in the manner specified by
the Imanufacturet;_and the oven shall be stabilized at the rated temperature without vol{age
applied to the/capacitors. The voltage shall then be switched on and the time counted from|this
moment.

After thermal stability due to internal heating of the resistor has been re-established, the dase
temwwmwﬂmmw ory

temperature.

The test circuit should be designed so that voltage transients and current surges are avoided
during switching. This may be achieved by discharging the capacitor before switching to the
new voltage provided that the total time taken to change over to Ug RMS and back does not

exceed 30 s.

5.15.6 Endurance for Class Y capacitors and RC units containing Class Y capacitors

For multi-section capacitors, all Y-sections shall be tested in parallel, if necessary, by shorting
out any X-sections. For T-connected capacitors (see 3.1.9), the terminals normally connected
to line and neutral shall be shorted and the test shall be carried out between them, and the
terminal normally connected to earth.
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The capacitors shall be submitted to an endurance test of 1 000 h at an upper category
temperature at a voltage of 1,7 Ug, except that once every hour the voltage shall be increased

to voltage Ug RMS for 0,1 s, where Ug =4:5-Fp-or 1 000 V RMS;—whicheveris-higher. Each
of these voltages shall be applied to each capacitor individually through a resistor of 47 Q with

ato

lerance of +5 %. The test circuit is shown in Annex B.

The test circuit should be designed so that voltage transients and current surges are avoided
during switching. This may be achieved by discharging the capacitor before switching to the
new voltage provided that the total time taken to change over the Ug RMS and back does not

exceed 30 s.

5.18.7 Endurance for the lead-through arrangements

In a

ddition to the endurance tests of the capacitors in accordance with 5.15.5 andy5.15.6,

current-carrying capacity of the lead-through arrangements shall be tested. All thellead-thro
wirgs shall be connected in series and the capacitors submitted to an endurancetestof 1 0
withl a current of 1,1 Ig passing through the lead-through wires. During this’test, no voltag

app

The|
sha

ied to the capacitor dielectric.

capacitors shall be mounted in the manner specified by the-manufacturer, and the g
| be stabilized at the rated temperature without current passingthrough the capacitors.

currnent shall then be switched on and the time counted from<his’moment.

the
ugh
DO h
eis

ven
The

After thermal stability has been re-established, the case temperature of one of the capacitors

sha

| be measured. It shall not exceed the upper cate€gory temperature.

5.15.8 Test conditions — Combined voltage/current tests

For
diffi

culty to apply both test voltage and current to the capacitor at the same time. If prescr

some types of capacitors, such as coaxial lead-through capacitors, it is possible without

bed

in the detail specification, a combined endurance test of 1 000 h may be carried out instead of

the
test

fests of 5.15.5 (or 5.15.6) and 5.45:7 by using the number of specimens appropriate fof
of 5.15.5 (or 5.15.6) and 1;d_times the rated current flowing through the lead-thro

arrgngements.

The|
exc

case temperature of.one of the capacitors shall be measured as in 5.15.7. It shall
bed the upper category temperature.

5.18.9 Final inspection, measurements, and requirements

The

capacitorsshall be visually examined and measured in the order given in Table 13.

the
ugh

not
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Table 13 — Endurance — Requirements

Inspection or Inspection or Requirements
measurement measuring method

Visual examination 5.2 No visible damage. In visual inspection after the test,
the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated
areas (the creepage distance and clearance specified
in Table 3 shall be ensured).

Capacitance 5.3.2 The final capacitance value shall be within 10 % 2 of
the value in Group 0 of Table 15 or Table K.1 as
applicable

Tangent of loss angle 5.3.3 The increase of tan & over the value measurediin

(mgtallized capacitors only) Group 0 shall not exceed
0,008 for Cy = 1 pF
0,005 for C\ > 1 pF

Resgistance (if applicable) 5.3.4 |AR / Rl <10 %

Voltage proof 5.3.1 Test voltage as in Table 4
No permanent breakdown-or flashover is permitte

Insplation resistance 5.3.5 Greater than 50 % ,of.the applicable limits of Tablg 5
or Table 6

a8 |For ceramic capacitors the capacitance difference shall not exceed 20/%-

5.11 Charge and discharge

5.14.1 General

Thig test is applicable only to metallized capacitors, ceramic capacitors and RC units uging
such capacitors.

See| IEC 60384-1:20082021, 6.11 with'the details from 5.16.2 to 5.16.4.

5.16.2 Initial measurements

Initinl measurements have been made in Group 0 of Table 15 or Table K.1. In addition, ex¢ept
for RC units, tan ¢ shalllbe measured in accordance with |IEC 60384-1:20082021, 6.4 with|the
follqwing details.

Cn: < twuF Cn: >1 pF

FreLuency: 10 kHz Frequency: 1 kHz

Volfage; 1V RMS. max. Peak voltage: < 3 % of rated voltage

WhUII plUbUlIditiUllillg ib pUIfUIIIIUU‘, Illltldi IIIUdbuIUIIIb‘IItb b;ld” IL)U bdlliUd UU‘l cftel’

preconditioning.

5.16.3 Test conditions

The capacitors shall be subjected to 10 000 cycles of charge and discharge at the rate of
approximately one operation per second.

Each cycle shall consist of charging and discharging the capacitor. For AC capacitors, the test

voltage shall be V2 x Ur and for DC capacitors the test voltage shall be Ug.

Each capacitor shall be individually charged by applying the test voltage through a resistor with
the value
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220 x 10°°
N

R Q

or the value required to limit the charge current to 1 A (or to the higher current value given in
the detail specification), whichever resistance value is the greater.

Each capacitor shall be individually discharged through a resistor of such a value that the
maximum rate of change of voltage (dU/d¢) shall be approximately 100 V/us.

For[RTunits, If it Is impossible to achieve a discharge rate of 100 V/[s, the RC unit shall be
disdharged through a short circuit.

The]circuit is given in Annex C.
In Ahnex E (Pulse test circuits), alternative possibilities for a test circuit are given for informdtion.

5.16.4 Final measurements and requirements

The| capacitor shall be measured and shall meet the requirements-efiTable 14.

Table 14 — Charge and discharge — Requirements

Inspection or Inspection or Requirements
measurement measuring method
Capacitance 5.3.2 The final capacitance value shall be within 10 % 2|of
the value in Group 0 of Table 15 or Table K.1, as
applicable
Tan § for 5.16.2 The increase of tan & over the value measured in
CyE1HF 5.16.2 shall not exceed 80 x 107*
/=0 kHz
(if applicable)
Tan o for 5.16.2 The increase of tan § over the value measured in
CyP 1 wHF 5.16.2 shall not exceed 50 x 107*
=1 kHz
(if applicable)
Registance 5.3.4 |AR / Rl <10 %
(if 4pplicable)
Insplation resistance 5.3.5 Greater than 50 % of the applicable limits of Tablg 5
or Table 6
a8 |For ceramicCapacitors, the capacitance difference shall not exceed 20 %.

5.17 “Radiofrequency characteristics

The detail specification may prescribe measuring methods and requirements for one or more of
the following radiofrequency characteristics:

— the main resonant frequency of the capacitor;

— insertion loss (the methods of CISPR 17 shall be used where possible);

— resistance at resonant frequency;

— impedance of the capacitor;

— inductance of the capacitor.
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5.18 Passive flammability test
5.18.1 Testing according to IEC 60384-1
5.18.1.1 General

See IEC 60384-1:20082021, 10.1 with the following details.
No test according to Group 0 and no preconditioning are required.

The _test shall be carried out on 6 to 18 specimens, depending on the number of case sizes
tested. The smallest, a medium (in the case of more than 4 case sizes in the range \tq be
qualified), and the largest case size in the range to be qualified, shall be tested. For each dase
size, 3 specimens, each of the highest and lowest capacitance values of the range tq be
qualified, shall be tested.

The| flame shall be applied for the period of time specified in the generic specificdtion
corresponding to the volume of the specimen and the category of flammahility specified in[ the
detail specification.

The| preferred category is category B. If category C is used, it-has-te shall be agreed between
the component supplier and the customer.

Exemption: for components smaller than 1 750 mm3, passive flammability category € is
permitted.

Paskive flammability categories better than C may.require flame retardant additives, which-may
can|be considered to cause environmental impact. These categories should be subjedt to
disdussion between manufacturers and customers to find a compromise between safety |and
envlronmental requirements.

For|surface mount capacitors consisting of ceramic and metal, only the passive flammability
test|can be omitted.

5.18.1.2 Requirements

The[burning time specified.in the generic specification shall not be exceeded by any specimen.
The|tissue paper shallinot ignite. No electrical measurements are required.

5.18.2 Alternative passive flammability test

5.18.2.1 Geéneral

In situations where the components do not have passive flammability category B, or where
catggoty C has not been agreed upon, and the volume of the capacitor is greater {han
1 750 mm?3, or when the polymeric enclosure materials are not classified V-0 in accordance with
IEC 60695-11-10, the following alternative test method can be used.

Three samples of the component are to be subject to three 15 s applications of a test flame,
the period between the applications of the flame being 15 s. The component shall not continue
to flame for more than 15 s after the first and second applications, and not more than 60 s after
the third application.

5.18.2.2 Requirements for the test set-up

For the test, a supply of gas having a heating value of approximately 37,6 MJ/m3 (1 000 Btu/ft3)
at normal pressure and a 9,5 mm (3/8 inch) diameter Tirril burner are to be used. The test flame
is to be 19 mm (3/4 inch) high with the air ports of the burner closed.
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5.18.2.3 Requirements for the conduction of the test

Each component is to be mounted in a position that is most conductive to the ignition of the
component and that is permitted by the physical construction of the component. The tip of the
test flame is to be applied at any location on the body of each component. No electrical
measurements are required.

5.19 Active flammability test

5.19.1 Test condition
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active flammability test for Y1 capacitors is omitted because the current test setsups
te excessive over-voltage on a Y1 capacitor. 45

sample of 24 specimens shall contain equal numbers of specimen of the highest, the loy
an intermediate capacitance value in the range to be qualified. Where“there are only
pcitance values in the range, 12 of each value shall be tested; where only 1 capacitd
e is involved, 24 capacitors of this value shall be tested.

specimens shall be individually wrapped in at least 1, but not more than 2, complete la
heesecloth. The cheesecloth shall be untreated pure cottof. cloth with a mass of 20 g/m

/m2 and having a count of between 22 x 27 and 45 % 34 that has been pre-conditig
er standard atmospheric conditions for testing for 24 h-

h test capacitor shall be mounted by its leads. The free length of the leads-shall-prefer
ild be at least 25 mm.

g the test circuit of Figure 7 with the follewing details:
- 5 kV +S % for capacitorstof Class Y2

= 4 kV +S % for capacitors of Class X1

L 2,5 kV "§u%for capacitors of Class X2 and Y4

h sample shall be subjected to 20 discharges from a tank capacitor, charged to a voll
when—discharged, places U, across the capacitor under test. The interval betw

cessive discharges shall be 5+(1) s. See Figure 8 for the intended wave form.
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Throughout the test, the U~ shall be applied across the capacitor under test and shall be

maintained for 120 +(1)O s after the last discharge, unless a blown fuse causes an open circuit.



This gives the reasoning why the Y1 capacitors are not tested in active flammability test. The field experience from long period of time supports that active flammability is not a problem for Y1 capacitors.
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Figure 8 — Fundamental AC wave with randomly, not synchronized,
superimposed high-voltage pulse

Tr = isolation transformer for blocking with secondary voltage of U~, and a suffigient
capacity to supply 16 A to the test’circuit at a voltage of 2 0,9 x U~;

Cy, €, = filter capacitor 1 yF + 10 %,;

Ly.|Ly = rod core choke 1,56 mH + 20°%, 16 A;

Cs = capacitor 0,033 pF + 5.%;

R = 502 % for C, 24.dF;

= 10Q %2 %for.0,22 yF < C, <1 uF;
= 40 Q + 2(% for 0,068 uF < C, < 0,22 pF;
= 100.Q.£2 % for C, < 0,068 pF;

Cy = capacitor under test;

U, =\ voltage to which the tank capacitor C, is charged;

Ci = tank capacitor is 3 yF £ 5% up to C, = 1 pyF, and 23 x C, for C, > 1 yF. [The
recommended value is 3 x C, but it is allowed to use a reasonably higher value
in order to standardize the test equipment;

F = slow-blow fuse, rated 16 A.

NOTE C,, C,and L, ... L, comprise a mains protection filter; other configurations for these filters are permitted.

C3 and C; should have a suitable voltage compared to the required U, during test.
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5.19.2 Adjustment of U;

The AC voltage shall be switched off by S, and the secondary winding of the transformer shall
be short-circuited by S,. A set-up capacitor of capacitance C, with a tolerance of + 5 % shall
be connected in the C, position. U, shall then be adjusted so that the required peak voltage U;
appears across capacitor C,, as demonstrated by the oscilloscope. The test shall then be
conducted on the capacitors under test using this setting of U..

5.19.3 Requirements

The|cheesecloth around the capacitor shall not burn with a flame. No electrical measuremeénts
are frequired.

5.2Q0 Component solvent resistance (if applicable)

See| IEC 60384-1:20082021, 9.4 with the following details.

The| detail specification shall specify whether tests are required using’solvents additiongl to
thoge specified in the generic specification.

The|requirements shall be specified in the detail specification.

5.21 Solvent resistance of the marking

See| IEC 60384-1:20082021, 9.5 with the following details.

Thel| detail specification shall specify whetheritests are required using solvents additional to
thoge specified in the generic specification.

The[marking shall be legible.

6 [Marking

6.1 General

See| IEC 60384-1:20082021, 4.3 with the following details.

6.2| Informatign-for marking

The|information given in the marking is normally selected from the following list. The relgtive
impprtance-of each item is indicated by its position in the list:

a) manufacturer's name or trademark;

b) manufacturer's type designation or the type designation given in the detail specification;
c) capacitor class and subclass;

d) recognized approval mark;

e) nominal capacitance(s) and nominal resistance;

f) rated voltage and nature of supply (alternating voltage may be indicated by the symbol "~

(IEC 60417-5032:2002) and direct voltage by the symbol ==~ (IEC 60417-5031:2002) or
——, also AC and DC respectively for alternating voltage and direct voltage can be used;

g) the method of connection, if necessary;
h) rated current of the conductor (in the case of a lead-through capacitor);
i) tolerance on-+ated nominal capacitance if different from +20 %;
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j) climatic category, followed by a letter indicating passive flammability category;
k) rated temperature;
[) year and month (or week) of manufacture;

m) reference to the detail specification.
6.3 Marking of capacitors

The capacitor shall be clearly marked with a), b) and ¢) and also d), e) and f) in 6.2, if these
are not implied by b) in 6.2, and as many of the remaining items as are considered necessary
by the manufacturer. The marking shall be sufficient to enable clear identification of the
conjponent.

NOTE For surface mount components, see Annex F.

It islrecommended that a caution mark be printed on the printed circuit board-where a sgfety
conlponent is mounted. The caution mark shall be ISO 7000-0434:2004. The mark is in the form
of ap upright equilateral triangle containing an exclamation mark.

Thig caution mark is referred to inHEC-60065:2001,-5-3 IEC 62368-%2018, Annex F (Clquse
F.5]and Table F.2). Any duplication of information in the marking(on’the capacitor should be
avo|ded.

6.4| Marking of packaging

The| package containing the capacitor(s) shall be cleafly marked with all the information listed
aboye. National approvals may be indicated by lettering as an alternative to the approval mark.

6.5| Additional marking

Any|additional marking shall be applied in‘such a way that no confusion can arise.

7 |Information to be given in a“detail specification

71 General

Detail specifications shall-b& derived from the relevant blank detail specification.

Detail specifications ‘'shall not specify requirements inferior to those of the generic, sectiona|, or
blarlk detail specification. When more severe requirements are included, they shall be listdd in
the relevant clause of the detail specification, and indicated in the test schedules, for example,
by gn asterisk:

The|information in 7.2 to 7.4 shall be given in each detail specification and the values qu¢ted
shall-préferably should be selected from the appropriate clause of this sectional specificatipn.

Requirements for safety approved AC capacitors to be used in DC applications are found in
Annex H.

NoFE—The information given in 7.2 may, for convenience, be presented in tabular form.
7.2 Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easy recognition and for comparison
of the capacitor with others. Dimensions and their associated tolerances, which affect
interchangeability and mounting, shall be given in the detail specification. All dimensions-shalt
preferably should be stated in millimetres; however, when the original dimensions are given in
inches, the converted metric dimensions in millimetres shall be added.
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Normally, the numerical values shall be given for the length, width and height of the body and
the wire spacing, or for cylindrical types, the body diameter and the length and diameter of the
terminations. When necessary, for example when several capacitance values/voltage ranges
are covered by a detail specification, their dimensions and their associated tolerances shall be
placed in a table below the drawing.

When the configuration is other than that described above, the detail specification shall state
such dimensional information as will adequately describe the capacitor. When the capacitor is
not designed for use on printed boards, this shall be clearly stated in the detail specification.

7-3 l"‘l\lullt;llu

The| detail specification shall specify the method of mounting to be applied for normakuse |and
for {he application of the vibration, bump, or shock tests. The capacitors shall be mounted by
theiJ; normal means. The design of the capacitor may be such that special mounting_fixtures|are
reqlired for its use. In this case, the detail specification shall describe the mounting fixtlires
and|they shall be used in the application of the vibration, bump, or shock tests:

If rgcommendations for mounting for "normal” use are made, they shauld be included in|the
detqil specification under "Additional information (not for _iflspection purposes)"| If
recommendations are included, a warning can be given that the full.vibration, bump and shock
performance may not be available if mounting methods other thanthose specified in 1.1 of the
detail specification are used.

7.4 | Ratings and characteristics
7.401 General

Thel| ratings and characteristics shall be in ‘gecordance with the relevant clauses of |this
spetification, together with information in 7.4(2 to 7.4.4.

7.4 Nominal capacitance range

The|preferred range of capacitancealues should follow 4.2.1 of this document.

Whe¢n products approved toxthe detail specification have different ranges, the following
statement should be addedi”"The range of values available in each voltage range is given in
the register of approvals, available for example on the website www.iecq.org".

743 Nominal resistance range (if applicable)

The| preferredirange of resistance values should follow 4.2.4 of this document.

7.4. Particular characteristics

Additi chara

specifyl the

component adequately for design and application purposes.

8 Assessment procedures

8.1 Primary stage of manufacture

For wound capacitors, the primary stage of manufacture is the winding of the capacitor element.
For single-layer ceramic capacitors, it is the metallization of the dielectric to form the electrodes.


http://www.iecq.org/
https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

- 44 - IEC 60384-14:2023 CMV © IEC 2023

For fixed multilayer ceramic capacitors, it is the first common firing of the dielectric-electrode
assembly. For other types of capacitors, it shall be the same as that given in the sectional
specification for the dielectric used.

8.2  Structurally similar components

Capacitors considered as being structurally similar are capacitors produced with essentially the
same processes and materials, though they-may can be of different case sizes and capacitance
values, but of the same class and rated voltage.

8.3 —Certifiedrecords—of released-lots

The| information required in IEC 60384-1:20082016, Q.1.5, shall be made available: when
pregcribed in the detail specification and when requested by a customer. After the ‘endurgnce
test| the parameters for which variable information is required are capacifance change,
resiptance change (for RC units), tan ¢ and insulation resistance.

8.4| Approval testing
8.4.1 Safety tests only qualification approval

Tabje 15 and Table 17 form a schedule limited to tests concernihg safety only requiremgnts.
The| schedule to be used for safety tests only approval will be-6n-the-basis because of f|xed
sample sizes as given in 8.4.3 and Table 15 of this document. Prior to the approval tedting
beirng carried out, it is necessary to submit to the certification body a declaration of design (see
Annlex D) registering essential data and basic design details of the capacitors for which
appfroval is sought.

8.4.p Qualification approval based on saféty and performance testing

Segl Annex K. 16

8.4 Qualification approval based on the fixed sample size procedure
8.4.3.1 Sampling

Capacitors of each technology, rated voltage, class, and subclass shall be separately qualified.
The| total number of capacitors of each rated voltage in each group is given in Table 15 |and
Tabje 16 or Table K.1.)and Table K.2. For multi-section capacitors containing section$ of
diffgrent classes and for lead-through capacitors, larger numbers are required as indicated.

The| sample shall*contain equal numbers of specimens of the highest and lowest capacitgnce
valyes in thexrange to be qualified, except for the passive flammability test of 5.18 and|the
actiye flammability test of 5.19. For the passive flammability test, the rules of sampling in 5.18,
foothote d to Table 15 and footnote h to Table 16 shall be followed. For the active flammability
test| \the rules of sampling in 5.19 shall be followed. For RC units, the sample of highest
capdcitance vatues and the sampie of the towest capacitance vatues shaltcontain each, as
nearly as possible, an equal number of resistors of the highest and lowest resistance value in
the range to be qualified. Where only one capacitance value is involved, the total number of
capacitors as stated in Table 15 and Table 16, or Table K.1 and Table K.2 shall be tested.

Spare specimens are permitted as follows:

1) one per capacitance value which may be used to replace the permitted nonconforming item
in Group O;

2) the remainder of the spare specimens may be required, if it is necessary, to repeat any test
according to the provisions of footnote a of either Table 15 or Table K.1.

The numbers given in Group 0 assume that all subgroups are applicable. If this is not so, the
numbers may be reduced accordingly.


This document is primarily for safety components and their qualification. It can be used also for performance testing, but this qualification test program is moved to normative Annex K.
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When additional groups are introduced into the qualification approval test schedule, the number
of specimens required for Group 0 shall be increased by the same number as that required for
the additional groups.

Table 15 and Table 16 or Table K.1 and Table K.2 give the number of specimens to be tested
in each group or subgroup together with the permissible number of nonconforming items in each
case.

Where a range of ceramic capacitors to be qualified consists of different temperature
characteristics (or coefficients) or the range of capacitors employs significantly different
mat-l;a:o, tre ealllp:co for Gluupo 2, 3-and—7Fshattcontainthe epcu;f;cd quallt;ty of OPCU;II ens
for gach temperature characteristics (or coefficients) or dielectric material group as specified
belqw:

Gropp A: Materials with-dielectric-constant relative permittivity &, < 500
Gropup B: Materials with-dielectric-constant relative permittivity 500 < £, <5 000
Gropp C: Materials with-dielectricconstant relative permittivity £, 25 000

8.4.3.2 Tests

Ong of the complete series of tests indicated in Table 15 and~Table 17 or Table K.1 [and
Tabje K.3 is required for the approval of capacitors of a single“rated voltage covered by [one
detaqil specification. The tests of each group shall be carried out in the order given.

For|surface mount capacitors, the specific requireniénts of Annex F and Table F.1 shal] be
follqwed.

The|lwhole sample shall be subjected to the tests of Group 0 and then subdivided for the other
groups.

A specimen found to be a nonconforming item during the tests of Group 0 shall not be used for
the pther groups.

"Ong nonconforming item" is.¢ounted when a capacitor has not satisfied the whole or paft of
the tests of a group.

Appjroval is granted when the number of nonconforming is zero.

Fixgd sample size‘test schedules for safety tests only are given in Table 15, Table 16, [and
Tabje 17, for‘ssafety and performance qualification approval in Table K.1, Table K.2 |and
TabJe K.3.-Fable 15, Table 16, or Table 17 include the details for the sampling and permisgible
nonponforming items for the different tests or groups of tests. Table 17 or Table K.3, togefther
with| the details of test contained in Clause 5, give a complete summary of test conditions |Jand
perfiormance requirements _and indicate where for test methods or conditions of test_a chbice
shall be made in the detail specification.

The conditions of test and performance requirements for the fixed sample size schedule should
be identical to those prescribed in the detail specification for the quality conformance inspection.
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Table 15 — Sampling plan — Tests concerning safety requirements only

Number of Permitted number of
Subclause specimens nonconforming items
Group Test of this tested per per rated voltage
document rated voltage and subclass
and subclass Per group
Visual examination 5.2 28 30 + 12b+ 0
Capacitance 5.3.2 6C +
Resistance 5.3.4 6 to189
Voltage proof 5.3.1 +24
0
Insulation resistance 5.3.5
Tangent of loss angle 5.3.3
(metallized film and paper
capacitors only) 17
Spares 14 + 6°
Creepage distances and 5.2.2
clearances
Robustness of terminations 54 6 oa
A
Resistance to soldering heat 5.5
Solvent resistance of the 5.21
marking
“ Damp heat, steady state 5.13 12 02
Impulse voltage 5.14
Endurance 5.19
3 Class X and RC units 5.15.4 12b
Class Y and RC units 5.15.5 12b 0@
Lead-through® 5.15.6 6°
6 Passive flammability 5.18 6 to 184 0
7 Active flammability 5.19 24 0
Tegts in Group 0 can be carried out in any practical order, except for ceramic capacitors whose capacitance vdlue
shgll be measured first.
a8 |If one nonconforming-item is obtained, all the tests of the group shall be repeated on a new sample and then
no further nonconferming items are permitted.
b If multi-section capacitors consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taken|for
the tests ©nythe X-capacitors and 12 other specimens for the tests on the Y-capacitors.
¢ |Additional capacitors if lead-through capacitors are tested.
¢_1S8d footnote-htoTable4-

4 The smallest, a medium (in the case of more than four case sizes) and the largest case size shall be tested.

Of each case size, three specimens of the maximum capacitance and three specimens of the minimum
capacitance shall be tested, resulting in six specimens per case size.

¢ Attention is drawn to the option of carrying out a combined voltage/current test, as—preseribed described
in 5.15.8.



There is support from the field experience that in some demanding applications the value of tangent of loss angle of metallized film and paper capacitors may be growing to critical levels. This measurement, and measurements after critical tests, is added as a precaution to guarantee more robust designs of capacitors in demanding applications.

https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 CMV © IEC 2023 —47 -

Table 16 — Test schedule and sampling plan for lot-by-lot tests

Safety tests only

Group Clause number and test referred Inspection level Acceptance number
to Clause 5 of this document IL

A0 5.3.2 Capacitance
5.3.4 Resistance? 100 %P
5.3.1 Voltage proof ¢

A1 5.2 Visual examination S-4 0

Dimensions®

5.3.5 Insulation resistance (Test A) | 0

Teslts in Group A0 and Group A2 can be made in any practical order, except for ceramic capacitors whipse
cappcitance value shall be measured first.

Thel sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.

a2 |f applicable.

May be carried out as end-of-line testing.

¢ [This test may be replaced by in-production testing if the manufacturer~installs SPC on dimensi¢nal

measurements or other mechanisms to avoid parts exceeding limits.

4 [The voltage proof test shall be combined with a suitable monitoririg‘nfethod to detect defects in insulafion

Fesistance.
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Table 17 — Test schedule for safety tests only

Subclause number and test # Conditions of test * n-and-e® Performance requirements #
Group0 Non-destructive See
ebleo
e . sible da_ age
4—2—2—@3‘9&9% O j j j ifi
4.2 1 \oltage-proot Meothod. No-permanen threak-down or
flashover A
_ rable s SV
| | Nopre-drying ey
. O | |
Q 3
R . gk
A\
QO
4.4.2 lFinalmeasurements V-isuaJ-e*ammaﬁ@Q)‘ No-visible-damage
O O j j j isi
. i\ . .
Groupl2 Dﬁ&x‘u&e See
QS
44241 .| Group-0-measurementstobe
@ Lol
@0 B e e A
other half with no voltage
ol ol
;()é applied
4—1—2—3—. O j j j ¥"$‘H'a‘l—e*a":n+n‘a't+en'. j j N’Q—V‘l‘S'Fb'I'e—d‘a'm‘a'g'e" j
Eegible-markmg,
Capacitance See Table 15
Resi if . See T 5
Voltageproof SeeTable 15
Insulation resistance See Table 15
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Group-3 Destructive See
Table-3
used
Peak-voltageseeTtabled-and
Table 2
Voltage—currentand
a1k 7 vi - -
e . sible da_ a8e
Capacitance See Table- 16
Resi if . See T (s
Insulation resistance See Table- 16
Group-6 Destructive See
Table-3
Group-7 Destructive See
Table-3
Subg¢lause number and test @ Conditiens of test 2 nand ¢® Performance requirements?
Group 0 Non-destructive See
Table 15
5.2 Visual examination 8ee%.2.2 No visible damage
Legible marking
5.3.2 | Capacitance See 5.3.2 Within specified tolerance
5.3.4 | Resistance (ifappficable) [ See 5.3.4 Within specified tolerance
5.3.1| Voltage proof See 5.3.1 No permanent break-down or
flashover. No visible damage. [The
creepage distance and clearance
specified in Table 3 shall be
ensured. See detail specificatipn
5.3.83 Tangent of loss angle See 5.3.3 As in Table 5
(metallized film and
paper capacitors only)
5.3.5 Insulation resistance See 5.3.5
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Subclause number and test @ Conditions of test 2 nand ¢® Performance requirements?
Group 1A Destructive See
Table 15
5.2.2 Creepage distances and Asin 5.2.2
clearances
5.4 Robustness of See 5.4 No visible damage
terminations Severity: see detail specification
5.5 Resistance to soldering See 5.5.2
heat (if applicable) )
No pre-drying
See detail specification for the
Method
5.21 | Solvent resistance of the |Solvent: ... Legible marking
marking Solvent temperature: ...
Method 1
Rubbing material: cotton wool
Recovery: ...
5.5.3| Final inspection and Visual examination N¢-visible damage
measurements
Capacitance See Table 7
Resistance (if applicable) See Table 7
Group 2 Destructive See
Table 15
5.13 Damp heat, steady
state
5.13.4 Initial measurements Group 0 measurements to be
used
5.13. Test conditions See 5.18.3
5.13.4 Final inspection and Misual examination No visible damage
measurements Legible marking
Capacitance See Table 10 and Table 11
Resistance (if applicable) See Table 10 and Table 11
Voltage proof See Table 10 and Table 11
Insulation resistance See Table 10 and Table 11
Tan & (if applicable) See Table 10 and Table 11
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Subclause number and test @ Conditions of test 2 nand ¢® Performance requirements?
Group 3 Destructive See
Table 15
5.14.2 Initial measurements Group 0 measurements to be
used
5.14 Impulse voltage See 5.14.3
Peak voltage, see Table 1 and
Table 2
5.14.4 Requirements See 5.14.4 Minimum 3/24 full undisturbed
pulses
5.15 | Endurance See 5.15.2 No permanent breakdown or
. flashover
Duration: 1 000 h
Voltage, current and
temperature: see 5.15.4, 5.15.5,
5.15.6 and 5.15.7
5.15.4 Final inspection and See 5.15.8 Ne_Visible damage
measurements . L Legible marking
Visual examination
Capacitance See Table 13
Resistance (if applicable) See Table 13
Voltage proof See Table 13
Insulation resistance See Table 13
Tan & (if applicabl&) See Table 13
Group 6 Destructive See
Table 15
5.18 | Passive flammability See §118.1.1 See 5.18.1.2
Group 7 Destructive See
Table 15
5.19 | Active flammability. See 5.19.2 See 5.19.3
Tests|in Group 0 can.be carried out in any practical order, except for ceramic capacitors the capacitance valug shall
be mdasured first¢
2 Sybclagsesnumbers of test conditions and requirements refer to Clause 5.
b » ¥ number of specimens, ¢ = number of permissible nonconforming items.

¢ When, for a ceramic capacitor, a precise measurement of capacitance drift is required, preconditioning according
to Annex G should be performed as advised by the manufacturer.
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8.5 Quality conformance inspection
8.5.1 General

Before submission to the quality conformance inspection, an appropriate 100 % voltage proof
test between terminations in accordance with Table 4 shall be carried out.

The details of this test shall be the prerogative of the manufacturer, but the time shall be not
less than 1 s.

If the_test is pprfnrmpd in a time pprind between 1 s and 2 s the \/nl‘ragp of Table 4 shall be

increased to values above curve B of Figure 9.
1,6
1,5
1,4
1,3
]
©
o
g 12
S Curve B
8
S 11
S
S
s 1
L
0,95
0,9
0,85
08
1 1, 12 13 14 15 16 1,7 18 19 2
Test duration (s)
IEC
Figure 9 —Fest-duration{s) Increased voltage for tests below 2 seconds
If a|DC test voltage is used instead of AC for Y-capacitors, it shall be not less than 1,5 times
the AC test vaeltage in Table 4 and further increased to values above curve B of Figure 9.
All ponconforming items shall be removed from the lot prior to lot-by-lot testing.

- o - Pl 1t
8.5.L rorirativn Ot mMiopei oIt 10>

8.5.2.1 Group A-and-B inspection

These tests shall be carried out on a lot-by-lot basis in accordance with Table 15.

A manufacturer may aggregate the current production into inspection lots, subject to the
following safeguards:
a) the inspection lot shall consist of structurally similar capacitors (see 8.2);

b) the sample tested shall be representative of the values and dimensions contained in the
inspection lot:

1) in relation to their number;

2) with a minimum of five of any one value;


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 CMV © IEC 2023 - 53 -

c) ifthere are less than five of any one value in the sample the basis for the drawing of samples
shall be agreed between the manufacturer and the Certification Body.

For Group A tests, the inspection lot shall consist of components of the same rated voltage,
class and subclass and shall be taken from one continuous production run.

No nonconforming items are permitted for Class Y-capacitors in the voltage proof test.

8.5.R.2 Group C inspection — Safety tests only approval

Re-fgualification tests in accordance with Table 17 may be required by the certification HQody
when a change of the declared design as given in Annex D is intended.

The| certification body shall be informed about the intended change(s) and\decide whethef re-
qualification tests-havete shall be performed.

8.5.3 Test schedule for safety tests only approval

The| schedule for the lot-by-lat,tests or criteria for re-qualification is given in Table 16 |and
Annjex D.

8.5.4 Delayed delivery

Re-|nspéction in the case of delayed delivery shall be carried out at intervals not exceeding
three years. When according to the procedures of I[EC 60384-1:20082021, Q.1.7, re-inspection
has-te shall be made, voltage proof at the full relevant test voltage, capacitance, resistance (if
applicable) and insulation resistance shall be checked as specified in Group A inspection and
solderability shall be checked according to Group B inspection.

8.5.5 Assessment level

The assessment level DZ will be used. See Table 18.



https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

- 54 - IEC 60384-14:2023 CMV © IEC 2023

Table 18 — Assessment level

Dz
Inspection subgroup b IL Acceptance number
A1 S-4 0
A2 | 0
B1 S-3 0
Dz
Inspection subgroup b
12 n ca
C1A 6 6 0
CiB* 6 12 0
C1 6 18 0
Cc2 6 1012 0
C3
Class X 12
3 0
Class Y 12
Lead through 6
C4 6 6 0
C5 12 4 0
C6 12 6to 18 0
C7 12 24 0

>

¢ sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.

F inspection level

periodicity in months

sample size

=|permissible number of nonconforming items

If one nonconforming item is"obtained, all the tests of the group shall be repeated on a new sample and tlhen
no further nonconforming items are permitted.

The content of the inspection subgroups is described in the relevant blank detail specification.

The vibration, bump,and shock tests in this subgroup are required to be carried out every 12 months only
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Annex A
(normative)

Circuit for the impulse voltage test

#Phas%&beepemted@uuhat The 1,2/50 pulse shape in equipment standards, for example in
; IEC 62368-1:2018, Annex D, is

defined under open circuit conditions, and a dlfferent shape is accepted in under load condltlons.

Thn test nracr\rlhar’l 5944 ehall hn r\arrlar’l out ||e|nr1 the—circuitof Figure-A- ohri the V-
g igu ues

oot

givegn in Table A.1, as well as the values and tolerances given in Table A.2.

Ry Rs

@9 Cr |:] Rp — ' Cx Oscilloscope
L 4 @ ‘

IEC

C; =[charging (or tank) capacitor Rg = series resistor, or charging resistor

Cp =|parallel capacitor Ry = parallel resistor{on discharging resistor
Cy =|capacitor under test Uy = direct voltage source

R, =|oading resistor

Figure A.1 — Impulse voltage test circuit
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Table A.1 - Values of Cy, Cy, Rp, Rg, Cp

Tab|
sety

tlemipalonloe on 0 (& Rp Rg €,
+10 % +10 % +10 % +10 %
wF wE Q Q pE
————————€x=0;0039 025 2o 82 7800
0,003 9 <« ¢, <0012 025 234 45 800
0.012 €y<0,018 0,25 234 27 7-800
0018 Yal 0027 025 234 2 —
20 3 25 3300
0,027 €,<-0;039
20 3 13 3-300
0,039 Cy<0;056
20 3 9 3-308
0.056 c 0.082
; X="55 20 3 ra 3-300
0;082—<—€y=0:12 20 3 5 34300
042 €x<0-18 20 3 3 3300
C 018
X 3
Nominal value of Cy C; R, Rg Cp
*10 % *10 % 10 % *10 %
nF uF Q Q nF
Cy <39 0,25 234 62 7,8
3,9<Cy =12 0,25 234 45 7,8
12 < Cy = 18 0,25 234 27 7,8
18 < Cy =27 0,25 234 27 -
27 < Cy <39 20 3 25 3,3
39 <(C, <56 20 3 13 3,3
56 < Cy =82 20 3 9 3,3
82 < Cy =™120 20 3 7 3,3
120.X°C, < 180 20 3 5 3,3
Cy > 180 20 3 3 3,3

e A 2xdescribes the reference values and tolerances of Cy, ¢, and ¢4 to verify the test ci

[oF

Table A.2 — Values and tolerances of Cy, ¢, t4

Cy t ty
*2 % (0/+50) % (0/+50) %
uF us us
0,01 1,7 46
0,1 1,6 47

cuit
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Annex B
(normative)

Circuit for the endurance test

test prescribed in 5.15 shall be carried out with the following circuit (see Figure B.1).

Us

Cx
Us

The|
two

for

F capacitor under test.

When the discharging circuit is used, the switching shall be arranged in the following sequg
I

C

O

: ¢
1,25 UR )C ; C
: I ’X

A

or ——
|j47§2
|

1,7 Ug
IEC

Common O

Figure B.1 — Endurance test circuit

- 1,5 x Ug or 1 000 V RMS, whichever is higher

part of the circuit for discharging the capacitor may<be omitted if the switching between
supplies is arranged to take place at the zero voltage point on the sinusoidal wave.
ach occasion when Ug is applied:

switch from position A to position B-TFime for switching and remaining on position B is

[ime on position C is 0,1 s;
Ewitch from position C te'position B. Time for switching and remaining on position B is

switch from positionB to position A. Time for switching is #,.

any capacitor under test, the following condition shall be fulfilled:

1+t +t3+1,<30s

Ewitch from position B to positien C. Time for switching and remaining on position C i$

the

nce
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Annex C
(normative)

Circuit for the charge and discharge test

The test prescribed in 5.16 shall be carried out with the following circuit (see Figure C.1).

&

O
X1 X% IEC
Cy =|capacitor under test
R, =lcurrent-limiting resistor (discharge)
R, =[current-limiting resistor (charge)
S = gwitching device
U = fest voltage

, q, = terminals for oscilloscope connection to observe thexmaximum rate of change of voltage

x

Figure C.1 — Charge and discharge test circuit
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Annex D
(normative)

Declaration of design

(confidential to the manufacturer and the certification body)

The purpose of this description is to register essential data and the basic design of the
capacitors for which approval is sought. The completed form shall be submitted to the relevant
certification body prior to any approval testing; its circulation to the other parties is left to the

ting.

decisionof the manufacturer
Changes to the declared design are permitted only after notifying the certification body-iniwr
In this case, the certifying body will decide on necessary steps to be taken. As a-maximum, a
conplete re-qualification-may can be required.
Redistration number:
(To|be allocated by the certifying body)
1 Applicant
2 Manufacturer
3 Manufacturing site
4 Type designation
5 Class/subclass
6 Circuit diagram
7 Dielectric:
71 Material
7.2 Thickness
7.3 Density (paper only)
7.4 Number of individual layers
8 Electrode(s):
8.1 Material
8.2 Method of production of electrode:
(For example, foil, evaporated onto film or paper)
9 Capacitor element, arrangement of the individual layers
10 Impregnant (if applicable)
11 Encapsulation:
11. Material(S) for cases, resins, etc. (as applicable)
11.2 Material of outer insulation (if applicable)
12 Outline dimensions
Location ‘Date Name Signature
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Annex E 18
(informative)

Pulse test circuits

(A AN
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L~

-

232
N

2 3 4 5 6 0 0,5 1,0 1,5 2,0
IEC 1328/13 IEC 132p/13
ch ¢ tor botl Discl ¢ for inducti . it
Fime-scale-inunitsof-4LC

. . 2 2
- CU-whefe=0-is-thecharge-on-the-capacitor %L[max = ;CUO
Imax =Ug <
I:C—d(t] L
aUu _ Up
dU — Imax dt max VLC
dr |« C

which-oceursat-t =7 /24/LC


Annex E is editorially rearranged but the contents has not been changed from the previous edition.
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Also-since
U= 9L
dt
dirp _Uo
d? | hax L
0 1 2 3 4 5 6
IEC 1330/13

o e cnabiosto b oxcoainalin
atina-of the-swi ..).., harge-—cireditIn
At he-resistive-cirouity there-is-no-such-cdntrol
—2 R .- re—+a =:{..-'==-= be-exceededywhen
av| o o more aiton, o enaree oferhurdres
il RC rmere Y
! | max RC g\
O
L
N
E.1] General <
)
Thig annex describes alternative puls,eﬁting circuits.
A\
N O
E.2] Test circuits \J\_\
*\\O
Figyre E.1 shows the resj@e pulse test circuit alternative and Figure E.2 the inductive [test

circ

it alternative. @ .
S - "
Q- —VN—PH) NN

SHIENCIRNES S

NS

IEC

Figure E.1 — Resistive pulse test circuit
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IEC

Figure E.2 — Inductive pulse test circuit

E.3| Charging of the capacitor

Figyre E.3 shows the charging waveform for both test circuits, which is the same in both cages.

IEC

Figure E.3 — Charge waveform for both circuits

Timpscale is in units of R4C (R4 is the e¢harge resistor). The maximum value of dU/dr is der|ved
as fpllows:

QO =|CU, where Q is the charge-on the capacitor and hence
J=cdU du| _ Imax
? d |max C

E.4| Discharging of the capacitor

E.41 Discharging in resistive circuit

Figure E.4 shows the discharge waveform for the resistive circuit.

IEC

Figure E.4 — Discharge waveform for resistive circuit
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Time scale is in units of R,C (R, is the discharge resistor)

For the resistive circuit Inax =% ->
aul  _ Yo
df |max RC

which occurs at¢ = 0.

E.4)2 Discharging in inductive circuit

Figyre E.5 shows the discharge waveform for the inductive circuit.

IEC
Figure E.5 — Discharge waveform for inductive circuit
Timp scale is in units of vLC .

For|the inductive circuit, if dissipation \is~'neglected, the inductive energy with the initial
capfcitive energy is:

1772 _diepr2 _ c . dU Uy
5 Limax —2CUO > Imax —UO\/Z > dtI = C
max
whi¢h occurs at t=T/2VLC .
Alsq since U:Ld_]‘ > d_L :ﬁ, this gives control of d—L and thus enablep to
ds dt|nax L ds | max

avol|d exceeding this rating of the switch in the discharge circuit.

In thexrésistive circuit, there is no such control, and the rating is liable to be exceeded when
trying to achieve peak discharge.
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Annex F
(normative)

023

Particular requirements for safety test of surface mounting capacitors

F.1

General

Surface mounting capacitors shall, in general, comply with all safety requirements of this
document. Design, material, and mounting technology make it necessary to introduce new tests

and

The|
doc

6.3

The
mar
imp
conj

7.3

Acc
mar
sub
bety

for
trac]

F.2
The|
For

5.3

adjust some existing methods and requirements.

following paragraphs replace corresponding paragraphs in the main section” of
iment.

Marking of capacitors

capacitors shall be clearly marked with a) and b) in Clause 6. The tapacitors may als
ked with as many of the remaining items as possible taking @ccount of the rel3
brtance of each item. The marking shall be sufficient to enable a-clear identification of
ponent.

Mounting

brding to IEC 60384-1:20082021, 5.5 for the safety test according to Table F.1,
ufacturer shall supply the test house with compgnents unmounted or mounted on indivi

Test and measurement procedures
capacitor shallbe tested in accordance with Table F.1 with the following deviations.
an unencapsulated capacitor, test C in 5.3.1 and 5.3.5 shall be omitted.

Robustness of terminations is substituted with IEC 60384-1:20082021, 7.7

IEC

this

b be
tive
the

the
jual

strates, as indicated in Table F.1. The suitability of a proposed substrate shall be agreed
veen the manufacturer and the test laboratéry: Details of the substrate, or substrates, U
he testing shall be included in the test report. An example of a substrate with condug
ks is shown in Figure F.1.

sed
tive

and

60384-1:2021 7 8 and pnrfnrmnd before the tests in (—‘.rmlpe 2 and 3._Measuremen

t of

capacitance during the bending test may be omitted.

5.4 Resistance to soldering heat, if applicable, is performed as a separate test in
accordance with IEC 60384-1:200682021, 9.1.2.

5.5.3 Final inspection, measurements, and requirements

The capacitors shall be visually examined and measured and shall meet the requirements of

Tab

le 7.
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Table F.1 — Test schedule and sampling plan for safety test
of surface mount capacitors

Group | Clause number and test referring to Clause 5 Number of specimens Permitted number of
tested per nonconforming items
rated voltage and per rated voltage and
subclass subclass
Per group Total
0 5.2 Visual examination 2 ] ]
5.3.2 Capacitance | 2830+ 129+ |
5.3.4 Resistance ¢ b 6f+(6to18)f+ t 0
5.3.1 Voltage proof | 24 \
5.3.5 Insulation resistance J J
5.3.3 Tangent of loss angle (metallized film
and paper capacitors only)
Spares 14 +6 ¢
1A |5.2.2 Creepage distances and clearances 2 ] 1
5.5 Resistance to soldering heat @: °© t 6 t ob
5.21 Solvent resistance of the marking @ J J
5.18  Passive flammability 2 6to18f 0
Mounting according to 7.3 10112 9+6°+24
2 7.7 of IEC 60384-1:20082021, Shear test 9 B2 ob
7.8 of IEC 60384-1:20082021, Substrate
bending test
5.13 Damp heat, steady state
3 7.7 of IEC 60384-1:20082021, shear test 9 0
7.8 of IEC 60384-1:20082021,"substrate
bending test
5.14 Impulse voltage
5.15 Endurance ob
5.15.5 Class X anthRC units 12 d
5.15.6 Clasg~Y.and RC units 124
5.15.7 Lead+through [
4 5.19 Active flammability 24 0
Tests~in_Group 0 can be made in any practical order, except for ceramic capacitors whose capacitance value
shallhbe measured first.
Attention is drawn to the option of carrying out a combined voltage/current test as prescribed in 5.15.7

Samples for 5.2, 5.2.2, 5.5, 5.21 and 5.18 shall not be mounted on substrate during test.

If one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and then
no further nonconforming items are permitted. The nonconforming items obtained in the first sample shall be
counted for the total of nonconforming items permitted in the last column.

If applicable.

If multi-section capacitors consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taken for
the tests on the X-capacitors and 12 other specimens for the tests on the Y-capacitors.

Additional capacitors if lead-through capacitors are tested.

The smallest, a medium (in the case of more than four case sizes), and the largest case size shall be tested.
Of each case size, 3 specimens of the maximum capacitance and 3 specimens of the minimum capacitance
shall be tested, resulting in 6 specimens per case size.

This test is to be performed alternatively to the substrate bending test, if the detail specification specifies
mounting on rigid substrate (for example, alumina) only.
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Dimensions in millimetres

A

40

100

A
Y

IEC

Figure F.1 — Example of test substrate for safety test according to Table F.1
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Annex G
(informative)

Capacitance ageing of fixed capacitors
of ceramic dielectric, Class 2

Overview

t-ceramic Class 2 dielectrics used for ceramic capacitors have ferroelectric properties

and

exh

Abojve this temperature, the dielectric has the highly symmetric cubic crystal structure/whe

beld
this

temperature range, but, in all cases, it is linked with a peak in the capacitance/tempera

cury

Under the influence of thermal vibration, the ions in the crystal lattice continue to mov

pos
Cur
cap

How

de-ageing takes place, i.e. the capacitance lost _through ageing is regained, and ag

recg

G.2

Dur
well
vol.

The|
prog
incr

As t
2%
mat

bit a Curie temperature.

w the Curie temperature the crystal structure is less symmetrical. Although inssingle crys
phase ftransition is very sharp, in practical ceramics it is often spread)‘over a f

e.

tions of lower potential energy for a long time after the dielectric has cooled through
e temperature. This gives rise to the phenomenon of capacitance ageing, whereby
hcitor continuously decreases its capacitance.

mmences from the time when the capacitor re-eools.

Law of capacitance ageing

ng the first hour after cooling through the Curie temperature, the loss of capacitance ig
defined, but after this time it follows a logarithmic law (see K.W. Plessner, Proc. Phys. S
69B, P1261, 1956) which can<be expressed in terms of an ageing constant.

ageing constant & is defined as the percentage loss of capacitance due to the ag
ess of the dielectric which occurs during a "decade", i.e., a time in which the capa
bases its age tenfaldy for example, from 1 h to 10 h.

he law of decrease of capacitance is logarithmic, the percentage loss of capacitance wi
k between A hiand 100 h age and 3 x £ between 1 hand 1 000 h age. This may be expres
hematically. by the following equation:

eas
tals
nite

fture

ever, if the capacitor is heated to a temperature above the Curie temperature, {hen

bing

not
ocC.,

bing
citor

| be
sed

F'—f“('l_k |5\

T 100 )

where

is the capacitance ¢ h after the start of the ageing process;
is the capacitance 1 h after the start of the ageing process;

is the ageing constant in percent per decade (as defined above);
is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known
times thereafter.
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k is then given by the following equation:

100x(C, —C,)
C, xlgt, — C, xlgg

If capacitance measurements are made three or more times, then it is possible to derive & from
the slope of a graph where C, is plotted against Ig ¢.

It is also possible to plot Ig C against Ig ¢.

Dur|ng measurements of ageing the capacitor should be maintained at a constant temperajture
so that capacitance variations due to the temperature characteristic do not mask those duje to
age|ng.

G.3| Capacitance measurements and capacitance tolerance

Becpuse of ageing, it is necessary to specify a reference age at whichthe capacitance shall be
withlin the prescribed tolerance. This age is fixed at 1 000 h, since; for practical purposes, there
is npt much further loss of capacitance after this time.

In order to calculate the capacitance C, oo after 1 000 h,‘thé ageing constant shall be knpwn
or determined as in Clause G.2, when the following formula may be used:

k
Cioo = Cx[‘ _W(e’_lg t)}

k
Ct:C1 (1—WXIQI]

For|factory measurements, the\loss of capacitance from the age at time of measuremernt to
1 000 h age will be known and-can be offset by using asymmetric inspection tolerances.

Forlexample, if it is known that the capacitance loss will be 5 %, then the capacitors may be
inspected to limits of +25/-15 % instead of +20 %.

Capacitance js “normally declared at 20 °C, and it may be necessary to measure at [this
temperature™or correct the results to this temperature. Errors can also arise from the Hand
temperature, and capacitors should therefore always be handled with plastic tweezers.

G.4—Speciatpreconditioning

In many of the tests in this document, it is required to measure the capacitance change which
results from a given conditioning (for example, climatic sequence). In order to avoid the
interfering effect of ageing, the capacitor is specially preconditioned before these tests by
maintaining it for 1 h at the upper category temperature followed by 24 h at standard
atmospheric conditions for testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.
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If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring it
into a state where its capacitance is not so dependent on its previous history. In order to de-
age such capacitors completely, a temperature up to 160 °C may be required, and this
temperature could be deleterious to the encapsulation. Therefore, in the few cases where
complete de-ageing of such capacitors may be required, the detail specification shall be
consulted for details and any necessary precautions.
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Annex H
(normative)

Use of safety approved AC rated capacitors in DC applications

Overview

023

This annex gives additional requirements for AC EMI suppression capacitors for which safety
approval is sought and which are connected to a DC supply with nominal voltage not exceeding

1 5(

If a

DC |voltage exceeding its approved rated AC voltage (RMS), without changing-the capa
clags.

The|

exceed the certified rated AC voltage Ug AC. 19

H.2

for

Thely have been allowed to be used in DC supplies-having the same voltage as the rated

volt

The

withistanding voltage and the type of insulation bridged.

A capacitor used for AC voltage.application is subjected to the voltage waveform with g

volt

SafI

0VDC.

manufacturer of the capacitor shall define the intended rated DC voltage, Ug DC, if if

Background

pplications where AC voltage is applied.

hge (RMS) of the capacitors. (See 3.1.1, Note"1 to entry).

class of the capacitors, such as X1 and Y1, is defined according to their peak imp

hge equal to RMS voltage times square root of two, which is alternating polarity in a w

safety approved capacitor fulfils the requirements of this annex, it is qualified at the rated

Citor

will

ty capacitors approved to this document are AC capacitors which are essentially designed

AC

IIse

eak
ave

cycle, so that safety approved’capacitors theoretically can withstand at least a DC volfage

equ

NOT
rated

A

valent to their rated AC.voltage times square root of two.

E  Many manufactugershare specifying that their AC capacitors can withstand clearly higher DC voltages
AC voltage timessthe-Square root of two.

than

H.3

Additional requirement for use of X- and Y-capacitors in DC application

S

A capacitor, which is specified for rated DC voltage exceeding the rated AC voltage (RMS),
shall fulfil the requirements specified in Table H.1 in addition to the tests—prescribed listed in

Tab

le 13.


This is a new requirement from the previous edition to clarify when the rated DC voltage shall be defined.
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Table H.1 — Additional test conditions

Endurance test

Damp heat, steady

Type Maximum U, DC Test voltage DC
(Test A) (DC) state test
(according 5.3.1)
X1 1500V 2,15 x Uy DC In accordance with In accordance with
5.15 using rated DC | 5.13, but with rated
X2 1500V voltage instead of DC voltage applied
a . to-the-whole a
Y1 1500V 4 x Up DC Ug, without voltage sample of 6 pcs.
increased to Us.
Y2 1500V 2,15 x Uy, DC? s See Table 12.
Y4 450 V 2,156 x Uy DC?

a8 |Iif an AC test voltage is used instead of a DC voltage for Y-capacitors, it shall be not less than 0,666 xDC {est
voltage in Table H.1.

NOTE

H.4

As an example, a typical X2 capacitor on the market, has rated AC voltage 300 V ang; rated DC voltagg, Ug
DC, B30 V. This means that the test voltage DC (Test A) is 2,15 x 630V =1 354,5 V.

Creepage and clearance distances

When a capacitor approved by this annex is used for a specific,application, it shall be confirmed
that| creepage and clearance distances of the capacitor meet'the requirements of the related

standards for the application.

NOTE
Tabl¢

For examples of the specific standards and the reqdirements mentioned above, see IEC 60939-3:4015,

6 and Table 7.
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Annex |
(normative)

Humidity robustness grades for applications, where high
stability under high humidity operating conditions is required

1.1 Overview

In addition to the description of preferred climatic categories in 4.1 and test damp heat. steady
state in 5.13, this annex describes specific humidity robustness grades and requirementg for
applications, where high stability under high humidity operating conditions is required.

1.2 Humidity robustness grades

1.2.1 General

For|high humidity applications the Grade (I) robustness under humidity, Grade (ll) robustrjess
under high humidity and Grade (lll) high robustness under high humidity are defined.

1.2.2 Grade (I) robustness under humidity

Teskt condition A: Test damp heat, steady state; 40 °C £+ 2 °C /(93 + 3) % RH duration 21 days,
rated voltage applied.

NOT Test condition B is a substitutional-acceleration accelerated test for test condition A.

1.2. Grade (ll) robustness under high humidity

Test condition A: Test damp heat, steady state; 40 °C £ 2 °C /(93 £ 3) % RH duration 56 days,
rated \wveltage applied.

Test condition B: Test damp heat, steady state; 85 °C / 85 % RH duration 500 h, rated voltage
applied.

NOTE Test condition B is a substitutional-acceleration accelerated test for test condition A.
1.2.4 Grade (lll) high robustness under high humidity

To verify Grade (lll), either test condition A or B shall be selected by the manufacturer.-For
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Test condition A: Test damp heat, steady state; 60 °C +2 °C /(93 + 3) % RH duration 56 days,
rated voltage applied.

Test condition B: Test damp heat, steady state; 85 °C / 85 % RH duration 1 000 h, rated
voltage applied.

NOTE Test condition B is a substitutional-acceleration accelerated test for test condition A.

1.3 Test description 20

If the capacitors are specified for AC applications, one sample of ten pieces shall be tested ith
the rated AC voltage. If the capacitors are specified also for DC applications, and the rated DC
voltage is exceeding the rated AC voltage (RMS), one additional sample of six piecés,shall be
testpd with rated DC voltage. See Table 12. For requirements, see Table |.1.

Table I.1 — Requirements

Measurement Measuring method Requirements

\Y

spal examination 5.2 No visible damage. imyisual inspection after th{
test, the coating.efithe capacitor shall not have
any cracks exposSidg internal live parts or in
defined insulated areas (the creepage distance
and clearanCge specified in Table 3 shall be
ensured,

The marking shall be legible

Capacitance 5.3.2 Metatized capacitors: lac | <10 %

Ceramic capacitors: lac | <15 %

Tarjgent of loss angle 5.3.3 The increase of tan 6 over the value measured
Group 0 shall not exceed

=]

(m4tallized capacitors only)
0,024 for ¢y s 1 pF?

0,015 for Cy> 1puF®@

Registance 5.3.4 |AR/R] < 5%

(if gpplicable)

Volfage proof 531 Test voltage as in Table 4

Inspilation resistance 5.35 > 50 % of the applicable limits of Table 5 or

Table 6, or minimum 200 MQ, whichever is higher

Thg change of capacitance value depends on technology, and, as for example in case of ceramic capacitors, fan
be feversible. Thusy the'requirements are different.

2 |For certain ‘@applications, smaller values for the increase of tan § may be required.

1.4 Indication of humidity robustness grades

In addition to the climatic category, information on the humidity robustness grade and the test
method used for verification shall be indicated IA, 1B, lIA, 1IB, IlIA, or llIB in the information
provided by the manufacturer. Marking on the capacitor is not required.



The test descriptions and requirements are collected from subclauses of I.2 to new Clause I.3 to avoid tautology and for clarity.
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Annex J 21
(normative)

Description of creepage/clearance distance measurement
for cased and conformal coated capacitors

J.1 Measurement of creepage distances and clearance - general

Capacitors complying with this document are permitted to bridge certain levels of i@jion.

Thely are produced in various styles and shapes, using different encapsulation meth v Alllthis

canl|affect how the creepage distance and clearance is defined and measured. Thisvjnnex glves

an ¢verview of different capacitor styles and how the creepage and cIearaan(}hstances are

detgrmined in each case. In addition, it provides information about precauti n handling, in

ord¢r not to cause damage to external insulation and coating of terminal gl\h
4

For|other capacitor styles than cased or conformal coated, the map@}:cturer shall define| the
clegrance and creepage distances. %Q

JA1.p Capacitor styles \Q/

Figdre J.1 and Figure J.2 show examples of cased and c&ormal coated capacitors.

O

.

)

\O IEC
N~

W
Fi@e J.1 — Example of a cased capacitor

Figure J.2 - Example of a conformal coated capacitor

J.1.3 Capacitor body and terminal insulation

The case, or the coating comprising the case, shall fulfil the requirements of this document,
which is ensured by design and by tests of the capacitor body's insulation. In the case of
conformal coated capacitors, the design shall provide the minimum thickness of coating material.
See Figure J.3, white part.


This new Annex J is added to give description how creepage distance and clearance are measured for different capacitor styles, and clearance between capacitors and conductive parts in mounted stage. The questions of insulation are discussed, both on components and on conductors near the components.
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EXAMPLE A subclass Y1 capacitor is permitted to bridge double or reinforced insulation. The capacitor case or
coating serves as double or reinforced insulation to other circuit parts, such as a transformer core or other conductive
parts.

The coating on terminals (Figure J.3, grey area) is insulating the metallic leads and is defined
as functional insulation (solid insulation material). Because its thickness and breakdown
strength are not specified, it cannot be considered as a basic insulation.

It is important to note the different classification of a functional insulation depending upon the
context it is used. It can be "conductive" as well as "insulation":

Eaor croonana
—o—ereepage

conductive), i

dictaonca thao ralavant nranariy; 1o that it 1o o calid incylatina mataria non_
STttt e T e Yo PO p ety o tHo T T oo S oS Tt g et ull

ndependent from its thickness and breakdown strength.

b

NOTE 1 Creepage distance is the shortest distance along the surface of a solid insulating m@
between two conductive parts(see IEC 60050-151, 151-15-50 and IEC 60050-581, 581-21- 2'8

p For clearance, the relevant property is the breakdown strength. The brﬁb wn strength

of a functional insulation is not specified, and when not tested, it s e classifieql as
conductive. In consequence, that means:

i) for clearance between the terminals, the breakdown str of the insulation is
tested by the voltage proof test (5.3.1, Test A), thus it f he same requirements
as the capacitor body's insulation;

ii) for clearance from a terminal to outside the capaci he breakdown strength of the
insulation is not tested, thus the coating of the le q hall be classified as condugdtive
to determine the clearance.

NOTE 2 Clearance is the shortest distance in air b@%n two conductive parts (see IEC 600501581,

581-27-76).
N\
Furfher details are given in Clause J.2. \0\
X&
2
— TS
o
N

O@

IEC

Key: @

1 CapacitorE @y insulation (case or conformal coating) — insulation is specified and tested

2 (oati terminal — insulation is not specified, but tested between the terminals

AN Figure J.3 — Cased and conformal coated types

J.1.4 Measurement principle

Coatings may be used over external terminations of components to increase effective
clearances and creepage distances (see Figure J.4). The mechanical arrangement and rigidity
of the terminations shall be adequate to ensure that, during normal handling, assembly into
equipment and subsequent use, the terminations will not be subject to deformation that would
crack the coating or reduce the separation distances between conductive parts below the values
in Table 3.

For measurement of creepage distance and clearance, the principles shown in Figure J.4 shall
be applied.
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Figure J.4 — Description

sual inspection, the coating of the capacitor i¢luding the coated part of terminals shal
b any cracks or defects exposing internal liverparts or in defined insulated or coated a
creepage distance and clearance specified in Table 3 shall be ensured).

Measurement

U Creepage distance between terminals
1.1 Cased style

coating of terminals\at the bottom side of cased capacitors normally is not specified. In
p, the creepage distance is set equal to the clearance, although following the bottom sur
e capacitor it éah be a longer distance. See Figure J.5.

e insulation of terminals at the bottom side of the capacitor is specified, the creep

bnce shall be determined according to the requirements of the relevant safety standard.

not
eas

that
ace

age

Key

IEC

smmmr Creepage distance

Figure J.5 — Creepage distance — cased style
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1.2 Conformal coated style

Creepage distance is the shortest distance along the surface of a solid insulating material
between two conductive parts. It starts and ends at the end of conductive part of the leads. See

Figure J.6.
1 2
Vi
IEC (19

Key y\b"
1,2 Grey area — coating on lead wires (solid insulation, not conductive) Q)b(
3 Separation distance before coating (arc length) Q(b
mmugs Creepage distance Q)

Figure J.6 — Creepage distance — confor@g{:oated style

S
J.2.p Clearance between terminals {<
Thelclearance is the distance in air between the u Saa ed terminals. As the breakdown strength
of the lead wire coating is tested by the vg@e proof test (5.3.1, Test A), it fulfils|the
ween the terminals. See J.1.3 for additipnal

exp

Key

reqyiirements to the capacitor body insulatio%{e

anation. Figure J.7 illustrates the clea@\

O
¥

for different component constructions.

.

&

O
éearance

\Q/ Figure J.7 — Clearance between terminals

J.2.3 Clearance in mounted stage

J.2.3.1 Cased style

For cased style capacitors, the definition of clearances in mounted stage is shown in Figure J.8.

For

requirements, see J.2.3.3.
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IEC

Key: @

d, Minimum distance between capacitor body and conductive parts O

d, Minimum distance between capacitor terminals and conductive parts Q(l‘/b
Figure J.8 — Clearance in mounted stage — cased styl&q’

J.23.2 Conformal coated style (bb‘

thar

To ¢

1) [apacitor body larger than lead pitch — Figur\%\.g
2) Capacitor body smaller than lead pitch — @g re J.10

Key
d, ¢

&)

If tHe insulation of leads (between lead wire and the outside of@tmg is not specified |and
chegked to comply with the requirements, it shall not be co T
bas|c insulation. Additional insulation to other conductive p

Q

the clearance required by the relevant safety standar

etermine the clearance, two cases shall be distiéshed:

IEC

learange between terminal and a conductive part

Iear2§®§een body and a conductive part

N

IEC

Figure J.10 — Clearance — capacitor body smaller than lead pitch

ed as double/reinforcefl or
needed if the distance is |ess
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J.2.3.3 Requirements

The minimum distance ¢4, may become "0" if the capacitor body coating complies to the required

insulation level.

The minimum distance d, shall fulfil the requirements to clearances as given in the relevant

safety standard.

Additional insulation (e.g., sleeve) shall be added if double or reinforced insulation is required

and the minimum distance cannot be kept.

J.2.|4 Conductors between terminals

Undoated conductors or other conductive parts positioned underneath the c¢
alloyed, provided the design complies with the minimum creepage distanc

%]

&

citors
cleard

reqlirements. Otherwise, protective coating of the conductive parts is requweﬁl, hich com

withl the relevant requirements to additional protective insulation.

be poated with a suitable coating material complying with th
reinforced insulation. For further information see IEC 60664- 3

K\Q’

J.3| Precautions in handling

medhanical stress, which could degrade the ins ating
S

A conductor between the terminals of a capacitor bridging double o forced insulation
uirements to doubl¢ or

Housing of conformal coated capacitors shall no@ user accessible or exposed to un
properties of the housing material.

The| coated part of lead wires shall be prqé;@)led against bending (e.g., by clamping usir

are
nce
lies

hall

due

ga

suithble tool) if the lead wires are formed Before or during assembly to a board (e.g., kinkifg).

KN
¥
O V)
O\\O
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Annex K
(normative)

Safety and performance tests qualification approval

Overview

023

It is possible to qualify the products to cover wider range of parameters than the safety related
ones. This annex describes the sampling plan, test schedule, sampling plan for lot-by-lot test

and

periodical testing for this wider qualification.

K.2| Qualification approval
Tabje K.1, Table K.2 and Table K.3 shall be used when qualification approval is"sought.
The| procedures for qualification approval testing are given in thel\generic specificafion,
IEC|60384-1:20082021, Q.2, in which Q.2.4 refers to lot-by-lot and~periodic inspections. [The
schedules to be used for qualification approval testing on the basis-of lot-by-lot and peripdic
insgections are given in 8.5 and Table K.4 of this document.. The schedule to be used for
qualification approval testing based on fixed sample sizes in/accordance with IEC 60384-
1:24682021, Q.2.4, is given in 8.4.3, Table K.1 and Table K2 of this document. For the|two
prog¢edures, the sample sizes and the number of permissible nonconforming items shall bge of
comlparable order. The test conditions and requirements shall be the same. Qualificqtion
appfloval according to the fixed sample sizes of Table K.1 and Table K.2 is preferred.
Thble-4 K.1 — Sampling plan — Safety and performance tests qualification approval|-
Assessment level DZ
Grpup Test Subclause of Number of Permitted number of
this document specimens tested nonconforming items
per rated voltage per rated voltage and
and subclass subclass
Per group
bz
Visual examinatioh 5.2 5052 + 129 +
Dimensions/(gauging) 5.2 6¢ +
Capacitance 5.3.2 6 to 180
Resistance 5.3.4 +24
D hE
Tangent of loss angle? 5.3.3
Voltage proof 5.3.1
Insulation resistance 5.3.5
Spares 20 + 6f
Dimensions (detail) 5.2
Robustness of terminations 5.4
1A 6 02
Resistance to soldering heat 5.5
Component solvent resistance 5.20
Solderability 5.6
8 Solvent resistance of the 5.21 12 0
marking
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Group Test Subclause of Number of Permitted number of
this document specimens tested nonconforming items
per rated voltage per rated voltage and
and subclass subclass
Per-group
Dz
Rapid change of temperature 5.7
Vibration 5.8
Bump or shock’ 5.9 or 5.10
Container sealing °© 5.11
( 18 0
Climatic sequence 5.12
4 Damp heat, steady state 5.13 1012 0@
Impulse voltage 5.14
Endurance 5.15
B Class X and RC units 5.15.5 12d 02
Class Y and RC units 5.15.6 12d
Lead-through! 5.15.7 6
i Charge and discharge® 5.16 6 0@
b Radiofrequency characteristics 5.17 4 02
b Passive flammability 5.18 6 to 180 0
y Active flammability 5.19 24 0
Tesfs in Group 0 can be made in any practical order,”except for ceramic capacitors the capacitance value shall be
megsured first.
2 |f one nonconforming item is obtained,.all' the tests of the group shall be repeated on a new sample and then
ho further nonconforming items are permitted.
b |f applicable.
¢ |f required in the detail specification.
4 |f multi-section capaciters‘consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taker| for
he tests on the X-capacitors and 12 other specimens for the tests on the Y-capacitors.
¢ Additional capaeitors' if lead-through capacitors are tested.
f Whichever ispeescribed stated in the detail specification.
9 Not required’for RC units, or for capacitors other than those of metallized film or metallized paper construction
h Irher smallest, a medium (in the case of more than four case sizes) and the largest case size shall be tested. Of
pach Case size, three specimens of the maximum capacitance and three specimens of the minimum capacitgnce
ha“ b';‘ tUDth, ICDUH;IIU ;II D;)\ Dpcb;lllcllb pcl LadsotT D;LU.

Attention is drawn to the option of carrying out a combined voltage/current test as-preseribed stated in 5.15.7.
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Table-5 K.2 — Test schedule and sampling plan for lot-by-lot tests

Safety and performance tests qualification approval — Assessment level DZ

Group Clause number and test referred Inspection level Acceptance
to Clause 5 of this document IL number P
A1 5.2 Visual examination S-4 0

5.2 Dimensions (gauging)

A2 5.3.2 Capacitance

5.3.4 Resistance @

5.3.3 Tangent of loss angle (metallized film and 0
ceramic paper capacitors only)

5.3.1 Voltage proof (Test A)

5.3.5 Insulation resistance (Test A)

B1 5.6 Solderability 2 S-3 0

a |f applicable.

b If one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample, and then
ho further nonconforming items are permitted.

Tlable-7 K.3 — Test schedule for safety and performanceé-tests qualification approval
Assessment level DZ

Subclause number and test 2 Conditions of test'@ nand c¢® Performange
requirement$ 2

Group 0 Non-destructive See Table K.1

5.2 Visual examination No visible
damage
Legible marking
and as specifigd
in the detail
specification

5.2 Dimensions (gauging) See detail
specification

5.2|2 Creepage distances and See detail

clearances specification gnd
Table 3

5.3|]2 Capacitance Within specifigd
tolerance

5.3]4 Resistance<(if applicable) Within specifigd
tolerance

5.3|3 Tangent of loss angle Frequency: ... See detail

(metallized film and-eceramic specification
paper capacitors only)

5.3 Voitage proof MethodT .- No permanent
break-down or
flashover

5.3.5 Insulation resistance Method: ... See Table 6
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Subclause number and test 2 Conditions of test @ nand c¢P® Performance
requirements 2
Group 1A Destructive See Table K.1
5.2 Dimensions (detail) See detail
specification and
Table 13
5.4 Robustness of terminations Severity: see detail specification No visible
damage
5.5 Resistance to soldering heat No pre-drying
(if applicable) See detail specification for the
Method 1
5.2p Component solvent Solvent: ... See detail
resistance (if applicable) Solvent temperature: ... specification
Method 2
Recovery: ...
5.5|3  Final measurements Visual examination No visible
damage
Capacitance See Table 7
Resistance (if applicable) See Table 7
Grgoup 1B Destructive See-Table K.1
5.6 Solderability (if applicable) Without ageing Good tinning gs
For method see detail evidenced by
specification free flowing of]
the solder with
wetting of the
terminations of
solder shall flqw
within 3 s, as
applicable.
5.2 Solvent resistance of the Solvent: ... Legible marking
marking Solvent temperature: ...
Method«d
Rubbing material: cotton wool
Recovery: ...
5.7 Rapid change of temperature(| T, = Lower category
temperature
Ty = Upper category
temperature
Five cycles
Duration ¢, = 30 min
5.712  Final inspection Visual examination No visible
damage
5.8 Vibration For mounting method and
severity: see detail specification
5.7125/ Final inspection Visual examination No visible
damage
5.9 Bump (repetitive shock) For mounting method and
or severity: see detail specification
5.10 Shock
5.9.3 Final measurements Visual examination No visible
or damage
5.10.3 Capacitance See 5.9.3 or
5.10.3
Resistance (if applicable) See Table 9
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Subclause number and test 2 Conditions of test @ nand c¢P® Performance
requirements 2
Group 1 Destructive See Table K.1
5.11 Container sealing (if Test Qc or Test Qd of No evidence of
applicable) IEC 60068-2-17 as prescribed in leakage
the detail specification
5.12 Climatic sequence
5.12.2 Initial measurements Measurements made in 5.5.3,
5.9.3 or 5.10.3 as appropriate
51 .o UTy Tiedl reriperature. upper Ldaleygury
temperature
Duration: 16 h
5.1p.4 Damp heat, cyclic, test Db,
first cycle
5.1p.5 Cold Temperature: lower category
temperature
Duration: 2 h
5.1p.6 Damp heat, cyclic, test Db,
remaining cycles
5.1R.7 Final measurements Visual examination No visible
damage
Legible marking
Capacitance See Table 9
Resistance (if applicable) See Table 9
Tan & (if applicable) See Table 9
Voltage proof See Table 9
Insulation résistance See Table 9
Grgup 2 Destructive See Table K.1
5.1B Damp heat, steady state
5.1B.2 Initial measurements Group 0 measurements to be
used
5.1B.3 Test conditions Ceramic capacitors: half of the
sample with Uy applied; the
other half with no voltage applied
Other capacitors: no voltage
applied
5.1B.4 Final measurements Visual examination No visible
damage
Legible markirg
Capacitance See Table 10
and Table 11
D ot Lif L bl \ o Tobl W~
Resistanee{i-appteable) B4
Tan & (if applicable) See-Table-15-"-
Voltage proof See Table-15-"-
Insulation resistance See Table 15-"-
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Subclause number and test 2 Conditions of test @ nand c¢P® Performance
requirements 2
Group 3 Destructive See Table K.1
5.14.2 Initial measurements Group 0 measurements to be
used
5.14 Impulse voltage 3 pulses, full wave See 5.14.3 and
Number of impulses: 24 max. 5.14.4
Peak voltage: ... V,
see Table 1 and Table 2
5.15 Endurance Duration: 1 000 h
Voltage, current and
temperature: see 5.15.4, 5.15.5,
5.15.6 and 5.15.7
5.1p.8 Final measurements Visual examination Noyvisible
damage
Legible markirnlg
Capacitance See Table 12
Resistance (if applicable) See Table 12
Tan & (if applicable) See Table 12
Voltage proof See Table 12
Insulation resistance See Table 12
Grgup 4 Destructive See Table K.1
5.1p Charge and discharge Only for metallized and ceramic
capacitors and RC unifs‘using
such capacitors
5.1p.2 Initial measurements Group 0 measurements may be
used, provided’the measuring
conditions are’the same as
required forthis test; in addition,
except for RC units, tan ¢ shall
be megasured at:
10.kHZz for Cy = 1 pF
TKkHz for Cy > 1 pF
5.1p.4 Final measurements Capacitance See Table 13
tan § at same frequency as initial See Table 13
measurement (not for RC units)
Resistance (if applicable) See Table 13
Insulation resistance See Table 13
Grgup 5 Non-destructive See Table K.1 See detail
specification
5.1f Radioffequency If required in the detail P
characteristics specification; see detail
specification for measuring
method
G' upy c DC::I uut:vc SUU Tab:c :\1 SUU 5 181
5.18 Passive flammability
Group 7 Destructive See Table K.1 See 5.19.3

5.19 Active flammability

Tests in Group 0 can be made in any practical order, except for ceramic capacitors the capacitance value shall

be measured first

2 Subclause numbers of test conditions and requirements refer to Clause 5.

b

n = number of specimens, ¢ = number of permissible nonconforming items.

¢ When, for a ceramic capacitor, a precise measurement of capacitance drift is required, preconditioning in
accordance with Annex G should be performed as advised by the manufacturer.
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Quality conformance inspection

1 General

In addition to 8.5, the content of K.3.2, K.3.3 and K.3.4 shall be followed:

K.3

.2 Groups A and B inspection

These tests shall be carried out on a lot-by-lot basis according to Table K.4.

023

For WEMMIMWNW
prog¢esses and materials, according to the test concerned. @
K.3|3 Group C inspection 030

To aintain the qualification, the qualification approval tests shall be carrled(‘@ on a peripdic
basi|s.

The| samples to be submitted to the periodic test in Table K.4 sha representatwe off the
current production of the specified periods and shall be taken fr he same rated voltage,
clags, and subclass. In subsequent periods, other case sizes |n uction shall be tested with
the pim of covering the whole range of the approval.

No nonconforming items are permitted for Class Y cap c@ﬁs in the voltage proof test.

K.3/4 Test schedule for qualification appronQ

The|schedule for the lot-by-lot and periodic tes&g}or quality conformance inspection is givgn in
the

Felevant blank detail specification, for e%@lple, IEC 60384-14-1.
\$\
R\
xO
\j\‘
[
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Table-8 K.4 — Assessment level

Dz

Inspection subgroup b IL Acceptance number

A1 S-4 0

A2 | 0

B1 S-3 0

Dz
Inspection subgroup b
D n c?
C1A 6 6 0
CiB ° 6 12 0
C1 6 18 0
Cc2 6 12 0
C3:

Class X 3 12 0
Class Y 3 12 0
Lead-through 3 6 0
C4 6 6 0
C5 12 4 0
C6 12 6 to18 0
Cc7 12 24 0

Thg sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.

IL § inspection level
p =|periodicity in months
n =|sample size

¢ =|permissible number of nonconforming items

2 |If one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and then
no further nonconforming items are permitted.

b [The content of the inspection subgroups is described in the relevant blank detail specification.

¢ |The vibration, bump andishock tests in this subgroup are required to be carried out every 12 months only
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Annex X

(informative)

Cross-references to the previous edition of this document

IEC 60384-14:2023 CMV © IEC 2023

The revision of this sectional specification has resulted in a new structure. Table X.1 and
Table X.2 provide cross-references for all references to specific elements of the previous
edition of this sectional specification.

IHC 60384-14:2013 _ @
+ AMD1:2016 IEC (3338{.-.1.20xx C)
St o 4ie: 5™ edition
4.15t edition Notes 3o}
Clduse/Subclause or Clauseliubclause or Qq/
nnex
Annex k.‘]/
) } %) .
1 1 Scope and Object are merged into onet\n accordance with fhe
1.1t01.2 ISO/IEC Directives Part 2 A d
1.3 2 In accordance with ISO/IEC Di es Part 2
7 In accordance with the char@'())f clause numbers.
1.4 - The hanging paragrah@ oided in accordance with ISO/IEC
’ Directives Part 2. &\
N
1.4.1t01.4.3 7.2t07.4 In accordanceyit@\e change of clause numbers
1.4.4 6 This clausg\@\‘erged into one
1.5 3.1 In accov&\r(:e with ISO/IEC Directives Part 2
N
6 In ac@ance with the change of clause numbers.
1.6 6.1 10 6.2 (qg‘\anging paragrah is avoided in accordance with ISO/IFC
' ' \’Bb ectives Part 2.
1.6.1t01.6.3 6.3 to 6.5 .\@ In accordance with the change of clause numbers
1.7 3.2 (\* In accordance with the change of clause numbers
1.7.1t01.7.2 3.21t .2 In accordance with the change of clause numbers
2 ('\\h) In accordance with the change of clause numbers
N
21t02.3 " 4.1t04.3 In accordance with the change of clause numbers
\}
3 r@ 8 In accordance with the change of clause numbers
3.1to0 3.4 N C) 8.1t0 8.4 In accordance with the change of clause numbers
3.4.2 DN \§ Annex K Text transferred to Annex K
(5< 8.5 In accordance with the change of clause numbers.
C)% 8.5 1 The hanging paragraph is avoided in accordance with
O e ISO/IEC Directives Part 2.
3-54+e-3-5-4 S H-aeeordafce—with—the—ehangeofelauseAumbers
3.5.1.1 8.5.2.1 and K.3.2 Text modified and original copied to K.3.2
3.56.1.2 K.2.3 Text transferred to Annex K
3.56.2.2 K.3.4 Text transferred to Annex K
5 In accordance with the change of clause numbers.
4 5 1 The hanging paragraph is avoided in accordance with
' ISO/IEC Directives Part 2.
52 In accordance with the change of clause numbers.
4.1 52 1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4.2 5.3 In accordance with the change of clause numbers
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IEC 60384-14:2013
+ AMD1:2016
4.1t edition

Clause/Subclause or
Annex

IEC 60384-1:20xx
5th edition

Clause/Subclause or
Annex

Notes

4.2.1

5.3.1
5.3.1.1

In accordance with the change of clause numbers.

The hanging paragraph is avoided in accordance with
ISO/IEC Directives Part 2.

4211t04.21.4

5.3.1.2t05.3.1.5

In accordance with the change of clause numbers

In accordance with the change of clause numbers.

532
4.2.2 5.3.2 1 The hanging paragraph is avoided in accordance with A
e ISO/IEC Directives Part 2. =
4221104.2.2.2 5.3.2.2t05.3.2.3 In accordance with the change of clause numbe&U
423t04.2.4 5.3.3t05.3.4 In accordance with the change of clause nu
. [ o
535 In accordance with the change of claus nu}ﬂbers.
4.2.5 5351 The hanging paragraph is avoided in chordance with
o ISO/IEC Directives Part 2. S
O
4.251104.2.5.2 5.3.56.2105.3.56.3 In accordance with the chang?@‘?ause numbers
A\
4.3 5.4 In accordance with the cp_ar@é of clause numbers
55 In accordance with th@a%ge of clause numbers.
4.4 6.5 1 The hanging para h'is avoided in accordance with
o ISO/IEC Directye art 2.
4.411t04.4.2 5.5.2105.5.3 In accorda%@th the change of clause numbers
5.6 In acco@e with the change of clause numbers.
4.5 5.6.1 The ﬁg\%ing paragraph is avoided in accordance with
o IS’\%EC Directives Part 2.
4.51t04.5.2 5.6.2105.6.3 \’ﬁ)accordance with the change of clause numbers
5.7 .\@“ In accordance with the change of clause numbers.
4.6 57 1 A The hanging paragraph is avoided in accordance with
o irectives Part 2.
‘\O ISO/IEC Directi Part 2
4.6.1 \5\& In accordance with the change of clause numbers
N
()5 8 In accordance with the change of clause numbers.
4.7 @ : 5.8.1 The hanging paragraph is avoided in accordance with
q ISO/IEC Directives Part 2.
4.7.1t04.7.2 “() 5.8.2105.8.3 In accordance with the change of clause numbers
\)
Q§ 59 In accordance with the change of clause numbers.
4'80 59 1 The hanging paragraph is avoided in accordance with
~ o ISO/IEC Directives Part 2.
&)“{o 4.8.2 5.9.21t05.9.3 In accordance with the change of clause numbers
N
510 faccordance wWith the change of Clause NUmbers.
4.9 5.10.1 The hanging paragraph is avoided in accordance with
T ISO/IEC Directives Part 2.
4.9.1t04.9.2 5.10.2 t0 5.10.3 In accordance with the change of clause numbers
511 In accordance with the change of clause numbers.
4.10

5.11.1

The hanging paragraph is avoided in accordance with
ISO/IEC Directives Part 2.

4.10.1 to 4.10.2

5.11.2t05.11.3

In accordance with the change of clause numbers

4.11

5.12
5.12.1

In accordance with the change of clause numbers.

The hanging paragraph is avoided in accordance with
ISO/IEC Directives Part 2.

4.11.1t04.11.6

5.12.2t05.12.7

In accordance with the change of clause numbers
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IEC 60384-14:2013 .
+ AMD1:2016 |E05§£3?;.1.20xx
4.1t edition edition Notes
Clause/Subclause or Clause/Subclause or
Annex
Annex
513 In accordance with the change of clause numbers.
4.12 5.13.1 The hanging paragraph is avoided in accordance with
T ISO/IEC Directives Part 2.
4.12.1t04.12.3 5.13.2t05.13.4 In accordance with the change of clause numbers
Stk In accordance with the change of clause numbers.
4.13 5.14.1 The hanging paragraph is avoided in accordance with A
' ISO/IEC Directives Part 2. R
1.13.1 t0 4.13.3 5.14.2t0 5.14.4 In accordance with the change of clause numbe&v
)
515 In accordance with the change of clause nu .
4.14 5.15.1 The hanging paragraph is avoided in ac or(aznce with
Y ISO/IEC Directives Part 2. ,\&’
5 15.2 In accordance with the change of cwse numbers.
4.14.1 5.15.2.1 The hanging paragraph is avaoi n accordance with
T ISO/IEC Directives Part 2. R
~
4.14.1.1 5.15.2.2 In accordance with the/c@ge of clause numbers
1.14.2 to 4.14.7 5.15.3t0 5.15.8 In accordance with &h‘a\&ﬁange of clause numbers
N
516 In accordance%t@we change of clause numbers.
4.15 5.16.1 The hangin grah is avoided in accordance with ISO/IEC
T Directives 2
1.15.1 to 4.15.3 5.16.2t0 5.16.4 In ac&@nce with the change of clause numbers
N
4.16 to 4.17 5.17 to 5.18 InA@:ordance with the change of clause numbers
5.18.1 gﬁ)accordance with the change of clause numbers.
4.17.1 518.1.1 . @ The hanging paragraph is avoided in accordance with
e A\ ISO/IEC Directives Part 2.
41711 5.18.1‘.’&,o In accordance with the change of clause numbers
S\\g’{; In accordance with the change of clause numbers.
4.17.2 18.2.1 The hanging paragraph is avoided in accordance with
\’ LT ISO/IEC Directives Part 2.
4N7.2.11t04.17.2.2 f'§\18.2.2 to 5.18.2.3 In accordance with the change of clause numbers
4.18 to 4.20 “() 5.19 to 5.21 In accordance with the change of clause numbers
Apnex A to A Annex A to Annex | No change
\\
-\O Annex J New annex
({/@ﬁ Annnex K New annex
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Table X.2 indicates the new figure and table numbers with respect to IEC 60384-14:2013 +

AMD1:2016 (4.15t edition).

—91-—

Table X.2 — Reference to IEC 60384-14 for figure/table

IEC 60384-14:2013
+ AMD1:2016
4.1t edition

Figure/Table

IEC 60384-14:20xx
5th edition

Figure/Table

Notes

Figure 1 to Figure 5 Figure 1 to Figure 5 No change
Figure 6 Figure 9 In accordance with the change of clause numbers \\
Fipure 7 to Figure 9 Figure 6 to Figure 8 In accordance with the change of clause numbers ~
Table 3 Table 14 In accordance with the change of clause numb
B B
Table 4 Table K.1 Transferred to Annex K Qb
)
Thble 5 upper part Table 15 Renumbered according to formation of&ml{x K
Tlable 5 lower part Table K.2 Transferred to Annex K s
Table 6 Table 16 Renumbered following the formﬁﬁ\bvzaf Annex K
J
Table 7 Table K.3 Transferred to Annex K Q\Q
Table 17 and Table Doubled in Annex K an (e)umbered following the formatiqgn
Table 8
K4 of Annex K N
-
- Table 8 Unnumbered tableé%mbered

—

ble 9 to Table 13

Table 3 to Table 7

In accordan th the change of clause numbers

—

hble 14 and Table
15

Table 9 and Table 10

A4
In acco ge with the change of clause numbers
N

P

- Table 11 Ne%‘é}ilfe
\"4
Tyble 161e;nd Table Table 121%nd Table gﬁvaccordance with the change of clause numbers
¥
xO
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10
11

12

13

14

15

16

17

18

List of comments

The scope is now making clear that this document is primarily intended for components
connected to AC mains, but they can with given conditions also be used in DC supplies.

This definition is added to support the Annex H information.

This statement is made to reaffirm the information already given in Table 2 above. This
information has not been clear for all users of this standard.

The number of supply systems has increased and subsequently the number of rated voltage
aiucb Uf uapabiima ill tilc Illdllr\b'tpiabc ilab |||uiiipiicu‘. H. ib vCly dlfflbuit iU yiVb‘ d plcfc red
ist of values, and the general rules given is Subclause 4.2.3 are sufficient in defining-these
values.

The requirement for tape is separated from other insulations.

Through this new edition the importance of the mechanical integrity, ofithe component
nsulation is underlined.

Following the discussions with IEC TC 108, Annex J is added to describe in detail different
capacitor styles, and how the creepage and clearance distances,are measured.

n this context the importance of the mechanical integrity(of the components is raisefd to
focus.

This is clarifying the test voltage for capacitors, whigh are qualified for DC applications. This
was not clear in the previous edition of this document.

The importance of the mechanical integrity after several tests is emphasized, which waq not
50 clear in the previous edition. This kind 6f“hew requirement is added to many following
ests.

The comments in Table 6 are repeaté&d here in case that Table 5 is cited out of context

This prevents unnecessary duplication of testing when more severe test conditions|are
followed.

The DHSS test is made-more severe than it was in the previous edition. The additional [test
with voltage aims to offer a better guarantee than before to screen out marginal designs,
bspecially when the \eapacitor designs are getting smaller and smaller.

This is a new_ nequirements table for DHSS test with voltage. The requirements |are
somewhat relaxed from the requirements in the test without voltage but according to good
ndustrial practise. The electrical requirements in Table 11 are same as in Table I.1 in Arjnex
defining the specific humidity robustness grades.

Table/12 is put here to help the reader to understand how many pieces shall be tested in
different tests / test combinations.

This gives the reasoning why the Y1 capacitors are not tested in active flammability test.
The field experience from long period of time supports that active flammability is not a
problem for Y1 capacitors.

This document is primarily for safety components and their qualification. It can be used also
for performance testing, but this qualification test program is moved to normative Annex K.

There is support from the field experience that in some demanding applications the value
of tangent of loss angle of metallized film and paper capacitors may be growing to critical
levels. This measurement, and measurements after critical tests, is added as a precaution
to guarantee more robust designs of capacitors in demanding applications.

Annex E is editorially rearranged but the contents has not been changed from the previous
edition.
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This is a new requirement from the previous edition to clarify when the rated DC voltage
shall be defined.

The test descriptions and requirements are collected from subclauses of 1.2 to new Clause
[.3 to avoid tautology and for clarity.

This new Annex J is added to give description how creepage distance and clearance are
measured for different capacitor styles, and clearance between capacitors and conductive
parts in mounted stage. The questions of insulation are discussed, both on components and
on conductors near the components.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference

————————Sstippressionand-connectionto-the supply mains——
FOREWORD

Il national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat

ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC* Publication(s)").

ay participate in this preparatory work. International, governmental and non-governmental organizations lig|

MNM=s 3T VSO Q0 —

tandardization (ISO) in accordance with conditions determined by agreement)between the two organizatio

he formal decisions or agreements of IEC on technical matters express,\as nearly as possible, an internat
bonsensus of opinion on the relevant subjects since each technical‘eommittee has representation fro
terested IEC National Committees.

‘o o

FC Publications have the form of recommendations for interfational use and are accepted by IEC Nat

ublications is accurate, IEC cannot be held responsible for the way in which they are used or for]
isinterpretation by any end user.

100 —=

ansparently to the maximum extent possible in their’national and regional publications. Any divergence bet
ny IEC Publication and the corresponding national 'or regional publication shall be clearly indicated in the |

— o~ =

FC itself does not provide any attestation _efi'conformity. Independent certification bodies provide confo
sessment services and, in some areas; dccess to IEC marks of conformity. IEC is not responsible fo
rvices carried out by independent certification bodies.

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

embers of its technical committees and IEC National Committees for any personal injury, property dama
ther damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn (to ;the Normative references cited in this publication. Use of the referenced publicatio
dispensable forithe correct application of this publication.

"> T O O 3Z T 0

ttention is dfawn to the possibility that some of the elements of this IEC Publication may be the subject of p
ghts. IEC(shall not be held responsible for identifying any or all such patent rights.

= -3

eleqtronic equipment. It is an International Standard.

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

onal

p-operation on all questions concerning standardization in the electrical and electronic, fields. To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reforts,

heir

reparation is entrusted to technical committees; any IEC National Committee interested in the subject dealf with

sing

ith the IEC also participate in this preparation. IEC collaborates closely with(the’International Organization for

ns.

onal
n all

onal

ommittees in that sense. While all reasonable efforts are{made to ensure that the technical content of IEC

any

order to promote international uniformity, IEC Natienal Committees undertake to apply IEC Publications

veen
htter.
rmity
any

o liability shall attach to IEC or(its directors, employees, servants or agents including individual experty and

je or
and
IEC

hs is

htent

60384-14 has been prepared by IEC technical committee 40: Capacitors and resistorg for

This fifth edition cancels and replaces the fourth edition published in 2013
Amendment 1:2016. This edition constitutes a technical revision.

and

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

a)

b)
c)

d)

in damp heat steady state test, all capacitor types are tested both with and without rated

voltage; the number of test pieces has been increased;
tangent of loss angle is added In Group O tests, in safety tests only;

qualification approval based on safety and performance tests has been removed from
main text to a normative annex;

the range of rated voltages is given instead of exact rated voltage values;

the
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e) normative annex for description of capacitor styles and of creepage/clearance distance
measurement has been added;

f) the importance of mechanical failures (cracks) in component encapsulation as a safety
feature is highlighted in handling instructions and requirements after all relevant tests.

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

Draft Report on voting

40/2985/FDIS 40/3022/RVD

Fulllinformation on the voting for its approval can be found in the report on voting indicated in
the pbove table.

The|language used for the development of this International Standard is English.

A ligt of all the parts of the IEC 60384 series, published under the generalititle Fixed capacitors
for Yise in electronic equipment, can be found on the IEC website.

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main documént”types developed by IEC|are
desgribed in greater detail at www.iec.ch/publications.

The| committee has decided that the contents of thisdocument will remain unchanged until the
stahility date indicated on the IEC website under‘webstore.iec.ch in the data related to|the
spegific document. At this date, the document wilkbe
e feconfirmed,

e Wwithdrawn,

e feplaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside"” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of|its
contents. Users should therefore print this document using a colour printer.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference
suppression and connection to the supply mains

1 [Scope

Thig part of IEC 60384 applies to capacitors and resistor-capacitor combinations intended tp be
conpected to AC mains or other supply with a nominal voltage not exceeding 1 000\, AC (RMS),
and|with a nominal frequency not exceeding 100 Hz. This document includes-also additipnal
specific conditions and requirements for the connection to DC supplies with a‘tated voltage| not
exceeding 1 500 V DC.

The|principal object of this part of IEC 60384 is to prescribe preferred ratings and characterigtics
and| to select, from IEC 60384-1, the appropriate quality assessment procedures, tests [and
megsuring methods and to give general performance requiremenis for this type of capacijtor.
Tes} severities and requirements prescribed in detail specifications referring to this sectipnal
specification are of equal or higher performance level;, lewér performance levels are|not
permitted.

Thig document also provides a schedule of safety tests to be used by national testing stat|ons
in cpuntries where approval by such stations is required.

The| overvoltage categories in combinatiop.with the AC mains voltages for the capacitors
classified in this document are to be taken™from IEC 60664-1.

2 |Normative references

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

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

IEC|60063; Preferred number series for resistors and capacitors

IEC©0068-172013, Environmental testing — Part 1. General and guidance

IEC 60068-2-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing

IEC 60384-1:2021, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification

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

IEC 60695-11-10, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and vertical
flame test methods
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IEC 61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

IEC 61210, Connecting devices — Flat quick-connect terminations for electrical copper
conductors — Safety requirements

CISPR 17, Methods of measurement of the suppression characteristics of passive EMC filtering
devices

ISO 7000, Graphical symbols for use on equipment (available at http://www.graphical-
symbols.info/equipment)

3 |Terms and definitions and classification

3.1 Terms and definitions

For|the purposes of this document, the terms, and definitions of IEC 60384-1, as well as|the
follqwing, apply.

ISOland IEC maintain terminological databases for use in standardization at the following
addfesses:

e |EC Electropedia: available at https://www.electropedidiorg/

e |SO Online browsing platform: available at https:/Myw.iso.org/obp

NOTE Some definitions of IEC 60384-1 have been expanded,as is indicated by a note.

3.1
AC capacitor
capgcitor designed essentially for application with a power-frequency alternating voltage

Note| 1 to entry: AC capacitors may be used~on DC supplies having the same voltage as the AC RMS rated vo|tage
of the capacitor. For use of capacitors with rated DC voltage greater than the rated AC voltage, see Annex H.

3.1.p
elegtromagnetic interference suppression capacitor
radio interference suppression capacitor

AC |capacitor used fofithe reduction of electromagnetic interference caused by electricgl or
eledtronic apparatus).or other sources

3.1
cappcitor of Class X
RC unit of-Class X

capacitor-or RC unit of a type suitable for use in situations where failure of the capacitor of RC
unitwodld not lead to danger of electrical shock but could result in a risk of fire

3.14

capacitor of Class Y

RC unit of Class Y

capacitor or RC unit of a type suitable for use in situations where failure of the capacitor could
lead to danger of electric shock

3.1.5
two-terminal capacitor
electromagnetic interference suppression capacitor having two terminals

Note 1 to entry: See Figure 1.
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Figure 1 — Two-terminal EMI suppression capacitor

3.1.6
series RC unit

func

tional combination of a resistor in series with a capacitor of Class X or Y

Note|

Note|
undg

3.1.
leag
<co
whi
con

Note|

3.1.

lead-through capacitor
<noh:€oaxial> capacitor in which the supply currents flow through or across the electrodes

1 to entry: See Figure 2.

Figure 2 — RC unit

2 to entry: In this document, where the word "capacitor" appears, the waords "capacitor or RC unit" shou
rstood where the context permits.

7
-through capacitor

h is symmetrically bonded to the central conductor and to the outer casing to form a co3
struction

1 to entry: These lead-through capacitors are<coaxially mounted (see Figure 3).

Central conductor
carrying supply current

—X—
|

~——
|
-

Earthed circular
mounting flange

IEC
Figure 3 — Lead-through capacitor (coaxial)

8

d be

hxial> capacitor with a central current-carrying conductor surrounded by a capacitor element

xial

Note 1 to entry: See Figure 4 a), Figure 4 b), Figure 4 c) and Figure 4 d).
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Earthed metal case IEC

Earthed-metal case IEC

c) Multiple unit lead-through capacitor (non-coaxial)
for symmetrical and asymmetrical use

IEC

d) Multiple unit lead-through capacitor

Figure 4 — Lead-through capacitors

b) Lead-through capacitor for asymmetrical use (non-coaxial)

3.1.9
by-pass capacitor
capacitor where radiofrequency interference currents are by-passed

Note 1 to entry: There are three common forms: single, delta and T-connected. The single capacitor consists of a
capacitor in a metal case with one termination connected to the case as in Figure 5 a); the delta form consists of an
X-capacitor and two Y2-capacitors arranged in a delta network as in Figure 5 b); the T-connected form consists of

three capacitors C,, Cg and C connected in T as shown in Figure 5 c).

The delta and T-connected forms are electrically equivalent (star-delta transformation). In the T-connected form the
X-capacitor is the result of the series connection of Cy; — C. and the Y-capacitors are the results of the series

connections of C, - Cg and C, — C,..
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When T-connected capacitors are submitted to tests, and it is stated that voltages shall be applied across the X-
capacitors, such voltages shall be applied between the line (L) and neutral (N) terminations. Similarly, when it is
stated that voltages shall be applied across the Y-capacitors, such voltages shall be applied between the line and
neutral terminations connected together and the earth termination.

Note 2 to entry: See Figure 5a), Figure 5b) and Figure 5c)

T T T T T i
' |
L ¢ I I =
| |
L ' IEC
a) Single by-pass capacitor
i |
|
|
| Y —— ~
l [
L x|
: =
|
|
|
L ———————— e IEC
b) Delta by-pass capacitor (in metallic*housing)
[ 7 |
| |
| —1
| — L
| |
|
| CA —— CB :
o |
t—=K——
: — CC :
I —
| —_ N
[ |
- _ |
IEC
c) Example’of a T-connected by-pass capacitor (in non-metallic housing)
NOTE For capacitors withhnon-metallic housings, the earth connection is brought out as a separate terminatign as
is shpwn in Figure 5c¢).
Figure 5 — By-pass capacitors
3.1./10
rated voltage
<forl capacitor> RMS operating voltage of rated frequency or the DC operating voltage that|can

be applied continuously to the terminations of a capacitor at any temperature between the lower
and the upper category temperatures

Note 1 to entry: This implies, for capacitors covered by this document, that the category voltage is the same as the
rated voltage.

3.1.11

rated DC voltage

Ugr DC

maximum DC operating voltage, which can be applied continuously to the terminations of a
capacitor at any temperature between the lower and the upper category temperatures

Note 1 to entry: This term and designation (Uz DC) are used only for a capacitor specified with rated DC voltage
exceeding its rated AC voltage (RMS).
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3.1.12

rate

d power

<of a series RC unit> maximum power that can be dissipated by the RC unit at the rated
temperature during continuous operation

3.1.13

upp

er category temperature

maximum surface temperature for which the capacitor has been designed to operate
continuously

Note, esRGCunaits—thee

by intern e terminations of a

extefnal surface.

Note|2 to entry: This definition replaces that given in IEC 60384-1:2021, 3.41, because suppression capacitg

acco
geng

3.1.

lowpr category temperature

min
con

Note|

3.1.
rate
<of

thro]
rate

Note|

3.1.

insertion loss

<for
mes

Note|
statg

3.1.
rate
<of
the

3.1.

rdance with this document are intended to be connected to the mains network and can have’internal
ration as a result.

14

ugh capacitor can carry its rated lead-through eurrent or a series RC unit can dissipat
d power

1 to entry: This definition replaces that given,in 1EC 60384-1:2021, 3.24.
16

capacitors> ratio of the voltage before and after the insertion of the suppresso
sured at the terminations

1 to entry: When measured.in decibels, the insertion loss is 20 times the logarithm to base 10 of the
d.

17

d current of.the’conductor

a lead-throligh' capacitor> maximum permissible current flowing through the conductor
capacitor-at the rated temperature during continuous operation

18

main‘\teSonant frequency

cted
f the

rs in
heat

mum surface temperature for which the capacitor has beeny designed to operate
inuously

1 to entry: This definition replaces that given in IEC 60384-1:2021, 3.10.

15

d temperature

b lead-through capacitor or series RC unit> maximum ambient temperature at which a lg¢ad-

B its

as

ratio

s of

<of a two-terminal capacitor> lowest frequency at which the impedance of the capacitor is a
minimum when applying a sinusoidal voltage

3.1.
imp

19
ulse voltage

periodic transient voltage of a defined waveform as described in IEC 60060-1

3.1.20

pas

sive flammability

ability of a capacitor to burn with a flame as a consequence of the application of an external
source of heat
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21

active flammability

abil

3.1.

ity of a capacitor to burn with a flame as a consequence of electric loading

22

surface mount capacitor
capacitor whose small dimensions and nature of shape of terminations make it suitable for
surface mounting in hybrid circuits and on printed boards

3.2
3.2.

Claj
of tH

Classifications

1 Classification of X capacitors

s X capacitors are divided into two subclasses (see Table 1) according to the peak'volfage
e impulses superimposed on the mains voltage to which they may be subjected in serVice.

Such impulses can arise from lightning strikes on outside lines, from switching(n ineighboufing

equ

pment, or switching in the equipment in which the capacitor is used.

Table 1 — Classification of Class X capacitors

Peak impulse voltage
slibclass Peak impulse Application U (applied before endurance test
voltage in service
Gy <1,0 pF Cy> 1,0 uF
X1 >2,5 kV High pulse application 4 kV Up = 4C in KV
<4,0 kV -
10°F
X2 <2,5 kV General purpose 2,5 kV Up = 2,5 i KV
N
108 F
X1|capacitors may be substituted by Y2 or YA “capacitors of the same or higher Ug. X2 capacitors can|be
substituted with X1 or Y2 or Y1 capacitors of'the same or higher Ug.
NOITE 1 The factor used for the reduction of Up for capacitance values above 1,0 yF maintains 0,5 x Cy JP2

constant for these capacitance values; Cy is in F.

NOJTE 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage are foun
IEG 60664-1.

i in

3.2.

P Classification of Y capacitors

Clags Y capacitors are further divided into three subclasses, Y1, Y2 and Y4, as shown in Table 2.
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Table 2 - Classification of Class Y capacitors
Peak impulse voltage
Subclass Type of insulation bridged Range of rated .
voltages U, applied before endurance test
Y1 Double insulation or reinforced <500 V 8,0 kV
insulation
Y2 Basic insulation or supplementary 2150 V Cn 1,0 yF Cn > 1,0 pF
insulation <500 V
5 kV 5
Up = ——=kV
O
V10 R
Y4 Basic i.nsulation or supplementary <150 V 2.5 kV
insulation
Y2|capacitors may be substituted by Y1 capacitors of the same or higher Up.

NO|

NO|
cor

NO|
IEQ

[TE 1 For definitions of basic, supplementary, double, and reinforced insulation, see IEC 61140.

TE 2 The factor used for the reduction of Up for capacitance values above 1,0\pF maintains 0,5 x Cy
stant for these capacitance values; Cy is in F.

TE 3 Overvoltage categories in association with rated impulse voltage and-rated mains voltage are foun
60664-1.

i in

Ondg

The

Ass
cap
and

Ondg
insu
Y4-
and

4

4.1

The

Y 1-capacitor may bridge double insulation or rejnférced insulation.
enclosure of a Y1-capacitor shall not containrother components.

emblies, like Delta by-pass or T-connected by-pass capacitors, may be constructed fror
hcitors and X-capacitors provided these capacitors fulfil the requirements for the releva
Y subclasses.

lation. If combined basic.and supplementary insulations are bridged by two or more Y2

the same nominal capacitance value.

Preferred ratings and characteristics

Preferred climatic categories

valdes given in detail specifications should be selected from this paragraph.

ny-
nt X

Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary

-or

Capacitors in series, they shall have the same class and sub-class, the same rated voltage,

The

Capacltiors covered DYy this aocument are classitied Into Climatic categories according to

general rules given in IEC 60068-1:2013, Annex A.

the

The lower and upper category temperatures and the duration of the damp heat, steady state

test

shall be chosen from the following:

ower category temperature: -65 °C, -55 °C, -40 °C, -25 °C and -10 °C;

— upper category temperature:  +85 °C, +100 °C, +105 °C, +110°C, +125 °C and +155
— duration of the damp heat, steady state test: 21 days and 56 days.

oC;

The severities for the cold and dry heat tests are the lower and upper category temperatures,
respectively.
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guidance on the application of the categories described above, see IEC 60940:2015.

Preferred values of ratings

4.2.1 Nominal capacitance (Cy)

The

preferred values of nominal capacitance are:

1;1,5; 2,2; 3,3; 4,7; 6,8 and their decimal multiples.

023

Thefge values conform to the EB series of preferred values given in IEC 60063.

4.2 Tolerance on nominal capacitance

The

4.2.3 Selection of rated voltages (Ug)

The

The

Eleq
equ
The|
can
volt
cap

4.2.4 Nominal resistance (Ry)

Pret

4.2.

The
+40

4.2.

The
is u

for alternative passive flammability testing.

maximum tolerance on nominal capacitance is +20 %.

range of rated AC voltages is from 125 V to 1 000 V.
range of rated DC voltages is from 125 V to 1 500 V.

tromagnetic interference suppression capacitors should be chosen to have a rated volt
bl to, or greater than, the nominal voltage of the supply-system to which they are connec
design of the capacitors shall take into account thepossibility that the voltage of the sys
rise by up to 10 % above the system's nominalwoltage. In star connections, the maxin
hge over the capacitors shall be calculated in~the worst possible case when the nom
acitance tolerances of the capacitors used are considered.

erred values of nominal resistance shall be taken from the E6 series of IEC 60063.

5 Rated temperature

rated temperature for lead-through capacitors and series RC units shall be not less f{
°C.

6 Passive flammability

preferred.category of passive flammability permitted is Category B (see 5.18). If catego
5ed, it shall be agreed between the component supplier and the customer. See 5.18

age
ted.
tem
hum
inal

han

.y C
also

Exemption: for components smaller than 1 750 mm?, the passive flammability category C is
permitted.

NOTE Passive flammability categories better than C can require flame retardant additives, which can be considered
to cause environmental impact. These categories are subject to discussion between manufacturers and customers
to find a compromise between safety and environmental requirements.

4.3

Requirements for sleeving, tape, tubing and wire insulation

Sleeving, tape, tubing, and wire insulation used in the components falling under this document
shall be rated for the voltage involved and the temperature attained under any condition of
actual use. Sleeving, tubing and wire insulation shall have flame retardant rating Class VW1.

Tap

e shall be flame retardant.

If insulated terminals are requested, the preferable colours should be transparent or white.
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Test and measurement procedures, and performance requirements

General

This clause supplements the information given in IEC 60384-1:2021, from Clause 4 to
Clause 10.

AC tests carried out at a frequency between 50 Hz and 100 Hz are considered valid for any
nominal frequency between 50 Hz and 100 Hz. In case of doubt, 50 Hz shall be the reference

freq

uency for measurements.

Dur
bod
sha

5.2
5.2.

See

5.2.

Cre
diffd
vall

Tab
IEC

Tab

Poll

The
for (
to t
dist

ng handling, testing and inspection, unintended damages to the insulation on compe
y and leads shall be avoided. The handling instructions as provided by the manufact
| be followed.

Visual examination and check of dimensions
( General

IEC 60384-1:2021, 7.1 with the additional details in 5.2.2.

2 Creepage distances and clearances

bpage distances and clearances on the outside of the capacitor between live part

es given in Table 3.

e 3 is based on I|IEC 60664-1, but equipment safety standards IEC 60335-1

e 3 is generated using the following.environmental conditions as main guideline:

ution degree 2, altitude < 2 000(m and CTI (Comparative Tracking Index) of materials 2

LTl of materials in compenents allow that. Creepage distance shall always be larger or e
he clearance distance’ indicated in this table. Equipment standards can require la
bnces than ones @iven here.

Compliance shall*be checked by measurement in accordance with the rules laid dow

IEC
nec
deg
high

60664-1 fer-measurements on the outside of the capacitor. Additional requirements ca
bssary ~for example for capacitors intended to be used in other environments than pollu
ree 2 (e.g. drip-proof and splash-proof capacitors) or for the use of capacitors in altitu
erthan 2 000 m. See IEC 60664-1 for guidance.

hent
urer

5 of

rent polarity or between live parts and a metal case shall be not less than the appropiliate

and

62368-1 have also been considered. Further information can be obtained from IEC 60664-1.

00.

creepage distances smallerthan those in Table 3 can be used, if rules given in IEC 60664-1

qual
rger

h in
 be
tion
des
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Table 3 — Creepage distances and clearances

Points of Rated voltage (RMS)
measurement
URS‘ISOV 130V < UR5250V 250 V < URSSOOV 500V < URS760V 760V<URS1000V

(] [ (] (] [ (] ) [ @ ]
26 | 2 | 28| g | 28| g | s | g | @S| @
a5 S a5 8 a5 8 e 8 e 8
o v 3 o v g o v g ob g ob g
0T o 0T o 0T o 0T o 0T o
T T T T T T T TTTm TTTm ™

Between live 2,0 1,5 3,0 2,5 4,0 3,0 6,3 5,5 8,0 5)5

part$ of

different

polafity

(fungtional

insulation) @

Between live 2,0 1,5 4,0 3,0 5,0 4,0 6,3 5,6 8,0 76

part$ and other

metal parts

over|basic

insulation ®

Between live 8,0 8,0 8,0 8,0 10,0 8,0 12,6 11,0 16,0 11],0

part$ and other

metal parts

over|reinforced

insulation ©

NOT|E The reinforced insulation figures for voltages >500 VAare given for information only. In this standard Y1

capdgcitors are limited to 500 V.

a8 These limits shall be used for measurements between terminals of an X-capacitor.

b These limits shall be used for measurements hétween each terminal and the metal case of an X-capacitorfand

fpor measurements between terminals or betwéen each terminal and the metal case of an Y2- or Y4-capacitpr.
¢ These limits shall be used for measurements between terminals of an Y1- capacitor (up to 500 V).

Annlex J describes different,styles of capacitors, and how the creepage and clearance distar|ces
are measured for them. Precautions required for handling the capacitors, for example when the
leads are bent, are also\described.

5.3| Electrical tests

5.3 Voltage proof

5.3./1.1 General

See| IEC 60384-1:2021, 6.2 with the details from 5.3.1.2 to 5.3.1.5.

5.3.1.2 Test circuit for DC tests

Omit the capacitor C, if the capacitor under test, or a section of it, is a metallized film or
metallized paper capacitor.

The product of R4 and (C, + Cy) shall be less than, or equal to, 1 s and greater than 0,01 s.
R, includes the internal resistance of the power supply.

R, shall limit the discharge current to a value equal to, or less than, 0,05 A.
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5.3.1.3 Test circuit and method for AC tests

When a 50/60 Hz voltage is applied for qualification approval and periodic tests, the voltage
shall be supplied from a transformer fed from a variable autotransformer, and the voltage shall
be raised from near zero to the test voltage at a rate not exceeding 150 V/s. The test time shall
be counted from the time the test voltage is reached. At the end of the test time, the test voltage

shal

| be reduced to near zero and the capacitor discharged through a suitable resistor.

For lot-by-lot and 100 % testing, the voltage shall be applied directly at the full test voltage, but
overvoltage peaks should be avoided.

5.3.1.4 Applied voltage

The| voltages of Table 4 shall be applied between the respective measuring points_showh in

IEC|60384-1:2021, Table 3, for a period of 1 min for qualification approval and pe€riodic testing

and|for a period of not less than 1 s for lot-by-lot quality conformance testing, with-the following

details:

a) the test in accordance with 2c of IEC 60384-1:2021, Table 3, shall not be carried out;

b) for encapsulated units with a non-metallic case, a voltage proof test-such as Test C shall be
carried out only for qualification approval tests and periodic tests)

c) the method of applying the test voltage for Test C shall be (given in the detail specificafion.
For qualification testing, the foil method given in IEC 60384-1:2021, 6.2.3.4. shall be us$ed,
inless otherwise specified in the detail specification;

NOTE This test is applicable only to insulated capacitors inneh-metallic case or in insulated metallic case] See
EC 60384-1:2021, 6.6.3.4.

d) for testing during a period between 1 s and 2 s,\the voltage of Table 4 shall be increased as
ndicated in Figure 9;

e) when a capacitor is qualified for DC applications in accordance with Annex H, the [test
oltage as calculated in accordance.with Table H.1 for the voltage proof test A shal| be
bpplied for lot-by-lot (100 %) tests-and qualification tests, if its value is higher than the value
bs determined in accordance with<Table 4.

Attention is drawn to the fact that repetition of the voltage proof test by the user can damage

the |capacitor. If repetition ofithe voltage proof test is made by the user, the applied volfage

shopld not be greater than 66 % of the test voltage specified in Table 4.

Table 4 — Voltage proof
Class Range, of rated Test A¢ Test B or Test C
voltages
A1 i
<1000V 43 U, (DC)° 2 .UB + 1500 V (AC) with
X2 a minimum of 2 000 V (AC) @
1 <500V 4 000 V (AC) 4 000V (AC)
2150 V Ug + 1200 V (AC) with a 2 Ug + 1500 V (AC) with
Y2
<500V minimum of 1 500 V (AC) ° a minimum of 2 000 V (AC) ®
Y4 <150 V 900 V (AC) b 900 V (AC)®
2  For Delta and T-connected capacitor units in accordance with Figure 5b and Figure 5c, the test voltage for

terminals to case shall be the appropriate test voltage for the Y-capacitors.

For lot-by-lot tests of Class Y2- and Y4-capacitors, the AC test voltage may be replaced by a DC voltage of

1,5 times the prescribed AC voltage.
The Uy in this DC test is the rated AC voltage value.

For capacitors qualified in accordance with Annex H, see 5.3.1.4 e).
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5.3.1.5 Requirements

There shall be no permanent breakdown or flashover during the test period.

NOTE The occurrence of self-healing breakdowns during the application of the test voltages on metalized film
capacitors is allowed.

In visual inspection after the test, the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated areas (the creepage distance and clearance
specified in Table 3 shall be ensured).

5.3. Capacitance
5.3.2.1 General
See| IEC 60384-1:2021, 6.3 with the details in 5.3.2.2 and 5.3.2.3.

5.3..2 Measuring conditions

The|capacitance measured shall be the series equivalent capacitance:

The| measuring frequency shall be 1 kHz, but the measuring frequency shall be 1 MHZ for
ceramic capacitors with Cy < 100 pF (class 2) and Cy < 1 000 pF (class 1).

The|measuring temperature shall be in accordance with IEC 60384-1:2021, 5.2.1.

The| measuring voltage shall not exceed the rated voltage. For ceramic capacitors, |the
megsuring voltage shall be 1,0V £ 0,2 V.

As the nominal capacitance of ceramic capacitors, as measured above, is the small-signal
capacitance, the manufacturer shall supply the following information for ceramic capacitorg:

a) the maximum expected 50/60 Hz-current through the capacitor at rated voltage taking|into
pccount capacitance toleranCe and temperature characteristic (or coefficient)| of
capacitance;

b) the minimum expected~capacitance taking into account the capacitance tolerance [and
emperature characteristic (or coefficient) of capacitance.

5.3.2.3 Requirements

The|capacitance‘value shall be within the specified tolerance.

5.3.8 Tangent of loss angle

Thig testis normally required for metallized and ceramic capacitors only.

See IEC 60384-1:2021, 6.4 with the following details:

The measuring frequency shall be 10 kHz for Cy < 1 pyF and 1 kHz for C > 1 yF. For ceramic
capacitors, the measuring frequency shall be 1 kHz, but for capacitors with Cy < 100 pF (class 2)
and Cy < 1 000 pF (class 1), the measuring frequency shall be 1 MHz.

5.3.4 Resistance (Equivalent Series Resistance (ESR)) (for RC units only)

The ESR shall be measured in a series equivalent circuit at the following frequency:

100 kHz for Ry x Cy < 50 ps;

1 kHz for Ry x Cy 2 50 ps
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where

Ry is the nominal resistance in ohms, and

Cn is the nominal capacitance in farads.

5.3.5 Insulation resistance

5.3.5.1 General

See |IEC 60384-1:2021, 6.1 with the details in 5.3.5.2 and 5.3.5.3.

In 1gt-by-lot quality conformance testing, the measuring may be interrupted at the time that
valye of the insulation resistance exceeds the limits of Table 5 or Table 6, which can,be-shg
than 60 s.

5.3.5.2 Temperature correction

When stated in the detail specification, the temperature at which the measurement is m
| be noted. If this temperature differs from 20 °C, a correction shall be’made to the measyred

sha
vall

for fhe relevant dielectric or that given in the detail specification.

5.3.5.3 Requirements

The

e by multiplying it by the appropriate correction factor stated in‘the sectional specifica

insulation resistance shall exceed the values of Table5 or Table 6, as appropriate.

Table 5 — Insulation resistance — Safety tests only

the
rter

ade

tion

Test A Test B or Test C
When C\, > 0,33 pF WhenCy, = 0,33 pF R in MQ
RCyins R in MQ
2000 &P 6 000 6 000

Cy is the nominal capacitance and R the measured insulation resistance.

Limits more severe and related to the dielectric may be given in the detail specification for performance tqg
only, where possible by réference to the appropriate IEC publication.

For capacitors having.one termination connected to the case, the insulation resistance limits for Test A shqg
be used.

For capacitorstwith a discharge resistor, measurement should be carried out with the discharge resi
disconnected\If the resistor cannot be disconnected without the capacitor being destroyed, the test shqg
be omittedin Group A; and, for qualification approval and periodic tests, the test should be carried out
half of the/specimens in the sample, which should consist of capacitors specially made without discha
resistors.

sts

uld

tor
uld
on
rge

a

Alsofor mixed plastic/paper dielectrics.

b

For capacitors with ester-impregnated paper dielectric, the values of the table shall be replaced respectively

by the values 500, 1 500 and 2 000.
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Table 6 — Insulation resistance — Safety and performance tests
Test A Test B or Test C
Dielectric When C > 0,33 puF When C\ = 0,33 pF R in MQ
RCyin's R in MQ

Paper &P 2 000 6 000 6 000

Plastic 5000 15 000 30 000

Ceramic - 6 000 3000

e | Cy Is the nominal capacitance and R the measured insulation resistance.

e | Limits more severe and related to the dielectric may be given in the detail specification for performance tgsts
only, where possible by reference to the appropriate IEC publication.

e | For capacitors having one termination connected to the case, the insulation resistance limits for Test A shquld
be used.

e | For capacitors with a discharge resistor, measurement should be carried out with the discharge resigtor
disconnected. If the resistor cannot be disconnected without the capacitor being destroyed, the test shquld
be omitted in Group A; and, for qualification approval and periodic tests, the test should be carried out{ on
half of the specimens in the sample, which should consist of capacitors specially*made without dischafge
resistors.

2 |Also for mixed plastic/paper dielectrics.

b [For capacitors with ester-impregnated paper dielectric, the values of¢thetable shall be replaced respectijely
by the values 500, 1 500 and 2 000.

5.4

See

The

The
sev

The
the

coa
insu

5.5
5.5.
Thid

Robustness of terminations

IEC 60384-1:2021, 7.3 with the following détails.

test for snap-in contacts shall be-specified in the detail specification; the test methods
prity shall comply with the applicable clauses of IEC 61210.

test shall be carefully conducted in accordance with the instructions so that the coatin
capacitor is not broken due to mishandling of the part. In visual inspection after the test,
ing of the capaciten'shall not have any cracks exposing internal live parts or in def
lated areas (the creepage distance and clearance specified in Table 3 shall be ensure

Resistance to soldering heat

1 General

test method and degree of severity to be used shall be specified in the detail specificafion.

and

g of
the
ned

).

with

téstis not applicable to capacitors with insulated leads longer than 10 mm, or to capaci

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitance
drift is required, preconditioning should be performed as advised by the manufacturer (see

Ann

See

5.5.
The

ex G).
IEC 60384-1:2021, 9.1 with the details in 5.5.2 and 5.5.3.

2 Test conditions

re shall be no pre-drying.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 © |IEC 2023 - 25—

5.5.3 Final inspection, measurements, and requirements

The final measurements after this test are the intermediate measurements after the tests of
Subgroup 1A and before the remainder of the tests of Group 1. The capacitors shall be visually
examined and measured and shall meet the requirements of Table 7.

Table 7 — Resistance to soldering heat — Requirements

Inspection or Inspection or Requirements
measurement measuring method
Visual examination 52 No visible damage In visual inspection after the

test, the coating of the capacitor shall not have any
cracks exposing internal live parts or in definéd
insulated areas (the creepage distance and
clearance specified in Table 3 shall be ensured).

Capacitance 5.3.2 The difference between the capacitance'measure
finally and in Group O of Table 14;yocTable 15 sh3l

not exceed 5 % 2

Resgistance 5.3.4 o
(if hpplicable) |ARIE| < 5 %

@ |For ceramic capacitors, the capacitance difference shall not exceed 10 %.

5.6 Solderability
5.6./1 General

Thig test is not applicable to capacitors with terminations not intended for soldering (such as
scrgw terminations and snap-in contacts).

Seel IEC 60384-1:2021, 9.2 with the details.in 5.6.2 and 5.6.3.

5.6.p Test conditions
No @geing is required.
Preferred solders and their\sélder bath temperature and process time:

— Pn96,5Ag3Cu,5 solder: 245 °C + 3 °C for (3 £ 0,3) s;
— Pn99,3Cu,7 solder: 250 °C + 3 °C for (3 £ 0,3) s.

When Method/2.is used, a soldering iron of size A shall be used.

5.6.3 Requirements

SeelTable K.3

5.7 Rapid change of temperature
5.7.1 General

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitance
drift is required, preconditioning should be performed as advised by the manufacturer
(see Annex G).

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.
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See IEC 60384-1:2021, 8.1 with the following details.

— Number of cycles: 5.
— Duration of exposure at the temperature limits: minimum 30 min.

5.7.2 Final inspection

In visual inspection after the test, the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated areas (the creepage distance and clearance
specified in Table 3 shall be ensured).

5.8 Vibration
5.8.1 General
See| IEC 60384-1:2021, 7.4 with the details in 5.8.2 and 5.8.3.

5.8.R Test conditions
The| following degree of severity of test Fc applies: 0,75 mm digplacement or 100 n}/s2,

whi¢hever is the lower amplitude, over one of the following frequeficy ranges: 10 Hz to 55|Hz,
10 Hz to 500 Hz, 10 Hz to 2 000 Hz. The total duration shall be 6.

The| detail specification shall prescribe the frequency range and shall also prescribe|the
moynting method to be used. For capacitors with axial,leads that are intended to be mounted
by the leads, the distance between the body and the munting point shall be 6 mm £ 1 mm|.

5.8.3 Final inspection

In isual inspection after the test, the coating of the capacitor shall not have any cracks
exppsing internal live parts or in defined insulated areas (the creepage distance and cleargnce
spegified in Table 3 shall be ensured).

5.9 Repetitive shock (bump)
5.9.1 General

The|detail specification shall state whether the bump or the shock test applies.
See IEC 60384-1:2024, 7.5 with the details in 5.9.2 and 5.9.3.

5.9.p Test{conditions
Thel|following are the preferred severities.

— Total number of bumps: 1 000 or 4 000

— Acceleration: 400 m/s2

— Pulse duration: 6 ms

The mounting method and the severity shall be specified in the detail specification.

5.9.3 Final inspection, measurements, and requirements

The final measurements after this test are the intermediate measurements after the tests of
Subgroup 1B and before the remainder of the tests of Group 1.
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The capacitors shall be visually examined and measured and shall meet the following
requirements.

e There shall be no visible damage. In visual inspection after the test, the coating of the
capacitor shall not have any cracks exposing internal live parts or in defined insulated areas
(the creepage distance and clearance specified in Table 3 shall be ensured).

e The change of capacitance compared with the value measured in Group 0 of Table K.3 shall
not exceed 5 %, except for ceramic capacitors for which it shall not exceed 10 %.

e The value of tan & shall not exceed the limit stated in the detail specification.

° The hhangn of resistance (if npplir\nhln) shall not exceed the limit in Tahle O

When preconditioning is performed, initial measurements for reference shall be carried.out 3fter
pre¢onditioning.

5.10 Shock
5.10.1 General
The| detail specification shall state whether the bump or the shock test(applies.

Seel IEC 60384-1:2021, 7.6 with the details in 5.10.2 and 5.10.3.

5.10.2 Test conditions

The|severities in Table 8 are preferred.
Pulge-shape: half-sine wave

Table 8 — Shock-test preferred severities

Peak acceleration Corresponding
duration of the pulse
m/s? ms
500 11
1000 6

The|mounting method; the severity, and the number of shocks along each axis shall be specified
in the detail specification.

5.10.3 Final inspection, measurements, and requirements

Thel| final¥measurements after this test are the intermediate measurements after the tests of
Suhvrmlp 1B and hefore the remainder of the tests of Group 1

The capacitors shall be visually examined and measured and shall meet the following
requirements.

e There shall be no visible damage. In visual inspection after the test, the coating of the
capacitor shall not have any cracks exposing internal live parts or in defined insulated areas
(the creepage distance and clearance specified in Table 3 shall be ensured).

e The change of capacitance compared with the value measured in Group 0 of Table K.3 shall
not exceed 5 %, except for ceramic capacitors for which it shall not exceed 10 %.

e The value of tan & shall not exceed the limit stated in the detail specification.

e The change of resistance (if applicable) shall not exceed the limit in Table 9.
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When preconditioning is performed, initial measurements for reference shall be carried out after
preconditioning.

5.11 Container sealing
5.11.1 General

This test is applicable only if prescribed in the detail specification.

See |IEC 60384-1:2021, 7.9 with the details in 5.11.2 and 5.11.3.

5.11.2 Test conditions

The| capacitors shall be subjected to either Test Qc or to Test Qd of IEC 60068-2-17| as
appfopriate. Unless otherwise specified in the detail specification, Method 1 shall-beused when
Test Qc is employed.

5.11.3 Requirements

Dur|ng or after the test, as applicable, there shall be no evidence ofdeakage.

5.12 Climatic sequence
5.12.1 General
When, for fixed capacitors of ceramic dielectric Class2;{a precise measurement of capacitgnce

driff| is required, preconditioning should be performeéd as advised by the manufacturer (see
Annex G).

See| IEC 60384-1:2021, 8.2 with the details from 5.12.2 to 5.12.7.

5.12.2 Initial measurements

Thelinitial measurements for the glimatic sequence are the measurements carried out in 5[5.3,
5.9.B or 5.10.3 as appropriate.

5.12.3 Dry heat
See IEC 60384-1:2021,28.2.3 with the following details.

No measurementstare required at the upper category temperature.

5.12.4 Damp heat, cyclic, test Db, first cycle

See| IEC 60384-1:2021, 8.2.4.

5.12.5 Cold

See IEC 60384-1:2021, 8.2.5 with the following details.
No measurements are required at the lower category temperature.

5.12.6 Damp heat, cyclic, test Db, remaining cycles

See |[EC 60384-1:2021, 8.2.7.

5.12.7 Final inspection, measurements, and requirements

See IEC 60384-1:2021, 8.2.8 with the following details.
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Recovery shall be for 24 h + 2 h under standard atmospheric conditions for testing.

After recovery, the capacitors shall be visually examined and measured and shall meet the
requirements of Table 9.

Table 9 — Climatic sequence — Requirements

Inspection or Inspection or Requirements
measurement measuring method
Visual examination 5.2 No visible damage. In visual inspection after the
tcat, t:IU bUdt;lly Uf t:IU uapau;tul b:ld“ IIUt :ICXVU al y
cracks exposing internal live parts or in defined
insulated areas (the creepage distance and
clearance specified in Table 3 shall be enSured).
The marking shall be legible
Capacitance 5.3.2 The final capacitance value shall bewithin 5 %2 of
the value measured in 5.5.3, 5.9/3)0r' 5.10.3 as
applicable
Tangent of loss angle 5.3.3 The increase of tan § oventhe value measured in
(m¢tallized capacitors only) Group 0 shall not exceed
0,008 for Cy = 1 pF
0,005 for C\ > 1 pF,
Resistance 5.3.4 |AR / R| < 5%
(if applicable)
Voltage proof 5.3.1 Test voltage given in Table 4
No pérmanent breakdown or flashover is permittefl
Insplation resistance 5.3.5 Greater than 50 % of the applicable limits of Tabl¢ 5
or Table 6
@ |For ceramic capacitors, the capacitance difference shall not exceed 10 %.
5.13 Damp heat, steady state (DHSS)
5.13.1 General
When, for fixed capacitors of\cefamic dielectric Class 2, a precise measurement of capacitgnce
drifff is required, preconditioning should be performed as advised by the manufacturer (see
Annex G).
Annex | describes specific humidity robustness grades, tests, and requirements for applicat|ons,
whdre high stability under high humidity operating conditions is required. A sample testefd to

com
the

app

Se

sample 'described in 5.13.3 (DHSS with voltage applied), and the test results are valig

ply to ong.of the robustness grades of Annex | fulfils the requirements of the second h4glf of

for

roval-testing in accordance with 8.4, Annex F or Annex K.
1O 0204 4.-9N2041 o 2 HE S S 1 o Adatarl £ o 492 12 ¢ o 42 A
O VUvoO0S"T1.2U4 T, U.O WIlLT 11T UTidiio 1TTUTTT V. TJY.4 U J. TJ.57.

5.13.2 Initial measurements

Initial measurements have been carried out in Group 0 of Table 14 or Table 15.

When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

5.13.3 Test conditions

The

sample shall be divided to two parts of equal size.
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The first half of the sample shall be tested without voltage applied with following preferred
severities:

— Temperature: 40 °C £ 2 °C;
— Relative humidity: (93 = 3) %;

— Duration: 21 days or 56 days, in line with the climatic category of the capacitor.

The other half of the sample shall be tested with rated AC voltage applied in the following
conditions:

_ -Fsqulgs:;tl re- 49 og + 20(\;
— Relative humidity: (93 £ 3) %;
— Duration: 21 days.

5.13.4 Final inspection, measurements, and requirements

Recovery shall be for 1 h to 2 h under standard atmospheric conditions for testing.

After recovery, the capacitors tested without voltage shall be visually,'’examined and measyred
and|shall meet the requirements of Table 10.

After recovery, the capacitors tested with voltage shall be visdally examined and measuredjand
shall meet the requirements of Table 11. The electrical requirements of Table 11 are idenfical
to those of Table I.1.

Table 10 — Damp heatjsteady state —
Requirements for samples tested without voltage applied

Inspection or Inspection or. Requirements
measurement measuring method

Vispal examination 5.2 No visible damage. In visual inspection after the
test, the coating of the capacitor shall not have arly
cracks exposing internal live parts or in defined
insulated areas (the creepage distance and
clearance specified in Table 3 shall be ensured).
The marking shall be legible

Capacitance 5.3.2 The final capacitance value shall be within 5 %2 o
the value measured in Group 0 of Table 16 or
Table K.3, as applicable

Tanpgent of loss angle 5.3.3 The increase of tan 6 over the value measured in

(m¢tallized capacitars' only) Group 0 shall not exceed
0,008 for Cy =1 pF
0,005 for C, > 1 pF

Resgistance 5.3.4 |AR / R| <59%

(if applicable)

Voltage proof 5.3.1 Test voltage as in Table 4
No permanent breakdown or flashover is permitted

Insulation resistance 5.3.5 Greater than 50 % of the applicable limits of Table 5
or Table 6

a

For ceramic capacitors the capacitance difference shall not exceed 15 %.
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Table 11 — Damp heat, steady state — Requirements for samples tested
with voltage applied

Measurement Measuring method Requirements

Visual examination 5.2 No visible damage. In visual inspection after the
test, the coating of the capacitor shall not have
any cracks exposing internal live parts or in
defined insulated areas (the creepage distance
and clearance specified in Table 3 shall be
ensured).
The marking shall be legible

Capecitance 535 Metatized-capacitors: FAe—=—46-%
Ceramic capacitors: |aC | <15 %

Tarjgent of loss angle 5.3.3 The increase of tan & over the value measured |n

. . Group 0 shall not exceed

(mgtallized capacitors only)
0,024 for C\ < 1 pF @
0,015 for Cy > 1 pF @

Resgistance 5.3.4 |AR/R| <5 %

(if applicable)

Voltage proof 5.3.1 Test voltage as in~Fable 4

Insplation resistance 5.3.5 > 50 % of thesapplicable limits of Table 5 or

Table 6, or'fpinimum 200 MQ, whichever is higher

a8 |For certain applications, smaller values for the increase tan 6 can be required.

Thg change of capacitance value depends on technology, and, as is for example the case for ceramic capacitors,
can be reversible. Thus, the requirements are different.

5.13.5 Sample size summary for humidity tests

TabJe 12 shows sample sizes for humidity tests in accordance with 5.13, Annex H and Annegx I.

Table 12°="Sample sizes for humidity tests

DHSS Test gnoup Without Uy AC applied Uy DC applied
voltage
5.13 6 6°
Annex H{ Table H.1 +0 +0 + 62
Annex-h, "Grade (1), (II), (II1) +0 10 + 62

of 5.13.

NOTE The + sign in front of the numbers means an additional sample to the samples

@ Additional sample if the capacitors are also specified for Uy DC exceeding Uy AC

(RS

b See5.13.1

5.14 Impulse voltage

5.14.1 General

This test is to be carried out as a sequence with the endurance test described in 5.15.

5.14.2 Initial measurements

Initial measurements have been made in Group 0 of Table 17 or Table K.3.
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When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

5.14.3 Test conditions

Each individual capacitor shall be subjected to a maximum of 24 impulses of the same polarity.
The time between impulses shall be not less than 10 s. The peak value of the voltage impulse
shall be as given in Table 1 and Table 2.

The rise time, ¢, is defined as ¢, = (t9g — t3¢) X 1,67. Time ¢, is the front time T, defined in

r,
ARt -t 4ao
I

IEC66666=120107-118:

The|decay time ¢4 is the same as time to half value T, defined in IEC 60060-1:2010,7,49.22.

The| waveform will be determined by the test circuit parameters. Details of thé test circuit|are
givgn in Annex A.

Before use, the functioning of the circuit shall be checked using Cy valugstof 0,01 uF and 0,] pF
and|the values for the other circuit elements as given in Table A.1~The rise time ¢, and dgcay
timg 4 shall be within 0 % + 50 % of the values given in Table A.2)The capacitors Cy used for
this[check should not be high-permittivity ceramic.

If tHe waveform from the check shows a damped oscillation, the peak-to-peak value of |this
osclllation, U, shall be not greater than 10 % of the peak voltage of the impulse Ugg as shpwn

pp’
in Fjgure 6.

Voltage
>
S
Pyl

Upp

|
-

Time
IEC

Figure 6 — Impulse wave form

5.14.4 Requirements

There shall be no permanent breakdown or flashover.

If any three successive impulses are shown by the oscilloscope monitor to have had a waveform
indicating that no self-healing breakdowns or flashovers have taken place in the capacitor, then
no further impulses shall be applied, and the capacitor shall be counted as conforming.

If all 24 impulses have been applied to the capacitor and 3 or more of them are of a waveform
indicating that no self-healing breakdowns or flashovers have occurred, then the capacitor shall
be counted as conforming, but, if fewer than three impulses are of the required waveform, then
the capacitor shall be counted as a nonconforming item.
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5.15 Endurance
5.15.1 General

When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of capacitance
drift is required, preconditioning should be performed as advised by the manufacturer (see
Annex G).

The endurance test shall be started within one week of the completion of the impulse voltage
test. See IEC 60384-1:2021, 8.5 with the details from 5.15.2 to 5.15.9.

5.18.2 Test conditions

The|capacitors shall be placed in the test chamber in such a manner that no capacitor)is within
25 mm of any other capacitor.

However, there is an exception, when the width or diameter of the capacitor js less than 25 mm,
then the distance between the capacitors may be reduced to the value of this'width or diamegter,
proyided that this causes no extra heating of the capacitors. If in doubt, the 25 mm spaging
shall be used.

The| capacitors shall not be heated by direct radiation and the circulation of the air in|the
chamber shall be adequate to prevent the temperature from{exceeding +3 °C of the specified
temperature at any point where capacitors are placed.

For|non-self-healing capacitors, a 1 A fuse or largert,)if the capacitance value under tesf so
requires, shall be connected in the supply circuit, and shall not rupture during the test.

For|self-healing capacitors, a fuse or other device of suitable sensitivity may be connecteld in
the gircuit of each capacitor to indicate if a:failure occurs.

5.18.3 Sampling

The| sample for the endurance test shall be divided, if necessary, into two or three plarts
according to the numbers giveniin. Table 15, Table K.1, Table 17, or Table K.3, so that separate
tests can be carried out_on’the X-capacitors, the Y-capacitors, and the lead-thrgqugh
arrangements.

For|example, when testing delta capacitor units (see 3.1.9), 12 capacitor units shall be tested
according to 5.15.5) and another 12 units according to 5.15.6. When testing a Clasg Y
lead-through capacitor (see 3.1.8), 12 capacitors shall be tested in accordance with 5.15.6 and
six units in accerdance with 5.15.7.

5.15.4 (lInitial measurements

Initis-measurements-have-been-carriedoutin 5442
SastHeRshAtsAHa e R-caHea—-o oA

ST oot ot

5.15.5 Endurance for Class X capacitors and RC units containing Class X capacitors

For multi-section capacitors, all X-sections shall be tested in parallel, if necessary, by shorting
out any Y-sections. For T-connected capacitors (see 3.1.9), the test shall be carried out
between the terminals normally connected to line and neutral.

The capacitors and RC units, for which no rated temperature is given, shall be submitted to an
endurance test of 1 000 h at upper category temperature at a voltage of 1,25 Ug, except that

once every hour, the voltage shall be increased to voltage Ug RMS for 0,1s, where
Ug =1,5 x Ug or 1 000 V RMS, whichever is higher. Each of these voltages shall be applied to

each capacitor individually through a resistor of 47 Q, with a tolerance of +5 %. The suitable
circuit is shown in Annex B.
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The value of this resistor is chosen to simulate the high-frequency impedance of the supply
mains. For capacitors with capacitance value above 10 uF, the dissipated power in the resistor
becomes large. With increasing capacitance values the dissipated power may rise to unpractical
level. In this kind of situation, safety test houses may allow a lower resistance value of 5 % of
the reactance value of the test capacitor C, to be used.

RC units, for which a rated temperature is given, shall be mounted in the manner specified by
the manufacturer, and the oven shall be stabilized at the rated temperature without voltage
applied to the capacitors. The voltage shall then be switched on and the time counted from this
moment.

Aftdr thermal stability due to internal heating of the resistor has been re-established, the-gase
temperature of one of the capacitors shall be measured. It shall not exceed the upper category
temperature.

The|test circuit should be designed so that voltage transients and current surges are avoided
during switching. This may be achieved by discharging the capacitor before' switching to| the
new voltage provided that the total time taken to change over to Ug RMS"and back does| not

exceed 30 s.

5.15.6 Endurance for Class Y capacitors and RC units containing Class Y capacitors

For |multi-section capacitors, all Y-sections shall be testedcn\parallel, if necessary, by shoiting
out any X-sections. For T-connected capacitors (see 3,1.9); the terminals normally conne¢ted
to line and neutral shall be shorted and the test shallbe carried out between them, and|the
terminal normally connected to earth.

The| capacitors shall be submitted to an endurance test of 1 000 h at an upper category
temperature at a voltage of 1,7 Ug, except th@t once every hour the voltage shall be incregsed
to vpltage Ug RMS for 0,1 s, where Ug = 1 000 V RMS. Each of these voltages shall be apglied

to epch capacitor individually through .agesistor of 47 Q with a tolerance of £5 %. The test cifcuit
is shown in Annex B.

The| test circuit should be designed so that voltage transients and current surges are avoided
during switching. This may~be achieved by discharging the capacitor before switching to| the
new voltage provided that the total time taken to change over the Ug RMS and back does| not

exceed 30 s.

5.18.7 Endurance for the lead-through arrangements

In addition tosthe endurance tests of the capacitors in accordance with 5.15.5 and 5.15.6,| the
currient-carrying capacity of the lead-through arrangements shall be tested. All the lead-thrdugh
wirgs shall'be connected in series and the capacitors submitted to an endurance test of 1 000 h
withl a*current of 1,1 Iz passing through the lead-through wires. During this test, no voltagde is

applied to the capacitor dielectric.

The capacitors shall be mounted in the manner specified by the manufacturer, and the oven
shall be stabilized at the rated temperature without current passing through the capacitors. The
current shall then be switched on and the time counted from this moment.

After thermal stability has been re-established, the case temperature of one of the capacitors
shall be measured. It shall not exceed the upper category temperature.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 © |IEC 2023 - 35—

5.15.8 Test conditions — Combined voltage/current tests

For some types of capacitors, such as coaxial lead-through capacitors, it is possible without
difficulty to apply both test voltage and current to the capacitor at the same time. If prescribed
in the detail specification, a combined endurance test of 1 000 h may be carried out instead of
the tests of 5.15.5 (or 5.15.6) and 5.15.7 by using the number of specimens appropriate for the
test of 5.15.5 (or 5.15.6) and 1,1 times the rated current flowing through the lead-through
arrangements.

The case temperature of one of the capacitors shall be measured as in 5.15.7. It shall not
exceed the upper category temperature.

5.18.9 Final inspection, measurements, and requirements

The|capacitors shall be visually examined and measured in the order given in Table 13.

Table 13 — Endurance — Requirements

Inspection or Inspection or Requirements
measurement measuring method

Visual examination 5.2 No visible damage(/q-visual inspection after the tést,
the coating of th€ capacitor shall not have any crafks
exposing intefpal live parts or in defined insulated
areas (the creepage distance and clearance specified
in Table 3-shall be ensured).

Capacitance 5.3.2 Thefinal capacitance value shall be within 10 % 2|of
th€)value in Group 0 of Table 15 or Table K.1 as
applicable

Tangent of loss angle 5.3.3 The increase of tan & over the value measured in

(mgtallized capacitors only) Group 0 shall not exceed
0,008 for C = 1 pF
0,005 for Cy > 1 pF

Resistance (if applicable) 534 |M / Rl <10 %

Voltage proof 5.3.1 Test voltage as in Table 4
No permanent breakdown or flashover is permitte

Insplation resistance 5.3.5 Greater than 50 % of the applicable limits of Tablg 5
or Table 6

a8 |For ceramic capacitors, the capacitance difference shall not exceed 20 %.

5.16 Chargedand discharge

5.16.1 General

Thig test is applicable only to metallized capacitors, ceramic capacitors and RC units using
such capacitors.

See |IEC 60384-1:2021, 6.11 with the details from 5.16.2 to 5.16.4.

5.16.2 Initial measurements

Initial measurements have been made in Group 0 of Table 15 or Table K.1. In addition, except
for RC units, tan ¢ shall be measured in accordance with IEC 60384-1:2021, 6.4 with the
following details.

Cn: <1uF Cn: >1 uF

Frequency: 10 kHz Frequency: 1 kHz
Voltage: 1V RMS. max. Peak voltage: < 3 % of rated voltage
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When preconditioning is performed, initial measurements shall be carried out after
preconditioning.

5.16.3 Test conditions

The capacitors shall be subjected to 10 000 cycles of charge and discharge at the rate of
approximately one operation per second.

Each cycle shall consist of charging and discharging the capacitor. For AC capacitors, the test
voltage shall be V2 x Ur and for DC capacitors the test voltage shall be Ug.

Each capacitor shall be individually charged by applying the test voltage through a resistor with
the palue

220 x 10°°
N

R Q

or the value required to limit the charge current to 1 A (or to the higher current value given in
the detail specification), whichever resistance value is the greatek

Each capacitor shall be individually discharged through a“tesistor of such a value that|the
maximum rate of change of voltage (dU/d¢) shall be approximately 100 V/us.

For|RC units, if it is impossible to achieve a dischargé rate of 100 V/us, the RC unit shall be
disgharged through a short circuit.

The|circuit is given in Annex C.
In Ahnex E (Pulse test circuits), alternative possibilities for a test circuit are given for information.

5.16.4 Final measurements andrequirements

The|capacitor shall be measured and shall meet the requirements of Table 14.

Table 14 — Charge and discharge — Requirements

Inspection or Inspection or Requirements
measurement measuring method
Capacitance 5.3.2 The final capacitance value shall be within 10 % 2|of
the value in Group 0 of Table 15 or Table K.1, as
applicable
Tan &.fof 5.16.2 The increase of tan § over the value measured in
Cy=TUF 5.16.2 shall not exceed 80 x 10 *
=10 kHz
(if applicable)
Tan ¢ for 5.16.2 The increase of tan § over the value measured in
Cy>1uF 5.16.2 shall not exceed 50 x 1074
f=1kHz
(if applicable)
Resistance 5.3.4 |AR / Rl <10 %
(if applicable)
Insulation resistance 5.3.5 Greater than 50 % of the applicable limits of Table 5
or Table 6

@ For ceramic capacitors, the capacitance difference shall not exceed 20 %.
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5.17 Radiofrequency characteristics

The detail specification may prescribe measuring methods and requirements for one or more of
the following radiofrequency characteristics:

— the main resonant frequency of the capacitor;

nsertion loss (the methods of CISPR 17 shall be used where possible);

resistance at resonant frequency;

mpedance of the capacitor;

nductanca of tha canacitor
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Passive flammability test

.1 Testing according to IEC 60384-1

.1.1  General

I[EC 60384-1:2021, 10.1 with the following details.
est according to Group 0 and no preconditioning are required.

test shall be carried out on 6 to 18 specimens, depending’on the number of case s
bd. The smallest, a medium (in the case of more than\4 case sizes in the range tg
ified), and the largest case size in the range to be qualified, shall be tested. For each @
, 3 specimens, each of the highest and lowest-capacitance values of the range tg
ified, shall be tested.

flame shall be applied for the period of- time specified in the generic specificg
esponding to the volume of the specimencand the category of flammability specified in
il specification.

preferred category is category B.*If category C is used, it shall be agreed between

ponent supplier and the custemer.
mption: for components smaller than 1 750 mm3, passive flammability category ¢
hitted.

sive flammability\categories better than C may require flame retardant additives, which
onsidered tocause environmental impact. These categories should be subject to discus
veen manufacturers and customers to find a compromise between safety and environme
irements:

surface mount capacitors consisting of ceramic and metal, only the passive flammakh
can’be omitted.

zes
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sion
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5.18.1.2 Requirements

The burning time specified in the generic specification shall not be exceeded by any specimen.

The

tissue paper shall not ignite. No electrical measurements are required.

5.18.2 Alternative passive flammability test

5.18.2.1 General

In situations where the components do not have passive flammability category B, or where
category C has not been agreed upon, and the volume of the capacitor is greater than
1 750 mm3, or when the polymeric enclosure materials are not classified V-0 in accordance with

IEC

60695-11-10, the following alternative test method can be used.
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Three samples of the component are to be subject to three 15 s applications of a test flame,
the period between the applications of the flame being 15 s. The component shall not continue
to flame for more than 15 s after the first and second applications, and not more than 60 s after
the third application.

5.18.2.2 Requirements for the test set-up

For the test, a supply of gas having a heating value of approximately 37,6 MJ/m3 (1 000 Btu/ft3)
at normal pressure and a 9,5 mm (3/8 inch) diameter Tirril burner are to be used. The test flame
is to be 19 mm (3/4 inch) high with the air ports of the burner closed.

5.1§
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Using the test circuit\of Figure 7 with the following details:

U~

U.

1

.2.3 Requirements for the conduction of the test

h component is to be mounted in a position that is most conductive to the ignition of
ponent and that is permitted by the physical construction of the componentThe tip of
flame is to be applied at any location on the body of each componenty'No elect
surements are required.

Active flammability test
.1 Test condition

active flammability test for Y1 capacitors is omitted because the current test set-ups
te excessive over-voltage on a Y1 capacitor.

sample of 24 specimens shall contain equal numbers of specimen of the highest, the loy
an intermediate capacitance value in the rangéte be qualified. Where there are only
hcitance values in the range, 12 of each value shall be tested; where only 1 capacitg
e is involved, 24 capacitors of this value shall be tested.

specimens shall be individually wrapped in at least 1, but not more than 2, complete la
heesecloth. The cheesecloth shall bé*untreated pure cotton cloth with a mass of 20 g/m
/m2 and having a count of betweén 22 x 27 and 45 x 34 that has been pre-conditio
er standard atmospheric conditions for testing for 24 h.

h test capacitor shall be mounted by its leads. The free length of the leads should b
t 25 mm.

= URiS%

5kV +(7) % for capacitors of Class Y2

the
the
ical

can

vest
two
nce

ers
2 1o
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e at

= 4KV ' % for capacitors of Class X1

= 2,5kV J% % for capacitors of Class X2 and Y4

Each sample shall be subjected to 20 discharges from a tank capacitor, charged to a voltage
that, when discharged, places U, across the capacitor under test. The interval between

successive discharges shall be 5 +(1J s. See Figure 8 for the intended wave form.

Throughout the test, the U~ shall be applied across the capacitor under test and shall be
maintained for 120 *80 s after the last discharge, unless a blown fuse causes an open circuit.
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Figure 8 — Fundamental AC wave with randomly, not synchronized,
superimposed high-voltage pulse

Tr = isolation transformer for blocking with secondary voltage of U~, and a suffigient
capacity to supply 16 A to the test'circuit at a voltage of 2 0,9 x U~;

C4,Co, = filter capacitor 1 uF £ 10 %;

Ly .|Ly = rodcore choke 1,5 mH + 20°%, 16 A;

Cy = capacitor 0,033 pF + 5.%;

R = 5Q+2 % for Cy 20¢F;

= 10Q %2 % for.0,22 yF < C, < 1 yF;
= 40 Q % 2(% for 0,068 pF < C, < 0,22 pF;
= 100.Q.£2 % for C, < 0,068 uF;

Cy = capacitor under test;

Ui =\ voltage to which the tank capacitor C; is charged;

Cy = tank capacitor is 3 yF + 5 % up to C, = 1 pyF, and 23 x C, for C, > 1 pyF. [The
recommended value is 3 x C,, but it is allowed to use a reasonably higher value
in order to standardize the test equipment;

F = slow-blow fuse, rated 16 A.

NOTE C,, C,andL, ... L, comprise a mains protection filter; other configurations for these filters are permitted.

C3 and C; should have a suitable voltage compared to the required U; during test.
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5.19.2 Adjustment of U;

The AC voltage shall be switched off by S, and the secondary winding of the transformer shall
be short-circuited by S,. A set-up capacitor of capacitance C, with a tolerance of + 5 % shall
be connected in the C, position. U, shall then be adjusted so that the required peak voltage U;
appears across capacitor C,, as demonstrated by the oscilloscope. The test shall then be
conducted on the capacitors under test using this setting of U;.

5.19.3 Requirements

The|cheesecloth around the capacitor shall not burn with a flame. No electrical measurements
are required.

5.20 Component solvent resistance (if applicable)

See| IEC 60384-1:2021, 9.4 with the following details.

The| detail specification shall specify whether tests are required using’solvents additiongl to
thoge specified in the generic specification.

The|requirements shall be specified in the detail specification.

5.21 Solvent resistance of the marking

See IEC 60384-1:2021, 9.5 with the following details:

The| detail specification shall specify whetheritests are required using solvents additiongl to

thoge specified in the generic specification.

Thelmarking shall be legible.

6 [Marking

6.1 General

Seel IEC 60384-1:20245:4.3 with the following details.

6.2 Information-for marking

The| information given in the marking is normally selected from the following list. The reldtive
impprtance-of each item is indicated by its position in the list:

a) manufacturer's name or trademark;

b) manufacturer's type designation or the type designation given in the detail specification;
c) capacitor class and subclass;

d) recognized approval mark;

e) nominal capacitance(s) and nominal resistance;

f) rated voltage and nature of supply (alternating voltage may be indicated by the symbol =~

(IEC 60417-5032:2002) and direct voltage by the symbol ==~ (IEC 60417-5031:2002) or
——, also AC and DC respectively for alternating voltage and direct voltage can be used,;

g) the method of connection, if necessary;
h) rated current of the conductor (in the case of a lead-through capacitor);
i) tolerance on nominal capacitance if different from £20 %;
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j) climatic category, followed by a letter indicating passive flammability category;
k) rated temperature;

[) year and month (or week) of manufacture;

m) reference to the detail specification.

6.3 Marking of capacitors

The capacitor shall be clearly marked with a), b) and c¢) and also d), e) and f) in 6.2, if these
are not implied by b) in 6.2, and as many of the remaining items as are considered necessary
by the manufacturer. The marking shall be sufficient to enable clear identification of the
confponent.

NOTE For surface mount components, see Annex F.

It isjrecommended that a caution mark be printed on the printed circuit board-whére a sdfety
conponent is mounted. The caution mark shall be ISO 7000-0434:2004. The mark is in the form
of ap upright equilateral triangle containing an exclamation mark.

Thig caution mark is referred to in IEC 62368-1:2018, Annex F (Clausg/FF.5 and Table F.2). |Any
duplication of information in the marking on the capacitor should be avoided.

6.4 Marking of packaging

The| package containing the capacitor(s) shall be clearly marked with all the information ligted
aboye. National approvals may be indicated by lettering/as an alternative to the approval miark.

6.5| Additional marking

Any|additional marking shall be applied in such a way that no confusion can arise.

7 J|Information to be given in a detail specification

7.1 General

Detail specifications shall be derived from the relevant blank detail specification.

Detail specifications shall not specify requirements inferior to those of the generic, sectional, or
blank detail specifieation. When more severe requirements are included, they shall be listdd in
the relevant clause of the detail specification, and indicated in the test schedules, for example,
by gn asterisk:

The|information in 7.2 to 7.4 shall be given in each detail specification and the values quéted
sholuld’be’selected from the appropriate clause of this sectional specification.

Requirements for safety approved AC capacitors to be used in DC applications are found in
Annex H.

The information given in 7.2 may, for convenience, be presented in tabular form.
7.2 Outline drawing and dimensions

There shall be an illustration of the capacitor as an aid to easy recognition and for comparison
of the capacitor with others. Dimensions and their associated tolerances, which affect
interchangeability and mounting, shall be given in the detail specification. All dimensions should
be stated in millimetres; however, when the original dimensions are given in inches, the
converted metric dimensions in millimetres shall be added.
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Normally, the numerical values shall be given for the length, width and height of the body and
the wire spacing, or for cylindrical types, the body diameter and the length and diameter of the
terminations. When necessary, for example when several capacitance values/voltage ranges
are covered by a detail specification, their dimensions and their associated tolerances shall be
placed in a table below the drawing.

When the configuration is other than that described above, the detail specification shall state
such dimensional information as will adequately describe the capacitor. When the capacitor is
not designed for use on printed boards, this shall be clearly stated in the detail specification.

7.3 I"‘IUuIIt;IIu

The| detail specification shall specify the method of mounting to be applied for normakuse [and
for the application of the vibration, bump, or shock tests. The capacitors shall be mounted by
theif normal means. The design of the capacitor may be such that special mountingfixtures|are
required for its use. In this case, the detail specification shall describe the mounting fixtlires
and|they shall be used in the application of the vibration, bump, or shock tests:

If rgcommendations for mounting for "normal" use are made, they should be included in|the
detail specification under "Additional information (not for ifispection purposes)"| If
recommendations are included, a warning can be given that the fullvibration, bump and shock
performance may not be available if mounting methods other thanthose specified in 1.1 of| the
detail specification are used.

7.4 Ratings and characteristics
7.4 General

The| ratings and characteristics shall be in ‘aecordance with the relevant clauses of |this
specification, together with information in 7.4(2 to 7.4.4.

7.4.p Nominal capacitance range

The|preferred range of capacitancealues should follow 4.2.1 of this document.

When products approved texthe detail specification have different ranges, the following
statement should be addediThe range of values available in each voltage range is giveln in
the register of approvals, available for example on the website www.iecq.org".

7.4.8 Nominal resistance range (if applicable)

The| preferredirange of resistance values should follow 4.2.4 of this document.

Particular characteristics

.......... iyl the

component adequately for design and application purposes.

8 Assessment procedures

8.1  Primary stage of manufacture

For wound capacitors, the primary stage of manufacture is the winding of the capacitor element.
For single-layer ceramic capacitors, it is the metallization of the dielectric to form the electrodes.
For fixed multilayer ceramic capacitors, it is the first common firing of the dielectric-electrode
assembly. For other types of capacitors, it shall be the same as that given in the sectional
specification for the dielectric used.
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8.2  Structurally similar components

Capacitors considered as being structurally similar are capacitors produced with essentially the
same processes and materials, though they can be of different case sizes and capacitance
values, but of the same class and rated voltage.

8.3 Certified records of released lots

The information required in IEC 60384-1:2016, Q.1.5, shall be made available when prescribed
in the detail specification and when requested by a customer. After the endurance test, the
parameters for which variable information is required are capacitance change, resistance
chapge (for RC units), tan ¢ and insulation resistance.

8.4 Approval testing
8.4/ Safety tests only qualification approval

Table 15 and Table 17 form a schedule limited to tests concerning safety\only requirements.
The|schedule to be used for safety tests only approval will be because of fixed sample sizep as
givgn in 8.4.3 and Table 15 of this document. Prior to the approval teSting being carried odt, it
is necessary to submit to the certification body a declaration of design (see Annex D) registefring
essential data and basic design details of the capacitors for whichcapproval is sought.

8.4.p Qualification approval based on safety and performance testing

See| Annex K.

8.43 Qualification approval based on the fixed sample size procedure
8.4.3.1 Sampling

Capacitors of each technology, rated voltage, class, and subclass shall be separately qualified.
The| total number of capacitors of eachyrated voltage in each group is given in Table 15 [and
Tabje 16 or Table K.1 and Table K:2. For multi-section capacitors containing section$ of
diffgrent classes and for lead-through capacitors, larger numbers are required as indicated|.

The| sample shall contain equal numbers of specimens of the highest and lowest capacitgnce
valyes in the range to be qualified, except for the passive flammability test of 5.18 and|the
actiye flammability test.aof 5.19. For the passive flammability test, the rules of sampling in 5.18,
foothote d to Table 15 and footnote h to Table 16 shall be followed. For the active flammalility
test| the rules of sampling in 5.19 shall be followed. For RC units, the sample of highest
capacitance valugs and the sample of the lowest capacitance values shall contain each| as
neafly as possible, an equal number of resistors of the highest and lowest resistance value in
the range to-be qualified. Where only one capacitance value is involved, the total numbgr of
capacitorshas stated in Table 15 and Table 16, or Table K.1 and Table K.2 shall be tested.

Spafrespecimens are permitted as follows:

1) one per capacitance value which may be used to replace the permitted nonconforming item
in Group 0;

2) the remainder of the spare specimens may be required, if it is necessary, to repeat any test
according to the provisions of footnote a of either Table 15 or Table K.1.

The numbers given in Group 0 assume that all subgroups are applicable. If this is not so, the
numbers may be reduced accordingly.

When additional groups are introduced into the qualification approval test schedule, the number
of specimens required for Group 0 shall be increased by the same number as that required for
the additional groups.
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Table 15 and Table 16 or Table K.1 and Table K.2 give the number of specimens to be tested
in each group or subgroup together with the permissible number of nonconforming items in each
case.

Where a range of ceramic capacitors to be qualified consists of different temperature
characteristics (or coefficients) or the range of capacitors employs significantly different
materials, the samples for Groups 2, 3 and 7 shall contain the specified quantity of specimens
for each temperature characteristics (or coefficients) or dielectric material group as specified

and
one

be

below:

Group A: Materials with relative permittivity €. < 500

Group B: Materials with relative permittivity 500 < . <5 000

Group C: Materials with relative permittivity €. 2 5 000

8.4.3.2 Tests

Ong of the complete series of tests indicated in Table 15 and Table #7/'or Table K.1
TabJe K.3 is required for the approval of capacitors of a single rated voltage covered by
detail specification. The tests of each group shall be carried out in thetorder given.
For|surface mount capacitors, the specific requirements of Annex F and Table F.1 shal
follqwed.

Thelwhole sample shall be subjected to the tests of Group’0 and then subdivided for the other
groups.

A specimen found to be a nonconforming item during the tests of Group 0 shall not be used

the
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pther groups.

e nonconforming item" is counted when a capacitor has not satisfied the whole or pa
fests of a group.

roval is granted when the number of nonconforming is zero.

d sample size test schedules for safety tests only are given in Table 15, Table 16,
e 17, for safety and ‘performance qualification approval in Table K.1, Table K.2
e K.3. Table 15,/Table 16, or Table 17 include the details for the sampling and permiss
conforming items,for the different tests or groups of tests. Table 17 or Table K.3, toge
the details_of.test contained in Clause 5, give a complete summary of test conditions

| be made) in the detail specification.
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Table 15 — Sampling plan — Tests concerning safety requirements only

Permitted number of

Number of - !
Subclause specimens nonconforming items
Group Test of this tested per per rated voltage
document rated voltage and subclass
and subclass Per group
Visual examination 5.2 30 + 12°+ 0
Capacitance 5.3.2 6° +
Resistance 5.3.4 6 to184
Voltage proof 5.3.1 +24
0
Insulation resistance 5.3.5
Tangent of loss angle 5.3.3
(metallized film and paper
capacitors only)
Spares 14 + 6°
Creepage distances and 5.2.2
clearances
Robustness of terminations 54 6 0@
A
Resistance to soldering heat 5.5
Solvent resistance of the 5.21
marking
2 Damp heat, steady state 5.13 12 02
Impulse voltage 5.14
Endurance 5.15
3 Class X and RC units 5:95.4 12b
Class Y and RC units 5.15.5 12b 02
Lead-through® 5.15.6 6°
6 Passive flammability 5.18 6 to 184 0
7 Active flammability 5.19 24 0
Tegts in Group 0 can be carried out in any practical order, except for ceramic capacitors whose capacitance value
shgll be measured first.
2 |[If one nonconforming_item is obtained, all the tests of the group shall be repeated on a new sample and then
no further nonconforming items are permitted.
b [If multi-section\capacitors consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taken|for
the tests on 'the X-capacitors and 12 other specimens for the tests on the Y-capacitors.
¢ |Additional capacitors if lead-through capacitors are tested.
d

Attention is drawn to the option of carrying out a combined voltage/current test, as described in 5.15.8.
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Table 16 — Test schedule and sampling plan for lot-by-lot tests

Safety tests only

Group Clause number and test referred Inspection level Acceptance number
to Clause 5 of this document IL

A0 5.3.2 Capacitance
5.3.4 Resistance? 100 %P

5.3.1 Voltage proof ¢

A1 5.2 Visual examination S-4 0
Dimensions®
5.3.5 Insulation resistance (Test A) | 0
Tesfts in Group A0 and Group A2 can be made in any practical order, except for ceramic capacitors whjose
cappcitance value shall be measured first.
Theg sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.
2 |If applicable.
b May be carried out as end-of-line testing.
¢ [This test may be replaced by in-production testing if the manufacturerinstalls SPC on dimensi¢nal
Imeasurements or other mechanisms to avoid parts exceeding limits.
4 [The voltage proof test shall be combined with a suitable monitoriig“nfethod to detect defects in insulafion
Fesistance.
Table 17 — Test schedule for safety tests only
Suibclause number and test 2 Conditions (of test 2 nand ¢ ® | Performance requiremenits?
Group 0 Non-destructive See
Table 15
5.2 Visual examination See5:22 No visible damage
Legible marking
5.3.p Capacitance See 5.3.2 Within specified tolerance
5.3.4 Resistance (if applicable) |See 5.3.4 Within specified tolerance
5.3.1 Voltage proof See 5.3.1 No permanent break-down for
flashover. No visible damage.
The creepage distance and
clearance specified in Table 3
shall be ensured. See detall
specification
5.3.B\ Tangent of loss angle See 5.3.3 As in Table 5
(metattizedfitmand paper
capacitors only)
5.3.5 Insulation resistance See 5.3.5



https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 © IEC 2023 — 47 -
Subclause number and test 2 Conditions of test 2 nand ¢ ® | Performance requirements?
Group 1A Destructive See
Table 15
5.2.2 Creepage distances and As in 5.2.2
clearances
5.4 Robustness of See 5.4 No visible damage
terminations Severity: see detail specification
5.5 Resistance to soldering See 5.5.2
heat (if applicable
(if appli ) No pre-drying
See detail specification for the
Method
5.21 Solvent resistance of the Solvent: ... Legible marking
marking Solvent temperature: ...
Method 1
Rubbing material: cotton wool
Recovery: ...
5.5.3 Final inspection and Visual examination No visible damage
measurements
Capacitance See Table 7
Resistance (if applicable) See Table 7
Group 2 Destructive See
Table 15
5.13 Damp heat, steady state
5.13.2 Initial measurements Group 0 measurements to be
used
5.13.3 Test conditions See 5:13.3
5.13.4 Final inspection and Yisual examination No visible damage
measurements Legible marking
Capacitance See Table 10 and Table 11
Resistance (if applicable) See Table 10 and Table 11
Voltage proof See Table 10 and Table 11
Insulation resistance See Table 10 and Table 11
Tan & (if applicable) See Table 10 and Table 11
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Subclause number and test 2 Conditions of test 2 nand ¢ ® | Performance requirements?
Group 3 Destructive See
Table 15
5.14.2 Initial measurements Group 0 measurements to be
used
5.14 Impulse voltage See 5.14.3
Peak voltage, see Table 1 and
Table 2
5.14.4 Requirements See 5.14.4 Minimum 3/24 full undisturhed
pulses
5.14 Endurance See 5.15.2 No permanent breakdown qr
) flashover
Duration: 1 000 h
Voltage, current and
temperature: see 5.15.4, 5.15.5,
5.15.6 and 5.15.7
5.18.8 Final inspection and See 5.15.8 Np visible damage
measurements ) L Legible marking
Visual examination
Capacitance See Table 13
Resistance (if applicable) See Table 13
Voltage proof See Table 13
Insulation resistancé See Table 13
Tan ¢ (if applicable) See Table 13
Group 6 Destructive See
Table 15
5.14 Passive flammability See 5.18.1.1 See 5.18.1.2
Group 7 Destructive See
Table 15
5.19 Active flammability See 5.19.2 See 5.19.3
Tests in Group 0 «arnbe carried out in any practical order, except for ceramic capacitors the capacitance value
shall be measured-first.
2  Bubclause numbers of test conditions and requirements refer to Clause 5.
b ='\umber of specimens, ¢ = number of permissible nonconforming items.

¢ When, for a ceramic capacitor, a precise measurement of capacitance drift is required, preconditioning
according to Annex G should be performed as advised by the manufacturer.

8.5

8.5.1 General

Quality conformance inspection

Before submission to the quality conformance inspection, an appropriate 100 % voltage proof
test between terminations in accordance with Table 4 shall be carried out.

The details of this test shall be the prerogative of the manufacturer, but the time shall be not

less than 1 s.
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If the test is performed in a time period between 1 s and 2 s, the voltage of Table 4 shall be
increased to values above curve B of Figure 9.

1,6

1,5

1,4

1,3

1,2

Curve B

1,1

Factor for voltage incregse

0,95

0,9

0,85

0,8
1 1,1 1,2 13 14 15 (dp 17 18 19 2

Test duration-(s)
IEC

Figure 9 — Increased voltage for tests below 2 seconds

If a|DC test voltage is used instead of AC*for Y-capacitors, it shall be not less than 1,5 times
the JAC test voltage in Table 4 and further'increased to values above curve B of Figure 9.

All ponconforming items shall be rémoved from the lot prior to lot-by-lot testing.

8.5.R Formation of inspection lots
8.5.2.1 Group A inspection

Thepe tests shall b€ carried out on a lot-by-lot basis in accordance with Table 15.

A manufactufer-may aggregate the current production into inspection lots, subject to|the
follgwing safeguards:

a) thelinspection lot shall consist of structurally similar capacitors (see 8.2);

i) 1 b 4 (] i) L b s W) 1 (] (- . b . b
b) e SdAlTTpPIc 1es1tU STidil UDE TCUTTSCITidliveE Ul 1T vailutcs dailu UlTTIeTisTUNS COTTLairmeu 111 the

inspection lot:
1) in relation to their number;
2) with a minimum of five of any one value;
c) ifthere are less than five of any one value in the sample the basis for the drawing of samples
shall be agreed between the manufacturer and the Certification Body.

For Group A tests, the inspection lot shall consist of components of the same rated voltage,
class and subclass and shall be taken from one continuous production run.

No nonconforming items are permitted for Class Y-capacitors in the voltage proof test.
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8.5.2.2 Group C inspection — Safety tests only approval

Re-qualification tests in accordance with Table 17 may be required by the certification body
when a change of the declared design as given in Annex D is intended.

The certification body shall be informed about the intended change(s) and decide whether re-
qualification tests shall be performed.

8.5.3 Test schedule for safety tests only approval

and

8.5.4 Delayed delivery

Re-|nspection in the case of delayed delivery shall be carried out at intervals 'not exceeding
threfe years. When according to the procedures of IEC 60384-1:2021, Q.1.7 re~inspection ghall
be made, voltage proof at the full relevant test voltage, capacitance, resistance (if applicaple)
and|insulation resistance shall be checked as specified in Group A inspection and solderalility
shall be checked according to Group B inspection.

8.5.6 Assessment level

The|assessment level DZ will be used. See Table 18.
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Table 18 — Assessment level

DZ
Inspection subgroup ® IL Acceptance number
A1 S-4 0
A2 I 0
B1 S-3 0
Dz
Inspection subgroup
1) n c?
C1A 6 6 0
C1B 6 12 0
C1 6 18 0
Cc2 6 12 0
C3
Class X 12
3 0
Class Y 12
Lead through 6
C4 6 6 0
C5 12 4 0
C6 12 6to 18 0
c7 12 24 0
The¢ sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.
IL § inspection level
p =|periodicity in months

=
1l

o
1l

sample size

permissible number of nonconforming items

If one nonconforming item is"obtained, all the tests of the group shall be repeated on a new sample and t
no further nonconforming items are permitted.

The content of the inspection subgroups is described in the relevant blank detail specification.

The vibration, bump,and shock tests in this subgroup are required to be carried out every 12 months only,

nen
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Annex A
(normative)

Circuit for the impulse voltage test

The 1,2/50 pulse shape in equipment standards, for example in IEC 62368-1:2018, Annex D, is
defined under open circuit conditions, and a different shape is accepted in under load conditions.

The test prescribed in 5.14 shall be carried out using the circuit of Figure A.1 and the values

glv nin-Tahla A 1 ac wall ac tha valiilas and talarancas aivan in Tahlg A 2
a8t We St a8 sahia—+tete R8s gh-ehi—Hi—aure—

\x —

[ |
—1__Fo o—e O
R Rg
@9 Cr |:] Rp  Cp Cx Osgilloscope
i i IEC
C; =[charging (or tank) capacitor Rg = series resistor, or charging‘resistor
Cp =[parallel capacitor Ry = parallel resistor, opdischarging resistor
Cy =[capacitor under test U, = direct voltagessource
R, =|loading resistor

=

Figure A.1 — Impulse voltage test circuit

Table A.1 —Values of Cy, Ct, Rp, Rg, Cp

Nominal value of Cy C; Ry Rg Cp
10 % *10 % 10 % 10 %
nF uF Q Q nF
Cp=3,9 0,25 234 62 7,8
3,9/<Cy =12 0,25 234 45 7,8
12<Cy <18 0,25 234 27 7,8
18 < Cy =27 0,25 234 27 -
27 < Cy =39 20 3 25 3,3
39<Cy <56 20 3 13 3,3
56 < Cy =< 82 20 3 9 3,3
82 <(Cy =120 20 3 7 3,3
120 < C, =180 20 3 5 3,3
Cy > 180 20 3 3 3,3

Table A.2 describes the reference values and tolerances of Cy, ¢, and ¢4 to verify the test circuit
setup.
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Table A.2 — Values and tolerances of Cy, ¢,, 14

Cy t 1y
2 % (0/+50) % (0/+50) %
uF us us
0,01 1,7 46

0,1 1,6 47
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Annex B
(normative)

Circuit for the endurance test

test prescribed in 5.15 shall be carried out with the following circuit (see Figure B.1).

Us

Cx
Us

The
two
for
a)
b)
c)
d)

For

F capacitor under test.

WhIn the discharging circuit is used, the switching shall be arranged in the following sequsg

C

O

: ¢
1,25 UR )C ; C
: I ’X

A

or ——
|j47§2
|

1,7 U
Common O [EC

Figure B.1 — Endurance test circuit

F 1,5 x Ug or 1 000 V RMS, whichever is higher

part of the circuit for discharging the capacitor may<{e omitted if the switching between
supplies is arranged to take place at the zero voltage point on the sinusoidal wave.

ach occasion when Ug is applied:
switch from position A to position B TFime for switching and remaining on position B is

[ime on position C is 0,1 s;
switch from position C te'position B. Time for switching and remaining on position B is

switch from positionB to position A. Time for switching is #,.

any capacitor under test, the following condition shall be fulfilled:

4+t +t3+1,<30s

the

nce

switch from position B to positien C. Time for switching and remaining on position C i$ .


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 © |IEC 2023 - 55 -

Annex C
(normative)

Circuit for the charge and discharge test

The test prescribed in 5.16 shall be carried out with the following circuit (see Figure C.1).

&

O
X1 X% IEC
Cy =[capacitor under test
R, =|lcurrent-limiting resistor (discharge)
R, =|current-limiting resistor (charge)

= gwitching device

S

= fest voltage
1» A, = terminals for oscilloscope connection to observe thexmaximum rate of change of voltage

X

Figure C.1 — Charge and discharge test circuit
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Annex D
(normative)

Declaration of design

(confidential to the manufacturer and the certification body)

The purpose of this description is to register essential data and the basic design of the
capacitors for which approval is sought. The completed form shall be submitted to the relevant
certification body prior to any approval testing; its circulation to the other parties is left to the

ting.

decision of the manufacturer
Chgnges to the declared design are permitted only after notifying the certification body-in‘wr
In this case, the certifying body will decide on necessary steps to be taken. As a-maximum, a
complete re-qualification can be required.
Registration number:
(To [be allocated by the certifying body)
1 Applicant
2 Manufacturer
3 Manufacturing site
4 Type designation
5 Class/subclass
6 Circuit diagram
7 Dielectric:
7.1 Material
7.2 Thickness
7.3 Density (paper only)
7.4 Number of individual layers
8 Electrode(s):
8.1 Material
8.2 Method of production of electrode:
(For example, foil, evaporated onto film or paper)
9 Capacitor element, arrangement of the individual layers
10 Impregnant (if applicable)
11 Encapsulation:
11. Viaterial(S) for cases, resins, etc. (as applicable)
11.2 Material of outer insulation (if applicable)
12 Outline dimensions
Location ‘Date Name

Signature
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Annex E
(informative)

Pulse test circuits

E.1 General

This annex describes alternative pulse testing circuits.

E.2| Test circuits

Figyre E.1 shows the resistive pulse test circuit alternative and Figure E.2 the_inductive |test
circpit alternative.

Ry Ry

Il
i
A%
5/

IEC

Figure E.1 — Resistive pulse test circuit

R L

()
&

= A @@

IEC

Figure E.2 — Inductive pulse test circuit

E.3| .<Charging of the capacitor

Figure E.3 shows the charging waveform for both test circuits, which is the same in both cases.
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IEC

Figure E.3 — Charge waveform for both circuits

Timpscale is in units of R{C (R is the charge resistor). The maximum value of dU/dxis der|ved
as fpllows:

0 =|CU, where Q is the charge on the capacitor and hence
I = Cd_U -> d_U :[mi
‘ d? [max C

E.4| Discharging of the capacitor

E.41 Discharging in resistive circuit

Figyre E.4 shows the discharge waveform for théyresistive circuit.

IEC
Figure E.4 — Discharge waveform for resistive circuit

Timp scale isdn-units of R,C (R, is the discharge resistor)

Uo

For [the resistive circuit Imax = ->
dU _Up
dz RC

max
which occurs at ¢t = 0.

E.4.2 Discharging in inductive circuit

Figure E.5 shows the discharge waveform for the inductive circuit.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC

60384-14:2023 © IEC 2023 - 59 -

IEC

Figure E.5 — Discharge waveform for inductive circuit

Tim

For
cap

whi

Alsd

exc

e scale is in units of LC .

the inductive circuit, if dissipation is neglected, the inductive energy with the in
bcitive energy is:

1 2 _1 2 _ C dU UO
> LIGax =5 CUy -> [ _UO\/: -> =
2 “'max — 2 max L dr | \/E
h occurs at t=m/2vJLC .
since U= Ld—L > dr = U—O, this gives coritrol of dr and thus enables to a
dl dt max t max
peding this rating of the switch in the discharge€ircuit.

itial

void

In the resistive circuit, there is no such control, and the rating is liable to be exceeded when

tryin

g to achieve peak discharge.
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Annex F
(normative)

Particular requirements for safety test of surface mount capacitors

General

023

Surface mount capacitors shall, in general, comply with all safety requirements of this document.
Design, material, and mounting technology make it necessary to introduce new tests and adjust

som

The
doc

6.3

The
mar|
imp
com

7.3

Acc
sha
as i
mar
sha
in F

F.2
The
For
5.3

1:2(
duri

5.4
acc

e existing methods and requirements.

following paragraphs replace corresponding paragraphs in the main section" of
Liment.

Marking of capacitors

capacitors shall be clearly marked with a) and b) in Clause 6. The tapacitors may als
ked with as many of the remaining items as possible taking @ccount of the rels
prtance of each item. The marking shall be sufficient to enable a-clear identification of
ponent.

Mounting

brding to IEC 60384-1:2021, 5.5 for the safety test-aCcording to Table F.1, the manufact
| supply the test house with components unmaounted or mounted on individual substra
hdicated in Table F.1. The suitability of a proposed substrate shall be agreed between
ufacturer and the test laboratory. Details ofithe substrate, or substrates, used for the tes
| be included in the test report. An example of a substrate with conductive tracks is sh
gure F.1.

Test and measurement procedures
capacitor shall be tested-ifi;accordance with Table F.1 with the following deviations.
an unencapsulated capacitor, test C in 5.3.1 and 5.3.5 shall be omitted.

Robustness (of terminations is substituted with IEC 60384-1:2021, 7.7 and IEC 60
21, 7.8 and_performed before the tests in Groups 2 and 3. Measurement of capacitg
hg the bending test may be omitted.

Resistance to soldering heat, if applicable, is performed as a separate tes
prdance with IEC 60384-1:2021, 9.1.2.

this

b be
tive
the

urer
tes,

the
ting
bwn

$84-
nce

t in

5.5.

3 Final inspection, measurements, and requirements

The capacitors shall be visually examined and measured and shall meet the requirements of

Tab

le 7.
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Table F.1 — Test schedule and sampling plan for safety test
of surface mount capacitors

Group | Clause number and test referring to Clause 5 Number of specimens Permitted number of
tested per nonconforming items
rated voltage and per rated voltage and
subclass subclass
Per group Total
0 5.2 Visual examination 2 ] 1
5.3.2 Capacitance | 30+ 129+ |
5.3.4 Resistance ¢ b 6f+(6to18) 7+ b0
5.3.1  Voltage proof | 24 |
5.3.5 Insulation resistance J J
5.3.3 Tangent of loss angle (metallized film
and paper capacitors only)
Spares 14 +6°¢
1A |5.2.2 Creepage distances and clearances 2 1 i
5.5 Resistance to soldering heat 2 © t 6 boob
5.21 Solvent resistance of the marking @ J J
5.18 Passive flammability @ 6to18f 0
Mounting according to 7.3 10 +12 ¥+ 6 ¢ + 24
2 7.7 of IEC 60384-1:2021, Shear test 9 12 ob
7.8 of IEC 60384-1:2021, Substrate bending
test
5.13 Damp heat, steady state
K 7.7 of IEC 60384-1:2021, shear test9 0
7.8 of IEC 60384-1:2021, substrate bending
test
5.14 Impulse voltage
5.15 Endurance ob
5.15.5 Class X and RC units 12d
5.15.6 Class_Y and RC units 124
5.15.7 Lead:through 6 €
4 5.19 Active flammability 24 0
e [Tests in-Group 0 can be made in any practical order, except for ceramic capacitors whose capacitance value
shall be ' measured first.
o |Attention is drawn to the option of carrying out a combined voltage/current test as prescribed in 5.15.7.

a8 Samples for 5.2, 5.2.2, 5.5, 5.21 and 5.18 shall not be mounted on substrate during test.

If one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and then
no further nonconforming items are permitted. The nonconforming items obtained in the first sample shall be
counted for the total of nonconforming items permitted in the last column.

If applicable.

If multi-section capacitors consisting of X- and Y-capacitors are to be tested, 12 specimens shall be taken for
the tests on the X-capacitors and 12 other specimens for the tests on the Y-capacitors.

Additional capacitors if lead-through capacitors are tested.

The smallest, a medium (in the case of more than four case sizes), and the largest case size shall be tested.
Of each case size, 3 specimens of the maximum capacitance and 3 specimens of the minimum capacitance
shall be tested, resulting in 6 specimens per case size.

This test is to be performed alternatively to the substrate bending test, if the detail specification specifies
mounting on rigid substrate (for example, alumina) only.
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Dimensions in millimetres

A

40

100

A
Y

IEC

Figure F.1 — Example of test substrate for safety test according to Table(F.1
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Annex G
(informative)

Capacitance ageing of fixed capacitors
of ceramic dielectric, Class 2

Overview

t Class 2 dielectrics used for ceramic capacitors have ferroelectric properties and exhi

ta

Cur

Abojve this temperature, the dielectric has the highly symmetric cubic crystal structure/whe

beld
this

temperature range, but, in all cases, it is linked with a peak in the capacitance/tempera

cury

Und
pos
Cur
cap

How
de-{§
recq

G.2

Dur
well
vol.

The
prog
incr

As t
2 %
mat

e temperature.

w the Curie temperature the crystal structure is less symmetrical. Although inssingle crys
phase transition is very sharp, in practical ceramics it is often spread)‘over a f

e.

er the influence of thermal vibration, the ions in the crystal lattice continue to mov
tions of lower potential energy for a long time after the dielectric has cooled through
e temperature. This gives rise to the phenomenon of capacitance ageing, whereby
hcitor continuously decreases its capacitance.

geing takes place, i.e. the capacitance lost_through ageing is regained, and ag
mmences from the time when the capacitor re-eools.

Law of capacitance ageing

ng the first hour after cooling through' the Curie temperature, the loss of capacitance ig
defined, but after this time it follows a logarithmic law (see K.W. Plessner, Proc. Phys. §
69B, P1261, 1956) which canbé expressed in terms of an ageing constant.

ageing constant & is defined as the percentage loss of capacitance due to the ag
ess of the dielectric which occurs during a "decade", i.e., a time in which the capa
bases its age tenfold; for example, from 1 h to 10 h.

he law of decrease of capacitance is logarithmic, the percentage loss of capacitance wi
k between A™hiand 100 h age and 3 x k£ between 1 h and 1 000 h age. This may be expres
hematically. by the following equation:

eas
tals
nite

ture

ever, if the capacitor is heated to a temperature above the Curie temperature, then

bing

not
ocC.,

bing
Citor

| be
sed

T V1k- 100 -:1)

where

is the capacitance ¢ h after the start of the ageing process;
is the capacitance 1 h after the start of the ageing process;

is the ageing constant in percent per decade (as defined above);
is the time in h from the start of the ageing process.

The ageing constant may be declared by the manufacturer for a particular ceramic dielectric,
or it may be defined by de-ageing the capacitor and measuring the capacitance at two known
times thereafter.
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k is then given by the following equation:

100x(C, —C,)
C, xlgt, — C, xlgt,

If capacitance measurements are made three or more times, then it is possible to derive & from
the slope of a graph where C, is plotted against Ig .

It is also possible to plot Ilg C against Ig ¢.

Dur|ng measurements of ageing the capacitor should be maintained at a constant temperafure
so that capacitance variations due to the temperature characteristic do not mask these dufe to
age|ng.

G.3 Capacitance measurements and capacitance tolerance

Becpuse of ageing, it is necessary to specify a reference age at whichthe capacitance shall be
withlin the prescribed tolerance. This age is fixed at 1 000 h, since; for practical purposes, there
is npt much further loss of capacitance after this time.

In ofder to calculate the capacitance Cy g after 1 000 h,‘the ageing constant shall be knpwn
or determined as in Clause G.2, when the following forrnula may be used:

C=¢C 1=
t 1( 10

2 xlgt]
0

For|factory measurements, the loss of’capacitance from the age at time of measurement to
1 090 h age will be known and can be\offset by using asymmetric inspection tolerances.

For|example, if it is known that;the capacitance loss will be 5 %, then the capacitors may be
inspgected to limits of +25/-15% instead of +20 %.

Capacitance is normally® declared at 20 °C, and it may be necessary to measure at [this
temperature or correct the results to this temperature. Errors can also arise from the hand
temperature, and.capacitors should therefore always be handled with plastic tweezers.

G.4 Special preconditioning

In many’of the tests in this document, it is required to measure the capacitance change which
resulfs from a given conditioning (for example, climaiic sequence). In order to avoid the
interfering effect of ageing, the capacitor is specially preconditioned before these tests by
maintaining it for 1 h at the upper category temperature followed by 24 h at standard
atmospheric conditions for testing.

For those capacitors with a Curie temperature below the upper category temperature, this
results in de-ageing and the conditioning is also arranged, if possible, to bring the capacitors
to an age of 24 h, so that capacitance changes due to ageing are minimized.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC 60384-14:2023 © |IEC 2023 - 65—

If the Curie temperature of the dielectric is above the upper category temperature, then the
special preconditioning will not completely de-age the capacitor, but it will nevertheless bring it
into a state where its capacitance is not so dependent on its previous history. In order to de-
age such capacitors completely, a temperature up to 160 °C may be required, and this
temperature could be deleterious to the encapsulation. Therefore, in the few cases where
complete de-ageing of such capacitors may be required, the detail specification shall be
consulted for details and any necessary precautions.
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Annex H
(normative)

Use of safety approved AC rated capacitors in DC applications

Overview

This annex gives additional requirements for AC EMI suppression capacitors for which safety
approval is sought and which are connected to a DC supply with nominal voltage not exceeding

1 5(

0V DC.

If alsafety approved capacitor fulfils the requirements of this annex, it is qualified at the rated

DC |voltage exceeding its approved rated AC voltage (RMS), without changing-the capag¢
clags.

The

exceed the certified rated AC voltage Ui AC.

H.2

Saf
for

Thely have been allowed to be used in DC supplies-having the same voltage as the rated
voltage (RMS) of the capacitors. (See 3.1.1, Note"1 to entry).

The

withstanding voltage and the type of insulation bridged.

A capacitor used for AC voltage.application is subjected to the voltage waveform with p
voltage equal to RMS voltage times square root of two, which is alternating polarity in a w
cycle, so that safety approved’capacitors theoretically can withstand at least a DC volt

equ

NOTE Many manufacturerssare specifying that their AC capacitors can withstand clearly higher DC voltages

rated

H.3

A capacitor, which is specified for rated DC voltage exceeding the rated AC voltage (RN
| fulfil the requirements specified in Table H.1 in addition to the tests listed in Table 13|

sha

manufacturer of the capacitor shall define the intended rated DC voltage, Ug DC, if it

Background

itor

will

ty capacitors approved to this document are AC capaeitors which are essentially designed

pplications where AC voltage is applied.

AC

class of the capacitors, such as X1 and Y1, is defined according to their peak impllse

valent to their rated AC.voltage times square root of two.

AC voltage timessthe-square root of two.

Additional requirement for use of X- and Y-capacitors in DC applications

eak
ave

age

than

1S),
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Table H.1 — Additional test conditions

Type Maximum U, DC Test voltage DC Endurance test Damp heat, steady
(Test A) (DC) state test
(according 5.3.1)

X1 1500V 2,15 % Ug DC In accordance with In accordance with
5.15 using rated DC | 5.13, but with rated

X2 1500V voltage instead of DC voltage applied

Y1 1500V 4xU;,DC2 Ug, without voltage to a sample of 6 pcs
increased to Ug. See Table 12.

Y2 1500V 2,15 x U, DC 2

Y4 450 V 2,15 x U, DC @

a8 |If an AC test voltage is used instead of a DC voltage for Y-capacitors, it shall be not less than 0,666 xDC {est
voltage in Table H.1.

NOTE As an example, a typical X2 capacitor on the market, has rated AC voltage 300 V and rated DC voltage, Ug
DC, B30 V. This means that the test voltage DC (Test A) is 2,15 x 630 V = 1 354,5 V.

H.4

Creepage and clearance distances

When a capacitor approved by this annex is used for a specific.application, it shall be confirmed
creepage and clearance distances of the capacitor meet'the requirements of the related
standards for the application.

that|

NOTE For examples of the specific standards and the requdirements mentioned above, see IEC 60939-3:4015,

Tabl¢ 6 and Table 7.
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Annex |
(normative)

Humidity robustness grades for applications, where high
stability under high humidity operating conditions is required

1.1 Overview

In addition to the description of preferred climatic categories in 4.1 and test damp heat, steady
state in 5.13, this annex describes specific humidity robustness grades and requirementg for
applications, where high stability under high humidity operating conditions is required,

1.2 Humidity robustness grades

1.2.1 General

For|high humidity applications the Grade (I) robustness under humidity, Grade (ll) robustriess
under high humidity and Grade (lll) high robustness under high humidity are defined.

1.2.2 Grade (l) robustness under humidity

To yerify Grade (l), either test condition A or B shall be selected by the manufacturer

Test condition A: Test damp heat, steady state; 403G+ 2 °C /(93 + 3) % RH duration 21 days,
rateld voltage applied.

Test condition B: Test damp heat, steady state; 85 °C / 85 % RH duration 7 days (= 168 h),
rated voltage applied.

NOTE Test condition B is a substitutional acgelerated test for test condition A.
1.2.3 Grade (ll) robustness under high humidity

To verify Grade (l1), either fest condition A or B shall be selected by the manufacturer

Test condition A: Test:damp heat, steady state; 40 °C +2 °C /(93 + 3) % RH duration 56 days,
rateld voltage applied:

Test condition-B: Test damp heat, steady state; 85 °C / 85 % RH duration 500 h, rated vol{age
applied.

NOTE, <Fest condition B is a substitutional accelerated test for test condition A.

1.2.4 Grade (lll) high robustness under high humidity

To verify Grade (l1l), either test condition A or B shall be selected by the manufacturer.

Test condition A: Test damp heat, steady state; 60 °C +2 °C /(93 £ 3) % RH duration 56 days,
rated voltage applied.

Test condition B: Test damp heat, steady state; 85 °C / 85 % RH duration 1 000 h, rated
voltage applied.

NOTE Test condition B is a substitutional accelerated test for test condition A.
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Test description

If the capacitors are specified for AC applications, one sample of ten pieces shall be tested with
the rated AC voltage. If the capacitors are specified also for DC applications, and the rated DC
voltage is exceeding the rated AC voltage (RMS), one additional sample of six pieces shall be
tested with rated DC voltage. See Table 12. For requirements, see Table I.1.

Table 1.1 — Requirements

Measurement Measuring method Requirements
Vispal examination 5.2 No visible damage. In visual inspection after th¢
test, the coating of the capacitor shall not have
any cracks exposing internal live parts orin
defined insulated areas (the creepage distance
and clearance specified in Table 3 shall be
ensured).
The marking shall be legible
Capacitance 5.3.2 Metalized capacitors: ['ac | <10 %
Ceramic capacitors: lac | <15 %
Tangent of loss angle 5.3.3 The increase of tan\o.over the value measured |n
. . Group 0 shall nat-exceed
(mgtallized capacitors only)
0,024 for Cg =¥ pF @
0,015 forCy > 1 pF 2
Registance 5.3.4 |[AR/R| < 5%
(if 4pplicable)
Voltage proof 5.3.1 Test voltage as in Table 4
Inspilation resistance 5.3.5 > 50 % of the applicable limits of Table 5 or
Table 6, or minimum 200 MQ, whichever is higher
The change of capacitance value depends on teghnology, and, as for example in case of ceramic capacitors, fan
be feversible. Thus, the requirements are different.
a8 |For certain applications, smaller values, for the increase of tan § may be required.
1.4 Indication of humidity robustness grades
In addition to the climatic category, information on the humidity robustness grade and the [test
method used forwverification shall be indicated IA, IB, lIA, IIB, IlIA, or IlIB in the informgtion
proyided by the manufacturer. Marking on the capacitor is not required.
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Annex J
(normative)

Description of creepage/clearance distance measurement
for cased and conformal coated capacitors

J.1 Measurement of creepage distances and clearance — general

J.1.1 General

Capacitors complying with this document are permitted to bridge certain levels of insulafion.
Thely are produced in various styles and shapes, using different encapsulation methads: All[this
can|affect how the creepage distance and clearance is defined and measured. This)annex gjves
an ¢overview of different capacitor styles and how the creepage and clearance distances|are
determined in each case. In addition, it provides information about precautions-in handling, in
order not to cause damage to external insulation and coating of terminal pins.

For|other capacitor styles than cased or conformal coated, the mapufacturer shall define|the
clegrance and creepage distances.

J.1.R Capacitor styles

Figdre J.1 and Figure J.2 show examples of cased and,canformal coated capacitors.

IEC

Figure J.1 — Example of a cased capacitor

IEC

Figure J.2 — Example of a conformal coated capacitor

J.1.3 Capacitor body and terminal insulation

The case, or the coating comprising the case, shall fulfil the requirements of this document,
which is ensured by design and by tests of the capacitor body's insulation. In the case of
conformal coated capacitors, the design shall provide the minimum thickness of coating material.
See Figure J.3, white part.
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EXAMPLE A subclass Y1 capacitor is permitted to bridge double or reinforced insulation. The capacitor case or
coating serves as double or reinforced insulation to other circuit parts, such as a transformer core or other conductive
parts.

The coating on terminals (Figure J.3, grey area) is insulating the metallic leads and is defined
as functional insulation (solid insulation material). Because its thickness and breakdown
strength are not specified, it cannot be considered as a basic insulation.

It is important to note the different classification of a functional insulation depending upon the
context it is used. It can be "conductive" as well as "insulation":

Eorcroanaa
or—creepagt

conductive), independent from its thickness and breakdown strength.

adictanca _thao ralavant neanartyy 1o thaot it 1o A onlid inclatina a
ot oeT e CrCyvya Tt pPTrop ety o thot oo S omraTrrooerar g—ra

NOTE 1 Creepage distance is the shortest distance along the surface of a solid insulating material
between two conductive parts(see IEC 60050-151, 151-15-50 and IEC 60050-581, 581-21-23).

p  For clearance, the relevant property is the breakdown strength. The breakdown strepgth
of a functional insulation is not specified, and when not tested, it shalllbe classified as
conductive. In consequence, that means:

i) for clearance between the terminals, the breakdown strength of the insulation is
tested by the voltage proof test (5.3.1, Test A), thus it fulfils"the same requirements
as the capacitor body's insulation;

ii) for clearance from a terminal to outside the capacitor,the breakdown strength of| the
insulation is not tested, thus the coating of the leads-$hall be classified as condudtive
to determine the clearance.

NOTE 2 Clearance is the shortest distance in air between two conductive parts (see IEC 600501581,
581-27-76).

Furfher details are given in Clause J.2.

1

/ 2

IEC

Key
1 (Qapacitor_body insulation (case or conformal coating) — insulation is specified and tested

2 (Qoating on terminal — insulation is not specified, but tested between the terminals

Figure J.3 — Cased and conformal coated types

J.1.4 Measurement principle

Coatings may be used over external terminations of components to increase effective
clearances and creepage distances (see Figure J.4). The mechanical arrangement and rigidity
of the terminations shall be adequate to ensure that, during normal handling, assembly into
equipment and subsequent use, the terminations will not be subject to deformation that would
crack the coating or reduce the separation distances between conductive parts below the values
in Table 3.

For measurement of creepage distance and clearance, the principles shown in Figure J.4 shall
be applied.


https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

-72 - IEC 60384-14:2023 © |IEC 2

4

023

Key

o b~ W N -
W Q = -

el e

Inv
hav
(the

J.2

J.2.
J.2.

The
cas
of th

If tH
dist

IEC

erminal

etal

oating

eparation distance before coating
learance = ————

reepage distance w=mmmms

Figure J.4 — Description

sual inspection, the coating of the capacitor including the coated part of terminals shal
b any cracks or defects exposing internal live’parts or in defined insulated or coated ar
creepage distance and clearance specified in Table 3 shall be ensured).

Measurement

g Creepage distance between terminals
1.1 Cased style

coating of terminals\at the bottom side of cased capacitors normally is not specified. In
b, the creepage distance is set equal to the clearance, although following the bottom surf
e capacitor it cah be a longer distance. See Figure J.5.

e insulation of terminals at the bottom side of the capacitor is specified, the creep

ance shall be determined according to the requirements of the relevant safety standard|.

not
eas

that
ace

age

Key

IEC

ssmus Creepage distance

Figure J.5 — Creepage distance — cased style
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J.2.1.2 Conformal coated style

Creepage distance is the shortest distance along the surface of a solid insulating material
between two conductive parts. It starts and ends at the end of conductive part of the leads. See
Figure J.6.

3
1 | 2
\ . 4%9 /
““ ....-“ ...]
IEC

Key
1,2 Grey area — coating on lead wires (solid insulation, not conductive)
3 Separation distance before coating (arc length)

=umys Creepage distance

Figure J.6 — Creepage distance — conformal coated style

J.2.2 Clearance between terminals

The|clearance is the distance in air between the uncoated terminals. As the breakdown strepgth
of the lead wire coating is tested by the voltage proof test (5.3.1, Test A), it fulfils|the
reqyirements to the capacitor body insulation between the terminals. See J.1.3 for additipnal
explanation. Figure J.7 illustrates the clearange for different component constructions.

IEC

Key

Clearance

Figure J.7 — Clearance between terminals

J.2.3 Clearance in mounted stage
J.2.3.1 Cased style

For cased style capacitors, the definition of clearances in mounted stage is shown in Figure J.8.
For requirements, see J.2.3.3.
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Key:
d, M
d, M

inimum distance between capacitor body and conductive parts

inimum distance between capacitor terminals and conductive parts

Figure J.8 — Clearance in mounted stage — cased style

J.2.3.2 Conformal coated style

If the insulation of leads (between lead wire and the outside of coating) is not specified

checked to comply with the requirements, it shall not be considered as double/reinforce

bas
thar

To ¢

c insulation. Additional insulation to other conductive paris js needed if the distance is
the clearance required by the relevant safety standard.

etermine the clearance, two cases shall be distinguished:

1) [Capacitor body larger than lead pitch — Figure.d.9

2) Capacitor body smaller than lead pitch — Figure J.10

Key
d, ¢
dy, ¢

IEC

learance between body and a conductive part

learance between terminal and a conductive part

IEC

Figure J.10 — Clearance - capacitor body smaller than lead pitch

and
d or
ess



https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

IEC

J.2.

60384-14:2023 © IEC 2023 - 75—

3.3 Requirements

The minimum distance d,; may become "0" if the capacitor body coating complies to the required
insulation level.

The minimum distance d, shall fulfil the requirements to clearances as given in the relevant
safety standard.

Additional insulation (e.g., sleeve) shall be added if double or reinforced insulation is required

and

J.2.

Undoated conductors or other conductive parts positioned underneath the capacitors

allo

reqyirements. Otherwise, protective coating of the conductive parts is required} which comg
with the relevant requirements to additional protective insulation.

A conductor between the terminals of a capacitor bridging double orreinforced insulation s

be
rein

J.3

Housing of conformal coated capacitors shall not~be’ user accessible or exposed to un
meghanical stress, which could degrade the insulating properties of the housing material.

The
suit

the minimum distance cannot be kept.

L Conductors between terminals

wed, provided the design complies with the minimum creepage distance~and clears

forced insulation. For further information see IEC 60664-3.

Precautions in handling

coated part of lead wires shall be proteécted against bending (e.g., by clamping usir
ble tool) if the lead wires are formed before or during assembly to a board (e.g., kinkir

are
nce
lies

hall

coated with a suitable coating material complying with the (fequirements to double or

due

ga
g).
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Annex K
(normative)

Safety and performance tests qualification approval

Overview

It is possible to qualify the products to cover wider range of parameters than the safety related
ones. This annex describes the sampling plan, test schedule, sampling plan for lot-by-lot test

and

K.2
Tab

The
IEC
sch
insp
qua

periodical testing for this wider qualification.

Qualification approval

e K.1, Table K.2 and Table K.3 shall be used when qualification approval js"sought.

ections are given in 8.5 and Table K.4 of this document.. The schedule to be used

procedures for qualification approval testing are given in thej\generic specificafion,
60384-1:2021, Q.2, in which Q.2.4 refers to lot-by-lot and periodic inspections. [The

pdules to be used for qualification approval testing on the basjs-of lot-by-lot and peripdic

for

ification approval testing based on fixed sample sizes in accordance with [IEC 60384-1:2021,

Q.2]4, is given in 8.4.3, Table K.1 and Table K.2 of this document. For the two procedures | the
sanple sizes and the number of permissible nonconforming items shall be of comparable order.
The|test conditions and requirements shall be the same¢Qualification approval according td the
fixefd sample sizes of Table K.1 and Table K.2 is preferred.
Table K.1 — Sampling plan — Safety and performance tests qualification approval +
Assessment level DZ
Grpup Test Subclause of Number of Permitted number of
this document specimens tested nonconforming items
per rated voltage per rated voltage and
and subclass subclass
Visual examination 5.2 52 + 129 +
Dimensions (gauging) 5.2 6¢ +
Capacitance 5.3.2 6 to 18"
Resistance 5.3.4 +24
D 02
Tangent of loss angle? 5.3.3
Voltage proof 5.3.1
Insulation resistance 5.3.5
() on f
oPaes ZU 0
Dimensions (detail) 5.2
Robustness of terminations 5.4
1A 6 0@
Resistance to soldering heat 5.5
Component solvent resistance 5.20
Solderability 5.6
Solvent resistance of the 5.21
1B marking 12 0a
Rapid change of temperature 5.7
Vibration 5.8
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Group Test Subclause of Number of Permitted number of
this document specimens tested nonconforming items
per rated voltage per rated voltage and
and subclass subclass
Bump or shockf 5.9 or 5.10
Container sealing °© 5.11
1 18 0
Climatic sequence 5.12
2 Damp heat, steady state 5.13 12 02
Irpurse voltadge 9. 14
Endurance 5.15
3 Class X and RC units 5.15.5 12d 02
Class Y and RC units 5.15.6 12d
Lead-through! 5.15.7 6°
i Charge and discharge® 5.16 6 0@
b Radiofrequency characteristics 5.17 4 02
b Passive flammability 5.18 6 tol18h 0
7 Active flammability 5.19 24 0
Tes|s in Group 0 can be made in any practical order, except for céramic capacitors the capacitance value shall be
megsured first.
2 |f one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and then
ho further nonconforming items are permitted.
b |f applicable.
¢ |f required in the detail specification.
4 |f multi-section capacitors consisting of X-\ahd Y-capacitors are to be tested, 12 specimens shall be taken for
he tests on the X-capacitors and 12 other specimens for the tests on the Y-capacitors.
¢ Additional capacitors if lead-through.capacitors are tested.
f IWhichever is stated in the detajlspecification.
9 Not required for RC unitsg.or for capacitors other than those of metallized film or metallized paper construction
h Irhe smallest, a meditm (in the case of more than four case sizes) and the largest case size shall be tested. Of
pach case size, threespecimens of the maximum capacitance and three specimens of the minimum capacitgnce
shall be tested, resulting in six specimens per case size.
i Rttention is 4rawn to the option of carrying out a combined voltage/current test as stated in 5.15.7.
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Table K.2 — Test schedule and sampling plan for lot-by-lot tests

Safety and performance tests qualification approval — Assessment level DZ

Group Clause number and test referred Inspection level Acceptance
to Clause 5 of this document IL number P
A1 5.2 Visual examination S-4 0

5.2 Dimensions (gauging)

A2 5.3.2 Capacitance

5.3.4 Resistance @

5.3.3 Tangent of loss angle (metallized film and 0
paper capacitors only)

5.3.1 Voltage proof (Test A)

5.3.5 Insulation resistance (Test A)

B1 5.6 Solderability 2 S-3 0

2 |If applicable.

f one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample, and then
ho further nonconforming items are permitted.

Table K.3 — Test schedule for safety and performanceltests qualification approva
Assessment level DZ

Subclause number and test @ Conditions of test\? nandc¢? Performance
requirements 2

Group 0 Non-destructive See Table K.1

5.2 Visual examination No visible
damage
Legible markirng
and as specifigd
in the detail
specification

5.2 Dimensions (gauging) See detail
specification

5.2]2 Creepage distances and See detail

clearances specification gnd
Table 3

5.3]2 Capacitance Within specifigd
tolerance

5.3]14 Resistance<(if applicable) Within specifigd
tolerance

5.3]3 Tangent of loss angle Frequency: ... See detail

(metallized film and paper specification
capacitors only)

5.3 Voitage proof Method- No permanent
break-down or
flashover

5.3.5 Insulation resistance Method: ... See Table 6
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Subclause number and test 2 Conditions of test @ nandc¢P® Performance
requirements 2
Group 1A Destructive See Table K.1
5.2 Dimensions (detail) See detail
specification and
Table 13
5.4 Robustness of terminations Severity: see detail specification No visible
damage
5.5 Resistance to soldering heat No pre-drying
(if applicable) See detail specification for the
Method 1
5.2p Component solvent Solvent: ... See detail
resistance (if applicable) Solvent temperature: ... specification
Method 2
Recovery: ...
5.53  Final measurements Visual examination NoO visible
damage
Capacitance See Table 7
Resistance (if applicable) See Table 7
Group 1B Destructive See-Table K.1
5.6 Solderability (if applicable) Without ageing Good tinning gs
For method see detail evidenced by
specification free flowing of]
the solder with
wetting of the
terminations of
solder shall flqw
within 3 s, as
applicable.
5.2 Solvent resistance of the Solvent: ... Legible markirng
marking Solvent temperature: ...
Method«l

Rubbing material: cotton wool

Recovery: ...

5.7 Rapid change of temperature(| 7, = Lower category
temperature
Ty = Upper category
temperature
Five cycles
Duration ¢, = 30 min
5.712  Final inspection Visual examination No visible
damage
5.8 Vibration For mounting method and
severity: see detail specification
5.7125/ Final inspection Visual examination No visible
damage
5.9 Bump (repetitive shock) For mounting method and
or severity: see detail specification
5.10 Shock
5.9.3  Final measurements Visual examination No visible
or damage
5.10.3 Capacitance See 5.9.3 or
5.10.3
Resistance (if applicable) See Table 9



https://iecnorm.com/api/?name=f6de3cdd214f885fe0681e26b7b146d2

- 80 - IEC 60384-14:2023 © IEC 2023
Subclause number and test 2 Conditions of test @ nandc¢P® Performance
requirements 2
Group 1 Destructive See Table K.1
5.11 Container sealing (if Test Qc or Test Qd of No evidence of
applicable) IEC 60068-2-17 as prescribed in leakage
the detail specification
5.12 Climatic sequence
5.12.2 Initial measurements Measurements made in 5.5.3,
5.9.3 or 5.10.3 as appropriate
5.1g-8—Dryteat Temperature—upper tategory
temperature
Duration: 16 h
5.1p.4 Damp heat, cyclic, test Db,
first cycle
5.1p.5 Cold Temperature: lower category
temperature
Duration: 2 h
5.1p.6 Damp heat, cyclic, test Db,
remaining cycles
5.1R.7 Final measurements Visual examination No visible
damage
Legible marking
Capacitance See Table 9
Resistance (if applicable) See Table 9
Tan ¢ (if applicable) See Table 9
Voltage proof See Table 9
Insulation w€sistance See Table 9
Group 2 Destructive See Table K.1
5.1B Damp heat, steady state
5.1B.2 Initial measurements Group 0 measurements to be
used
5.1B.3 Test conditions Ceramic capacitors: half of the
sample with Uy applied; the
other half with no voltage applied
Other capacitors: no voltage
applied
5.1B.4 Final measurements Visual examination No visible
damage
Legible marking
Capacitance See Table 10
and Table 11
R it Lf L bla) "
Resistanee{iappteable}
Tan & (if applicable) ="
Voltage proof ="
Insulation resistance ="
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Subclause number and test 2 Conditions of test @ nandc¢P® Performance
requirements 2
Group 3 Destructive See Table K.1
5.14.2 Initial measurements Group 0 measurements to be
used
5.14 Impulse voltage 3 pulses, full wave See 5.14.3 and
Number of impulses: 24 max. 5.14.4
Peak voltage: ... V,
see Table 1 and Table 2
5.15 Endurance Duration: 1 000 h
Voltage, current and
temperature: see 5.15.4, 5.15.5,
5.15.6 and 5.15.7
5.1p.8 Final measurements Visual examination Noyvisible
damage
Legible marking
Capacitance See Table 12
Resistance (if applicable) See Table 12
Tan ¢ (if applicable) See Table 12
Voltage proof See Table 12
Insulation resistance See Table 12
Group 4 Destructive See Table K.1
5.1p Charge and discharge Only for metallized and ceramic
capacitors and RC units*using
such capacitors
5.1p.2 Initial measurements Group 0 measurements may be
used, provided’the measuring
conditions arg’the same as
required for this test; in addition,
except for RC units, tan § shall
be megasured at:
10.kHz for C\ = 1 uF
tkHz for Cy > 1 pF
5.1p.4 Final measurements Capacitance See Table 13
tan & at same frequency as initial See Table 13
measurement (not for RC units)
Resistance (if applicable) See Table 13
Insulation resistance See Table 13
Group 5 Non-destructive See Table K.1 See detail
specification
5.1 Radioffequency If required in the detail peciiicatl
characteristics specification; see detail
specification for measuring
method
Gl upy c Dcatl u\.t;vc SUU Tab:c Il\.’: SUU 5 18.1
5.18 Passive flammability
Group 7 Destructive See Table K.1 See 5.19.3

5.19 Active flammability

Tests in Group 0 can be made in any practical order, except for ceramic capacitors the capacitance value shall

be measured first

a8 Subclause numbers of test conditions and requirements refer to Clause 5.

b

n = number of specimens, ¢ = number of permissible nonconforming items.

¢ When, for a ceramic capacitor, a precise measurement of capacitance drift is required, preconditioning in
accordance with Annex G should be performed as advised by the manufacturer.
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Quality conformance inspection

1 General

In addition to 8.5, the content of K.3.2, K.3.3 and K.3.4 shall be followed:

K.3.

2 Groups A and B inspection

These tests shall be carried out on a lot-by-lot basis according to Table K.4.

023

For Group B tests,theinspection tot—stat—consist—of components—produced—withr—similar
prog¢esses and materials, according to the test concerned.

K.3{3 Group C inspection

To maintain the qualification, the qualification approval tests shall be carriedrout on a peripdic
bas|s.

The| samples to be submitted to the periodic test in Table K.4 shall®®¢ representative of| the
current production of the specified periods and shall be taken from-the same rated voltage,
clags, and subclass. In subsequent periods, other case sizes in production shall be tested with
the pim of covering the whole range of the approval.

No nonconforming items are permitted for Class Y capacitors in the voltage proof test.

K.3)4 Test schedule for qualification approval

The|schedule for the lot-by-lot and periodic tests.for quality conformance inspection is givgn in
the relevant blank detail specification, for example, IEC 60384-14-1.
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Table K.4 — Assessment level

DZ
Inspection subgroup ® IL Acceptance number
A1 S-4 0
A2 I 0
B1 S-3 0
Dz
Inspection subgroup
1) n c?
C1A 6 6 0
C1B 6 12 0
C1 6 18 0
Cc2 6 12 0
C3:
Class X 3 12 0
Class Y 3 12 0
Lead-through 3 6 0
C4 6 6 0
C5 12 4 0
C6 12 6 to18 0
c7 12 24 0
The¢ sampling sizes corresponding to inspection levels should be selected from IEC 61193-2:2007, Table 1.
IL F inspection level
p =|periodicity in months

=
1l

sample size

=[permissible number of nonconforming items

If one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and t
no further nonconforming items are permitted.

The content of the inspection subgroups is described in the relevant blank detail specification.

The vibration, bump andishock tests in this subgroup are required to be carried out every 12 months only,

nen
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Annex X
(informative)

Cross-references to the previous edition of this document

The revision of this sectional specification has resulted in a new structure. Table X.1 and
Table X.2 provide cross-references for all references to specific elements of the previous
edition of this sectional specification.

IHC 60384-14:2013 .
+ AMD1:2016 I o 1:20x
4.15t edition edition Notes
Clduse/Subclause or Clause/Subclause or
Annex
Annex
1 1 Scope and Object are merged into onetin accordance with fhe
1.1t0 1.2 ISO/IEC Directives Part 2
1.3 2 In accordance with ISO/IEC Directives Part 2
7 In accordance with the change of clause numbers.
1.4 71 The hanging paragrahds ‘avoided in accordance with ISO/IEC
’ Directives Part 2.
1.41t01.4.3 7.2to 7.4 In accordance with.the change of clause numbers
1.4.4 6 This clause is merged into one
1.5 3.1 In accordance with ISO/IEC Directives Part 2
6 In aceordance with the change of clause numbers.
1.6 The-hanging paragrah is avoided in accordance with ISO/IEC
6.11t06.2 ; :
Directives Part 2.
1.6.1t01.6.3 6.3 to 6.5 In accordance with the change of clause numbers
1.7 3.2 In accordance with the change of clause numbers
1.71t01.7.2 3.2.1t03.2.2 In accordance with the change of clause numbers
2 4 In accordance with the change of clause numbers
211023 4.1t04.3 In accordance with the change of clause numbers
3 8 In accordance with the change of clause numbers
3.1t0 3.4 8.1t08.4 In accordance with the change of clause numbers
3.4.2 Annex K Text transferred to Annex K
8.5 In accordance with the change of clause numbers.
3.5 8.5.1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
3-5-4+te-3-5-4 8-5-2+te-8-5-4 lr-aecordance-with-the-ehange-ef-clause-pumbers
3.5.1.1 8.5.2.1 and K.3.2 Text modified and original copied to K.3.2
3.5.1.2 K.2.3 Text transferred to Annex K
3.5.2.2 K.3.4 Text transferred to Annex K
5 In accordance with the change of clause numbers.
4 5.1 The hanging paragraph is avoided in accordance with
’ ISO/IEC Directives Part 2.
52 In accordance with the change of clause numbers.
4.1 5.2 1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4.2 5.3 In accordance with the change of clause numbers
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53 1 In accordance with the change of clause numbers.
4.21 5311 The hanging paragraph is avoided in accordance with

ISO/IEC Directives Part 2.

42.1.11t04.2.1.4

5.3.1.2t0 5.3.1.5

In accordance with the change of clause numbers

In_accordance with the change of clause numbers.

532
4.2.2 5321 The hanging paragraph is avoided in accordance with
e ISO/IEC Directives Part 2.
4.2211t04.2.2.2 5.3.2.2t0 5.3.2.3 In accordance with the change of clause numbers
4.23t04.2.4 5.3.3t05.3.4 In accordance with the change of clause numbers
535 In accordance with the change of clause nunibers.
4.2.5 5351 The hanging paragraph is avoided in accordance with
T ISO/IEC Directives Part 2.
4.2511t04.25.2 5.3.5.2t0 5.3.5.3 In accordance with the changg 'of)yclause numbers
4.3 5.4 In accordance with the change of clause numbers
5.5 In accordance with the’change of clause numbers.
4.4 6.5.1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives.Part 2.
441t04.4.2 5.5.21t05.5.3 In accordance with the change of clause numbers
56 In accordance with the change of clause numbers.
4.5 56.1 The hanging paragraph is avoided in accordance with
e ISQ/EC Directives Part 2.
4.51t04.5.2 5.6.2t0 5.6.3 In"accordance with the change of clause numbers
5.7 In accordance with the change of clause numbers.
4.6 5.7 1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4.6.1 5732 In accordance with the change of clause numbers
58 In accordance with the change of clause numbers.
4.7 5.8 1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4.71t04.7.2 5.8.2t05.8.3 In accordance with the change of clause numbers
59 In accordance with the change of clause numbers.
4.8 5.9 1 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4(8.110 4.8.2 5.9.2t05.9.3 In accordance with the change of clause numbers
510 fmaccordance withthe chrange of crause nombers.
4.9 5101 The hanging paragraph is avoided in accordance with
o ISO/IEC Directives Part 2.
4.9.1t04.9.2 5.10.2 to 5.10.3 In accordance with the change of clause numbers
5.11 In accordance with the change of clause numbers.
4.10 5.11.1 The hanging paragraph is avoided in accordance with

ISO/IEC Directives Part 2.

4.10.1 t0 4.10.2

5.11.2t05.11.3

In accordance with the change of clause numbers

4.1

5.12
5.12.1

In accordance with the change of clause numbers.

The hanging paragraph is avoided in accordance with
ISO/IEC Directives Part 2.

4.11.1t0 4.11.6

5.12.2t0 5.12.7

In accordance with the change of clause numbers
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513 In accordance with the change of clause numbers.
4.12 5.13.1 The hanging paragraph is avoided in accordance with

ISO/IEC Directives Part 2.

4.12.1t0 4.12.3

5.13.2t0 5.13.4

In accordance with the change of clause numbers

In_accordance with the change of clause numbers.

4.13

o4 4
J. =

5.14.1

The hanging paragraph is avoided in accordance with
ISO/IEC Directives Part 2.

4.13.1 to 4.13.3

5.14.2t05.14.4

In accordance with the change of clause numbers

In accordance with the change of clause numbers.

5.15
4.14 5.15.1 The hanging paragraph is avoided in accordance with
Y ISO/IEC Directives Part 2.
515.2 In accordance with the change of clause numbers.
4.141 5.15.2.1 The hanging paragraph is avoided in accordance with
e ISO/IEC Directives Part 2.
4.14.1.1 5.15.2.2 In accordance with the change of clause numbers

4.14.2 to 4.14.7

5.15.3t0 5.15.8

In accordance with the ehange of clause numbers

4.15

5.16
5.16.1

In accordance with.the change of clause numbers.

The hanging{paragrah is avoided in accordance with ISO/If
Directives<Part 2.

4.15.1 to 4.15.3

5.16.2t0 5.16.4

In accordance with the change of clause numbers

4.16 to 4.17 5.17 t0 5.18 In @ecordance with the change of clause numbers
5.18.1 In"accordance with the change of clause numbers.
4.17.1 51811 The hangir)g pa}ragraph is avoided in accordance with
ISO/IEC Directives Part 2.
4.17.1.1 5.18.1.2 In accordance with the change of clause numbers
g8 2 In accordance with the change of clause numbers.
4.17.2 5/18.2.1 The hanging paragraph is avoided in accordance with

ISO/IEC Directives Part 2.

>

17.2.1t0 4.17.2.2

5.18.2.2t05.18.2.3

In accordance with the change of clause numbers

4.18 to 4.20 5.19 to 5.21 In accordance with the change of clause numbers
Ahnex A to Annexl Annex A to Annex | No change
- Annex J New annex
3.4:2 Annnex K New annex
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Table X.2 — Reference to IEC 60384-14 for figure/table

IEC 60384-14:2013
+ AMD1:2016
4.1t edition

Figure/Table

IEC 60384-14:20xx
5th edition

Figure/Table

Notes

Figure 1 to Figure 5

Figure 1 to Figure 5

No change

Figure 6

Figure 9

In accordance with the change of clause numbers

Figure 7 to Figure 9

Figure 6 to Figure 8

In accordance with the change of clause numbers

Table 3 Table 14 In accordance with the change of clause numbers
Table 4 Table K.1 Transferred to Annex K
Tlable 5 upper part Table 15 Renumbered according to formation of Ahnéex K
Tlable 5 lower part Table K.2 Transferred to Annex K
Table 6 Table 16 Renumbered following the formation of Annex K
Table 7 Table K.3 Transferred to Annex K
Table 8 Table 17 and Table Doubled in Annex K and{renumbered following the formatign
K4 of Annex K
- Table 8 Unnumbered tablernumbered

—

hble 9 to Table 13

Table 3 to Table 7

In accordance-With the change of clause numbers

Table 14 and Table

Table 9 and Table 10

In accordance with the change of clause numbers

15
- Table 11 New, table
Tgble 161a7nd Table Table 121%nd Table In‘accordance with the change of clause numbers
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES DANS
LES EQUIPEMENTS ELECTRONIQUES -

Partie 14: Spécification intermédiaire —

électromagnétiques et la connexion au réseau d’alimentation

AVANT-PROPOS

a Commission Electrotechnique Internationale (IEC) est une organisation mondiale de nofmatisation comppsée
e 'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC).\\.’IEC a pour obj¢t de
hvoriser la coopération internationale pour toutes les questions de normalisationndans les domainep de
Blectricité et de I'électronique. A cet effet, 'IEC — entre autres activités — publie te$ Normes internationples,
les Spécifications techniques, des Rapports techniques, des Spécifications accessibles au public (PAS) e} des
uides (ci-aprés dénommés "Publication(s) de 'lEC"). Leur élaboration est confiée a des comités d’études| aux
avaux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisafions
ternationales, gouvernementales et non gouvernementales, en liaisonsavec I'lEC, participent égalemen{ aux
avaux. L'IEC collabore étroitement avec I’Organisation Internationale.de Normalisation (ISO), selon| des
onditions fixées par accord entre les deux organisations.

les décisions ou accords officiels de I'lEC concernant les questionstechniques représentent, dans la mesufe du
ossible, un accord international sur les sujets étudiés, étant doriné que les Comités nationaux de I'l[EC intérgssés
ont représentés dans chaque comité d’études.

es Publications de I'IEC se présentent sous la forme,d&, recommandations internationales et sont agrgées
omme telles par les Comités nationaux de I'lEC. Tous\les efforts raisonnables sont entrepris afin que J'IEC
assure de I'exactitude du contenu technique de ses’Rublications; I'l[EC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation quien est faite par un quelconque utilisateur final.

WO~ WY [~ O ="="tNN0 —-h0 [

Dans le but d’encourager I'uniformité internationale, les Comités nationaux de I'lEC s’engagent, dans toyte la
mesure possible, a appliquer de fagon transparente les Publications de I'l[EC dans leurs publications natiopales
et régionales. Toutes divergences entre«toutes Publications de I'lEC et toutes publications nationalep ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

IEC elle-méme ne fournit aucune aitéstation de conformité. Des organismes de certification indépendants
fpurnissent des services d’évaluation de conformité et, dans certains secteurs, accédent aux marquep de
conformité de I'lEC. L’IEC n’est\responsable d’aucun des services effectués par les organismes de certificption
indépendants.

Tlous les utilisateurs doivent s’assurer qu’ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité ne*doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatgires,
y| compris ses experts particuliers et les membres de ses comités d’études et des Comités nationaux de I|IEC,
plour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
nfature que ce,soit; directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépenses
découlant deNapublication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I[IEC,
ou au crédit qui lui est accordé.

Lfattention est attirée sur les références normatives citées dans cette publication. L’utilisation de publications
reféfenceées est obligatoire pour une application correcte de la présente publication.

a ue-fait-gque-eertains-des-Elémen et+ap toHeationd C-petven objet
de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de

propriété et averti de leur existence.

L'IEC 60384-14 a été établie par le comité d’études 40 de I'l|EC: Condensateurs et résistances
pour équipements électroniques. Il s’agit d'une Norme internationale.

Cette cinquieme édition annule et remplace la quatriéme édition parue en 2013 et
I’Amendement 1:2016. Cette édition constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) dans I'essai continu de chaleur humide, tous les types de condensateurs sont soumis a
essai a la fois avec et sans tension assignée. Le nombre d’éprouvettes a été augmenté;

b) la tangente de I’angle de perte est ajoutée dans les essais du Groupe 0, dans les essais de
sécurité uniqguement;

c) I'homologation basée sur les essais de sécurité et de performance a été supprimée du corps
du texte pour en faire une annexe normative;

d) laplage de tensions assignées est donnée au lieu des valeurs exactes de tension assignée;

e) une annexe normative de description des modéles de condensateurs et de la mesure [des
ignes de fuite et des distances d’isolement a été ajoutée;

f) limportance des défaillances mécaniques (fissures) dans I'encapsulation descomposants
bn tant que caractéristique de sécurité est mise en évidence dans lesinstructiony de
manipulation et les exigences aprés tous les essais pertinents.

Le texte de cette Norme internationale est issu des documents suivants:

Projet Rapport de vote
40/2985/FDIS 40/3022/RYD

Le rapport de vote indiqué dans le tableau ci-dessus donne*toute information sur le vote ayant
aboyti a son approbation.

La langue employée pour I’élaboration de cette Norme internationale est 'anglais.

Ung liste de toutes les parties de la séfie IEC 60384, publiées sous le titre géngéral
Condensateurs fixes utilisés dans les équipements électroniques, se trouve sur le site wely de
'EC.

Ce fdocument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon les
Dirdctives ISO/IEC, Partie 1 etiles Directives ISO/IEC, Supplément IEC, disponibles qous
www.iec.ch/members_expertsfrefdocs. Les principaux types de documents développés|par
I'IEC sont décrits plus en détail sous www.iec.ch/publications.

Le qomité a décidé gue)le contenu de ce document ne sera pas modifié avant la date de stahilité
indiguée sur le site.web de I'lEC sous webstore.iec.ch dans les données relatives au document
recherché. A cette*date, le document sera

° econdulit,

e Supprime,

° nmplnr\é parune adition ré\/ien’n, ou

e amendé.

IMPORTANT - Le logo "colour inside™ qui se trouve sur la page de couverture de ce document
indique qu’elle contient des couleurs qui sont considérées comme utiles a une bonne
compréhension de son contenu. Les utilisateurs devraient, par conséquent, imprimer cette
publication en utilisant une imprimante couleur.
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CONDENSATEURS FIXES UTILISES DANS
LES EQUIPEMENTS ELECTRONIQUES -

Partie 14: Spécification intermédiaire —
Condensateurs fixes pour la suppression des interférences
électromagnétiques et la connexion au réseau d’alimentation

1 [Domaine d’application

La |présente partie de I'I[EC 60384 s’applique aux condensateurs et aux .combinaijons
confensateur/résistance destinés a étre connectés a un réseau d’alimentation en courant
alternatif ou a une autre alimentation dont la tension nominale ne dépasse' pas 1 000 V|c.a.
(efficace) et dont la fréquence nominale ne dépasse pas 100 Hz. Le présent document irfclut
également des conditions et des exigences spécifiques supplémentaires pour la connexion|aux
alimentations en courant continu avec une tension assignée ne dépassant pas 1 500 | en
coufant continu.

La présente partie de I'|EC 60384 a pour principal objet de prescrire les valeurs assignées et
cargctéristiques préférentielles, de sélectionner, en se référant’a I'lEC 60384-1, les procédlires
d’éValuation de la qualité appropriées, les essais et les méthodes de mesure et de donnel les
exigences de performances générales pour ce typel'de condensateur. Les sévérités etf les
exigences d’essai indiquées dans les spécifications particulieres se rapportant a dette
spécification intermédiaire présentent des niveaux de performances supérieurs ou égaux.|Les
nivgaux de performance inférieurs ne sont pascautorisés.

Le présent document fournit un programme d’essais de sécurité a utiliser par les stat|ons
d’egsai nationales dans les pays qui exigent une approbation par de telles stations.

Les| catégories de surtension associées aux tensions d’alimentation alternatives pour| les
confensateurs classifiés dans le_présent document doivent étre issues de I'lEC 60664-1.

2 |Références normatives

de |eur contenujzdes exigences du présent document. Pour les références datées, s¢ule
I’édjtion citéecS’applique. Pour les références non datées, la derniére édition du document de
référence sfapplique (y compris les éventuels amendements).

Les|documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p?tie

IEC|60060-1:2010, Technique des essais a haute tension — Partie 1: Définitions et exigences
génc’-rnlpe

IEC 60063, Séries de valeurs normales pour résistances et condensateurs
IEC 60068-1:2013, Essais d’environnement — Partie 1: Généralités et lignes directrices

IEC 60068-2-17, Essais fondamentaux climatiques et de robustesse mécanique — Partie 2-17:
Essais — Essai Q: Etanchéité

IEC 60384-1:2021, Condensateurs fixes utilisés dans les équipements électroniques — Partie 1:
Spécification générique

IEC 60664-1, Coordination de I'isolement des matériels dans les réseaux d’énergie électrique
a basse tension — Partie 1: Principes, exigences et essais
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IEC 60695-11-10, Essais relatifs aux risques du feu — Partie 11-10: Flammes d’essai —
Méthodes d’essai horizontal et vertical a la flamme de 50 W

IEC 61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages (disponible en anglais seulement)

IEC 61210, Dispositifs de connexion — Bornes plates a connexion rapide pour conducteurs
électriques en cuivre — Exigences de sécurité

CISPR 17, Méthodes de mesure des caractéristiques d’antiparasitage des dispositifs de filtrage
CEM passifs

ISO|7000, Symboles graphiques utilisables sur le matériel (disponible a( ljadrgsse
httpf//www.graphical-symbols.info/equipment)

3 |Termes et définitions et classification

3.1 Termes et définitions

Pour les besoins du présent document, les termes et les définitions de I'|EC 60384-1 ainsi|que
les suivants s’appliquent.

L'ISO et I'IEC tiennent a jour des bases de données terminologiques destinées a étre utiligées
en normalisation, consultables aux adresses suivantess

e |EC Electropedia: disponible a I'adresse httpsi//Www.electropedia.org/

e |SO Online browsing platform: disponible a*f¥adresse https://www.iso.org/obp
NOTE Certaines définitions de I'lEC 60384-1 ont éte.développées et font I'objet d’'une note.

314
condensateur pour courant alternatif
conflensateur congu essentiellement pour fonctionner sous des tensions alternatives

Note| 1 a I'article: Les condensatéurs pour courant alternatif peuvent étre utilisés avec des alimentations a coyrant
contijnu de tension égale a la“tension alternative efficace assignée du condensateur. Pour ['utilisatiopn de
condensateurs ayant une tension continue assignée supérieure a la tension alternative assignée, voir ’Annexe| H.

3.1.p
condensateur dlantiparasitage
conflensateur~ pour courant alternatif utilisé pour la réduction des perturbatfons
éleqtromagnétiques provoquées par les équipements électriques ou électroniques, ou|par
d’adtres seurces

3.18
condensateur de classe X

unité RC de classe X

condensateur ou unité RC d’un type approprié pour étre utilisé dans des situations ou une
défaillance du condensateur ou de l'unité RC n’entrainerait pas de danger de choc électrique,
mais pourrait étre a l'origine d’un incendie

3.1.4

condensateur de classe Y

unité RC de classe Y

condensateur ou unité RC d’un type approprié pour étre utilisé dans des situations ou une
défaillance du condensateur pourrait entrainer un danger de choc électrique
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5
densateur a deux bornes

condensateur d’antiparasitage doté de deux bornes

Note

1 a l'article: Voir Figure 1.

IEC

Figure 1 — Condensateur d’antiparasitage a deux bornes

3.1.p

unit
con

Note|

Note|

3.1.7

é RC série
binaison fonctionnelle d’une résistance en série avec un condensateur dé)ctasse X ou

1 a l'article: Voir Figure 2.

Figure 2 — Unité-RC

Y

2 a l'article: Dans le présent document, lorsque le terme "condensateur" apparait, il convient de comprgndre
les termes "condensateur ou unité RC" lorsque le contexte\le permet.

condensateur de traversée

<copxial> condensateur comprenant- uh conducteur central transportant un courant entq

d’ur

pouf

Note|

uré

élément capacitif qui est lié syméetriquement au conducteur central et au boitier externe

former une construction coaxiale

1 a l'article: Ces condensatelrs de traversée sont montés de maniere coaxiale (voir Figure 3).

Conducteur central‘transportant
un courantidialimentation

B
! Collerette de montage
circulaire mise a la terre

IEC

Figure 3 — Condensateur de traversée (coaxial)
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3.1.8

condensateur de traversée

<non coaxial> condensateur dans lequel les courants d’alimentation circulent a travers ou entre
les bornes des électrodes

Note 1 a l'article: Voir Figure 4 a), Figure 4 b), Figure 4 c) et Figure 4 d).

° - —l o o - - o
| | | |
I | IO |

a) Condensateur de traversée pour utilisation symétrique (non coaxial)

Boitier métallique mis a la terre IEC

b) Condensateur de traversée pour utilisation asymétrique (non coaxial)

Boitier métallique mis a la terre IEC

c) |Condensateur de traversée a plusieurs unités pour utilisation symétrique et asymétrique (non coaxial)

IEC

d) Condensateur de traversée a plusieurs unités

Figure 4 — Condensateurs de traversée
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3.1.9
condensateur de contournement
condensateur dont les courants de perturbation radioélectrique sont shuntés

Note 1 a l'article: Il existe trois formes communes: condensateur simple, condensateurs connectés en triangle et
condensateurs connectés en T. Le condensateur simple est constitué d’un condensateur dans un boftier métallique
avec une connexion de sortie connectée au boitier comme a la Figure 5 a); la connexion en triangle est constituée
d’un condensateur de classe X et de deux condensateurs de classe Y2 disposés en triangle comme représenté a la
Figure 5 b); la connexion en T est constituée de trois condensateurs C,, C5 et C, connectés en T comme a la

Figure 5 c).

Les connexions en T et en triangle sont équivalentes électriquement (transformation étoile-triangle). Dans la
connexion en T, Te condensateur X est le resultat de la connexion en serie de Cy — C et les condensateuls de

clasge Y sont le résultat des connexions en série de CA - CB et CA - Cc-

Lorsque les condensateurs connectés en T sont soumis a des essais et lorsqu’il est indiqué que des tensions dojvent
étre pppliquées aux connexions de sortie des condensateurs de classe X, ces tensions doivent étresappliquées ¢ntre
la connexion de sortie de ligne (L) et la connexion de sortie de neutre (N). De maniére similaire, (0rsqu’il est indiqué
que Hes tensions doivent étre appliquées aux connexions de sortie des condensateurs de classe Y, ces tengions
doivent étre appliquées entre la connexion de sortie de ligne et la connexion de sortie de neutrneconnectées ensemble
et lajconnexion de sortie de terre.

Note|2 a l'article: Voir Figure 5 a), Figure 5 b) et Figure 5 c)

F-- =TT T T i
' |

L ¢ " ——y
[ |
L= ! IEC

a) Condensateur de contournement simple

———— e e AR Ny T T I
: I
| ¢ ' o
| I

1 x:
| =
! I
L-— ' IEC

| |
| |
| - L
: ——
|
|
| CA —— CB :
— |
| — ]
| e - C |
I |
: N
|
L [
IEC

c) Exemple de condensateurs de contournement connectés en T (en boitier non métallique)

NOTE Pour les condensateurs dotés de boitiers non métalliques, la connexion a la terre est une connexion de
sortie distincte comme représenté a la Figure 5 c).

Figure 5 — Condensateurs de contournement
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3.1.10

tension assignée

<pour le condensateur> tension de fonctionnement efficace a la fréquence assignée, ou tension
continue de fonctionnement qui peut étre appliquée en continu aux connexions de sortie d’'un
condensateur a n’importe quelle température entre la température minimale de catégorie et la
température maximale de catégorie

Note 1 a l'article: Ceci implique, pour les condensateurs couverts par le présent document, que la tension de
catégorie est la méme que la tension assignée.

3.1.11

tenstonm continue assignée
Ug ¢.c.

tengion continue maximale de fonctionnement pouvant étre appliquée en permanence [aux
conhexions de sortie d’'un condensateur a toute température comprise entre lacrtempérature
min|male de catégorie et la température maximale de catégorie

Note|1 a l'article: Ce terme et cette désignation (Ug c.c.) sont utilisés uniquement pour unscondensateur specifié
avecfune tension continue assignée dépassant sa tension alternative assignée (efficace).

3.1.12

puissance assignée
<d’yne unité RC série> puissance maximale qui peut étre dissipée par l'unité RC a la
température assignée pendant un fonctionnement continu

3.1/13

température maximale de catégorie
température maximale de la surface pour laquelle le condensateur a été congu poul un
fongtionnement en continu

Note| 1 a I'article: Pour des condensateurs de traversée et des unités RC série, la température de surface ex{ferne
peut|étre affectée par I'’échauffement interne d0 au,courant traversant. Les connexions de sortie d’'un condensateur
sont|considérées comme faisant partie de la surface externe.

Note|2 a [larticle: Cette définition remplace celle donnée dans I'lEC 60384-1:2021, 3.41, parce quq les
condensateurs d’antiparasitage conformes’ au présent document sont destinés a étre connectés au régeau
d’alimentation et peuvent générer un gehauffement interne.

3.1.114

température minimalede-catégorie
température minimale;de la surface pour laquelle le condensateur a été congu poun un
fongtionnement enccontinu

Note| 1 a l'articled .Cette définition remplace celle donnée dans I'l[EC 60384-1:2021, 3.10.

3.1.15

température assignée
<d’Lln condensateur de traversée ou d'une unité RC série> température ambiante maximalle
laquelle un condensateur de traversée peut tfransporter son courant traversant assigné ou
laquelle une unité RC série peut dissiper sa puissance assignée

Q- Q-

Note 1 a I'article: Cette définition remplace celle donnée dans I'lEC 60384-1:2021, 3.24.

3.1.16

perte d’insertion

<pour les condensateurs> rapport des tensions avant et aprés linsertion du dispositif
d’antiparasitage, mesurées au niveau des connexions de sortie

Note 1 a I'article: Lorsqu’elle est mesurée en décibels, la perte d’insertion est égale a 20 fois le logarithme décimal
du rapport indiqué.
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17
rant assigné du conducteur

023

<d’un condensateur de traversée>, courant maximal admissible traversant les conducteurs du
condensateur a la température assignée pendant un fonctionnement continu

3.1.

18

fréquence de résonance principale
<d’'un condensateur a deux bornes>, plus petite fréquence a laquelle I'impédance du
condensateur est minimale lorsqu’une tension sinusoidale est appliquée

3.1.1#9

ten
teng
I'E(

3.1.

inflammabilité passive

apti
cha

3.1.

inflammabilité active

apti

3.1.

condensateur pour montage en surface

con
font
imp

3.2

3.2.

Les
de |
étre|
lign
com

ion de choc
ion transitoire périodique d’'une forme d’onde définie comme cela est déérit" d
C 60060-1

20

ude d’'un condensateur a brller avec une flamme par suite de I'application d’une sourcs
eur externe

21

ude d’un condensateur a briler avec une flamme par suite’d’'une charge électrique

22

ans

b de

Hensateur dont les petites dimensions et la nature de la forme des connexions de sorti
un condensateur pouvant étre monté en surface dans des circuits hybrides et sur des c
[imées

Classifications

1 Classification des condensateurs de classe X

condensateurs de classe X'sont divisés en deux sous-classes (voir Tableau 1) en fond
h tension de créte des ¢hots superposée a la tension d’alimentation auxquelles ils peu
soumis en service. De tels chocs peuvent étre engendrés par la foudre qui tombe sur
s extérieures, par.des commutations dans des équipements du voisinage ou par
mutations dans equipement dans lequel le condensateur est utilisé.

en
rtes

tion
ent
des
des
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Tableau 1 — Classification des condensateurs de classe X

Tension de choc de créte U, appliquée
Sous- Tension de choc Application avant I’essai d’endurance
classe de créte en service
Cy £ 1,0 gF Cy > 1,0 pF
X1 > 2,5 kV Application pour 4 kV Us 4 :
. . b= in kV
<40 KV |mpuIS|ons_de haute Cy
= tension 105 F
X2 <2,5kV Usage général 2,5 kV Up = 2,5 in kv
Cy,
\10°F

Leq condensateurs de classe X1 peuvent étre remplacés par des condensateurs de classe Y2 ou Y1,.detengion
asgignée Uy supérieure ou égale. Les condensateurs de classe X2 peuvent étre remplacés par des condensatejurs

de plasse X1, Y2 ou Y1 de tension assignée, Uy, supérieure ou égale.

NOITE 1
0,5[ x CNUF,2 constante pour ces valeurs de capacité; Cy est exprimé en F.

Le facteur utilisé pour la réduction de U, pour les valeurs de capacité supérieures/a 1,0 F maintient

NQOTE 2 L’IEC 60664-1 donne les catégories de surtension liées a une tension de,ghoc assignée et a une tendion
d’alimentation assignée.

3.2.R Classification des condensateurs de classe Y

Les|condensateurs de classe Y sont encore divisés en-trois sous-classes: Y1, Y2 et Y4, comme
indigqué dans le Tableau 2.

Tableau 2 — Classification des-condensateurs de classe Y

Sous Gamme de Tension de choc de créte U,
tlasse Type d’isolation en pont ten.sio!'\s appliquée avant I'essai
assignees d’endurance
Y1 Double isolation ou isolatioh <500V 8,0 kV
renforcée
Y2 Isolation principaléwolrisolation 2150V Cn £1,0 uF Cn > 1,0 uF
supplémentaire <500V
5 kV 5
Up =——=HKV
N
108 F
Y4 Isolatl'on prln_(:lpale ou isolation <150 V 2.5 kV
stupplémentaire

Leqg condensateurs de classe Y2 peuvent étre remplacés par des condensateurs de classe Y1 de tengion
asgignee, Uy, supérieure ou égale.

NOTE t—tes defimittons d tsofation principate, supplémentaire, doubfe et Tenforcée Sont donmées dans
I'EC 61140.

NOTE 2 Le facteur utilisé pour la réduction de U, pour les valeurs de capacité supérieures a 1,0 F maintient

0,5 x CNUF,2 constante pour ces valeurs de capacité; Cy est exprimé en F.

NOTE 3 L’IEC 60664-1 donne les catégories de surtension liées a une tension de choc assignée et a une tension
d’alimentation assignée.

Un condensateur Y1 peut relier une double isolation ou une isolation renforcée.

Le boftier d’'un condensateur de classe Y1 ne doit pas contenir d’autres composants.
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ensembles, tels que des condensateurs de contournement connectés en T ou en triangle,

peuvent étre construits a partir de condensateurs de classe Y ou de condensateurs de classe X,
a condition que ces condensateurs satisfassent aux exigences des sous-classes X et Y
applicables.

Un condensateur de classe Y peut relier en pont une isolation principale. Un condensateur de

clas

se Y peut relier en pont une isolation supplémentaire. Si la combinaison d’une isolation

principale et d’'une isolation supplémentaire est reliée par au moins deux condensateurs de

clas

se Y2 ou Y4 en série, ils doivent appartenir aux mémes classes et sous-classes, avoir la

méme tension assignée et avoir la méme valeur de capacité nominale.

4

4.1

Il cq
dan

Les
selg

Les
huni

Les
max

L’IE
des

4.2
4.2.

Les

1,1

Valeurs assignées et caractéristiques préférentielles

Catégories climatiques préférentielles

nvient de choisir les valeurs données dans les spécifications particulieres de préférgnce
5 |le présent alinéa.

condensateurs couverts par le présent document sont classéscen’catégories climatiques
n les régles générales données dans I'l[EC 60068-1:2013, Annexée A.

températures minimale et maximale de catégorie et la duree de I’essai continu de challeur

ide doivent étre sélectionnées dans la liste ci-dessous:

empérature minimale de catégorie: -65 °C, =55 °C, —40 °C, -25 °C et —10 °C;

empérature maximale de catégorie: +85 °C¢ +100 °C, +105 °C, +110°C, +125°C et
+155.°C;

jurée de I’essai continu de chaleur humide: 21 jours et 56 jours.

séveérités pour les essais a froid etwde chaleur séche sont les températures minimalg et
imale de catégorie respectivementt

C 60940:2015 donne des recommandations sur I'application des catégories décriteg ci-
5US.

Valeurs assignées préférentielles

1 Capacité nominale (Cy)

valeurs préférentielles de capacité nominale sont:

5, 2:2,.3,3, 4,7, 6,8 et leurs multiples décimaux.

sHHEC-60063.

Ces

4.2.2 Tolérance sur la capacité nominale

La tolérance maximale pour la capacité nominale est de + 20 %.

4.2.

3 Choix des tensions assignées (UR)

La gamme de tensions alternatives assignées est comprise entre 125 V et 1 000 V.

La gamme de tensions continues assignées est comprise entre 125 V et 1 500 V.
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Il convient de choisir les condensateurs d’antiparasitage de telle sorte que leur tension assignée
soit supérieure ou égale a la tension nominale du systéme d’alimentation auquel ils sont
connectés. La conception des condensateurs doit prendre en compte la possibilité que la
tension du systéme peut augmenter jusqu’a dépasser de 10 % sa tension nominale. Dans une
connexion en étoile, la tension maximale sur les condensateurs doit étre calculée dans le cas
le plus défavorable lorsque les tolérances sur les capacités nominales des condensateurs
utilisés sont prises en considération.

4.2.4 Résistance nominale (Ry)

Les

valeurs pnréférentielles de résistance nominale doivent étre choisies dans la série E
T

de

'E(G

4.2.

La température assignée des condensateurs de traversée et des unités RC sernié ne doit

étre

4.2.

La
L’ut
le c

Dér
d’in

NOT
qui {
négqg
les ¢

4.3

Les
con
tem
tube
adh

Si
tran

5

C 60063.

5 Température assignée

inférieure a +40 °C.
6 Inflammabilité passive
catégorie préférentielle d’inflammabilité passive autorisée est.da catégorie B (voir 5.

ient. Voir également 5.18 pour des essais alternatifs d’inflammabilité passive.

bgation: pour les composants dont le volume est inférieur a 1 750 mm3, la catégor
lammabilité passive est autorisée.

F Les catégories d’inflammabilité passive supérieures a la catégorie C peuvent exiger des additifs ignif]
euvent étre considérés comme ayant des incidences sur I'environnement. Ces catégories sont soumig
ciation entre les fabricants et les clients pour trouver un compromis entre les exigences environnemental
xigences de sécurité.

Exigences sur les manchons; les bandes, les tubes et I'isolation des fils

manchons, les bandes, lesxtubes et l'isolation des fils utilisés dans les compos
pérature atteinte dans n‘importe quelle condition d’utilisation réelle. Les manchons,
Esif doit étre ignifuge.

les bornes jsolées sont exigées, il convient que les couleurs préférentielles so
sparentes ou.blanches.

Procédures d’essai et de mesure, et exigences de performances

pas

18).

lisation de la catégorie C doit faire I’objet d’'un accord entre-le fournisseur du composant et

eC

Lges
es a
s et

ants

ormes au présent document doivent étre assignés pour la tension impliquée ef la

les

s et I'isolation des fils~doivent avoir une classe d’ignifugation assignée VW1. Le ruban

ient

5.1
Cet

Sémératits
article compléte les informations de I'lEC 60384-1:2021, de I'Article 4 a I'Article 10.

Des essais en courant alternatif réalisés a une fréquence comprise entre 50 Hz et 100 Hz sont
considérés valides pour n'importe quelle fréquence nominale comprise entre 50 Hz et 100 Hz.
En cas de doute, 50 Hz doit étre la fréquence de référence pour les mesures.

Pendant la manipulation, I’essai et I'inspection, tout dommage involontaire de I'isolation sur le
corps et les sorties du composant doit étre évité. Les instructions de manipulation fournies par
le fabricant doivent étre respectées.
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Examen visuel et controle des dimensions

1 Généralités

Voir 'lEC 60384-1:2021, 7.1, avec les détails supplémentaires de 5.2.2.

5.2.2 Lignes de fuite et distances d’isolement

Les lignes de fuite et les distances d’isolement sur I’extérieur du condensateur entre les parties
sous tension de polarité différente ou entre les parties sous tension et un boftier métallique ne
doivent pas étre inférieures aux valeurs appropriées indiquées dans le Tableau 3.

Le
IEC
com

Le T
dire

deg
mat

Des
regl
lign
tabl
ici.

La
I'IE(
étre|
env
les
altit

Tableau 3 est basé sur I'lEC 60664-1, mais les normes de sécurité des équipem
60335-1 et IEC 62368-1 ont également été prises en compte. Des informat
plémentaires peuvent étre obtenues dans I'lEC 60664-1.

ctrices principales:

ré de pollution 2, altitude <2 000 m et indice de résistance atcheminement (IRC)
Briaux = 100.

lignes de fuite inférieures a celles indiquées dans le Tabl€au 3 peuvent étre utilisées s
es données dans I'IlEC 60664-1 pour I'|RC des matériatx des composants I'autorisent.
b de fuite doit toujours étre supérieure ou égale a ld,distance d’isolement indiquée dan

C 60664-1 pour les mesures sur I'extérieur du condensateur. D’autres exigences peu

ronnements que le degré 2 de polldtion (par exemple des condensateurs protégés co
projections et protégés contre tes gouttes) ou pour des condensateurs utilisés a
Lides supérieures a 2 000 m. Bes recommandations sont données dans I'lEC 60664-1.

pnts
ons

[ableau 3 est généré en utilisant les conditions environnementales suivantes comme lignes

des

les
Une
5 ce

bau. Les normes d’équipement peuvent exiger des'distances supérieures a celles donrées

conformité doit étre contrlée par des mesures conformément aux régles établies dans

ent

nécessaires, par exemple pour des<condensateurs destinés a étre utilisés dans d’aufres

ntre
des
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Tableau 3 - Lignes de fuite et distances d’isolement

Points de Tension assignée (efficace)
mesure
URS‘ISOV 130 V < UR5250V 250 V < URSSOOV 500V < URS760V 760V<URS1000V

= = = = =

3 3g | 8 32 | 8 3g | 8 32 | 8 32

o 2 o o 2 o o 2 o o2 o o2 g9

o s o2 59 o2 s & 53 & 53

] o~ | o~ | o~ pr [ pr =B
- - - - -

T T T T T T T TTTm TTTm ™

Entre des 2,0 1,5 3,0 2,5 4,0 3,0 6,3 5,5 8,0 5/

parties sous

tensjon de

polarité

difféfente

(isolption

fonctionnelle) @

Entrg des 2,0 1,5 4,0 3,0 5,0 4,0 6,3 5,5 8,0 76

parties sous

tensjon et

d’aufres

parties

métalliques sur

une jsolation

pringipale °

Entre des 8,0 8,0 8,0 8,0 10,0 8,0 12,6 11,0 16,0 11],0

parties sous

tensjon et

d’aufres

parties

métalliques sur

une jsolation

renfprcée ©

NOTIE Les valeurs d’isolation renforcée pour.dés tensions supérieures a > 500 V sont données a titre d’'information

uniguement. Dans la présente norme, les condensateurs de classe Y1 sont limités a 500 V.

a8 (es limites doivent étre utilisées pour les mesures entre les bornes d’'un condensateur de classe X.

b es limites doivent étre utilisées\pour les mesures entre chaque borne et le boitier métallique d’'un condensgteur
de classe X et pour les mesdres entre les bornes ou entre chaque borne et le boitier métallique [d’un
dondensateur de classe ¥2 ou Y4.

¢ (Ces limites doivent &tre utilisées pour les mesures entre les bornes d’'un condensateur de classe Y1 (judqu’a
500 V).

L'Arinexe Jdécrit différents modeles de condensateurs et la fagon dont les lignes de fuite ef les

distances ~d’isolement sont mesurées pour ceux-ci. Des précautions exigées pour la

maniputation des condensateurs, par exemple lorsque les sorties sont pliées, sont également
décHtes-

5.3

Essais électriques

5.3.1 Tension de tenue

5.3.1.1 Généralités

Voir

I'EC 60384-1:2021, 6.2, avec les détails de 5.3.1.2 4 5.3.1.5.

5.3.1.2 Circuit d’essai pour les essais en courant continu

Omettre le condensateur C, si le condensateur en essai, ou une partie de celui-ci, est un
condensateur a film métallisé ou au papier métallisé.
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Le produit de R4 et (C4 + Cy) doit étre inférieur ou égal & 1 s et supérieur a 0,01 s.
R, inclut la résistance interne de I'alimentation.
R, doit limiter le courant de décharge a une valeur inférieure ou égale a 0,05 A.

5.3.1.3 Circuit et méthode d’essai pour les essais en courant alternatif

Lorsqu’une tension a 50/60 Hz est appliquée pour les essais d’homologation et les essais
pén diqllne, l2a tension daoit A&tro ddélivrde par un  transformateur alimentd par un
autgtransformateur variable et la tension doit étre augmentée depuis une valeur proche de zéro
jusdu’a la tension d’essai a une vitesse ne dépassant pas 150 V/s. Le temps d’essai«doit Etre
compté a partir du moment ou la tension d’essai est atteinte. A la fin du temps d’essaijla tengion
d’egsai doit étre réduite jusqu’a une valeur proche de zéro et le condensateur déchargé a
travers une résistance appropriée.

Pour des essais lot par lot et a 100 %, la tension doit étre appliquée directement a la tension
d’egsai totale, mais il convient d’éviter les crétes de surtension.

5.3.1.4 Tension appliquée

Les| tensions du Tableau 4 doivent étre appliquées entreflés points de mesure respettifs
mortrés dans I'lEC 60384-1:2021, Tableau 3, pendant une période de 1 min pour les espais
d’hgmologation et les essais périodiques et pendant une période d’au moins 1 s pour les espais
lot par lot de conformité de la qualité, avec les détails suivants:

a) lessaiselon 2c de I'lEC 60384-1:2021, Tableau 3, ne doit pas étre effectué;

b) pour les unités encapsulées en boitier non métallique, un essai de tension de tenue tel|que
‘essai C doit étre effectué uniquement~pour les essais d’homologation et les espais
bériodiques;

c) la méthode consistant a appliquer:l& tension d’essai pour I'essai C doit étre indiquée dans
a spécification particuliére. Pour les essais de qualification, la méthode de la feliille
métallique donnée dans I'IEC°60384-1:2021, 6.2.3.4, doit étre utilisée, sauf indicdtion
contraire dans la spécification particuliere;

NOTE Cet essai est uniquement applicable aux condensateurs isolés en boitier non métallique ou en beitier
métallique isolé. Voir I'lEC 60384-1:2021, 6.6.3.4.

d) pour les essais_de)longueur comprise entre 1 s et 2 s, la tension du Tableau 4 doit gtre
bugmentée comme indiqué a la Figure 9;

e) lorsqu’un ,condensateur est homologué pour des applications en courant cortinu
conformément a I’Annexe H, la tension d’essai calculée conformément au Tableau H.1 pour
‘essai-de tension de tenue A doit étre appliquée pour les essais lot par lot (100 %) ef les
bssais) de qualification, si sa valeur est supérieure a la valeur déterminée conformément
bu Tableau 4.

L’attention est attirée sur le fait que la répétition de I'essai de tension de tenue par l'utilisateur
peut endommager le condensateur. Si 'utilisateur répéte I'’essai de tension de tenue, il convient
que la tension appliquée ne dépasse pas 66 % de la tension d’essai spécifiée dans le Tableau 4.
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Tableau 4 — Tension de tenue

Classe Gamme de tensions Essai A9 Essai B ou essai C
assignées
X1 2 U, + 1500 V (courant alternatif) avec
<1000V 4,3 Ug (c.c.) ° RT (cou if) av
X2 au moins 2 000 V (courant alternatif) @
Y1 <500 V 4000V (c.a.) 4000V (c.a.)
Ug + 1200 V (courant
vo 2150V alternatif) avec au 2 Ug + 1500 V (courant alternatif) avec
<500V moins 1 500 V (courant au moins 2 000 V (courant alternatif) P
alternatif) ©
Y4 <150 V 900 V (c.a.)® 900 V (c.a.)®

Pour les unités de condensateurs connectés en étoile ou en T conformément a la Figure 5b et@la Figure
la tension d’essai entre bornes et boitier doit étre la tension d’essai appropriée pour les condensateurs
classe Y.

Pour les essais lot par lot de condensateurs des classes Y2 et Y4, la tension alternative d’essai peut 4
remplacée par une tension continue égale a 1,5 fois la tension alternative prescrite.

L'Ug de cet essai en courant continu est égale a la valeur de la tension alternative assignée.

Pour les condensateurs homologués conformément a ’Annexe H, voir 5.3.1.4-e).
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1.5 Exigences

un claquage permanent ni contournement ne doit’étre constaté pendant la période d’es

F La présence de claquages autocicatrisants pendant\*application des tensions d’essai sur les condensa
s métalliques est autorisée.

d’'un examen visuel apres I'essai, le revétement du condensateur ne doit présenter aug
ire exposant des parties actives internes ou dans des zones isolées définies (la ligné
et la distance d’isolement spécifiées dans le Tableau 3 doivent étre assurées).

7] Capacité
2.1 Généralités

I'EC 60384-1:2024,'6.3, avec les détails de 5.3.2.2 et 5.3.2.3.

2.2 Conditions de mesure

apacitéimesurée doit étre la capacité série équivalente.

réguence de mesure doit étre de 1 kHz, mais elle doit étre de 1 MHz pour les condensats

sai.

eurs

une
b de

Burs

en ¢

éramique avec Cy < 100 pF (classe 2) et Cyy < 1 000 pF (classe 1).

La température de mesure doit étre conforme a I'lEC 60384-1:2021, 5.2.1.

La tension de mesure ne doit pas dépasser la tension assignée. Pour les condensateurs en
céramique, la tension de mesure doit étre égale a (1,0 £ 0,2) V.

Puisque la capacité nominale des condensateurs en céramique, telle que mesurée ci-dessus,
est la capacité pour signaux faibles, le fabricant doit fournir les informations suivantes pour les
condensateurs en céramique:

a) le courant maximal 50/60 Hz attendu traversant le condensateur a la tension assignée en
tenant compte de la tolérance de la capacité et de la caractéristique (ou du coefficient) de
température de la capacité;
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b) la capacité minimale attendue en tenant compte de la tolérance de la capacité et de la
caractéristique (ou du coefficient) de température de la capacité.

5.3.2.3 Exigences

La capacité doit se situer dans la tolérance spécifiée.

5.3.3 Tangente de I’angle de perte

Cet essai est normalement exigé pour les condensateurs métallisés et en céramique
uniquement.

Voill '|EC 60384-1:2021, 6.4, avec les détails suivants:

La fréquence de mesure doit étre de 10 kHz pour Cy < 1 pF et 1 kHz pour Cy > UF. Pout les

conflensateurs céramiques, la fréquence de mesure doit étre de 1 kHz;\mais pour|les
conflensateurs avec Cy < 100 pF (classe 2) et Cy <1000 pF (classe 1),.la fréquencel de

megure doit étre de 1 MHz.

5.3.4 Résistance [résistance série équivalente (RSE)] (pourdes unités RC seulemént)
La RSE doit étre mesurée dans un circuit équivalent série a la{fréquence suivante:
100[{kHz pour Ry x Cy < 50 ys;

1 kHz pour Ry x Cy 2 50 ps

ol
Ry |est la résistance nominale en ohms, et
Cn |est la capacité nominale en farads.
5.3.p Résistance d’isolement

5.3.5.1 Généralités

Voin 'lEC 60384-1:2021, 611)avec les détails de 5.3.5.2 et 5.3.5.3.

Dans les essais lot panlot de conformité de la qualité, la mesure peut étre interrompue lorgque
la valeur de la résistance d’isolement dépasse les limites du Tableau 5 ou du Tableau 6, cq qui
peul se produire avant 60 s.

5.3.5.2 Correction de la température

Lorgque cela est indiqué dans la spécification particuliere, la température a laquelle la megure
est réalisée doit étre notée. S| cette ’rnmpt:'\rahlrn differe de 20 °C_une correction doit Btre
apportée a la valeur mesurée en multipliant cette valeur par le facteur de correction approprié
indiqué dans la spécification intermédiaire pour le diélectrique concerné, ou elle est donnée
dans la spécification particuliére.

5.3.5.3 Exigences

La résistance d’isolement doit dépasser les valeurs du Tableau 5 ou du Tableau 6, suivant le
cas.
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Tableau 5 — Résistance d’isolement — Essais de sécurité uniquement

Essai A Essai B ou essai C
Lorsque Cy > 0,33 pF Lorsque C = 0,33 pF R en MQ
RC\ ens R en MQ
2000 &P 6 000 6 000

e (\ estla capacité nominale et R la résistance d’'isolement mesureée.

e Des limites plus sévéres et liées au diélectrique peuvent étre données dans la spécification particuliére pour

I | £ ] 4 i HN | SES ol bl 41 [T=fa HEA
r€8—€3S eGP eormaRteS—SturCmehtTSHPoSSiore eh—SeererafntraraPuortat o= aPPropHee:

. Pour des condensateurs ayant une connexion de sortie connectée au boftier, il convient d’utiliser les lim{tes
de la résistance d’isolement pour I'essai A.

Pour des condensateurs avec une résistance de décharge, il convient d’effectuer la mesure avee |la‘résistapce
de décharge débranchée. Si la résistance ne peut pas étre débranchée sans détruire le €Condensateuf, il
convient d’'omettre I'essai dans le groupe A; et, pour les essais d’homologation et les essais“périodiques, il
convient de réaliser I’essai sur la moitié des spécimens dans I'échantillon; il convient que I'échantillon $oit
constitué de condensateurs réalisés spécialement sans résistance de décharge.

a |Egalement pour diélectriques en plastique et papier mélangés.

b |Pour les condensateurs avec diélectrique en papier imbibé d’ester, les valeurs du tableau doivent étre
remplacées respectivement par les valeurs 500, 1 500 et 2 000.

Tableau 6 — Résistance d’isolement — Essais de sécurité et de performances

Essai A Essai B ou essai C
Diélectrique Lorsque C > 0,33 uF Lorsque C = 0,33 uF R en MQ
RCy ens R en MQ
Papier @ P 2 000 6 000 6 000
Plastique 5000 15 000 30 000
Céramique = 6 000 3000

e | Cy est la capacité nominale et R\a resistance d’isolement mesurée.

o | Des limites plus séveéres et/dieées au diélectrique peuvent étre données dans la spécification particuliére ppur
les essais de performances*seulement, si possible en se référant a la publication IEC appropriée.

e | Pour des condensateurs*ayant une connexion de sortie connectée au boitier, il convient d’utiliser les limites
de la résistance d’isolement pour I'essai A.

e | Pour des condensateurs avec une résistance de décharge, il convient d’effectuer la mesure avec la résistance
de décharge«debranchée. Si la résistance ne peut pas étre débranchée sans détruire le condensateuf, il
convient d*omettre I'’essai dans le groupe A; et, pour les essais d’homologation et les essais périodiques, il
convient(de réaliser I’essai sur la moitié des spécimens dans I’échantillon; il convient que I’échantillon oit
constitué de condensateurs réalisés spécialement sans résistance de décharge.

a |Edalement pour diélectriques en plastique et papier mélangés.

b "Pour les condensateurs avec diélecirique en papier imbibé dester, les valeurs du fableau doivent etre
remplacées respectivement par les valeurs 500, 1 500 et 2 000.

5.4 Robustesse des connexions de sortie

Voir I'lEC 60384-1:2021, 7.3, avec les détails suivants.

La méthode d’essai et le degré de sévérité a utiliser doivent étre spécifiés dans la spécification
particuliere.

L’essai pour des contacts a enclenchement doit étre spécifié dans la spécification particuliere;
les méthodes d’essai et la sévérité doivent étre conformes aux articles applicables de
'EC 61210.
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L’essai doit étre réalisé avec soins conformément aux instructions, afin que le revétement du
condensateur ne soit pas rompu en raison d’'une mauvaise manipulation du composant. Lors
d’'un examen visuel aprés I'essai, le revétement du condensateur ne doit présenter aucune
fissure exposant des parties actives internes ou dans des zones isolées définies (la ligne de

fuite et la distance d’isolement spécifiées dans le Tableau 3 doivent étre assurées).

5.5 Résistance a la chaleur de brasage

5.5.1 Généralités

Cet essai ne s’applique pas aux condensateurs avec des conducteurs isolés de longueur

superieure a 10 mm ni aux condensateurs avec des connexions de sortie non destinées a
bragées (par exemple des connexions de sortie a vis et des connexions de sortie rapides),

etre

Lorgque le préconditionnement est effectué, les mesures initiales doivent étre réalisées aprés

le préconditionnement.

Lorgque, pour des condensateurs fixes a diélectrique en céramique de Classe 2, une mesgure

prégise de la dérive de capacité est exigée, il convient d’effectuer un préeonditionnement s

les conseils du fabricant (voir Annexe G).
Voin 'lEC 60384-1:2021, 9.1, avec les détails de 5.5.2 et 5.5.3(

5.5.R Conditions d’essai

Il ng doit pas y avoir de préséchage.

5.5.3 Exigences, mesures et inspection finales

Les|mesures finales aprés cet essai sont les mesures intermédiaires aprés les essais du s

Blon

pus-

grolipe 1A et avant le reste des essais du“groupe 1. Les condensateurs doivent faire I'dbjet

d’ur} examen visuel et étre mesurés. lls’doivent satisfaire aux exigences du Tableau 7.

Tableau 7 — Résistance a la chaleur de brasage — Exigences

Inspection ou mesure Méthode d’inspection Exigences
ou de mesure

présenter aucune fissure exposant des parties

dans le Tableau 3 doivent étre assurées).

Exg@men visuel 5.2 Aucun dommage visible. Lors d’'un examen visuel
aprés I’essai, le revétement du condensateur ne doit

actives internes ou dans des zones isolées définig
(la ligne de fuite et la distance d’isolement spécifi

2]

ges

ne doit pas dépasser 5 % @

Capacité 5.3.2 La différence entre la capacité mesurée finalemen
et dans le groupe 0 du Tableau 14 ou du Tableau

—_

Résistar}cer 5.3.4 |AR/R| <5%
(le cas échéant)

@ Pour les condensateurs en céramique, la différence de capacité ne doit pas dépasser 10 %.

5.6 Brasabilité

5.6.1 Généralités

Cet essai ne s’applique pas aux condensateurs avec des connexions de sortie non destinées

au brasage (telles que les connexions de sortie a vis et les contacts a enclenchement).

Voir 'lEC 60384-1:2021, 9.2, avec les détails de 5.6.2 et 5.6.3.
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5.6.2 Conditions d’essai

Pas de vieillissement exigé.

Les brasures préférentielles, leur température du bain de brasage et leur temps de processus:

— brasure Sn96,5Ag3Cu,5: (245 + 3) °C pendant (3 £ 0,3) s;
— brasure Sn99,3Cu,7: (250 + 3) °C pendant (3 £ 0,3) s.

Quand la méthode 2 est utilisée, un fer a souder de taille A doit étre utilisé.

5.6.5 Exigences
Voirl Tableau K.3.

5.7 | Variations rapides de température
5.7/ Généralités

Lorgque, pour des condensateurs fixes a diélectrique en céramique~de Classe 2, une mesgure
prégise de la dérive de capacité est exigée, il convient d’effectuer unjpréconditionnement sglon
les gonseils du fabricant (voir Annexe G).

Lorgque le préconditionnement est effectué, les mesures initiales doivent étre réalisées apres
le préconditionnement.

Voin I'lEC 60384-1:2021, 8.1 avec les détails suivanis:

— nombre de cycles: 5;

— durée d’exposition aux limites de tempeérfature: au moins 30 min.
5.7.p Inspection finale

Lorg d’'un examen visuel aprés I’esSai, le revétement du condensateur ne doit présenter augune
fisslire exposant des parties agtives internes ou dans des zones isolées définies (la ligng de
fuitg et la distance d’isolement spécifiées dans le Tableau 3 doivent étre assurées).

5.8 Vibrations
5.8.1 Généralités

Voin 'lEC 60384-1:2021, 7.4, avec les détails de 5.8.2 et 5.8.3.

5.8.R Conditions d’essai

Le degré de sévérité suivant de I'essai Fe s’applique: 0 75 mm de déplacement ou 100 r'r/sz,
selon 'amplitude la plus basse, sur I'une des plages de fréquences suivantes: 10 Hz a 55 Hz,
10 Hz a 500 Hz, 10 Hz a 2 000 Hz. La durée totale doit étre de 6 h.

La spécification particuliére doit spécifier la plage de fréquences et doit également spécifier la
méthode de montage a utiliser. Pour les condensateurs a sorties axiales destinés a étre montés
par leurs connecteurs de sortie, la distance entre le corps et le point de montage doit étre égale
a@x1)mm.

5.8.3 Inspection finale

Lors d’'un examen visuel aprés I'essai, le revétement du condensateur ne doit présenter aucune
fissure exposant des parties actives internes ou dans des zones isolées définies (la ligne de
fuite et la distance d’isolement spécifiées dans le Tableau 3 doivent étre assurées).
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Chocs répétitifs (secousses)

1 Généralités

La spécification particuliére doit indiquer si I'essai de chocs ou de secousses s’applique.

Voir 'lEC 60384-1:2021, 7.5, avec les détails de 5.9.2 et 5.9.3.

5.9.

Les

2 Conditions d’essai

sévérités sujvantes sont les sévérités préférentielles:

nombre total de secousses: 1 000 ou 4 000;
hccélération: 400 m/s?;
jurée des impulsions: 6 ms.

La méthode de montage et la sévérité doivent étre spécifiées dans la spécification particuligre.

5.9.

Les

3 Exigences, mesures et inspection finales

mesures finales aprés cet essai sont les mesures intermédiaires aprés les essais du s

grolipe 1B et avant le reste des essais du groupe 1.

Les

condensateurs doivent étre examinés visuellement etymesurés, ils doivent satisfaire

exigences suivantes:

Lord
réal

5.1(
5.1(

Lad

spécifiées dans le Tableau 3 doivent étrévassurées);

a variation de capacité par rapport-a‘la valeur mesurée dans le groupe 0 du Tableau

Hoit pas dépasser 10 %;

e Tableau 9.

que le préconditionnement est effectué, les mesures initiales pour référence doivent
sées apres le préconditionnement.

Chocs

.1, (Généralités

a valeur de tan ¢ ne doit pas-dépasser la limite indiquée par la spécification particulierp;

pus-

aux

bucun dommage visible ne doit étre constaté."Lors d’un examen visuel aprés l'essaj, le
evétement du condensateur ne doit présenterraucune fissure exposant des parties act|ves
nternes ou dans des zones isolées définies (la ligne de fuite et la distance d’isolement

K.3

ne doit pas dépasser 5 %, sauf pourles condensateurs en céramique pour lesquels ellé ne

a variation de résistance“(le cas échéant) ne doit pas dépasser la limite spécifiée dans

etre

Voir 'lEC 60384-1:2021, 7.6, avec les détails de 5.10.2 et 5.10.3.

5.10.2 Conditions d’essai

Les

sévérités du Tableau 8 sont préférentielles.

Forme des impulsions: demi-sinusoidale
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Tableau 8 — Sévérités préférentielles d’essai de choc

Accélération de créte Durée correspondante
de I'impulsion
m/s? ms
500 11
1000 6

La méthode de montage, la sévérité et le nombre de chocs le long de chaque axe doivent

étre

spé

5.1(

Les
groy

Les
exid

Lord
réal

5.11
5.11
Cet

Voir

5.11

cifiés dans la spécification particuliere.

.3 Exigences, mesures et inspection finales

mesures finales aprés cet essai sont les mesures intermédiaires aprés les(essais du s
pe 1B et avant le reste des essais du groupe 1.

condensateurs doivent étre examinés visuellement et mesurés, jils>doivent satisfaire
ences suivantes:

bucun dommage visible ne doit étre constaté. Lors d’'un gxamen visuel aprés I'essa
evétement du condensateur ne doit présenter aucune fissuré exposant des parties act

spécifiées dans le Tableau 3 doivent étre assurées);

a variation de capacité par rapport a la valeur mesurée dans le groupe 0 du Tableau
Hoit pas dépasser 10 %;

a valeur de tan ¢ ne doit pas dépasser lactimite indiquée par la spécification particuliér
e Tableau 9.

que le préconditionnement est effectué, les mesures initiales pour référence doivent
sées apreés le préconditionnement.

Etanchéité des bojtiers
.1  Généralités
essai est uniguement applicable si la spécification particuliere le prescrit.

I'lEC 60384-1:2021, 7.9, avec les détails de 5.11.2 et 5.11.3.

.2/ ,Conditions d’essai

pus-

aux

I, le
ves

nternes ou dans des zones isolées définies (la ligne.de”fuite et la distance d’isolement

K.3

ne doit pas dépasser 5 %, sauf pour les condensateurs en céramique pour lesquels ell¢ ne

()

a variation de résistance (le cas échéant) ne doit pas dépasser la limite spécifiée dans

etre

Les condensateurs doivent étre soumis a I'essai Qc ou a I'essai Qd de I'lEC 60068-2-17, suivant
le cas. Sauf indication contraire dans la spécification particuliére, la méthode 1 doit étre utilisée
lorsque I'essai Qc est utilisé.

5.11

Pen

.3 Exigences

dant ou aprés I'essai, selon le cas, aucune fuite ne doit étre constatée.
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5.12 Seéquence climatique

5.12.1 Généralités

Lorsque, pour des condensateurs fixes a diélectrique en céramique de Classe 2, une mesure
précise de la dérive de capacité est exigée, il convient d’effectuer un préconditionnement selon
les conseils du fabricant (voir Annexe G).

Voir

5.12.2___Mesures initiales

Les
en §

5.1%

Voir

Auc]

5.1%

Voir

5.1%

Voir

Auc

5.1%

Voir

5.1%

Voir

Le 1

essais.

Apr
ets

I'lEC 60384-1:2021, 8.2, avec les détails de 5.12.2 2 5.12.7.

mesures initiales pour la séquence climatique sont les mesures effectyées
.5.3, 5.9.3 ou 5.10.3, selon le cas.

.3 Chaleur seche

I'IEC 60384-1:2021, 8.2.3, avec les détails suivants.
Une mesure n’est exigée a la température maximale de catégoriex

.4 Chaleur humide, cyclique, essai Db, premier cycle

'IEC 60384-1:2021, 8.2.4.

.5 Froid
'lEC 60384-1:2021, 8.2.5, avec les détails suivants.

Line mesure n’est exigée a la températufe minimale de catégorie.

.6 Chaleur humide, cyclique, essai Db, cycles restants

'IEC 60384-1:2021, 8.2.7.

.7 Exigences, mesures et inspection finales

'lEC 60384-1:2024,'8.2.8, avec les détails suivants.

etablissement doit durer (24 £ 2) h dans les conditions atmosphériques normales pour les

bs rétablissement, les condensateurs doivent faire I'objet d’'un examen visuel, étre mesuiirés
htisfaire aux exigences du Tableau 9.
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Tableau 9 — Séquence climatique — Exigences

Inspection ou mesure Méthode d’inspection Exigences
ou de mesure

Examen visuel 5.2 Aucun dommage visible. Lors d’'un examen visuel
aprés I'essai, le revétement du condensateur ne doit

présenter aucune fissure exposant des parties
(la ligne de fuite et la distance d’isolement

Le marquage doit étre lisible

actives internes ou dans des zones isolées définies

spécifiées dans le Tableau 3 doivent étre assurées).

dans le Tableau 5 ou le Tableau 6

Capacité 532 Ll a valeur finale de 13 n:\'n:mifé ne doit pas s'écarter
de plus de 5 %? de la valeur mesurée
en 5.5.3, 5.9.3 ou 5.10.3, selon le cas
Tangente de I'angle de 5.3.3 L’augmentation de tan 6 par rapport a la valeur
perte (condensateurs mesurée dans le groupe 0 ne doit pas'dépasser:
méfallisés uniquement) 0,008 pour C =1 uF
0,005 pour C\ > 1 pF
Résgistance 5.3.4 |AR / R| <509%
(le cas échéant)
Tension de tenue 5.3.1 Tension d’essai indiguéedans le Tableau 4.
Aucun claquage permanent ni contournement n’egt
admis
Résistance d’isolement 5.3.5 Supérieure a(50,% des limites applicables indiqudes

Pour les condensateurs en céramique, la différence de capacité ne doit pas dépasser 10 %.

5.13 Essai continu de chaleur humide (DHSS)

5.13.1 Généralités

Lorgque, pour des condensateurs fixes>a diélectrique en céramique de Classe 2, une me;
prég¢ise de la dérive de capacité est exigée, il convient d’effectuer un préconditionnement s

les

conseils du fabricant (voir Annéxe G).

L’Annexe | décrit des niveauxX de résistance a I’humidité, des essais et des exiger

spé

Cifigues pour des applications exigeant une grande stabilité dans des conditions

fongtionnement avec une forte humidité. Un échantillon soumis a essai pour satisfaire a

des
I'éc
les

I’An

niveaux de résistance de I’Annexe | satisfait aux exigences de la seconde moitig
hantillon décritlen 5.13.3 (essai continu de chaleur humide avec la tension appliquée
résultats dlessai sont valides pour les essais d’approbation conformément a 8.4
hexe F oua-’Annexe K.

Voin I'lEC 60384-1:2021, 8.3, avec les détails de 5.13.2 a 5.13.4.

pure
Blon

ces
de
'un
de
, et

5.13.2 Mesures initiales

Des mesures initiales ont été réalisées dans le groupe 0 du Tableau 14 ou du Tableau 15.

Lorsque le préconditionnement est effectué, les mesures initiales doivent étre réalisées apreés

le p

réconditionnement.

5.13.3 Conditions d’essai

L’échantillon doit étre divisé en deux parties de taille égale.
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023

La premiére moitié de I’échantillon doit étre soumise a essai sans tension appliquée avec les

sévérités préférentielles suivantes:

— température: (40 £ 2) °C;
— humidité relative: (93 = 3) %;

— durée: 21 jours ou 56 jours, selon la catégorie climatique du condensateur.

L’autre moitié de I’échantillon doit étre soumise a essai avec la tension alternative assignée

appliquée dans les conditions suivantes:

—  températire {40+ 2V °C-
— humidité relative: (93 £ 3) %;

— gdurée: 21 jours.

5.13.4 Exigences, mesures et inspection finales

Le nétablissement doit durer 1 h a 2 h dans les conditions atmosphériquesynormales poul les
essais.
Apres rétablissement, les condensateurs soumis a essai sans tension’doivent faire I’'objet ¢’un
examen visuel, étre mesurés et satisfaire aux exigences du Tableau 10.
Aprés rétablissement, les condensateurs soumis a essai sous tension doivent faire I’objet d’un
exafnen visuel, étre mesurés et satisfaire aux exigences du Tableau 11. Les exigences
éleqgtriques du Tableau 11 sont identiques a celles du~Fableau 1.1.
Tableau 10 — Essai continu de chaleur humide — Exigences pour les échantillons
soumis a essai sans 'tension appliquée
Inspection ou mesure Méthode d’inspection Exigences
ou de mesure
Examen visuel 5.2 Aucun dommage visible. Lors d’'un examen visuel
aprés I'essai, le revétement du condensateur ne doit
présenter aucune fissure exposant des parties
actives internes ou dans des zones isolées définigs
(la ligne de fuite et la distance d’isolement spécifiges
dans le Tableau 3 doivent étre assurées).
Le marquage doit étre lisible
Capacité 5.3.2 La valeur finale de la capacité ne doit pas s’écartgr
de plus de 5 %2 de la valeur mesurée dans le
groupe 0 du Tableau 16 ou du Tableau K.3, suivapt
le cas
Tangente de(l’'angle de 5.3.3 L’augmentation de tan & par rapport a la valeur
perte mesurée dans le groupe 0 ne doit pas dépasser:
(cohdensateurs métallisés 0,008 pour Cy =1 uF
uniguement) 0,005 pour Cy > 1 uF
Résistance 5.3.4 |AR / Rl <509
(le cas échéant)
Tension de tenue 5.3.1 Tension d’essai conforme au Tableau 4.
Aucun claquage permanent ni contournement n’est
admis
Résistance d’isolement 5.3.5 Supérieure a 50 % des limites applicables indiquées

dans le Tableau 5 ou le Tableau 6

@ Pour les condensateurs en céramique, la différence de capacité ne doit pas dépasser 15 %.
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Tableau 11 — Essai continu de chaleur humide — Exigences pour les échantillons
soumis a essai sous tension

Mesure Méthode de mesure Exigences

Examen visuel 5.2 Aucun dommage visible. Lors d’'un examen visuel
aprés I’essai, le revétement du condensateur ne
doit présenter aucune fissure exposant des parties
actives internes ou dans des zones isolées
définies (la ligne de fuite et la distance
d’isolement spécifiées dans le Tableau 3 doivent
étre assurées).
Le marquage doit étre lisible

Capacité 5.3.2 Condensateurs métallisés: |AC | <10 %
Condensateurs en céramique: lae <14 %

Tarjgente de I'angle de perte 5.3.3 L’augmentation de tan 6§ au-dela de (a-aleur

e mesurée dans le Groupe 0 ne doit.pas dépassef:

(cohdensateurs métallisés

unifluement) 0,024 pour C < 1 pF 2
0,015 pour C > 1 pF @

Régistance 5.3.4 |AR / Rl <509

(le pas échéant)

Terjsion de tenue 5.3.1 Tension d’esgai,conforme au Tableau 4

Régistance d’isolement 5.3.5 Supérieure @50 % des limites applicables

indiquées _dans le Tableau 5 ou le Tableau 6 oy au
moins édale a 200 MQ, selon la valeur qui est |
plusélevée

1Y

La [variation de la valeur de la capacité dépend de la techinologie utilisée et, par exemple dans le cas|de

corldensateurs en céramique, elle peut étre réversible. Les\exigences sont par conséquent différentes.

a8 |Pour certaines applications, des valeurs plus faibles de 'augmentation de tan § peuvent étre exigées.

5.13.5 Récapitulatif de I’effectif d’échantillons pour les essais d’humidité

Le Tableau 12 présente les effectifs d’échantillons pour les essais d’humidité conformément
a 5.13, a ’'Annexe H et a ’Annexe |.

Tableau 12 — Effectifs d’échantillons pour les essais d’humidité

Groupe-d’essais DHSS Sans tension Uy courant Uy courant
alternatif continu
appliquée appliquée

5.13 6 6P

Annexe H, Tableau H.1 +0 +0 + 62
Annexe I, Niveau (1), (),

(UL) 0 TO 67

NOTE Le signe + devant
selon 5.13.

b Voir 5.13.1

les nombres signifie

a  Echantillon supplémentaire si les condensateurs sont également spécifiés pour Ug
courant continu supérieure a U, courant alternatif (efficace)

un échantillon supplémentaire

5.14 Tension de choc

5.14.1 Généralités

Cet essai est a réaliser comme une séquence avec I’essai d’endurance décrit en 5.15.
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5.14.2 Mesures initiales

Des mesures initiales ont été réalisées dans le groupe 0 du Tableau 17 ou du Tableau K.3.

Lorsque le préconditionnement est effectué, les mesures initiales doivent étre réalisées aprés
le préconditionnement.

5.14.3 Conditions d’essai

Chaque condensateur différent doit étre soumis a un maximum de 24 chocs de méme polarité.
Le tamlnq entre les impll|Qian ne doit pas étre inférieur 2 10 s |1 a valeur de créte de la tension

de ¢hoc doit étre comme indiqué dans le Tableau 1 et le Tableau 2.

Le temps de montée, ¢, est défini comme ¢, = (i9g — 13¢) % 1,67. Le temps ¢, est |la durée du front
T, définie dans I'lEC 60060-1:2010, 7.1.18.

Le temps de descente, #4, est égal a la moitié de la valeur T, définie dans\'fEC 60060-1:2010,
7.1.p2.

La forme d’onde est déterminée par les paramétres du circuit d’eSsai. Les détails sur le cifcuit
d’egsai sont donnés a ’Annexe A.

Avant I'utilisation, le fonctionnement du circuit doit étre contrélé en utilisant des valeurs Cy de
0,01 uF et de 0,1 uF et des valeurs pour les autres\@€léments de circuit données dang le
Tabjeau A.1. Le temps de montée, ¢, et le temps de.descente ¢y ne doivent pas s’écartef de

plug de (0 + 50) % des valeurs données dans le Tableau A.2. Il convient que les condensat¢urs
Cy Utilisés pour ce contrdle ne soient pas des condensateurs en céramique a forte permittiyité.

Si la forme d’'onde issue du contrdle affiche une oscillation amortie, la valeur créte a crétg de
cette oscillation, Up,, ne doit pas .dgpasser 10 % de la tension de créte du choc, [cgr
repiésentée a la Figure 6.

A

Tension

g
o

Temps
IEC

Figure 6 — Forme d’onde d’un choc

5.14.4 Exigences

Aucun claquage permanent ni contournement ne doit étre constaté.

Si trois chocs successifs quelconques affichés sur I'oscilloscope présentent une forme d’onde
indiquant qu’il n'y a pas eu de claquage autocicatrisant ni de contournement dans le
condensateur, alors aucun autre choc ne doit étre appliqué et le condensateur doit étre
considéré comme conforme.
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Si les 24 impulsions ont été appliquées au condensateur et qu’au moins 3 d’entre elles ont une
forme d’onde indiquant qu’aucun claquage autocicatrisant ni contournement ne s’est produit,
alors le condensateur doit étre considéré comme conforme, mais si moins de trois impulsions
présentent la forme d’onde exigée, alors le condensateur doit étre considéré comme non
conforme.

5.15 Endurance
5.15.1 Généralités

Lorsque, pour des condensateurs fixes a diélectrique en céramique de Classe 2, une mesure
prégise de la dérive de capacité est exigée, il convient d’effectuer un préconditionnementisg¢lon
les gonseils du fabricant (voir Annexe G).

L’egsai d’endurance doit commencer moins d’'une semaine aprés la fin de 'essaj-de tension de
cho¢. Voir I'lEC 60384-1:2021, 8.5, avec les détails de 5.15.2 a 5.15.9.

5.15.2 Conditions d’essai

Les|condensateurs doivent étre placés dans la chambre d’essai de telelmaniére que la distgnce
entne chaque condensateur soit d’au moins 25 mm.

Toutefois, il existe une exception: quand la largeur ou le diametre du condensateur est inférfieur
a 2% mm, la distance entre les condensateurs peut étre réduite a la valeur de cette largeuf ou
de ¢e diameétre, a condition que ceci ne produise augun’réchauffement supplémentaire [des
congensateurs. En cas de doute, un espacement de 25'mm doit étre utilisé.

Les|condensateurs ne doivent pas étre chauffés.par rayonnement direct et la circulation ¢’air
danp la chambre doit étre appropriée pour empécher que la température ne dépasse de + § °C
la tgmpérature spécifiée, quel que soit I'’endroit ou les condensateurs sont placés.

Pour les condensateurs non autocicatrisants, un fusible de 1 A ou plus, si la valeur dg la
capacité en essai I’exige, doit étre branché dans le circuit d’alimentation et ne doit pas fondre
pendant I'essai.

Pour les condensateurs autorégénérateurs, un fusible ou tout autre dispositif de sensihilité
appfopriée peut étre branché dans le circuit de chaque condensateur pour indiquer si [une
défaillance se produit.

5.15.3 Echantillopnage

Le gas échéant-I'échantillon pour I'essai d’endurance doit étre divisé en deux ou trois parties
en fonction\des nombres indiqués dans le Tableau 15, le Tableau K.1, le Tableau 17 ol le
TabJeau-K:.3, de sorte que des essais séparés puissent étre réalisés sur les condensateur$ de
clagse’ X;les condensateurs de classe Y et les condensateurs de traversée.

Par exemple, pendant les essais sur des unités de condensateurs connectés en triangle
(voir 3.1.9), 12 unités de condensateurs doivent étre soumises a des essais conformément
a 5.15.5 et 12 autres unités conformément a 5.15.6. Lors des essais d’'un condensateur de
traversée de classe Y (voir 3.1.8), 12 condensateurs doivent étre soumis a essai conformément
a 5.15.6 et six unités conformément a 5.15.7.

5.15.4 Mesures initiales

Les mesures initiales ont été réalisées en 5.14.2.
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5.15.5 Endurance pour des condensateurs de classe X et des unités RC contenant des
condensateurs de classe X

Pour les condensateurs a plusieurs sections, toutes les sections X doivent étre soumises a des
essais en paralléle, si nécessaire, en court-circuitant toutes les sections Y. Pour les
condensateurs connectés en T (voir 3.1.9), I'essai doit étre réalisé entre les bornes connectées
normalement a la ligne et au neutre.

Les condensateurs et les unités RC, pour lesquelles aucune température assignée n’est donnée,
doivent étre soumis a un essai d’endurance de 1 000 h a la température maximale de catégorie
a une tension de 1,25 Up, sauf qu’une fois par heure la tension doit étre augmentée jusqu’a la
tengion Ug efficace pendant 0,1s, ou Ug = 1,5 x Ug ou 1000 V efficace, la plus grande [des

deuk valeurs étant retenue. Chacune de ces tensions doit étre appliquée as.chdque
conflensateur individuellement par une résistance de 47 Q, avec une tolérance dest'5 %| Le
circpit approprié est représenté a I’Annexe B.

La yaleur de cette résistance est choisie de maniére a simuler I'impédance a-haute fréqugnce
du néseau d’alimentation. Pour les condensateurs dont la capacité est supérieure a 10 pk, la
puigsance dissipée dans la résistance devient grande. Lorsque les*valeurs de capdcité
augmentent, la puissance dissipée peut atteindre un niveau irréalisable. Dans ce genrg de
situgation, les laboratoires d’essai de sécurité peuvent autorisérVutilisation de valeury de
résistance correspondant a 5 % de la valeur de la réactance du condensateur d’essai, C,.

Les|unités RC, pour lesquelles une température assignéecest donnée, doivent étre montées de
la facon spécifiée par le fabricant et I'étuve doit étre stabilisée a la température assignée gans
tengion appliquée aux condensateurs. La tension doit/alors étre établie et le temps compfé a
parfir de ce moment.

Apreés que la stabilité thermique due au chauffage interne de la résistance a été rétablig, la
température du boitier d’'un des condensateurs doit étre mesurée. Elle ne doit pas dépassér la
température maximale de catégorie.

Il cpnvient de concevoir le circuit d’essai de sorte que les tensions transitoires et|les
suriptensités soient évitées pendant la commutation. Cela peut étre obtenu en déchargeant le

conflensateur avant de commuter vers la nouvelle tension a condition que le temps fotal
nécessaire pour atteindre lgefficace et revenir ne dépasse pas 30 s.

5.15.6 Endurance(pour des condensateurs de classe Y et des unités RC contenant fles
condensateurs de classe Y

Poulr les condensateurs a plusieurs sections, toutes les sections Y doivent étre soumises al|des
essais en.'paralléle, si nécessaire, en court-circuitant toutes les sections X. Pour]|les
confensateurs connectés en T (voir 3.1.9), les bornes normalement connectées a la ligng et
au rnjeuire‘doivent étre court-circuitées, et I'essai doit étre effectué entre ces bornes et la borne
normalément connectée a |a terre

Les condensateurs doivent étre soumis a un essai d’endurance de 1 000 h a la température
maximale de catégorie a une tension de 1,7 Ug, sauf qu’une fois par heure la tension doit étre

augmentée jusqu’a la tension Ug efficace pendant 0,1 s, ou Ug = 1 000 V efficace. Chacune de

ces tensions doit étre appliquée a chaque condensateur individuellement par une résistance
de 47 Q avec une tolérance de £ 5 %. Le circuit d’essai est représenté a ’Annexe B.

Il convient de concevoir le circuit d’essai de sorte que les tensions transitoires et les
surintensités soient évitées pendant la commutation. Cela peut étre obtenu en déchargeant le
condensateur avant de commuter vers la nouvelle tension a condition que le temps total
nécessaire pour atteindre Ug efficace et revenir ne dépasse pas 30 s.
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5.15.7 Endurance pour les condensateurs a sortie traversante

Outre les essais d’endurance des condensateurs selon 5.15.5 et 5.15.6, le courant admissible
des condensateurs de traversée doit étre soumis a essai. Tous les fils de traversée doivent étre
connectés en série et les condensateurs doivent étre soumis a un essai d’endurance de 1 000 h
avec un courant de 1,1 I traversant les fils de traversée. Pendant cet essai, aucune tension

n'es

t appliquée au diélectrique du condensateur.

Les condensateurs doivent étre montés de la fagon spécifiée par le fabricant et I'’étuve doit étre
stabilisée a la température assignée sans courant traversant les condensateurs. Le courant

doit

Apr
con
caté

5.19

Pou
pos
con
com
de
et1

La température du boitier d’'un des condensateurs doit étre mesurée conformément a 5.1

Elle

5.1

Les
dan

alors étre établi et le temns compté a partir de ce moment
Ll L L

bs rétablissement de la stabilité thermique, la température du boitier dun
Hensateurs doit étre mesurée. Elle ne doit pas dépasser la température maximale
gorie.

.8 Conditions d’essai — Essais tension/courant combinés

r certains types de condensateurs, tels que les condensateurs de traversée coaxiaux, i
sible sans difficulté d’appliquer simultanément la tension .étyle courant d’essai
Hensateur. Si cela est indiqué dans la spécification particuliere, un essai d’endura
biné de 1 000 h peut étre effectué a la place des essais, de 5.15.5 (ou de 5.15.6
.15.7 en utilisant le nombre de spécimens appropriés pour 'essai de 5.15.5 (ou de 5.1
1 fois le courant assigné circulant dans les condensateurs de traversée.

ne doit pas dépasser la température maximale‘de catégorie.

.9 Exigences, mesures et inspectionfinales

condensateurs doivent faire I'objet d.un"examen visuel et étre mesurés dans 'ordre do
5 le Tableau 13.

Tableau 13 — Endurance — Exigences

des
de

est
au
nce

5.6)

5.7.

nné

Inspection ou mesure Méthode d’inspection Exigences
ou de mesure

Examen visuel 5.2 Aucun dommage visible. Lors d’'un examen viguel
aprés l'essai, le revétement du condensateur ne ¢oit
présenter aucune fissure exposant des parties actiyes
internes ou dans des zones isolées définies (la ligne
de fuite et la distance d’isolement spécifiées dans$ le
Tableau 3 doivent étre assurées).

Capacité 5.3.2 La valeur finale de la capacité ne doit pas s’écartgr
de plus de 10 % @ de la valeur du groupe 0 du
Tableau 15 ou du Tableau K.1 selon le cas

Tangente de I'angle de 5.3.3 L’augmentation de tan & par rapport a la valeur

perte mesurée dans le groupe 0 ne doit pas dépasser:

(condensateurs métallisés 0,008 pour Cy =1 uF

uniquement) 0,005 pour Cy > 1 pF

Résistance (le cas échéant) 5.3.4 |AR / Rl <10 %

Tension de tenue 5.3.1 Tension d’essai conforme au Tableau 4.
Aucun claquage permanent ni contournement n’est
admis

Résistance d’isolement 5.3.5 Supérieure a 50 % des limites applicables indiquées
dans le Tableau 5 ou le Tableau 6

2 Pour les condensateurs en céramique, la différence de capacité ne doit pas dépasser 20 %.
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5.16 Charge et décharge
5.16.1 Généralités

Cet essai s’applique uniguement aux condensateurs meétallisés, aux condensateurs en
céramique et aux unités RC mettant en ceuvre de tels condensateurs.

Voir I'lEC 60384-1:2021, 6.11, avec les détails de 5.16.2 4 5.16.4.

5.16.2 Mesures initiales

Des| mesures initiales ont été réalisées dans le groupe 0 du Tableau 15 ou du Tableau K\| De
plu§, sauf dans le cas des unités RC, tan 6 doit étre mesurée conformément a
'IEC 60384-1:2021, 6.4, avec les détails suivants:

Cn: <1uF Cn: >1 uF

Fréquence: 10 kHz Fréquence: 1 kHz

Tengion: 1V eff. max. Tension de créte: <3% de la tension
assignée

Lorgque le préconditionnement est effectué, les mesures initiates doivent étre réalisées apres
le préconditionnement.

5.16.3 Conditions d’essai

Les| condensateurs doivent étre soumis a 10 00Q@.cycles de charge et de décharge a |une
cadence d’environ une opération par seconde.

Chdque cycle doit étre constitué d’'une charge et d’'une décharge du condensateur. Pour les
conflensateurs pour courant alternatif, latension d’essai doit &tre égale a /2 x Ur et pout les
conflensateurs en courant continu, laitension d’essai doit étre Ug.

Chdque condensateur doit étre/chargé individuellement en appliquant la tension d’essai|par
une|résistance dont la valeur est égale a:

220 x 107°
N

R Q

ou la valeurexigée pour limiter le courant de charge a 1 A (ou a la valeur de courant plus éldvée
donhée dans’ la spécification particuliére), la plus grande des valeurs de résistance étant
retenuet

Chaque condensateur doit étre déchargé individuellement a travers une résistance de valeur
telle que la vitesse maximale de variation de tension (dU/dt) doit étre d’environ 100 V/us.

Pour les unités RC, s’il est impossible d’obtenir un régime de décharge de 100 V/us, I'unité RC
doit étre déchargée par un court-circuit.

Le circuit est représenté a I’Annexe C.

Dans I’Annexe E (Circuits d’essai d’impulsions), d’autres possibilités de circuit d’essai sont
données a titre d’information.
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