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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 17: Sectional specification — Fixed metallized polypropylene
film dielectric AC and pulse capacitors
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FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC\is to prg

is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter \referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International; governmental and
bvernmental organizations liaising with the IEC also participate in this prepafatien. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance ‘Wwith conditions determine
jreement between the two organizations.

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

C Publications have the form of recommendations for international use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are @nade to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible/ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in(their national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation.'6f conformity. Independent certification bodies provide confg
Esessment services and, in some areas;‘access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent ceftification bodies.

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

p liability shall attach to IEC onits directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature® whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out-efithe publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawh, to"the Normative references cited in this publication. Use of the referenced publicatig
dispensable for;the correct application of this publication.

tention is" drawn to the possibility that some of the elements of this IEC Publication may be the subjd
htent rights” IEC shall not be held responsible for identifying any or all such patent rights.
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International Standard IEC 60384-17 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

This third edition cancels and replaces the second edition published in 2005. This edition
constitutes a technical revision.

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

a) all parts of the document have been revised based on the ISO/IEC Directives, Part 2:2016

Full
the

This

The
elec

The

stab
the

o
o
o
e
The

eventhedition)andarmonization betweenm other simitar Kimads of documents;

ext, in Clause 4 and in Annex A.

text of this International Standard is based on the following documents

FDIS Report on voting
40/2654/FDIS 40/2664/RVD

eport on voting indicated in the above table.

document has been drafted in accordance with.the 1ISO/IEC Directives, Part 2.

fronic equipment, can be found on the IEC,web site.

committee has decided that the conténts of this document will remain unchanged unti

Ables and Clause 4 have been revised so as to prevent duplications and contradictionk;

ew damp heat steady-state robustness classes with test conditions have been*added in

information on the voting for the approval of this International Standard can be found in

list of all parts of the IEC 60384 series, under the general title Fixed capacitors for uge in

the

lity date indicated on the IEC website under "http://webstore.iec.ch" in the data relatgd to
specific document. At this datethe document will be

econfirmed,

vithdrawn,

eplaced by a revised edition, or

mended.

contents of the corrigendum of December 2020 have been included in this copy.

IMP
that

DRTANT — The “colour inside” logo on the cover page of this publication indicg

of its contents. Users should therefore print this publication using a colour printer.

tes
ing
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 17: Sectional specification — Fixed metallized polypropylene
film dielectric AC and pulse capacitors

1 General

1.1 Scope

This| part of IEC 60384 applies to fixed capacitors with metallized electrodes |and
polypropylene dielectric for use in electronic equipment.

NOTE Capacitors that have mixed-feil film and metallized electrodes are also within the scope-of this standard.

Thesge capacitors may have "self-healing" properties depending on conditions of use.

Cappcitors covered by this specification are mainly intended for(use with alternating volfage
andfor for pulse applications. The maximum reactive power applicable is 10 000 var and the
maxjmum peak voltage is 3 000 V.

Cappcitors for reactive power exceeding 500 var, and_ to which a maximum peak voltage of
2 500 V at 50 Hz can be applied, are not covered by‘this document, except when they arg the
highlest part of a range of reactive power mainly situated below 500 var at 50 Hz.

This|document is not intended to cover capacitance values higher than 20 pF.

Two| performance grades of capacitorstare covered, Grade 1 for long-life application|and
Gradle 2 for general application.

Cappcitors for electromagnetic interference suppression are not included, but are coverefl by
IEC 60384-14.

Cappcitors for electrical\shock hazard protection (covered by IEC 60065 of IEC technical
committee 61) and (fluorescent lamp and motor capacitors (covered by IEC 60252-1 [and
IEC|60252-2 of IEC_technical committee 33), and capacitors for use in tubular fluorescent|and
othgr discharge.\tamp circuits (covered by IEC 61048 and IEC 61049 of IEC technical
compmittee 34).are also excluded.

1.2 | Object

e S = S be preferred-ra ics—and-to-select
from IEC 60384-1:2016, the appropriate quality assessment procedures, tests and measuring
methods and to give general performance requirements for this type of capacitor. Test
severities and requirements prescribed in detail specifications referring to this sectional
specification shall be of-an equal or higher performance level,—because. Lower performance
levels are not permitted.

1.3 Normative references

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

IEC 60062, Marking codes for resistors and capacitors
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|EC_60063:1963_Pref ! ! -y . .
Amendment 1 (1967)
Amendment 2 (1977)

IEC

60068-1:2013, Environmental testing — Part 1: General and guidance

IEC 60384-1:2016, Fixed capacitors for use in electronic equipment — Part 1. Generic
specification

IEC 60384-16, Fixed capacitors for use in electronic equipment — Part 16: Sectional

IEC
for i

ISO

1.4
1.4

Detd

Dets
or b
liste
aste

NOTF

The

quoted shall preferably be selected from those given in the appropriate clause of

sect]

1.4.]
The

61193-2:2007, Quality assessment systems — Part 2: Selection-and use of sampling p
hspection of electronic components and packages

3, Preferred numbers — Series of preferred numbers

Information to be given in a detail specification
General

il specifications shall be derived from thetelevant blank detail specification.

il specifications shall not specify regquirements inferior to those of the generic, secti
lank detail specification. When more severe requirements are included, they shal
4 in 1.9 of the detail specification'and indicated in the test schedules, for example b
risk.

E The information given(in.4.2 may, for convenience, be presented in tabular form.

onal specification.

p Outline drawing and dimensions

eshall be an illustration of the capacitor as an aid to easy recognition and for compar

lans

onal
| be
y an

information in 14.2' to 1.4.4 shall be given in each detail specification and the vaflues

this

ison

of t

he\capacitor with others. Dimensions and their associated tolerances. which a

ffect

interchangeability and mounting, shall be given in the detail specification. All dimensions shall
preferably be stated in millimetres. However, when the original dimensions are given in inches,
the converted metric dimensions in millimetres shall be added.

The

numerical values of the body shall be given as follows:

— general case: width, length and height;
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— for cylindrical body: diameter and length.

The numerical values of the terminals shall be given as follows:

— width or diameter, length and spacing.

When necessary, for example when a number of items (sizes and capacitance-values/voltage

ranges) are covered by a detail specification, the dimensions and their associated tolerances
shall be placed in a table below the drawing.

When the configuration is other than described above, the detail specification shall state such
dimgTrst i i i i ftor- ftor g not
designed for use on printed boards, this shall be clearly stated in the detail specification:

1.4. Mounting

The|detail specification shall specify the method of mounting to be applied for/normal use|and
for the application of the vibration and the bump or shock tests. The,capacitors shall be
mounted by their normal means. The design of the capacitor mayybe such that spegcial
moulnting fixtures are required in its use. In this case, the detail spécification shall desgribe
the mounting fixtures and they shall be used in the application of-the vibration and bumlp or
shogk tests.

1.4.4 Ratings and characteristics
1.4.4.1 General

The|ratings and characteristics shall be in accordance with the—relevant clauses of|this

spegification,-tegetherwith-thefollewing including the items as specified in 1.4.4.2 to 1.4.4.5.

1.4.4.2 Rated Nominal capacitance range

Whgn products appreved to the detail specification have different nominal capacitance rangges,
the following statefnent should be added: "The nominal capacitance range available in g¢ach
voltdge range is_given in the register of approvals, available for example on the IECQ ontline
certificate system website, www.iecq.org."

1.4.4.3 Sinusoidal current (if applicable)

Thel detail specification shall state the derating curve of the sinusoidal current versus
temperature with reference to 70 °C, and the derating curve of the sinusoidal current versus
frequency and of the sinusoidal current versus capacitance.

1.4.4.4 Particular characteristics

Additional characteristics may be listed, when they are considered necessary to specify
adequately the component for design and application purposes.

1.4.4.5 Soldering

The detail specification shall-preseribe specify the test methods, severities and requirements
applicable for the solderability and the resistance to soldering heat tests.
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1.4.5 Marking

The

detail specification shall specify the content of the marking on the capacitor and on the

packaging. When there are deviations from 1.6, these shall be given in the detail specification.

1.5

1.5.1

Terms and definitions

General

For
and

ISO
addi

1.5.]

The
appl

1.5.
per

° IEC Electropedia: available at http://www.electropedia.org/

he purposes of this document, the applicable terms and definitions of IEC 60384-1:2D16,
the following apply.

and |IEC maintain terminological databases for use in standardization~ab)the folloyving
esses:

O Online browsing platform: available at http://www.iso.org/obg

p Performance and stability grades

performance grade describes the capacitor's abilityv to function in the intended
cations. The stability grade describes capacitance driff\n tests.

A
rmance grade 1 capacitors

<long-life> capacitors-intended for long-life applications with stringent requirements for the

electrical parameters

1.5.2.2

performance grade 2 capacitors

<general purpose> capacitors forcgeneral application where the stringent requirements—of
perfprmance for grade 1 capacitors’are not necessary

1.5.2.3

stakhility grade

capacitance drift afterelimatic and mechanical tests and after endurance tests

Note |1 to entry: The\pérformance grade and the stability grade-must shall be noted in the detail specification
1.5.2.4

performance grade and stability grade combinations—{(if stability-grade-isrequired-for

desighation for combined performance grade and stability grade

Note

1 to entry: see-the-table-belowforpreferred-values- Table 1 shows the preferred combination designations.
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Table 1 — Preferred-values designations of performance grade and
stability grade combinations

Performance Stability Combination
grades grades designations

1 1.1

! 2 1.2

2 - 2

The three combinations concern capacitance stability and tan ¢ values. Distinction in performance of the three
combinations is shown in Table 4.

1.5.
1.5.

NOT!
the
alloy

1.5.
rate
max

1.5.
rate
max
rate

1.5.1
rate
peal

temperature and at a given frequency

1.5.1
rate

max

such

Note

1.6

J Rated voltages

B.1 General
E The sum of the DC voltage and the peak AC voltage or the peak pulse valtage applid
capacitor-must shall not exceed the rated voltage. The value of thé\ peak AC vol

ved at different frequencies is under consideration.

B.2
d DC voltage
mum DC voltage that may be applied continuously to a capacitor at the rated temperg

8.3

d AC voltage
mum RMS alternating voltage that may be applied continuously to a capacitor at
] temperature and at a given frequency

B.4
d pulse voltage
value of the pulse voltage that mayi*be applied continuously to a capacitor at the r

.5
d voltage pulse slope_{if-applicable)

mum admissible value“of the voltage slope %_U of a pulse at the rated temperatur
t

a repetition frequency that no significant increase of temperature occurs

(dv)
(dz)R

1 to entry: Ahe“formula for rated voltage pulse slope is

Marking

d to
fage

ture

the

ated

e at

1.6.

See

(;enew-;l
arT

IEC 60384-1:2016, 2.4, with the details given in 1.6.2 to 1.6.5.

1.6.2 Information for marking

Information given in the marking is normally selected from the following list. The relative
importance of each item is indicated by its position in the list:

a) rated nominal capacitance (in clear or code in accordance with [EC 60062);

b) rated AC and/or pulse voltage (AC voltage may be indicated by the symbol ™ (IEC 60417-
5032-2002-10)) and the corresponding frequency if different from 50 Hz;

c) tolerance on-+rated nominal capacitance;


https://iecnorm.com/api/?name=cb00744b53c3b2f06559eb6857c60579

IEC

d) rated DC voltage (DC voltage may be indicated by the symbol ——- or

60384-17:2019 RLV © IEC 2019 -13 -

(IEC 60417-5031-2002-10)) (if applicable);

e)r
fy r

ated voltage pulse slope (if applicable);
ated current and corresponding frequency (if applicable);

g) year and month (or year and week) of manufacture;

h) manufacturer's name and/or trade mark;

i) climatic category;

j) manufacturer's type designation;

K) 1

1.6.

The
the
ont

Any

1.6.4
The;

infomation listed in 1.6.2 as applicable.

1.6.

Any

2

2.1
2.1.

The

2.1.]

The
accd

The

eference to the detail specitication.

B Marking on capacitors

capacitor shall be clearly marked with a), b) and c) of 1.6.2 with as many_as possib
emaining items as is considered necessary. Any duplication of informatiorin the marn
ne capacitor should be avoided.

marking shall be legible and not easily smeared or removed by rubbing with a finger.
| Marking on packaging

L package packaging containing capacitor(s)-shal shéuld be clearly marked with all

b Additional marking

additional marking shall be so applied that'no confusion can arise.

Preferred ratings and characteristics

Preferred characteristics
General

values given in detail ‘'specifications shall preferably be selected from 2.2.1 to 2.2.8.

p Preferred(climatic categories

capacitors “covered by this specification are classified into climatic categorie
rdance with the general rules given in IEC 60068-1:2013, Annex A.

lower and upper category temperatures and the duration of the damp heat, steady-4

test

shall be chosen from the following:

— lower category temperature: -55 °C, -40 °C, -25 °C and -10 °C;
— upper category temperature: +70°C, +85 °C, +100 °C, +105 °C, +110 °C and + 125 °C;
— duration of the damp heat, steady-state test: 4 d, 10 d, 21 d and 56 d.

e of
king

the

tate

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

resp

ectively.

If specified in the detail specification, the humidity robustness grade according to Annex A
should be given in connection with the climatic category.
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2.2 Preferred values of ratings
2.2.1 Rated Nominal capacitance (€r Cy)
Preferred values of-rated nominal capacitance are values chosen from the E series of

preferred-values-given-in IEC 60063 which are given in Table 2, and their decimal multiples (%
10", where n is an integer).

2.2.2 Tolerances on-rated nominal capacitance

The preferred tolerances on the-rated nominal capacitance are +20 %; £10 %; +5 %; +2 %;
+1 %.

2.2.3 Rated Nominal capacitance with associated tolerance values

For preferred combinations of capacitance series and tolerances, see Table 2,

Table 2 — Preferred combinations of capacitance series and'tolerance

Preferred combinations
Series Tolerances
E6 +20 %
E 12 +10. %
E 24 +5 %
E 48 +2 %
E 96 +1 %

2.2.4 Rated AC voltage (Ugpc or Ugr.)

The|frequency for the rated AC voltage shall be 50 Hz/60 Hz unless the detail specification
prescribes a higher frequency.

The|preferred values of rated AC voltage (RMS value) shall be chosen from the R10 or |R20
serig¢s given in ISO 3.

The|detail specification*shall give the derating curve of the admissible RMS voltage vefsus
temperature (higher_ than rated temperature) and, if applicable, versus frequency.

2.2.% Category AC voltage (Ucac or Uc-)

The| category AC voltage is equal to the rated AC voltage Ugac for upper category
temeratures up to 85 °C For an upper category temperature—>85 100 °C the category AC

. egot will
be calculated foIIowmg the slope from Urac at85 °C to 07 URAC at 100 °C for each
temperature (for example 105 °C, 110 °C or 125 °C).

Figure 1 gives the category AC voltage ratio to rated AC voltage as a function of upper
category temperature.
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2.2,

The|standard value for rated temperature is 85 °C. Except for an upper category temperg
of 70 °C, the rated temperature is 70 °C.

NOTE AC—ratedtemperature—is—15°Cless'dhan—d-c—ratedtemperature- For DC rated voltage, the
tempgrature is 15 °C higher than for AC rated~yoltage.

2.2,

The|detail specification shall-state:

2.2

Category AC voltage/rated AC voltage

o
N

.8 Rated pulse voltage (if required)

-
-

S
._

o
©

o
©

=
~

=
(o]

P
N

o
~

o
w

o
N

o

85 90 95 100 105 110 115 120 129

©
o

Temperature (°C)

Figure 1 — Category AC voltage/ratéd AC voltage
versus upper category temperature

6 Rated temperature

t Rated AC current (whrenrequired-in-the-detail-specification if required)

the frequency;

the RMS value_of the rated AC current applicable at the specified frequency (value chg
from R10 onR20 series);

the derating curve of the admissible AC current versus ambient temperature.

ture

rated

sen

The detail specification shall state:

3

3.1

voltage pulse slope
duration of the pulse

repetition frequency of the pulses
Quality assessment procedures

Primary stage of manufacture

The primary stage of manufacture is the winding of the capacitor element or the equivalent
operation.
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3.2  Structurally similar components

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

3.3 Certified test records of released lots

The information required in IEC 60384-1:2016,—3-2 Q.1.5 shall be made available when
prescribed in the detail specification and when requested by a purchaser. After the endurance

test, the required parameters—fer-which—variables-information-isregquired are the capacitance

cha#ge; and tan o. The insulation resistance is only required by attribute.

3.4 | Qualification approval procedures

3.4. General

The| procedures for qualification approval testing are given in—the—generic—specificdtion
IEC 60384-1:2016,-3-5 Q.2.

The|schedule to be used for qualification approval testing on-the basis of lot-by-lot|and
peripdic tests is given in 3.5. The procedure using a fixed sample size schedule is givgn in
3.4.2.

3.4.2 Qualification approval on the basis of the fixed’sample size procedure
3.4.2.1 Sampling

The|fixed sample size procedure is describéd>in IEC 60384-1:2016,—3-5-3—b} Q.2.4. |The
sample shall be representatlve of the range @f capacitors for WhICh approval is sought.{Fhis
may, ; : ; - The sample may
be the whole or part of the range glven invthe detail speC|f|cat|on.

The|sample shall consist of four specimens having the-lewest maximum and-highest mini:lgum
ratefl voltages, and, for these “voltages, the—lewest maximum and—highest mininum
capacitances. When there are_more than four rated voltages, an intermediate voltage shall
also| be tested. Thus, for the' approval of a range, testing is required of either four of six
valups (capacitance/voltage combinations). When the range consists of-less fewer than |four
valuges, the number of §pecimens to be tested shall be that required for four values.

Spare specimenstare permitted as follows:

Two| (for six\values) or three (for four values) per value, which may be used as replacemgnts
for |specimens that are non-conforming because of incidents not attributable to| the
manjufacturer.

The numbers given in Group 0 assume that all groups 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.

Table 3 gives the number of samples to be tested-in for each group-ersubgroup-together with
the permissible number of-defectives non-conforming items for qualification approval tests.
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Tests

3.4.2.2

The complete series of tests specified in Table 3 and Table 4 are required for the approval of

capacitors covered by one detail specification. The tests of each group shall be carried out in

the order given.

The whole sample shall be subjected to the tests of Group 0 and then divided for the other

groups.

Specimens found-defective—during to be non-conforming in the tests of Group 0 shall not be

used_far the other groups

with
WHR

Tables 3 and 4-toagether form-the fixed sample size test schedule forwhieh\Table 3 includes-the detallsfor

aetairSHof

W HGH a6 HGHHaGesSth

teSt+-SehReathe;

HareSoaRe4atogemer—Tor— e HxXea-Sampre-Si£

togethe
togeie

nerforrdance

teStH—COoRGHHORS—aRG—pPEeHOoHaRce

Ot

aives—a complete—summarvsiof test conditions—and

teStS—CCoRt e t—h—orauSe—4—gHeS—a—Comprete—Sdmmaty

etails of tests contained—in—Clause 4

De—-qae—+h

35S+

HotRetesSt+RetRo o GCoORGIH RS OHtEeSta-GhoIG

T HO—EXampr

e SaRaHeHGateSWhRET

USt+oe+aeRtgar—o

teSt+-SeReatt

SHE£

onditions—of test and performance reaguirements—for- the fixedigample size test schedule must be identidal-to

ORGHIORASHOteStanapPer ormane

SNSahpt

regquHremertsS—+or—m

Thelannrovalis aranted when-the number of defectives - does not exceed-the shécified number

o apPpProva o garmC oWt tiC o ioCT o GCIo oty CO OO Mot CACCC O tC-opC oo oot

NOTE

\J

He-SpipHgaRGpPeHSSeGerectih VeSS 1o e G e re it teStS o grodpS O+ eSS WHEereaS—atve—4

the-sbhmplinga-and - permissible defectives for the different tests or aroups-of tests! whereas Table 4
the

THe—qeahS—0+

reauitements-and-indicates—where for example forthe test method orconr8ifions-of test a choice has-to be mdde-in

regt

oo

The

Appfoval is granted when the number of non-conferming items is zero.

Table 3 and Table 4 together form the fix¢d sample size test schedule for the qualification

appifoval on the basis of the fixed sampleJlsize procedure.

Table 3 gives the number of the samples and permissible non-conforming items for each|test

and [test group.

Table 4 gives a summary of the test conditions and performance requirements, and choicgs of

the {est conditions and petformance requirements in the detail specification.

The|test conditiong™and performance requirements for the qualification approval on the basis

of the fixed sample size procedure should be identical to those for quality conformance

inspections giyen in the detail specification.
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Table 3 — Test and sampling plan for qualification approval, assessment level EZ

Group Test Subclause Number of specimens (n)
No. and permissible number of non-conforming items
()
Per For four or less | For six values
value® values to be tested®
to be tested® c
n 4n 6 n
Visual examination N
—— 18
Dimensions 4.1
Capacitance 4.2.2 29 116 174
Tangent of loss angle 4.2.3
0 Voltage proof 4.21
Insulation resistance 424
Inductance 9 4.2.5 (+5)¢ (+20)d (£30)¢
Sealing ¢ 4.16 (+5)d (+20)d (+30)¢
Spare specimens 2 8 12
A | Robustness of terminations 4.3 3 12 18
Resistance to soldering heat 4.4
Component solvent resistance ¢ 4.14
Solderability 4.5 6 24 36
Solvent resistance of the marking 4.15 0
B | Rapid change of temperature 4.6
Vibration 4.7
Bump or shock 2 4.8 0or4.9
1 Climatic sequence 4.10 9 36 o4
2 Damp heat, steady state without 411 5 20 30
voltage
Damp heat, steady state with (+5)¢ (+20)¢ (+30)¢
voltage ¢
3A Endurance test at 50 Hz/60 HZ 4.12.1 10 40 60
A alternating voltage
3B Endurance test with sinusoidal 4.12.2 (+5)d (+20)d (+30)¢
3¢k current or voltage.d
Pulse endurance test 9 4.12.3 (+5)d (+20)d (+30)¢
Characteristicd. dépending on 426 (+5)d (+20)d (+30)d
4|  |temperatuge ' . . .
Charge afid\discharge © 4.13 5 20 30
a8  As required.in the detail specification.
b Japaditayice-voltage combinations, see 3.4.2.
¢ Notrequired when pulse endurance test is required.

If required in the detail specification.
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Table 4 — Test schedule for qualification approval (7 of 8)

Subclause-number-and-test®

b Conditions-of test?® blosabes ol Fertsrmanssreculremenie”
or
ND and number of
b
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cubelavos mupmber apdl b Lendidens o eet? lommbesad ertepmmarec roc oo ne®
test” oF Soesimsne b
N:; and number-of
issibl
conformances (¢}
Group-1B B See Table 3
: i : . : e . . : . : . .
See detail-specification-forthe flowing-of-the-solderwith-wetting-of
o
415 Seolventrosistance of Salyont: Legible marking
N
>
/\ .
’
kel
Q)Q>
Q/Q
QO
N
' .
! .
—— s e e Y
Grade—2: :3 Yo
Capacitance
Tangent-ofHHoss-angle Increase-of tan-&:
for <1 uF:
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Subelause-number-and b Conditions-of test® Numberof Performance requirements”
test? or specimens-—(i}
ND and-numberof
b permissible non-
conformances{¢)
Group-1 b See Table 3
e
category temperature
i )
———|ifroquired by the A
) ) R q
Q)Q .
— ltest Db remaining g\\
—leycles O
) \ \C/C for Grade11- <19
Capacitance &0\ Grade 1..2:. :’1 _°/j
\\9@ Grade2i—=< 412_
Iangeﬂ#ei—&&fng%
lncrease-of tan-o-
xO for Grado 1.1: 0,004
for C>1nF:seedetail]
@00 ification. L rod
——tovalues measuredtin4.3-1
() —or4-6-1as-applicaldle
Q \ =50 % of values-in4-24-2
§§ > 24
Group-2 OQ‘ b See Table 3
41144 Capacitance
Tangent of loss-angle at
1-kHz
14 i \lisual examination No visible damage
4-11-3—Final-measurements Leai .
Capacitance AC/C for Grade 11+ <1 %

D

b
(RN

D D
[oRNoR

O
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Subclause number-and b Conditions of test? Performance requirements?®
test® or specimens {#)
ND-* and-numberof
issibl
conformances (¢}
Group-2 {continued)
Tangent-of-loss-angle lncreaseof tan—6:
for C <1k
spescification—compared-to
——values measured ip 4.11.1
Group-3A D
applicable)
Tangent of loss-angle
For Cp>1pFattkHz
— Cp<tpFat 10 kHz
> 13| . R .
do IStoie-camage
Capacitance B e 1
— Grade 2:<101%
of value measured-in4.12.1-1
Tangent-of-loss-angle lncreaseof tan—6:
for C <1 uF:
— e oo
ification.
—— e e
Group-3B ° D
4122 1|initialsheasurements Gapacitance
Fongentottoss—sanste
For =1 uFrat1tkHz
=t uFrat10 kHz
. .
(;Fade ;! gq() 04
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Subclause-numberand D Conditionsof test® Numberof Performance requirements?
test® or specimens (n}
ND-* and-number-of
issibl
conformances (¢}

N ; SeeTable3
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Subclause number-and b Conditions of test? Performance requirements?®
test® or specimens {(n}
ND-* and-numberof
issibl
conformances (¢}
LsupAfeanlinned]
measurements TFangent-oflossangle:
for g1 uF-at1tkHz
—Cr=tpFat 10 kHz
Duration of hharga' s
4.13.3 {Final measurements Cosoebaaes =
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Subclause number, test and | D or | Conditions of test and Number of Performance requirements?
inspection items? NDP measurements? specimens (n)
and number of
permissible non-
conforming
items (¢)
Group 0 ND See Table 3
4.1 Visual examination See 4.1.2 Legible marking and as specified
in the detail specification
4.1 Dimensions (detail) See 4.1.2 See detail specification
4.2.2 Capacitance See 4.2.2.2 Within specified tolerance
4.2.3 [Tangent of loss angle See 4.2.3.2 and 4.2.3.4 See 4.2.3.3 and 4.2.3.&
(tan 9)
4.2.1 |Voltage proof, either
4.2.1.41 DC test, or See 4.2.1.2.2 See 4.2.1.4
AC test See 4.2.1.3.2 See 4.2.\4
See ddtail specification for
the tegjt
4.2.4 |Insulation resistance See 4.2.4.2 See 4.2.4.3
4.2.5 |Inductance ¢ See 4.2.5 See detail specification
4.16 |[Sealing @ See detail specification No seepage of impregnanf or
for the method harmful deformation of thelcase
Group|1A D See Table 3
4.3 Robustness of See IEC 60384-1:2016;
terminations 4.13
4.3.2 [lInitial inspections
Capacitance See 4.2.2.2 Within specified tolerance
Tangent of loss angle See 4.2.3,27and 4.2.3.4 < initial limit
4.3.3 Final inspections
Visual examination See 4.1.2 no visible damage
Capacitance See 4.2.2.2 See detail specification
Tangent of loss angle See 4.2.3.2and 4.2.3.4 See detail specification
4.4 Resistance to See |IEC 60384-1:2016,

4.14

4.4.5

soldering heat

Combponent solvent
reSiétance 9

4.14

See 4.4.3 and detail
specification for the
method (1 or 2), and the
duration of the test

See |IEC 60384-1:2016,
4.31

See detail specification

Final inspections and
measurements

Visual examination

Capacitance

See 4.4.5
See 4.2.2.2

No visible damage

|ACIC| for Grade 1.1: <1 %
Grade 1.2: <2 %
Grade 2: <3 %

of value measured in 4.3.2
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Table 4 (2 of 8)

Subclause number, test and | D or Conditions of test Number of Performance requirements?
inspection items?2 NDP and measurementsa specimens (n)
and number of
permissible non-
conforming items
()
Group 1A (continued) D See Table 3
Tangent of loss angle See 4.2.3.2 and Increase of tan &
4.2.3.4 for Cy < 1 puF:
for Grade 1.1: <.0\0p1
Grade 1.2:< 0,0p2
Grade 2:\% 0,004
of values measured in 4.3.2
for Cyq>» MLF:
seepdetail specification
Group|1B D See Table 3

4.5 Solderability

4.5.3 Final inspections
Visual examination
4.15 [Solvent resistance of

the marking ¢

4.6 Rapid change of
temperature

4.6.2 [Initial inspections
Capacitance
Tangent of loss angl&
isual inspection

4.6.4 Final inspestions

Visual examination

Capacitance

See 4.5.2. See detail
specification for the
method

See IEC 60384-1:2016,
4.32.1

See 4.6.3 between Ty
and Ty

T, = Lower category
temperaturée

Ty = Upper category
tempehature

See 4.2.2.2

See 4.2.3.2 and
4.2.3.4

See 4.1.2
See 4.2.2.2

See 4.5.3
Legible marking

Within specified tolerange

< initial limit

No visible damage

See detail specification

rangernt O 10ss drgie

4.7 Vibration

4.7.4 Final inspections
Visual examination

4.8 Bump (or shock, see
4.9)4d

4.9 Shock (or bump, see
4.8)d

oLt 4.£2.0.2 dlU

4.2.3.4

See 4.7.3

See detail specification
for the frequency range

See 4.1.2
See 4.8.3

See 4.9.3

See detail specification
for mounting method
and severities

Seedetaitspecification

No visible damage
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Table 4 (3 of 8)

Subclause number, test D or Conditions of test Number of Performance requirements?
and inspection items?2 NDP and measurementsa specimens (n)
and number of
permissible non-
conforming items
()
Group 1B (continued).
4.8.50r4.9.5
Final inspections and
Visual examination See 4.1.2 No visible damage
Capacitance See 4.2.2.2 |ACIC| for Grade)1.1: <1 {6
Grade 1.2: <2 %
Grade 2: <3|%
of valué measured in 4.6.2
Tangent of loss angle See 4.2.3.2 and Increase of tan o
4.2.34 fdDC,, < 1 uF:
for Grade 1.1: < 0,001
Grade 1.2: < 0,002
Grade 2: <0,004
for Cy > 1 pF:
see detail specification,
compared to values meagured
in 4.6.2°
Insulation resistance See 4.24.3 > 50 % of values in 4.2.43
Group|1 D See Table 3
4.10 Climatic sequence
4.10.2| Initial inspections
Visual examination See 4.1:2 No visible damage
Capacitance © See 42.2.2 See detail specification
Tlangent of loss angle © See 4.2.3.2 and See detail specification
4)2.3.4
nsulation resistance © See 4.24.3 See detail specification
4.10.3| Dry heat See IEC 60384-1:2016,
4.21.3
4.10.4| Damp heat, cyelic, See |IEC 60384-1:2016,
Test Db, first\cycle 4.21.4
4.10.5| Cold See IEC 60384-1:2016,
4.21.5
4.10.6 | "Xow air pressure ¢ See 4.10.6.2
4.10.6.3 Final inspections
Visual examination See 4.1.2 No permanent breakdown,
flashover or harmful
deformation of the case
4.10.7 Damp heat, cyclic, See 4.10.7.2
Test Db, remaining
cycles
4.10.7.3 Recovery ¢ See 4.10.7.3
4.10.7.4 Final inspections
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Table 4 (4 of 8)

Subclause number, test D or Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements? specimens (n)
and number of
permissible non-
conforming
items (¢)
Group 1 (Continued)
4.10.7.4 Final inspections
Visual examination See 412 No visible damage
Legible marking
Capacitance See 4.2.2.2 |ACIC| for Gradeh. W< 1 %
Grade %.2: <3 %
Grade 2: <% %
of value afplied in 4.10.4
Tangent of loss angle See 4.2.3.2and 4.2.3.4 Incredse-of tan &
forCy <1 uF:
for Grade 1.1: < 0,0015
Grade 1.2: < 0,003
Grade 2: <0,005
for C > 1 puF:
see detail specification
Insulation resistance See 4.2.4.3 > 50 % of values in 4.2.4.3
Group|2 D See Table 3
4.11 |Damp heat, steady See 4.11.3
state
4.11.2| Initial inspections See 4.11.2
Capacitance See 4.2.2.2 Within specified tolerange

Tangent of loss angle

See 4.2.32vand 4.2.3.4

< initial limit

4.11.3| Test conditions a) Witheut voltage
by lf*the detail specification
so specifies, two sets of
samples of equal size
shall be prepared, one
set to be tested without
voltage and one set with
rated voltage applied
4.11.4| Recoveryd See 4.11.4
4.11.5| Final ingspections
Visugt examination See 4.1.2 No visible damage
Legible marking
Capacitance See 4.2.2.7 a) l'est without voltage

|ACIC| for Grade 1.1: <1 %
Grade 1.2: <3 %
Grade 2: <5%
of value measured in 4.11.2
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Table 4 (5 of 8)

Subclause number, test
and inspection items?2

D or
NDP

Conditions of test and
measurements?

Number of
specimens (n)
and number of

permissible non-
conforming
items (¢)

Performance requirements?

Group 2 (Continued)

b) Test with rated voltage

Minimum requirements

Tangent of loss angle

Insuytation resistance

See 4.2.3.2 and 4.2.3.4

See 4.2.4.3

according to Annex A

|ACIC| for Grade A< 2 %
GradeM.2: <6 %
Grade 2: <10 %

of value mgastired in 4.1{1.2

See détail’specification for more
stringent requirements

kYCrease of tan &:
a) Test without voltagg:

for C < 1 pF:
for Grade 1: <0,001
Grade 2: <0,002
for C > 1 uF: see detai
specification

compared to values megsured
in4.11.2°

b) Test with rated voltpge:

Minimum requirements
according to Annex A:

for C = 1 pF:

for Grade 1: £ 0,002
Grade 2: < 0,004

for Cy > 1 pF: see detai
specification

compared to values megsured
in4.11.2¢

See detail specification[for
more stringent requirements

> 50 % of values in 4.2.4.3

for both a) and b)
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Table 4 (6 of 8)

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements?2 specimens (n)
and number of
permissible non-
conforming items
()
Group 3A D See Table 3
4.12.2 Endurance test at
50/60 Hz alternating
voltage
4.12.2.f1 Initial inspections See 4.12.2.1
and
measurements
Capacitance See 4.2.2.2 Within speeified tolerancg
Tangent of loss angle See 4.2.3.2 and 4.2.3.4 < initia] limit
4.12.5 |Final inspections
Visual examination See 4.12.2.3 No visible damage
Legible marking
Capacitance See 4.2.2.2 |ACIC| for Grade 1: <5 %
Grade 2: <10(%
of value measured in 4.12.p.1
Tangent of loss angle See 4.2.3.2 and 4.2.3.4 Increase of tan &
for C\ <1 puF:
for Grade 1: < 0,002
Grade 2: < 0,004
for Cy > 1 uF: see detail
specification, comparefl to
values measured in 4.12.2.1°
Insulation resistance See 4.243 > 50 % of values in 4.2.4B
Group|3B°¢ D See Table 3
4.12.3| Endurance test with
sinusoidal current
or voltage (if
required)
4.12.3.R Initial inspectionsg: See 4.12.3.2
and
measuremenpts
Capaoitance See 4.2.2.2 Within specified tolerancg

4.12.3.

Tangent‘offoss angle

3 Testconditions

See 4.2.3.2 and 4.2.3.4

See 4.12.3.3

< initial limit

4.12.3.

4 Final inspections
and measurements

Visual examination

Capacitance

Testfreguency stattbe
given in the detail
specification

See 4.12.3.4

See 4.12.3.4

See 4.2.2.2

No visible damage
Legible marking

|ACIC| for Grade 1:
Grade 2:

<5%
<10 %

of value measured in 4.12.3.2
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Table 4 (7 of 8)

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements?2 specimens (n)
and number of
permissible non-
conforming items
()
Group 3B (Continued)
Tangent of loss angle See 4.2.3.2and 4.2.3.4 Increase of tan &
for C,, < 1 uF:
for Grade 1: < 0,001§
Grade 2: < 0,003
for C\ > 1 uF: see(@etdil
specifications~comparefl to
values measUred in 4.12.3.2°
Insulation resistance See 4.2.4.3 > 50 % of‘vialles in 4.2.4B
Group|3C° D See Table 3
4.12.4| Pulse endurance
test (if required)
4.12.4.p Initial inspections See 4.12.4.2
and
measurements
Capacitance See 4.2.2.2 Within specified tolerancqg

Tangent of loss angle

4.12.43 Test conditions

4.12.4 A Final inspections
and measurements

Visual examination

Capacitdncg

Tangentofloss angle

See 4.2.3.2 and 4.2.3.4

See 4.12.4.3

The pulse repetition rate
and

the applied\peak voltage

shallsbe given in the
detail Specification

See 4.12.4.4

See 4.12.4.4

See 4.2.2.2

See 4.2.3.2 and 4.2.3.4

< initial limit

No visible damage
Legible marking

|ACIC| for Grade 1: <5 %
Grade 2: <10 ¢
of value measured in 4.12.4.2

Increase of tan &:
for C <1 puF:
for Grade 1: < 0,0015
Grade 2: < 0,003

Insulation resistance

See 4.2.4.3

for C > 1 uF: see detail
specification, compared to
values measured in 4.12.4.2°

> 50 % of values in 4.2.4.3
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Table 4 (8 of 8)

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements? specimens (n)
and number of
permissible non-
conforming
items (c)
Group 4 D See Table 3
4.2.6 Characteristics See 4.2.6.2
depending on
temperature A
4.2.6.4 Measuring See 4.2.6.2 \/
conditions Q~
4.2.6.3 Requirements r\q
Capacitance See 4.2.2.2 See Table nd Table 14
Insulation resistance See 4.2.4.3 See Tablg 11
4.13 Charge and discharge See 4.13.2 b(
not applicable when ()Sb
ulse endurance test ()
s required) ©
4.13.2|Initial inspections Q/C)
and measurements $\\
Capacitance See 4.2.2.2 Q O Within specified tolerance
Tangent of loss angle For C\ > 1 uF: See 4 Q < initial limit
4.2.3.2 \\2
For C <1 uF: See G\Q
4.2.3.4 Q
4.13.3 [Test conditions See 4.13.4 \\,Q
4.13.4|Recovery See 4.13&@
4.13.5|Final inspections \O
Capacitance *{@}71-2-2-2 IACIC] for Grade 1.1: < 1 %
C)\ Grade 1.2: <39
. Grade 2: <5 % of
‘\& : value measured in 4.13.2
Tangent of loss an @; See 4.2.3.2and 4.2.3.4 Increase of tan &
for C\ <1 pF:
®~ for Grade 1: < 0,003
Q~ Grade 2: < 0,005
O for C > 1 uF: see detail
é specification, compargd to
C) values measured in 4.[13.2°
mulafinn rasicstanca Saa /1")'/1"1 > 50 no Uf va:uco ;” 424:

a8 Subclause numbers of test and performance requirements refer to Clause 4.
b In this table: D = destructive; ND = non-destructive.

¢ C, = nominal capacitance in microfarads.

If required.

€  For use as reference value.
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Quality conformance inspection

3.51 Formation of inspection lots

3.5.1.1 Groups A and B inspection

These tests shall be carried out on a lot-by-lot basis.

A manufacturer may aggregate the current production into inspection lots subject to the
following safeguards:

a) 1c ;IID}JUU&[;UII :Ut eha” UUIIO;Dt Uf otluutula”y O;III;:OI uapau;tUIc (OCC 32),

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

+ inrelation to their number;
+ with a minimum of five of any one value.

c) if there are-tess fewer than five of any one value in the sample, the basis for the draying
¢f samples shall be agreed between the manufacturer and—thexnational-supervising
ihspeectorate a certification body (CB).

3.5.1.2 Group C inspection

Thesge tests shall be carried out on a periodic basis.

Samples shall be representative of the current production of the specified periods and ghall

be divided into high-, medium- and low-voltage¢patings. In order to cover the rangg of

appfovals in any period, one case size shall be tested from each voltage group. In subsequent
peripds, other case sizes and/or voltage ratings.in production shall be tested with the aim of
covgring the whole range.

3.5.2 Test schedule

The|schedule for the lot-by-lot and~periodic tests for quality conformance inspection is given

i the blank detail specificationtEC-60384-17-1.

Delayed delivery

Whgn, in accordance-with the procedures of IEC 60384-1:2016,-3-40 Q.1.7, re-inspection|has

to be made, solderability and capacitance shall be checked as specified in Group A|and

3.5.4 AssSessment levels
Thelascsegement levell{s) aiven in thae hlank detail snecification - shall nreferabhly ha selekted
e asSesSshetieveS)ghvei1—me o Gedi-—SpecHCaHOR—SanPplretelady—De-Seectea

The

assessment level EZ is stated in Table 5 and Table 6.
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Table 5 — Lot-by-lot inspection

b# E F? G*® EZ

Inspection-subgroup® | /L AQL 1 AQL e AQL 1 AQL 1 A e

% % % %

CLLLT S TTET

Inspection EZ

subgroup® ILa na A
A0 100 %°
A1 S-4 ¢ 0
A2 s-3 d 0
B1 s-3 ¢ 0

L = inspection level
= sample size
- = permissible number of non-conforming items

he content of the inspection subgroup”is described in Clause 2 of the blank detail specification.

[he inspection shall be performed after removal of non-conforming items by 100 % testing during
manufacturing process. Thé sampling level shall be established by the manufacturer, preferably
bccordance with I[EC 61193-272007, Annex A.

WVhether the lot was_&cdepted or not, all samples for sampling inspection shall be inspected in orddg
monitor outgoing qudlity level by non-conforming items per million (x107%).

n case one or moreé“non-conforming items occur in a sample, this lot shall be rejected but all non-conforn
tems shall bg,€ounted for the calculation of quality level values.

Dutgoing (quality level by non-conforming items per million (x107%) values shall be calculated
hccumudatiing inspection data in accordance with the method given in IEC 61193-2:2007, 6.2.

Nwmber to be tested: sample size shall be determined in accordance with IEC 61193-2:2007, 4.3.2.

the
in

r to

hing

by
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Table 6 — Periodic-inspection tests

Da

m

Fa Ga

N

© O O 6 P (b

[ Rl(»)

Fo N O N N N S N R
BEopoddoaols

D wpewoeooo|v
bbb S8HERNE b

[1]

@D

2 4

Inspection E4

subgroup® P o\ A
C1A 6 5 0
C1B 6 5 0
C1 6 10 0
C2 6 10 0
C3A 6 5 0
C3B 6 5 0
C3C 6 5 0
C4 6 10 0
C5 6 10 0

a8 b = periodicity in months
= sample size
= permissible number of non-conforming items

The content ef\the inspection subgroup is described in Clause 2 of the blank detail specification.

4 [eéstand measurement procedures

NOTE This clause supplements the information given in IEC 60384-1:2016, Clause 4.
4.1 Visual examination and check of dimensions
411 General

See |IEC 60384-1:2016, 4.4, with the details in 4.1.2 and 4.1.3.

4.1.2 Visual examination and check of dimensions

Visual examination shall be carried out with suitable equipment with approximately 10x
magnification and lighting appropriate to the specimen under test and the quality level
required.
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The operator should have available facilities for incident or transmitted illumination as well as

an

appropriate measuring facility.

The capacitors shall be examined to verify that the materials, design, construction and
physical dimensions are appropriate.

4.1.3 Requirements

See Table 4.

The VVUI:\IIIGIIOh;P oha“ bU ;II GUUUIdGII\JU vv;th thU app:luab:c IUL'U;IUIIICII{O y;VUII ;II thc d tall
spegification.

4.2 | Electrical tests

4.2, Voltage proof for AC capacitors

4211 General

The|detail specification shall state which voltage proof test, DC or AG;)is to be applied.
4.2.1.2 DC voltage proof test

4.2.1.21 General

Tes{ circuit, see IEC 60384-1:2016, 4.6, with the following details.

The|product of Ry and the nominal capacitancévof the capacitor under test (Cy) shall be
smaller than or equal to 1 s and greater than 0,01 s.

R, includes the internal resistance of thespower supply.

R, shall limit the discharge current 4o a value equal to or less than 1 A.

4.2.1.2.2 Test condition$

The|voltages given in Table 7 shall be applied between the given measuring points (from
IEC60384-1:2016, Takte 3) for a period of 1 min for qualification approval testing, |and
between measuring\point 1a) for a period of minimum 1 s for the lot-by-lot quality

conformance testing-

L AR R

Table 7 — Test voltages, DC

Measuring point Test voltage, DC
1a) 2,5 Ug.
1b), 1c) @ 1,4 Ug_+2000V DC
2 Insulated styles only

NoTE If the capacitor has also a rated DC voltage, it-must shall be tested with the DC voltage
proof test of the DC specification (IEC 60384-16) but if the value mentioned here in Table 7 is

hig

her, this value-must shall be used.
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4.21.3 AC voltage proof test (50 Hz or 60 Hz)
4.2.1.3.1 General

Test circuit as in IEC 60384-1:2016, 4.6, but the capacitor C; and resistor R, shall be omitted.

The product of Ry and the nominal capacitance of the capacitor under test (Cy) shall be
smaller than or equal to 1 s and greater than 0,01 s.

R4 includes the internal resistance of the power supply.

4.2.1.3.2 Test conditions

The|voltages given in Table 8 shall be applied between the given measuring points (from
IEC60384-1:2016, Table 3) for a period of 1 min for qualification approvaltesting, |and
between measuring point 1a) for a period of at least 1 s for the lot-by-lot quality conformance
testing.

1 pointta)—15 Ug-with-Ug.-<250-\
L i Ly e 0
1-point-1b) te) Fetaonladod ondes enbas o Ly e DDl e
NOTE 1 {r.-and othera.c. values are r-m.s. values-
o= el e s e L e mo s lnel d e s
. . ‘ fieati X .

Table 8 — Test voltages, AC

Measuring point Test voltage, AC (RMS)

1,5 Ug. for Ug_ <250V

1a)
1,4 Ug_ for Ug_ > 250 V

My 1c) @ 1,4 Ug_+ 1500 V AC

2 (Insulated styles only

4.2.1.4 Requirement
Thislis valid foryboth DC and AC tests.

Thefe shallbe no breakdown or flashover during the test.

NOTHE_The occurrence of self-healing hreakdowns during the application of the test voltages is allowed

4.2.2 Capacitance
4.2.21 General

See |IEC 60384-1:2016, 4.7, with the details in 4.2.2.2 and 4.2.2.3.

4.2.2.2 Measuring conditions

The capacitance shall be measured at, or corrected to, a frequency of 1 kHz. For—rated
nominal capacitance values >10 pF, 50 Hz to 120 Hz may be used, but 1 kHz shall be the
reference frequency.
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The applied peak voltage at 1 kHz shall not exceed 3 % of the rated voltage, and the applied
peak voltage at 50 Hz to 120 Hz shall not exceed 20 % of the rated voltage with a maximum
of 100 V (70 V RMS).

4.2.2.3 Requirements

The

capacitance shall be within the specified tolerance.

4.2.2.4 Presentation of the allowed capacitance change in tests

The

allowed capacitance change in tests in _Table 4 shall be presented using e

perf
accd

4.2,
4.2,

See

4.2.
TFan

-

4.2.

Tan

rdance with Table 1, depending on the test.

B Tangent of loss angle (tan o)
B.1 General

IEC 60384-1:2016, 4.8, with the details from 4.2.3.2 to 4.2.3.5.

8.2 Measuring conditions for measurements at 1 kHz
5 shall-be-measured The test conditions are as follows:

Fequency: 1 kHz;
eak voltage: < 3 % of the rated voltage;

haccuracy: <5 x 1074 (absolute value).
8.3 Requirement for measurements @t 1 kHz

o shall not exceed the applicable values shown in Table 9.

Table 9 — Tangent of loss angle limits, 1 kHz

brmance grade or performance and stability grade combination designationg

Tangent of loss-angle
Measurement .
frequency Rated-capacitance Performance Performance
Grade 1 Grade 2
1000 Hz Cr<tuF <10-140~% <20 %1074
OTENE . E ¢ . fied i . fication.

ther
in

Tan §

NoT\inal capacitance

(absolute value)

uE Crade1 it
= oraae—Tetapacttors

<1 <10 x 107* <20 x 107*

For Cy > 1 uF, values of tan ¢ shall be specified in the detail specification.

4.2.3.4 Measuring conditions for measurements at 10 kHz

For capacitors with €gCy < 1 yF, tan ¢ shall be measured as follows.

— frequency: 10 kHz;
- voltage: <1V (RMS);

— inaccuracy: <5 x 1074 (absolute value).
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4.2.3.5 Requirement for measurements at 10 kHz

Tan

o shall not exceed the applicable values shown in Table 10.

Table 10 — Tangent of loss angle limits, 10 kHz

Nominal capacitance

Tan §
(absolute value)

uF Grade 1 capacitors Grade 2 capacitors

<1 <20 x107% <40 x 107

For

4.2.

The
grad

Table 1, depending on the test.

4.2.4 Insulation resistance

4.2.4.1 General

See|lEC 60384-1:2016, 4.5, with the details 4.2.4:2and 4.2.4.3.

4.2.4.2 Measuring conditions

Prio[ to the test, capacitors shall be carefully cleaned to remove any contamination.
shall be taken to maintain clearliness in the test chambers and during post
meajsurements.

Befqre the measurement, thé capacitors shall be fully discharged. The product of

resig
test

The

poinlts shall be intaccordance with IEC 60384-1:2016, Table 3.

The
of t
capa

Cn > 1 uF, values of tan ¢ shall be specified in the detail specification.

B.6 Presentation of the allowed tan J change in tests

e or performance and stability grade combination designations in accordance

tance of the dischargé€_circuit and the-rated nominal capacitance of the capacitor u
shall be > 0,01 s orany other value prescribed in the detail specification.

measuring voltage shall be in accordance with IEC 60384-1:2016, 4.5.2. The meas|

he wyoltage source. The product of the internal resistance and the—rated no
citante of the capacitor shall be smaller than 1 s or any other value prescribed in

detall epnhifianinn

voltage'shall be applied immediately at the correct value through the internal resistInce

allowed tan 6 change in tests in Table 4 shall be presented Alsing either performance

with

Care
ttest

the
hder

ring

inal
the

4.2.4.3 Requirements

The

insulation resistance shall meet the requirements shown in Table 11.
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Table 11 — Insulation resistance requirements

Minimum RC product Minimum insulation resistance Minimum insulation
(R = insulation resistance between the terminations resistance between
between the terminations) terminations and case
(C =-rated nominal capacitance)
S GQ GQ

Measuring points in accordance with Table 3 of IEC 60384-1:
1a) 1a) 1b),1c)

Rated Nominal capacitance:

> 0,33 pF < 0,33 pF
Ratgd voltage:
All voltages
>100V <100V
Gragle:
( 2 1 2 1 2
30000 7 500 15 000 3750 100 25 100

Whgn the test is carried out at a temperature other than (20 °C, the result shall, when
necgssary, be corrected to 20 °C by multiplying the result of the measurement by| the
appiopriate correction factor. In case of doubt, measutement at 20 °C is decisive. [The
corrgction factors given in Table 12 can be considered as an average for metallized
polypropylene film capacitors.

Table 12 — Insulation resistance.correction factors dependent
on test temperature

Temperature Correction factor

°C

15 0,75

20 1,00

23 1,25

27 1,5

30 1,75

35 2

4.2.% Inductance (if required)

See|lEE’60384-1:2016, 4.11, with the following details.

The maximum inductance value shall be stated in the detail specification.

An approximative value can be provided from measurement of resonance frequency and from
capacitance value measured in 4.2.2.

4.2.6 Characteristics depending on temperature (if required in the detail specification)
4.2.6.1 General

See |IEC 60384-1:2016, 4.24.1, with the details in 4.2.6.2 and 4.2.6.3.
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The capacitance measurements shall be carried out at the temperatures given in items b), d)
and f) of |IEC 60384-1:2016, 4.24.1.2. The measurement of insulation resistance is also
carried out at the temperature as given in item f). The measuring points of insulation
resistance are 1a), 1b) and 1c) from IEC60384-1:2016, Table 3.

4.2.6.3

Requirements

The requirements in lower and upper category temperature are given in

Table 14 respectively.

Table 13 and

Table 13 — Characteristics at lower category temperature

Test temperature as given in item b) Temperature characteristic of
capacitance
-10 °C and -25 °C
0<2C c4225%
Cc
-40 °C
0<2C <3
C

-55 °C

0< % 43,75 %

Table 14 — Characteristics at upper.category temperature

Test temperature Temperature Insulation resistance Insulation resistance
ap given in item f) characteristic (measuring point 1 a) (measuring point|1b)
of capacitance and 1c)-and-1d})
€R C, > 0,33 pF €rp>(C=0,33
R, x €r Cy uF
s R; GQ
GQ
70 °C 1500 5 5
-2,5% < A% <o
C
85 °C 1200 4 4
-3:25% < AC <o
Cc
100 °C 750 2,5 2,5
4% < AC <o
C
1p5 °C and 140<C AC 600 2,2 2.2
-45 % < =—= <-1
o
125 °C 500 2,0 2,0
6%< 4C <
C

4.3

431

Robustness of terminations

General

See IEC 60384-1:2016, 4.13, with the details in 4.3.2 and 4.3.3.

4.3.2

Initial-measurements inspections

The capacitance shall be measured in accordance with 4.2.2.2.

The tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4 as
appropriate.
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4.3.3 Final inspections and requirements

No visible damage.

4.4 Resistance to soldering heat
4.41 General

See IEC 60384-1:2016, 4.14 with the details from 4.4.2 to 4.4.5.

4.4.2 Initial inspections

In a¢gcordance with 4.3.2.

4.4.3 Test Conditions
No gre-drying.

— Method 1 (solder bath) or 2 (soldering iron) of IEC 60384-1:2016, 4.44, unless otherwise
4pecified in the detail specification.

— [uration: 5s + 0,5s or 10 s + 1 s, unless otherwise specified ginthe detail specification.

If mé¢thod 1 is applied, immersion and withdrawal speed shallkbe-25 mm/s + 2,5 mm/s

4.4.4 Recovery

Thelrecovery period shall be 1 hto 2 h.

4.4.% Final inspections, measurements andrequirements

The| capacitors shall be visually examined and measured and shall meet the following

requirements-given-inTable4:

Undgr normal lighting and approxithately 10x magnification, there shall be no signs of danjage
such] as cracks.

The|capacitance and tangent of loss angle shall be measured in accordance with 4.2.3.2|and
shall meet the requirements given in Table 4.

4.5 | Solderability
4.5, Generxal
See|lEC60384-1:2016, 4.15, with the details in 4.5.2 and 4.5.3.

4.5.2—  Testconditions

No ageing.

Temperature of the solder bath and process time for preferred solders:

— SnPb solder: 235°C+3°Cfor(2+0,2)s;
— Sn96,5Ag3Cu,5 solder: 245 °C + 3 °C for (3 £ 0,3) s;
— Sn99,3Cu,7 solder: 250 °C £ 3 °Cfor(3+£0,3)s.

The requirements for the globule test method shall be prescribed in the detail specification.
When neither the solder bath nor the solder globule method is appropriate the soldering iron
test shall be used with soldering iron Size A.
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4.5.3 Final inspections and requirements

The capacitor shall be visually examined under normal lighting and approximately 10x
magnification.

The areas to be soldered shall be covered with a smooth and bright solder coating with no
more than a small amount of scattered imperfections such as pinholes or un-wetted or
dewetted areas. These imperfections shall not be concentrated in one area.

In tHe solder globule method, the detail specification shall define the flow time of the sohd Brin

secqnds. Qy
&)

4.6 | Rapid change of temperature Q\

4.6. General ,<\ :

/
See|lEC 60384-1:2016, 4.16, with the details from 4.6.2 to 4.6.4. (bb‘

4.6.2 Initial inspections &Q

The|capacitance shall be measuré@n accordance with 4.2.2.2.

The| tangent of loss angle Q\ﬁal be measured in accordance with 4.2.3.2 or 4.2.3.4 as
appfiopriate.

4.6.3 Test condi@
Test conditions@gs follows:

- capacito@gﬁall be tested for 5 cycles;

- cura@of exposure at the temperature limits: 30 min, unless otherwise prescribed ir] the
de ecification for larger capacitors.
@ p g p

4.6.4 Final inspections and requirements

The capacitors shall be visually examined and there shall be no visual damage.

When prescribed in the detail specification, capacitors shall be measured after recovery; they
shall meet the requirements of the detail specification.

4.7 Vibration
4.71 General

See IEC 60384-1:2016, 4.17, with the details from 4.7.2 to 4.7 .4.
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4.7.2 Initial inspections

Not required

4.7.3 Test conditions

The

following degree of severity of test Fc applies.

The
mou
the |

4.7.4
See

4.8
4.8.

The

See

4.8.]

Not

4.8.

The

requency range is one of the following: 10 Hz to 55 Hz, 10 Hz to 500 Hz or 16K
000 Hz;

mplitude or acceleration (whichever is the lower acceleration): 0,75 mm or 40@m/s?;

ptal duration: 6 h (2 h in each X, Y and Z -axis direction).

detail specification shall specify the frequency range and shall™also prescribe
nting method to be used. For capacitors with axial leads and intended to be mounte
eads only, the distance between the body and the mounting pointsshall be 6 mm + 1 n

Ll Final inspections;-measurements and requirements

Fable-4- The capacitors shall be visually examined and.there shall be no visual dama

Bump (repetitive shock)
General

detail specification shall state whether.the’bump or the shock test applies.
IEC 60384-1:2016, 4.18, with the details from 4.8.2 to 4.8.4.

P Initial measurements

required.

B Test conditions

detail specification shall state which of the following severities applies.

Tot

| number-of bumps: 1 000 or 4 000

the
d by

he.

Accélerdtion: 400 m/s? } 4’100 m/s?2
or

Pul e duration: 8- mes
Se—-atHaHoh- oS

168 mes
oS

The detail specification shall also prescribe the mounting method to be used. For capacitors
with axial leads and intended to be mounted by the leads only, the distance between the body

and

the mounting point shall be 6 mm = 1 mm.

4.8.4 Final inspections, measurements and requirements

The capacitors shall be visually—examined—and—measured inspected and shall meet the
requirements given in Table 4.
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Shock

4.9.1 General

The

See

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

IEC 60384-1:2016, 4.19, with the details from 4.9.2 to 4.9.4.

4.9.2 Initial measurements

Not

required.

4.9.

The

B Test conditions

detail specification shall state which of the following preferred severities applies:

Pulse-shape: half-sine

The
with
and

4.9.4

The
reqy

4.10

4.10.

See

4.10.

Table 15 — Preferred severities in shock test

Peak acceleration Corresponding duration
of the pulse
m/s? ms
300 18
500 11
1000 6

detail specification shall also prescribe the mounting method to be used. For capac
the mounting point shall be 6 mm = 1 mnn.

Ll  Final inspection, measurements and requirements

capacitors shall be visually~examined—and—measured inspected and shall meet
irements given in Table 4.

Climatic sequence
1 General

IEC 603842422016, 4.21, with the details from 4.10.2 to 4.10.9.

2 Initial measurements

Not

Fequired, see 4.3.2, 4.4.4, 4.8.4 or 4.9.4 as applicable.

4.10

See

4.10

See

4.10

See

.3 Dry heat
IEC 60384-1:2016, 4.21.3.

.4 Damp heat, cyclic, Test Db, first cycle
IEC 60384-1:2016, 4.21.4.

.5 Cold
IEC 60384-1:2016, 4.21.5.

tors

axial leads and intended to be mounted by the leads only, the distance between the body

the
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4.10.6 Low air pressure (if required)

4.10.6.1 General

See

IEC 60384-1:2016, 4.21.6, with the details in 4.10.6.2 and 4.10.6.3.

4.10.6.2 Test conditions

The test, if required in the detail specification, shall be made at a temperature of 15 °C to
35 °C and a pressure of 8 kPa. The duration of the test shall be 1 h.

While still at the specified low pressure and during the last 5 min of the 1-h period, the\r

voltage shall be applied.

The|sample part of capacitors submitted to this test shall be subdivided into, two or t
parts as necessary and each part submitted to one of the tests laid down~in* Table
IEC 60384-1:2016. The test voltage shall be applied to terminations, case,'etC., as givd
4.2.1.

4.10.6.3 Final inspections, measurements and requirements

The|capacitors shall be visually-examired inspected and shall meet the requirements giveg
Table 4.

4.10.7 Damp heat, cyclic, Test Db, remaining cycles

4.10.7.1 General

See

4.10.7.2 Test conditions

Within 15 min after removal from the:damp heat test, the rated voltage shall be applied f

min

4.10.8 Recovery

The

4.10.9 Final inspections, measurements and requirements

Afte

meejt the requirements given in Table 4.

IEC 60384-1:2016, 4.21.7, with the detailsciny4.10.7.2.

at-test measuring point-A 1a) using the test circuit conditions as given in 4.2.1.

recovery period shallbe 1 h to 2 h, unless otherwise specified in the detail specificati

 recovery~the capacitors shall be visually-examined inspected and measured and-{

ated

hree
B3 of
n in

nin

pn.

shall
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Damp heat, steady state
.1 General
IEC 60384-1:2016, 4.22, with the details from 4.11.2 to 4.11.6.

.2 Initial-measurements inspections

The capacitance shall be measured according to 4.2.2.2. The tangent of loss angle shall be

mea

sured according to 4.2.3.2 or 4.2.3.4.

44

el

4.11

Test

-

-
4.1

The

4.1

Afte
mee

voltdge should/be separately defined.

4.11

- e e e e e e de e Bosonl e s lloe s oo nn o e
.3 Test conditions

conditions are as follows:

emperature: 40 °C £ 2 °C;

elative humidity: (93 £ 3) %;

pplied voltage: a) No voltage shall be applied;

within 15 min after removal from the test chamber,
voltage proof test of 4.2-\shall be carried out at test
1a) only, using the rat€d voltage ;

b) If the detail specification so requires, there shall be ang

specification shall define the inspection and measurern
requirementsg

Both test greups are equal in size.
uration: 4d, 10 d,21 d or 56 d.

.4 Recovery

recovery period shall beX\H to 2 h.

.5 Final inspections, measurements and requirements

[ recovery, thel capacitors shall be visually-examined inspected and measured and
it the requirements given in Table 4. The requirements for testing without voltage and

.6  (Humidity robustness grades

the
oint

ther

test group fors\iesting with rated voltage. The detail

nent

shall
with

the

Ann

x A doccriboc tho claccolficalion of varlaue huemidily robucinoace grados and

associated test conditions. If the detail specification describes a humidity robustness grade, it
should be selected from this Annex A.

4.12 Endurance

4.12.1 General

See

IEC 60384-1:2016, 4.23, with the details from 4.12.2 to 4.12.4.

4.12.2 Endurance test at 50 Hz/60 Hz alternating voltage-(ifapplicable}
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.2.1 Initial-measurements inspections

The

The

4.12

capacitance shall be measured in accordance with 4.2.2.2.
tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4.

.2.2 Test conditions

In affdition To TEC 60384-1:20706, 4.23, the Tollowing details apply, unless otNerwise Spec

in th

-

NOTF

4.12

The
give

4.12

4.12

NOTF

out an endurance test with a sinusoidal wave.

4.12.

The

The

4.12

fied

Hz

1S).

detail specification:

uration of test: 1000 h 24 h (Grade 2) or 2000 h +24 h (Grade 1

alue of the applied voltage: 1,25 times the rated AC voltage (frequency: 50/6(
sinusoidal);

emperature of the chamber: AC rated temperature;

ource impedance: lower than 0,1 times the impedance of the grou
capacitors under test.

. This test is not applicable for capacitors with rated AC veltages less than 200 V (RN

2.3 Final-examination inspections, measurements and requirements

capacitors shall be visually inspected and measured and shall meet the requiremgents

hin Table 4.

.3 Endurance test with sinusoidal cutrent or voltage (if-applicable required)

.3.1 General

. The object of the test is to produce an average overheating of the capacitor by cary

3.2 Initial-measurements inspections

capacitance ghall be measured in accordance with 4.2.2.2.

tangent(of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4.

.3(3,~ Test conditions

ying

RMS current or voltage:

uration ot test: 100U N x Z4 h (Grade £) or Z0UU nh £Z4 n (Grade 1),

with reference to therated nominal capacitance;

— frequency: to be given in the detail specification;
— test temperature: standard atmospheric conditions for testing.
Hotseoneodlestmanal

1.1 % +010% times the rated AC current or voltage (RMS)

NoTE4+ The RMS value of the current-must shall also be applicable to the lowest limit of the
capacitance tolerance. The RMS value of the voltage-must shall also be applicable to the

high

est limit of the capacitance tolerance.
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NoTE2 If the capacitor is guaranteed in current, the test-must shall be understood without any
correction on the applied current. If the capacitor is guaranteed in voltage, the test-must shall

be u

nderstood without any correction on the applied voltage.

NOTE-3 For qualification approval, capacitors within 2 % from the lowest tolerance limit shall be
selected for current testing. For qualification approval, capacitors within 2 % from the highest
tolerance limit-must shall be selected for voltage testing. No special selection shall be made
for periodic tests.

4.12

.3.4 Final inspections, measurements and requirements

The

capacitors shall be inspected and measured and shall meet the requirements givue

Table 4.

4.12
4.12

NOT
peri

4.12

.4 Pulse endurance test (if-applicable required)
.4.1 General

L The object of the test is to verify that the capacitor can withstand<an endurance te
pdic pulses without significant temperature rise.

4.2 Initial-measurements inspections

The

The

4.12

-

w s & b4

capacitance shall be measured in accordance withy4.2.2.2.

tangent of loss angle shall be measured incagtordance with 4.2.3.2 or 4.2.3.4.

.4.3 Test conditions

uration of test: 1000°h + 24 h (Grade 2) or 2000 h +24 h (Grade 1);
emperature: standard atmospheric conditions for testing;

ulse repetition rate: according to the detail specification;

au _ . I
e e A o L e R e
_dt
mperature rise (10 °C).
\ frequency of #*Hz may be used for ratings greater than 500 V/us if 50 Hz/60 Hz giv
ignificant tempetature rise (> 10 °C).

n in

5t of

£S a

pplied peak-voltage: equal to the rated peak voltage (to be given in the detail

specification);

ischarge time constant: a) 1,5 times the rated value, when expressed by Teak

current per unit of capacitance (A/uF) or by the

maximum % (Vlus);

b) 0,67 times the rated value, when expressed
discharge time constant(s);

I
NOTE —— = d—U = c with R - Cy, = discharge time constant.
C t R, -C
d N
— charge time constant: 10 times the discharge time constant;
— duration of the charge period: > 5 times the charge time constant;

— duration of the discharge period: > 5 times the discharge time constant;

— maximum peak reverse voltage: 10 % of the applied peak voltage.

by
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4.12.4.4 Final-examination inspections, measurements and requirements

The capacitors shall be visually inspected and measured and shall meet the requirements
given in Table 4.

4.13 Charge and discharge
4.13.1 General

See IEC 60384-1:2016, 4.27, with the details from 4.13.2 to 4.12.5.

4.13.2 Initial-measurements inspections

The|capacitance shall be measured in accordance with 4.2.2.2.
Theltangent of loss angle shall be measured in accordance with 4.232 or 4.2.3.4.

4.13.3 Test conditions

The|capacitors shall be subjected to 10 000 cycles of ,charge and discharge at a rate of
appfioximately one cycle per second. Each cycle shall consist of charging and discharging the
capacitor. Each capacitor shall be individually charged with the rated voltage through a
resigtor with a value

-6
22 )210 - (220 x 1078)/Cy, ()

_ IR

whefe €r Cy is the—rated nominal~capacitance in farads, or the value required to limif) the
charge current to 1 A (or to_the higher current value given in the detail specificat|on),
whidghever resistance value is the greater.

Each capacitor shall be individually discharged through a resistor with a value of

104106

-

¥a) (10 x 1078)/cyy (@)
R

with| a minimum of 20 Q, or a lower value when prescribed in the detail specification,

calcplated as follows from the value of du prescribed in the detail specification:

s
il

4.13.4 Recovery

The recovery shall be 1 h to 2 h.

4.13.5 Final inspections, measurements and requirements

After recovery, the capacitors shall be measured and shall meet the requirements given in
Table 4.
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4.14 Component solvent resistance (if required)

See |[EC 60384-1:2016, 4.31.

4.15 Solvent resistance of marking (if required)

See |IEC 60384-1:2016, 4.32.

4.16 Sealing (if required)
See IEC 60384-1:2016, 4.20.

IEC 60384-17:2019 RLV © IEC 2019
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A1

Annex A
(normative)

Humidity robustness grades

General

In addition to the description of preferred climatic categories in 2.1 and the damp heat,

steady-state test in 4.11,

Sta

See|2.1.2 and 4.11.3, a).

defi

Gragle (I) robustness under humidity s\

An

Gragle (Il) robustness under high hur@&ty

An

An

NOTE 1

test

Q
A.2|] Humidity robustness grades o)
N

In t:l:|s grade, humidity robustness under operating condltlons@h applied voltage is

Gragle (lll) high ro@ness under high humidity

Q
v
:<\ .
‘bb‘

ndard

ed.

\<</

Test condition: damp heat, steady staté\\% °C / 93 % RH, duration 21 days, rated

voltage applied. (%)
&

Q\

O
Test condition: dam@%at, steady state; 40 °C / 93 % RH, duration 56 days, rateg
voltage applied. .,

ge applied.

ddditional sample shall be tested with rated ACQ@age applied. See 2.1 and 4.11.3, b).

gddditional sample shall be test@ with rated AC voltage applied. See 2.1 and 4.11.3, b).

edditional@le shall be tested with rated AC voltage applied. See 2.1 and 4.11.3, b).

I;Fondition: damp heat, steady state; 60 °C / 93 % RH, duration 56 days, rateq
N

time in acceptable limits.

this Annex A describes specific humidity robustness grades for

appl[CatoNs WheTe high Stabitity Under g h=Numigty OpeTating Condtons 1S Taquired—
A

not

AC

AC

AC

In Grade (ll1), the test temperature has been increased to 60 °C from the standard condition to keep the

NOTE 2 For fixed metallized polypropylene capacitors the 85 °C / 85 % RH test is not applicable, because it can
generate failure mechanisms, which do not exist in most applications. If the 85 °C / 85 % RH test is required for
specific applications, additional design measures are necessary.

The requirements for the tests have to be given in the detail specification, but the minimum
requirements given in the Table A.1 shall be fulfilled.

Table A.1 — Minimum requirements

Measurement Measuring method Requirements

Ca

pacitance 4.2.2 Grade 1.1 |AC/C | < 2%
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Grade 1.2 |AC/C | < 6%
Grade 2 |Ac/c | £ 10%

Tangent of loss angle

4.2.3

Grade 1 < 0,002
Grade 2 < 0,004

Insulation resistance

4.2.4

> 50% of the applicable limits in 4.2.4.3, Table 11

A.3 Indication of humidity robustness grades

In alﬂdition to the climatic category, information on the humidity robustness grade sha

| be

indigated in the information provided by the manufacturer. Marking on the capacito¥/is| not

required.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 17: Sectional specification — Fixed metallized polypropylene
film dielectric AC and pulse capacitors

1) T

2)

3) I

4) I

5) 1B

6)
7)

8)

FOREWORD

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
| national electrotechnical committees (IEC National Committees). The object of IEC\is to prg

is end and in addition to other activities, IEC publishes International Standards, Technical Specifica
echnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter \referred to as
Lblication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inter
the subject dealt with may participate in this preparatory work. International; governmental and
bvernmental organizations liaising with the IEC also participate in this prepafatien. IEC collaborates cl
th the International Organization for Standardization (ISO) in accordance ‘Wwith conditions determine
jreement between the two organizations.

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

C Publications have the form of recommendations for interfational use and are accepted by IEC Na
pmmittees in that sense. While all reasonable efforts are @nade to ensure that the technical content o
Lblications is accurate, IEC cannot be held responsible/ for the way in which they are used or fo
isinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Publicg
Bnsparently to the maximum extent possible in(their national and regional publications. Any diverd
btween any |IEC Publication and the corresponding national or regional publication shall be clearly indica
e latter.

C itself does not provide any attestation.'6f conformity. Independent certification bodies provide confg
Esessment services and, in some areas;‘access to IEC marks of conformity. IEC is not responsible fo
brvices carried out by independent ceftification bodies.

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

p liability shall attach to IEC onits directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature® whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out-efithe publication, use of, or reliance upon, this IEC Publication or any othe
Lblications.

tention is drawh, to the Normative references cited in this publication. Use of the referenced publicatid
dispensable for;the correct application of this publication.

tention is" drawn to the possibility that some of the elements of this IEC Publication may be the subjd
htent rights” IEC shall not be held responsible for identifying any or all such patent rights.

national Standard |IEC 60384-17 has been prepared by IEC technical committee

ising
mote

ternational co-operation on all questions concerning standardization in the electrical and-electronic fields. To

ions,
“IEC
psted
non-
psely
d by

ional
m all

ional
f IEC
any

tions
ence
ed in

rmity

r any

and
ge or
and
IEC

ns is

ct of

40:

TR

This third edition cancels and replaces the second edition published in 2005. This edition
constitutes a technical revision.

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

editi

on:

a) all parts of the document have been revised based on the ISO/IEC Directives, Part 2:2016

(

seventh edition) and harmonization between other similar kinds of documents;

b) tables and Clause 4 have been revised so as to prevent duplications and contradictions;

c) new damp heat steady-state robustness classes with test conditions have been added in
text, in Clause 4 and in Annex A.
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text of this International Standard is based on the following documents:

FDIS Report on voting
40/2654/FDIS 40/2664/RVD

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

This

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

The
elec

The
stab
the

o I
o !
o I

e g

The

list of all parts of the IEC 60384 series, under the general title Fixed capacitors for.us
fronic equipment, can be found on the IEC web site.

committee has decided that the contents of this document will remain unchanged unti

lity date indicated on the IEC website under "http://webstore.iec.ch" in the, data relatq
specific document. At this date, the document will be

econfirmed,

vithdrawn,

eplaced by a revised edition, or

mended.

contents of the corrigendum of December 2020 have been included in this copy.

ein

the
dto
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

Part 17: Sectional specification — Fixed metallized polypropylene
film dielectric AC and pulse capacitors

1 General

1.1 Scope

This| part of IEC 60384 applies to fixed capacitors with metallized electrodes
polypropylene dielectric for use in electronic equipment.

NOTE Capacitors that have mixed film and metallized electrodes are also within the scope“af this standard.
Thesge capacitors may have "self-healing" properties depending on conditions of use.

Cap
and
max

Cap
250

highlest part of a range of reactive power mainly situated below 500 var at 50 Hz.

This

Two

Gradle 2 for general application.

Cap
IEC

hcitors covered by this specification are mainly intended for(use with alternating vol
or for pulse applications. The maximum reactive power applicable is 10 000 var and
mum peak voltage is 3 000 V.

bcitors for reactive power exceeding 500 var, and_ to which a maximum peak voltag
0 V at 50 Hz can be applied, are not covered by‘this document, except when they are

document is not intended to cover capacitance values higher than 20 pF.

performance grades of capacitorstare covered, Grade 1 for long-life application

bcitors for electromagnetic inhterference suppression are not included, but are covere
60384-14.

hcitors for electrical\shock hazard protection (covered by IEC 60065 of IEC tech

ittee 61) and (fluorescent lamp and motor capacitors (covered by IEC 60252-1

r discharge.\lamp circuits (covered by IEC 61048 and IEC 61049 of IEC tech
ittee 34).are also excluded.

and

tage
the

e of
the

and

d by

nical
and
and
nical

methods and to give general performance requirements for this type of capacitor. Test
severities and requirements prescribed in detail specifications referring to this sectional
specification shall be of equal or higher performance level. Lower performance levels are not
permitted.

1.3

Normative references

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

any

IEC

amendments) applies.

60062, Marking codes for resistors and capacitors
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IEC 60068-1:2013, Environmental testing — Part 1: General and guidance

IEC 60384-1:2016, Fixed capacitors for use in electronic equipment — Part 1. Generic
specification

IEC 60384-16, Fixed capacitors for use in electronic equipment — Part 16: Sectional
specification: Fixed metallized polypropylene film dielectric d.c. capacitors

IEC 61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for inspection of electronic components and packages

ISO

1.4
1.4.

Detd

Dets
or b
liste
aste

The

The

quoted shall preferably be selected from those given in the appropriate clause of

sect

1.4.;

The
of t

inteichangeability and moupting, shall be given in the detail specification. All dimensions 5

pref
the

The

3, Preferred numbers — Series of preferred numbers

Information to be given in a detail specification
General

il specifications shall be derived from the blank detail specification.

il specifications shall not specify requirements inferior to these of the generic, secti
lank detail specification. When more severe requirements, are included, they shal
d in 1.9 of the detail specification and indicated in the test-schedules, for example b
risk.

information given in 1.4.2 may, for convenience,{fe" presented in tabular form.

onal specification.

p Outline drawing and dimensions

e shall be an illustration of the:capacitor as an aid to easy recognition and for compar
he capacitor with others-Dimensions and their associated tolerances, which a

brably be stated in millimétres. However, when the original dimensions are given in in
converted metric dimensions in millimetres shall be added.

numerical values of the body shall be given as follows:

eneral case: width, length and height;
pr cylindrical body: diameter and length.

onal
| be
y an

information in 1.4.2 to 1.4.4 shall be givenyih each detail specification and the vaflues

this

ison
ffect
shall
thes,

The

nufnerical values of the terminals shall be given as follows:

— width or diameter, length and spacing.

When necessary, for example when a number of items (sizes and capacitance/voltage ranges)
are covered by a detail specification, the dimensions and their associated tolerances shall be
placed in a table below the drawing.

When the configuration is other than 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.
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1.4.3 Mounting

The detail specification shall specify the method of mounting to be applied for normal use and
for the application of the vibration and the bump or shock tests. The capacitors shall be
mounted by their normal means. The design of the capacitor may be such that special
mounting fixtures are required in its use. In this case, the detail specification shall describe
the mounting fixtures and they shall be used in the application of the vibration and bump or
shock tests.

1.4.4 Ratings and characteristics

1.4.47 General

The|ratings and characteristics shall be in accordance with the clauses of this spegification,
inclyding the items as specified in 1.4.4.2 to 1.4.4.5.

1.4.4.2 Nominal capacitance range

Seel2.2.1.

Whegn products approved to the detail specification have different-hominal capacitance ranges,
the following statement should be added: "The nominal capacitance range available in g¢ach
voltdge range is given in the register of approvals, available/for/example on the IECQ ontline
certificate system website, www.iecq.org."

1.4.4.3 Sinusoidal current (if applicable)

The| detail specification shall state the derating ‘curve of the sinusoidal current vefsus
temperature with reference to 70 °C, and the derating curve of the sinusoidal current versus
frequency and of the sinusoidal current versug’capacitance.

1.4.4.4 Particular characteristics

Additional characteristics may be~listed, when they are considered necessary to spg¢cify
adequately the component for design and application purposes.

1.4.4.5 Soldering

The|detail specificationtshall specify the test methods, severities and requirements applicpble
for the solderabilityyand the resistance to soldering heat tests.

1.4.% Marking

The|detailspecification shall specify the content of the marking on the capacitor and on the
packaging. When there are deviations from 1.6, these shall be given in the detail specification.

1.5 Terms and definitions
1.5.1 General

For the purposes of this document, the applicable terms and definitions of IEC 60384-1:2016,
and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

e |SO Online browsing platform: available at http://www.iso.org/obp
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1.5.2 Performance and stability grades

The
appl

performance grade describes the capacitor’'s ability to function in the intended

ications. The stability grade describes capacitance drift in tests.

1.5.2.1
performance grade 1 capacitors
<long-life> capacitors for long-life applications with stringent requirements for the electrical

para

meters

Note

The
comb

1.5.
1.5.

The
capa

ignation for combined performance grade and stability grade

1 to entry: The performance grade and the stability grade shall be noted in the-detail specification.

rmance grade and stability grade combination

1 to entry: Table 1 shows the preferred combination designations.

Table 1 — Preferred designations_of performance grade and
stability grade.combinations

Performance Stability Combination
grades grades designations
1 1.1
1
2 1.2
2 - 2

hree combinations concern Capacitance stability and tan & values. Distinction in performance of the
inations is shown in Table 4.

J Rated voltages
8.1 General

sum efithe DC voltage and the peak AC voltage or the peak pulse voltage applied tg
citor_shall not exceed the rated voltage. The value of the peak AC voltage allowe

for

three

the
d at

diffe]

reni/frequencies is under consideration.

1.5.3.2
rated DC voltage
maximum DC voltage that may be applied continuously to a capacitor at the rated temperature

1.5.3.3

rated AC voltage
maximum RMS alternating voltage that may be applied continuously to a capacitor at the
rated temperature and at a given frequency

1.5.3.4

rated pulse voltage
peak value of the pulse voltage that may be applied continuously to a capacitor at the rated
temperature and at a given frequency
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1.5.3.5
rated voltage pulse slope

maximum admissible value of the voltage slope cii_(t] of a pulse at the rated temperature at

such a repetition frequency that no significant increase of temperature occurs

(du)
(dt)R

Note 1 to entry: The formula for rated voltage pulse slope is

1.6 Marking

1.6. General

See|lEC 60384-1:2016, 2.4, with the details given in 1.6.2 to 1.6.5.

1.6.2 Information for marking

Infofmation given in the marking is normally selected from the following list. The relative
impgrtance of each item is indicated by its position in the list:
a) nominal capacitance (in clear or code in accordance with IEC 60062);

b) nrated AC and/or pulse voltage (AC voltage may be indicated_by the symbol ™ (IEC 60417-
b032-2002-10)) and the corresponding frequency if different from 50 Hz;

c) folerance on nominal capacitance;

d) fated DC voltage (DC voltage may be indicated by the symbol ——_- or ——
IEC 60417-5031-2002-10)) (if applicable);

e) rated voltage pulse slope (if applicable);

f) nated current and corresponding frequency-(if applicable);
g) year and month (or year and week) of-manufacture;

h) manufacturer's name and/or trade\mark;

i) ¢limatic category;

j) manufacturer's type designation;

k) neference to the detail specification.

1.6.3 Marking on,capacitors

The|capacitor shall'be clearly marked with a), b) and c) of 1.6.2 with as many as possible of
the femaining_ items as is considered necessary. Any duplication of information in the marking
on the capacitor should be avoided.

Any|marking shall be legible and not easily smeared or removed by rubbing with a finger.

1.6.4 Marking on packaging

The packaging containing capacitor(s) should be clearly marked with all the information listed
in 1.6.2 as applicable.

1.6.5 Additional marking

Any additional marking shall be so applied that no confusion can arise.
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2 Preferred ratings and characteristics

2.1

Preferred characteristics

21.1 General

The

values given in detail specifications shall preferably be selected from 2.2.1 to 2.2.8.

2.1.2 Preferred climatic categories

The

capacitors covered by this specification are classified into climatic categories in

accd

The
test

- |
- U
-

The

rdance with the general rules given in IEC 60068-1:2013, Annex A.

lower and upper category temperatures and the duration of the damp heat, stéady-4
shall be chosen from the following:

bwer category temperature: -55 °C, -40 °C, -25 °C and -10 °C;
pper category temperature: +70°C, +85 °C, +100 °C, +105 °C, +110Q 2C and +125 °C;
uration of the damp heat, steady-state test: 4 d, 10 d, 21 d and 56.d.

severities for the cold and dry heat tests are the lower and. upper category temperaty

respectively.

2.2,

For

Id be given in connection with the climatic category.

Preferred values of ratings
Nominal capacitance (Cy)

erred values of nominal capacitancetare values chosen from the E series of IEC 60
h are given in Table 2, and their decimal multiples (x 10”%, where # is an integer).

2 Tolerance on nominalcapacitance

3 Nominal capacitance with associated tolerance values

breferred combinations of capacitance series and tolerances, see Table 2.

Table 2 — Preferred combinations of capacitance series and tolerance

preferred tolerances on_the nominal capacitance are +20 %; +10 %; 5 %; +2 %; £1 %.

tate

res,

ecified in the detail specification, the humidity robustness grade according to Anngx A

P63,

Preferred combinations
Sertes Toterances
E6 +20 %
E 12 +10 %
E 24 +5 %
E 48 2 %
E 96 1 %

2.2.4 Rated AC voltage (Ugac or Ugr-)

The frequency for the rated AC voltage shall be 50 Hz/60 Hz unless the detail specification

pres

cribes a higher frequency.
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The preferred values of rated AC voltage (RMS value) shall be chosen from the R10 or R20
series given in ISO 3.

The detail specification shall give the derating curve of the admissible RMS voltage versus
temperature (higher than rated temperature) and, if applicable, versus frequency.

2.2.5 Category AC voltage (Ucac or Uc-)

The category AC voltage is equal to the rated AC voltage Ugac for upper category
temperatures up to 85 °C. For an upper category temperature 100 °C, the category AC

volt ' > 2 will
be Ialculated following the slope from Ugrac at85 °C to 0,7 Ugpc at 100 °C for 1ach
temperature (for example 105 °C, 110 °C or 125 °C).

Figure 1 gives the category AC voltage ratio to rated AC voltage as a function of upper
category temperature.

1.1

1,0®

0,9

0,8

0,7

0,6

0,5

0,4

0,3

Category AC voltage/rated AC voltage

0,2

0,1

80 85 90 95 100 105 110 115 120 125

Temperature (°C)

Figure 1 — Category AC voltage/rated AC voltage
versus upper category temperature

2.2.13 Rated temperature

The standard value for rated temperature is 85 °C. Except for an upper category temperature
of 70 °C, the rated temperature is 70 °C.

NOTE For DC rated voltage, the rated temperature is 15 °C higher than for AC rated voltage.

2.2.7 Rated AC current (if required)
The detail specification shall state:

— the frequency;

— the RMS value of the rated AC current applicable at the specified frequency (value chosen
from R10 or R20 series);

— the derating curve of the admissible AC current versus ambient temperature.
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2.2.8 Rated pulse voltage (if required)

The

w

3.1

The
opel

3.2

Cap
prog
volta

3.3

The
in th
requ

by aftribute.

34
3.4.
The

The
peri

3.4.2.

3.4.]
3.4.

The
ber
the

detail specification shall state:

voltage pulse slope
duration of the pulse
repetition frequency of the pulses

Quality assessment procedures

Primary stage of manufacture

primary stage of manufacture is the winding of the capacitor element or the ‘€quiva
ation.

Structurally similar components

citors considered as being structurally similar are capacitors_produced with sin
esses and materials, though they can be of different case sizesS and capacitance
ge values.

Certified test records of released lots

information required in IEC 60384-1:2016, Q.1.5 shall.be made available when prescr
e detail specification and when requested by a_putchaser. After the endurance test
ired parameters are the capacitance and tan §_The insulation resistance is only reqt

Qualification approval procedures
General

procedures for qualification approval testing are given in IEC 60384-1:2016, Q.2.

schedule to be used for\-qualification approval testing on the basis of lot-by-lot

pdic tests is given in 3.51 The procedure using a fixed sample size schedule is givd
D

p Qualification approval on the basis of the fixed sample size procedure
.1 Sampling
fixedssample size procedure is described in IEC 60384-1:2016, Q.2.4. The sample §

lent

hilar
and

bed
the
ired

and
nin

shall

vhole or part of the range given in the detail specification.

bpresentative of the range of capacitors for which approval is sought. The sample mar/ be

The sample shall consist of four specimens having the maximum and minimum rated voltages,
and, for these voltages, the maximum and minimum capacitances. When there are more than
four rated voltages, an intermediate voltage shall also be tested. Thus, for the approval of a
range, testing is required of either four or six values (capacitance/voltage combinations).
When the range consists of fewer than four values, the number of specimens to be tested

shal

| be that required for four values.

Spare specimens are permitted as follows:

Two (for six values) or three (for four values) per value, which may be used as replacements
for specimens that are non-conforming because of incidents not attributable to the

man

ufacturer.
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The numbers given in Group 0 assume that all groups 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.

Table 3 gives the number of samples to be tested for each group with the permissible number
of non-conforming items for qualification approval tests.

3.4.2:2 Tests

The|complete series of tests specified in Table 3 and Table 4 are required for the approval of
capacitors covered by one detail specification. The tests of each group shall be ¢arried ojt in
the ¢rder given.

The|whole sample shall be subjected to the tests of Group 0 and then divided for the dther
groyps.

Spegimens found to be non-conforming in the tests of Group 0 shallynot be used for the gther
groyps.

Appfoval is granted when the number of non-conforming itéms is zero.

Table 3 and Table 4 together form the fixed sampl€ ‘size test schedule for the qualification
appfoval on the basis of the fixed sample size procedure.

Table 3 gives the number of the samples and;permissible non-conforming items for each|test
and ftest group.

Table 4 gives a summary of the test conditions and performance requirements, and choices of
the {est conditions and performancg.requirements in the detail specification.

The|test conditions and performance requirements for the qualification approval on the basis
of the fixed sample size procedure should be identical to those for quality conformance
inspections given in the (detail specification.
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Table 3 — Test and sampling plan for qualification approval, assessment level EZ

Group Test Subclause Number of specimens (n)
No. and permissible number of non-conforming items
(c)
Per For four or less | For six values
value® values to be tested®
to be tested® ¢
n 4n 6 n
Visual examination 4.1
Marking 1.6
Dimensions 4.1
Capacitance 4.2.2 29 116 174
Tangent of loss angle 423
0 Voltage proof 4.21
Insulation resistance 424
Inductance @ 4.25 (+5)¢ (+20)¢ (+80)¢
Sealing ¢ 4.16 (+5)¢ (+20)d (+30)d
Spare specimens 2 8 12
A | Robustness of terminations 4.3 3 12 18
Resistance to soldering heat 4.4
Component solvent resistance ¢ 4.14
Solderability 4.5 6 24 36
Solvent resistance of the marking 4.15 0
B | Rapid change of temperature 4.6
Vibration 4.7
Bump or shock 2 4.8 0r4.9
1 Climatic sequence 4.10 9 36 54
2 Damp heat, steady state without 411 5 20 30
voltage
Damp heat, steady state with (+5)¢ (+20)¢ (+30)°
voltage 9
3A Endurance test at 50 Hz/60 HZ 4.12.1 10 40 60
A alternating voltage
3Bf | Endurance test with sinusdidal 4.12.2 (+5)¢ (+20)¢ (+30)d
ach current or voltage.®
Pulse endurance test ¢ 4.12.3 (+5)d (+20)¢ (+30)¢
Characteristics.dépending on 4.2.6 (+5)d (+20)d (+30)d
4|  |temperature'd . . .
Charge and‘\discharge © 4.13 5 20 30
a8 As required.in the detail specification.
b Japaditarice-voltage combinations, see 3.4.2.
¢ Notrequired when pulse endurance test is required.

If required in the detail specification.
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Table 4 — Test schedule for qualification approval (7 of 8)

Subclause number, test and | D or | Conditions of test and Number of Performance requirements?
inspection items?2 NDP measurementsa specimens (n)
and number of
permissible non-
conforming
items (¢)
Group 0 ND See Table 3
4.1 Visual examination See 4.1.2 Legible marking and as specified
in the detail specification
4.1 utnmensions (aetdir) oee 4. 1.2 occ deldll specClliCalon
4.2.2 |Capacitance See 4.2.2.2 Within specified tolerance
4.2.3 |Tangent of loss angle See 4.2.3.2 and 4.2.3.4 See 4.2.3.3 and 4.2:.3.5
(tan o)

4.2.1 |Voltage proof, either
4.2.1.41 DC test, or See 4.2.1.2.2 See 42.1.4

AC test See 4.2.1.3.2 See'4.2.1.4
See ddtail specification for
the tesit
4.2.4 [|Insulation resistance See 4.2.4.2 See 4.2.4.3
4.2.5 |Inductance ¢ See 4.2.5 See detail specification
4.16 [Sealingd See detail specification No seepage of impregnanf or

for the method harmful deformation of thelcase

Group|1A D See Table 3

4.3 Robustness of

4.3.2 |l

terminations

nitial inspections
Capacitance

Tangent of loss angle

4.3.3 Final inspections

Visual examination
Capacitance

Tangent of loss angle

4.4 Resistance to

soldering heat

See |IEC 60384-1:2016,
4.13

See 4.2,.2.2
Seev4.2.3.2 and 4.2.3.4

See 4.1.2
See 4.2.2.2
See 4.2.3.2and 4.2.3.4

See IEC 60384-1:20186,
4.14

See 4.4.3 and detail
specification for the
method (1 or 2), and the
duration of the test

Within specified tolerance

< initial limit

no visible damage
See detail specification

See detail specification

414 CUIII}JUIIUIIt OU:VUIIt SUU :EC 00384 12018, SUU dctal: chb;f;hat;ull
resistance ¢ 4.31
4.4.5 Final inspections and
measurements
Visual examination See 4.4.5 No visible damage
Capacitance See 4.2.2.2 IAC/C] for Grade 1.1: <1 %

Grade 1.2: <2 %
Grade 2: <3 %

of value measured in 4.3.2
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Table 4 (2 of 8)

Subclause number, test and | D or Conditions of test Number of Performance requirements?
inspection items?2 NDP and measurementsa specimens (n)
and number of
permissible non-
conforming items
(c)
Group 1A (continued) D See Table 3
Tangent of loss angle See 4.2.3.2 and Increase of tan &
4.2.3.4 for Cy < 1 puF:
for Grade 1.1: <.030P1
Grade 1.2:< 0,0p2
Grade 2:% X 0,004
of values measured in 4.3.2
for Cy4> WLF:
see)detail specification9
Group|1B D See Table 3

4.5 Solderability

453 Final inspections
Visual examination
4.15 [Solvent resistance of

the marking ¢

4.6 Rapid change of
temperature

4.6.2 [Initial inspections
Capacitance
Tangent of loss anglé
isual inspection

4.6.4 [Final inspections

Visual examination

Capacitance

See 4.5.2. See detail
specification for the
method

See |IEC 60384-1:2016,
4.32.1

See 4.6.3 between Ty
and Ty

T, = Lower category
temperaturée

Ty = Upper category
tempepature

See 4.2.2.2

See 4.2.3.2 and
4.2.3.4

See 4.1.2
See 4.2.2.2

See 4.5.3
Legible marking

Within specified tolerange

< initial limit

No visible damage

See detail specification

rangernt O 10ss dingie

4.7 Vibration

4.7.4 Final inspections
Visual examination

4.8 Bump (or shock, see
4.9)d

4.9 Shock (or bump, see
4.8)d

See 423 2ad

4.2.3.4

See 4.7.3

See detail specification
for the frequency range

See 4.1.2
See 4.8.3

See 4.9.3

See detail specification
for mounting method
and severities

Seedetaitspecification

No visible damage
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Table 4 (3 of 8)

Subclause number, test D or Conditions of test Number of Performance requirements?
and inspection items?2 NDP and measurementsa specimens (n)
and number of

permissible non-

conforming items

()

Group 1B (continued).

4.8.50r4.9.5
Final inspections and

Visual examination See 4.1.2 No visible damage
Capacitance See 4.2.2.2 |AC/C| for Grade)1.1: <1 %o
Grade 1.2: <2 %
Grade 2: <3|%
of valué measured in 4.6.2
Tangent of loss angle See 4.2.3.2 and Increase of tan o:
4.2.3.4 fopCy < 1 uF:
for Grade 1.1: <0,0Q1
Grade 1.2: < 0,002
Grade 2: <0,004
for Cy > 1 pF:
see detail specification,
compared to values measured
in 4.6.2°
Insulation resistance See 4.24.3 > 50 % of values in 4.2.48
Group|1 D See Table 3
4.10 Climatic sequence
4.10.2| Initial inspections
Visual examination See 4.1:2 No visible damage
Capacitance © See 4:2.2.2 See detail specification
Tlangent of loss angle © See 4.2.3.2 and See detail specification
4.2.3.4
nsulation resistance € See 4.2.4.3 See detail specification
4.10.3| Dry heat See IEC 60384-1:2016,
4.21.3
4.10.4 | Damp heat, cyelic, See |IEC 60384-1:2016,
Test Db, first\cycle 4.21.4
4.10.5| Cold See IEC 60384-1:2016,
4.21.5
4.10.6 | "low air pressure ¢ See 4.10.6.2
4.10.6.3 Final inspections
Visual examination See 4.1.2 No permanent breakdown,
flashover or harmful
deformation of the case
4.10.7 Damp heat, cyclic, See 4.10.7.2
Test Db, remaining
cycles
4.10.7.3 Recovery ¢ See 4.10.7.3

4.10.7.4 Final inspections
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Table 4 (4 of 8)

Subclause number, test D or Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements? specimens (n)
and number of
permissible non-
conforming
items (c)
Group 1 (Continued)
4.10.7.4 Final inspections
Visual examination See 412 No visible damage
Legible marking
Capacitance See 4.2.2.2 |AC/C| for Gradeh.t/< 1 %
Grade .2: <3 %
Grade 2: <5 %
of value applied in 4.10.4
Tangent of loss angle See 4.2.3.2and 4.2.3.4 Incredse-of tan &
forCy <1 puF:
for Grade 1.1: < 0,0015
Grade 1.2: < 0,003
Grade 2: <0,005
for C > 1 puF:
see detail specification
Insulation resistance See 4.2.4.3 > 50 % of values in 4.2.4.3
Group|2 D See Table 3
4.11 |Damp heat, steady See 4.11.3
state
4.11.2| Initial inspections See 4.11.2
Capacitance See 4.2.2.2 Within specified tolerange

Tangent of loss angle

See 4.2.32vand 4.2.3.4

< initial limit

4.11.3| Test conditions a) Without voltage
b)"Ifthe detail specification
so specifies, two sets of
samples of equal size
shall be prepared, one
set to be tested without
voltage and one set with
rated voltage applied
4.11.4| Recoveryd See 4.11.4
4.11.5| Final inspections
Visual examination See 4.1.2 No visible damage
Legible marking
Capacitance See 4222 a) Test without voltage

|ACIC| for Grade 1.1: <1 %
Grade 1.2: <3 %
Grade 2: <5%
of value measured in 4.11.2
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Table 4 (5 of 8)

Subclause number, test
and inspection items?2

D or
NDP

Conditions of test and
measurements?

Number of
specimens (n)
and number of

permissible non-
conforming
items (c)

Performance requirements?

Group 2 (Continued)

b) Test with rated voltage

Minimum requirements

Tangent of loss angle

Insutation resistance

See 4.2.3.2 and 4.2.3.4

See 4.2.4.3

according to Annex A

|ACIC| for Grade A, 1< 2 %
Grade'.2: <6 %
Grade 2: <10 %

of value measured in 4.1{1.2

See detail’specification for more
stringent requirements

lCrease of tan 6.
a) Test without voltagg:

for C <1 puF:
for Grade 1: <0,001
Grade 2: <0,002
for C > 1 uF: see detai
specification

compared to values megsured
in4.11.2°¢

b) Test with rated voltpge:

Minimum requirements
according to Annex A:

for C =1 uF:

for Grade 1: £ 0,002
Grade 2: < 0,004

for Cy > 1 uF: see detai
specification

compared to values megsured
in4.11.2°

See detail specification |for
more stringent requirements

> 50 % of values in 4.2.4.3

for both a) and b)
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Table 4 (6 of 8)

Tangent'oftoss angle

4.12.3.8 Testconditions

See 4.2.3.2 and 4.2.3.4

See 4.12.3.3

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurementsa specimens (n)
and number of
permissible non-
conforming items
(c)
Group 3A D See Table 3
4.12.2 Endurance test at
50/60 Hz alternating
voltage
4.12.2.f1 Initial inspections See 4.12.2.1
and
measurements
Capacitance See 4.2.2.2 Within specified tolerancg
Tangent of loss angle See 4.2.3.2 and 4.2.3.4 < initial limit
4.12.5 |Final inspections
Visual examination See 4.12.2.3 No visible damage
Legible marking
Capacitance See 4.2.2.2 |AC/C| for Grade 1: <5 %
Grade 2: <10(%
of value measured in 4.12.p.1
Tangent of loss angle See 4.2.3.2and 4.2.3.4 Increase of tan &
for C <1 pF:
for Grade 1: < 0,002
Grade 2: < 0,004
for C > 1 uF: see detail
specification, compared to
values measured in 4.12.2.1°
Insulation resistance See 4.2.4.3 > 50 % of values in 4.2.4.8B
Group|3B°¢ D See Table 3
4.12.3| Endurance test with
sinusoidal current
or voltage (if
required)
4.12.3.R Initial inspections See 4.12.3.2
and
measurements
Capacitance See 4.2.2.2 Within specified tolerancg

< initial limit

4.12.3.4 Final inspections
and measurements

Visual examination

Capacitance

Testfrequency stattbe
given in the detail
specification

See 4.12.3.4

See 4.12.3.4

See 4.2.2.2

No visible damage
Legible marking

|ACIC| for Grade 1: <5 %
Grade 2: <10 %
of value measured in 4.12.3.2
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Table 4 (7 of 8)

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurementsa specimens (n)
and number of
permissible non-
conforming items
(c)
Group 3B (Continued)
Tangent of loss angle See 4.2.3.2and 4.2.3.4 Increase of tan &
for C,, < 1 uF:
for Grade 1: < 0,0015%
Grade 2: < 0,003
for C\ > 1 uF: see/detail
specifications~comparefl to
values measured in 4.12.3.2°¢
Insulation resistance See 4.2.4.3 > 50 % of‘vialles in 4.2.4.8
Group|3C° D See Table 3
4.12.4| Pulse endurance
test (if required)
4.12.4.p Initial inspections See 4.12.4.2
and
measurements
Capacitance See 4.2.2.2 Within specified tolerancg

Tangent of loss angle

4.12.4.3 Test conditions

4.12.4 4 Final inspections
and measurements

Visual examination

Capacitance

Tangentof loss angle

See 4.2.3.2 and 4.2.3.4

See 4.12.4.3

The pulse repetition rate
and

the applied\peak voltage

shallsbe given in the
detail specification

See 4.12.4.4

See 4.12.4.4

See 4.2.2.2

See 4.2.3.2 and 4.2.3.4

< initial limit

No visible damage
Legible marking

|ACIC| for Grade 1: <5 %
Grade 2: <10 ¢
of value measured in 4.12.4.2

Increase of tan &:
for C <1 pF:
for Grade 1: < 0,0015
Grade 2: < 0,003

Insulation resistance

See 4.2.4.3

for C > 1 pF: see detail
specification, compared to
values measured in 4.12.4.2°

> 50 % of values in 4.2.4.3
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Table 4 (8 of 8)

Subclause number, test D or | Conditions of test and Number of Performance requirements?
and inspection items?2 NDP measurements? specimens (n)
and number of
permissible non-
conforming
items (c)

Group 4 D See Table 3
4.2.6 Characteristics See 4.2.6.2

depending on

temperature *
4.2.6.4 Measuring See 4.2.6.2

conditions
4.2.6.3 Requirements
Capacitance See 4.2.2.2 See Table3-and Table 14

Insulation resistance See 4.2.4.3 See Table 11
4.13 Charge and discharge See 4.13.2

not applicable when

ulse endurance test

iis required)
4.13.2 | Initial inspections

and measurements

Capacitance See 4.2.2.2 Within specified tolerance

Tangent of loss angle

4.13.3 [Test conditions

4.13.4 |Recovery

4.13.5|Final inspections

Capacitance

Tangent of loss angle

lnsulation-resistance

For C\ > 1 uF: See
4.2.3.2

For C\ <1 uF: See
4234

See 4.13.4

See 4.13.4

See'4.2.2.2

See 4.2.3.2and 4.2.3.4

Seed-2.4.3

< initial limit

|ACIC| for Grade 1.1: <19
Grade 1.2: <39

Grade 2: <559

value measured in 4

Increase of tan 6.
for C\ <1 pF:
for Grade 1: < 0,003
Grade 2: < 0,005
for C > 1 uF: see detail
specification, comparg
values measured in 4.

b of
.13.2

d to
13.2¢

OO £ } el 4]
0 OT vVaraesSr=.2-.9

=z JJ

a8 Subclause numbers of test and performance requirements refer to Clause 4.

b In this table: D = destructive; ND = non-destructive.

¢ ¢, = nominal capacitance in microfarads.

4 If required.

€ For use as reference value.
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Quality conformance inspection
1 Formation of inspection lots

1.1 Groups A and B inspection

These tests shall be carried out on a lot-by-lot basis.

A manufacturer may aggregate the current production into inspection lots subject to the
following safeguards:

a)
b)

c)

3.5.

Thege tests shall be carried out on a periodic basis.

Saniples shall be representative of the current production of the specified periods and §

be

appfovals in any period, one case size shall be testeéd\from each voltage group. In subseq
peripds, other case sizes and/or voltage ratings-in production shall be tested with the ai
covgring the whole range.

3.5

The|schedule for the lot-by-lot and periodic tests for quality conformance inspection is g
in thie blank detail specification.

3.5. Delayed delivery

Whgn, in accordance with the procedures of IEC 60384-1:2016, Q.1.7, re-inspection has t
, solderability and:capacitance shall be checked as specified in Group A and Groyp B
inspection.

mad

3.5

Thelassessment level EZ is stated in Table 5 and Table 6.

.2 Test schedule

4 AsseSsment levels

H i Lot la-all H £ 4 4 In + H | H Y L Lo Mo Y
IC TTMoPTULLIVUIT TUL oSTiadll LUTToToU Ul DLlubLulally <1rar vdpyavitulr o \OCC \J-Ll,

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

+ inrelation to their number;

+ with a minimum of five of any one value.
if there are fewer than five of any one value in the sample, the basis, for the drawin
gamples shall be agreed between the manufacturer and a certification body (CB).

.2 Group C inspection

divided into high-, medium- and low-voltage raiings. In order to cover the rang

the

g of

shall
e of
uent
m of

iven

O be
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Table 5 — Lot-by-lot inspection

Inspection EZ

subgroup® ILa na A
A0 100 %°
A1 S-4 d 0
A2 s-3 d 0
B1 s-3 d 0

IL = inspection level

h = sample size
> = permissible number of non-conforming items

The content of the inspection subgroup is described in Clause 2 of the blank detail specification-

fhe inspection shall be performed after removal of non-conforming items by 100 % testing during
manufacturing process. The sampling level shall be established by the manufactirer, preferably
hccordance with IEC 61193-2:2007, Annex A.

Vhether the lot was accepted or not, all samples for sampling inspection shall,_be ‘inspected in ord¢g
monitor outgoing quality level by non-conforming items per million (x1075).

n case one or more non-conforming items occur in a sample, this lot shall be rejécted but all non-conforn
tems shall be counted for the calculation of quality level values.

Dutgoing quality level by non-conforming items per million (x10%8) values shall be calculated
bccumulating inspection data in accordance with the method given imfEC 61193-2:2007, 6.2.

Number to be tested: sample size shall be determined in accordancg with IEC 61193-2:2007, 4.3.2.

the
in

r to

hing

by

Table 6 — Periodic tests

Inspection EZ

subgroup® P @ A
C1A 6 5 0
C1B 6 5 0
C1 6 10 0
C2 6 10 0
C3A 6 5 0
C3B 6 5 0
C3C 6 5 0
C4 6 10 0
c5 6 10 0

b

=’periodicity in months

=\sample size

¢ = permissible number of non-conforming items

The content of the inspection subgroup is described in Clause 2 of the blank detail specification.

4

Test and measurement procedures

NOTE This clause supplements the information given in IEC 60384-1:2016, Clause 4.

4.1

Visual examination and check of dimensions

411 General

See |IEC 60384-1:2016, 4.4, with the details in 4.1.2 and 4.1.3.



https://iecnorm.com/api/?name=cb00744b53c3b2f06559eb6857c60579

- 28 — IEC 60384-17:2019 © |IEC 2019

4.1.2 Visual examination and check of dimensions

Visual examination shall be carried out with suitable equipment with approximately 10x
magnification and lighting appropriate to the specimen under test and the quality level
required.

The operator should have available facilities for incident or transmitted illumination as well as
an appropriate measuring facility.

The capacitors shall be examined to verify that the materials, design, construction and
phycir‘nl dimensions are ar\r\rnr\ria’rn

41.

See

The
speq

4.2
4.2.
4.2.

The

4.2.
4.2,

B Requirements

Table 4.

workmanship shall be in accordance with the applicable requirements 'given in the d
ification.

Electrical tests
Voltage proof for AC capacitors
A General

detail specification shall state which voltage progfitest, DC or AC, is to be applied.

.2 DC voltage proof test

2.1 General

Tes{ circuit, see IEC 60384-1:2016, 4.6, with the following details.

The
sma

product of R, and the nominal capacitance of the capacitor under test (Cy) shal
|ler than or equal to 1 s and \greater than 0,01 s.

R, includes the internal resistance of the power supply.

Rys

4.2.

The
IEC
betw

hall limit the discharge current to a value equal to or less than 1 A.

2.2 Test conditions

voltages given in Table 7 shall be applied between the given measuring points (

etail

| be

from

60384-1:2016, Table 3) for a period of 1 min for qualification approval testing,

and

een’” measuring point 1a) for a period of minimum 1 s for the lot-by-lot quality

conformance testing.

Table 7 — Test voltages, DC

Measuring point Test voltage, DC
1a) 2,5 Ug.
1b), 1c) @ 1,4 Ug.+2000V DC
2 Insulated styles only

If the capacitor has also a rated DC voltage, it shall be tested with the DC voltage proof test
of the DC specification (IEC 60384-16), but if the value mentioned here in Table 7 is higher,

this

value shall be used.
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4.21.3 AC voltage proof test (50 Hz or 60 Hz)

4.2.1.3.1 General

Test circuit as in IEC 60384-1:2016, 4.6, but the capacitor C4 and resistor R, shall be omitted.

The product of Ry and the nominal capacitance of the capacitor under test (Cy) shall be
smaller than or equal to 1 s and greater than 0,01 s.

R, includes the internal resistance of the power supply.

4.2.

The
IEC
betw
testi

4.2.

This

The

NOTE

4.2.]
4.2.]

See

4.2.]

The

3.2 Test conditions

voltages given in Table 8 shall be applied between the given measuring points (
60384-1:2016, Table 3) for a period of 1 min for qualification approval testing,

The occurrence of self-healing-breakdowns during the application of the test voltages is allowed.
p Capacitance
P.1 General

IEC 603845432016, 4.7, with the details in 4.2.2.2 and 4.2.2.3.

p.2 Measuring conditions

from
and

een measuring point 1a) for a period of at least 1 s for the lot-by-lot quality) conformance
ng.
Table 8 — Test voltages, AC
Measuring point Test voltage, AC (RMS)
‘o) 1,5 Ug. for Ug /<250 V
a
1,4 Ug_ for Gg> 250 V
1b), 1c) @ 1,4 U+ 1500 V AC
2 Insulated styles only
4 Requirement
is valid for both DC and AC tests.
e shall be no breakdown or flashover during the test.

capacitance shall be measured at, or corrected to, a frequency of 1 kHz. For nom

inal

capacitance values >10 gF, 50 Hz to 120 HzZ may be used, but 1T KHz shall be the reference
frequency.

The applied peak voltage at 1 kHz shall not exceed 3 % of the rated voltage, and the applied
peak voltage at 50 Hz to 120 Hz shall not exceed 20 % of the rated voltage with a maximum
of 100 V (70 V RMS).

4.2.2.3 Requirements

The

capacitance shall be within the specified tolerance.
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4.2.2.4 Presentation of the allowed capacitance change in tests

The allowed capacitance change in tests in Table 4 shall be presented using either
performance grade or performance and stability grade combination designations in
accordance with Table 1, depending on the test.

4.2.3 Tangent of loss angle (tan o)
4.2.3.1 General
See IEC 60384-1:2016, 4.8, with the details from 4.2.3.2 to 4.2.3.5.

4.2.3.2 Measuring conditions for measurements at 1 kHz
Theltest conditions are as follows:

— frequency: 1 kHz;
— peak voltage: < 3 % of the rated voltage;

— ipaccuracy: <5 x 1074 (absolute value).
4.2.3.3 Requirement for measurements at 1 kHz

Tan|o shall not exceed the applicable values shown in Table 9

Table 9 — Tangent of loss angle limits, 1 kHz

Tan §

Nominal capacitance (absolute value)

uF Grade 1 capacitors Grade 2 capacitors

<1 <10 x40 <20 x 107

For Cn > 1 uF, values of tan ¢ shall be specified in the detail specification.

4.2.3.4 Measuring conditions for measurements at 10 kHz

For gapacitors with Gy < 1 pF, tan d shall be measured as follows.

— frequency: 10 kHz;
— Voltage: <1V (RMS);
— ipaceuracy: <5 x 1074 (absolute value).

4.2.3.5° Requirement for measurements at 10 kHz

Tan ¢ shall not exceed the applicable values shown in Table 10.
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Table 10 — Tangent of loss angle limits, 10 kHz

Tan &
Nominal capacitance (absolute value)
uF Grade 1 capacitors Grade 2 capacitors
<1 <20 x 107 <40 x 107
For e>—tH—ratves-oftanoshat-bespeeifiedinthe-detattspeeifieation
4.2.3.6 Presentation of the allowed tan 6 change in tests
The|allowed tan 6§ change in tests in Table 4 shall be presented using eithet ‘performance
grade or performance and stability grade combination designations in ‘accordance |with
Table 1, depending on the test.
4.2.4 Insulation resistance
4.2.4.1 General
See|lEC 60384-1:2016, 4.5, with the details 4.2.4.2 and 4.2.:4<3.
4.2.4.2 Measuring conditions
Priof to the test, capacitors shall be carefully cleaned to remove any contamination. Care
shall] be taken to maintain cleanliness in.‘the test chambers and during postttest
meajsurements.
Befqre the measurement, the capacitors shall be fully discharged. The product of| the
resistance of the discharge circuit and“the nominal capacitance of the capacitor under|test
shal] be > 0,01 s or any other value-prescribed in the detail specification.
The|measuring voltage shallibe’ in accordance with IEC 60384-1:2016, 4.5.2. The measyring

poin

The

of the voltage source. The product of the internal resistance and the nominal capacitang

the

4.2.4.3 Requirements

The

ks shall be in accordan¢e)with IEC 60384-1:2016, Table 3.

capacitor shall.be smaller than 1 s or any other value prescribed in the detail specifice

insulation resistance shall meet the requirements shown in Table 11.

voltage shall becapplied immediately at the correct value through the internal resistance

e of
tion.
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Table 11 — Insulation resistance requirements

Minimum RC product Minimum insulation resistance Minimum insulation
(R = insulation resistance between the terminations resistance between
between the terminations) terminations and case
(C = nominal capacitance)

s GQ GQ

Measuring points in accordance with Table 3 of IEC 60384-1:
1a) 1a) 1b),1c)

Nominal capacitance:

> 0,33 pF < 0,33 pF
Ratgd voltage:
All voltages
>100V <100V
Gragle:
( 2 1 2 1 2
30000 7 500 15 000 3750 100 25 100

Whgn the test is carried out at a temperature other than (20 °C, the result shall, when
necegssary, be corrected to 20 °C by multiplying the result of the measurement by| the
appfopriate correction factor. In case of doubt, measuyrement at 20 °C is decisive. |The
corrgction factors given in Table 12 can be considered as an average for metallized
polypropylene film capacitors.

Table 12 — Insulation resistance correction factor dependent
on test temperature

Temperature Correction factor

°C

15 0,75

20 1,00

23 1,25

27 1,5

30 1,75

35 2

4.2.% Inductance (if required)

See|lEE'60384-1:2016, 4.11, with the following details.

The maximum inductance value shall be stated in the detail specification.

An approximative value can be provided from measurement of resonance frequency and from
capacitance value measured in 4.2.2.

4.2.6 Characteristics depending on temperature (if required in the detail specification)
4.2.6.1 General

See IEC 60384-1:2016, 4.24.1, with the details in 4.2.6.2 and 4.2.6.3.
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4.2.6.2 Measuring conditions

The capacitance measurements shall be carried out at the temperatures given in items b), d)
and f) of IEC 60384-1:2016, 4.24.1.2. The measurement of insulation resistance is also
carried out at the temperature as given in item f). The measuring points of insulation
resistance are 1a), 1b) and 1c) from IEC60384-1:2016, Table 3.

4.2.6.3 Requirements

The requirements in lower and upper category temperature are given in Table 13 and
Table 14 respectively.

Table 13 — Characteristics at lower category temperature

Test temperature as given in item b) Temperature characteristic of
capacitance
-10 °C and -25 °C
0< 2 <+225%
C
-40 °C
0< 2 <3
C

-55 °C

0< % 43,75 %

Table 14 — Characteristics at upper.category temperature

Test temperature Temperature Insulation resistance Insulation resistance
ap given in item f) characteristic (measuring point 1 a) (measuring point|1b)
of capacitance and 1c) )
Cy > 0,33 yF Cy 0,33 pF
R; x Cy i
s GQ GQ
70 °C 1500 5 5
-2,5% < A9 <o
C
85 °C 1200 4 4
-32259% < AC <o
c
100 °C 750 2,5 2,5

4% < AC <9
c

1p5 °C and 110%€ AC 600 2,2 2.2
-4,5% < =— <-1
c
125.°C 6o < AC _ 500 2,0 2,0
c

4.3 Robustness of terminations
4.3.1 General
See |IEC 60384-1:2016, 4.13, with the details in 4.3.2 and 4.3.3.

4.3.2 Initial inspections

The capacitance shall be measured in accordance with 4.2.2.2.

The tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4 as
appropriate.
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4.3.3 Final inspections and requirements

No visible damage.

4.4 Resistance to soldering heat
4.4.1 General

See |IEC 60384-1:2016, 4.14, with the details from 4.4.2 to 4.4.5.

4.4.2 Initial inspections

In a¢cordance with 4.3.2.

4.4.3 Test conditions
No gre-drying.

— Method 1 (solder bath) or 2 (soldering iron) of IEC 60384-1:2016, 4.14, unless otherpise
gpecified in the detail specification.

— Duration: 5s+0,5s 0or 10 s £ 1 s, unless otherwise specified in.the detail specification.

If mé¢thod 1 is applied, immersion and withdrawal speed shallbe-25 mm/s + 2,5 mm/s

4.4.4 Recovery

The|recovery period shall be 1 hto 2 h.

4.4.% Final inspections, measurements andrequirements

The| capacitors shall be visually examined and measured and shall meet the folloywing
reqyirements:

Undgr normal lighting and approxithately 10x magnification, there shall be no signs of damage
such as cracks.

The|capacitance and tangent of loss angle shall be measured in accordance with 4.2.3.2|and
shall meet the requirements given in Table 4.

4.5 | Solderability
4.5, General

See|lEC60384-1:2016, 4.15, with the details in 4.5.2 and 4.5.3.

4.5.2 Testconditions

No ageing.

Temperature of the solder bath and process time for preferred solders:

— SnPb solder: 235°C+3°Cfor(2+0,2)s;
— Sn96,5Ag3Cu,5 solder: 245°C + 3 °C for (3£0,3)s;
— Sn99,3Cu,7 solder: 250 °C+3°Cfor(3+0,3)s.

The requirements for the globule test method shall be prescribed in the detail specification.
When neither the solder bath nor the solder globule method is appropriate, the soldering iron
test shall be used with soldering iron Size A.
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4.5.3 Final inspections and requirements

The capacitor shall be visually examined under normal lighting and approximately 10x
magnification.

The areas to be soldered shall be covered with a smooth and bright solder coating with no
more than a small amount of scattered imperfections such as pinholes or un-wetted or
dewetted areas. These imperfections shall not be concentrated in one area.

In the solder globule method, the detail specification shall define the flow time of the solder in
secqnds

4.6 | Rapid change of temperature
4.6. General
See|lEC 60384-1:2016, 4.16, with the details from 4.6.2 to 4.6.4.

4.6.2 Initial inspections

The|capacitance shall be measured in accordance with 4.2.2.2.

The|tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4 as
appfopriate.

4.6.3 Test conditions
Test conditions are as follows:

— ¢apacitors shall be tested for 5 cycles;

— duration of exposure at the temperatureilimits: 30 min, unless otherwise prescribed in the
detail specification for larger capaciters.

4.6.4 Final inspections and requirements

The|capacitors shall be visually-examined and there shall be no visual damage.

Whgn prescribed in the detail specification, capacitors shall be measured after recovery; they
shal|l meet the requirements of the detail specification.

4.7 | Vibration
4.7. General
Seel|lEC(60384-1:2016, 4.17, with the details from 4.7.2 to 4.7 .4.

4.7.2 Initial inspections

Not required

4.7.3 Test conditions
The following degree of severity of test Fc applies.

— frequency range is one of the following: 10 Hz to 55 Hz, 10 Hz to 500 Hz or 10 Hz to
2 000 Hz;
— amplitude or acceleration (whichever is the lower acceleration): 0,75 mm or 100 m/s?;

— total duration: 6 h (2 h in each X, Y and Z -axis direction).
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The detail specification shall specify the frequency range and shall also prescribe the
mounting method to be used. For capacitors with axial leads and intended to be mounted by
the leads only, the distance between the body and the mounting point shall be 6 mm + 1 mm.

4.7.4 Final inspections and requirements

The

4.8

4.8.1__ General

The

See

4.8.]
Not

4.8.
The

capacitors shall be visually examined and there shall be no visual damage.

Bump (repetitive shock)

detail specification shall state whether the bump or the shock test applies.
IEC 60384-1:2016, 4.18, with the details from 4.8.2 to 4.8.4.

p Initial measurements

required.

3 Test conditions

detail specification shall state which of the following sevéfijties applies.

Tot

Pu

The
with
and

| number of bumps: 1 000 or 4 000

Accéleration: 400 m/s? } { 100 m/s?
or

e duration: 6 ms 16 ms
detail specification shall also prescribe the mounting method to be used. For capac

the mounting point shall be 6 mmt 1 mm.

4.8.4 Final inspections, measurements and requirements

The|capacitors shall be visually inspected and shall meet the requirements given in Table
4.9 | Shock

4.9, General

The|detail specification shall state whether the shock or the bump test applies.
See|lEC60384-1:2016, 4.19, with the details from 4.9.2 to 4.9.4

4.9.2 Initial measurements

Not required.

4.9.3 Test conditions

The

Puls

detail specification shall state which of the following preferred severities applies.

e-shape: half-sine

tors

axial leads and intended to be mounted by the leads only, the distance between the hody
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The
with
and

4.9.4

The

4.10
4.10

See

4.10.

Not

4.10

See

4.10

See

4.10

See

4.10
4.10

Table 15 — Preferred severities in shock test

37—

Peak acceleration Corresponding duration
of the pulse
m/s? ms
300 18
500 11
1000 6

axial leads and intended to be mounted by the leads only, the distance between the
the mounting point shall be 6 mm + 1 mm.

| Final inspection, measurements and requirements

capacitors shall be visually inspected and shall meet the requirements.\given in Table
Climatic sequence

.1 General

IEC 60384-1:2016, 4.21, with the details from 4.10.2 tg 4.10.9.

2 Initial measurements

required, see 4.3.2, 4.4.4, 4.8.4 or 4.9.4 as applicable.

.3 Dry heat
IEC 60384-1:2016, 4.21.3.

.4 Damp heat, cyclic, TestDb, first cycle
IEC 60384-1:2016, 4.21:4.

.5 Cold
IEC 60384-1:2016, 4.21.5.

.6 Low-air pressure (if required)

See

detail specification shall also prescribe the mounting method to be used. For capacitors

4.10

.6.1~ ~General
|IEC 60384-1:2016, 4.21.6, with the details in 4.10.6.2 and 4.10.6.3
.6.2 Test conditions

ody

The test, if required in the detail specification, shall be made at a temperature of 15 °C to
35 °C and a pressure of 8 kPa. The duration of the test shall be 1 h.

While still at the specified low pressure and during the last 5 min of the 1-h period, the rated
voltage shall be applied

The sample part of capacitors submitted to this test shall be subdivided into two or three parts
as necessary and each part submitted to one of the tests laid down in Table 3 of
IEC 60384-1:2016. The test voltage shall be applied to terminations, case, etc., as given in
4.2.1.
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4.10.6.3 Final inspections, measurements and requirements

019

The capacitors shall be visually inspected and shall meet the requirements given in Table 4.

4.10.7 Damp heat, cyclic, Test Db, remaining cycles

4.10.7.1 General

See

IEC 60384-1:2016, 4.21.7, with the details in 4.10.7.2.

4.10.7.2 Test conditions

With

1 minh at measuring point 1a) using the test circuit conditions as given in 4.2.1.

4.10.8 Recovery

The

4.10.9 Final inspections, measurements and requirements

Aftef

reqy

4.1
4.1

See

4.1

The

The

4.1

Test

— temperature; 40 °C + 2 °C;

- 1

in 15 min after removal from the damp heat test, the rated voltage shall be appliec

recovery period shall be 1 h to 2 h, unless otherwise specified in the detail specificatiq

recovery, the capacitors shall be visually inspected and’ measured and meet
irements given in Table 4.

Damp heat, steady state
.1 General

IEC 60384-1:2016, 4.22, with the details from4.11.2 to 4.11.6.

.2 Initial inspections

capacitance shall be measured according to 4.2.2.2.
tangent of loss angle shall be measured according to 4.2.3.2 or 4.2.3.4.

.3 Test conditions

conditions are as-follows:

elative humidity: (93 £ 3) %;
pplied-voltage: a) No voltage shall be applied;
within 15 min after removal from the test chamber,

| for

pn.

the

the

oint

\/nlfngp prnnf test of 42 1 shall he carried out at test ¢
1a) only, using the rated voltage ;

b) If the detail specification so requires, there shall be another

test group for testing with rated voltage. The d

etail

specification shall define the inspection and measurement

requirements;

Both test groups are equal in size.

— duration: 4d,10d, 21 dor 56 d.

4.11
The

.4 Recovery

recovery period shall be 1 h to 2 h.
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.5 Final inspections, measurements and requirements

After recovery, the capacitors shall be visually inspected and measured and shall meet the
requirements given in Table 4. The requirements for testing without voltage and with voltage
should be separately defined.

4.11

.6 Humidity robustness grades

Annex A describes the classification of various humidity robustness grades and the
associated test conditions. If the detail specification describes a humidity robustness grade, it
should be selected from this Annex A.

4.12

4.12

See

4.12
4.12

The

The

4.12

In a

in thie detail specification:

-

- M

This

4.12

The
give

Endurance
1 General

IEC 60384-1:2016, 4.23, with the details from 4.12.2 to 4.12.4.

.2 Endurance test at 50 Hz/60 Hz alternating voltage
.2.1 Initial inspections

capacitance shall be measured in accordance with 4.2.2 .2}
tangent of loss angle shall be measured in accordance) with 4.2.3.2 or 4.2.3.4.

.2.2 Test conditions

jdition to IEC 60384-1:2016, 4.23, the following details apply, unless otherwise spec

uration of test: 1.000 h £ 24 h (Grade 2) or 2000 h +24 h (Grade 1

alue of the applied voltage: 1,25 times the rated AC voltage (frequency: 50/6(
sinusoidal);

emperature of the chamber: AC rated temperature;

ource impedance: lower than 0,1 times the impedance of the grou

capacitors under test.

test is not applicable for capacitors with rated AC voltages less than 200 V (RMS).

.2.3 Finalinspections, measurements and requirements

capagitors shall be visually inspected and measured and shall meet the requirem
nin(Table 4.

fied

ents

4.12

4.12

.3 Endurance test with sinusoidal current or voltage (if required)

.3.1 General

The object of the test is to produce an average overheating of the capacitor by carrying out an
endurance test with a sinusoidal wave.

4.12

The
The

.3.2 Initial inspections

capacitance shall be measured in accordance with 4.2.2.2
tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4.
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4.12.3.3 Test conditions

— duration of test: 1000 h £ 24 h (Grade 2) or 2000 h +24 h (Grade 1);

— RMS current or voltage: 1,1 *010 % times the rated AC current or voltage (RMS)
with reference to the nominal capacitance;

— frequency: to be given in the detail specification;

— test temperature: standard atmospheric conditions for testing.

The RMS value of the current shall also be applicable to the lowest limit of the capacitance
tolerance._The RMS value of the \/nl’ragp shall also he alnlnlir‘nhlp to the highpQ’r limit o

the

capacitance tolerance.

If thp capacitor is guaranteed in current, the test shall be understood without any, corregtion
on the applied current. If the capacitor is guaranteed in voltage, the test shall-be ‘understood
withput any correction on the applied voltage.

For |qualification approval, capacitors within 2 % from the lowest tolerance limit shal| be
selepted for current testing. For qualification approval, capacitors within 2 % from the highest
tolefance limit shall be selected for voltage testing. No special selection shall be madg¢ for
peripdic tests.

4.12.3.4 Final inspections, measurements and requireménts

The|capacitors shall be inspected and measured and¢shall meet the requirements givgn in
Table 4.

4.12.4 Pulse endurance test (if required)

4.12

The
peri

4.12

The

The

.4.1 General

pdic pulses without significant temperature rise.

.4.2 Initial inspections

object of the test is to verify that the capacitor can withstand an endurance tegt of

capacitance shall be measured in accordance with 4.2.2.2.

tangent of loss-angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4.

.4.3 Test.conditions

uration.of test: 1000 h £ 24 h (Grade 2) or 2000 h £24 h (Grade 1);
emperature: standard atmospheric conditions for testing;

ulse rnpnfifinn rate: nr\r\nrding to the detail Qpnrifir‘n‘rinn;

A frequency of 1 Hz may be used for ratings greater than 500 V/us if 50 Hz/60 Hz gives a
significant temperature rise (> 10 °C).

— applied peak voltage: equal to the rated peak voltage (to be given in the d

discharge time constant:

specification);

current per unit of capacitance (A/uF) or by the
maximum dd_(t] (Vlus);

b) 0,67 times the rated value, when expressed
discharge time constant(s);

etail

a) 1,5 times the rated value, when expressed by peak

by
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NOTE — = —7— = with R, - C\ = discharge time constant.
C t R, ~CN
— charge time constant: 10 times the discharge time constant;
— duration of the charge period: > 5 times the charge time constant;

— duration of the discharge period: > 5 times the discharge time constant;

— maximum peak reverse voltage: 10 % of the applied peak voltage.

4.12

The
give

4.13

413

See

4.13.

The

The

413

The
appf
capg
resis

whe
curr
resig

Eac

.4.4 Final inspections, measurements and requirements
capacitors shall be visually inspected and measured and shall meet the requiremlents
h in Table 4.
Charge and discharge
1 General
IEC 60384-1:2016, 4.27, with the details from 4.13.2 to 4.12.5.

2 Initial inspections

capacitance shall be measured in accordance with 4.2.2¢2.
tangent of loss angle shall be measured in accordance with 4.2.3.2 or 4.2.3.4.

.3 Test conditions
capacitors shall be subjected to 10 000 cycles of charge and discharge at a rat
oximately one cycle per second. Each cycle shall consist of charging and discharging

citor. Each capacitor shall be individually charged with the rated voltage throug
tor with a value

(220 x 1078)/Cy  (Q)

e Cy is the nominal capacitance in farads, or the value required to limit the ch
bnt to 1 A (or to the higher current value given in the detail specification), which
tance value is thegreater.

n capacitor_shall be individually discharged through a resistor with a value of

(10 x 1078)/Ccy  (Q)

e of
the
h a

arge
ever

with

a mmmmunTof 20— €, or—atower —vatue—whenm prescribed—mthe—detait—specifica

calculated as follows from the value of C;—lt] prescribed in the detail specification:

4.13

The

.4 Recovery

recovery shall be 1 hto 2 h.

ion,
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4.13.5 Final inspections, measurements and requirements

After recovery, the capacitors shall be measured and shall meet the requirements given in
Table 4.

4.14 Component solvent resistance (if required)

See |[EC 60384-1:2016, 4.31.

4.15 Solvent resistance of marking (if required)

See|lEC 60384-1:2016, 4.32.

4.16 Sealing (if required)
See|lEC 60384-1:2016, 4.20.
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A1

Annex A
(normative)

Humidity robustness grades

General

In addition to the description of preferred climatic categories in 2.1 and the damp heat,
steady-state test in 4.11, this Annex A describes specific humidity robustness grades for

appl

A.2

Sta

I

See

In t

defi

Gra

An

A

[«

Gra

An

[«

Gra

An

NOTE 1

[«

:l:is grade, humidity robustness under operating conditionscwith applied voltage is

Humidity robustness grades
dard

2.1.2 and 4.11.3, a).

ed.

e (I) robustness under humidity

Test condition: damp heat, steady state;’40 °C / 93 % RH, duration 21 days, rateq
voltage applied.

e (II) robustness under high humidity

Test condition: damp heat, steady state; 40 °C / 93 % RH, duration 56 days, rated
voltage applied.

e (lIl) high robustness under high humidity

Test \condition: damp heat, steady state; 60 °C / 93 % RH, duration 56 days, rated
Yoltage applied.

dditional sample shall be tested with rated AC-veltage applied. See 2.1 and 4.11.3, b).

dditional sample shall be tested with rated AC voltage applied. See 2.1 and 4.11.3, b).

dditional sample shall be tested with rated AC voltage applied. See 2.1 and 4.11.3, b).

test time in acceptable limits.

not

AC

AC

AC

In Grade (ll1), the test temperature has been increased to 60 °C from the standard condition to keep the

NOTE 2 For fixed metallized polypropylene capacitors the 85 °C / 85 % RH test is not applicable, because it can
generate failure mechanisms, which do not exist in most applications. If the 85 °C / 85 % RH test is required for
specific applications, additional design measures are necessary.

The requirements for the tests have to be given in the detail specification, but the minimum
requirements given in the Table A.1 shall be fulfilled.
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Table A.1 — Minimum requirements

Measurement Measuring method Requirements
Capacitance 4.2.2 Grade 1.1 |AC/C | < 2%
Grade 1.2 |AC/C | < 6%
Grade 2 |ac/c | <10%
Tangent of loss angle 4.2.3 Grade 1 0,002
Grade 2 < 0,004
Ins ettorresistance 424 50%-ofthe—appheable-Hmits—tr4-—2-4-3—Fablte

A.3| Indication of humidity robustness grades

In afddition to the climatic category, information on the humidity robustness grade shall be

indigated in the information provided by the manufacturer. Marking on_the capacitor is| not
required.
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IEC 60063, Preferred number series for resistors and capacitors

IEC 60068 (all parts), Environmental testing1

IEC 60384-14, Fixed capacitors for use in electronic equipment — Part 14: Sectional
specification — Fixed capacitors for electromagnetic interference suppression and connection

to the supply mains

IEC 60417, Graphical symbols for use on equipment (available at http://www.graphijcal-
sympols.info/equipment)

1 For the tests in the IEC 60068 series of standards, the editions referenced in the applicable test clauses of the
generic specification are used.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 17: Spécification intermédiaire — Condensateurs fixes

en film de polypropyléne métallisé

AVANT-PROPOS

h Commission Electrotechnique Internationale (IEC) est une organisation mondiale/de normalig
mposée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a
bjet de favoriser la coopération internationale pour toutes les questions de normalisation dans les dom
b |'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie \des Normes internatio
bs Spécifications techniques, des Rapports techniques, des Spécifications accéssibles au public (PAS) ¢
uides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des comités d'étudeg
travaux desquels tout Comité national intéressé par le sujet traité_peéut participer. Les organisg
internationales, gouvernementales et non gouvernementales, en liaison(avec I'lEC, participent égalemen
travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (1SO), selon
copnditions fixées par accord entre les deux organisations.

Do Qoo

Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la m
dy possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de
intéressés sont représentés dans chaque comité d'études.

Les Publications de I'lEC se présentent sous la formesde recommandations internationales et sont ag
cpmme telles par les Comités nationaux de I'lEC. Tous)les efforts raisonnables sont entrepris afin que
s'assure de I'exactitude du contenu technique de ses, publications; I'lEC ne peut pas étre tenue responsah
I'¢ventuelle mauvaise utilisation ou interprétationsqui-en est faite par un quelconque utilisateur final.

Dpns le but d'encourager l'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans to
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natio
el régionales. Toutes divergences entre\toutes Publications de I''EC et toutes publications nationalg
rdgionales correspondantes doivent étresindiquées en termes clairs dans ces derniéeres.

LIEC elle-méme ne fournit aucunel attestation de conformité. Des organismes de certification indépen
fdurnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marque
nformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certifig
indépendants.

(]

Tpus les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

compris ses experts’ particuliers et les membres de ses comités d'études et des Comités nationaux de
ppur tout préjudice.causé en cas de dommages corporels et matériels, ou de tout autre dommage de qu
nature que c€)soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) ¢
depenses découlant de la publication ou de l'utilisation de cette Publication de I'lEC ou de toute
P
L

<

Lblication.de I'lEC, ou au crédit qui lui est accordé.

attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publicg
dférencées est obligatoire pour une application correcte de la présente publication.
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L'attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent

faire

I'objet de droits de brevet. L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits

de brevets et de ne pas avoir signalé leur existence.

La Norme internationale |IEC 60384-17 a été établie par le comité d'études 40 de I'IEC:
Condensateurs et résistances pour équipements électroniques.

Cette troisieme édition annule et remplace la deuxieme édition parue en 2005. Cette édition
constitue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:
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a) toutes les parties du document ont été révisées sur la base des Directives ISO/IEC,
Partie 2:2016 (septiéme édition) et harmonisées avec les autres types de documents

S

imilaires;

b) les tableaux et I'Article 4 ont été révisés afin d'éliminer les doublons et les contradictions;

c) d
d

e nouvelles classes de résistance a la chaleur humide continue (avec les conditions
'essai associées) ont été ajoutées a I'Article 4 et a I'Annexe A.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote

40/2654/FDIS 40/2664/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le,vote alyant

abouiti a I'approbation de cette Norme internationale.

Ce ¢

Une

ocument a été rédigé selon les Directives ISO/IEC, Partie 2.

liste de toutes les parties de la série |IEC 60384, publiées'/sous le titre général

Conpensateurs fixes utilisés dans les équipements électroniques,.péut étre consultée sir le

site web de I'lEC.

Le d
stab
relaf

e rleconduit,

() q

g

e rlemplacé par une édition révisée, ou

o d

omité a décidé que le contenu de ce document ne ‘sera pas modifié avant la dat¢ de
lité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
ives au document recherché. A cette date, le doctument sera

upprime,

mendé.

Le tontenu du corrigendum de.(décembre 2020 a été pris en considération dans| cet

exemplaire.
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CONDENSATEURS FIXES UTILISES
DANS LES EQUIPEMENTS ELECTRONIQUES -

Partie 17: Spécification intermédiaire — Condensateurs fixes
pour tension alternative et pour impulsions a diélectrique
en film de polypropyléne métallisé

1 [Généralités
1.1 Domaine d'application

La [présente partie de I'lEC 60384 s'appligue aux condensateurs fixés,~“a électrodes
métallisées et a diélectrique en polypropyléne destinés aux équipements électroniques.

NOTE Les condensateurs équipés a la fois d'électrodes métallisées et d'électrodes en film sont égalgment
couvérts par la présente norme.

Ces| condensateurs peuvent avoir des propriétés "d'autorégénération” en fonction [des
conditions d'utilisation.

Les [condensateurs couverts par la présente spécificationsont principalement destinés a|étre
utiligés dans des applications a impulsions et/ou a tension alternative. La puissance réagtive
maxjmale est 10 000 var et la tension de créte maximale est 3 000 V.

Les [condensateurs destinés a étre utilisés a des puissances réactives supérieures a 504 var
et oll une tension de créte maximale de 2(500 V a 50 Hz peut étre appliquée ne sont|pas
couVyerts par le présent document, sauf s'ils sont dans la partie haute d'une plagg de
puispances réactives situées principaleément sous 500 var a 50 Hz.

Le présent document n'est pas destiné a couvrir des valeurs de capacité supérieures a 20|uF.

Deuk classes de performance sont couvertes, la classe 1 pour les applications de longue
durde de vie et la classe.2 pour les applications d'usage courant.

Les [condensateurs(djantiparasitage ne sont pas inclus, mais sont couverts par I'lEC 6038#-14.

Les |condensateurs de protection contre les dangers de chocs électriques (couverts| par
I'"EG 60065.du comité d'études 61 de I'lEC) ainsi que les condensateurs pour moteurs et pour
lampes fluorescentes (couverts par I'lEC 60252-1 et I'lEC 60252-2 du comité d'études 38 de
I''EQ). %t les condensateurs destinés a étre utilisés dans les circuits de lampes tubulaires a
fluonescence—etautrestamp 3charg . mité
d'études 34 de I'lEC) sont également exclus.

1.2  Objet

Le présent document a pour objet de prescrire les valeurs assignées et caractéristiques
préférentielles, de choisir les procédures d'assurance de la qualité, les essais et les
méthodes de mesure pertinents dans I'lEC 60384-1:2016, et de spécifier les exigences de
performance générales pour ce type de condensateur. Les sévérités et les exigences d'essai
prescrites dans les spécifications particulieres se rapportant a cette spécification
intermédiaire doivent présenter un niveau de performance supérieur ou égal. Des niveaux de
performance inférieurs ne sont pas admis.
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1.3 Références normatives
Les documents suivants cités dans le texte constituent, pour tout ou partie de leur contenu,
des exigences du présent document. Pour les références datées, seule I'édition citée

s'applique. Pour les références non datées, la derniére édition du document de référence
s'applique (y compris les éventuels amendements).

IEC 60062, Codes de marquage des résistances et des condensateurs

IEC 60068-1:2013, Essais d'environnement — Partie 1: Généralités et lignes directrices

IEC 60384-1:2016, Condensateurs fixes utilisés dans les équipements électroniqugs —
Partfe 1: Spécification générique

IEC|60384-16, Fixed capacitors for use in electronic equipment — Part\16: Sectional
spegification: Fixed metallized polypropylene film dielectric d.c. capacitors| (disponiblg en
anglpis seulement)

IEC61193-2:2007, Quality assessment systems — Part 2: Selection and use of sampling plans
for ipspection of electronic components and packages (disponible-ényanglais seulement)

ISO|3, Nombres normaux — Séries de nombres normaux

1.4 | Informations a spécifier dans une spécification particuliére
1.4. Généralités

Les ppécifications particulieres doivent provenirde la spécification particuliere-cadre.

Les [spécifications particuliéres ne doivent pas spécifier d'exigences inférieures a celles de la
spégification générique, intermédiaire cou particuliére-cadre. Si des exigences plus strictes
sonf incluses, elles doivent figurer -au 1.9 de la spécification particuliere et étre indiqyées
dang les programmes d'essais, pariexemple, par un astérisque.

Les finformations données au“1.4.2 peuvent, pour des raisons pratiques, étre présentées sous
forme de tableau.

Les |informations contenues du 1.4.2 au 1.4.4 doivent étre fournies dans chaque spécification
particuliere, et les‘wvaleurs citées doivent étre choisies de préférence parmi celles données
dang l'article applicable de la présente spécification intermédiaire.

1.4.2 Dessin d'encombrement et dimensions

Une|illdstration du condensateur doit étre fournie afin d'identifier facilement le condensgteur
et le—comparer a dautres. Les dimensions et 1es tolerances associees, qui affectent
I'interchangeabilité et le montage, doivent étre indiquées dans la spécification particuliére.
Toutes les dimensions doivent étre de préférence indiquées en millimétres. Lorsque, toutefois,
les dimensions originales sont données en pouces, les dimensions métriques converties en
millimétres doivent étre ajoutées.

Les valeurs numériques du corps doivent étre données comme suit:

— cas général: largeur, longueur et hauteur;
— pour les corps cylindriques: diamétre et longueur.

Les valeurs numériques des bornes doivent étre données comme suit:

— largeur ou diamétre, longueur et espacement.
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Si nécessaire, lorsqu'un certain nombre d'éléments (dimensions et plages de
capacités/tensions) est couvert par une spécification particuliére, les dimensions et les
tolérances associées doivent étre indiquées dans un tableau sous le dessin.

Lorsque la configuration est différente de celle décrite ci-dessus, la spécification particuliére
doit indiquer les informations sur les dimensions et décrire le condensateur de maniere
adéquate. Lorsque le condensateur n'est pas destiné a étre utilisé sur des cartes imprimées,
cette information doit étre clairement indiquée dans la spécification particuliere.

1.4.3 Montage

La spécification particuliére doit spécifier la méthode de montage a utiliser pour une utilisation
normale, et lors des essais de vibrations et de secousses ou de chocs. Les condensateurs
doivent étre montés normalement. La conception du condensateur peut étre tellel que|des
supports de montage spéciaux soient nécessaires a son utilisation. Dans “ce cag, la
spégification particuliére doit décrire les supports de montage. Ces supperts de montage
doivent étre utilisés lors des essais de vibrations et de secousses ou de chacs

1.4.4 Valeurs assignées et caractéristiques
1.4.4.1 Généralités

Les |valeurs assignées et caractéristiques doivent étre confatmes aux articles de la présente

Lorsique des produits approuvés conformément a la spécification particuliere comportent
différentes plages de capacités nominales, il convient d'ajouter la déclaration suivante:| "La
plage de capacités nominales disponible*dans chaque plage de tensions est présentée gans
tion

e la
rant

pbour

1.4.4.5 Brasage

La spécification particuliére doit spécifier les méthodes d'essai, les sévérités et les exigences
applicables aux essais de brasabilité et aux essais de résistance a la chaleur de brasage.

1.4.5 Marquage

La spécification particuliére doit spécifier le contenu du marquage sur le condensateur et sur
I'emballage. En cas d'écarts par rapport aux indications du 1.6, ces écarts doivent étre
précisés dans la spécification particuliére.
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1.5 Termes et définitions
1.5.1 Généralités

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60384-
1:2016 ainsi que les suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

1.5. Classes de performance et de stabilité

La glasse de performance décrit la capacité du condensateur a fonctionner dans| les
applications prévues. La classe de stabilité décrit la dérive de capacité lors des-essais.

1.5.2.1

conflensateurs de classe 1
<longue durée> condensateurs pour applications longue durée, oucles paramétres électriques
sonflsoumis a des exigences rigoureuses

1.5.2.2

conflensateurs de classe 2
<usage courant> condensateurs pour application courante, ou les exigences rigoureuses|des
condensateurs de classe 1 ne sont pas nécessaires

1.5.2.3

classse de stabilité
dériye de capacité aprés des essais cClimatiqgues et mécaniques et aprés des egsais
d'endurance

Note |1 a l'article: La classe de performance et la classe de stabilité doivent étre indiquées dans la spécifigation
partiquliére.

1.5.2.4
combinaisons de classe.de’performance et de classe de stabilité
désignation pour la classe de performance et la classe de stabilité combinées

Note |1 a 'article: Les désignations de combinaisons préférentielles sont présentées au Tableau 1.

Tableau 1 —-Désignations préférentielles des combinaisons
de classe de performance et de classe de stabilité

Classes de Classes de Désignation de
performance stabilité la combinaison
1 1.1
1
2 1.2
2 - 2

Les trois combinaisons concernent les valeurs de tan & et de la stabilité de capacité. Les différences de
performances pour ces trois combinaisons sont décrites dans le Tableau 4.

1.5.3 Tensions assignées
1.5.3.1 Généralités

La somme de la tension continue et de la valeur de créte de la tension alternative, ou de la
valeur de créte de la tension en impulsions appliquée au condensateur ne doit pas dépasser
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la tension assignée. La valeur de créte de la tension alternative admissible a différentes
fréquences est a I'étude.

1.5.

3.2

tension continue assignée
tension continue maximale pouvant étre appliquée en permanence a un condensateur utilisé a
la température assignée

1.5.

tension alternative assignée

tens

3.3

ion assignée en impulsions

valepr de créte de la tension d'impulsion pouvant étre appliqguée en pétfmanence 3
condensateur utilisé a la température assignée et a une fréquence donnée

1.5.

8.5

pente de la tension assignée d'une impulsion

valepr maximale admissible de la pente de la tension dd_(t] d'une impulsion, a la tempérg

assignée et a une fréquence de répétition n'entrainant pas d’augmentation importante d

tem

Note |1 a 'article: La formule de calcul pour la pente de la tension assignée d'une impulsion est

1.6
1.6.

pérature

(du)
(dt)R

Marquage

Généralités

Se rgférer a I''EC 60384-1:2016, 24, avec les informations fournies du 1.6.2 au 1.6.5.

1.6.

Les
ci-d

2 Informations pour.le.marquage

informations indiquées dans le marquage sont normalement choisies a partir de la
g¢ssous. L'importance relative de chaque élément est indiquée par sa position dans la

a) ¢apacité nominate (en clair ou en code conformément a I'lEC 60062);

b)

c)
d)

ension d'ipulsion et/ou alternative assignée (la tension alternative peut étre indiquée
ar le symbole ™ (IEC 60417-5032-2002-10)) et fréquence correspondante si elle est
ifférente de 50 Hz;

olérance sur la capacité nominale;

tension continue assignée (la tension continue peut étre indiquée par le symbole —__

—— (IEC 60417-5031-2002-10)) (le cas échéant);

e)

pente de la tension assignée d'une impulsion (s'il y a lieu);

f) courant assigné et fréquence correspondante (le cas échéant);

g) année et mois (ou année et semaine) de fabrication;

h)

nom du fabricant et/ou marque commerciale;

i) catégorie climatique;

j) désignation du modéle par le fabricant;

k)

référence a la spécification particuliere.

un

un

ture

e la

liste
liste:

ou
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1.6.3 Marquage des condensateurs

Le condensateur doit comporter lisiblement les informations indiquées aux a), b) et ¢)
du 1.6.2 et toutes autres informations jugées nécessaires. Il convient d'éviter les redondances
sur le marquage du condensateur.

Tout marquage doit étre lisible, sans s'étaler ni s'effacer facilement par le frottement d'un
doigt.

1.6.4 Marquage sur I'emballage

Il cgnvient que I'emballage contenant le(s) condensateur(s) soit clairement identifié\ avec
toutés les informations répertoriées au 1.6.2 selon le cas.

1.6.% Marquage complémentaire
Tou{ marquage complémentaire doit étre appliqué de fagon qu'aucune cenfusion ne puisse

subvenir.

2 MNaleurs assignées et caractéristiques préférentielles

2.1 | Caractéristiques préférentielles
21. Généralités

Si plossible, les valeurs données dans les spécifications particuliéres doivent étre choisies
parmi celles données du 2.2.1 au 2.2.8.

2.1.2 Catégories climatiques préférentielles

Les | condensateurs couverts par la présente spécification sont classés en catéggries
climptiques selon les regles généralessdonnées dans I'lEC 60068-1:2013, Annexe A.

Les |températures de catégorieiinférieure et supérieure et la durée de l'essai continy de
chalpeur humide doivent étre choisies dans la liste suivante:

— température de catégorie inférieure: -55 °C, -40 °C, -25 °C et -10 °C;

— température de catégorie supérieure: +70 °C, +85 °C, +100 °C, +105 °C, +110 °C et
1125 °C;

— durée de I'eSsai continu de chaleur humide: 4 j, 10 j, 21 j et 56 j.

Les | sévérités’ pour les essais de froid et de chaleur séche sont respectivement| les
températures de catégorie inférieure et supérieure.

Si cefa est indiquée dans la speciiication particuliere, il convient dindiquer la classe de
résistance a I'humidité visée en Annexe A correspondant a la catégorie climatique.

2.2 Valeurs assignées préférentielles
221 Capacité nominale (Cy)

Les valeurs préférentielles de capacité nominale sont des valeurs choisies dans la série E de
I'"EC 60063, indiquées dans le Tableau 2, et leurs multiples décimaux (x 10”%, ou »n est un
nombre entier).
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2.2.2 Tolérance sur la capacité nominale

Les tolérances préférentielles sur la capacité nominale sont + 20 %; + 10 %; + 5 %; + 2 %;
+1 %.

2.2.3 Capacité nominale avec les valeurs de tolérances associées

Les combinaisons préférentielles de séries et de tolérances de capacité sont indiquées dans
le Tableau 2.

2.2.4

La f
part

Les
choi

La
adm
lieu,

.5 Tension alternative,de la catégorie (Ugpc OU Uc.)

Tablean 2 — Combinai sfarentielles de séri e tolé I o

Combinaisons préférentielles
Séries Tolérances
E6 +20 %

E 12 +10 %
E 24 +5 %
E 48 +2%
E 96 +1%

i Tension alternative assignée (Ugpc oU Ug-)

équence de la tension alternative assignée doit-étre 50 Hz/60 Hz sauf si la spécificd
culiere prescrit une fréquence plus élevée.

valeurs préférentielles d'une tension alternative assignée (valeur efficace) doivent
sies dans la série R10 ou R20 donnée dans I'ISO 3.

spécification particuliére doit donner la courbe de réduction de la tension effi
issible en fonction de la température (supérieure a la température assignée) et, s'il
en fonction de la fréquence.

ension alternative «dela catégorie est égale a la tension alternative assignée Urac
empératures delcatégorie supérieure jusqu'a 85 °C. Pour une température de catég
supgrieure de 100°C, la tension alternative de la catégorie est égale a 0,7 Ugpc. Pour

Iérature descatégorie supérieure > 100 °C, la tension alternative de la catégorie

ilée suivant la pente de Urpc a85°C jusqu'a 0,7 Ugpc @ 100 °C pour cha
érature(par exemple 105 °C, 110 °C ou 125 °C).

tion

étre

race
y a

bour
orie
une
sera
que

b en
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Tension alternative de la catégorie/

2.2,

La valeur normalisée pour la température assignée est 85 °C. Sauf pour une températur
catégorie supérieure de 70 °C, la températufeassignée est 70 °C.

NOT
alter

2.2,

La spécification particuliére doit indiquer:

— |p courbe“de réduction du courant alternatif admissible en fonction de la tempérg

2.2,

¢hoisie dansla série R10 ou R20);
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Figure 1 — Tension alternative de la catégorie/tension
alternative assignée versus température de catégorie supérieure

6 Température assignée

E Pour la tension continue assignée, la:température assignée est supérieure de 15 °C a celle de la te
native assignée.

f Courant alternatif assjgné (si nécessaire)

Ip fréquence;

Ilp valeur efficace du courant alternatif assigné applicable a la fréquence spécifiée (v3

ambiante.

IEC

11

de

hsion

leur

ture

8 Tension assignée en impulsions (si nécessaire)

La spécification particuliére doit indiquer:

la pente de la tension d'une impulsion;
la durée de l'impulsion;

la fréquence de répétition des impulsions.
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3 Procédures d'assurance de la qualité

31 Etape initiale de fabrication

L'étape initiale de fabrication est I'enroulement de ['élément capacitif ou I'opération
équivalente.

3.2 Composants de structure semblable

Les condensateurs supposés avoir une structure semblable sont des condensateurs produits
a partir de matériaux et processus analogues, bien que les dimensions des boitiers et leurs
valepurs de capacité et de tension puissent étre différentes.

3.3 | Rapports certifiés d'essais des lots acceptés

Les |informations exigées par I'lEC 60384-1:2016, Q.1.5 doivent étre mises..a disposifion,
lorsqu'elles sont prescrites dans la spécification particuliére et qu'elles sont.demandées| par
un dlient. Aprés l'essai d'endurance, les parameétres exigés sont la capacité et la tan 4 La
résigtance d'isolement est exigée uniquement par attribut.

3.4 | Procédures d'homologation
3.4. Généralités

Les jprocédures d'essai d'homologation sont décrites dans-I'IEC 60384-1:2016, Q.2.

Le programme a utiliser pour les essais d'homologation basés sur des essais lot par lot et/ des
essgis périodiques est présenté au 3.5. La procedure utilisant un programme avec une faille
d'échantillons fixe est présentée au 3.4.2.

3.4.2 Homologation basée sur la procédure avec une taille d'échantillons fixe
3.4.2.1 Echantillonnage

La grocédure avec une taille d'‘échantillons fixe est décrite dans I'lEC 60384-1:2016, Q|2.4.
L'échantillon doit étre représentatif de la gamme de condensateurs a homoloduer.
L'échantillon peut couvrirstout ou partie de la gamme indiquée dans la spécification
partijculiere.

L'échantillon doit étre constitué de quatre spécimens possédant les tensions assigpées
minimales et maximales et, pour ces tensions, les capacités minimales et maximales| En
présence de plus de quatre tensions assignées, une tension intermédiaire doit également
fairg I'objet\.d'essais. De ce fait, pour I'homologation d'une plage, il est nécessairg de
soumettre a I'essai quatre ou six valeurs (combinaisons capacité/tension). Lorsque la pJage
de Valeurs est composée de moins de quatre valeurs, le nombre de spécimens soumis a
I'esdaidaoit étre celui nxigé pour quatre valeurs

Des spécimens de rechange sont admis selon les modalités suivantes:

Deux (pour six valeurs) ou trois (pour quatre valeurs) spécimens par valeur peuvent étre
utilisés pour remplacer les spécimens non conformes en raison d'incidents non attribuables
au fabricant.

Les nombres donnés dans le Groupe O prennent pour hypothése que tous les groupes sont
applicables. Si ce n'est pas le cas, ces chiffres peuvent étre réduits en conséquence.

Lorsque des groupes supplémentaires sont ajoutés au programme d'essais d'homologation, le
nombre exigé de spécimens pour le Groupe 0 doit étre augmenté du nombre exigé pour les
groupes supplémentaires.


https://iecnorm.com/api/?name=cb00744b53c3b2f06559eb6857c60579

IEC 60384-17:2019 © |IEC 2019 - 61—

Le Tableau 3 donne le nombre d'échantillons a soumettre a I'essai pour chaque groupe, ainsi
que le nombre admissible d'éléments non conformes pour les essais d'homologation.

3.4.2.2 Essais

Les séries complétes d'essais spécifiés dans le Tableau 3 et le Tableau 4 sont nécessaires a
I'homologation des condensateurs couverts par une spécification particuliére. Les essais de
chaque groupe doivent étre effectués dans I'ordre indiqué.

La totalité de I'échantillon doit étre soumise aux essais du Groupe 0, puis divisée pour les
autrnﬁ grnu_npq

Les |spécimens déclarés non conformes lors des essais du Groupe 0 ne doivent)pas |étre
utiligés pour les autres groupes.

L'homologation est accordée lorsque le nombre d'éléments non conformes est/egal a zéro

Le Jableau 3 et le Tableau 4 forment ensemble le programme d'essai avec une ﬂaille
d'échantillons fixe pour I'homologation sur la base de la procedure avec une faille
d'écpantillons fixe.

Le [ableau 3 donne le nombre d'échantillons et le nombré admissible d'éléments [non
conflormes pour chaque essai et groupe d'essai.

Le Tableau 4 résume les conditions d'essai et les_exigences de performance, ainsi qug les
choik des conditions d'essai et des exigences de“performance donnés dans la spécification
partjculiére.

Il convient que les conditions d'essai et les:éxigences de performance pour I'homologation sur
la bpse de la procédure avec une taille, d'échantillons fixe soient identiques a celles|des
confroles de conformité de la qualité indiqués dans la spécification particuliere.
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Tableau 3 — Plan d'essai et d'échantillonnage
pour homologation, niveau d'évaluation EZ

Groupe Essai Paragraphe Nombre de spécimens (n)
n° et nombre admissible d'éléments non conformes
()
Par Pour quatre Pour six valeurs
valeur | valeurs ou moins | a soumettre a
b a soumettre a I'essai ® c
I'essai ®
n 4n 6 n
Examen visuel 4.1
Marquage 1.6
Dimensions 4.1
Capacité 4.2.2 29 116 174
Tangente de I'angle de pertes 4.23
0 Tenue en tension 4.21
Résistance d'isolement 4.2.4
Inductance ¢ 4.2.5 (+5)¢ (+20)¢ (+30)°
Etancheité 9 4.16 (+5)¢ (+20)9 (+30)¢
Spécimens de rechange 2 8 12
IA | Robustesse des sorties 4.3 3 12 18
Résistance a la chaleur de brasage 4.4
Résistance du composant au 4.14
solvant 9
Brasabilité 4.5 6 24 36
Résistance du marquage au solvant 4.15 0
1B | Variations rapides de température 4.6
Vibrations 4-7
Secousses ou chocs 2 4.80u 4.9
1 Séquence climatique 4.10 9 36 54
2 Essai continu de chaleur humide 4.1 5 20 30
sans tension
Essai continu de chaleur timide (+5)¢ (+20)¢ (+30)°
avec tension ¢
34 Essai d'endurance avec une 4.12.1 10 40 60
R tension alternative~a 50 Hz/60 Hz
3B Essai d'endurance avec un 4.12.2 (+5)d (+20)¢ (+30)¢
30k courant ou_une tension sinusoidale ¢
Essai d'endurance avec impulsions 9|  4.12.3 (+5)d (+20)9 (+30)¢
Caradtéristiques dépendant de la 4.2.6 (+5)d (+20)d (+30)4
4  |température ¢ . . .
Charge et décharge ° 4.13 5 20 30
2 (Jomme exigé dans la spécification particuliére.

Pour les combinaisons capacité/tension, voir 3.4.2.
¢ Non exigé lorsqu'un essai d'endurance avec impulsions est exigé.

Si exigé dans la spécification particuliere.
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