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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

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

aII
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The formal decisions or agreements of IEC on technical matiers ¢ 5 v AS possible, an integ
consensus of opinion on the relevant subjects since @ash\te i \iftee has representation
inter¢sted IEC National Committees

IEC Publications have the form of recom erngtional use/ and are accepted by IEC
Com
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Publications is accurate, IEC cannot be he i i
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Capacitors and resistors for electronic equipment.

This third edition cancels and replaces the second edition published in 1993 and amendment 1
(1995). It constitutes a technical revision. All changes that have been agreed upon
categorized as minor revisions.

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

FDIS Report on voting
40/1552/FDIS 40/1586/RVD

can be

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.
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This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

IEC 60384 consists of the following parts, under the general title Fixed capacitors for use in
electronic equipment:

Part 1:
Part 2:

Part 3:
Part 4:

Generic specification

Sectional specification: Fixed metallized polyethylene-terephthalate film di
d.c. capacitors

Sectional specification: Fixed tantalum chip capacitors

electric

Sectional specification: Aluminium electrolytic capacitors with solid and non-solid

Part 5:

Part 6:

Part 7:
Part 8:
Part 9:

Part 11|:

Part 12:

Part 13:

Part 14:

Part 19:

Part 14:

Part 17:

Part 1§:

Part 19:

Part 20:

electrolyte
voltage
ents
Sectional specification: c d.c.
capacitors
Citors
Sectional specification: Fixed capacitors of cerd
Sectional specification: Fixed capacitors gfcera
Blank detail specification: Fixed polyethyl metal
foil d.c. capacitors — Assessment levg
Sectional specification: fgil d.c.
capacitors
Sectional specification: fgil d.c.
capacitors
Sectional spé&cificatjom: ixe for electromagnetic interference
suppression ahd connectiomto
Sectional r solid
electrolyte
Secti c d.c.
capacitog
c. and
lid and
electric
Sectionaf specification: Fixed metallized polyphenylene sulfide film dielectfic chip
d.c. capacitors

Part 21:

Part 22:

Sectional specification: Fixed surface mount multilayer capacitors of ceramic

dielectric, Class 1

Sectional specification: Fixed surface mount multilayer capacitors of ceramic

dielectric, Class 2
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The QC number that appears on the front cover of this publication is the specification number in the
IEC Quality Assessment System for Electronic Components (IECQ).

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch" in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

» replaced by a revised edition, or
*+ amended.

A bilindual version of this standard may be issued at a later date.
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FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

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

1 General
1.1 *cope
This pdrt of IEC 60384 applies to capacitors and resistor-capacitor

conneg
(r.m.s.

1.2 (

The principal object of this standard is to prescribe

to selq
measu
Test sq
specifig
being p

A furth
testing

Dbject

ct from IEC 603841 the appropriate quality s

br object of this standard is to provide a.sc¢he
stations in countrig approval b

1.3

of the 1

IEC 60

IEC 60

IEC 60

IEC 60

The following r dispensable for the application of this doq
For dafed referene&s, s editi ged applies. For undated references, the latest

eferenced dg

cs and
ts and
bacitor.

els not

ational

ument.
edition

D68-2-17, Environmental testing — Part 2: Tests — Test Q: Sealing

IEC 60335-1, Household and similar electrical appliances — Safety — Part 1: General
requirements

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

IEC 60384-14-4, Fixed capacitors for use in electronic equipment — Part 14: Blank detail
specification: Fixed capacitors for electromagnetic interference supply and connection to the

supply

IEC 60664-1,

mains — Assessment level D

Principles, requirements and tests

IEC 60760, Flat, quick-connect terminations

Insulation coordination for equipment within low-voltage systems — Part 1:
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IEC 60940, Guidance information on the application of capacitors, resistors, inductors and
complete filter units for radio interference suppression

IEC 61140, Protection against electric shock — Common aspects for installation and
equipment

CISPR 17, Methods of measurement of the suppression characteristics of passive radio
interference filters and suppression components

IEC QC 001005, IEC Quality Assessment System for Electronic Components (IECQ) —
Register of Firms, Products and Services approved under the IECQ System, including
ISO 90p8

ISO 70p0-DB1, Graphical symbols for use on equipment — Index and

1.4 Information to be given in a detail specification

Detail gpecifications shall be derived from the relevant blank~defai

ctional
hall be

Detail $pecifications shall not specify requirements i
or blank detail specification. When more severe 1

listed in 1.9 of the detail specification, and indicate , by an
asterisk.
The following information shall be giver_i i ificati quoted

shall pr

NOTE The information given in

1.4.1 Outline draw,
There ghall be aprillus 3s an aid to easy recognition and for comparison
of the|capacito 5" and their associated tolerances, which affect
interchangeability apd given in the detail specification. All dimensions shall

s owever, when the original dimensions are gjven in

Normally,.th as/Shall be given for the length, width and height of the bgdy and
the wir i > lindrical types, the body diameter and the length and diameter of
the terminations 9 essary, for example when a number of capacitance values/yoltage
ranges a detail specification, their dimensions and their associated tolgrances

shall b¢ placed ina_table below the drawing.

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

1.4.2 Mounting

The detail specification shall specify the method of mounting to be applied for normal use and
for the application of the vibration, 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, bump or shock tests.

1 DB refers to the 1SO on-line database.
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NOTE If recommendations for mounting for "normal" use are made, they should be included in the detail
specification under "1.8 Additional information (Not for inspection purposes)". If recommendations are included, a
warning can be given that the full vibration, bump and shock performance may not be available if mounting
methods other than those specified in 1.1 of the detail specification are used.

1.4.3 Ratings and characteristics

The ratings and characteristics shall be in accordance with the relevant clauses of this
specification, together with the following.

1.4.3.1 Rated capacitance range

See 2.2.1

NOTE \Vhen products approved to the detail specification have different ranges, the owing statement should
be added: "The range of values available in each voltage range is given in IEC QC 0

1.4.3.2 Rated resistance range (if applicable)

See 2.2.4.

1.4.3.3 Particular characteristics

Additiohal characteristics may be listed, when the cify the
component adequately for design and a

1.4.4 Marking

The deftail specification shall specify the on the
package. See also 1.6 of this specification.

1.5 Terms and defi

For thg purpose th as the
following, apply.

NOTE $ome definitig te.
1.5.1

a.c.ca

capacito thessentjally for application with a power-frequency alternating voltage

NOTE aci bevised on d.c. supplies having the same voltage as the a.c. r.m.s. rated voltage of the
capacitof.

1.5.2

electro ession
capacitor)

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

1.5.3

capacitor or RC unit of Class X

capacitor or RC unit of a type suitable for use in situations where failure of the capacitor or
RC unit would not lead to danger of electrical shock but could result in a risk of fire

Class X capacitors are divided into three subclasses (see Table 1) according to the peak
voltage of the impulses superimposed on the mains voltage to which they may be subjected in
service. Such impulses may arise from lightning strikes on outside lines, from switching in
neighbouring equipment, or switching in the equipment in which the capacitor is used.
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Table 1 — Classification of Class X capacitors

Subclass Peak impulse IEC 60664-1 Application Peak impulse voltage
voltage in installation .
service category Uy, applied before
endurance test
X1 > 2,5 kV 1 High pulse When Cr < 1,0 pF
application
< 4,0 kV Up = 4 kV
When Cg > 1,0 uF
X2 <2,5kV I General purpose
X3 <1,2 kV Ger(eral pu pose\
NOJE The factor used for the reduction 9 P for capacit \,/v Iu@bove ,0 uF maintains % x CHUp?2
constant for these capacitance values; C

1.5.4

capacitor or RC unit of Class Y

capacitor or RC unit of a type r could
lead to
Class own in
Table 4.
Subclass e o0 nsblat_p«(bndged Range of rated Peak impulse voltage
voltages before endurance tést
Y4 Ie suWor reinforced <500V 8,0 kV
(\ Nlatlo
Y hB Wation or supplementary >150 V 5,0 kV
insWation <300V
Y3 “Buelc insulation or supplementary > 150 V None
insulation <250V
Y4 Basic insulation or supplementary <150V 2,5 kV
insulation
NOTE 1 For definitions of basic, supplementary, double and reinforced insulation, see IEC 61140.
NOTE 2 Y2 capacitors may be substituted by Y1 capacitors of the same or higher Uy .

The enclosure of a Y1-capacitor shall not contain other components. Assemblies may be

constructed from Y-capacitors and X-capacitors provided these capacitors fulfil

requirements for the relevant X and Y subclasses.

the

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

insulation.

Y4-capacitors in series, they shall have the same nominal value.

NOTE

If combined basic and supplementary insulations are bridged by two Y2-, Y3- or

If insulated terminals are requested, the preferable colours should be transparent or white.
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1.5.5
two-terminal capacitor
electromagnetic interference suppression capacitor having two terminals (see Figure 1)

Figure 1 — Two-terminal capacitor

1.5.6
series |RC unit

functiopal combination of a resistor in series with a capacitor of Clas e 2)

NOTE In this standard, where the word * ould be
understolod where the context permits.

1.5.7

lead-tHrough capacitor (coaxial)

capacitor with a central cuf t which
is syminetrically bonded coaxial

constryction.

It shou

T
REanhed circular
i mounting flange
|
T IEC 927/05

Figure 3 — Lead-through capacitor (coaxial)
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1.5.8
lead-through capacitor (non-coaxial)
capacitor in which the supply currents flow through or across the electrodes (see Figures 4a,

4b, 4c and 4d)

928/05

IEC 930/05
g 4c — Multiple unit lead-through capacitor (non-coaxial)
for symmetrical and asymmetrical use

| |
® — —_— L
| |
| - |
—— ——
| |
- _]

IEC 931/05

Figure 4d — Multiple unit lead-through capacitor

Figure 4 — Lead-through capacitors
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1.5.9

by-pass capacitor

capacitor where radiofrequency interference currents are by-passed. There are three common
forms: single, delta and T-connected. The single capacitor consists of a capacitor in a metal
case with one termination connected to the case as in Figure 5a; the delta form consists of an
X-capacitor and two Y2- or Y3-capacitors arranged in a delta network as in Figure 5b; the T-
connected form consists of three capacitors C,, Cg and C connected in T as shown in Figure
5c.

The delta and T-connected forms are electrically equivalent (star-delta transformation). In the
T-connected form the X-capacitor is the result of the series connection of Cg — C and the

hall be
y [neutral
the Y-
inations

termingtions. Similarly, when it is stated that voltages shall
capacitors, such voltages shall be applied between the Uk
connegted together and the earth termination.

IEC 933/05

IEC 934/05
Figure 5¢c — Example of a T-connected by-pass capacitor

NOTE For capacitors with non-metallic housings, the earth connection is brought out as a separate termination.

Figure 5 — By-pass capacitors
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1.5.10

rated voltage

either the r.m.s. operating voltage of rated frequency, or the d.c. operating voltage, which may
be applied continuously to the terminations of a capacitor at any temperature between the
lower and the upper category temperatures.

This implies, for capacitors covered by this specification, that the category voltage is the
same as the rated voltage

1.5.11

rated power (of a series RC unit)
maximum_power which can be dissipated by the RC unit at the rated temperature during
contindous operation

1.5.12
upper category temperature

maximym surface temperature for which the capacitor has to” pperate
contindously (see note to 1.5)

NOTE 1| For lead-through capacitors and series RC units, the externa s ature) can be affected by
internal heating due to the lead-through current. The termination AGi Bre ¢ id€red to be part of the

external jsurface.

NOTE 2| This definition replaces that given in IEC 60384-1, S tordance
with this|specification are intended to be connected to the ¢ rk@j ma have internal heat genefration as
a result.

1.5.13

lower ¢ategory temperature

minimum surface temperature for bperate

contindously (see note to

NOTE This definition repl

1.5.14
rated t
maximu
current

NOTE

Jthrough

1.5.15
inserti
ratio o
terminati

at the

NOTE \Vhenmeasured invdecibels, the insertion loss is 20 times the logarithm to base 10 of the ratio stafled.

1.5.16
rated current of the conductors (lead-through capacitor)

maximum permissible current flowing through the conductors of the capacitor at the rated
temperature during continuous operation

1.5.17

main resonant frequency (two-terminal capacitor)

lowest frequency at which the impedance of the capacitor is a minimum when applying a
sinusoidal voltage

1.5.18
impulse voltage
aperiodic transient voltage of a defined waveform as described in IEC 60060-1
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1.5.19

passive flammability

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

1.5.20
active flammability
ability of a capacitor to burn with a flame as a consequence of electrical loading

1.6 Marking
According to 2.4 of IEC 60384-1, with the following details.

The information given in the marking is normally selected from the foltowi ist; relative
importgnce of each item is indicated by its position in the list:
a) maquacturer's name or trademark;

b) manufacturer's type designation or the type designation gi tion;
c) capgcitor class and subclass;

d) recpgnized approval mark;

e) ratdd capacitance(s) and rated resistance;

f) ratgd voltage and nature of supplynltern ' mbol ~

and direct voltage by the symbol S c——X 0
g) the
h) rate

j) climgtic category, fojlowed

k) rated temperatyre;
[) year @
m) refe

1.6.1 ]
are nof|i
manufd
to be m

arked with a), b) and c) and also d), e) and f) if these
any of the remaining items as are considered necessary| by the
be sufficient to enable a clear identification of the component

NOTE F a \ compoOnents only a) and b) are mandatory (see Annex F).

It is re¢ommendeththat a caution mark be printed on the pc board where a safety conjponent
is mountéds The caution mark shall be ISO 7000-0434 (DB:2004-01). The mark is in the form

f aeled s T ! P 1 b 1
oT an UJIIQIIL cyuiialcrdal triartygic COTIairmmmy dit TALIATTatiort Tiidarn.

NOTE This caution mark is referred to in 5.3 of IEC 60065:2001.Any duplication of information in the marking on
the capacitor should be avoided.

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

1.6.3 Any additional marking shall be applied in such a way that no confusion can arise.
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2 Preferred ratings and characteristics

2.1 Preferred characteristics

The values given in detail specifications shall preferably be selected from the following.

21.1 Preferred climatic categories

The capacitors covered by this specification are classified into climatic categories according
to the general rules given in IEC 60068-1.

The loyver and upper category temperature and the duration of the danfp-hea{ steady-state
test shall be chosen from the following:

lower category temperature: -65 °C, -55 °C, -40 °C, -25 °C and -18
upper gategory temperature: +85 °C, +100 °C, +105 °C, +
duratiop of the damp-heat steady-state test: 21 and 56-days

The seperities for the cold and dry-heat tests are b ratures
respeclively.

For guidance on the application of the categorie

2.2 Preferred values of ratings

2.21

1-1,5
These

2.2.2

The m4

2.2.3

The pr ferred values of rated \/nlfngp are 125V _ 250V 275 V_ 400V 440V 500V and
760 V.

NOTE 1 X-capacitors can be used in a star connect.

NOTE 2 Electromagnetic interference suppression capacitors should be chosen to have a rated voltage equal to,
or greater than, the nominal voltage of the supply system to which they are connected. The design of the
capacitors should take into account the possibility that the voltage of the system may rise by up to 10,% above its
nominal voltage.

224 Rated resistance (RRg)

Preferred values of rated resistance shall be taken from the E6 series of IEC 60063.
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2.2.5 Rated temperature

The rated temperature for lead-through capacitors and series RC units shall be not less than

+40 °C.

2.2.6 Passive flammability

The minimum category of passive flammability permitted is Category C (see 4.17).

3 Assessment procedures

3.1 rimary stage of manufacture

The in

rmation required im3.10 of IEG 6 g made available when presc
the de tedb

ail specification dnd whén re S

pacitor
brm the
of the
t given

bs and

ibed in
est the

parameters for which yariablesNinformation! is required are capacitance change, reslistance

changq (for RC units),

34 Approva@i

3.41

Tables
schedlj
as giv
out, it
registe
sought

s. The

sizes
carried
nex D)
oval is

3.4.2

Tables 4, 5 and 7 shall be used when qualification approval is sought.

The procedures for qualification approval testing are given in the generic specif

ication,

IEC 60384-1, 3.5, in which 3.5.3a) refers to lot-by-lot and periodic inspections. The schedules

to be used for qualification approval testing on the basis of lot-by-lot and periodic insp
are given in 3.5 and Table 8 of this specification. The schedule to be used for quali
approval testing on the basis of fixed sample sizes according to 3.5.3b) of IEC 603
given in 3.4.3 and Tables 4 and 5 of this specification. For the two procedures, the

ections
fication
84-1 is
sample

sizes and the number of permissible nonconforming items shall be of comparable order. The
test conditions and requirements shall be the same. Qualification approval according to the

fixed sample sizes of Tables 4 and 5 is preferred.
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3.4.3 Qualification approval on the basis of the fixed sample size procedure
3.4.31 Sampling

Capacitors of each technology, rated voltage, class and subclass shall be separately
qualified. The total number of capacitors of each rated voltage in each group is given in
Tables 3, 4 and 5. For multi-section capacitors containing sections of different classes and for
lead-through capacitors, larger numbers are required as indicated.

The sample shall contain equal numbers of specimens of the highest and lowest capacitance
values in the range to be qualified, except for the passive flammability test of 4.17 and the
active flammability test of 4.18. For the passwe flammab|l|ty test, the rules of samplmg in
4.17, -. vy active
flamm mple of
highest contain
each, 4 i
value i
numbe

Spare

a) one orming
item in Group 0

b) the i pat any
test

The nu so, the
numbe

When le, the
numbe as that

require

Tables
togethe

bgroup

Where
coeffici
for Gra
materig

eifors to be qualified consists of different tempjerature
pacitors employs significantly different materials, the spmples
ontain the specified quantity of specimens for each dielectric

3.4.3.2

One of|the.complete series of tests indicated in Tables 3, 4 or 5 is required for the appfoval of
capacitors ofa singte Tatedvoitage covered by one detaltspectfication. 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 subdivided for the other
groups.

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

"One nonconforming item " is counted when a capacitor has not satisfied the whole or part of
the tests of a group.
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Approval is granted when the number of nonconforming items does not exceed the specified
number of permissible nonconforming items for each group and subgroup and the total
number of permissible nonconforming items.

NOTE Tables 3 and 6 or 4, Tables 5 and 7 form the fixed sample size test schedule. Tables 3, 4 or 5 include the
details for the sampling and permissible nonconforming items for the different tests or groups of tests. Tables 6 or
7, together with the details of test contained in Clause 4, give a complete summary of test conditions and
performance requirements and indicate where, for test methods or conditions of test, a choice has to be made in
the detail specification.

The conditions of test and performance requirements for the fixed sample size schedule should be identical to
those prescribed in the detail specification for the quality conformance inspection.

Table 3 — Sampling plan — Tests concerning safety requirements only

/
Number of /\&:rmltte numt er of
Subclause specimens nonconfot tems
Group Test of this tested per peg rated voltnge
specification rated voltag and sihclags
and SUb ﬁb{BkQup Total
Visual examination 4.1 RO\
Capacitance 4.2.2 \
0 Resistancec) 4.2.4
Voltage proof 4.2.1
Insulation resistance 4.2
Spares
Creepage distances and
clearances
A Robustness of terminations 6 Oa)’ ?

Resistance to sold€ring ke

Solvent resistanpee of the
marking Q\

2 | | pamp neatrsteagy state) 42 10 0" "

Impulse\cﬂé 4.13 1
4.14
d)
3 4.14.3 12
4.14.4 12" o
4.14.5 6

6 \%ss\%ﬂa\m}ﬁtht} 4.17 6-18" 0
7 Ache\amm}@hty 4.18 24 0

2 If onp nonconforWem is obtained, all the tests of the group shall be repeated on a new sample apd then
no furthefmonconforming items are permitted. The nonconforming items obtained in the first sample ghall be
counted_far the total nonconforming items permitted in the last column

® For Y-capacitors, no permanent short-circuit failures are permitted.
° |f applicable.

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

) Additional capacitors if lead-through capacitors are tested.
" See footnote i) to Table 4.

9 Attention is drawn to the option of carrying out a combined voltage/current test, as prescribed in 4.14.6.
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Table 4 — Sampling plan — Safety and performance tests qualification approval -
Assessment level D / DZ

Permitted number of

Number of L
Subclause of specimens nonconforming items per
Group Test this tested per rated rated voltage and subclass
specification voltage and Per group Total
subclass D DZ D DZ
Visual examination 4.1 50+12°7 + 1”7 0”
Dimensions (gauging) 4.1 6f)+
Capacitance 4.2.2 (6-18)"
R i °) 4.4 =24
0 Reststanee . 424 24
Tangent of loss angle 4.2.3
Voltage proof 4.2.1
Insulation resistance
Spares
Dimensions (detail)
A Robustness of terminations

Resistance to soldering heatC)
Component solvent resistanceC)
Solderabilityc)

Solvent resistance of the marking
1B | Rapid change of temperature
Vibration

Bump or shockg)

I ‘(
Container sealmg

1
Climatic sequence/\

2 Damp heat, steﬁdy@(@te .
Impulse voltag M
Enduran Q 494
3 Class c nits 14.3 127

Class Y an 8 > 4.14.4 12° o | o™”

Lead-thrgu 4.14.5 6

4 Charge a\m\wb\ 4.15 6 0” 0”

5 ’R{dh\freq&em chgractéﬁsticsd) 4.16 4 1 0”

6 | Passiedianmability 417 (6-18)" 0 0

7 Active flammability 4.18 24 0 0

) If ong nonconfoWam is obtained, all the tests of the group shall be repeated on a new sample pnd then no
further [noheonforming items are permitted. The nonconforming item obtained in the first sample shall bel counted for
the totdl nohconforming items permitted in the last column.

® For Y-capacitors, no permanent short-circuit failures are permitted.
% |f applicable.
9 |f required in the detail specification.

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

" Additional capacitors if lead-through capacitors are tested.
9 Whichever is prescribed by the detail specification.
" Not required for RC units, or for capacitors other than those of metallized film or metallized paper construction.

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

D Attention is drawn to the option of carrying out a combined voltage/current test as prescribed in 4.14.6.
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Table 5 — Test schedule and sampling plan for lot-by-lot tests

Safety tests only
Group Clause number and test referred Inspection level Acceptance number
to Clause 4 of this specification IL
1))
AO 4.2.2 Capacitance 100 %
a)
4.2.4 Resistance
d)
4.2.1 Voltage proof
A1 4.1 Visual examination S-4 0
©)
Dimensions
4.2.5 Insulation resistance (Test A) | ( D
2 |f applicable. N
®’ May He carried out as end-of-line testing.
° This tpst may be replaced by in-production testing if the manufacturer installs SRC o
meaqurements or other mechanisms to avoid parts exceeding limits.
9 The vpltage proof test shall be combined with a suitable monitoring metho n
resisfance.
: Qualification approval — AgSess :
Group| Clause number and test referred |on Acceptalhle quality
to Clause 4 of this specification level AQL %
A1 4.1 Visual examination N 1,5
4.1 Dimensions (gauging)
A2 4.2.2 Capacitance
a)
4.2.4 Resistance %
423 ized an I 0e5
4.2.1
425
B1 | |45 SM;/}\\V\ ,\ > s-3 25
3 If appllicable.

/\ \&atlon approval — Assessment level DZ

Group| mber and test referred Inspection level Acceptange number
Iause 4 of this specification IL )
A1 41 \M/exammanon S-4 D
41 Dimensions (gauging)
A2 4.2.2 Capacitance
4.2.4 Resistance ?
4.2.3 Tangent of loss angle (metallized and 0
ceramic capacitors only)
4.2.1 Voltage proof (Test A)
4.2.5 Insulation resistance (Test A)
B1 45 Solderability ® S-3 0
) |f applicable.
®) |f one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample, and then
no further nonconforming items are permitted.
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Table 6 — Test schedule for safety tests only

Subclause number and test @ Conditions of test ? nand ¢® | Performance requirements 2
Group 0 Non-destructive See
. o Table 3 .
4.1 Visual examination No visible damage
Legible marking
4.2.2 Capacitance Within specified tolerance
4.2.4 Resistance (if applicable) Within specified tolerance
4.2.1 ‘v'uil.agu pluuf Method—— ak-down or
4.2.5 [Insulation resistance Method: ... A
Group [1A Destructive See
Takle
4.1.1 |Creepage distances and
clearances \
4.3 Robustness of terminations | Severity: see detail specificatior< \ ible damagg
4.4 Resistance to soldering No pre-drying
heat (if applicable) See detail specification fgi the
Method (1A or 1B)
4.20 [Solvent resistance of the S Legible marking
marking
4.4.2 |Final measurements No visible damagg
See Table 13
See Table 13
Group [2 See
Table 3
4.12 |Damp heat, steady state
4.12.1 |Initial measugements easurements to be
4.12.2 [Test conditio:\ré ic capacitors: half of the
ifh Ug applied; the
other half with no voltage
ther capacitors: no voltage
. . applied .
4.12.3 |Fira No visible damagg
3 Visual examination Legible marking
See Table 15
Capacitance
See Table 15
Resistance (if applicable
(i app ) See Table 15
\/oltage proof
T See Table 15

Insulation resistance
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Table 6 (continued)

Subclause number and test @ Conditions of test ? nand ¢® | Performance requirements 2
Group 3 Destructive See
- Table 3
4.13.1 Initial measurements Group 0 measurements to be
used
4.13 Impulse voltage 3 pulses, full wave See 4.13.2 and 4.13.3
Peak voltage: see Table 1 and
Table 2
4.14 |Endurance Duration: 1 000 h
Voltage, current and
temperature: see 4.14.3, 4.14 .4,
4.14.5 and 4.14.6
4.14.7 |Final measurements Visual examination
Capacitance < \
Resistance (if applicable)
Voltage proof >ee Table 16
Insulation re3|stanc /\ See Table 16
Group [6 Destructiv \)
. - Table 3
4.17 |Passive flammability See 4.17.1
Group |7 \l{estru i See
. . Table 3
4.18 |Active flammabilit x See 4.18.4
) Subdause num te§t conditions and re uiMnts refer to Clause 4.
® p=n igsible nonconforming items.
° Whep, easurement of capacitance drift is required, preconditioninglaccording
to Anng by the manufacturer.
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Table 7 — Test schedule for safety and performance tests qualification approval —

Assessment level D / DZ

Subclause number and test @ Conditions of test ? nand ¢ | Performance requirements 2
Group 0 Non-destructive See
) L Table 4 o
4.1 Visual examination No visible damage

Legible marking and as
specified in the detail
specification

4.1 Bimrenstons (uaugilly) See<tetait cpcb;f; ation
4.2.2 |Capacitance /Mgtzhin specified-tglerance
4.2.4 |[Resistance (if applicable) ithi ifi lerance
4.2.3 |[Tangent of loss angle Frequency: ... idation
(metallized and ceramic
capacitors only)
4.2.1 [Voltage proof Method: ... No permanent brgak-down or
4.2.5 [Insulation resistance Method: ... /\ See Table 12
Group [1A Destructive u ee
4.1 Dimensions (detail) See detail specifi¢ation and
Table 9
4.3 Robustness of No visible damagg
terminations
4.4 Resistance to
soldering heat
(if applicable)
4.19 [Component solven See detail specifi¢gation
resistance (if applicakle)
4.4.2 No visible damagg

See Table 13
See Table 13
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Table 7 (continued)

Subclause number and test @ Conditions of test ? nand ¢® | Performance requirements 2
Group 1B Destructive See
- ) ) Table 4 o .
4.5 Solderability Without ageing Good tinning as evidenced by

(if applicable)

For method see detail
specification

free flowing of the solder with
wetting of the terminations or
solder shall flow within 3 s, as
applicable.

of this

4.20 Solvent resistance of Solvent: Leqgible mnrl(ing
the marking Solvent temperature: ...
Method 1
Rubbing material: cotton wool
Recovery: ...
4.6 Rapid change of Tp = Lower category
temperature temperature \
Tg = Upper category
temperature < \
Five cycles
Duration #1 = 30 min
4.6.1 [Final inspection Visual examination No visible damags
4.7 Vibration S
4.7.2 |Final inspection No visible damagg
4.8 Bump
or
4.9 Shock
4.8.2 |Final measurements No visible damagd
aci See 4.8.2 or 4.9.2
specification
M ¢ (if applicable) See Table 14
Wtive See
Table 4 .
Test Qc or Test Qd of No evidence of legkage
C 60068-2-17 as prescribed in
the detail specification
Measurements made in 4.4.2,
4.8.2 or 4.9.2 as appropriate
Temperature: upper category
temperature
4.11.2 |Dry_heat
Duration—16-h
4.11.3 Damp heat, cyclic,
test Db, first cycle
4.11.4 Cold Temperature: lower category
temperature
Duration: 2 h
4.11.5 Damp heat, cyclic,

test Db, remaining cycles

4.11.6 Final measurements

Visual examination

Capacitance

Resistance (if applicable)
Tan ¢ (if applicable)
Voltage proof

Insulation resistance

No visible damage
Legible marking

See Table 14
See Table 14
See Table 14
See Table 14
See Table 14
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Table 7 (continued)
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Subclause number and test @ Conditions of test * nand ¢® | Performance requirements 2
Group 2 Destructive See
Table 4
4.12 Damp heat, steady state

4.12.1 Initial measurements

4.12.2 Test conditions

Group 0 measurements to be
used

Ceramic capacitors: half of the
sample with Ug applied; the

4.12.3 |Final measurements

other half with no voltage
applied

Other capacitors: no voltage
applied
Visual examination

Capacitance
Resistance (if applicable)

Tan ¢ (if applicable)

Voltage proof
Insulation resistance

Group |3 Destructive
4.13.1 [Initial measurements
4.13 [Impulse voltage See 4.13.2 and 4.[13.3
4.14 |Endurance Q
4.14.7 |Final meas en No visible damagse
Legible marking
See Table 16
See Table 16
See Table 16
Voltage proof See Table 16
(\ Ensulation resistance See Table 16
Group Destructive See
) ) Table 4
4.15 Only for metallized and ceramic
capacitors and RC units using
such capacitors
4.15.1 [Initial'measurements Group 0 measurements may be
used, provided the measuring
conditions are the same as
required for this test; in addition,
except for RC units, tan § shall
be measured at:
10 kHz for Cg < 1 pF
1 kHz for Cg > 1 uF
4.15.3 Final measurements Capacitance See Table 17
Tan & at same frequency as See Table 17
initial measurement
(not for RC units)
Resistance (if applicable) See Table 17
Insulation resistance See Table 17
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Table 7 (continued)
Subclause number and test @ Conditions of test * nand ¢® | Performance requirements 2
Group 5 Non-destructive
) If required in the detail specifica- See See detail specification
4.16  Radiofrequency tion; see detail specification for Table 4 P
characteristics measuring method
Group 6
Destructive T Sthe 4 See 4.17.1
4.17  Passive flammability able
See
Group |7
Destructive Table 4 /‘S{e 4.18.4
4.18 |Active flammability (\
A\

) Subdlause numbers of test conditions and requirements refer to Clause 4. \/

®) » = fumber of specimens, ¢ = number of permissible nonconforming itemg’

° Whep, for a ceramic capacitor, a precise measurement of capacitanege drift is reqUied,\preconditionihg according

to Anngx G should be performed as advised by the manufacturer. \

N

3.5 Quality conformance inspection
Before |submission to the quality conforn R, [ @pproriate 100 % voltage proof
test bejween terminations according t&
The deiails of this test shall be the prg vanufacturer, but the time shall be not
less than 1 s.
If the test is performed in a ti g’and 2 s the voltage of Table 10 ghall be

9,

e

Curve B

1.1

1,0

Factor for voltageiqcr

0,95
0,9

0,85

0,8
1,0 1.1 1,2 13 14 15 16 1,7 1

Figure 6 — Test duration (s)

8 1,920

IEC 935/05
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If a d.c. test voltage is used instead of a.c. for Y-capacitors, it shall be not less than 1,5 times
the a.c. test voltage in Table 10 and further increased to values above curve B of Figure 6.

All nonconforming items shall be removed from the lot prior to lot-by-lot testing.

3.5.1 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 according to Table 8.

to the

1 in the

wing of

oltage,

similar

when a

her re-

A manufacturer may aggregate the current pmdur‘tinn into inqppr"rinn lats Qllhlip(‘f
followinjg safeguards:
a) tHe inspection lot shall consist of structurally similar capacitors
b1) tHe sample tested shall be representative of the values a
inspection lot:
— in relation to their number;
- with a minimum of five of any one value;
b2) if Sis for the dra
samples shall be agreed between the the National Supervising
In
For Gr components of the same rated
class a
No non
For Gn comsist of components produced with
proces 5{ concerned.
3.5.1.2
Safety
Re-quglification onto Table 6 may be required by the certification body
change
The cettifi be informed about the intended change(s) and decide whe
qualific

QualifiFation approval

These tests shall be carried out on a periodic basis.

The samples to be submitted to the periodic test in Table 8 shall be representative of the
current production of the specified periods and shall be taken from the same rated voltage,
class and subclass. In subsequent periods, other case sizes in production shall be tested with
the aim of covering the whole range of the approval.

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

3.5.2

Test schedule

Safety tests only approval

The schedule for the lot-by-lot tests or criteria for re-qualification are given in Table 5 and
Annex D of this specification.
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Qualification approval

The schedule for the lot-by-lot and periodic tests for quality conformance Inspection is given
in Table 4 of Clause 2 of the blank detail specification, for example, IEC 60384-14-1.

3.5.3 Delayed delivery

Re-inspection in the case of delayed delivery shall be carried out at intervals not exceeding
three years. When according to the procedures of IEC 60384-1, 3.10, re-inspection has to be
made, voltage proof at the full relevant test voltage, capacitance, resistance (if applicable)
and insulation resistance shall be checked as specified in Group A inspection and
solderability shall be checked according to Group B inspection.

3.54 Assessment levels
The asjsessment level(s) given in the blank detail specification sh efekably_be\sglected
from Table 8.

Table 8 — Assessment levels

_—D AN DZ
Inspection subgroup L 4 IL Ackeptance
(7 % number
N\ oy
IX \& ' O 1,5 S-4 0
A2 < I 0 | 0
B1 Sa 2,5 S-3 0
| spectiorg Q ( \3\ W~ \) bz
stibgroup ” [\ \Q A 0 \n\ J c P n ¢
C1A 6 0 6 6 0
c1B® 0 6 12 0
C 18 1 6 18 0
C4 6 0 0 6 10 0
C ]
Class X | 12 | 12 |
Class V| 12 f 0 3 12 bl o
Lead-tHrough{ | 6 J 6 J
cd 6 6 1 6 6 0
< 3 4 1 12 4 0
o 12 6-18 0 12 6-18 0
ps 12 24 0 12 24 0

IL = inspdction IevN

AQL = ac¢eptable quality level

p = periodicity in months

n = sample size

¢ = permissible number of nonconforming items

3 |f one nonconforming item is obtained, all the tests of the group shall be repeated on a new sample and then no

further nonconforming items are permitted.
® The content of the inspection subgroups is described in Clause 2 of the relevant blank detail specification.

° The vibration, bump and shock tests in this subgroup are required to be carried out every 12 months only.
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4 Test and measurement procedures

This clause supplements the information given in Clause 4 of IEC 60384-1.

AC tests performed at 50 Hz can be considered valid up to 100 Hz.

4.1

Visual examination and check of dimensions

See 4.4 of IEC 60384-1 with the following additional details.

60384-14 © IEC:2005(E)

4.1.1 —€reepagedistances—and-—ctearances
Creepgge distances and clearances on the outside of the capacitoy’bet arts of
different polarity or between live parts and a metal case shall be no opriate
values [given in Table 9.
This taple is extracted from the table in Clause 29 of IEC 60 may be
obtaindd by reference to the full table.
Compliance shall be checked by measurement/ac bwn in
IEC 60B35-1 for measurements on the outside o ts may
be necgssary, for example for drip-proof and splas
Table 9 — Creepage
| (N \Qa d vojtage (r.m.s.)
Points pf measurement 1\.§0\V‘>\ Ug < sb/v 250 V< UR<500V [ 500 V< UR<760V
reepage|[MClear- | Creepage | Clear- | Creepage|| Clear-
E istance ance distance ance distance ance
m mm mm mm mm mm
Between Ijve parts of \_/ 3.0 25 4,0 3.0 6,3 55
different golarity (\
Between ljve parts and ot e}\ ,0 1 4.0 3,0 6,3 55 6,3 5,5
metal par{s over basic
insulation|” j\
Between | 8n” | 80 8,0 8,0 8,0 8,0 - -
metal parf
insulation
3 These linits sh%e@or measurements between terminals of an X-capacitor.
g These limits shall be used for measurements between either terminal and the metal case of an X-capacitof and for
measurenjents’between terminals or between either terminal and the metal case of a Y2-, Y3- or Y4-capacitpr.

? These limits shall be used for measurements between the terminals of a Y1- capacitor.

4.2
4.2.1

Electrical tests

Voltage proof

See 4.6 of IEC 60384-1 with the following details.

4211

Test circuit for d.c. tests

Omit the capacitor C, if the capacitor under test, or a section of it, is a metallized film or
metallized paper capacitor.
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The product of R4 and (C4 + Cy) shall be less than, or equal to, 1 s and greater than 0,01 s.

Ryi

ncludes the internal resistance of the power supply.

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

4.2.1.2

Test circuit and method for a.c. tests

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

test voptage—statttbeTeduced—tomear zeroand—thecapacitordischarged-timaugtra—suitable

resistor.

For lotiby-lot and 100 % testing, the voltage shall be applied direcfly \a oltage,

but carp should be taken to avoid overvoltage peaks.

4.2.1.3 Applied voltage

The voltages of Table 10 shall be applied between there /g points shown in

Table 3 of IEC 60384-1 for a period of 1 min for guali testing

and fof a period of not less than 1 s for lot- ith the

following details:

a) the|test according to 2C. of Table

b) for pncapsulated units with a non-me C shall
be ¢arried out only for qualification{app

c) the|method of applying’tt 5 all be given in the detail specilcation.
For| qualification testing i ® in 4.5.3.1 of IEC 60384-1 shall b¢ used,
unlgss otherwise specified in the 5&Cifi ;

d) for festing during a\period\batwee s and 2 s, the voltage of Table 10 shall be ingreased
as indicated@g R

Attentign is drawn 40 reEpetition of the voltage proof test by the user may qamage

the cagacitor.

Table 10 — Voltage proof

C(:\Ia§ \Ra%gi}f rated Test A Test B or test C
ages
X1 \) <760V 4,3 Ug (d.c.)
X2 2 Ugr + 1500V (a.c.) with
a minimum of 2 000 V (a.c.) @

X3
Y1 <500V 4000V (a.c.) 4000V (a.c.)
Y2 > 150 V 1500V (a.c.)”

<300V 2 Ug + 1 500 V (a.c.) with
Y3 <250V 1500 V (a.c.) ” a minimum of 2 000 V (a.c.) ”
Y4 <150V 900 V (a.c.)® 900 V (a.c.)

%) For delta and T-connected capacitor units according to Figures 5b and 5c, the test
voltage for terminals to case shall be the appropriate test voltage for the Y-capacitors.

®) For lot-by-lot tests of Class Y2-, Y3- and Y4-capacitors, the a.c. test voltage may be
replaced by a d.c. voltage of 1,5 times the prescribed a.c. voltage.
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4.21.4 Requirement

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

4.2.2 Capacitance
See 4.7 of IEC 60384-1 with the following details.

4.2.2.1 Measuring conditions

The capacitance measured shall be the series equivalent capacitance.

The méasuring frequency shall be 1 kHz, but, only for ceramic capacitor,
the mepsuring frequency shall be 1 MHz.

witt\Cr &.100 pF,

The mgasuring temperature shall be in accordance with 4.2.1 of IEC\603

The measuring voltage shall not exceed the rated voltage.\ For [ itprs the
measufing voltage shall be 1,0V £ 0,2 V.

As the| rated capacitance of ceramic capacitors,

|It-signal
capacitance, the manufacturer shall supply the follg

ors:
a) the[maximum expected 50/60 Hz gurre iter/at rated voltage tak|ng into
acdount capacitance tolerance andempera g istic of capacitance;

b) the| minimum expected capacitane 9 account capacitance toleran¢e and
temperature characteristic of capadi

4.2.2.2

The ca

4.2.3
This te

See 4.8 of |
The md
4.2.4

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

TOU KHZ Tor Rg X Cr < 50 1S,
1 kHz for Rg x Cgr = 50 ps.
where
RR is the rated resistance in ohms, and

CR is the rated capacitance in farads.
4.2.5 Insulation resistance

See 4.5 of IEC 60384-1 with the following details.

In lot-by-lot quality conformance testing the measuring may be interrupted at the time that the
value of the insulation resistance exceeds the limits of Tables 11 or 12, which can be shorter
than 60 s.
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4.2.51 Temperature correction

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

4.2.5.2 Requirements

The insulation resistance shall exceed the values of Tables 11 or 12 as appropriate.

Table 11 — Insulation resistance — Safety tests only
[

Test A Test B Wst C

When Cg > 0,33 pF When Cg £ 0,33 pF R MO

RCins R in MQ <\ \/
2 000" 6 000 Q \Q\o\

NOTE See Table 12.

Table 12 — Insulation resistance — Sa ety a for ce tests

/ ((\;t w Test B or Tlest C

Dielectric When Cr > 0333 p Wheww uF R in MQ

RCR in/§ Rin MQ
paper I’ 2 00 % N\ 6000 6 000
Plastic 50 15 000 30 00¢
Ceramic [\ 6 000 3000
) Also for mixed plastic/paper
® For cs pacitors wi ielestric, the values in the last three columns of the tablg shall be
replaced|respectively and»2 000.
NOTE 1 € , i € rated gapacitance and R the measured insulation resistance.

NOTE 2
tests onl

the dielectric may be given in the detail specification for performance
e\to the appropriate IEC Publication.

NOTE 3 S i RaviRg oneAermination connected to the case, the insulation resistance limits fpr Test A

NOTE 4 } ithng’discharge resistor, measurement should be carried out with the dischargg resistor
disconng . istor cannot be disconnected without the capacitor being destroyed, the test ghould be
omitted i @r qualification approval and periodic tests, the test should be carried out on half of the

specimefs if, the sampley which should consist of capacitors specially made without discharge resistors.

4.3 Robustness of terminations

See 4.13 of IEC 60384-1 with the following details.

The test method and degree of severity to be used shall be specified in the detail
specification.

The test for snap-in contacts shall be specified in the detail specification; the test methods
and severity shall comply with the applicable parts of IEC 60760.
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4.4 Resistance to soldering heat

This test is not applicable to capacitors with insulated leads longer than 10 mm, or to
capacitors with terminations not intended to be soldered (such as screw and fast-on
terminations).

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

See 4.14 of IEC 60384-1 with the following details.

4.4.1 —Testconditions

There ghall be no pre-drying.

4.4.2 Final inspection, measurements and requirements

The final measurements after this test are the intermediate QDls ests of
Subgroup 1A and before the remainder of the tests of . e capacitors shall be
visually examined and measured and shall meet the re

Inspectipn or measurement Inspection U equirement
measuring meth
Visual examination 4.1 /X le damage
Capacitance 4.2. Wnce between the capacitance meagured
fimallyNarfd in Group 0 of Table 3, or Table 4 shall not
(\ f\ excepd 5 %
Resistance N 4 /\ZR R o
(if applichble) / | 5%

2 For ceflamic capacgito th&fapaci%}a@é{\}s\sr@l not exceed 10 %.

4.5 $olderabitit

This tept i apacitors with terminations not intended for soldering (guch as
screw ferminati \d_spapsip/contacts).

See 4.1 ith the following details.

4.5.1

No ag illg s |c\.|ui|cd.

When Method 2 is used, a soldering iron of size A shall be used.
4.5.2 The requirements are given in Table 7.

4.6 Rapid change of temperature

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

See 4.16 of IEC 60384-1 with the following details.

Number of cycles: 5.

Duration of exposure at the temperature limits: 30 min.
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4.6.1 Final inspection

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

4.7 Vibration
See 4.17 of IEC 60384-1 with the following details.

4.7.1 Test conditions

The following degree of severity of test Fc applies: 0,75 mm displacement or 100 m/sZ2,
whichever is the lower amplitude, over one of the following frequency ranges: 10 Hz to 55 Hz,
10 Hz Z, ;

The ddtail specification shall prescribe the frequency range and s
mounting method to be used. For capacitors with axial leads
mountgd by the leads, the distance between the body and
6 mmd41mm.

4.7.2 Final inspection

The capacitors shall be visually examined and there

4.8 Bump

The delail specification shall state whether the b ock test applies.

See 4.

4.8.1 Test conditions

The following are the
Total number of
Acceleration: 400

Pulse d

The md

4.8.2

The fin

7 ests of
Subgroup AB and before the remainder of the tests of Group 1.

The capacitors shall be visually examined and measured and shall meet the following
requirements.
e There shall be no visible damage.

The change of capacitance compared with the value measured in Group 0 of Table 4 shall
not exceed 5 % except for ceramic capacitors where it shall not exceed 10 %.

The value of tan & shall not exceed the limit prescribed in the detail specification.
The change of resistance (if applicable) shall not exceed the limit in Table 14.
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4.9 Shock
The detail specification shall state whether the bump or the shock test applies.

See 4.19 of IEC 60384-1, with the following details.

491 Test conditions
The following severities are preferred.

Pulse-shape: half-sine wave

Peak acceleration Corresponding
duration of the pulse
m/s2 ms

500 11
1000

The mpunting method, the severity and the number of
specifiged in the detail specification.

4.9.2

The final measurements after this test.are the
Subgro &r of

The ca
requirements.

e Thdre shall be no visiblé&\dama

e Thdg change of cap
notlexceed 5 % ex(

e Thq value of<éf3;>6
e Thg change o
4.10 (

This te

See 4.20

4.101

The ¢

hall be

ests of

llowing

4 shall

17, as

appropriate. Unless otherwise specified in the detail specification, Method 1 shall be used

when Test Qc is employed.

4.10.2 Requirements

During or after the test, as applicable, there shall be no evidence of leakage.

4.11 Climatic sequence

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

manufacturer (see Annex G).

See 4.2.1 of IEC 60384-1 with the following details.
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4.11.1 Initial measurements

The initial measurements for the climatic sequence are the measurements made in 4.4.2,

4.8.2 or 4.9.2 as appropriate.

4.11.2 Dry heat
See 4.21.2 of IEC 60384-1 with the following details.

No measurements are required at the upper category temperature.

4.11.3 _Damp heat, cyclic, test Db, first cycle

See 4.21.3 of IEC 60384-1.

4.11.4| Cold
See 4.21.4 of IEC 60384-1 with the following details.

No measurements are required at the lower category tempera

4.11.5 Damp heat, cyclic, test Db, remaining cy
See 4.21.6 of IEC 60384-1.

4.11.6 | Final inspection, measurements

See 4.21.7 of IEC 60384-1, with the fo owi@ta

Recovgry shall be for 24 h> 2 Nunder stahdard atm
After re@covery, the\capa isua
requirements o bfe 14

natic sequence — Requirements

0spheric conditions for testing.

y examined and measured and shall m

cet the

N\
npspection spection or Requirement
easurement edasuring method

3

Visual e inatk 4.1 No visible damage
The marking shall be legible

a)

Capacitgnce 4.2.2 The final capacitance value shall be within 5 $o * of
the value measured in 4.4.2, 4.8.2 or 4.9.2 ag
applicable

Tangent of Toss angle 4.2.3 The increase of tan 6 over the value measured in

(metallized capacitors only) Group 0 shall not exceed

0,008 for Cg < 1 uF
0,005 for Cg > 1 uF

Resistance 424 AR
(if applicable) =< 5%
Voltage proof 4.21 Test voltage as in Table 10
No permanent breakdown or flashover is permitted
Insulation resistance 4.2.5 Greater than 50 % of the applicable limits of Tables
11 0r 12

2 For ceramic capacitors the capacitance difference shall not exceed 10 %.
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4.12 Damp heat, steady state
When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of

capacitance drift is required, preconditioning should be performed as advised by the
manufacturer (see Annex G).

See 4.22 of IEC 60384-1, with the following details.

4.12.1 Initial measurements

Initial measurements have been made in Group 0 of Tables 3 or 4.

4.12.2 | Test conditions

When the test is made on ceramic capacitors, half of the sample sha
applied and the other half shall have no voltage applied.

voltage

For all pther capacitors, no voltage shall be applied during the

4.12.3 | Final inspection, measurements and requiren

Recovgry shall be for 1 h to 2 h under standard atmg

After r¢covery the capacitors shall eet the

requirements of Table 15.

Inspectipn or measurement In

Requirement

N,

Visual examination . 440 visible damage
\/\ The marking shall be legible

Capacitance x) 2.2 The final capacitance value shall be within 5 oa) of the
<\ value measured in Group 0 of Tables 3 or 4 ap
N\

applicable

Tangent|of loss angl w The increase of tan 3§ over the value measurefl in
(metallizpd capagitors Qnly Group 0 shall not exceed
0,008 for Cg < 1 pF
0,005 for Cg > 1 puF

A
Resistanc \ 4.2.4 AR
(if applichble) = <5%
Voltage proof 4.2.1 Test voltage as in Table 10
No permanent breakdown or flashover is permitted
Insulation resistance 4.2.5 Greater than 50 % of the applicable limits of Tables 11
or 12

2 For ceramic capacitors the capacitance difference shall not exceed 15 %.

4.13 Impulse voltage

This test is to be carried out as a sequence with the endurance test described in 4.14.

4.13.1 Initial measurements

Initial measurements have been made in Group 0 of Table 3 or Table 4.
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4.13.2 Test conditions

Capacitors except for those of subclasses X3 and Y3, shall be submitted to an impulse
voltage test.

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

The rise time, 7, is defined as f. = (¢9y — 739) x 1,67 according to 18.1.4 of IEC 60060-1.

For the C 600680-1

The wgveform will be determined by the test circuit parameters. Detai ircuit are

given in Annex A.

Before|use, the functioning of the circuit shall be checked uS$ing © uF and
0,1 uF Bnd the values for the other circuit elements as givepi N ime 7, and
decay {ime t4 shall be within 0 % + 50 % of the values gi [ 3 fors Cy
used fgr this check should not be high-permittivity cerar

If the waveform from the check shows a damped
oscillatjon, Upp, shall be not greater than 10 %
Figure 7).

ak-to-peak value| of this
of the impulse Ugg (see

P
Time
IEC 936/05

Figure 7 — Impulse wave form

4.13.3 L Requirements

There shall be no permanent breakdown or flashover.

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

If all 24 impulses have been applied to the capacitor and 3 or more of them are of a waveform
indicating that no self-healing breakdowns or flashovers have occurred, then the capacitor
shall be counted as conforming, but, if less than three impulses are of the required waveform,
then the capacitor shall be counted as a nonconforming item.
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4.14 Endurance
When, for fixed capacitors of ceramic dielectric Class 2, a precise measurement of

capacitance drift is required, preconditioning should be performed as advised by the
manufacturer (see Annex G).

The endurance test shall be started within one week of the completion of the impulse voltage
test. See 4.23 of IEC 60384-1 with the following details.

4.14.1 Test conditions

The capacitors shall be placed in the test chamber in such a manner that no capacitor is
within 25 mm of any other capacitor.

As an gpxception, when the width or diameter of the capacitor is leg mathen the
distan between the capacitors may be reduced to the value i i bmeter,
providgd that this causes no extra heating of the capacitors. 25 mm
spacing shall be used.

The cdpacitors shall not be heated by direct radiatio i i if in the
chamb eding\+3 °C of the specified
temperpture at any point where capacitors are place(.

NOTE A fuse or other device of suitable sensifiw 2E \ i ircuy hdicate if
failure og¢curs.

Sampling
The s3 5 d c e parts
according to the numbers given in_Tab ied out

on the K-capacitors, the

For example, when testing deN naci tested
according to 4.1 and anotf Y lead-
through capacit 5.

according to 4.14.5.

6 units
4.14.2

Initial me

4.14.3 ance ass X capacitors and RC units containing Class X capacjtors

For mujti-séction tapacitors, all X-sections shall be tested in parallel, if necessary, by ghorting
out any.¥=sections. For T-connected capacitors (see 1.5.9), the test shall be carrjed out

b t £l ry + | Ll ool it L pu | 4+ 1
etweentmetermimars moTTITanmy LurnmiecuicUto e armuTreutlrar.

The capacitors shall be submitted to an endurance test of 1000 h at upper category
temperature at a voltage of 1,25 Uy except that once every hour the voltage shall be
increased to 1000V r.m.s. for 0,1s. Each of these voltages shall be applied to each
capacitor individually through a resistor of 47 QO +5 %. The suitable circuit is shown in
Annex B.

NOTE The value of this resistor is chosen to simulate the high-frequency impedance of the supply mains.

The test circuit should be designed so that voltage transients and current surges are avoided
during switching. This may be achieved by discharging the capacitor before switching to the
new voltage provided that the total time taken to change over to 1 000 V rms and back does
not exceed 30 s.
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4.14.4

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

For multi-section capacitors, all Y-sections shall be tested in parallel, if necessary, by shorting
out any X-sections. For T-connected capacitors (see 1.5.9) the terminals normally connected

to line

and neutral shall be shorted and the test shall be carried out between them and the

terminal normally connected to earth.

The capacitors shall be submitted to an endurance test of 1 000 h at upper category
temperature at a voltage of 1,7 Ug, except that once every hour the voltage shall be

increas
capacit

ed to 1000V r.m.s. for 0,1 s. Each of these voltages shall be applied to each
or individually through a resistor of 47 Q £ 5 %. The test circuit is shown in Annex B.

The teg
during
new vd
does n

4.14.5

In add
current
through
of 1 00
voltage

t circuit should be designed so that voltage transients and current/surg S are avoided
switching. This may be achieved by discharging the capacitor ing to the
Iltage provided that the total time taken to change over the A d back
bt exceed 30 s.

Endurance for the lead-through arrangements

tion to the endurance tests of the capacitors accerdi 4. .14.4, the
Lcarrying capacity of the lead-through arrangé . e lead-
wires shall be connected in series and the ¢apaeci R ce test
D h with a current of 1,1 Ig passing throu f 3 i est, no

is applied to the capacitor dielec

The capacitors shall be mounted in theNmanne S{fi , e oven

shall b
The cuf

After th

b stabilized at the rated temperature Wit i acitors.

acitors

For so € as\gbaxial lead-through capacitors, it is possible without
difficulfy to appl > current to the capacitor at the same time. If prescribed
in the detail specificatio red endurance test of 1 000 h may be carried out indtead of
the tests of 4.14 L. and 4.14.5 using the number of specimens appropriate|for the

444 .3 I-4) and/1,1 times the rated current flowing through the lead-through

The calse temperature, of one of the capacitors shall be measured as in 4.14.5. It shall not

exceed

the‘\upper category temperature.

4.14.7

Final inspection, measurements and requirements

The capacitors shall be visually examined and measured in the order given in Table 16.
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Table 16 — Endurance — Requirements

Inspection or Inspection or Requirement
measurement measuring method
Visual examination 4.1 No visible damage
Capacitance 4.2.2 The final capacitance value shall be within 10 % ? of
the value in Group 0 of Tables 3 or 4 as applicable
Tangent of loss angle 423 The increase of tan § over the value measured in
(metallized capacitors only) Group 0 shall not exceed
0,008 for Cg < 1 pF
0,005 for Cg > 1 puF
Resistangeifappticable) 127 |AR/R|S10%
Voltage proof 4.2.1 Test voltage as in Table N\
No permanent breakd flas OVeEXis pexmitted

Insulatiop resistance 4.2.5 Greater than 50 %,.of KWW ables 11
or 12

2 For cefamic capacitors the capacitance difference shall not exceed 20//6\\ \

4.15 Charge and discharge

This test is applicable only to metall; pacitors and RC unit
such capacitors.

See 4.27 of IEC 60384-1 with the follo

4.15.1 | Initial measuren

Initial measurements ade.in, 'Group_0/of Tables 3 or 4. In addition, except

units, tan ¢ shall m

CR: < 1 > 1 MF
Frequepncy: i Frequency: 1 kHz
Voltage:

4.15.2

approx|mately, 0

Peak voltage: < 3 % of rated voltage

5 using

for RC

U7

ubjected to 10 000 cycles of charge and discharge at the [rate of
ration per second.
Each ckcle-shall consist of r\horglng and Hler\hnrglng the. r\apar\lfnr Eor ac rated cap CitorS,

the test voltage shall be \/Ex Ugrand for d.c. capacitors the test voltage shall be U,

Each capacitor shall be individually charged by applying the test voltage through a resistor

with the value

-6
R= 220 x 10 o
Cr

or the value required to limit the charge current to 1 A (or to the higher current value given in

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

For RC units, if it is impossible to achieve a discharge rate of 100 V/us, the RC unit shall be
discharged through a short circuit.

The circuit is given in Annex C.

4.15.3 Final measurements and requirements

The capacitor shall be measured and shall meet the requirements of Table 17.

Table 17 — Charge and discharge - Requnreme S

(X

n

Ihspection or

easurement

Inspection or
measuring method

quiement

Capacitg

nce

422

The final capa<:|t
the value |

t n 10
or 4 &s appli

a)

%  of
table

Tan ¢ fo
CR < 1 n
f=10 kH
(if applic

pble)

4.15.1

nce h&%
p\O of\ab S
va e measure

10

Hin

Tan 6 fof

Cr>1pf

f=1 kHZ
(if applic

Bble)

4.15,

<

Hin

Resistan
(if applic

ce
bble)

4.2.

Insulatio

h resistance

2

NG

regter than 50 % of the applicable limits of 1

2

ables 11

) For ce

4.16 |

The de
of the fi
— the
—  inse
— res

— imp

stance-atwesonant frequency;

edance of the capacitor;

[\ (o]
amic capacitors, tlfe}&pac{\mce é'\ffewce\sQall not exceed 20 %.

r more

— inductance of the capaciior.

4.17 Passive flammability test

See 4.38 of IEC 60384-1, with the following details.

No preconditioning is required.

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

qualified, shall be tested.
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The flame shall be applied for the period of time specified in the generic specification
corresponding to the volume of the specimen and the category of flammability specified in the
detail specification.

If there is no requirement in a detail specification or other relevant specification, the test shall
be carried out as for category C.

NOTE Passive flammability categories better than C may require flame retardant additives which may cause
environmental impact. These categories should be subject to discussion between manufacturers and customers.

4.17.1 Requirements

n. The tissue paper shall not ignite. No electrical measurements

4.18 Active flammability test
4.18.1 | This test is not applicable to Y1 capacitors.

4.18.2 [ The sample of 24 specimens shall contain equal numbe S i ighest,
the lowest and an intermediate capacitance value in the e e ied: ere
are only two capacitance values in the range, 12 of e nly 1

The specimens shall be individually
layers pf cheesecloth. The cheeseclo
20 g/m# to 60 g/m2 and having a count
conditipned under standard atmospher;j

mplete
hass of
en pre-

Each tgst capacitor shall ferably

be at Idast 25 mm.

Using the test cirﬁit

each sample shall he subjected to 20 discharges from a tank capacitor, charged to a voltage

that, when discharged, places U, across the capacitor under test. The interval between

successive discharges shall be 5*)'s

Throughout the test, the U~ shall be applied across the capacitor under test and shall be

0+10

maintained for 120 "5" s after the last discharge, unless a blown fuse causes an open circuit.
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S1

NOTE 1

Oscilloscope

IEC

Figure 8 — Typical circuit for pulse loading of capacitors under a.c. voltage

isolation transformer for blocki with\'s®e
capacity to supp 0 the t%cui atd voltage of > 0,9 x U~;

= ol
T

wi-blaowvw—fua ratad
STUWTUTUVW TUOGT, TALCTU

937/05

fficient

C4,C, and L, .. Ly comprise a mains protection filter; other configurations for these filters are permitted.

NOTE 2 Cj; and C; should have a suitable voltage compared to the required U; during test.

4.18.3 Adjustment of U;

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

The cheesecloth around the capacitor shall not burn with a flame. No electrical measurements
are required.

4.19 Component solvent resistance (if applicable)

See 4.31 of IEC 60384-1.

The detail specification shall specify whether tests are required using solvents additional to
those specified in the generic specification.

4.19.1 | Requirements

The requirements shall be specified in the detail specification.

4.20 $olvent resistance of the marking

See 4.32 of IEC 60384-1.

The ddtail specification shall specify whether tests i § solvents additjonal to
those gpecified in the generic specification.

4.20.1 | Requirements

The mgrking shall be legible.

o
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