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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED ELECTRIC DOUBLE-LAYER CAPACITORS
FOR USE IN ELECTRIC AND ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising

rnational co-operation on all questions concerning standardization in the electrical and electronic fiel
end and in addition to other activities, IEC publishes International Standards, Technical Specific

national electrotechnical committees (IEC National Committees). The object of IEC " is to prpmote

fis. To
tions,

chnical Reports, Publicly Available Specifications (PAS) and Guides (hereaftenr referred to as| “IEC
blication(s)”). Their preparation is entrusted to technical committees; any IEC Natiornal Committee intefested

in|the subject dealt with may participate in this preparatory work. Internatiohal, governmental and non-

ernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates dlosely

with the International Organization for Standardization (ISO) in accordancge, with conditions determined by

tional
bm all

tional
bf IEC

Pyblications is accurate, IEC cannot be held responsible<for the way in which they are used or fgr any

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

6) Al

latter.

essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
rvices carried out by independent cerdification bodies.

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

7) Nd liability shall attach to IECon its directors, employees, servants or agents including individual exper
mg¢mbers of its technical committees and IEC National Committees for any personal injury, property dam

ot

exX

Pyblications.

8) At
in

9) At

pa

This

ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
ispensable for_the correct application of this publication.

ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
itent righits: IEC shall not be held responsible for identifying any or all such patent rights.

itself does not provide any attestation,'of conformity. Independent certification bodies provide confprmity

br any

s and
hge or

er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg) and
penses arising out (0f\the publication, use of, or reliance upon, this IEC Publication or any othgr IEC

bns is

ect of

Tedlinme versionm of the official tEC - Standardaltows the user to fdentify the chranges
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard IEC 62391-1 has been prepared by IEC technical committee 40:
Capacitors and resistors for electronic equipment.

This second edition cancels and replaces the first edition published in 2006 and constitutes a
technical revision.

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

a) enhancement of the scope to include electric (high power) application;

b) ifiplementation of Annex Q, replacing Clause 3 In the first edition;

c) ir addition, minor revisions related to tables, figures and references.

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

FDIS Report on voting
40/2393/FDIS 40/2415/RVD

Full information on the voting for the approval of this standard caf be found in the repdrt on
votinpg indicated in the above table.

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

A lisf of all parts of IEC 62391 under the general titl€ Fixed electric double-layer capacitors for
use in electric and electronic equipment can be found in the IEC website.

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

3

—

confirmed,

e withdrawn,

eplaced by a revised edition, or
+ amended.

—

The ¢ontents of the corrigenda of December 2016 and June 2019 have been included in|this copy.

A bilingual version* of this publication may be issued at a later date.

IMP AN he ' 5 ! ation—indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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FIXED ELECTRIC DOUBLE-LAYER CAPACITORS
FOR USE IN ELECTRIC AND ELECTRONIC EQUIPMENT -

Part 1: Generic specification

1—General

1 cope

This [part of IEC 62391 applies to fixed electric double-layer capacitors (hereaftep referrgd to
as cgdpacitor(s)) mainly used in d.c. circuits of electric and electronic equipment:

This part of IEC 62391 establishes standard terms, inspection procedures“and methods of test
for uge in sectional and detail specifications of electronic components-for quality assessment
or any other purpose.

2 ormative references

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

IEC 60027 (all parts), Letter symbols to be tised in electrical technology
IEC 60050 (all parts), International Electrotechnical Vocabulary

IEC 60062, Marking codes for resistors and capacitors

IEC 60063, Preferred numbeér series for resistors and capacitors

IEC 60068-1:4988 2013, Environmental testing — Part 1: General and guidance

IEC 60068-2£131990 2007, Environmental testing — Part 2-1: Tests — Tests A: |Cold

ﬁm

IEC 60068-2-2:14974 2007, Environmental testing — Part 2-2: Tests — Tests B: Dry Heat

Amendment 1-(1993)
Amendment2(1994)

IEC 60068-2-6:4995 2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration
(sinusoidal)

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

Amendment 1-(1986)

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

Amendment 2 (1987)
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IEC 60068-2-21:4999 2006, Environmental testing — Part 2-21: Tests — Test U: Robus
of terminations and integral mounting devices

2015

thess

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

Immersion in cleaning solvents
Amendment 1:1993

IEC 600868 4:2006 nvironmen ing 4:

testing of electronic components by the wetting balance method

IEC 60068-2-58:2004 2015, Environmental testing — Part 2-58: Tests — Tést" Td:

srbility

Test

methpds for solderability, resistance to dissolution of metallization and to seldering heat of

surface mounting devices (SMD)

IEC $0068-2-69:2007, Environmental testing — Part 2-69: Tests —qylest Te: Soldergbility

testing of electronic components for surface mounting devices (SMDHby the wetting ba
methpd

ance

IEC 60068-2-78:2004 2012, Environmental testing — Part 2-(87 Tests — Test Cab: Damp| heat,

steady state

IEC 60294:14969 2012, Measurement of the dimensions of a cylindrical component-having

two With axial terminations

IEC 60617 (all parts)-[PB}*, Graphical symbols for diagrams

IEC 60695-11-5, Fire hazard testing <<Part 11-5: Test flames — Needle-flame test method —

Appadratus, confirmatory test arrangement and guidance

IEC 60717:4984 2012, Method for the determination of the space required by capacitors and

resisfors with unidirectional terminations

IEC $1193-2, Quality~aSsessment systems — Part 2: Selection and use of sampling plans for

inspdgction of electr@nic’components and packages

IEC #1760-1:-1008
=S OO 1390

0
D
il
A
()
+~
P
5
Q.
D
™
3.
)
(D
s
5
o
Q.
oy
T~
5
S
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3 Terms and definitions

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

3.1
type

group of components having similar design features and-the-similarity-of-whese manufacturing
techniques,-enables enabling them to be-greuped considered together, either for qualification

approval or for quality conformance inspection;—they-are—generallycovered-bya-single-detait

specification

Note 1 to entry: In some cases, components described in several detail specifications may be considefed as
belonging to the same type.

[SOYRCE: IEC 60384-1:2008, 2.2.39 — modified, the remark on "single detail ‘specificqgtion"
was ¢leleted from the definition and the Note was rephrased.]

3.2

styl¢

subd|vision of a type, generally based on dimensional factors

Note ] to entry: A style may include several variants, generally of a mechanical order.

2.2.3

crady

Lomrtendieato o ndeional copo el chaenelonletie sopecmnine ths oo ncoe conliesdion g8 e
comgonent which-may only be used in combination with-one or more words (e.g. lonfy life
3.3

clasg

clasdification of the capacitor by thelcapacitance value and the internal resistance Yalue
depepding upon the application

3.4

family

<elegtronic components>»group of components which predominantly displays a particular
phys|cal attribute andlop fulfils a defined function

3.5

subfamily

<elegtronic.eomponents> group of components within a family manufactured by similar
technological methods

3.6

d.c. capacitor
capacitor designed essentially for application with direct voltage

Note 1 to entry: A d.c. capacitor may not be suitable for use on a.c. supplies.

3.7

rated nominal capacitance

€Rr CN

designated capacitance value usually indicated on the capacitor
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category temperature range
range of ambient temperatures for which the capacitor has been designed to operate
continuously

Note 1

3.9
lowe

to entry: This is given by the lower and upper category temperature.

r category temperature

2015

minimum ambient temperature for which a capacitor has been designed to operate
continuously

3.10

upp€r category temperature

maxH
been

[sou

3.11
rated
maxi

3.12
ratec
Ur
maxi
conti
temp

3.13

category voltage

Uc
maxi
temp

3.14
temp
maxi
temp

Note
tempe
specif

mum highest ambient temperature-for including internal heating in which a capacitor
is designed to operate continuously

RCE: IEC 61881-3:2012, 3.17, modified — The note to entry has been deleted.]

temperature
mum ambient temperature at which the rated voltage may be’continuously applied

voltage-{d-c-}

mum—direct d.c. voltage or peak value of “pulse voltage which may be ap
huously or repetitively to a capacitor at any temperature between the lower cate
erature and the rated temperature

mum voltage which may be applied continuously to a capacitor at its upper cate
erature

erature derated/voltage
mum voltage that may be applied continuously to a capacitor when it is at
erature betwéen the rated temperature and the upper category temperature

to entry: ) Information on the voltage/temperature dependence at temperatures between the

rature_.“and the upper category temperature—should—if—=applicable,—be is given in the—relevant
cation.

has

plied
pgory

pgory

any

rated
detail

3.15

surge voltage ratio
quotient of the maximum instantaneous voltage which may be applied to the terminations of
the capacitor for a specified time at any temperature within the category temperature range

and t

he rated voltage or the temperature derated voltage, as appropriate

Note 1 to entry: The number of times per hour that this voltage may be applied-should-be is specified in the detail
specification.
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3.16

rated ripple voltage

rm.s.

value of the maximum allowable alternating voltage at a specified frequency

superimposed on the d.c. voltage at which the capacitor may be operated continuously at a

spec

ified temperature

Note 1 to entry: The sum of the direct voltage and the peak value of the alternating voltage applied to the

capac

3.17

itor-sheuld does not exceed the rated voltage or temperature derated voltage, as applicable.

reverse voltage

<for|
direc|

3.18

nolar capacitors-anly> voltage applied to the capacitor terminations in the reverse p
fion

rated ripple current
r.m.s. value of the maximum allowable alternating current of a specified frequency, at V

the ¢

3.19
time

ppacitor may be operated continuously at a specified temperature

constant

produict of the internal resistance (including circuit resistance) and the capacitance

Note

3.20

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

internhal resistance

resis

ance component in an equivalent series gircuit of capacitance and resistance

capatitor

Note ] to entry: The internal resistance is given in.ohms (Q).

3.21

IR drop

voltape drop between the capacitor terminals that is generated at the start of dischargs
quantified by the product of the(discharge current and the internal resistance of the capad

3.22

maximum temperature of a capacitor

temp

Note

3.23
mini

erature at the hottest point of its external surface

to entry: JheMerminations are considered as a part of the external surface.

um_temperature of a capacitor

larity |

vhich

of a

and
itor

tempgratidre at the coldest point of the external surface

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

3.24

minimum storage temperature
minimum ambient temperature which the capacitor should withstand in the non-operating

cond

3.25

ition without damage

maximum storage temperature

maxi
capa

mum ambient temperature which-is-equal-to-the-upper-category-temperature-of the

citor withstands in the non-operating condition without damage

[SOURCE: IEC 60384-1:2008, 2.2.11]
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3.26

temperature characteristic of capacitance

maximum reversible variation of capacitance produced over a given temperature range within
the category temperature range

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

Note 2 to entry: The temperature characteristic of capacitance is normally expressed as a percentage of the
capacitance related to a reference temperature of 20 °C.

3.27
visit1re13'm'a'g'e
visible damage which reduces the usability of the capacitor for its intended purpose

3.28
leakage current
valug of the current that flows through a capacitor after a charge for a fixed period of time

Note 1 to entry: Leakage current is given in amperes (A).

3.29
mainjtain voltage
self discharge

voltapge held while being left for a fixed period of time under no load after a charge for a ffixed
period of time

3.30
temperature rise
<cappcitor> increase of temperature-rise of the capacitor relative to the ambient temperature
resulting from the losses in the capacitor due to operation under-a-¢- charge and/or—pulse
dischlarge conditions

3.31
insulated capacitor
capagitor in which all terminations of a section may be raised to a potential different (bt not
less than the rated voltage)frem that of any conducting surface with which the case is liable
to come into contact in normal use

3.32
uningulated capacitor
capatgitor in which<one or more of the terminations of a section cannot be raised to a pot¢ntial
different (but-not less than the rated voltage) from that of any conducting surface with which
the cpse is liable to come into contact in normal use

3.33
surface mount capacitor

fixed capacitor whose small dimensions and nature or shape of terminations make it suitable
for use in hybrid circuits and on printed boards

3.34
passive flammability
flammability caused by external heating of the component

Note 1 to entry: Passive flammability can be caused by flames for example.

3.35
active flammability
flammability (self-ignition) caused by internal heating of the component
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Note 1 to entry: Active flammability can be caused by sparking due to insufficient internal contact for example. ‘

3.36
category of passive flammability

category-of passive flammability-is given by the maximum burning time after a specified time |
of flame application

3.37
mass
mass of the-compeonent capacitor with all fixed parts

volufe

comgonent volume of the capacitor body excluding terminations

4 TYechnical-data General items

4.1 Unit and symbols

Unitg, graphical symbols, letter symbols and terminology shall, whenever possible, be faken
from |the following documents:

BC 60027;
BEC 60050;
BEC 60617;
$0-10006 80000-1

When further items are required they should ®Ge derived in accordance with the principles of
the plublications listed above.

4.2 Preferred values and class

4.21 General

Eachisectional-specification{shall-prescribe The preferred values appropriate to the subfgmily:
forrgted-capacitance,seg-also-2-3-2 shall be prescribed in the sectional specification.

NOTE| It is not possibletosspecify the preferred values of rated voltage due to the nature of the capacitor.

4.2.2 Preferred values of rated nominal capacitance

The preferred-values of-rated nominal capacitance shall be taken from the R series spetified
in IEC 60063.

4.2.3 ciass

The class of the capacitor shall be classified according to capacitance and internal resistance
(application). See Annex A for details.

4.3 Marking

4.3.1 General

The-sectional-specification-shal-indicate The identification criteria and other information to be
shown marked on the capacitor and/or-paecking packaging shall be indicated in the sectional

specification.

The order of marking priority for small size capacitors shall be specified in the detail
specification.
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4.3.2 Coding

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

4.4 Quality assessment procedures

A mean

= y m uych—3a C I e
“E‘ ( “’ Ggmp”angg with EC Q{" 0010022 ig roqllirnrl_

See Annex Q.

5 Tests and measurement-préeedures

5.1 General

The kectional and/or blank detail specification shall indicate the tests to be made, which
meagurements are tog~be made before and after each test or subgroup of tests, and the
sequence in which (they shall be made. The stages of each test shall be carried out in the
ordel written. The'measuring conditions shall be the same for initial and final measurements.

If najional_specifications within any quality assessment system include methods other|than
thosg spetcified in the above specifications, they shall be fully described.

Limits given in_all_specifications are absoliute 1imitsS. The principie to take measurement

uncertainty into account-shal-be-applied{see-Annex-C-to-Clause 2 of IEC QC-004002-3) is

given in Annex F.

5.2 Standard-atmosphericconditions Test and measurement requirements

5.21 Standard atmospheric conditions for testing Test conditions

Unless otherwise specified, all tests—and—measurements shall be made under standard
atmospheric conditions for testing as given in IEC 60068-1:2013, 4.3:

— temperature: 15 °C to 35 °C;

— relative humidity: 25 % to 75 %;

— air pressure: 86 kPa to 106 kPa.
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5.2.2 Measurement conditions

Unless otherwise specified, all measurements shall be made under standard atmospheric
conditions for testing as given in IEC 60068-1:2013, 4.3 with following exception:

— temperature: 20 °C +2 °C.

All measurements shall be made after thermal equilibrium is accomplished, see 5.2.4.
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Voltage treatment

2015

The capacitor shall be charged up to Ur and be held for 30 min by means of a d.c. source.
The capacitor shall be discharged through a suitable discharge device.

5.2.4

Thermal treatment

The capacitors shall be stored at the temperature specified in 5.2.2 for a time sufficient to
allow the entire capacitor to reach this temperature (thermal equilibrium, see Annex C).

5.3

Drying

Unle
cond

5s  otherwise specified in the—relevant detail specification, the capacitor sha
tioned for 96 h £ 4 h by heating in a circulating air oven at a temperature of 55°€ +

and a relative humidity not exceeding 20 %.

The
activ
oven

5.4
5.4.1

The

Mark
requi

5.4.2

The
chec

apacitor shall then be allowed to cool in a desiccator using a suitable desiccant, su

to the beginning of the specified tests.

Visual examination and check of dimensions

Visual examination

rements of the detail specification.

Dimensions (gauging)

ed, and shall comply with the values prescribed-in-the-detail-specification.

be
2°C

th as

hted alumina or silica gel, and shall be kept therein from the time of*removal from the

ondition, workmanship and finish shall be satisfactory; as checked by visual examinjation.

ng shall be legible, as checked by visual “examination and shall conform tq the

Himensions indicated in the detail{specification as being suitable for gauging shgll be

When applicable, measurements;shall be made in accordance with IEC 60294 or IEC 607/17.

5.4.3

All d
the V|

45—
e

Dimensions (detail)

plues prescribed.

- Capacitance

H——Censtontenerant cicehoras paethecdl

mensions prescribed in the detail specification shall be checked and shall comply| with
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5.5 Measurement method 1 for capacitance and internal resistance (constant current
discharge)

5.5.1 Basic circuit for measuring

The capacitance and the internal resistance shall be measured by using the constant current
charging and discharging methods. The basic circuit for measurement is given in Figure 1.
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Power supply

5.5.2

The
charg
curreg
show
voltag

The

|
L :
! ! N
| e L | &)
: ICC : S
' :
: [ [
| —.I +__
L D)
i :
| 1 |
:UCV ——— : e
! I
|
: [
e e e e — — 1 IEC

constant-current

constant-voltage

d.c. ammeter

d.c. voltage recorder

changeover switch

capacitor under test

constant current discharger

power supply for constant current chargigg-

power supply for constant voltage charging-

Figure 1= Basic circuit for measuring

Measuring equipment

measuring equipment shall be capable of constant current charging, constant vo
ing, constant cwrrent discharging, and continuous measurement monitoring o
nt and the veltage between the capacitor terminals as a function of discharging tin
n in Figurey2* The measuring equipment shall be able to set and measure the current an
e with th&yaccuracy equal to +1 % or less.

bower supply shall provide constant charge current for the capacitor charge with

Itage

the
e as
d the

05 %

effici

pNcy. and setting function of the constant voltage charge duration. The constant cd

rrent

discharger shall provide constant discharging current as specified in Table 1 or Table 2,
respectively. The d.c. voltage recorder shall be capable of conducting measurements, and it

shall

record with a 5 mV resolution and sampling rate of 100 ms or less.
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>
(] g .
> Magnified figure
S
>
: : Q}’
‘ Tey ‘ Time (s) 5
- \
lgi/Q
Key c.
N
Ug rated voltage (V) (3,)'\
U, calculation start voltage (V) %({/b
U, calculation end voltage (V) C)
&
AU, | voltage drop (V) 6\
Tey constant voltage charging duration (min) QQ
Figure 2 — Voltage-time characterist'gs etween capacitor terminals
in capacitance and internal\@ istance measurement
7
5.5.3 Measuring procedure $\‘,Q
5.5.3l1 General A‘\Q)
The measurement shall be carrié@out by analysing voltage-time characteristics betveen
capatgitor terminals. O
N
The measuring method shall be either in accordance with 5.5.3.2 or 5.5.3.3 correspondiphg to
the class (refer to Anr@) and shall be specified in the detail specification.
Precpnditioning % tage treatment as in 5.2.3 and thermal treatment as in 5.2.4 sh3gll be
carriId out, a specified in the detail specification, drying as in 5.3 may be carried out
before meeg ent.
The v%ﬁ between capacitor terminals shall be measured and recorded as a functipn of
time thrdughout the measuring procedure

5.5.3.2 Measuring method 1A (class 1, 2, 3 and 4)

Unless otherwise specified in the detail specification, the measuring conditions shall be as
shown in Table 1. The constant charging current (/.;) shall be able to charge the capacitor
with 95 % charging efficiency and is set using the rated voltage (Ug) and the nominal internal
resistance (Ry) by I, (= Ur /38 Ry). The constant discharge currents are set for capacitance
measurement and internal resistance respectively, corresponding to the nominal capacitance
of the capacitor.
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The measuring procedure shall be as follows:

a) the capacitor shall be charged with the constant charging current;

b) when the output voltage of the power supply reaches the specified value, the charging of
the capacitor shall be continued with the constant voltage;

c) then the capacitor shall be discharged through the constant current discharger;
d) then the time shall be measured from the start of discharge to the point at which the
voltage between the capacitor terminals becomes U, and U,, respectively (see Figure 2).

Table 1 — Measuring conditions for measuring method 1A

\
Class d
Application Q~
Measuring conditions Class 1 Class 2 Class 3 ,\(’.') Class §#
Memory backup Energy storage Power Q) nstantangous
| power
Constant current charging . - 2 )
mA 95 % charging efflmeno)\
(“ —4

Cqnstant voltage charging time 30 (l/b
min ©

Constant discharge current for L’

bapacitance measurement ° 1xCy 0,4 xC bqg/ 4 x C\Ur 40 x C Vg

i i

Constant discharge current for Q

internal resistance measurement °© 10 x Cy CyUr 40 x CUr 400 x C\JUr
mA Q
I
U, k\}\ 0,8 x Ug
Uz V\\Q 0,4 X UR
For class 3 and class 4, measuring method 1B ma t‘)}used.
The number of significant figures for the disch current value of 10 A or less shall be one digit; the seconfl

digit pf the calculated value should be round own.

The nqumber of significant figures for the &'Qharge current value exceeding 10 A shall be two digits; the third digit
of th¢ calculated value should be rou down.

NOTE C, is the nominal capacit@in farad (F) and Uy is the rated voltage in volt (V).

a8  Fpr the general concept@harging/discharging efficiency, see Annex D.

o
=

AU5 exceeds 5 % charging voltage (0,05 x Ug) in the initial characteristics, discharge current palue
may be reduced by ong half, one fifth or one tenth.

¢ IflAU; exceed % of the charging voltage (0,2 x Ug) in the initial characteristics, discharge current falue
may be redg\ y one half, one fifth or one tenth.

U
5.5.313 Cl!leasuring method 1B (class 3, 4 and 5)
N

Unless otherwise specified In the detail speciiication, the measuring conditions shall be as
shown in Table 2. The constant charging current (/) shall be able to charge the capacitor
with 95 % charging efficiency and is set using the rated voltage (Ug) and the nominal internal
resistance (Ry) by /. (= Ug /38 Ry). The constant discharge current (/4) shall be able to
discharge the capacitor with 95 % discharging efficiency and is set using the rated voltage
(Ug) and the nominal internal resistance (R) by I (= Ug /40R,,).
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The measuring procedure shall be as follows:

a) the capacitor shall be charged with the constant charging current;

b) when the output voltage of the power supply reaches the specified value, the charging of

the capacitor shall be continued with the constant voltage;
c) then the capacitor shall be discharged through the constant current discharger;

d) then the time shall be measured from the start of discharge to the point at which the
voltage between the capacitor terminals becomes U, and U,, respectively (see Figure 2).

Table 2 — Measuring conditions for measuring method 1B

\
Class d
Application Q.
Measuring conditions
Class 3 Class 4 &]
Power Instantaneous power @g power
Constant cur:::nt charging 95 % charging efﬂmency a'\
Cdnstant voltage charging time 5 ,-é?)
min q
Constant current discharging 95 % discharg(nq\gflmency
S
U, Ur
U, . &,4 x Ug
For class 3 and class 4, measuring method 1A may be used. Y
The npumber of significant figures for the discharge current er of 10 A or less shall be one digit; the sgcond
digit pf the calculated value should be rounded down. \\
The npumber of significant figures for the discharge curr@s\/alue exceeding 10 A shall be two digits; the third digit
of thg calculated value should be rounded down.
2 Fpr the general concept of charging/dischargi@e\(flmency, see Annex D.
4‘\‘0
5.5.j Calculation methods Q}eapacnance
O
5.5.41 General C)\\
The gapacitance shall alculated by the straight line approximation method or the emergy
conversion method. _ ()
5.5.4.2 Stra@i’ine approximation method (measuring method 1A)
The apac%@e C of a capacitor shall be calculated by the following formula:
\Q/ ol Id X(tz _t1)
C
where
C is the capacitance of capacitor (F);
Iy is the discharge current (A);
U, is the measuring start voltage (V);
U, is the measuring end voltage (V);
14 is the time at which the terminal voltage of the capacitor reaches the value U, from the
start of the discharge;
ty is the time at which the terminal voltage of the capacitor reaches the value U, from the

start of the discharge.
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5.5.4.3 Energy conversion method (measuring method 1B)
The capacitance C of a capacitor shall be calculated by the following formula:
2w
C=—3 37
U -0,

where
C is the capacitance of the capacitor (F);
w  _is the measured discharged energy (J), from start voltage U4 to end voltage Us;

U, |is the measured start voltage;
U, |is the measured end voltage.

5.5.5 Calculation methods for internal resistance

5.5.51 General N

/

The |nternal resistance shall be calculated by the least square interngq)resistance calculation
methjpd or the intersection line internal resistance calculation met

5.5.5.2 Intersection line internal resistance calculation@ecfhod (measuring

method 1A) O‘\

The internal resistance R of a capacitor shall be calcu.@éd by the following formula:

@Q

R =®1
N
wherp ) ®$
N
R is the internal resistance of th &pacitor (Q);

X

1y is the discharge current (
AUj | is the voltage drop (V)C}\O

NOTE| The voltage drop is r &by drawing an auxiliary line while extending the straight part of the time-vprying
voltages between the capa erminals obtained from the voltage recorder shown in Figure 2.

5.5.9.3 Lea2§@re internal resistance calculation method (measuring method 1B)

The internal ance R of a capacitor shall be calculated by the following formula:
C)% AU,
\<</ R= i
*d
where
R is the internal resistance of the capacitor (Q);

14 is the discharge current (A);
AU, is the voltage drop (V).

Apply the straight-line approximation to the voltage drop characteristics from the calculation
start voltage (U4) to the calculation end voltage (U,) by using the least squares method.
Obtain the intercept (voltage value) of the straight line at the discharge start time. AU; is the
difference of voltages (V) between the intercept voltage value and the set value of constant
voltage charging (V).
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5.5.6 Conditions to be prescribed in the detail specification
The detail specification shall prescribe:

a) the classification of method;

b) the applied voltage other than the rated voltage;

c) charging time other than 30 min (see Table 2) or 5 min (see Table 3);

d) constant current discharge value other than that in Table 2 or Table 3;

e) U, and U, at the time of discharge voltage drop other than those in Table 2 or Table 3.

5.6 [ Measurement method Z for capacitance and internal resistance
5.6.1 Constant resistance charging method for capacitance measurement
5.6.1}.1 Measuring circuit

Meagqurements shall be acrried out using the measuring circuit shown in Figure 3.

Constant voltage — Cx —
power supply —— -1 \%

IEC

Key
R series resistance
S switch
@ d.c. voltmeter
Cx capacitor under test

Figure 3 — Circuit for constant resistance charging method

5.6.1.2 ~Measuring method

The mméasuring procedure shall be as follows:

a) prior to measurement, short-circuit between capacitor terminals for 30 min or more-and to
ensure discharge sufficiently;

b) set the value of R in such a way that the time constant r settles at 60 s to 120 s;
c) measure the time constant r when d.c. voltage Ug is applied, and calculate the
capacitance value by the following formula:

c=L
R

where
C is the capacitance (F);

T is the time constant: charging time up to 0,632 x U, (s);
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R is the series resistance (Q).
5.6.1.3 Conditions to be prescribed in the detail specification

The-relevant detail specification shall prescribe:

a) the applied voltage other than the rated voltage;
b) the series resistance R when the time constant is other than 60 s to 120 s.

4.6—Internal resistance
5.6.2

5.6.2,.1 Measuring circuit

Meagqurements shall be carried out using the measuring circuit shown in Figure 4.

(&)

) e

IEC

oscillator

a.c. afnmeter

a.c. voltmeter

SNSNOR:

Cx capacitor under test

Figure 4 - Circuit for a.c. resistance method

5.6.2l.2 Measuring method

The llneasuring procedure shall be as follows:

a) the measuring frequency shall be 1 kHz;
b) The a.c. current shall be from 1 mA to 10 mA.
c) the internal resistance R, of a capacitor shall be calculated by the following formula:

where

R, isthe a.c. internal resistance (Q);

U is the-effective root-mean-square value of a.c. voltage (V-+m-s-);
1 is the-effective root-mean-square value of a.c. current (A-+m-s-).
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5.7
5.71 Measuring method

The measuring procedure shall be*as follows.

Ur
(1)
AU3 ¢ AUs
>
()
o
3
o
>
30 min Time

Leakage current

a) eehorsodiatens
Before this measurement is carried out, the capacitors shall be fully discharged.| The
discharge procedure shall take 1 h to 24 h and shall be specified in the-relevant fetail
specification.

b) The leakage‘current shall be measured, unless otherwise prescribed in the-relevant dletail
specification,” using the direct voltage (Ug) appropriate to the test tempergture.

he electrification period after maximum 30 min charge-up time to reach 95 % of the

appliéd)voltage shall be selected from 30 min, 1 h, 2 h, 4 h, 8 h, 12 h, 24 h or 48 h and
shall be specified in the-relevant detail specification.

c) A steady source of power such as a regulated power supply shall be used.

d) Unless otherwise specified in the-relevant detail specification, apply the voltage to a
capacitor through a protective resistor of 1 000 Q or less.

5.7.2 Items to be specified in the detail specification

The-relevant detail specification shall-preseribe specify the following items:

a)

b)

the leakage current limit at a reference temperature of 20 °C, and at other specified

temperatures;

when necessary, the correction factor: if the measurements are made at a temperature
other than 20 °C, but within the range of temperatures covered by the standard

atmospheric conditions for testing;
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d)

5.8

5.8.

-30 - IEC 62391-1:2015 RLV © IEC 2015

the electrification time;
the resistance value of protective resistors other than 1 000 Q.

Self-discharge Maintain voltage

1 Measuring method

The measuring method shall be as follows (see Figure 5).

a)

b)

c)

d)

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

The

discharge procedure shall take 1 h to 24 h and shall be specified in the-relevant detail

cpecification
SpeetHeatoen-

/{;)ply the rated voltage Uy directly to the capacitor terminals, without using a prote
resistor. Unless otherwise specified by the-relevant detail specifications, the charging
shall be 8 h, including maximum 30 min charge-up time to reach 95 % of-the ap
vpltage.
O
t

he detail specification, the capacitor shall be kept under standard conditions for
4 h, 48 h or 96 h.

2
Tlhe internal resistance of the d.c. voltmeter used shall be-atleast1 MQ or higher.

Ur
0,95 x Ugr

Vipltage (V)

30 min or less

ctive
time
plied

isconnect the capacitor terminals from the voltage source. Unless othérWwise specified in

16 h,

8'h 16 hor24 h

s A

2

g_’ 0,95 Xy Ur

S

o

>
30 min or less _

_ 8h |16 h,24 h, 48 h or 96 h

IEC

Figure 5 —-Self-discharge Maintain voltage test diagram

5.8.2 Calculation of voltage maintenance rate

The voltage maintenance rate 4 shall be calculated by the following formula:
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a=Yend 100
Ur
where
A is the voltage maintenance rate (%);
Ueng is the voltage between open capacitor terminals after 72 h (Tg¢¢ ) have elapsed (V);

Ur s the rated voltage (V).

5.8.3 Conditions to be prescribed in the detail specification

The-felevant detail specification shall prescribe:

a) trLe discharge duration;
b) a
c) alcharging time other than 8 h;

applied voltage other than the rated voltage;
d) :re time period between disconnecting the capacitor from the charging voltage and the
easurement.

5.9 Robustness of terminations

hoeapoeterechall bo cnbioeied fo oete Loy L Lle sl Llel of 120 S00CC 0 0 oo
Soslipaolo

5.9.1 Test Ua1 - Tensile

The ¢apacitors shall be subjected to IEC 60068;2:21, Test Ua1, as applicable.

The force applied shall be:

— fqr terminations other than wire terminations: 20 N;
— fqr wire terminations, see Table3,

Table 3 — Tensile force

Nominal cross-sectional Corresponding diameter (d) | Force with tolerance
area (S){see'hete)? for circular section wires of £10 %
mm? mm N
S5 <0,05 d <0,25 1
0,05 <S5<0,1 0,25 <d <0,35 2,5
0,1<85<0,2 0,35<d<0,5 5
0,2<85<0,5 0,5<d<0,8 10
O 4.0 Q 2z 4O 20
U,J 0> 1,Z U,0 a > 1,29 =Y
1,2<8 1,25<d 40
NOTE 2 For circular-section wires, strips or pins, the nominal cross-sectional area
is equal to the value calculated from the nominal dimension(s) given in the-relevant
detail specification. For stranded wires, the nominal cross-sectional area is obtained
by taking the sum of the cross-sectional areas of the individual strands of the
conductor specified in the-relevant detail specification.

5.9.2 Test Ub — Bending (half of the sample)

The capacitors shall be subjected to IEC 60068-2-21, Test Ub, as applicable.

Method 1: Two consecutive bends shall be applied in each direction. This test shall not apply
if, in the detail specification, the terminations are described as rigid.
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5.9.3 Test Uc — Torsion (remaining sample)

The capacitors shall be subjected to IEC 60068-2-21, Test Uc, as applicable.
Method A, severity 2 (two successive rotations of 180 °) shall be used.

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

5.9.4 Test Ud — Torque (for terminations with threaded studs or screws and for

___integral mounting devices)
The ¢apacitors shall be subjected to IEC 60068-2-21, Test Ud, as applicable.

The dlegree of severity to be used shall be specified in the detail specification (see’Table 4).

Table 4 — Torque

Nominal thread diameter 2.6 3 3.5 4 5 6 s
mm

Forque Severity 1 0,4 0,5 0,8 12 2,0 2,5 5

Nm Severity 2 0,2 0,25 0,4 046 1,0 1,25 4,5

5.9.5 Visual examination

After|each of these tests, the capacitors shall be visually examined. There shall be no visible
damage.

5.10| Resistance to soldering heat
5.10.1 Preconditioning and initial'measurement

When prescribed by the-relevapt-detail specification the capacitors shall be dried using the
methpd of 5.3.

The ¢apacitors shall be measured as prescribed in the-relevant detail specification.

5102 Test

Unless otherwiSestated in the-relevant detail specification, one of the following tests as set
out in the same specification shall be applied.

The fest sonhditions shall be defined in the detail specification.

a) For all capacitors except those of items b) and c) below: IEC 60068-2-20, Test Tb,

method 1A (solder bath)-apphrwith:

b) For capacitors not designed for use in printed boards but with connections intended for
soldering as indicated by the detail specification:

1) IEC 60068-2-20, Test Tb, method 1B (solder bath),—with:

o o
- 3
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5.10.3 Recovery

The period of recovery shall, unless otherwise specified by the detail specification, be nof

than
reco

5.10.

For g
- W
H
- th

—

Surfe
requi

5.11
5.11

NOTE
desc

5.11
The+

ageir|
test 4

ce mount capacitors shall be visually examined and measured and shall mee
rements as prescribed in the-relevant detail specification.

Solderability
{1 General

{2 Preconditioning

1 h nor more than 2 h, except for surface mount capacitors) for which the peri
ery shall be 24 h £ 2 h be carried out by 5.3.

4 Final inspection, measurements and requirements

Il capacitors, except surface mount capacitors, thefollowing shall apply:

hen the test has been carried out, the capacitors shall be visually examined;

ere shall be no visible damage and the marking shall be legible;

e capacitors shall then be measured as-prescribed in the-relevant detail specificatio

This test shall net be applicable to those terminations which the detail specific
ibes as not designed for soldering.

lelevaptdetail specification shall prescribe whether ageing is to be applied. If accele
g is required, one of the ageing procedures given in IEC 60068-2-20-or-a-4-h-dry

it 155 °C{othertest conditions-as-in-Test Ta-of IEC 60068-2-20) shall be applied.

less
bd of

=)

[ the

ation

rated
theat

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

5.11
5.11

.3 Capacitors with leads

.3.1 General

Capacitors shall be subjected to Test Ta of IEC 60068-2-20 either using the solder bath

method (method 1), or the soldering iron method (method 2),—or-the-solder—globule-method
{Method-3) as prescribed by the detail specification.

When the solder bath method (method 1) is specified, the following requirements apply.
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5.11.3.2 Test conditions

Unless otherwise stated in the detail specification, one of the following tests as set out in the
same specification shall be applied.

The test conditions shall be defined in the detail specification.

a) For all capacitors except those of items b) and c¢) below
1) IEC 60068-2-20, Test Ta, method 1 (solder bath)

Depth of immersion (from the seating plane or component body): 2_8,5 mm;-using a

thermal insulating screen of 1,5 mm £ 0,5 mm thickness;
IEC 60068-2-20, Test Ta, method 2 (soldering iron);
IEC 60068-2-54.

2
3
b) Flor capacitors not designed for use in printed boards, but with @gAnections intendgd for
spldering as indicated by the detail specification:
1

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

Depth of immersion (from the seating plane or component body): 3,5_8,5 mm;
2) IEC 60068-2-20, Test Ta, method 2 (soldering irdq).

c) For surface mount capacitors:
1) IEC 60068-2-58, reflow or solder bath method;
2) IEC 60068-2-69, solder bath or solder-globule method.

411413 When the solder bath methodtis not applicable, the—relevant detail specifigation
shall[define-beth the test method, test conditions and the requirements.

NOTE|

5.113.3 Final inspection{measurements and requirements

The ferminations shallsbe examined for good tinning as evidenced by free flowing of the
soldgr with wetting of'the terminations.

5.114 Surface 'mount capacitors
5.11.4.1 General

Capdcitors shall be tested in accordance with Test Td of IEC 60068-2-58. The-relevant dletail
SpeCHL,auuu strattprescribe—the—severity and—attitude—to—beused for wetting;,dewetting or
resistance to dissolution-er of metallization-censistent-with-the-surface-mounting-classification
(see lEC 61760-1).

The detail specification shall also indicate the specific areas of the specimen to be examined
after wetting.

5.11.4.2 Final inspection, measurements and requirements

The surface mount capacitors shall meet the requirements as prescribed in the-relevant detail
specification.
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5.12 Rapid change of temperature

5.12.1 Initial measurement
The measurements prescribed in the-relevant detail specification shall be made.

5.12.2 Test

The capacitors shall be subjected to Test Na of IEC 60068-2-14, using the degree of severity
as prescribed in the-relevant detail specification.

5.1283 Final inspection, measurements and requirements

Afterirecovery; The capacitors shall be visually examined. There shall be no visible‘damage.

5.13| Vibration
5.131 Initial measurement

The measurements prescribed in the-relevant detail specification shall’be made.

5132 Test

The gapacitors shall be subjected to Test Fc of IEC 60068-2-6, using the mounting me¢thod
and the degree of severity prescribed in the-relevant detail Specification.

414343 When specified in the detail specificationy, during the last 30 min of the vibration test
an electrical measurement shall be made in each\direction of movement to check intermjttent
contgct, or open- or short-circuit.

The method of measurement shall be prescribed in the detail specification.

The furation of the measurement shall be the time needed for one sweep of the frequency
rang¢ from one frequency extreme'to the other.

5.13.83 Final measuremerit and requirements

After| the test, the capaegitors shall be visually examined. There shall be no visible damage.
WheT capacitors are'\iested as specified in 5.17.4, the requirements shall be stated in the
detail specification.

414315 Themeasurements prescribed in the-relevant detail specification shall then be made.

5.14| Damp heat, steady state

5.14.1 Initial measurement

The measurements prescribed in the-relevant detail specification shall be made.
5.14.2 Test

The capacitors shall be subjected to Test Cab of IEC 60068-2-78, using the degree of severity
corresponding to the detail specification.

5.14.3 Final measurement

The measurements prescribed in therelevant detail specification shall then be made.
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5.15 Endurance
5.15.1 Initial measurements

The measurements prescribed in therelevant detail specification shall be made.

5.15.2 Test

5.152.1 O@lg)eral

IEC ¢ 66@8-2-2:2007, Test Bb, shall be applied with the following exceptions:

— capacitors may be inserted in the test chamber at any temperature between room ambient
temperature and the specified test temperature;

— a specified voltage shall be applied to the capacitor during the test, but the voltage shall
not be applied to the capacitor before it has reached the chamber temperature.

The capacitors shall be placed in the test chamber in such way that no capacitor is located
within 5 mm from any other capacitor.

5.15.2.2 Test conditions
The test conditions shall be as follows:

a) applied voltage : rated voltage;
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b) test temperature > upper category temperature;
c) test duration : 1 000 h or as specified in the detail specification.
5.15.3 Final measurement, inspection and requirements

After the specified period, the capacitors shall be allowed to cool to standard atmospheric
conditions for testing and where specified in the-relevant detail specification, the capacitors |

shall

be subjected to recovery.

4.45.7 The capacitors shall then be visually examined.

44519 The measurements prescribed in the—relevant detail specification shall the
carriged

relev|

5.16
5.16.
5.16.

The measurements prescribed in the-relevant detail specification shall be made.

5.16.

The
seve

— 16
e G

5.16.

After
spec

5.16.
5.16.

The measurements.prescribed in the-relevant detail specification shall be made.

5.16.

The

out. A capacitor shall be considered to have failed when the requirements, o
bnt detail specification during or at the end of the test are not satisfied.

Storage
1 Storage at high temperature

1.1 Initial measurement

1.2 Test conditions

capacitors shall be subjected to IEC 60068-2-2:2007, Test-Ba Bb, using the follg
ities:

st temperature : upper category temperature;

st duration :96 h+4 h.

1.3 Final measurement

recovery for at least 16 °h;’ the measurements prescribed in the—relevant
fication shall be made.

2 Storage at low temperature

2.1 Initial meaSurement

2.2 Test conditions

capacitors shall be subjected to IEC 60068-2-1:2007, Test Ab. The capacitors shg

n be
f the

wing

letail

Il be

stor

at—40 °C for either aperiodof 4 h after thermal stability has beenreached,orfor

16 h,

whichever is the shorter period.

5.16.

2.3 Final measurement

After recovery for at least 16 h, the measurements prescribed in the—relevant detail
specification shall be made.

5.17

5.17.

Characteristics at high and low temperature

1 General

The capacitors shall be subjected to the procedures of the dry heat and cold test (5.17.3 and

5.17.

4 respectively) with the following details.
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5.17.2 Test procedure

The degree of severity for these tests shall be the same as for the dry heat and cold tests.
Tests at intermediate temperatures may be prescribed by the-relevant detail specification.

The llneasurements prescribed in the detail specification shall be made.

5.173 Dry heat

The frapacitors shall be subjected to IEC 60068-2-2:2007, Test-Ba Bb, fon 16 h using the
degrege of severity of the upper category temperature, as prescribed in the 'detail specificgtion.

Whilg still at the specified high temperature and at the end of the period of high tempergture,
the npeasurements prescribed in the-relevant detail specification shall-be made.

D
D
[0R

5.174 Cold

The [apacitors shall be subjected to IEC 60068:2-1:2007, Test-Aa Ab for 2 h, using the
degrg¢e of severity of the lower category tempeérature, as prescribed in the-relevant detail
specfification.

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

5.17,5 Final measurement and requirements

The ¢apacitors shall-nat exceed the limits prescribed in the-relevant detail specification.

5.18| Component solvent resistance

5.18.1 Initial measurements

The rlneasurements prescribed in the-relevant detail specification shall be made.

5.18.2 Test

The components shall be subjected to IEC 60068-2-45:1980, Test XA, with the following
details:

a) solvent to be used -see-3-1-20HHEC60068-2-45 2-propanol;

b) solvent temperature :23°C + 5°C, unless otherwise specified in the detail
specification;

c) conditioning : Method 2 (without rubbing);

d) recovery time :48h 2 h or more (see Annex C), unless otherwise stated in

the detail specification.
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5.18.3 Requirements

The measurements prescribed in the-relevant detail specification shall then be carried out and
the specified requirements shall be met.

5.19 Solvent resistance of marking

5.19.1 Test

The components shall be subjected to IEC 60068-2-45:1980, Test XA, with the following

details:

a) splvent to be used -see-3-1420HHEC 60068-2-45 2-propanol;

b) splvent temperature :23°C +5 °C;

c) cpnditioning : method 1 (with rubbing);

d) rIbbing material : cotton wool;

e) rgcovery time : not applicable, unless otherwise stated in the detail specificatjon.

5.19.2 Requirements

After|the test, the marking shall be legible.

5.20| Passive flammability

5.20.1 Test procedure

The ¢apacitors shall be tested according to the following procedure.

a) The test shall be carried out according to\IEC 60695-11-5.

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

c) The smallest, a medium (in the case of more than four case sizes), and the biggest|case
sjze shall be tested. Of-‘each case size, three specimens of the maximum and three
specimens of the minimum capacitance shall be tested, resulting in six specimeng per
cpse size.

4.20-4 For the time of exposure to flame and burning time, see Table 5. If applicable, the
detail specification shall specify the category of passive flammability.

5.20.2 Requirements

The burning time of any specimen shall not exceed the time specified in Table 5.

Burning droplets or glowing parts falling down shall not ignite the tissue paper.
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Table 5 — Severities and requirements

IEC 62391-1:2015 RLV © IEC 2015

Severities Maximum
burning
Category of Flame exposure time, in seconds, for capacitor volume ranges 2 time
flamma- mm3 s
bility
volume 250 < volume 500 < volume 1750 < volume
<250 <500 <1750 <12 000
A 15 30 60 120 3
B 10 20 30 60 10
C 5 10 20 30 30
a  Test severities for capacitor volumes above 12 000 mm? are under consideration.

1 de-Test

{2 Requirements

Pressure relief (if applicable)

; Unless otherW|se specmed in the-relevant detail specification,—over—voltage
d.c. voltage of‘api"amplitude necessgry to

ce a current of 10 mA/F or more shall be applied to the capacitor in the forward dirgction.

bressure relief device shall open in such a way as~{8, avoid any danger of explosion gr fire.
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A1

Annex A
(normative)

Classification according to capacitance and internal resistance

General

This annex describes classification of the capacitor, according to the capacitance value and

intergratresistance vatue dependimgupon theapphcatiorn:

A.2

Meas
meth
depe
with

meag
cons

In th
appr
five
that
withi

Class 1 (memory backup)

This
with
capa

Class 2 (energy storage)

This

operation—regquiringtthe with magnitude of discharge current-units—ranging from mA to A

capa
cons
with

Classification by capacitance and internal resistance

urements of capacitance and internal resistance by the constant current disch
bd and the d.c. resistance method, respectively require much (long) measuring
hding on the product ratings provided that the measuring conditions are standar
the specificity of these measuring methods. Therefore, it is necessary to select eff
uring conditions. For this reason, the following application| classification has

dered, classifying into four measuring conditions (see Figure A.1).

b meantime, it has been suggested that the same discharge current condition m3

tlasses. However, classification was made in tefms of accuracy in measurement.

arge
time
lized
cient
been

y be

bpriate for capacitance and internal resistance for every application of the-fourmefhods

Note

the same measuring conditions may be used/for capacitance and internal resistance

h the scope of the capacitors that can obviously achieve accurate measurements.

class is suitable for those capacitors which are mainly used for RAM memory b4
magnitude of discharge current—uhits—ranging from nA to pA. The characteristics g

class is suitable~for those energy storage capacitors which mainly require a long

Citors  for _this: application have high capacitance in characteristics without
deration gf.internal resistance. This class handles higher internal resistance comg
he power)application in Class 3.

Clasr 3Apower)

Citors for this application have'relatively low capacitance and high internal resistancsg.

ckup
f the

time
The
any
ared

This class is suitable for those capacitors which are mainly used for driving motors, requiring
power with magnitude of discharge current from mA to A. The characteristics of the capacitors
for this application have relatively high capacitance and low internal resistance.

Class 4 (instantaneous power)

This class is suitable for the application that requires instantaneous power (relatively large
current) even with a short operating time. The capacitors for this application have low
capacitance and low internal resistance in characteristics.
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Class 5 (high power)

This class is suitable for the application (i.e. automotive and railway) that requires high power
(relatively large current) with heavy duty charge/discharge cycles. The capacitors for this
application have higher capacitance value and lower internal resistance value compared to
Class 3.

//'_—~‘\\ emmmTTTTTTTTTT - =<
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JClass 1 N used for energy storage >
B [ S | N -
© | | used for memory '\ - ~~.__
< \ backup ’ S~o - _-="N
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= \ ’
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\ I\ e
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\ 7 A -,
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Figure A.1 — Conceptual rendering orientated by characteristics in each classification
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Unless otherwise specified in the detail specifications, electrical performance and measuring
methods should be selected according to Table A.1, by the above mentioned class related to

the application.

Table A.1 - Measurement items for Electric performance

Electrical performance and measuring method by class

Sub Selection Class classification
Measurement items clause
No. Class 1 Class 2 Class 3 Class 4 Class 5
gon.stant cur.r.ent. 4:5_4 A A A A A
capa( itan unaullalge nmreuiou J.J
-Ce .
Constant resistance 4.5.2
charging method 5.6.1 B B B B ©
AC resistance 4.6.1
Internal method 5.6.2 A B B 3 c
resistan-
cd DC resistance 4.6.2
method 5.5 ¢ A A A A
Leakage current 4.7 4.7 C C
Self Hischarge Maintain voltage 4.8 5.8

NOTE| Selection classification

A: usqg as a standard,

B: usqg as a-sherteut simplified method,

C: usq when necessary.

Selecfion classification shall be specified in the-individual-standards detail specification. For capacitance,see

Annex B.
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Annex B
(informative)
Measuring method of capacitance and low resistance
by low frequency a.c. method (reference)

El—lptreducton
B.1 [ General
This method is suitable for capacitors with relatively low internal resistance, and,can be jused

as a

B.2

shortcut method to reduce the measuring time.

Measuring system

The
meth

a) g

b) d

= Q

€

tq

B.3
The
a) C

easuring system includes the components in Figure B.1. The system that replaces
d for measuring capacitance at low frequency may be used,(@as“follows:

nerate a sinusoidal voltage at the specified frequency with a frequency resp
alyzer and apply the voltage to a capacitor via a potentiostat;

btect the current that flows through the capacitior with a potentiostat (a devig
Litomatically keep the electrode potential constant)} and convert it into a voltage val
turn it to the frequency analyser;

be measured.

Frequency response Potentiostat Capacitor
analyser

IEC

Figure B.1 — Capacitance measuring system by the low frequency a.c. method

Calculation(of capacitance

alculation et capacitance shall be as follows.

alculaterthe reactance X by the following formula:

5 this

onse

e to
ue to

btain the impedance |Z| and phase angle ¢<from the voltage and current of the capacitor

X =|Z] x sin ¢

where

X is the reactance (Q);
|Z] is the impedance (Q);
1) is the phase angle.

b) Use the calculated reactance to calculate the capacitance C of the capacitor by the
following formula:

X

2nf

where

C

is the capacitance (F);
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I is the circle ratio;
f is the measuring frequency (Hz).

B.4 Measuring conditions

The measuring conditions shall be as follows:

a) Use-any either of the measuring frequencies-from of 0,05 Hz, 0,1 Hz, 1 Hz, 10 Hz or 100
Hz;

b) the measuring voltage shall be 3 % or less of the rated voltage;

c) tie bias voltage shall be 50 % to 95 % of the rated voltage; if no doubt arises-en| with
spect to judgment, the bias voltage may be omitted.

—
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Annex C
(informative)
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Thermal equilibrium time of capacitors

C.1 General

This annex describes the thermal equilibrium time of capacitors, as a reference in determining
the spakimgtimefor pre=treatrment:

C.2 | Thermal equilibrium time of capacitors

Prestiming that the thermal equilibrium time, which is the time required for the-central pqg

of a

Capacitor to reach the temperature difference from the external tempécature within
is dgpendent on the external dimensions of the capacitor, the temperature changes i

central portions of capacitors was verified.

The

Fesultant data were obtained by verifying the thermal gquilibrium time of the cd

rtion
1 °C,
h the

ntral

portipns of capacitors that were subjected to a certain envirogental temperature. As a rgsult,
it wap observed that the equilibrium time was proportional*to’the magnitudes of the external

dimepsions such as diameter for cylindrical capacitors and’thickness (thinnest side) for

cubic

capagitors. Figure C.1 shows the thermal equilibrium¢times of the capacitors when soakgd to
normial room temperature from a high temperature SFigure C.2 shows the thermal equilifprium

time
these
It is

of the capacitors when soaked to normal roem temperature from a low temperatuge. In
figures, the dotted straight lines indicate the’ presumed longest thermal equilibrium
advisable to use these dotted straigh¥ lines as soaking time for pre-conditigning.

time.

Figu:Le C.3 shows the actual measured, temperature changes in the capacitors’ c¢ntral
portipns.
<
o 5
_g 4.5 _J A Actualmeasurement results L
g
= P
é 4 L
%3,5 7
©\8 /A
z 7 a
2,5 4
V4
2 r 4
P4 f A A
1,5 >
b4 A A
1 A
0,5
0 L L L
0 20 40 60 80

Diameter or thickness (mm)

IEC

Figure C.1 — Thermal equilibrium times of capacitors (from 85 °C to 25 °C)
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<
g ° o
= 4,5
E V4
5 A
% 3,5 7 S
53 Y4 e
t 2,5 ’I
t] ’:
2 Z .
V4
A
1,5 '!
1 — o
0,5 { A Actual measurement results %
0 | | 1
0 20 40 60 80

Temperature of capacitors' central portions (°C)

N W A OO0 OO N o ©

=N

D
b [\
1\
Capacitor dimension
D 951 x L125mm
D \‘\
D \
) k“*-._________
D
D
) | | |
0 1 2 3 4
Time (h)

IEC

a) From 85 °C to 25 °C

Figure C.2 — Thermal equilibrium times of capacitors((from —-40 °C to 25 °C)

Diameter or thickness{mm)
IEC

30

20 e

10 /
O L |

o/

Capacitor dimension

Temperature of capacitors' central(portions (°C)

-20 $51 x L125 mm
-30 /
~40
_50 | I |
0 1 2 3
t Time

b) From —-40 °C to 25 °C

(h)

IEC

Figure C.3 — Capacitor core temperature change with respect to time
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Annex D
(informative)

Charging/discharging efficiency and measurement current

D.1 General

This annex describes the general concept regarding the charging and discharging efficiency
and greasuredcurrent,whichrare provided 57573

D.2

Char

ener@y L lost by resistance R are given by Formulas (D.1), (

Whe
to F
disch
and

Charging efficiency, discharging efficiency, and current

o)
&
Q/C)
;\\

L=1%Rt t
\Q@

h a capacitor is charged or dischar
brmula (D.2) or (D.3), respect|

argmg is given by Formula (

[ is the capacitance of the gﬁiggltor
O
&

o& .
@ .
X

W t
W+L t+2RC

In thii

he Q after charging or discharging for time ¢ at a constant current 7, stof
D.2), and (Diilf,\respectively.

to its full capacity at a constant current acco
, the energy efficiency P, for charging or P
r (D.5), respectively, where R is the internal resisf

|s<é_éument, the efficiency for charging or discharging is proposed as 95 %
cons|dering exothermal effect and time consumption for the measurement. The time ¢ req

Qv
0

energy W

| and

(D.1)

(D.2)

rding
L for
ance

(D.4)

(D.5)

after
uired

for charging at 95 % efficiency is given by Formula (D.6) derived from Formula (D.4).

t = 38RC

(D.6)

Charge QO stored in a capacitor is given as a product of capacity C and charging voltage U,
thus leading to Formula (D.7). Current I, for 95 % charging is given by Formula (D.8) derived

from

Formulas (D.1), (D.6), and (D.7).

(D.7)

(D.8)
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Similarly, the time ¢ needed for 95 % discharging is given by Formula (D.9) derived from
Formula (C.5), and the current Iy needed for 95 % discharging is given by Formula (D.10).

{ = 40RC
U

Iq=—o

47 40R

Formulas (D.8)
charg i
the

aximum output at the target efficiency can be calculated.

\2)
Y
'\"\ .
({/b(b
©
Q/Q
;\\
@)
X
Q
S
S@
©
O
&
S
QOQ
@ .
Q~

(D.9)

(D.10)

and (D.10) are suggested for determining the value of the current for the

ined,
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Annex E
(informative)

Procedures for setting the measurement current of capacitor
with uncertain nominal internal resistance

E.1 General

This pnnex describes the current setting procedures provided in 5.5.3. Q

%
E.2 | Current setting procedures for measurement of capacitor (,;}

When the nominal value of internal resistance of a capacitor is uncertain tﬂbgcurrent fq
meagurement of the capacitor with 95 % charging efficiency and 95 % di,é\cﬁarging effic
can hye set according to the following procedures. Q)Q;\
a) Using the estimated value of the internal resistance, meaSU(g) e time characteris

e voltage between the capacitor terminals according to%:;g

—

and then calculate the internal resistance according to th cription in 5.5.5.

b) hen the internal resistance is unpredictable, it is reeemmended to temporarily s€¢
charging and discharging currents as 30 A. {<

c) Using the internal resistance value calculateq step a) above, measure the
characteristic of the voltage between the capQg or terminals according to the proce

r the
ency

ic of

ocedure described in 5.5.3

t the

time
dure

described in 5.5.3 and calculate the interrﬁQDresistance according to the descriptipn in

515.5. o

d) Hepeat the above procedures until sT\ﬁ\e difference between the calculated internal

r¢sistance value and the previous y\ becomes less than 10 % of the previous valug.

Howegver, when AU; becomes grq@r than 0,1Ug, follow procedures a) to c) with a smaller
asu

currgnt and then perform the rements. When the calculated internal resistance
negative value, follow proc%@les a) to c) with a larger current and then perform
meagurements.

.
-

E.3 | Example ofc&mg current for determining capacitor characteristics

the ofder of (e)

D

g conditions shown in Table E.1.

Tablg E.1 sho@amples of setting the measurement current. The setting was performgd in
in

is a
the

\{Oc"'able E.1 — Example of setting current for measurement of capacitor

Settin Internal resistance value Charging | Discharging | Calculated Calculated
g used for setting current current capacitance internal
i resistance
condition mo A A F mo
1 1,5 (Estimated) 47,4 45,0 1297 4,6
2 4,6 (Calculated with the result of 15.4 14.7 1351 5.0
No 1)
3 ,5\“()) (ZC;aIcuIated with the result of 14.2 135 1351 5.0
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Annex F
(informative)

Policy on uncertainty of measurement and inset limits

F.1 Objective

Specifications for electronic components give the parametric limits that define
acce| it ; T ; '
meaqgurement caused by test and measuring equipment inaccuracies, test
envirpnmental conditions and, sometimes, operator participation. Q}’

The purpose of this annex is to define policy on the calculation of measure '\t uncert

and insetting limits to ensure uniform implementation. The special case of Setting lim|
also fovered. N ’
(,3%
F.2 | Terms and definitions 61/
For the purposes of this annex the following terms and defini{@p»s apply.
F.2.1 K ©

uncefrtainty of measurement

state
expe

F.2.2

meaguring equipment

all off

Note
other

policy

F.2.3
inset

take
ensu

limits
tightgned limits res@ﬁg from an allowance applied to the specified limits of a paramet
IFinf

ment of the limits of the range within whic& the true value of the measureme
Cted to lie in relation to the recorded result a defined confidence level

\\'QQ)

the instruments which are neces&@y in order to carry out a measurement

O
to entry: The definition makes_it ar that items such as cables, connectors, handlers, handler cd
ixtures used in conjunction with\@ easurement indicating instrument are subject to the requirements

e
nto account luence quantities on the indication of a measuring instrument so
e that ou imit devices are not accepted due to measurement errors

F.2.4

ainty
its is

nt is

rds or
bf this

er to
As to

take

into account all influence quantities on the indication of a measuring instrument so as to
ensure that in limit devices are not rejected due to measurement errors

F.3

Calculation of measurement uncertainty

The assessment of uncertainty of measurement of a performance requirement can be broken
down into three stages:

a)
b)
c)

identification of possible error contributions;
quantifying the size of each listed contribution;
calculating the total uncertainty of measurement.
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F.4 Policy

F.4.1 A measurement uncertainty value shall be calculated for each performance
requirement which is related to qualification approval, capability approval, technology
approval, process approval, screening, lot-by-lot and periodic tests as defined by the
specifications.

F.4.2 Each measurement uncertainty value shall be used to apply an inset, of at least this
value, to the relevant specification limits as defined in F.4.1.

F.4.3 "
capapility approval, technology approval and process approval and F.5.3 for product jaudit

testing. \/

F.4.4 Test reports and test records, compiled to show compliance with quall@ilon appfoval,
capapility approval, screening, lot-by-lot and periodic tests as defined 16]/, he applicable
specffications, shall list the uncertainty value for each performance requw ement.

0>

F.5 [ Calculation of inset and outset limits 61,

F.5.1 The fundamental principle is that the limits should set from the specified values
by the corresponding uncertainty of measurement. This “increases the probability| that
meagurement results which fall within the tightened Jimits, including marginal values| are
genujnely within specification limits such that only trué()nforming devices are accepted.

The |exception to insetting limits occurs whe@duct audit tests are conducted. In this
situafion, to ensure that, as far as possible, u nty of measurement does not cause [good
prodlicts to fail, an audit test outsets\ limits. This increases the possibility| that

meagurement results that fall outside the*relaxed limits, including marginal values| are
genujnely outside specification limits s.u\ that only truly nonconforming devices are rejedted.
A\

F.5.4 For a component manufact’ﬁ@r the upper specified value of a parameter being ‘x|, the
lower specified value of the par, ter being ‘y’ and the uncertainty of measurement being ‘a’,
the “Inset limits” for the para@ter are (x-a) and (y+a).

F.5.3 For an audit te upper specified value of a parameter being x’, the lower spegtified
valug of the param being ‘y’ and the uncertainty of measurement being ‘b’, the “dutset
limitd” for the pa@‘ er are (x+b) and (y-b).

Q~

The 5ma|ler@3 uncertainty of measurement, the lower the values of ‘a’ and ‘b’ becomg and
the close manufacturer’s and the audit test’s inset/outset limits approach the specifigation

Iimits.\<</

F.6 Examples

F.6.1 General

Setting “inset limits” and “outset limits”.

F.6.2 Example 1: Resistor measurement

Specified resistance value: 10002 +10 % =90 Q to 110 Q
Uncertainty of measurement calculated to be: +1,2 % =+1,08 Q and +1,32 O
Inset limits: 91,08 O to 108,68 Q

Outset limits: 88,92 O to 111,32 O
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F.6.3

Initial measurement

Example 2: Resistor measurement

Specified resistance value

Uncertainty of measurement calculated to be

Inset limits:

Outset limits

— 53 —

105,00 ©

<0,5 % =£0,53 Q

=104,47 Q to 105,53 Q

10,1 % = £0,10 Q and 0,11 Q
104,57 Q to 105,42 O

104,37 Q to 105,64 Q

F.6.4—Example 3: Transistor measurement (gain)
Spedffied limits: 60 < hyqp < 80 é
Uncegrtainty of measurement calculated to be: 5 @Q"
Inset]limits: 65to 75 Q\
Outsgt limits: 55 to 85 ,\q/
4
F.6.5 Example 4: Comparison between initial and final measurQB'@nt results
Initia] measurement: 102,05 pF %({,b
Spedijfied tolerance: Variation at 1 %C)
Uncgrtainty of measurement calculated to be 0,1 % s\\
Insef|limits: 101,13 {0102,97 uF
Outsgt limits 100, to 103,17 uF
N\
N
7
\$\‘0
¥
xO
O
<
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Annex G
(informative)

Reference to IEC 62391-1:2006

The drafting of this standard has resulted in a new structure. The following table indicates the
new clause and subclause numbers with respect to the IEC 62391-1:2006 (first edition).

IEC 62391-1:2006 IEC 62391-1:2015
first edition this edition Notes A
Clquse/Subclause Clause/Subclause 0_}/
N\
! Q
1 Gerneral and scope are merged intd\e]
1.1 a
1.2 2 In accordance with the ISO/IEC Dirgofives, Part 2
2.1 4.1 N
o
2.2 3 In accordance with ISO(Tf_aDirectives, Part 2
Vo '/
2.3 4.2 Q
2.4 43 &
3 4.4 >
4 ° X
4.1 5.1 \QV
4.2 5.2 ‘&9\
In‘accordance with the change of clause numbers
4.3 5.3 ‘QQ)
4.4 5.4 Q\
)
4.5 55,56 ‘\\Q Divide the measuring method into two
4.6 55,56 xo\‘ Divide the measuring method into two
A
4.7 5..7{\,\)17
48 R
4.9 . +5.9
4.10 Oy 510
4.11 \5) 5.11
412 O\ 5.12
REN®) 5.13
N i
/AQj 5.14 In accordance with the change of clause numbers
\/15 5.15
4.16 5.16
4.17 5.17
4.18 5.18
4.19 5.19
4.20 5.20
4.21 5.21
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Annex Q
(normative)

Quality assessment procedures

Q.1 General

Q.1.1 Overview

When this standard, and any related standards are used for the purpose of a ful@ hality
assepsment system compliance with Clauses Q.5, Q.6 or Q.14 is required. Q}/

Whep such standards are used outside quality assessment systems for p ses sudh as
design proving or type testing, the procedures and requirements of Q.5.1 and)Q.5.3 b) may be
used| but, if used, the tests and parts of tests shall be applied in the ordbr given in thg test

scheflules.
(,3%

Before components can be qualified according to the proc es of this annex{ the
manufacturer shall obtain the approval of his organization in a Odance with the provisions of
the specified quality assessment system (if any). é/

O
The nethods that are available for the approval of co%ments of assessed quality and which

are cvered by the following subclauses, are: Q
— qpalification approval; 5\0\\
— cfpability approval; ‘Q

— tgchnology approval. $\

For B given subfamily of compone@? separate sectional specifications for qualification
appréval and capability approval a{%necessary and capability approval is therefore avallable
only fwhen a relevant sectional ngc ication has been published.

Q.1.4 Applicability of qgallflcatlon approval

Qualffication appro@fappropnate for a standard range of components manufactur¢d to

simil@r design and ction processes and conforming to a published detail specification.

The program %ests defined in the detail specification for the appropriate assessmenf and
perfgrmanc @vels applies directly to the component range to be qualified, as prescribed in
Clauge Ct)é\d the relevant sectional specification.

NS

Q.1.3.1 General

BIOEOALD:

Q.1.3

Capability approval is appropriate when components based on common design rules are
fabricated by a group of common processes. It is particularly appropriate when components
are manufactured to a user's specific requirements.

Under capability approval, detail specifications fall into the following three categories.

Q.1.3.2 Capability qualifying components (CQCs), including process validation test
vehicles

A detail specification shall be prepared for each CQC. It shall identify the purpose of the CQC
and include all relevant test severities and limits.
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Q.1.3.3 Standard catalogue components

When the manufacturer requires a component approved under the capability approval
procedure, a capability approval detail specification complying with the blank detail
specification (if any) shall be written.

Q.1.3.4 Customer specific components

The content of the detail specification (often known as a customer detail specification (CDS))
shall be by agreement according to the specified quality assessment system (if any).

FurtHer nformation on these detall speciicalions Is given In the relevant sszional
specfification. O

Apprpval is given to a manufacturing facility on the basis of validated design ru,l\ procgsses

and quality control procedures and the results of tests on capability qualifyiog componjents,
inclugling any process validation test vehicles. See Clause Q.6 and the;\«r. evant secfional
specfification for further information. P

Q.14 Applicability of technology approval

O
a2
©
Techhology approval is appropriate when the complete nological process (ddgsign,
procgss realization, product manufacture, test and shipment)\©overs the qualification aspects
comron to all components determined by the technology. 6\

Q.2 | Primary stage of manufacture QO
A\
S?TQ
The primary stage of manufacture shall be sp%i ed in the sectional specification.
)
Q.3 | Subcontracting N

¥
If sulpcontracting of the primary s é@@ of manufacture and/or subsequent stages is employed it
shall|be in accordance with the cified quality assessment system (if any).

o

The @generic or sectional specification may

ther forbid thisg{@contracting on technical grounds, or

becified s ssive stages to be performed by the same manufacturer, or

e
— where it is ¢ dered necessary, include any special requirements, for examplg for
S

parmit@ubcontracting unreservedly.

Q.4 \@ructurally similar components

The grouping of structurally similar components for qualification approval testing or for quality
conformance testing under qualification approval, capability approval or technology approval
shall be prescribed in the relevant sectional specification.

Q.5 AQualification approval procedures

Q.51 Eligibility for qualification approval

Qualification approval may be granted only to a manufacturer who has been granted
manufacturer's approval and, additionally, the requirements of this annex. These approvals
may be carried out in parallel, although qualification approval shall not be granted in advance
of manufacturer's approval.
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Q.5.2 Application for qualification approval

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

Q.5.3 Test procedure for qualification approval

One of the following procedures shall be used.

a)

b)

c)
d)

e)

Q.5.4 Granting of qualification approval Q<<

Qualffication approval shall be granted when the protedures in accordance with the spe
qualify assessment system (if any) have been c&t&

Qualffication approval shall be mainté??ed by regular demonstration of compliance wit
requirements for quality conformaq@ (see Q.5.6).

Q.5.¢ Quality conforma@@ci’nspection

test |schedule for q
grouping, sampling @ periodicity for the lot-by-lot and periodic inspection.

except end ce.

Sam )@plans and inspection levels shall be selected from those given in IEC 61193-2.

Q.5.5 Maintenance of qualification a&&ooval

The plank detail specificgi’on(s) associated with the sectional specification shall prescrib

Operption @itching rule for reduced inspection in Group C is permitted in all subgn
e

The manufacturer shall produce test evidence of conformance to the specific

ation

requirements on three inspection lots for lot-by-lot inspection taken in as short a time as

Jamples shall be taken from the lots in accordance with IEC 61193-2. Normal i
shall be used, but if the sample size gives acceptance on zero non-co a
additional specimens shall be taken to meet the sample size require ts to
agcceptance on one non-conforming item. Q

0

he manufacturer shall produce test evidence to show conformance ,ka%e specifid
requirements on the fixed sample size test schedule given in the sec&on | specificatid

he specimens taken to form the sample shall be selected (a?-)random from cy
production or as agreed.

or the two procedures, the sample sizes and the @mber of permissible

ction
hces,
give

ation
n.

rrent

non-

cpnformances shall be of comparable order. The test con@}ons and requirements shall be

the same. c‘)\

leted satisfactorily.

conformance inspection. This schedule shall also specify

cified

h the

e the
the

oups

If required, more than one schedule may be specified.

Q.6 Capability approval procedures

Q.6.1 General

Capability approval covers

the complete design, material preparation and manufacturing techniques, including control

procedures and tests;

the performance limits claimed for the processes and products, that is, those specified for

the capability qualifying components (CQCs) and process control parameters (PCPs);
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— the range of mechanical structures for which approval is granted.

For a general overview of capability approval, see Figure Q.1.

Component range

Select PCPs
(Q.6.10.2)

Select CQCs
(Q.6.5.1)

Prepare control plan

Prepare CQC detail

Q.6.2

The
systg

Q.6.3

The
systg

Q.6.4

The
quali
spec

m (if any).

- a

(O 6102\
TSSO Tooy

B fication
y

Commence process
control

Prepare CQC test Program
(Q.6.6)

INITIAL

CAPABILITY APPROVAL

(Q.6.10)

Process control

Lot-by-lot test

Verification of

limits
(Q.6.10.4)

IEC

Figure Q.1 — General scheme for capability approval

Description’ of capability

Eligibility for capability approval

Application for capability approval

and the

requirements of the

manufacturer shall comply with ‘th& requirements of the specified quality assessment

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

capabilityyshall be described in a capability manual in accordance with the spegified
y assessment system (if any),
fication. The manual shall include or make reference to the following as a minimum:

relevant secfional

gnnnrnl introduction and anr\ripfinn of the +nr‘hnr\|nginc in\/nl\/od;

— aspects of customer liaison including provisions of design rules (if appropriate) and
assistance to customers in the formulation of their requirements;

— a detailed description of the design rules to be used;

— the procedure for checking that the design rules are complied with for the relevant
component technology manufactured to a detail specification;

— a list of all materials used, with reference to the corresponding purchasing specifications
and goods inward inspection specifications;

— a flow chart for the total process, showing quality control points and permitted rework
loops and containing references to all process and quality control procedures;

— a declaration of processes for which approval has been sought in accordance with the
requirements of the relevant sectional specification;
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a declaration of limits for which approval has been sought in accordance with the
requirements of the relevant sectional specification;

a list of CQCs used to assess the capability, with a general description of each, supported
by a detailed table showing where the declared limits of capability are demonstrated by a
particular CQC design;

detail specification for each CQC;

a detailed control plan including PCPs used to control processes, with a general
description of each PCP and showing the relation between a given PCP and the related
properties and performance of the finished component;

guidance on the application of structural similarity in sampling for quality conformance

tdsting. A

Q.6.5 Demonstration and verification of capability @Q}’
Q.6.5.1 General Q\
The manufacturer shall demonstrate and verify the capability in accordanc'é:\?vith the spegified
quality assessment system (if any), and the requirements of relevant secfional
specffication with the following details: ({/b
©

Q.6.%.2 CQCs for demonstrating capability Q
Thearlnanufacturer shall agree with the CB on the process Eé&@\ifying parameters and the range
of calpability qualifying components which are necessaQ demonstrate the capability range
specified in the capability manual. QO
The demonstration shall be made by testing @agreed range of CQCs, which shdll be
designed, manufactured and the process rameters controlled in accordance with the
capapility manual. The CQCs shall comply \@@the following requirements:
a) The range of CQCs used shall {%&ent all the limits of the declared capability.| The

dQCs shall be chosen to demonstiate mutually attainable combinations of limits.
b) Tlhe CQCs shall be one of the f@owing:

—| components specially K@gned to demonstrate a combination of limits of capability, or
—| components of designs’used in general production, or
—| a combination th of these, provided the requirements of a) are met.

When CQCs are eggned and produced solely for capability approval, the manufacturer|shall

use

A d

released prot@&

the same ign rules, materials and manufacturing processes as those appligd to

S

cification shall be prepared for each CQC and shall have a specific front page

efai
form I\Q‘/ne detail specification shall identify the purpose of the CQC and shall include all

relevant siress levels and test nmits. It may refer to Internal control documentation which

spe

cifies production testing and recording in order to demonstrate control and maintenance of

processes and limits of capability.

Q.6

5.3 Limits of capability

The limits of capability shall be described in the relevant sectional specification.

Q.6.6 Programme for capability approval

In accordance with the specified quality assessment system (if any), the manufacturer shall

pre

pare a programme for the assessment of the declared capability. This programme shall be

so designed that each declared limit of capability is verified by an appropriate CQC.
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The programme shall include the following:

— a bar chart or other means of showing the proposed timetable for the approval exercise;

— details of all the CQCs to be used with references to their detail specifications;

— achart showing the features to be demonstrated by each CQC;

— reference to the control plans to be used for process control.

Q.6.7 Capability approval test report

In accordance with the specified quality assessment system (if any), a capability approval test

reporf shall be issued—The rapnrf shall maat tha epnr\ifir\ rnqllirnmnnfe for tha r\oh"b”ity

approval test report and shall contain the following information:

| . A
— the issue number and date of the capability manual; Q‘
— the programme for capability approval in accordance with Q.6.6; Q
— a|l the test results obtained during the performance of the programme; ,\(1/
— tHe test methods used; N’

gports on actions taken in the event of failure (see Q.6.10.2). (bo‘)
v

—

The feport shall be signed by the designated management representative (DMR) as g true
statement of the results obtained and submitted to the body &gnated in the national nules,
which is responsible for the granting of capability approvalé\\

Q.6.§ Abstract of description of capability Q<<

The abstract is intended for formal publication af@capability approval has been granted|

The pbstract shall include a concise des on of the manufacturer's capability and|give
suffigient information on the technology thods of construction and range of products for
whiclh the manufacturer has been apprg

Q.6.9 Modifications likely to é@ct the capability approval

Any modifications likely to @fthe capability approval shall satisfy the requirements gf the
specf|fied quality assessment-system (if any).

Q.6.10 Initial capc@ y approval
Q.6.10.1 Gen

The pprog@ granted when

-t Sgécted range of CQCs has collectively satisfied the assessment requirements qf the
detail specifications. with no nonconforming item allowed:

— the control plan has been fully implemented in the process control system.
Q.6.10.2 Procedure in the event of failure

See the specified quality assessment system (if any), with the following details.

In the event of the failure of the specimens to meet the test requirements, the manufacturer
shall state his/her intention to follow one of the actions described in a) and b) below:
a) to modify the proposed scope of the capability;
b) to conduct an investigation to establish the cause of failure as being either
— failure of the test itself, for example, test equipment failure or operator error,
or
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— design or process failure.

If the cause of failure is established as a failure of the test itself, then either the specimen
which apparently failed or a new one, if appropriate, shall be returned to the test schedule
after the necessary corrective action has been taken. If a new specimen is to be used, it shall
be subjected to all of the tests in the given sequence of the test schedule(s) appropriate to the
apparently failed specimen.

If the cause of failure is established as a design or process failure, a test programme shall be
carried out to demonstrate that the cause of failure has been eradicated and that all corrective
measures, including documentation, have been carried out. When this has been accomplished,

the tgstseguenTES T WiTich the faiture rasoceurredshattbeTepeated i fottosimg ew, G QCs.
3

After|the action is complete the manufacturer shall send a report, and shall includQ}/copy in
the clhpability approval test report (see Q.6.7). ,\03

Q
Q.6.10.3 General plan for the selection of PCPs and CQCs ,\q’

4
Each| manufacturer shall prepare a process flow chart, based on the_)'&ample given in the
relevpnt sectional specification. For all the process steps includ@@)m this flow charf, the
manufacturer shall include the corresponding process controls. @

Contfols shall be denoted by the manufacturer as showsn\{é(the example in the relg¢vant
sectipnal specification. Q)

Q.6.10.4 Process control test plans QO

N\
The {est plans shall form part of the process cq@l system used by the manufacturer. When
statigtical process control (SPC) is used, implementation shall be in accordance with [SPC
basid requirements. The SPC plans represe@nandatory controls at process nodes.

For e¢ach process step where prod@g{)n equipment is employed, the manufacturer [shall
monitor the process parameters agtéggular intervals and compare the readings to the cqgntrol
and qction limits which he/she will eéstablish.

-

cac:
Q.6.10.5 Test plans for ( s demonstrating limits of capability

Test [plans for CQCS@&he demonstration of limits of capability shall be prescribed ip the
relevpnt sectional S@ ication.

Q.6.11 Gra(n)@of capability approval

Capgbilit v&proval shall be granted when the procedures in accordance with the spetified
quali y}éséssment system (if any), have been completed satisfactorily and the requirenpents
of th¢ vant sectional specification have been met. rT

Q.6.12 Maintenance of capability approval

Capability approval shall be maintained by complying with the requirements of the specified
quality assessment system (if any), and with the requirements declared in the capability
manual following the schedule of maintenance given in the relevant sectional specification.

Additionally, the following details apply.

a) Capability approval remains valid without retesting for two years.

b) The programme for the retesting of CQCs shall be defined by the manufacturer. For
process control, the manufacturer shall establish a control system. An example of a
control programme chart may be given in the sectional specification. For verifying limits of
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c)

d)

f)

Q.6.13 Extension of capability approval {(

The fnanufacturer may extend the limits of his cap%alty approval by carrying out the tesf{ plan
from|[Q.6.10.5, which relates to the type of li
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capability, the manufacturer shall ensure that all the test plans of Q.6.10.5 which are
relevant to his capability approval are repeated at least every two years.

Quality conformance inspection of components for delivery may be used to support the
maintenance of capability approval where relevant. In particular, where the manufacturer
holds qualification approval for a range of components which are manufactured by the
same processes and which also fall within the limits of capability for which he holds
capability approval, process control test results and periodic quality conformance test
results arising from the qualification approval may be used to support the maintenance of
capability approval.

The manufacturer shall ensure that the range of CQCs remains representative of the
products relegased and in accordance with the rnqnirnmnn’re of the relevant sectional

becification. QN
Tlhe manufacturer shall maintain production, so that Qy

(720

—| the processes specified in the capability manual, with the exception & ny agreed
additions or deletions following the procedure of Q.6.9, remain uncha

—| no change has occurred in the place of manufacture, and final test, '\

—| no break exceeding six months has occurred in the manufac@;\s production ynder
capability approval.

Tlhe manufacturer shall maintain a record of the progress o ts.@maintenance of capgpbility
Fogramme so that at any time the limits of capability whij ave been verified and those
hich are awaiting verification in the specified period CQQ established.

O

o]

be extended. If the proposed extepsion

refers to a different type of limit from those scrlbed in Q.6.10.5, the manufacturer [shall
proppse the sampling and tests to be use d these shall be approved. The manufadturer
shalllalso establish process control oveg new processes needed for manufacture tp the

new [imits.

A\Q

An application for an extension of’sg)abuny shall be made in the same way as for the original

appréval.

Q.6.14 Quality confcgance inspection

‘\\O

The uality conforn£h®e test requirements are given in the detail specification and sh3gll be

carrig¢d out in ac&

Q.7 | Rew and repair

Q.7.1 \<(%ework

ce with the specified quality assessment system (if any).

Rework as defined in the specified quality assessment system (if any), shall not be carried out
if prohibited by the relevant sectional specification. The relevant sectional specification shall
state if there is a restriction on the number of occasions that rework may take place on a
specific component.

All rework shall be carried out prior to the formation of the inspection lot offered for inspection
in accordance with the requirements of the detail specification.

Such rework procedures shall be fully described in the relevant documentation produced by
the manufacturer and shall be carried out under the direct control of the DMR. Rework shall
not be subcontracted.
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Q.7.2 Repair

Components which have been repaired as defined in the specified quality assessment system
(if any), shall not be released.

Q.8

Release for delivery

Q.8.1 General

Components shall be released for delivery according to Q.5.6 and the specified quality

asse

spec

Q.8.9 Release for delivery under qualification approval before the compl%q;of

Whe
satis

completion of such tests.

Q.9

Whe
spec

NOTE]
comp(

Q.10

Com
secti

The 1

Oncs

Q.11

See

fication has been carried out. Q

Group B tests Q

h the conditions of IEC 61193-2:2007 for changing to reduced insns( tion have
ied for all Group B tests, the manufacturer is permitted to release ds{hponents befor|

co‘lx

N

pbonents held for a period exc&ding two years (unless otherwise specified ir

e-examination proced.uge)adopted by the manufacturer's DMR shall be approved.

a lot has beerc}@sfactorily re-inspected, its quality is reassured for the specified p

.

AIter@test methods
<

sgment svustem (if anv)_ after the guality conformance inspection-nrescribed in the detail
P4 Ay 7T -t Y = —

been
e the

lifying

Certified test records of released lots O
&

h certified test records are requested by a purchas&r,({hey shall be specified in the detail
fication. O

For capability approval, the certified test records r%r only to tests carried out on capability qud
nents. S\

%
Delayed delivery ’\\.Q

the

bnal specification) following th@release of the lot shall, before delivery, be re-exanpined
for s¢lderability and electrical cchn){cactenshcs as specified in the detail specification.

eriod.

h%c@,emfied quality assessment system (if any), with the following details.
N

In case of dispute, for referee and reference purposes, only the specified methods shall be
used.

Q.12 Manufacture outside the geographical limits of IECQ CBs

See the requirements of the specified quality assessment system (if any).

Q.13 Unchecked parameters

Only those parameters of a component which have been specified in a detail specification and
which were subject to testing shall be assumed to be within the specified limits. It cannot be
assumed that any unspecified parameter will remain unchanged from one component to
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another. If it is necessary, for any reason, to control one or more additional parameters, then
a new, more extensive specification shall be used.

The additional test method(s) shall be fully described and appropriate limits, sampling plans
and inspection levels specified.

Q.14 Technology approval procedures

b) cpntinuous quality improvement strategy;

c) monitoring the overall technologies and operations;

d) procedural flexibility due to the quality assurance management sy%'e\n and market spctor
réquirements;

e) the acceptance of a manufacturer’s operational documenta’aﬁb(l/prowde means for fapid
approval or extension of approval. Q/
,\\

Q.14{2 Eligibility for technology approval

The manufacturer shall comply with the specified quél@gassessment system (if any).

Q.14{3 Application of technology approval ;\Q\

The manufacturer shall comply with the spe,@%d quality assessment system (if any).

Q.14]4 Description of technologyA’\Q

The technology shall be describe&@m a Technology Approval Declaration Document (TADD)
and |[a Technology Approval, edule (TAS) in accordance with the specified quality
assepsment system (if any).c)\\

Q.14}5 Demonstratlo@ﬁd verification of the technology

The [ manufactur haII demonstrate and verify the technology in accordance | with
the specified g {Ry assessment system (if any).

Q.14}6 (‘é?ing of technology approval

Techn@gy approval shall be granted when the procedures in accordance with the spegified

I' rs 4 Lif AN o latal PP P |
qualityassessmetrtsystem (i any ave oeehtompretery - Saustea:

Q.14.7 Maintenance of technology approval

Technology approval shall be maintained by complying with the requirements of the specified
quality assessment system (if any).

Q.14.8 Quality conformance inspection

The quality conformance test and requirements shall be carried out in accordance with the
detail specification and technology approval schedules.
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Q.14.9 Failure rate level determination

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

Q.14.10 Outgoing quality level

The definition shall be agreed between customer and manufacturer.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FIXED ELECTRIC DOUBLE-LAYER CAPACITORS
FOR USE IN ELECTRIC AND ELECTRONIC EQUIPMENT -

Part 1: Generic specification

FOREWORD

International Electrotechnical Commission (IEC) is a worldwide organization for standardization comy
national electrotechnical committees (IEC National Committees). The object of IEEC " is to pr

end and in addition to other activities, IEC publishes International Standards, Technical Specific3
Telchnical Reports, Publicly Available Specifications (PAS) and Guides (hereaften referred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Natiorfal Committee inte
in |[the subject dealt with may participate in this preparatory work. Internatiohal, governmental and
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates g
with the International Organization for Standardization (ISO) in accordancge, with conditions determin
agfeement between the two organizations.

The formal decisions or agreements of IEC on technical matters express,/as nearly as possible, an interna
copsensus of opinion on the relevant subjects since each technical ‘committee has representation fr
interested IEC National Committees.

IEC Publications have the form of recommendations for intepnational use and are accepted by IEC N3
Cdmmittees in that sense. While all reasonable efforts are-made to ensure that the technical content
Pdblications is accurate, IEC cannot be held responsible¥for the way in which they are used or fg
miginterpretation by any end user.

In|order to promote international uniformity, IEC National Committees undertake to apply IEC Publig
transparently to the maximum extent possible in~their national and regional publications. Any diver
befween any IEC Publication and the corresponding' national or regional publication shall be clearly indica
the latter.

IEC itself does not provide any attestation|'ef conformity. Independent certification bodies provide conf|
aspessment services and, in some areas, access to |[EC marks of conformity. IEC is not responsible f
sefvices carried out by independent cerification bodies.

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

Nd liability shall attach to IEClonits directors, employees, servants or agents including individual exper
members of its technical committees and IEC National Committees for any personal injury, property dam
othher damage of any nature whatsoever, whether direct or indirect, or for costs (including legal feeg
expenses arising out ©f\the publication, use of, or reliance upon, this IEC Publication or any othg
Pdyblications.

At{ention is drawn\to the Normative references cited in this publication. Use of the referenced publicati
indispensable for_the correct application of this publication.

At{ention is\drawn to the possibility that some of the elements of this IEC Publication may be the sub
patent rights: IEC shall not be held responsible for identifying any or all such patent rights.
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Interpational Standard IEC 62391-1 has been prepared by IEC technical committee
Capacitors and resistors for electronic equipment.

40:

This bilingual version (2017-12) corresponds to the monolingual English version, published in
2015-10.

This second edition cancels and replaces the first edition published in 2006 and constitutes a
technical revision.

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

a) enhancement of the scope to include electric (high power) application;

b) implementation of Annex Q, replacing Clause 3 in the first edition;
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addition, minor revisions related to tables, figures and references.
ext of this standard is based on the following documents:
FDIS Report on voting
40/2393/FDIS 40/2415/RVD

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

The
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relate¢d to the specific publication. At this date, the publication will be

confirmed,

ithdrawn,

e W

—

q

o a

The

FTENch version of this standard has not been voied upon.
publication has been drafted in accordance with the ISO/IEC Directives, Part 2«

of all parts of IEC 62391 under the general title Fixed electric double-layer capacito
h electric and electronic equipment can be found in the IEC website.
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FIXED ELECTRIC DOUBLE-LAYER CAPACITORS
FOR USE IN ELECTRIC AND ELECTRONIC EQUIPMENT -

Part 1: Generic specification

Scope

part of IEC 62391 applies to fixed electric double-layer capacitors (hereafter referr
dpacitor(s)) mainly used in d.c. circuits of electric and electronic equipment.

part of IEC 62391 establishes standard terms, inspection procedures and-methods o

Normative references

following documents, in whole or in part, are normativelydeferenced in this documen

ndments) applies.

60027 (all parts), Letter symbols to be used inelectrical technology

%0050 (all parts), International Electrotechnical Vocabulary

%0062, Marking codes for resistorS8 and capacitors

®0063, Preferred number series for resistors and capacitors

%0068-1:2013, Environmental testing — Part 1: General and guidance
%0068-2-1:2007, ( Environmental testing — Part 2-1: Tests — Tests A: Cold
%0068-2-2:2007, Environmental testing — Part 2-2: Tests — Tests B: Dry Heat
%0068<2:6:2007, Environmental testing — Part 2-6: Tests — Test Fc: Vibration (sinus

©0068-2-14:2009. Environmental testing — Part 2-14: Tests — Test N: Chan

indispensable for its application. For dated referencesonly the edition cited applies.
undated references, the Ilatest edition of the refefenced document (including

ed to

f test
ment

t and
For
any

oidal)

e of

temperature

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

IEC

IEC
Imm

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

60068-2-45:1980, Environmental testing — Part 2-45: Tests — Test XA and guidance
ersion in cleaning solvents

Amendment 1:1993)
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IEC 60068-2-54:2006, Environmental testing — Part 2-54: Tests — Test Ta: Solderbility
testing of electronic components by the wetting balance method

IEC 60068-2-58:2015,

Environmental testing — Part 2-58: Tests — Test Td: Test methods for

solderability, resistance to dissolution of metallization and to soldering heat of surface
mounting devices (SMD)

IEC 60068-2-69:2007,

Environmental testing — Part 2-69: Tests — Test Te: Solderability

testing of electronic components for surface mounting devices (SMD) by the wetting balance

meth

od

IEC ¢
stead

IEC ¢
term

IEC ¢

IEC ¢
Appa

IEC ¢
resis

IEC ¢
inspe

3 1
For t

3.1
type

0068-2-78:2012, Environmental testing — Part 2-78: Tests — Test Cab: Damp
y state

0294:2012, Measurement of the dimensions of a cylindrical component with
hations

0617 (all parts), Graphical symbols for diagrams

0695-11-5, Fire hazard testing — Part 11-5: Test flames/~ Needle-flame test meth
ratus, confirmatory test arrangement and guidance

0717:2012, Method for the determination of the space required by capacitors
fors with unidirectional terminations

1193-2, Quality assessment systems — Rart>2: Selection and use of sampling plan
ction of electronic components and packages

‘erms and definitions

ne purposes of this documentythe following terms and definitions apply:

heat,

axial

od —

and

s for

group of components having similar design features and manufacturing techniques, enabling

them
inspd

Note 1
belong

[sou

to be considered)together, either for qualification approval or for quality conform
ction

ing to the'same type.

RCE: IEC 60384-1:2008, 2.2.39 — modified, the remark on "single detail specificg

ance

to entryy/~In some cases, components described in several detail specifications may be considered as

tion"

was

leleted from the definition and the Note was rpphmcpd ]

3.2
style

subdivision of a type, generally based on dimensional factors

Note 1

3.3

to entry: A style may include several variants, generally of a mechanical order.

class
classification of the capacitor by the capacitance value and the internal resistance value

depe

nding upon the application
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3.4

family

<electronic components> group of components which predominantly displays a particular
physical attribute and/or fulfils a defined function

3.5

subfamily

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

3.6
d.c. ¢capacitor
capatitor designed essentially for application with direct voltage

Note 1 to entry: A d.c. capacitor may not be suitable for use on a.c. supplies.

3.7
nominal capacitance
CN
designated capacitance value usually indicated on the capacitor

3.8
category temperature range
range¢ of ambient temperatures for which the capacitor,shas been designed to opgrate
contipuously

Note 1 to entry: This is given by the lower and upper categary temperature.

3.9
lower category temperature
minimum ambient temperature for which™ a capacitor has been designed to opgrate
contipuously

3.10
upp€r category temperature

highgst ambient temperature-including internal heating in which a capacitor is designed tg
operate continuously

[SOYRCE: IEC 61881-3:2012, 3.17, modified — The note to entry has been deleted.]

3.1
rated temperature
maximum.ambient temperature at which the rated voltage may be continuously applied

3.12
rated voltage

Ur

maximum d.c. voltage or peak value of pulse voltage which may be applied continuously or
repetitively to a capacitor at any temperature between the lower category temperature and the
rated temperature

3.13

category voltage

Uc

maximum voltage which may be applied continuously to a capacitor at its upper category
temperature
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3.14

temperature derated voltage

maximum voltage that may be applied continuously to a capacitor when it is at any
temperature between the rated temperature and the upper category temperature

Note 1 to entry: Information on the voltage/temperature dependence at temperatures between the rated
temperature and the upper category temperature is given in the detail specification.

3.15
surge voltage ratio
quotient of the maximum instantaneous voltage which may be applied to the terminations of

the W&WWWMW&MMM&%@
and the rated voltage or the temperature derated voltage, as appropriate

Note 1 to entry: The number of times per hour that this voltage may be applied is specified in the |detail
specif|cation.

3.16
rated ripple voltage
r.m.s. value of the maximum allowable alternating voltage at @, ‘specified frequency
supefimposed on the d.c. voltage at which the capacitor may be operated continuously| at a
speclfied temperature

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

3.17
revelse voltage
<polgr capacitors> voltage applied to the capadeitor terminations in the reverse palarity
direction

3.18
rated ripple current
r.m.sl value of the maximum allowablg+alternating current of a specified frequency, at which
the cppacitor may be operated continuously at a specified temperature

3.19
time|constant
produict of the internal reSistance (including circuit resistance) and the capacitance

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

3.20
internal resistance
resisfance“component in an equivalent series circuit of capacitance and resistance |[of a
capatitor

Note 1 to entry: The internal resistance is given in ohms (Q).

3.21

IR drop

voltage drop between the capacitor terminals that is generated at the start of discharge and
quantified by the product of the discharge current and the internal resistance of the capacitor

3.22
maximum temperature of a capacitor
temperature at the hottest point of its external surface

Note 1 to entry: The terminations are considered as a part of the external surface.
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3.23
minimum temperature of a capacitor
temperature at the coldest point of the external surface

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

3.24

minimum storage temperature

minimum ambient temperature which the capacitor should withstand in the non-operating
condition without damage

3.25
maximum storage temperature
maximum ambient temperature which the capacitor withstands in the non-operating{éondition
withqut damage

[SOYRCE: IEC 60384-1:2008, 2.2.11]

3.26
temperature characteristic of capacitance
maxifnum reversible variation of capacitance produced over a given temperature range within
the chtegory temperature range

Note 1 to entry: The term characterizing this property applies mainlyyto capacitors of which the variatipns of
capac|tance as a function of temperature, linear or non-linear, cannatbe expressed with precision and certainty.

Note 3 to entry: The temperature characteristic of capacitance is normally expressed as a percentage pf the
capacltance related to a reference temperature of 20 °C.

3.27
visible damage
visible damage which reduces the usabilityzof the capacitor for its intended purpose

3.28
leakage current
valug of the current that flows through a capacitor after a charge for a fixed period of time

Note 1 to entry: Leakage current.is given in amperes (A).

3.29
maintain voltage
self discharge

voltapge held while being left for a fixed period of time under no load after a charge for a ffixed
period of time

3.30
temperature rise

<capacitor> increase of temperature of the capacitor relative to the ambient temperature
resulting from the losses in the capacitor due to operation under charge and/or discharge
conditions

3.31

insulated capacitor

capacitor in which all terminations of a section may be raised to a potential different (but not
less than the rated voltage) from that of any conducting surface with which the case is liable
to come into contact in normal use
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3.32

uninsulated capacitor

capacitor in which one or more of the terminations of a section cannot be raised to a potential
different (but not less than the rated voltage) from that of any conducting surface with which
the case is liable to come into contact in normal use

3.33

surface mount capacitor

fixed capacitor whose small dimensions and nature or shape of terminations make it suitable
for use in hybrid circuits and on printed boards

3.34
passjive flammability
flammability caused by external heating of the component

Note 1 to entry: Passive flammability can be caused by flames for example.

3.35
activle flammability
flammability (self-ignition) caused by internal heating of the component

@

Note 1 to entry: Active flammability can be caused by sparking due to insufficient internal contact for examp

3.36
category of passive flammability
category given by the maximum burning time after a specified time of flame application

3.37
mass
masq of the capacitor with all fixed parts

3.38
volume
volume of the capacitor body excluding terminations

4 General items

4.1 Unit and symbols

Unitg, graphicalssymbols, letter symbols and terminology shall, whenever possible, be faken
from [the following documents:

BC 66027;
EC60050;
- |IEC 60617;
— 1SO 80000-1.

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

4.2 Preferred values and class
4.2.1 General

The preferred values appropriate to the subfamily shall be prescribed in the sectional
specification.

NOTE It is not possible to specify the preferred values of rated voltage due to the nature of the capacitor.
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4.2.2 Preferred values of nominal capacitance

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

4.2.3 Class

The class of the capacitor shall be classified according to capacitance and internal resistance
(application). See Annex A for details.

4.3 Marking

4.3.1 General

The |identification criteria and other information to be marked on the capacitor ahd/or
packgaging shall be indicated in the sectional specification.

The |order of marking priority for small size capacitors shall be specified in the detail
specification.

4.3.2 Coding

When coding is used for capacitance value, tolerance or dafe of manufacture, the me¢thod
shall|be selected from those given in IEC 60062.

4.4 | Quality assessment procedures

See Annex Q.

5 Tests and measurement

5.1 General

The pectional and/or blank detail specification shall indicate the tests to be made, which
meagurements are to be made’ before and after each test or subgroup of tests, and the
sequence in which they shallbe made. The stages of each test shall be carried out ip the
ordef written. The measuring conditions shall be the same for initial and final measurements.

If najional specifications within any quality assessment system include methods other|than
thosg specified in_the above specifications, they shall be fully described.

Limits givensin all specifications are absolute limits. The principle to take measurement
unceftainty,into account is given in Annex F.

5.2 Test and measurement requirements
5.2.1 Test conditions

Unless otherwise specified, all tests shall be made under standard atmospheric conditions for
testing as given in IEC 60068-1:2013, 4.3.

— temperature :15°C to 35 °C;
— relative humidity  : 25 % to 75 %;
— air pressure : 86 kPa to 106 kPa.

5.2.2 Measurement conditions

Unless otherwise specified, all measurements shall be made under standard atmospheric
conditions for testing as given in IEC 60068-1:2013, 4.3 with following exception:
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— temperature: 20 °C +2 °C.

Allm

easurements shall be made after thermal equilibrium is accomplished, see 5.2.4.

5.2.3 Voltage treatment

2015

The capacitor shall be charged up to Ur and be held for 30 min by means of a d.c. source.
The capacitor shall be discharged through a suitable discharge device.

5.24 Thermal treatment

The

5.3

Unle
96 h
humi

The
activ
oven

5.4
5.4.1

The

Mark
requi

5.4.2

The
chec

Fapacitors shall be stored at the temperatare specified in ©.2.2 jor a ume sufficignt to
allow the entire capacitor to reach this temperature (thermal equilibrium, see Annex C):

Drying

t 4 h by heating in a circulating air oven at a temperature of 55 °C £ 2 °C and a re
dity not exceeding 20 %.

tapacitor shall then be allowed to cool in a desiccator using a(Suitable desiccant, su

to the beginning of the specified tests.

Visual examination and check of dimensions
Visual examination

ondition, workmanship and finish shall be, satisfactory, as checked by visual examin

rements of the detail specification:

Dimensions (gauging)

Es otherwise specified in the detail specification, the capacitor shall be,conditioned for

ative

th as

bted alumina or silica gel, and shall be kept therein from.the time of removal from the

lation.

ng shall be legible, as checked.®by visual examination and shall conform tq the

Himensions indicated i the detail specification as being suitable for gauging shgll be

ed, and shall comply‘with the values prescribed.

Whenp applicable, measurements shall be made in accordance with IEC 60294 or IEC 607/17.

5.4.3

All d
the V|

Dimensions (detail)

mensions prescribed in the detail specification shall be checked and shall comply
plues-prescribed.

with

5.5

5.5.1

Measurement method 1 for capacitance and internal resistance (constant current

discharge)

Basic circuit for measuring

The capacitance and the internal resistance shall be measured by using the constant current
charging and discharging methods. The basic circuit for measurement is given in Figure 1.
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Power supply

Key
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a)

b)

5.5.2
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show
voltag

The
effici

1 |

) |

! : N
. A

: | L | =/

: Ioc : S

| : .

| I

| —o' +__

b))

i |

| I I

IUCV — : -

1

' |

I

T

b e e ——— 1 IEC

constant-current

constant-voltage

d.c. ammeter

d.c. voltage recorder

changeover switch

capacitor under test

constant current discharger

power supply for constant current charging-

power supply for constant voltage charging-

Figure 1= Basic circuit for measuring

Measuring equipment

measuring equipment shall be capable of constant current charging, constant vo
ing, constant current discharging, and continuous measurement monitoring o
nt and the veltage between the capacitor terminals as a function of discharging tin
n in Figure) 2 The measuring equipment shall be able to set and measure the current arn
e with theyaccuracy equal to £1 % or less.

bower supply shall provide constant charge current for the capacitor charge with
enicy, and setting function of the constant voltage charge duration. The constant cu

Itage

the
e as
d the

05 %
rrent

discharger shall provide constant discharging current as specified in Table 1 or Table 2,
respectively. The d.c. voltage recorder shall be capable of conducting measurements, and it

shall

record with a 5 mV resolution and sampling rate of 100 ms or less.
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Magnified figure

Voltage (V)

2015

5.5.3

5.5.3,

The
capa

The measuring method shall be either in accordance with 5.5.3.2 or 5.5.3.3 correspondi

the ¢

Prec
carri
befo

The

Tey | Time (s)
! IEG

rated voltage (V)
calculation start voltage (V)
calculation end voltage (V)
voltage drop (V)

constant voltage charging duration (min)

Figure 2 — Voltage—time characteristics'between capacitor terminals
in capacitance and internal.resistance measurement

Measuring procedure
1 General

measurement shall be carried”out by analysing voltage-time characteristics bet
Citor terminals.

ass (refer to Annex-A) and shall be specified in the detail specification.

bnditioning of\ voltage treatment as in 5.2.3 and thermal treatment as in 5.2.4 shg
d out, and,Nif specified in the detail specification, drying as in 5.3 may be carrie
e measurement.

voltage between capacitor terminals shall be measured and recorded as a functi

time

wveen

ng to

Il be
] out

bn of

hroughout the measuring procedure

5.5.3

2 Measuring method 1A (class 1, 2, 3 and 4)

Unless otherwise specified in the detail specification, the measuring conditions shall be as
shown in Table 1. The constant charging current (/.;) shall be able to charge the capacitor
with 95 % charging efficiency and is set using the rated voltage (Ug) and the nominal internal
resistance (Ry) by /.. (= Ugr /38 Ry). The constant discharge currents are set for capacitance
measurement and internal resistance respectively, corresponding to the nominal capacitance
of the capacitor.

The measuring procedure shall be as follows:

a) the capacitor shall be charged with the constant charging current;
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b)

c)
d)

when the output voltage of the power supply reaches the specified value, the charging of
the capacitor shall be continued with the constant voltage;

then the capacitor shall be discharged through the constant current discharger;
then the time shall be measured from the start of discharge to the point at which the
voltage between the capacitor terminals becomes U, and U,, respectively (see Figure 2).

Table 1 — Measuring conditions for measuring method 1A

Class
Application
Measuring conditions Class 1 Class 2 Class-3 Classd
Memory backup Energy storage Power Instantangous
power
Constant cur:'qr:nt charging 95 % charging efficiency 2
Canstant voltage charging time 30
min
Constant discharge current for
bapacitance measurement ° 1xCy 0,4 x CyUr A C\Ur 40 x C Ug
mA
Constant discharge current for
internal resistance measurement °© 10 x Cy 4 x C\Ur 40 x CyUr 400 x C\JUr
mA
U1 0,8 X UR
Uz 0,4 X UR

For class 3 and class 4, measuring method 1B may be used,

The jumber of significant figures for the discharge currentvalue of 10 A or less shall be one digit; the seconf
digit pf the calculated value should be rounded down.

The jumber of significant figures for the discharge current value exceeding 10 A shall be two digits; the third digit
of thg calculated value should be rounded down.

NOTE C, is the nominal capacitance in farad\(F) and Uy is the rated voltage in volt (V).

Fpr the general concept of charging/diseharging efficiency, see Annex D.

flAU; exceeds 5 % of the charging voltage (0,05 x Ug) in the initial characteristics, discharge current palue
mlay be reduced by one half, one\fifth or one tenth.

flAU; exceeds 20 % of the ‘charging voltage (0,2 x Ug) in the initial characteristics, discharge current palue
ay be reduced by one half; one fifth or one tenth.

3

5.5.313 Measuring method 1B (class 3, 4 and 5)

Unless otherwise specified in the detail specification, the measuring conditions shall Qe as
showhn in{ Tiable 2. The constant charging current (/.;) shall be able to charge the capacitor
with B§% charging efficiency and is set using the rated voltage (Ug) and the nominal internal

resis

N cc R N/ d
discharge the capacitor with 95 % discharging efficiency and is set using the rated voltage
(Ur) and the nominal internal resistance (R,,) by /4 (= Ug /40R,,).

The measuring procedure shall be as follows:

a)
b)

c)
d)

the capacitor shall be charged with the constant charging current;

when the output voltage of the power supply reaches the specified value, the charging of
the capacitor shall be continued with the constant voltage;

then the capacitor shall be discharged through the constant current discharger;

then the time shall be measured from the start of discharge to the point at which the
voltage between the capacitor terminals becomes U, and U,, respectively (see Figure 2).
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Table 2 — Measuring conditions for measuring method 1B

Class
Application
Measuring conditions
Class 3 Class 4 Class 5
Power Instantaneous power High power

Constant current charging 95 % charging efficiency @

mA
Constant voltagg charging time 5
min
Constant current discharging 95 % discharging efficiency @
Uy 0,8 x Ug
U, 0,4 x Ug

For c
The

digit
The 1
of the

ass 3 and class 4, measuring method 1A may be used.

umber of significant figures for the discharge current value of 10 A or less shall be é6ne-digit; the se
bf the calculated value should be rounded down.

umber of significant figures for the discharge current value exceeding 10 A shall-be\two digits; the thirgd
calculated value should be rounded down.

cond

digit

a F

br the general concept of charging/discharging efficiency, see Annex D.

5.5.

The
conv

5.5.4.2 Straight line approximation method (measuring method 1A)

The

5.5.j Calculation methods for capacitance
1

General

ersion method.

apacitance C of a capacitor shall.be calculated by the following formula:

C= Iy x(t, - 4)
U,-0,

is the capacitance of capacitor (F);

is the discharge current (A);

is the'measuring start voltage (V);
is,the measuring end voltage (V);

isthe time at which the terminal voltage of the capacitor reaches the value 171 frod
start of the discharge;

Capacitance shall be calculated by the straight line approximation method or the energy

the

is the time at which the terminal voltage of the capacitor reaches the value U, from the

start of the discharge.
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5.5.4.3 Energy conversion method (measuring method 1B)
The capacitance C of a capacitor shall be calculated by the following formula:
C 2w

CUR-U,2

C is the capacitance of the capacitor (F);
w  _is the measured discharged energy (J). from start voltage U4 to end voltage Us:

U, |is the measured start voltage;
U, |is the measured end voltage.

5.5.5 Calculation methods for internal resistance
5.5.5.1 General

The Internal resistance shall be calculated by the least square internal-resistance calculation
methpd or the intersection line internal resistance calculation methaod.

5.5.5,.2 Intersection line internal resistance calculation‘method (measuring
method 1A)

The internal resistance R of a capacitor shall be calculated by the following formula:

R= AUy
Iy
wherg
R is the internal resistance of the capacitor (Q);

14 is the discharge current (A);
AU, | is the voltage drop (V).

NOTE| The voltage drop is read by drawing an auxiliary line while extending the straight part of the time-vprying
voltages between the capacitoriterminals obtained from the voltage recorder shown in Figure 2.

5.5.5/.3 Least square internal resistance calculation method (measuring method 1B)

The internal resistance R of a capacitor shall be calculated by the following formula:

R= AU,
[
a
where
R is the internal resistance of the capacitor (Q);

Iy is the discharge current (A);
AU is the voltage drop (V).

Apply the straight-line approximation to the voltage drop characteristics from the calculation
start voltage (U4) to the calculation end voltage (U,) by using the least squares method.
Obtain the intercept (voltage value) of the straight line at the discharge start time. AU; is the
difference of voltages (V) between the intercept voltage value and the set value of constant
voltage charging (V).
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5.5.6 Conditions to be prescribed in the detail specification
The detail specification shall prescribe:

a) the classification of method;

b) the applied voltage other than the rated voltage;

c) charging time other than 30 min (see Table 2) or 5 min (see Table 3);

d) constant current discharge value other than that in Table 2 or Table 3;

e) U, and U, at the time of discharge voltage drop other than those in Table 2 or Table 3.

5.6 [ Measurement method Z for capacitance and internal resistance
5.6.1 Constant resistance charging method for capacitance measurement
5.6.1}.1 Measuring circuit

Meagqurements shall be carried out using the measuring circuit shown in Figure 3.

Constant - Cxs. ——
voltage power T T \Y

IEC

Key
R series resistance
S switch
@ d.c. voltmeter
Cx capacitor under test

Figure 3 — Circuit for constant resistance charging method

5.6.1].2 Measuring method

The llneasuring procedure shall be as follows:

a) prior to measurement, short-circuit between capacitor terminals for 30 min _or more to
ensure discharge sufficiently;

b) set the value of R in such a way that the time constant r settles at 60 s to 120 s;

c) measure the time constant r when d.c. voltage Ug is applied, and calculate the
capacitance value by the following formula:

T
C=—
R
where
C is the capacitance (F);
T is the time constant: charging time up to 0,632 x U (s);

R is the series resistance (Q).
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5.6.1.3 Conditions to be prescribed in the detail specification
The detail specification shall prescribe:

a) the applied voltage other than the rated voltage;
b) the series resistance R when the time constant is other than 60 s to 120 s.

5.6.2 AC internal resistance measuring method
5.6.2.1 Measuring circuit

Measurements shall he carried out |1Qing the mpaaning circuit shown in Figurp 4

) = ()

IEC

oscillator

a.c. ammeter

a.c. voltmeter

SECNOR:

Cx capacitor under test

Figure 4 - Circuit for a.c. resistance method

5.6.2,.2 Measuring method

The measuring procedure shall be as follows:

a) the measuring frequency shall be 1 kHz;
b) the ac. current shall be from 1 mA to 10 mA,;
c) thedjnternal resistance R, of a capacitor shall be calculated by the following formula:

r Y
1

where

R, isthe a.c. internal resistance (Q);

U is the root-mean-square value of a.c. voltage (V);

I is the root-mean-square value of a.c. current (A).

5.7 Leakage current
5.71 Measuring method

The measuring procedure shall be as follows.
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d)

5.7.
The

a)

b)

c)
d)

c)

d)
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Before this measurement is carried out, the capacitors shall be fully discharged. The
discharge procedure shall take 1 h to 24 h and shall be specified in the detail specification.

The leakage current shall be measured, unless otherwise prescribed in the detail
specification, using the direct voltage (Ug) appropriate to the test temperature. The
electrification period after maximum 30 min charge-up time to reach 95 % of the applied
voltage shall be selected from 30 min, 1 h, 2 h, 4 h, 8 h, 12 h, 24 h or 48 h and shall be
specified in the detail specification.

A steady source of power such as a regulated power supply shall be used.

Unless otherwise specified in the detail specification, apply the voltage to a capacitor
through a protective resistor of 1 000 Q or less.

2 Items to be specified in the detail specification

etail specification shall specify the following items:
the leakage current limit at a reference temperature of 20 °C, and at‘other spe¢ified
témperatures;

hen necessary, the correction factor: if the measurements are made at a tempergature
other than 20 °C, but within the range of temperatures covered by the standard
atmospheric conditions for testing;

the electrification time;

the resistance value of protective resistors other than 1¢000 Q.
Maintain voltage
Measuring method
easuring method shall be as follows (seg Figure 5).
efore this measurement is carried ,out, the capacitors shall be fully discharged.| The

djscharge procedure shall take 1 h.10,24 h and shall be specified in the detail specification.

pply the rated voltage Ui directly to the capacitor terminals, without using a protgctive
resistor. Unless otherwise specified by the detail specifications, the charging time shall be
8| h, including maximum 30 _mjn charge-up time to reach 95 % of the applied voltage.
O

isconnect the capacitor.terminals from the voltage source. Unless otherwise specified in
the detail specification,-the capacitor shall be kept under standard conditions for [16 h,
4 h, 48 h or 96 h;

2
Tlhe internal resistance of the d.c. voltmeter used shall be 1 MQ or higher.

A

0,95 x Ur

Voltage\(V)

30 min or less

> <+

8 h 16h,24h,48h0r96|’l
B - IEC

Figure 5 — Maintain voltage test diagram
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5.8.2 Calculation of voltage maintenance rate

The voltage maintenance rate 4 shall be calculated by the following formula:
4=Tens 100
Ur
where
A is the voltage maintenance rate (%);

U,

e
Ur

5.8.3 Conditions to be prescribed in the detail specification

The

a) the discharge duration;
b) an applied voltage other than the rated voltage;

c) alcharging time other than 8 h;

nd _is the voltage between open capacitor terminals after 72 h (T4 ) have elapsed (V);

is the rated voltage (V).

etail specification shall prescribe:

d) tr:re time period between disconnecting the capacitor from\the charging voltage andg the

5.9

5.9.1 Test Ua1 - Tensile

The

The

— fqr terminations other than wire terminations: 20 N;
— fqr wire terminations: see Tablé.3.

easurement.

Robustness of terminations

apacitors shall be subjected to IEC 60068-2-21, Test Ua1, as applicable.

force applied shall be:

Table 3 — Tensile force

Nominal cross-sectional Corresponding diameter (d) Force with tolerance
area (S) @ for circular section wires of £10 %

mm? mm N

S=\0505 d<0,25 1

0,05\< §<0,1 0,25<d<0,35 2,5
0,1<85<0,2 0,35<d<0,5 5
0,2<5<0,5 0,5<d<0,8 10
0,5<8<1,2 0,8<d<1,25 20
1,2<S 1,25 <d 40

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

5.9.2 Test Ub — Bending (half of the sample)

The capacitors shall be subjected to IEC 60068-2-21, Test Ub, as applicable.

Method 1: Two consecutive bends shall be applied in each direction. This test shall not apply
if, in the detail specification, the terminations are described as rigid.
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5.9.3 Test Uc — Torsion (remaining sample)

The capacitors shall be subjected to IEC 60068-2-21, Test Uc, as applicable.
Method A, severity 2 (two successive rotations of 180°) shall be used.

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

5.9.4 Test Ud — Torque (for terminations with threaded studs or screws and for
int I ti levices)
The ¢apacitors shall be subjected to IEC 60068-2-21, Test Ud, as applicable.

The dlegree of severity to be used shall be specified in the detail specification (see’Table 4).

Table 4 — Torque

Nominal thread diameter 2.6 3 3.5 4 5 6 s
mm

Forque Severity 1 0,4 0,5 0,8 12 2,0 2,5 5

Nm Severity 2 0,2 0,25 0,4 046 1,0 1,25 4,5

5.9.5 Visual examination

After|each of these tests, the capacitors shall be isually examined. There shall be no v|sible
damage.

5.10| Resistance to soldering heat
5.10.1 Preconditioning and initial. measurement

When prescribed by the detail specification the capacitors shall be dried using the methpd of
5.3.

The ¢apacitors shall be measured as prescribed in the detail specification.

5.10.2 Test

Unless otherwiSestated in the detail specification, one of the following tests as set out ip the
samg specification shall be applied.

The llest conditions shall be defined in the detail specification.

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

b) For capacitors not designed for use in printed boards, but with connections intended for
soldering as indicated by the detail specification:

1) IEC 60068-2-20, Test Tb, method 1 (solder bath);
2) IEC 60068-2-20, Test Th, method 2 (soldering iron).
c) For surface mount capacitors, IEC 60068-2-58, reflow or solder bath method.

5.10.3 Recovery

The period of recovery shall, unless otherwise specified by the detail specification, be not less
than 1 h or more than 2 h, except for surface mount capacitors, for which the period of

recovery shall be 24 h + 2 h be carried out by 5.3.
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5.10.4 Final inspection, measurements and requirements

For

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

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

— there shall be no visible damage and the marking shall be legible;

— the capacitors shall then be measured as prescribed in the detail specification.

Surface mount capacitors shall be visually examined and measured and shall meet the
requirements as prescribed in the detail specification.

5.11| Solderability

5.11.1 General

This

as nqt designed for soldering.

5.11.2 Preconditioning

The

is required, one of the ageing procedures given in IEC 60068-2-20 shall be applied.

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

5.113 Capacitors with leads

5.11.3.1 General

Capdcitors shall be subjected to Test Ta“of IEC 60068-2-20 either using the solder

met

specification.

When the solder bath method (method 1) is specified, the following requirements apply.

5.11.3.2 Test conditions

Unles$s otherwise stateduin the detail specification, one of the following tests as set out i
samg specification shall be applied.

The

a)

b)

test conditions shall be defined in the detail specification.

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

test shall not be applicable to those terminations which the detail specification desc

ribes

etail specification shall prescribe whether ageing is to be applied. If accelerated ageing

non-

bath

hpd (method 1), or the soldering iroan method (method 2) as prescribed by the detail

n the

Depth of immersion (from the seating plane or component body): 2,8,5 mm, us
thermal insulating screen of 1,5 mm + 0,5 mm thickness;

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

3) IEC 60068-2-54.

ng a

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

soldering as indicated by the detail specification:
1) IEC 60068-2-20, Test Ta, method 1 (solder bath);

Depth of immersion (from the seating plane or component body): 3.5_(35 mm;

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

2015

When the solder bath method is not applicable, the detail specification shall define the test
method, test conditions and the requirements.

5.11.

3.3 Final inspection, measurements and requirements

The terminations shall be examined for good tinning as evidenced by free flowing of the

solde

5.11.
5.11.
Caps

spec
resis

The
after

5.11.

The
spec

5.12

5.12.

rwith-wetting of the-terminations-

4 Surface mount capacitors
4.1 General

citors shall be tested in accordance with Test Td of IEC 60068-2-58. The
fication shall prescribe the severity and attitude to be used for nwetting, dewettir
ance to dissolution of metallization.

wetting.

4.2 Final inspection, measurements and requirements

surface mount capacitors shall meet the réquirements as prescribed in the
fication.

Rapid change of temperature

1 Initial measurement

The measurements prescribed in theydetail specification shall be made.

5.12.

The
as pr

5.12.

The

5.13

2 Test

capacitors shall be subjected to Test Na of IEC 60068-2-14, using the degree of se
escribed in the defaijl specification.

3 Final inspection, measurements and requirements

apacitors)shall be visually examined. There shall be no visible damage.

Vibration

letail
g or

jetail specification shall also indicate the specific areas of-the’specimen to be examined

letail

erity

5.13.

1 Initial measurement

The measurements prescribed in the detail specification shall be made.

5.13.

2 Test

The capacitors shall be subjected to Test Fc of IEC 60068-2-6, using the mounting method

and t

he degree of severity prescribed in the detail specification.

When specified in the detail specification, during the last 30 min of the vibration test an
electrical measurement shall be made in each direction of movement to check intermittent
contact, or open- or short-circuit.

The method of measurement shall be prescribed in the detail specification.


https://iecnorm.com/api/?name=e34089a5771bcd83c462bb7fc1ef9103

IEC 62391-1:2015 © IEC 2015 - 29 -

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

5.13.3 Final measurement and requirements
After the test, the capacitors shall be visually examined. There shall be no visible damage.

When capacitors are tested as specified in 5.17.4, the requirements shall be stated in the
detail specification.

The measurements prescribed in the detail specification shall then be made.

5.14| Damp heat, steady state
5.141 Initial measurement

The mmeasurements prescribed in the detail specification shall be made.

5142 Test

The ¢apacitors shall be subjected to Test Cab of IEC 60068-2-78, using the degree of seyerity
corrgsponding to the detail specification.

5.14,3 Final measurement

The measurements prescribed in the detail specification_shall then be made.

5.15| Endurance
5.15.1 Initial measurements

The mmeasurements prescribed in the detail specification shall be made.

5.152 Test
5.15.2.1 General
IEC 60068-2-2:2007, Test Bby'shall be applied with the following exceptions:

— cfpacitors may be-inserted in the test chamber at any temperature between room ampient
gmperature andthe specified test temperature;

—_

— a|specified voltage shall be applied to the capacitor during the test, but the voltage [shall
npt be applied to the capacitor before it has reached the chamber temperature.

The gapacitors shall be placed in the test chamber in such way that no capacitor is lo¢ated
withip 5.mm from any other capacitor.

5.15.2.2 Test conditions

The test conditions shall be as follows:

a) applied voltage : rated voltage;
b) test temperature : upper category temperature;
c) test duration : 1 000 h or as specified in the detail specification.

5.15.3 Final measurement, inspection and requirements

After the specified period, the capacitors shall be allowed to cool to standard atmospheric
conditions for testing and where specified in the detail specification, the capacitors shall be
subjected to recovery.
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The capacitors shall then be visually examined.

The measurements prescribed in the detail specification shall then be carried out. A capacitor
shall be considered to have failed when the requirements of the detail specification during or
at the end of the test are not satisfied.

5.16 Storage
5.16.1 Storage at high temperature

5.16.1.1 Initial measurement

The llneasurements prescribed in the detail specification shall be made.

5.16.1.2 Test conditions

The [capacitors shall be subjected to IEC 60068-2-2:2007, Test Bb, using the follqwing
sevefities:

— tgst temperature : upper category temperature;
— tgst duration 196 h+4h.

5.16.1.3 Final measurement

After|recovery for at least 16 h, the measurements prescribed in the detail specification|shall
be mpde.

5.16.2 Storage at low temperature
5.16.2.1 Initial measurement

The measurements prescribed in the detail specification shall be made.

5.16.2.2 Test conditions
The fapacitors shall be subjected to IEC 60068-2-1:2007, Test Ab. The capacitors shgll be

storeld at —40 °C for either a\périod of 4 h after thermal stability has been reached, or for 16 h,
whichever is the shorter period.

5.16.2.3 Final méasurement

After|recoveryd{or-at least 16 h, the measurements prescribed in the detail specification|shall
be mpde.

5.17 | Characteristics at high and low temperature

5.17.1 General

The capacitors shall be subjected to the procedures of the dry heat and cold test (5.17.3 and
5.17.4 respectively) with the following details.

5.17.2 Test procedure

The degree of severity for these tests shall be the same as for the dry heat and cold tests.
Tests at intermediate temperatures may be prescribed by the detail specification.

The measurements prescribed in the detail specification shall be made.
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5.17.3 Dry heat

The capacitors shall be subjected to IEC 60068-2-2:2007, Test Bb, for 16 h, using the degree

of severity of the upper category temperature, as prescribed in the detail specification.

While still at the specified high temperature and at the end of the period of high temperature,

the measurements prescribed in the detail specification shall be made.

5.17.4 Cold

The capacitors shall be subjected to IEC 60068-2-1:2007, Test Ab, for 2 h, using the degree

of seferity of the lower category temperature, as prescribed in the detall specification.

Whilg still at specified low temperature and at the end of the period of low temperaturs

meagurements prescribed in the detail specification shall be made.

5.17)5 Final measurement and requirements

The ¢apacitors shall not exceed the limits prescribed in the detail specification.

5.18| Component solvent resistance
5.18.1 Initial measurements

The measurements prescribed in the detail specification_shall be made.

5.18.2 Test

The [components shall be subjected to IEC®60068-2-45:1980, Test XA, with the follg

details:

a) splvent to be used . 2-propanol;

b) splvent temperature :23°Cy £ 5°C, unless otherwise specified in the
specification;

c) cpnditioning ~Method 2 (without rubbing);

d) regcovery time 2 h or more (see Annex C), unless otherwise stateg

the detail specification.

5.18.3 Requirements

The measurements prescribed in the detail specification shall then be carried out an

specified requirements shall be met.

5.19| .Solvent resistance of marking

, the

wing

Hetail

il the

5.19.1 Test

The components shall be subjected to IEC 60068-2-45:1980, Test XA, with the following
details:

a) solvent to be used : 2-propanol;

T

solvent temperature ;23 °C £ 5 °C;

o O

)
)
) conditioning : method 1 (with rubbing);
) rubbing material : cotton wool;

)

D

recovery time : not applicable, unless otherwise stated in the detail specification.


https://iecnorm.com/api/?name=e34089a5771bcd83c462bb7fc1ef9103

-32 - IEC 62391-1:2015 © IEC 2015

5.19.2 Requirements

After the test, the marking shall be legible.

5.20 Passive flammability
5.20.1 Test procedure
The capacitors shall be tested according to the following procedure.

a) The test shall be carried out according to IEC 60695-11-5.

b) T
burning (if this position is not given in the detail specification, it shall be evaluated-by pre-
sting). Each specimen shall only be exposed once to the flame.

he smallest, a medium (in the case of more than four case sizes), and the‘biggest|case

c) T
s|ze shall be tested. Of each case size, three specimens of the maximum and three
s
c

becimens of the minimum capacitance shall be tested, resulting in, six”specimeng per
Bse size.

For the time of exposure to flame and burning time, see Table 5! ‘lf applicable, the detail
specification shall specify the category of passive flammability.

5.20.2 Requirements

The burning time of any specimen shall not exceed the timé& specified in Table 5.
Burning droplets or glowing parts falling down shall_not ignite the tissue paper.

Table 5 — Severities and requirements

Severities
. 3 . Maximum
a
Catdgory of Flame exposure time,in seconds, for capacitor volume ranges burnipg
flamma- mm3 time
Rility
volume 250(<yvolume 500 < volume 1750 < volume S
< 250 <500 <1750 <12 000
A 15 30 60 120 3
B 10 20 30 60 10
C 5 10 20 30 30
a  Tpst severities)for capacitor volumes above 12 000 mm?® are under consideration.

5.21| Pressure relief (if applicable)

5.21.1 Test

Unless otherwise specified in the detail specification, d.c. voltage of an amplitude necessary
to produce a current of 10 mA/F or more shall be applied to the capacitor in the forward
direction.

5.21.2 Requirements

The pressure relief device shall open in such a way as to avoid any danger of explosion or fire.
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A1

Annex A
(normative)

Classification according to capacitance and internal resistance

General

This annex describes classification of the capacitor, according to the capacitance value and
internal resistance value depending upon the application.

A.2

Meag
meth
depe
with

meag
cons

In th
appr

Howegver, classification was made in terms of accuracy in-measurement. Note that the

meas
the ¢

Class 1 (memory backup)

This
with
this 8

Class 2 (energy storage)

This

operation with magnitude of discharge current from mA to A. The capacitors for

applifation have high—capacitance in characteristics without any consideration of int
resistance. This class handles higher internal resistance compared with the power applic
in Class 3.

Class 3 (power)

Classification by capacitance and internal resistance

urements of capacitance and internal resistance by the constant current disch
pd and the d.c. resistance method, respectively require much (long))measuring
hding on the product ratings provided that the measuring conditions_are standar
the specificity of these measuring methods. Therefore, it is necessafry to select eff
uring conditions. For this reason, the following applicationclassification has

dered, classifying into four measuring conditions (see Figure A.1L).

e meantime, it has been suggested that the same discharge current condition m3
ppriate for capacitance and internal resistance for evéry application of the five cla

uring conditions may be used for capacitance and\internal resistance within the sco
apacitors that can obviously achieve accurate measurements.

class is suitable for those capacitors which are mainly used for RAM memory b4
magnitude of discharge current frdm nA to pA. The characteristics of the capacito
pplication have relatively low capacitance and high internal resistance.

class is suitable for _those energy storage capacitors which mainly require a long

arge
time
lized
cient
been

y be
5Ses.
same
pe of

ckup
s for

time
this
ernal
ation

This

o 1o ortalhla far thaon ~onanitara (4 hich oA paaoinly ion a-f drivina matare eAng
T

o or "Ha
ToT 1o ouUTtaoTeTOT o SC—CapattoOrswinoTr arcraTy oo CUTOT UTThviTg TTrotorsy |\.’\.|u|r|ng

power with magnitude of discharge current from mA to A. The characteristics of the capacitors
for this application have relatively high capacitance and low internal resistance.

Class 4 (instantaneous power)

This class is suitable for the application that requires instantaneous power (relatively large
current) even with a short operating time. The capacitors for this application have low

capa

citance and low internal resistance in characteristics.
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Class 5 (high power)

This class is suitable for the application (i.e. automotive and railway) that requires high power
(relatively large current) with heavy duty charge/discharge cycles. The capacitors for this
application have higher capacitance value and lower internal resistance value compared to

Class 3.

~ - ~o
< ST Class 2 ~<
fe)) pa
= ? v eTergy Storage
< |1 Class 1 " gy g9c )
e ~
S P S~
T memory ) S~el - Sx<”
0] N ’ T~ L _em-- - RN
e . R T N
S~ — T N
% ’ D // \
R A , \
7] \ 7 \
(0] \ 4 i
o p \ 7 |
© ) v/
o | \ 7 Class 3 1
5 | Class 4 v power )
< |1 instantaneous ,‘I /
1 | power y ST b S
\ ’\ e SN
1 ’ N
R AN K Class 5 Y
= \ K N ' high power
/ ~ - ’
~ N
. // \\\ ’/” \\\ ,”
~ s S~ - So _-7

small « Capacitance, —» high
IEC

Figure A.1 — Conceptual rendering orientated by characteristics in each classificafion

Unless otherwise specified in the detail specifications, electrical performance and measpring
methpds should be selected according to Table A.1, by the above mentioned class relatpd to

the ajpplication.

Table A.1 — Electrical performance and measuring method by class

Sub Class
Measurement items clause
No. Class 1 Class 2 Class 3 Class 4 Clags 5
Constant current
discharge 5.5 A A A A A
method
Capacitance
Constant
resistance 561 B B B B d
charging method
AC resistance 5.6.2 A B B B c
Internal metho
resistance :
DC resistance 5.5 c A A A A
method
Leakage current 5.7 C C Cc C Cc
Maintain voltage 5.8 A C Cc C Cc
Selection classification A: use as a standard;
B: use as a simplified method;
C: use when necessary.
Selection classification shall be specified in the detail specification. For capacitance, see Annex B.
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Annex B
(informative)

Measuring method of capacitance and low resistance
by low frequency a.c. method (reference)

B.1 General

This method is suitable for capacitors with relatively low internal resistance, and can be used
as a phortcutmethodtoreducethemeasurimgtime:

B.2 | Measuring system

The easuring system includes the components in Figure B.1. The system that replaces this
methpd for measuring capacitance at low frequency may be used, as follows:

a) generate a sinusoidal voltage at the specified frequency with(a frequency response
ahalyzer and apply the voltage to a capacitor via a potentiostat;

b) dgtect the current that flows through the capacitor with~a “potentiostat (a devige to
apitomatically keep the electrode potential constant), and €onvert it into a voltage valpe to
gturn it to the frequency analyser;

c) optain the impedance |Z| and phase angle ¢ from the voltage and current of the capacitor
tq be measured.

-

Frequency response

Potentiostat Capacitor
analyser

IEC

Figure B.1 — Capacitance measuring system by the low frequency a.c. method

B.3 | Calculation of capacitance

The ¢alculation of capagitance shall be as follows.

a) (alculate the reactance X by the following formula:
X=|Z] x sin ¢

wherg
X isthe reactance (Q);

|Z| is the impedance (Q);
o is the phase angle.

b) Use the calculated reactance to calculate the capacitance C of the capacitor by the
following formula:

X
2
where
C is the capacitance (F);
T is the circle ratio;

f is the measuring frequency (Hz).
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B.4 Measuring conditions

The measuring conditions shall be as follows:

a) use either of the measuring frequencies of 0,05 Hz, 0,1 Hz, 1 Hz, 10 Hz or 100 Hz;
b) the measuring voltage shall be 3 % or less of the rated voltage;

c) the bias voltage shall be 50 % to 95 % of the rated voltage; if no doubt arises with respect
to judgment, the bias voltage may be omitted.
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Annex C
(informative)

Thermal equilibrium time of capacitors

General

This annex describes the thermal equilibrium time of capacitors, as a reference in determining
the soaking time for pre-treatment.

C.2 | Thermal equilibrium time of capacitors
Prestiming that the thermal equilibrium time, which is the time required for the 'central pgrtion
of a gapacitor to reach the temperature difference from the external tempenature within [1 °C,
is dgpendent on the external dimensions of the capacitor, the temperature” changes ip the
central portions of capacitors was verified.
The fesultant data were obtained by verifying the thermal equilibrium time of the central
portions of capacitors that were subjected to a certain environmental temperature. As a rgsult,
it wap observed that the equilibrium time was proportional te thie magnitudes of the external
dimepsions such as diameter for cylindrical capacitors and<thickness (thinnest side) for gubic
capatgitors. Figure C.1 shows the thermal equilibrium times’of the capacitors when soakgd to
normial room temperature from a high temperature. Figlire C.2 shows the thermal equiliprium
time [of the capacitors when soaked to normal roomy temperature from a low temperatuge. In
thesg figures, the dotted straight lines indicate the.presumed longest thermal equilibrium ftime.
It is|advisable to use these dotted straight*lines as soaking time for pre-conditioning.
Figune C.3 shows the actual measured temperature changes in the capacitors’ cégntral
portipns.
<
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-E 45 _J A Actual measurement results L
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Figure C.1 — Thermal equilibrium times of capacitors (from 85 °C to 25 °C)
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Figure C.2 — Thermal equilibrium times of capacitors{(from -40 °C to 25 °C)
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Figure C.3 — Capacitor core temperature change with respect to time
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D.1

Annex D
(informative)

Charging/discharging efficiency and measurement current

General

This annex describes the general concept regarding the charging and discharging efficiency
and measured current, which are provided in 5.5.3.

D.2

Char

energ@y L lost by resistance R are given by Formulas (D.1), (D.2), and (D.3), respectively.

Whe
to F
disch
and

In this document, the efficiency for charging or discharging is proposed as 95 %

Charging efficiency, discharging efficiency, and current

pe Q after charging or discharging for time ¢ at a constant current 7, stored’energy W

0=1It

h a capacitor is charged or discharged:to-its full capacity at a constant current acco
brmula (D.2) or (D.3), respectivelys\the energy efficiency P, for charging or P
arging is given by Formula (D.4) of’(D.5), respectively, where R is the internal resisf
[ is the capacitance of the capacitor.

W t
W+L t+2RC

cons

for cflnarging at 95 % efficiency is given by Formula (D.6) derived from Formula (D.4).

dering ‘exothermal effect and time consumption for the measurement. The time ¢ req

rding
4 for
ance

(D.4)

(D.5)

after
uired

t = 38RC

(D.6)

Charge Q stored in a capacitor is given as a product of capacity C and charging voltage U,
thus leading to Formula (D.7). Current I, for 95 % charging is given by Formula (D.8) derived

from

Formulas (D.1), (D.6), and (D.7).

Io =——
¢ 38R

(D.7)

(D.8)
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Similarly, the time ¢ needed for 95 % discharging is given by Formula (D.9) derived from
Formula (C.5), and the current Iy needed for 95 % discharging is given by Formula (D.10).

¢ = 40RC (D.9)
U

.= Y D.10

97 40R (D-10)

Formulas (D.8) and (D.10) are suggested for determining the value of the current for the
chargi i i ; i i i i ined,
the npaximum output at the target efficiency can be calculated.
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Annex E
(informative)

Procedures for setting the measurement current of capacitor
with uncertain nominal internal resistance

General

This annex describes the current setting procedures provided in 5.5.3.

E.2

Whe
meag

can

a)

b)

c)

d)

How

neg

meas

E.3

Tab
the

Current setting procedures for measurement of capacitor

n the nominal value of internal resistance of a capacitor is uncertain, the.current fq
urement of the capacitor with 95 % charging efficiency and 95 % discharging effic
e set according to the following procedures.

Using the estimated value of the internal resistance, measure the’time characteris
e voltage between the capacitor terminals according to the procedure described in
ahd then calculate the internal resistance according to the description in 5.5.5.

—

hen the internal resistance is unpredictable, it is recemmended to temporarily s€
charging and discharging currents as 30 A.

sing the internal resistance value calculated by step a) above, measure the
characteristic of the voltage between the capacitor/ terminals according to the procgq
described in 5.5.3 and calculate the internalsrésistance according to the descripti
5/5.5.

epeat the above procedures until the> difference between the calculated int
sistance value and the previous valug*becomes less than 10 % of the previous valu

—

ative value, follow procedures- a) to c¢) with a larger current and then perform

urements.

Example of setting current for determining capacitor characteristics

order of sefting conditions shown in Table E.1.

Table E.1 — Example of setting current for measurement of capacitor

r the
ency

ic of
5.5.3

t the

time
dure
DN in

ernal

a)

e .

ver, when AUz becomes greater than 0,1Ug, follow procedures a) to c) with a smaller
curr%nt and then perform the measurements. When the calculated internal resistance

is a
the

l¢ E.1 shows examples of setting the measurement current. The setting was performed in

Seth Internal resistance value Charging | Discharging | Calculated Calculgted
Rl used for setting current current capacitance internal
g resistance
condition mo A A F mo
1 1,5 (Estimated) 47,4 45,0 1297 4,6
2 4,6 (Calculated with the result of 15.4 14.7 1351 5.0
No 1)
3 zg (ZC;aIculated with the result of 14.2 13,5 1351 5.0
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Annex F
(informative)

Policy on uncertainty of measurement and inset limits

Objective

Specifications for electronic components give the parametric limits that define
acceptability of the component. These limits do not take into account the uncertainty of

measurement causaed_—_hbv tgest and mgacurina gauinmant inaccuracige tact mnl‘hods
JHH-ee+ -t G—y—t t—ahRa—HeasSHHRg GHpHeRt—Hae6Ua6t —t +—-8th ,

envirpnmental conditions and, sometimes, operator participation.

The
and

2015

the

purpose of this annex is to define policy on the calculation of measurement uncert

also fovered.

F.2

For

F.2.

Terms and definitions
the purposes of this annex the following terms and definitions,apply.

1

uncefrtainty of measurement
statement of the limits of the range within which 4¢he' true value of the measureme
expefted to lie in relation to the recorded result withva defined confidence level

F.2.

2

measuring equipment
all of|the instruments which are necessary.in order to carry out a measurement

ainty

insetting limits to ensure uniform implementation. The special case of outsetting limits is

nt is

bf this

Note 1 to entry: The definition makes it clear that items such as cables, connectors, handlers, handler cards or
other fixtures used in conjunction with a measurement indicating instrument are subject to the requirements

policy

F.2.3

insef limits

tight¢ned limits resulting~from an allowance applied to the specified limits of a paramef
take jinto account all-influence quantities on the indication of a measuring instrument so
ensufe that out ofyimit devices are not accepted due to measurement errors

F.2.

outset limits
relaxpd/limits resulting from an allowance applied to the specified limits of a parameter to

into

er to
as to

take

ccount all influence quantities on the indication of a measuring instrument so

s to

ensure that in limit devices are not rejected due to measurement errors

F.3

Calculation of measurement uncertainty

The assessment of uncertainty of measurement of a performance requirement can be broken
down into three stages:

a)

identification of possible error contributions;

b) quantifying the size of each listed contribution;

c)

calculating the total uncertainty of measurement.
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F.4 Policy

F.4.1 A measurement uncertainty value shall be calculated for each performance
requirement which is related to qualification approval, capability approval, technology
approval, process approval, screening, lot-by-lot and periodic tests as defined by the
specifications.

F.4.2 Each measurement uncertainty value shall be used to apply an inset, of at least this
value, to the relevant specification limits as defined in F.4.1.

F.4.3—This—inset—shal—be—appHed—in—acecordance—with—F-52—fer—qualification—approval,

capapility approval, technology approval and process approval and F.5.3 for product [audit
testing.

F.4.4 Test reports and test records, compiled to show compliance with qualification appfroval,
capapility approval, screening, lot-by-lot and periodic tests as defined by, the appli¢able
specffications, shall list the uncertainty value for each performance requirement.

F.5 | Calculation of inset and outset limits

F.5.1 The fundamental principle is that the limits should be&.nset from the specified values
by the corresponding uncertainty of measurement. This ‘increases the probability| that
meagurement results which fall within the tightened Jimits, including marginal values| are
genujnely within specification limits such that only truly~conforming devices are accepted.

The |exception to insetting limits occurs when_product audit tests are conducted. In this
situafion, to ensure that, as far as possible, uncertainty of measurement does not cause [good
prodlicts to fail, an audit test outsets :the' limits. This increases the possibility| that
meagurement results that fall outside the”relaxed limits, including marginal values| are
genujnely outside specification limits such*that only truly nonconforming devices are rejeqted.

F.5.2 For a component manufacturer the upper specified value of a parameter being ‘x|, the
lower specified value of the parameter being ‘y’ and the uncertainty of measurement being ‘a’,
the “Inset limits” for the paramgter are (x-a) and (y+a).

F.5.3 For an audit testithe upper specified value of a parameter being ‘x’, the lower spetified
valug of the parameter being ‘y’ and the uncertainty of measurement being ‘b’, the “outset
limitg” for the parameter are (x+b) and (y-b).

The smaller_the' uncertainty of measurement, the lower the values of ‘a’ and ‘b’ becomg and
the closer-the manufacturer’s and the audit test’s inset/outset limits approach the specificiation
limitg.

F.6 Examples

F.6.1 General

Setting “inset limits” and “outset limits”.

F.6.2 Example 1: Resistor measurement

Specified resistance value: 100Q2+10% =90 Q to 110 Q
Uncertainty of measurement calculated to be: +1,2 % = +1,08 Q and £1,32 O
Inset limits: 91,08 O to 108,68 O

Outset limits: 88,92 O to 111,32 O
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Example 2: Resistor measurement

Initial measurement

Spec

Unce

Inset

ified resistance value

rtainty of measurement calculated to be

limits:

Outset limits

F.6.4
Spec

Uncertainty of measurement calculated to be: 5

Inset
Outs

F.6.5
Initia
Sped
Unce
Inset
Outs

ified limits:

limits:

bt limits:

measurement:

ified tolerance:

rtainty of measurement calculated to be
limits:

bt limits

—_Example 3: Transistor measurement (gain)

Example 4: Comparison between initial and final measurement results

105,00 ©

<0,5 % =£0,53 Q

=104,47 Q to 105,53 Q

+0,1 % = 0,10 Q and £0,11 Q
104,57 Q to 105,42 O

104,37 Q to 105,64 O

60 < hiy4 < 80

65 to 75
55 to 85

102,05 uF

Variation at 1 %

0,1 %

101,13 uF t0/102,97 uF
100,93 \uF to 103,17 uF
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Annex G
(informative)

Reference to IEC 62391-1:2006

The drafting of this standard has resulted in a new structure. The following table indicates the
new clause and subclause numbers with respect to the IEC 62391-1:2006 (first edition).

IEC 62391-1:2006 IEC 62391-1:2015
first edition this edition Notes
Clquse/Subclause Clause/Subclause

1

1 1 General and scope are merged into one
1.2 2 In accordance with the ISO/IEC Diregtives, Part 2
21 4.1

2.2 3 In accordance with ISO/IEC Directives, Part 2
2.3 4.2
2.4 4.3

3 4.4

4 5
4.1 5.1
4.2 5.2

In ascordance with the change of clause numbers

4.3 5.3
4.4 5.4
4.5 55,56 Divide the measuring method into two
4.6 5.5,5.6 Divide the measuring method into two
4.7 5.7
4.8 5.8
4.9 5.9
4.10 5.10
4.11 5.1
4.12 5.12
4.13 5.13
4.14 5.14 In accordance with the change of clause numbers
4.15 5.15
4.16 5.16
4.17 5.17
4.18 5.18
4.19 5.19
4.20 5.20
4.21 5.21
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Annex Q
(normative)

Quality assessment procedures

Q.1 General

Q.1.1 Overview

When_this standard and any related standards are used for the purpose of a full q lality
assepsment system compliance with Clauses Q.5, Q.6 or Q.14 is required.

Whenp such standards are used outside quality assessment systems for purpa@ses sugh as
design proving or type testing, the procedures and requirements of Q.5.1 and Q53 b) may be
used| but, if used, the tests and parts of tests shall be applied in the order\given in the test
scheglules.

Before components can be qualified according to the procedures of this annex| the
manufacturer shall obtain the approval of his organization in accordance with the provisions of
the specified quality assessment system (if any).

The methods that are available for the approval of components of assessed quality and which
are cvered by the following subclauses, are:

Lialification approval;

Ke]

o

bpability approval;
— tgchnology approval.

For B given subfamily of components;iseparate sectional specifications for qualification
apprgval and capability approval are necessary and capability approval is therefore available
only fwhen a relevant sectional specification has been published.

Q.1.4 Applicability of qualification approval

Quallfication approval is, appropriate for a standard range of components manufacturg¢d to
similar design and produsetion processes and conforming to a published detail specification.

The programme of\tests defined in the detail specification for the appropriate assessment and
perfagrmance levels applies directly to the component range to be qualified, as prescribged in
Clause Q.5 and'the relevant sectional specification.

Q.1.3 Applicability of capability approval

Q.1.31 General
Capability approval is appropriate when components based on common design rules are

fabricated by a group of common processes. It is particularly appropriate when components
are manufactured to a user's specific requirements.

Under capability approval, detail specifications fall into the following three categories.

Q.1.3.2 Capability qualifying components (CQCs), including process validation test
vehicles

A detail specification shall be prepared for each CQC. It shall identify the purpose of the CQC
and include all relevant test severities and limits.
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Q.1.3.3 Standard catalogue components

When the manufacturer requires a component approved under the capability approval
procedure, a capability approval detail specification complying with the blank detail
specification (if any) shall be written.

Q.1.3.4 Customer specific components

The content of the detail specification (often known as a customer detail specification (CDS))
shall be by agreement according to the specified quality assessment system (if any).

FurtHer informafion on these defall specificaiions is given In the relevant seclional
specification.

Apprpval is given to a manufacturing facility on the basis of validated design rules) procgsses
and quality control procedures and the results of tests on capability qualifying compongents,
inclugling any process validation test vehicles. See Clause Q.6 and the relevant secfional
specfification for further information.

Q.1.4 Applicability of technology approval

Techhology approval is appropriate when the complete technological process (degsign,
procegss realization, product manufacture, test and shipment).covers the qualification aspects
common to all components determined by the technology.

Q.2 | Primary stage of manufacture

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

Q.3 | Subcontracting

If subbcontracting of the primary stage of manufacture and/or subsequent stages is employed it
shall|be in accordance with the specified quality assessment system (if any).

The generic or sectional specification may

ther forbid this_subcontracting on technical grounds, or

e
— where it is considered necessary, include any special requirements, for examplg for
specified successive stages to be performed by the same manufacturer, or

p

ermit the.subcontracting unreservedly.

Q.4 | ~Structurally similar components

The grouping of structurally similar components for qualification approval testing or for quality
conformance testing under qualification approval, capability approval or technology approval
shall be prescribed in the relevant sectional specification.

Q.5 AQualification approval procedures

Q.51 Eligibility for qualification approval

Qualification approval may be granted only to a manufacturer who has been granted
manufacturer's approval and, additionally, the requirements of this annex. These approvals
may be carried out in parallel, although qualification approval shall not be granted in advance
of manufacturer's approval.
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Q.5.2 Application for qualification approval

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

Q.5.3 Test procedure for qualification approval
One of the following procedures shall be used.

a) The manufacturer shall produce test evidence of conformance to the specification
requirements on three inspection lots for lot-by-lot inspection taken in as short a time as

b) Samples shall be taken from the lots in accordance with IEC 61193-2. Normal insp¢gction
shall be used, but if the sample size gives acceptance on zero non-confermances,
additional specimens shall be taken to meet the sample size requirements to|give
acceptance on one non-conforming item.

c) Thhe manufacturer shall produce test evidence to show conformance jto.the specificlation
requirements on the fixed sample size test schedule given in the sectional specificatign.

d) Tlhe specimens taken to form the sample shall be selected @at“random from cyrrent
production or as agreed.

e) For the two procedures, the sample sizes and the, (humber of permissible [non-
cpnformances shall be of comparable order. The test conditions and requirements shall be
the same.

Q.5.4 Granting of qualification approval

Quallfication approval shall be granted when the procedures in accordance with the specified
qualify assessment system (if any) have been completed satisfactorily.

Q.5.5 Maintenance of qualification approval

Quallfication approval shall be maintained by regular demonstration of compliance with the
requirements for quality conformanceg (see Q.5.6).

Q.5.6 Quality conformance inspection
The blank detail specification(s) associated with the sectional specification shall prescribe the

test [schedule for quality conformance inspection. This schedule shall also specify the
grouping, sampling @nd’periodicity for the lot-by-lot and periodic inspection.

Operption of the~switching rule for reduced inspection in Group C is permitted in all subgroups
except endurance.

Sampling-plans and inspection levels shall be selected from those given in IEC 61193-2.

If required, more than one schedule may be specified.

Q.6 Capability approval procedures

Q.6.1 General
Capability approval covers

— the complete design, material preparation and manufacturing techniques, including control
procedures and tests;

— the performance limits claimed for the processes and products, that is, those specified for
the capability qualifying components (CQCs) and process control parameters (PCPs);
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the range of mechanical structures for which approval is granted.

For a general overview of capability approval, see Figure Q.1.

Q.6.2 Eligibility for capability approval

Component range

Select PCPs Select CQCs
(Q.6.10.2) (Q.6.5.1)
I I
Prepare control plan Prepare CQC detail
(O 6402\ enaocification
{Q-6-46-3} pesification
(Q.6.5.1)
I
Commence process Prepare CQC test Program
control (Q.6.6)
INITIAL
CAPABILITY APPROVAL
(Q.6.10)
Process control Lot-by-lot test

Verification of
limits
(Q.6.10.4)

IEC

Figure Q.1 — General scheme for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment

systgm (if any).

Q.6.3 Application for capability approval

The manufacturer shall comply with the requirements of the specified quality assessment

systgm (if any), and with the requirements of the relevant sectional specification.

Q.6.4 Description’ of capability

The apability.shall be described in a capability manual in accordance with the spegified
quality assessment system (if any), and the requirements of the relevant secfional

specffication. The manual shall include or make reference to the following as a minimum:

a gnnnrnl ntroduction and rlncr‘ripfinn of the fnr\hnnlngine in\/nl\/nd;

aspects of customer liaison including provisions of design rules (if appropriate) and
assistance to customers in the formulation of their requirements;

a detailed description of the design rules to be used;

the procedure for checking that the design rules are complied with for the relevant
component technology manufactured to a detail specification;

a list of all materials used, with reference to the corresponding purchasing specifications
and goods inward inspection specifications;

a flow chart for the total process, showing quality control points and permitted rework
loops and containing references to all process and quality control procedures;

a declaration of processes for which approval has been sought in accordance with the
requirements of the relevant sectional specification;
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a declaration of limits for which approval has been sought in accordance with the
requirements of the relevant sectional specification;

a list of CQCs used to assess the capability, with a general description of each, supported
by a detailed table showing where the declared limits of capability are demonstrated by a
particular CQC design;

detail specification for each CQC;

a detailed control plan including PCPs used to control processes, with a general
description of each PCP and showing the relation between a given PCP and the related
properties and performance of the finished component;

guidance on the application of structural similarity in sampling for quality conformance
tgsting.

g Demonstration and verification of capability

3.1 General

The manufacturer shall demonstrate and verify the capability in accordance.with the spegified
quality assessment system (if any), and the requirements of the. relevant secfional

spe

Q.6

c(fication with the following details:

.5.2 CQCs for demonstrating capability

The manufacturer shall agree with the CB on the process qualifying parameters and the range
of calpability qualifying components which are necessary to demonstrate the capability range

spe

cffied in the capability manual.

The |[demonstration shall be made by testing . the' agreed range of CQCs, which shalll be

des
cap

a)

b)

igned, manufactured and the process parameters controlled in accordance with the
apility manual. The CQCs shall comply with"the following requirements:

Tlhe range of CQCs used shall represent all the limits of the declared capability.| The
gQCs shall be chosen to demonstrate mutually attainable combinations of limits.
Tlhe CQCs shall be one of the falfowing:

—| components specially designed to demonstrate a combination of limits of capability, or
—| components of designs’used in general production, or

—| a combination ofiboth of these, provided the requirements of a) are met.

Whemn CQCs are designed and produced solely for capability approval, the manufacturer|shall

use

released products.

fhe same _design rules, materials and manufacturing processes as those appligd to

A detfail specification shall be prepared for each CQC and shall have a specific front page
formalat. The detail specification shall identify the purpose of the CQC and shall incluge all
relevant stress levels and test lmits. It may refer to internal conirol documentation which

spe

cifies production testing and recording in order to demonstrate control and maintenance of

processes and limits of capability.

Q.6

5.3 Limits of capability

The limits of capability shall be described in the relevant sectional specification.

Q.6

.6 Programme for capability approval

In accordance with the specified quality assessment system (if any), the manufacturer shall
prepare a programme for the assessment of the declared capability. This programme shall be
so designed that each declared limit of capability is verified by an appropriate CQC.
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The programme shall include the following:

— a bar chart or other means of showing the proposed timetable for the approval exercise;
— details of all the CQCs to be used with references to their detail specifications;

— achart showing the features to be demonstrated by each CQC;

— reference to the control plans to be used for process control.

Q.6.7 Capability approval test report
In accordance Wlth the specified quallty assessment system (if any) a capability approval test

report—shallbe—issued- s pgbility
apprval test report and shall contam the followmg |nformat|on

— the issue number and date of the capability manual;

— the programme for capability approval in accordance with Q.6.6;

— a|l the test results obtained during the performance of the programme;
— the test methods used;

— regports on actions taken in the event of failure (see Q.6.10.2).

The report shall be signed by the designated management representative (DMR) as 4 true

statement of the results obtained and submitted to the body, desSignated in the national nules,
whicl is responsible for the granting of capability approval.

Q.6.4 Abstract of description of capability

The abstract is intended for formal publication after:capability approval has been granted

The pbstract shall include a concise description of the manufacturer's capability and|give
suffigient information on the technology, methods of construction and range of producis for
whiclp the manufacturer has been approyved.

Q.6.¢ Modifications likely to affect the capability approval

Any modifications likely to affect the capability approval shall satisfy the requirements gf the
specified quality assessment-system (if any).

Q.6.10 Initial capability approval
Q.6.10.1 General

The g@pprovalis granted when

— theselected range of CQCs has collectively satisfied the assessment requirements gf the
Q€ detail specifications, with no nonconforming item allowed:;

— the control plan has been fully implemented in the process control system.
Q.6.10.2 Procedure in the event of failure

See the specified quality assessment system (if any), with the following details.

In the event of the failure of the specimens to meet the test requirements, the manufacturer
shall state his/her intention to follow one of the actions described in a) and b) below:
a) to modify the proposed scope of the capability;
b) to conduct an investigation to establish the cause of failure as being either
— failure of the test itself, for example, test equipment failure or operator error,
or
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— design or process failure.

If the cause of failure is established as a failure of the test itself, then either the specimen
which apparently failed or a new one, if appropriate, shall be returned to the test schedule
after the necessary corrective action has been taken. If a new specimen is to be used, it shall
be subjected to all of the tests in the given sequence of the test schedule(s) appropriate to the
apparently failed specimen.

If the cause of failure is established as a design or process failure, a test programme shall be
carried out to demonstrate that the cause of failure has been eradicated and that all corrective
measures, including documentation, have been carried out. When this has been accomplished,

the tgstsequenTces T whichthefaiture asoccurred stattbeTepeated i futtusimgmew G QCs.

After|the action is complete the manufacturer shall send a report, and shall include‘a copy in
the cppability approval test report (see Q.6.7).

Q.6.10.3 General plan for the selection of PCPs and CQCs

Each| manufacturer shall prepare a process flow chart, based on thé)example given ip the
relevant sectional specification. For all the process steps included)in this flow chart], the
manufacturer shall include the corresponding process controls.

Contfols shall be denoted by the manufacturer as shown\in” the example in the relg¢vant
sectipnal specification.

Q.6.10.4 Process control test plans

The {est plans shall form part of the process cantrol system used by the manufacturer. When
statidtical process control (SPC) is used, implementation shall be in accordance with |SPC
basid requirements. The SPC plans represett mandatory controls at process nodes.

For each process step where production equipment is employed, the manufacturer [shall
monitor the process parameters atregular intervals and compare the readings to the cgntrol
and action limits which he/she wijll establish.

Q.6.10.5 Test plans for CQCs demonstrating limits of capability

Test|plans for CQCs for*the demonstration of limits of capability shall be prescribed in the
relevant sectional spegification.

Q.6.11 Granting of capability approval

Capdbility.tapproval shall be granted when the procedures in accordance with the spegified
quality .assessment system (if any), have been completed satisfactorily and the requirements
of the relevant sectional specification have been met. nr

Q.6.12 Maintenance of capability approval

Capability approval shall be maintained by complying with the requirements of the specified
quality assessment system (if any), and with the requirements declared in the capability
manual following the schedule of maintenance given in the relevant sectional specification.

Additionally, the following details apply.

a) Capability approval remains valid without retesting for two years.

b) The programme for the retesting of CQCs shall be defined by the manufacturer. For
process control, the manufacturer shall establish a control system. An example of a
control programme chart may be given in the sectional specification. For verifying limits of
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c)

d)

f)

Q.6.13 Extension of capability approval

capability, the manufacturer shall ensure that all the test plans of Q.6.10.5 which are
relevant to his capability approval are repeated at least every two years.

Quality conformance inspection of components for delivery may be used to support the
maintenance of capability approval where relevant. In particular, where the manufacturer
holds qualification approval for a range of components which are manufactured by the
same processes and which also fall within the limits of capability for which he holds
capability approval, process control test results and periodic quality conformance test
results arising from the qualification approval may be used to support the maintenance of
capability approval.

The manufacturer shall ensure that the range of CQCs remains representative of the

p oducts released and in accordance with the rnqnirnmnn’rc of the relevant sectional

specification.

Tlhe manufacturer shall maintain production, so that

—| the processes specified in the capability manual, with the exception ef.any agreed
additions or deletions following the procedure of Q.6.9, remain unchanpged,

—| no change has occurred in the place of manufacture, and final test,

—| no break exceeding six months has occurred in the manufacturer’s production ynder
capability approval.

Tlhe manufacturer shall maintain a record of the progress of-the’maintenance of capgbility
rogramme so that at any time the limits of capability which-have been verified and those
hich are awaiting verification in the specified period can‘b€ established.

o]

The manufacturer may extend the limits of his capability approval by carrying out the test| plan
from|Q.6.10.5, which relates to the type of limit\to be extended. If the proposed extension
refers to a different type of limit from those described in Q.6.10.5, the manufacturer [shall
proppse the sampling and tests to be usedcand these shall be approved. The manufadturer
shall|also establish process control over_any new processes needed for manufacture tp the

new |imits.

An application for an extension of capability shall be made in the same way as for the original

approval.

Q.6.14 Quality conformance inspection

The Quality conformahnce test requirements are given in the detail specification and shall be

carrigd out in accordance with the specified quality assessment system (if any).

Q.7 | Rework and repair

Q.7.1 Rework

Rework as defined in the specified quality assessment system (if any), shall not be carried out
if prohibited by the relevant sectional specification. The relevant sectional specification shall
state if there is a restriction on the number of occasions that rework may take place on a
specific component.

All rework shall be carried out prior to the formation of the inspection lot offered for inspection
in accordance with the requirements of the detail specification.

Such rework procedures shall be fully described in the relevant documentation produced by
the manufacturer and shall be carried out under the direct control of the DMR. Rework shall
not be subcontracted.
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Q.7.2 Repair

2015

Components which have been repaired as defined in the specified quality assessment system
(if any), shall not be released.

Q.8

Release for delivery

Q.8.1 General

Components shall be released for delivery according to Q.5.6 and the specified quality

asse

spec

Q.8.7 Release for delivery under qualification approval before the completion of

Whe
satis

completion of such tests.

Q.9

Whe
spec

NOTE

compg@nents.

Q.10

Com
secti

The 1

Oncs

Q.11

See

fication has been carried out.

Group B tests

n the conditions of IEC 61193-2:2007 for changing to reduced inspection have
ied for all Group B tests, the manufacturer is permitted to release components befor

ssment-svstem (if anv) after the guality conformance-inspection-prescribed-in-the -detail
P4 A} PAAl ot Y = P

been
e the

Certified test records of released lots
h certified test records are requested by a purchaser,(they shall be specified in the detail
fication.

For capability approval, the certified test records refer only to tests carried out on capability qua

Delayed delivery

ponents held for a period exceeding two years (unless otherwise specified in

e-examination procedure adopted by the manufacturer's DMR shall be approved.

a lot has been-satisfactorily re-inspected, its quality is reassured for the specified p

Alternative test methods

he specified quality assessment system (if any), with the following details.

lifying

the

bnal specification) following the'release of the lot shall, before delivery, be re-exanined
for s¢lderability and electrical characteristics as specified in the detail specification.

eriod.

In case of dispute, for referee and reference purposes, only the specified methods shall be

used

Q.12 Manufacture outside the geographical limits of IECQ CBs

See the requirements of the specified quality assessment system (if any).

Q.13 Unchecked parameters

Only those parameters of a component which have been specified in a detail specification and
which were subject to testing shall be assumed to be within the specified limits. It cannot be
assumed that any unspecified parameter will remain unchanged from one component to
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another. If it is necessary, for any reason, to control one or more additional parameters, then
a new, more extensive specification shall be used.

The additional test method(s) shall be fully described and appropriate limits, sampling plans
and inspection levels specified.

Q.14 Technology approval procedures

d) procedural flexibility due to the quality assurance management system and market sector
requirements;

e) the acceptance of a manufacturer’s operational documentation(to provide means for frapid
approval or extension of approval.

Q.14{2 Eligibility for technology approval

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

Q.14{3 Application of technology approval

The manufacturer shall comply with the spegified quality assessment system (if any).

Q.14{4 Description of technology

The fechnology shall be describedin a Technology Approval Declaration Document (TADD)
and [a Technology Approval Schedule (TAS) in accordance with the specified quality
assessment system (if any).

Q.14{5 Demonstration\and verification of the technology

The |manufacturer ‘'shall demonstrate and verify the technology in accordance witl the
specffied qualitysassessment system (if any).

Q.14}{6 Granting of technology approval

Techhology approval shall be granted when the procedures in accordance with the specified

I' ry ry LiE A la latal tiaf al
qua | Y ASOSTSOITTTITU S ySTTTIT (1T AlTy ) 1TTave UTTIT CUTITPUTTITTY SatlioiTous,

Q.14.7 Maintenance of technology approval

Technology approval shall be maintained by complying with the requirements of the specified
quality assessment system (if any).

Q.14.8 Quality conformance inspection

The quality conformance test and requirements shall be carried out in accordance with the
detail specification and technology approval schedules.
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Q.14.9 Failure rate level determination

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

Q.14.10 Outgoing quality level

The definition shall be agreed between customer and manufacturer.
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IEC 60068-2-47:2005,
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Environmental testing — Part 2-47: Test — Mounting of specimens for

IEC 60384-1:2008, Fixed capacitors for use in electronic equipment — Part 1: Generic
specification
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

CONDENSATEURS I'ELECTRIQL!ES FIXES A DOUBLE COUCHE UTILISES
DANS LES EQUIPEMENTS ELECTRIQUES ET ELECTRONIQUES -

Partie 1: Spécification générique

AVANT-PRQPQS

1) La] Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)S{LKHEC & pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans,les donpaines
dell'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes“internatipnales,
dep Spécifications techniques, des Rapports techniques, des Spécifications accessibles au ‘public (PAS) pt des

ides (ci-aprés dénommeés "Publication(s) de I'lEC"). Leur élaboration est confiée a des-comités d'étudefs, aux

aux desquels tout Comité national intéressé par le sujet traité peut participer. Les organisfations
rnationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participent égalemept aux
aux. L'IEC collabore étroitement avec I'Organisation Internationale de Nermalisation (ISO), selop des
ditions fixées par accord entre les deux organisations.

2) Lep décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la njesure
du| possible, un accord international sur les sujets étudiés, étant donné\gue les Comités nationaux dg I'lEC
interessés sont représentés dans chaque comité d’études.

3) Lep Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les efforts.raisonnables sont entrepris afin qug I'lEC
s'dssure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsaple de

I'éyentuelle mauvaise utilisation ou interprétation qui en est faite)par un quelconque utilisateur final.

4) D4gns le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans tdute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications natipnales
et|régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées enhtermes clairs dans ces derniéres.

5) L'IEC elle-méme ne fournit aucune attestation\de” conformité. Des organismes de certification indépendants
foyrnissent des services d'évaluation de conformité et, dans certains secteurs, accédent aux marques de
copformité de I'lEC. L'IEC n'est responsabléesd’aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication|.

7) Augune responsabilité ne doit étresimputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandataires,
y ¢ompris ses experts particuliers*et les membres de ses comités d'études et des Comités nationaux de|l'lEC,
popr tout préjudice causé en-cas de dommages corporels et matériels, ou de tout autre dommage de qdelque
nafure que ce soit, directenou indirecte, ou pour supporter les colts (y compris les frais de justice) |et les
dépenses découlant dewla publication ou de I'utilisation de cette Publication de I'lEC ou de toute|autre
Pdblication de I'lEC, ou~au crédit qui lui est accordé.

8) L'gttention est attirée sur les références normatives citées dans cette publication. L'utilisation de publidations
référencées estobligatoire pour une application correcte de la présente publication.

9) L'gttention est)d'autre part attirée sur le fait que certains des éléments de la présente publication dg I'lEC
pepvent _faire I'objet de droits de propriété intellectuelle ou de droits analogues. L'IEC ne saurait étre|tenue
pour responsable de ne pas avoir identifié de tels droits de propriété et averti de leur existence.

La Ne
Condensateurs et résistance

ot
TG It

40—de—'IEC:

La présente version bilingue (2017-12) correspond a la version anglaise monolingue publiée
en 2015-10.

Cette deuxiéme édition annule et remplace la premiere édition parue en 2006 dont elle
constitue une révision technique.

La présente édition inclut les modifications techniques majeures suivantes par rapport a
I'édition précédente:

a) renforcement du domaine d'application pour inclure des applications électriques (haute
puissance);
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b) mise en ceuvre de ’Annexe Q qui remplace I’Article 3 de la premiéere édition;

c) en plus, des révisions mineures des tableaux, valeurs et références.

Le texte anglais de cette norme est issu des documents 40/2393/FDIS et 40/2415/RVD.

Le rapport de vote 40/2415/RVD donne toute information sur le vote ayant abouti a
['approbation de cette norme.

La version frangaise de cette norme n'a pas été soumise au vote.
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Une
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élect

Le cq
stabi
relati
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4

Fpubtication a eté Tediges setomnm tes Ditectives ISOHEC, Partie 2.

iste de toutes les parties de la série de normes |IEC 62391, publiées sous le titre général
ensateurs fixes a double couche utilisés dans les équipements ¢glectriques et

roniques, peut étre consultée sur le site web de I'lEC.

mité a décidé que le contenu de cette publication ne sera pas maodifié avant la da

e de

ité indiquée sur le site web de I''EC sous "http://webstore.iec.ch” dans les données

ves a la publication recherchée. A cette date, la publication sera
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mplacée par une édition révisée, ou

mendée.
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CONDENSATEURS ELECTRIQUES FIXES A DOUBLE COUCHE UTILISES

DANS LES EQUIPEMENTS ELECTRIQUES ET ELECTRONIQUES -

Partie 1: Spécification générique

1 Domaine d'application

La p
couc
conti

résente partie de I'lEC 62391 s'appligue aux condensateurs électriques fixes a_d
ne (appelés ci-aprés condensateurs) principalement utilisés dans des circuits-.a_co
hu d'équipements électriques et électroniques.

La présente partie de I'lEC 62391 définit les termes normalisés, les procédures’de contr

les 1
comy

2 F

Les

indis
I’édit
référ

IEC {

IEC §

héthodes d’essai utilisés dans les spécifications intermédiaires et_particulieres

Références normatives

documents ci-aprés, dans leur intégralité ou non,¢sont des références normg
bensables a I'application du présent document., Pour les références datées,
on citée s’applique. Pour les références non datées, la derniere édition du docume
bnce s'applique (y compris les éventuels amendements).

0027 (toutes les parties), Symboles littératix“a utiliser en électrotechnique

0050 (toutes les parties), Vocabulaire Electrotechnique International

IEC 60062, Codes de marquage des.résistances et des condensateurs

IEC §

IEC ¢

IEC §

IEC ¢

IEC ¢

0063, Séries de valeurs.normales pour résistances et condensateurs

0068-1:2013, Essais d'environnement — Partie 1: Généralités et lignes directrices
0068-2-1:2007, Essais d’environnement — Partie 2-1: Essais — Essai A: Froid
0068-2-2:2007, Essais d’environnement — Partie 2-2: Essais — Essai B: Chaleur séc

006842-6:2007, Essais d’environnement — Partie 2-6: Essais — Essai Fc: Vibra

(sinu

buble
urant

le et
des

osants électroniques dans le cadre de I'assurance de la qualité, ainsi qu’a d’autres fins.

tives
seule
nt de

he

tions

sojdales)

IEC 60068-2-14:2009, Essais d’environnement — Partie 2-14: Essais — Essai N: Variation de

temp

érature

IEC 60068-2-20:2008, Essais d’environnement — Partie 2-20: Essais — Essai T: Méthodes
d'essai de la brasabilité et de la résistance a la chaleur de brasage des dispositifs a broches

IEC 60068-2-21:2006, Essais d’environnement — Partie 2-21: Essais — Essai U: Robustesse
des sorties et des dispositifs de montage incorporés

IEC 60068-2-45:1980, Essais d’environnement — Partie 2-45: Essais — Essai XA et guide:
Immersion dans les solvants de nettoyage
Amendement 1: 1993)
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IEC 60068-2-54:2006, Essais d’environnement — Partie 2-54: Essais — Essai Ta: Essai de la
soudabilité des composants électroniques a l'aide de la méthode de la balance de mouillage

IEC 60068-2-58:2015, Essais d’environnement — Partie 2-58: Essais — Essai Td: Méthodes
d'essai de la soudabilité, résistance de la métallisation a la dissolution et résistance a la
chaleur de brasage des composants pour montage en surface (CMS)

IEC 60068-2-69:2007, Essais d’environnement — Partie 2-69: Essais — Essai Te: Essai de
brasabilité des composants électroniques pour les composants de montage en surface (CMS)
par la méthode de la balance de mouillage

IEC ¢
humi

IEC §

IEC ¢

IEC ¢
d'esS

IEC ¢
résis

IEC 61193-2, Quality assessment systems — Part 2;)Sélection and use of sampling plan
inspdction of electronic components and packages.(disponible en anglais seulement)

3 Termes et définitions

Pour

31

type
ense
perm
le ca

Note
étre ¢

[SOURCE:—IEC 60384-1:2008, 2.2.39 — modifiée, la remarque sur la "seule spécific

parti

3.2

0068-2-78:2012, Essais d’environnement — Partie 2-78: Essais — Essai Cab: -Ch
e, essai continu

0294:2012, Mesure des dimensions d'un composant cylindrique a deux serties axia

0617 (toutes les parties), Symboles graphiques pour schémas

ai au brialeur-aiguille — Appareillage, dispositif d'essai de vérification et lignes direct

0717:2012, Méthode pour la détermination de l'encombrement des condensateu
tances a sorties unilatérales

les besoins du présent document;es termes et définitions suivants s'appliquent.

lettant de les prendfe en compte soit en vue de procéder a une homologation, soit
Hire d'un contrblesde conformité de la qualité

a l'article: Dans’certains cas, des composants décrits dans plusieurs spécifications particuliéres pé
nsidérés camme appartenant a un méme type.

uliere a été supprimée de la définition et la note reformulée.]

aleur

0695-11-5, Essais relatifs aux risques du feu — Partie 11-5: Flammes d'essai — Méthode

rices

rs et

s for

mble de composantsde conception et de techniques de fabrication identiques,

dans

uvent

ation

modéle

subd

ivision d'un type, généralement fondée sur des facteurs dimensionnels

Note 1 a I'article: Un modéle peut inclure plusieurs variantes, généralement d'ordre mécanique.

3.3

classe
classification du condensateur selon la valeur de la capacité et la valeur de la résistance
interne en fonction de I'application
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3.4

famille

<composants électroniques> groupe de composants qui présentent principalement un attribut
physique particulier et/ou réalisent une fonction définie

3.5

sous-famille

<composants électroniques> groupe de composants d’une famille, fabriqués par des
méthodes technologiques similaires

3.6
condensateur pour courant continu
condgnsateur congu essentiellement pour fonctionner sous des tensions continues

Note 1 a I'article: Un condensateur pour courant continu peut ne pas convenir pour |'utilisation sur des sourg¢es de
courant alternatif.

3.7
capacité nominale
Y
valedr de capacité pour laquelle a été congu le condensateur-et qui est habituellegment
marguée sur celui-ci

3.8
plage de températures de catégorie
plage des températures ambiantes pour laquellel le¢ condensateur a été congu [pour
fonctjonner de fagon continue

Note 1 a l'article: Cette plage est donnée par la température de catégorie inférieure et la températyre de
catéggrie supérieure.

3.9
température de catégorie inférieure
tempgrature ambiante minimale a daquelle un condensateur est congu pour fonctionngr de
fagon continue

3.10
température de catégorie supérieure
tempgrature ambiante-maximale, incluant le chauffage intérieur, a laquelle un condenspteur
est cpngu pour fonctionher de fagon continue

[SOURCE: IEC-61881-3:2012, 3.17, modifiée — La note a l'article a été supprimée.]

3.11
température assignée
temp'uatuuc ambtante—maximate—a =aquc”c ta—tension aoa;gllc'c pcut étre app“qué, de
maniére continue

3.12

tension assignée

Ur

tension continue maximale ou valeur de créte d'une tension d'impulsion qui peut étre
appliquée de maniére continue ou répétée a un condensateur a n'importe quelle température
entre la température de catégorie inférieure et la température assignée

3.13

tension de catégorie

Uc

tension maximale pouvant étre appliquée de maniére continue a un condensateur utilisé a sa
température de catégorie supérieure
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3.14

tension corrigée en fonction de la température

tension maximale pouvant étre appliquée de fagon permanente aux bornes d'un condensateur
a toute température comprise entre la température assignée et la température de catégorie
supérieure

Note 1 a l'article: La dépendance entre la tension et la température a des températures comprises entre la
température assignée et la température de catégorie supérieure est donnée dans la spécification particuliére.

3.15

rapport de surtension
quotient _de Ia tension instantanée maximale qui peut étre appliquée aux sorties du
condensateur, pour une durée spécifiée, a toute température a l'intérieur de la plagqg des
tempgratures de catégorie par, selon le cas, la tension assignée ou la tension carrigge en
fonctjon de la température

Note 1 a l'article: Le nombre de fois par heure que cette tension peut étre appliquéecest indiqué dans la
spéciflcation particuliére.

3.16
tensjon ondulée assignée
valeyr efficace de la tension alternative maximale admissible(/d'ine fréquence spécifiée
supefposée a la tension continue a laquelle le condensatelr) peut fonctionner de fagon
permianente a une température spécifiée

Note 1 a l'article: La somme de la tension continue et de la valeur(de créte de la tension alternative appliqgyée au
condepsateur ne dépasse pas la tension assignée ou, selon¢Te“cas, la tension corrigée en fonction |de la
température.

3.17
tension inverse
<condensateurs polarisés> tension appliquée aux sorties du condensateur dans le [sens
inverge de la polarité

3.18
courpnt ondulé assigné
vale|r efficace du courant altérnatif maximal admissible d'une fréquence spécifiée, |sous
lequel le condensateur peut(fonctionner de fagon permanente a une température spécifié¢

3.19
constante de temps
produiit de la résistance interne (incluant la résistance du circuit) par la capacité

Note 1 a I'articlé: )La constante de temps s'exprime normalement en secondes.

3.20
résistance interne
composante de la résistance dans un circuit equivalent série de la capacite et de la
résistance d'un condensateur

Note 1 a l'article: La résistance interne s'exprime en ohms (Q).

3.21

chute IR

chute de tension entre les bornes d'un condensateur générée au début d'une décharge et
quantifiée par le produit du courant de décharge et par la résistance interne du condensateur

3.22
température maximale d'un condensateur
température du point le plus chaud de la surface externe
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Note 1 a I'article: Les sorties sont considérées comme faisant partie de la surface externe.

3.23
température minimale d'un condensateur
température du point le plus froid de la surface externe

Note 1 a I'article: Les sorties sont considérées comme faisant partie de la surface externe.

3.24

température minimale de stockage

température ambiante minimale qu'il convient que le condensateur supporte sans dommage
en conditions de non-fonctionnement

3.25
température maximale de stockage
tempgrature ambiante maximale que le condensateur supporte sans dommage_én-conditipns
de n¢n-fonctionnement

[SOYRCE: IEC 60384-1:2008, 2.2.11]

3.26
caractéristique de température de condensateur
variation réversible maximale de capacité qui se produit, sur une plage donné¢ de
tempgratures a l'intérieur de la plage des températures de catégorie

Note 1 a l'article: Cette caractéristique s'applique principalement” aux condensateurs dont les variations de
capac|té en fonction de la température, variations linéaires ou‘non’ linéaires, ne peuvent pas étre expriméeg$ avec
précisjon et certitude.

Note 4 a l'article: La caractéristique de température descondensateur s'exprime normalement en pourcentdge de
la valqur de capacité par rapport a la température de référence de 20 °C.

3.27
dommage visible
dommage visible susceptible de réduire I'aptitude du condensateur a I'emploi pour lequsl il a
été prévu

3.28
courpnt de fuite
valeyr du courant quitraverse un condensateur aprés une charge pendant une durée fixe

Note 1 a l'article: Le courant de fuite s'exprime en ampéres (A).

3.29
tensjon decmaintien
autodécharge
tensipn.vrestant lorsqu'aucune charge n'est appliquée pendant une durée fixe aprés
I'application d'une charge pendant une durée fixe

3.30

échauffement

<condensateur> augmentation de la température du condensateur par rapport a la
température ambiante résultant des pertes dans le condensateur dues au fonctionnement
dans des conditions de charge et/ou de décharge

3.31

condensateur isolé

condensateur dont toutes les sorties d'une section peuvent étre portées a un potentiel
différent (sans étre inférieur a la tension assignée) de celui de toute surface conductrice avec
laquelle le boitier est susceptible d'entrer en contact en utilisation normale
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3.32

condensateur non isolé

condensateur dont au moins une des sorties d'une section ne peut pas étre portée a un
potentiel différent (sans étre inférieur a la tension assignée) de celui de toute surface
conductrice avec laquelle le boftier est susceptible d'entrer en contact en utilisation normale

3.33

condensateur pour montage en surface

condensateur fixe dont les petites dimensions et la nature ou la forme des sorties rendent
approprié son montage dans des circuits hybrides et en surface des cartes imprimées

3.34
inflammabilité passive
inflammabilité causée par un chauffage externe du composant

Note 1 a I'article: Par exemple, I'inflammabilité passive peut étre causée par des flammes.

3.35
inflammabilité active
inflalpmabilité (auto-allumage) causée par un réchauffement interne-dl composant

Note 1 a l'article: Par exemple, l'inflammabilité active peut étre causée par_des étincelles dues a un défaut de
contagt interne.

3.36
catégorie d'inflammabilité passive
catégorie donnée par la durée maximale d'inflammation aprés une durée d'application de
flamme spécifiée

3.37
masse
masdge du condensateur avec tous les éléments fixés

3.38
volume
volume du corps du condensateur sans les sorties

4 Eléments généraux

4.1 Unités et.symboles

Les ynités, les)symboles graphiques, les symboles littéraux et la terminologie doivent, dans la
mesyre du possible, étre tirés des documents suivants:

- |§EC.60027;
— |EC 60050;
- |IEC 60617;
— 1SO 80000-1.

Si d'autres éléments sont exigés, il convient qu’ils soient établis conformément aux principes
énoncés dans les publications référencées ci-dessus.

4.2 Classe et valeurs préférentielles
4.21 Généralités

Les valeurs préférentielles appropriées a la sous-famille doivent étre prescrites dans la
spécification intermédiaire.
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NOTE Il n'est pas possible de spécifier les valeurs préférentielles de la tension assignée en raison de la nature
du condensateur.

4.2.2 Valeurs préférentielles de la capacité nominale

Les valeurs préférentielles de la capacité nominale doivent étre prises dans les séries R
spécifiées dans I'lEC 60063.

4.2.3 Classe

La classe du condensateur doit étre déterminée en fonction de la capacité et de la résistance
interne (application). Les détails sont présentés a I’Annexe A.

4.3 | Marquage
4.3.1 Généralités

Les |criteres d'identification et les autres informations devant étre marquées syr le
condensateur et/ou I'emballage doivent étre indiqués dans la spécification intermédiaire.

L'ordre de priorité du marquage des petits condensateurs doit-étre indiqué dans la
spécification particuliere.

4.3.2 Codage

Lorsqu'un code est utilisé pour le marquage de la valeur’de la capacité, de la tolérance qu de
la date de fabrication, la méthode doit étre choisie parmi celles données dans I'lEC 60062.

4.4 | Procédures d’assurance de la qualité

Se rgporter a I'Annexe Q.

5 Essais et mesures

5.1 Généralités

La spécification intermédiaire et/ou la spécification particuliére-cadre doivent indiquelr les
essals a effectuer, les mesures a faire avant et aprés chaque essai ou chaque sous-groupe
d'esdais et lI'ordre dans lequel ces essais doivent étre effectués. Les essais doivent| étre
effecfués dans l'ordré indiqué. Les conditions de mesure doivent étre les mémes pour les
mesuyres initialeswetfinales.

Si les spégifications nationales d’'un systeme d'évaluation de la qualité incluent des méthlodes
différlentes yde celles spécifiées dans les spécifications ci-dessus, elles doivent étre dégrites
de fa|gon détaillée.

Les limites données dans toutes les spécifications sont des limites absolues. Le principe de
prise en compte de l'incertitude de mesure est présenté a I'Annexe F.

5.2 Exigences sur les essais et les mesures
5.2.1 Conditions d’essai

Sauf spécification contraire, tous les essais doivent étre effectués dans les conditions
atmosphériques normalisées d'essai indiquées dans I'lEC 60068-1,2013, 4.3.

— température :15°C a 35 °C;
— humidité relative :25% a 75 %;
— pression atmosphérique : 86 kPa a 106 kPa.
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5.2.2 Conditions de mesure

Sauf spécification contraire, toutes les mesures doivent étre effectuées dans les conditions
atmosphériques normalisées d'essai indiquées dans I'lEC 60068-1,2013, 4.3, avec l'exception
suivante:

— température: 20°C + 2 °C.

Toutes les mesures doivent étre effectuées lorsque I'équilibre thermique est atteint, voir 5.2.4.

5.2.3 Traitement de la tension

Le cgndensateur doit étre chargé a la tension Ui et maintenu a cette tension pendant 3dJ min
au mpoyen d'une source de tension continue. Le condensateur doit étre déchargé al'aidel d'un
dispgsitif de décharge approprié.

5.2.4 Traitement thermique

Les gondensateurs doivent étre stockés a la température spécifiée en 5122 pendant un temps
suffiqant pour permettre a I'ensemble du condensateur d'atteindre cetietempérature (équiilibre
thernmpique, voir I'Annexe C).

5.3 | Séchage

Sauf| indication contraire dans la spécification partic@liere, le condensateur doit| étre
cond|tionné pendant 96 h + 4 h par un chauffage dans:un four a circulation d'air porté 3§ une
tempgrature de 55 °C + 2 °C et dont I'humidité relativene dépasse pas 20 %.

Le dondensateur doit ensuite étre mis a refroidir dans un dessiccateur contenant un
déshydratant approprié, tel que de l'aluming’ activée ou du gel de silice, et doit y| étre
maintenu depuis la sortie du four jusqu'au début des essais spécifiés.

5.4 Examen visuel et controle des‘dimensions
5.4.1 Examen visuel

Un gexamen visuel du composant doit montrer que l'état, la qualité et la finition [sont
satisfaisants.

Le marquage doit étre lisible a I'examen visuel et doit étre conforme aux exigences ¢le la
spécffication particuliere.

5.4.2 Dimensions (calibrage)

Les dimensions indiquées dans la spécification particuliére, appropriées au calibrage, ddivent

étre vérifiées, et elles doivent étre conformes aux-valeurs prner\rifnc

Lorsque cela est applicable, les mesures doivent étre effectuées conformément a I'lEC 60294
ou al'lEC 60717.

5.4.3 Dimensions (détail)

Toutes les dimensions prescrites dans la spécification particuliere doivent étre vérifiées et
doivent étre conformes aux valeurs prescrites.
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5.5 Méthode de mesure 1 pour la capacité et la résistance interne (décharge a
courant constant)

5.5.1 Circuit de base pour la mesure

La capacité et la résistance interne doivent étre mesurées en utilisant les méthodes de
charge et de décharge a courant constant. Le circuit de base pour la mesure est présenté a la
Figure 1.

Alimentation

.
|
@

L e 1 IEC

Légerjde
cc courant constant
tension constante

ampéremetre pour courant continu

enregistreur de tension continue

“B O ¢

commutateur
Cx condensateur en essai
@ déchargeur a courant-constant
a) alimentation pour charge a courant constant
b) alimentation pour charge a tension constante

Figure 1 — Circuit de base pour la mesure

5.5.2 Appareil de mesure

L'appareil de mesure doit étre capable de réaliser une charge a courant constant, une charge
a tension constante, une décharge a courant constant et de contréler en permanence les
mesures du courant et de la tension entre les bornes d'un condensateur en fonction du temps
de décharge comme cela est représenté a la Figure 2. L'appareil de mesure doit étre capable
de régler et de mesurer le courant et la tension avec une précision de = 1 % ou moins.

L'alimentation doit délivrer un courant de charge constant au condensateur avec une
efficacité de 95 % et disposer d'une fonction de réglage de la durée de la charge a tension
constante. Le déchargeur a courant constant doit délivrer un courant de décharge constant
comme spécifié dans le Tableau 1 ou dans le Tableau 2, respectivement. L'enregistreur de
tension continue doit étre capable de réaliser des mesures et doit enregistrer avec une
résolution de 5 mV et une cadence d'échantillonnage de 100 ms ou moins.
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Agrandissement

Tension (V)

Tey | Temps (s)
! IEG
Légeride

Ug tension assignée (V)

U, tension au début du calcul (V)

U, tension a la fin du calcul (V)

AU, | chute de tension (V)

Tey durée de la charge a tension constante (min)

Figure 2 — Caractéristique de la tension en fonction du temps entre les bornes d'uin
condensateur dans la mesure de la capacité et de la résistance interne

5.5.3 Procédure de mesure
5.5.3.1 Généralités

La mesure doit étre effectuée en analysant la caractéristique de la tension en fonctign du
tempp entre les bornes du condensateur.

La méthode de mesure doit étre conforme soit a 5.5.3.2 soit a 5.5.3.3 selon la class¢ (se
repofter a I'Annexe A) et doit étre indiquée dans la spécification particuliére.

Un préconditionnement du traitement de la tension selon 5.2.3 et du traitement thermique
selor] 5.2.4 doit étre réalisé, et, si la spécification particuliére l'indique, un séchage selon 5.3
peut gtre réalisé.avant la mesure.

temppg_tout’au long de la procédure de mesure.

La terion entre les bornes du condensateur doit étre mesurée et enregistrée en fonctign du

5.5.3.2 Méthode de mesure 1A (classe 1, 2, 3 et 4)

Sauf indication contraire dans la spécification particuliére, les conditions de mesure doivent
étre celles qui figurent dans le Tableau 1. Le courant de charge constant (/,.) doit étre
capable de charger le condensateur avec une efficacité de charge de 95 %. Sa valeur est
definie par I, (=Ug /38 Ry), ou (Ug) est la tension assignée et (Ry) est la résistance interne
nominale. Les courants de décharge constants sont réglés pour la mesure de la capacité et la
résistance interne respectivement, correspondant a la capacité nominale du condensateur.

La procédure de mesure doit étre la suivante:

a) le condensateur doit étre chargé avec un courant de charge constant;

b) lorsque la tension de sortie de I'alimentation atteint la valeur spécifiée, la charge du
condensateur doit continuer avec la tension constante;
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c) le condensateur doit ensuite étre déchargé dans le déchargeur a courant constant;

d) puis le temps entre le début de la décharge et l'instant ou la tension aux bornes du
condensateur devient U, et U, respectivement doit étre mesuré (voir Figure 2).

Tableau 1 — Conditions de mesure pour la méthode de mesure 1A

Classe
Application
Conditions de mesure Classe 1 Classe 2 Classe 3 Classe 4
(sauvegarde en (stockage (puissance) (puissance
mémoire) d'énergie) instantanée)
Charge a courant constant Efficacité de charge de 95 % @
Temps de charge a tension
constante 30
min
Coufant de décharge constant pour
la mesure de la capacité ° 1xCy 0,4 x C\Ur 4 x C\Ur 40 x C\WUr
mA
Coufant de décharge constant pour
la mpsure de la résistance interne © 10 x Cy 4 x C\Ur 40 x C\Ur 400 x C\JUr
mA
U1 0,8 X UR
Uz 0,4 X UR

Pour|la classe 3 et la classe 4, la méthode de mesure 1B peut étrenltilisée.

Un cqurant de décharge inférieur ou égal a 10 A doit étre indiqué avec un chiffre significatif. Il convient d'arrpndir
le depixieme chiffre de la valeur calculée.

Un cqurant de décharge supérieur a 10 A doit étre indiqué ‘avec deux chiffres significatifs. Il convient d'arronfdir le
troisipme chiffre de la valeur calculée.

NOTE C\ est la capacité nominale en farad (F), et\Ug est la tension assignée en volt (V).

Annexe D présente le concept général de\'efficacité de charge et de décharge.

L

S| AU; dépasse 5 % de la tension de _charge (0,05 x Ug) dans les caractéristiques initiales, la valeyr du
cpurant de décharge peut étre réduite de 50 %, 20 % ou 10 %.
)
c

AU; dépasse 20 % de la tension de charge (0,2 x Ug) dans les caractéristiques initiales, la valefir du
urant de décharge peut étre.réduite de 50 %, 20 % ou 10 %.

5.5.313 Méthode de mesure 1B (classe 3, 4 et 5)

Sauf|indication’contraire dans la spécification particuliére, les conditions de mesure ddivent
étre [celles qui figurent dans le Tableau 2. Le courant de charge constant (I,.) doit| étre
capaple dé charger le condensateur avec une efficacité de charge de 95 %. Sa valeur est
définje par’l.. (= Ur/38 Ry), ou (UR) est la tension assignée et (Ry) est la résistance ir:lerne
nomiLaIe. Le courant de décharge constant (/4) doit étre capable de déchargér le
condensateur avec une efficacité de décharge de 95 %. Sa valeur est définie par
I4 (= Ur/40 R,), ou (UR) est la tension assignée et (R,)) est la résistance interne nominale.

La procédure de mesure doit étre la suivante:

a) le condensateur doit étre chargé avec un courant de charge constant;

b) lorsque la tension de sortie de l'alimentation atteint la valeur spécifiée, la charge du
condensateur doit continuer avec la tension constante;

c) le condensateur doit alors étre déchargé dans le déchargeur a courant constant;

d) puis le temps entre le début de la décharge et l'instant ou la tension aux bornes du
condensateur devient U, et U, respectivement doit étre mesuré (voir Figure 2).
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Tableau 2 — Conditions de mesure pour la méthode de mesure 1B

Classe
Application
Conditions de mesure Classe 3 Classe 4 Classe 5
(puissance) (puissance (haute puissance)

instantanée)

Charge a courant constant Efficacité de charge de 95 % @

Temps de charge a tension
constante 5
Décharge a courant constant Efficacité de décharge de 95 % @

U1 0,8 X UR
U, 0,4 x Ug

Pour|la classe 3 et la classe 4, la méthode de mesure 1A peut étre utilisée.

Un cgurant de décharge inférieur ou égal a 10 A doit étre indiqué avec un chiffre significatif. Il convient d'arfondir
le depixieme chiffre de la valeur calculée.

Un cgurant de décharge supérieur a 10 A doit étre indiqué avec deux chiffres significatifs. Il convient d'arrondir le
troisieme chiffre de la valeur calculée.

2 LAnnexe D présente le concept général de I'efficacité de charge et de décharge.

5.5.j Méthodes de calcul de la capacité
5.5.41 Généralités

La c@pacité doit étre calculée par la méthode d'approximation de la ligne droite ou plar la
méthpde de conversion de I'énergie.

5.5.4.2 Méthode d'approximation\de la ligne droite (méthode de mesure 1A)
La capacité C d'un condensateur doit étre calculée par la formule suivante:

C=Id x(tz_t1)
U,-U,

C est la capacité du condensateur (F);
Iy est le ‘courant de décharge (A);
U, |est\a tension au début de la mesure (V);

b

<3
=4

Ny
)

I3 tancion a3 1o fin dAg |0 maciirg (\/)-
ra—teRSteRa—+aHA-Ge—1a-HHeSHFeVv;

1 est l'instant auquel la tension aux bornes du condensateur atteint la valeur U, a partir
du début de la décharge;

ty est l'instant auquel la tension aux bornes du condensateur atteint la valeur U, a partir
du début de la décharge.
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5.5.4.3 Méthode de conversion de I'énergie (méthode de mesure 1B)

La capacité C d'un condensateur doit étre calculée par la formule suivante:

ow
C=—p —5
Um -Us

C est la capacité du condensateur (F);

W _est l'énergie déchargée mesurée (J). de la tension de debut U, a la tension de fin U,;
U, |estlatension de debut mesureée;
U, |estlatension de fin mesurée.

5.5.5 Méthodes de calcul de la résistance interne
5.5.5.1 Généralités

La re¢sistance interne doit étre calculée par la méthode des moindres carrés ou ppr la
méthpde des intersections de droites.

5.5.5,.2 Calcul de la résistance interne par la méthode .dé€s intersections de droite
(méthode de mesure 1A)

La ré&sistance interne R d'un condensateur doit étre calctilée par la formule suivante:

— Al]3
Id

R

ol
R est la résistance interne du condensateur (Q);
14 est le courant de décharge (A);

AU, | est la chute de tension-(\/):

NOTE| La chute de tension est-lue en tragant une ligne secondaire tout en prolongeant la partie droife des
tensiops variant dans le tenipsiaux bornes du condensateur obtenue a I'aide de I'enregistreur de tension, comme
cela ept représenté a la Eigure 2.

5.5.5.3 Calcul\de la résistance interne par la méthode des moindres carrés (méthHode
de mesure 1B)

La ré&sistance interne R d'un condensateur doit étre calculée par la formule suivante:

AL
[AYrY

1

R=

ou

R est la résistance interne du condensateur (Q);

1y est le courant de décharge (A);

AUs est la chute de tension (V).

Appliquer l'approximation de droites a la caractéristique de la chute de tension entre la
tension au début du calcul (U,) et la tension a la fin du calcul (U,) en utilisant la méthode des
moindres carrés. Déterminer le point d'interception (valeur de la tension) de la droite a

l'instant du début de la décharge. AU; est la différence des tensions (V) entre la valeur de la
tension d'interception et la valeur définie de la charge a tension constante (V).
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6 Conditions devant étre prescrites dans la spécification particuliére

La spécification particuliére doit prescrire:

a)
b)
c)
d)
e)

5.6
5.6
5.6

Les mesures doivent étre réalisées a I'aide du circuit de mesure représenté a la Figure 3.

Légerjde

5.6.1[.2 Méthode de mesure

La

a)

b)

c)

ou
C

T

A Méthode de charge a résistance constante pour la mesure de la capacité

Al Circuit de mesure

la classification des méthodes;

la tension appliquée différente de la tension assignée;

un temps de charge différent de 30 min (voir Tableau 2) ou 5 min (voir Tableau 3);

une valeur de décharge a courant constant autre que celle du Tableau 2 ou du Tableau 3;

les tensions U; et U, au moment de la chute de tension de décharge différentes des
tensions du Tableau 2 ou du Tableau 3.

Méthode de mesure 2 pour la capacité et la résistance interne

Alimentation a— — Cx —
tension - v

IEC

résistance série

interrupteur

voltmétre pour courant centinu
condensateur en(essai

Figure:3 — Circuit pour la méthode de charge a résistance constante

prlocedure de mesure doit étre la suivante:

avant d'effectuer la mesure, court-circuiter les bornes du condensateur pendant au moins
30 min pour s'assurer que le condensateur se décharge suffisamment;

régler la valeur de R de telle sorte que la constante de temps 7 se stabilise entre 60 s et
120 s;

mesurer la constante de temps 7z lorsque la tension continue Uy est appliquée et calculer
la valeur de la capacité a I'aide de la formule suivante:

ot
R

est la capacité (F);
est la constante de temps: temps de charge jusqu'a 0,632 x Ug (s);
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R est la résistance série (Q).
5.6.1.3 Conditions devant étre prescrites dans la spécification particuliére
La spécification particuliére doit prescrire:

a) la tension appliquée différente de la tension assignée;
b) la résistance série R lorsque la constante de temps est différente de 60 s a 120 s.

5.6.2 Méthode de mesure de la résistance a courant alternatif interne

5.6.21 _ Circuit de mesure

Les mesures doivent étre réalisées a l'aide du circuit de mesure représenté a la Figure 4.

IEC

Légende

@ oscillateur
ampeéremgtre-a courant alternatif

@ voltmetre a courant alternatif
Cx condensateur en essai
Figure 4 - Circuit pour la méthode de la résistance a courant alternatif

5.6.2.2 Méthode de mesure

La procédure de mesure doit étre la suivante:

a) 19 fréquence de mesure doit étre 1 kHz;

b) |d—courant alternatif doit étre nnmpric entre 1 mA et 10 mA;

c) larésistance interne R, d'un condensateur doit étre calculée par la formule suivante:

U
R, =—
1
ou
R, estlarésistance a courant alternatif interne (Q);

U est la valeur efficace de la tension alternative (V);
1 est la valeur efficace du courant alternatif (A).
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Courant de fuite

5.7.1 Méthode de mesure

La procédure de mesure doit étre la suivante.

a)

b)

c)
d)

5.7.2 Eléments a indiquer dans la spécification particuliére

La spécification particuliere doit indiquer les éléments suivants:

a)

b)

5.8.1 Méthode de mesure

La mgthode de mesure doit étre.Ja suivante (voir Figure 5).

c)

d)

Avant d'effectuer cette mesure, les condensateurs doivent étre completement décha

2015

rgés.

La procédure de décharge doit durer entre 1 h et 24 h et doit étre indiquée dans la

spécification particuliere.
Le courant de fuite doit étre mesuré, sauf indication contraire dans la spécific

ation

particuliére, sous Ia tension continue (Ug) appropriée a la temperature de I'essai. La durée

dU:UUlIIQalI\JII UPIUO ull tUIIIPO dU UhﬂIHU IIIClI\IIII(J: dU 30 IIIIII IIUUUQDUIIU PUUI ﬂttU
9b % de la tension appliquée doit étre sélectionnée parmi 30 min, 1 h, 2 h, 4 h, 8-h}
2#t h ou 48 h et doit étre indiquée dans la spécification particuliére.

Une source d’alimentation stable telle qu'une alimentation stabilisée doit étre‘utilisée.

Sauf indication contraire dans la spécification particuliere, appliquerla)tension
cpndensateur par une résistance de protection de 1 000 Q ou moins.

-~ =

emperatures spécifiées;

s| nécessaire, le facteur de correction: si les mesufes sont effectuées a une tempér
d|fférente de 20°C, mais située dans la plage\des températures correspondant
cpnditions atmosphériques normalisées d'essai;

Id durée d'électrisation;

Ig valeur des résistances de protection différente de 1 000 Q.

Tension de maintien

ndre
12 h,

limite du courant de fuite a la température de référence de 20 °C, et a d'aptres

ature
aux

Avant d'effectuer cette'mesure, les condensateurs doivent étre complétement déchafgés.

econnecter les bornes du condensateur de la source de tenS|on Sauf indid

s la

sans

) min

ation

normallsees pendant 16 h 24 h, 48 h ou 96 h.

La résistance interne du voltmeétre pour courant continu utilisé doit étre de 1 MQ ou pl

tions

us.


https://iecnorm.com/api/?name=e34089a5771bcd83c462bb7fc1ef9103

	Redline version (English only)
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General items
	4.1 Unit and symbols
	4.2 Preferred values and class
	4.2.1 General
	4.2.2 Preferred values of rated nominal capacitance
	4.2.3 Class

	4.3 Marking
	4.3.1 General
	4.3.2 Coding

	4.4 Quality assessment procedures

	5 Tests and measurement 
	5.1 General
	5.2 Test and measurement requirements
	5.2.1 Test conditions
	5.2.2 Measurement conditions
	5.2.3 Voltage treatment
	5.2.4 Thermal treatment

	5.3 Drying
	5.4 Visual examination and check of dimensions
	5.4.1 Visual examination
	5.4.2 Dimensions (gauging)
	5.4.3 Dimensions (detail)

	5.5 Measurement method 1 for capacitance and internal resistance (constant current discharge)
	5.5.1 Basic circuit for measuring
	5.5.2 Measuring equipment
	5.5.3 Measuring procedure
	5.5.4 Calculation methods for capacitance
	5.5.5 Calculation methods for internal resistance
	5.5.6 Conditions to be prescribed in the detail specification

	5.6 Measurement method 2 for capacitance and internal resistance
	5.6.1 Constant resistance charging method for capacitance measurement
	5.6.2 AC internal resistance measuring method

	5.7 Leakage current
	5.7.1 Measuring method
	5.7.2 Items to be specified in the detail specification

	5.8 Self-discharge Maintain voltage
	5.8.1 Measuring method
	5.8.2 Calculation of voltage maintenance rate
	5.8.3  Conditions to be prescribed in the detail specification

	5.9 Robustness of terminations
	5.9.1 Test Ua1 – Tensile
	5.9.2 Test Ub – Bending (half of the sample)
	5.9.3 Test Uc – Torsion (remaining sample)
	5.9.4 Test Ud – Torque (for terminations with threaded studs or screws and for  integral mounting devices)
	5.9.5 Visual examination

	5.10 Resistance to soldering heat
	5.10.1 Preconditioning and initial measurement
	5.10.2 Test
	5.10.3 Recovery
	5.10.4 Final inspection, measurements and requirements

	5.11 Solderability
	5.11.1 General
	5.11.2 Preconditioning
	5.11.3 Capacitors with leads
	5.11.4 Surface mount capacitors

	5.12 Rapid change of temperature
	5.12.1 Initial measurement
	5.12.2 Test
	5.12.3 Final inspection, measurements and requirements

	5.13 Vibration
	5.13.1 Initial measurement
	5.13.2 Test
	5.13.3 Final measurement and requirements

	5.14 Damp heat, steady state
	5.14.1 Initial measurement
	5.14.2 Test
	5.14.3 Final measurement

	5.15 Endurance
	5.15.1 Initial measurements
	5.15.2 Test
	5.15.3 Final measurement, inspection and requirements

	5.16 Storage
	5.16.1 Storage at high temperature
	5.16.2 Storage at low temperature

	5.17 Characteristics at high and low temperature
	5.17.1 General
	5.17.2 Test procedure
	5.17.3 Dry heat
	5.17.4 Cold
	5.17.5 Final measurement and requirements

	5.18 Component solvent resistance
	5.18.1 Initial measurements
	5.18.2 Test
	5.18.3 Requirements

	5.19 Solvent resistance of marking
	5.19.1 Test
	5.19.2 Requirements

	5.20 Passive flammability
	5.20.1 Test procedure
	5.20.2 Requirements

	5.21 Pressure relief (if applicable)
	5.21.1 Test
	5.21.2 Requirements


	Annexes 
	Annex A (normative) Classification according to capacitance and internal resistance
	A.1 General
	A.2 Classification by capacitance and internal resistance

	Annex B (informative) Measuring method of capacitance and low resistance by low frequency a.c. method (reference)
	B.1 General
	B.2 Measuring system
	B.3 Calculation of capacitance
	B.4 Measuring conditions

	Annex C (informative) Thermal equilibrium time of capacitors
	C.1 General
	C.2 Thermal equilibrium time of capacitors

	Annex D (informative) Charging/discharging efficiency and measurement current
	D.1 General
	D.2 Charging efficiency, discharging efficiency, and current

	Annex E (informative) Procedures for setting the measurement current of capacitor with uncertain nominal internal resistance
	E.1 General
	E.2 Current setting procedures for measurement of capacitor
	E.3 Example of setting current for determining capacitor characteristics

	Annex F (informative) Policy on uncertainty of measurement and inset limits
	F.1 Objective
	F.2 Terms and definitions
	F.3 Calculation of measurement uncertainty
	F.4 Policy
	F.5 Calculation of inset and outset limits
	F.6 Examples
	F.6.1 General
	F.6.2 Example 1: Resistor measurement
	F.6.3 Example 2: Resistor measurement
	F.6.4 Example 3: Transistor measurement (gain)
	F.6.5 Example 4: Comparison between initial and final measurement results


	Annex G (informative) Reference to IEC 62391-1:2006
	Annex Q (normative) Quality assessment procedures
	Q.1 General
	Q.1.1 Overview
	Q.1.2 Applicability of qualification approval
	Q.1.3 Applicability of capability approval
	Q.1.4 Applicability of technology approval

	Q.2 Primary stage of manufacture
	Q.3 Subcontracting
	Q.4 Structurally similar components
	Q.5 Qualification approval procedures
	Q.5.1 Eligibility for qualification approval
	Q.5.2 Application for qualification approval
	Q.5.3 Test procedure for qualification approval
	Q.5.4 Granting of qualification approval
	Q.5.5 Maintenance of qualification approval
	Q.5.6 Quality conformance inspection

	Q.6 Capability approval procedures
	Q.6.1 General
	Q.6.2 Eligibility for capability approval
	Q.6.3 Application for capability approval
	Q.6.4 Description of capability
	Q.6.5 Demonstration and verification of capability
	Q.6.6 Programme for capability approval
	Q.6.7 Capability approval test report
	Q.6.8 Abstract of description of capability
	Q.6.9 Modifications likely to affect the capability approval
	Q.6.10 Initial capability approval
	Q.6.11 Granting of capability approval
	Q.6.12 Maintenance of capability approval
	Q.6.13 Extension of capability approval
	Q.6.14 Quality conformance inspection

	Q.7 Rework and repair
	Q.7.1 Rework
	Q.7.2 Repair

	Q.8 Release for delivery
	Q.8.1 General
	Q.8.2 Release for delivery under qualification approval before the completion of Group B tests

	Q.9 Certified test records of released lots
	Q.10 Delayed delivery
	Q.11 Alternative test methods
	Q.12 Manufacture outside the geographical limits of IECQ CBs
	Q.13 Unchecked parameters
	Q.14 Technology approval procedures
	Q.14.1 General
	Q.14.2 Eligibility for technology approval
	Q.14.3 Application of technology approval
	Q.14.4 Description of technology
	Q.14.5 Demonstration and verification of the technology
	Q.14.6 Granting of technology approval
	Q.14.7 Maintenance of technology approval
	Q.14.8 Quality conformance inspection
	Q.14.9 Failure rate level determination
	Q.14.10 Outgoing quality level



	Bibliography
	Figures 
	Figure 1 − Basic circuit for measuring
	Figure 2 – Voltage–time characteristics between capacitor terminals in capacitance and internal resistance measurement
	Figure 3 − Circuit for constant resistance charging method
	Figure 4 − Circuit for a.c. resistance method
	Figure 5 − Self-discharge Maintain voltage test diagram 
	Figure A.1 – Conceptual rendering orientated by characteristics in each classification
	Figure B.1 – Capacitance measuring system by the low frequency a.c. method
	Figure C.1 – Thermal equilibrium times of capacitors (from 85 °C to 25 °C)
	Figure C.2 – Thermal equilibrium times of capacitors (from −40 °C to 25 °C)
	Figure C.3 – Capacitor core temperature change with respect to time
	Figure Q.1 – General scheme for capability approval

	Tables 
	Table 1 – Measuring conditions for measuring method 1A
	Table 2 – Measuring conditions for measuring method 1B
	Table 3 – Tensile force
	Table 4 – Torque
	Table 5 – Severities and requirements
	Table A.1 − Electrical performance and measuring method by class
	Table E.1 – Example of setting current for measurement of capacitor


	International standard (Bilingual)
	English
	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 General items
	4.1 Unit and symbols
	4.2 Preferred values and class
	4.2.1 General
	4.2.2 Preferred values of nominal capacitance
	4.2.3 Class

	4.3 Marking
	4.3.1 General
	4.3.2 Coding

	4.4 Quality assessment procedures

	5 Tests and measurement
	5.1 General
	5.2 Test and measurement requirements
	5.2.1 Test conditions
	5.2.2 Measurement conditions
	5.2.3 Voltage treatment
	5.2.4 Thermal treatment

	5.3 Drying
	5.4 Visual examination and check of dimensions
	5.4.1 Visual examination
	5.4.2 Dimensions (gauging)
	5.4.3 Dimensions (detail)

	5.5 Measurement method 1 for capacitance and internal resistance (constant current discharge)
	5.5.1 Basic circuit for measuring
	5.5.2 Measuring equipment
	5.5.3 Measuring procedure
	5.5.4 Calculation methods for capacitance
	5.5.5 Calculation methods for internal resistance
	5.5.6 Conditions to be prescribed in the detail specification

	5.6 Measurement method 2 for capacitance and internal resistance
	5.6.1 Constant resistance charging method for capacitance measurement
	5.6.2 AC internal resistance measuring method

	5.7 Leakage current
	5.7.1 Measuring method
	5.7.2 Items to be specified in the detail specification

	5.8 Maintain voltage
	5.8.1 Measuring method
	5.8.2 Calculation of voltage maintenance rate
	5.8.3 Conditions to be prescribed in the detail specification

	5.9 Robustness of terminations
	5.9.1 Test Ua1 – Tensile
	5.9.2 Test Ub – Bending (half of the sample)
	5.9.3 Test Uc – Torsion (remaining sample)
	5.9.4 Test Ud – Torque (for terminations with threaded studs or screws and for integral mounting devices)
	5.9.5 Visual examination

	5.10 Resistance to soldering heat
	5.10.1 Preconditioning and initial measurement
	5.10.2 Test
	5.10.3 Recovery
	5.10.4 Final inspection, measurements and requirements

	5.11 Solderability
	5.11.1 General
	5.11.2 Preconditioning
	5.11.3 Capacitors with leads
	5.11.4 Surface mount capacitors

	5.12 Rapid change of temperature
	5.12.1 Initial measurement
	5.12.2 Test
	5.12.3 Final inspection, measurements and requirements

	5.13 Vibration
	5.13.1 Initial measurement
	5.13.2 Test
	5.13.3 Final measurement and requirements

	5.14 Damp heat, steady state
	5.14.1 Initial measurement
	5.14.2 Test
	5.14.3 Final measurement

	5.15 Endurance
	5.15.1 Initial measurements
	5.15.2 Test
	5.15.3 Final measurement, inspection and requirements

	5.16 Storage
	5.16.1 Storage at high temperature
	5.16.2 Storage at low temperature

	5.17 Characteristics at high and low temperature
	5.17.1 General
	5.17.2 Test procedure
	5.17.3 Dry heat
	5.17.4 Cold
	5.17.5 Final measurement and requirements

	5.18 Component solvent resistance
	5.18.1 Initial measurements
	5.18.2 Test
	5.18.3 Requirements

	5.19 Solvent resistance of marking
	5.19.1 Test
	5.19.2 Requirements

	5.20 Passive flammability
	5.20.1 Test procedure
	5.20.2 Requirements

	5.21 Pressure relief (if applicable)
	5.21.1 Test
	5.21.2 Requirements


	Annex A (normative)Classification according to capacitance and internal resistance
	A.1 General
	A.2 Classification by capacitance and internal resistance

	Annex B (informative)Measuring method of capacitance and low resistanceby low frequency a.c. method (reference)
	B.1 General
	B.2 Measuring system
	B.3 Calculation of capacitance
	B.4 Measuring conditions

	Annex C (informative)Thermal equilibrium time of capacitors
	C.1 General
	C.2 Thermal equilibrium time of capacitors

	Annex D (informative)Charging/discharging efficiency and measurement current
	D.1 General
	D.2 Charging efficiency, discharging efficiency, and current

	Annex E (informative)Procedures for setting the measurement current of capacitorwith uncertain nominal internal resistance
	E.1 General
	E.2 Current setting procedures for measurement of capacitor
	E.3 Example of setting current for determining capacitor characteristics

	Annex F (informative)Policy on uncertainty of measurement and inset limits
	F.1 Objective
	F.2 Terms and definitions
	F.3 Calculation of measurement uncertainty
	F.4 Policy
	F.5 Calculation of inset and outset limits
	F.6 Examples

	Annex G (informative)Reference to IEC 62391-1:2006
	Annex Q (normative)Quality assessment procedures
	Q.1 General
	Q.2 Primary stage of manufacture
	Q.3 Subcontracting
	Q.4 Structurally similar components
	Q.5 Qualification approval procedures
	Q.6 Capability approval procedures
	Q.7 Rework and repair
	Q.8 Release for delivery
	Q.9 Certified test records of released lots
	Q.10 Delayed delivery
	Q.11 Alternative test methods
	Q.12 Manufacture outside the geographical limits of IECQ CBs
	Q.13 Unchecked parameters
	Q.14 Technology approval procedures

	Bibliography
	Figures
	Figure 1 − Basic circuit for measuring
	Figure 2 – Voltage–time characteristics between capacitor terminalsin capacitance and internal resistance measurement
	Figure 3 − Circuit for constant resistance charging method
	Figure 4 − Circuit for a.c. resistance method
	Figure 5 − Maintain voltage test diagram
	Figure A.1 – Conceptual rendering orientated by characteristics in each classification
	Figure B.1 – Capacitance measuring system by the low frequency a.c. method
	Figure C.1 – Thermal equilibrium times of capacitors (from 85 °C to 25 °C)
	Figure C.2 – Thermal equilibrium times of capacitors (from −40 °C to 25 °C)
	Figure C.3 – Capacitor core temperature change with respect to time
	Figure Q.1 – General scheme for capability approval

	Tables
	Table 1 – Measuring conditions for measuring method 1A
	Table 2 – Measuring conditions for measuring method 1B
	Table 3 – Tensile force
	Table 4 – Torque
	Table 5 – Severities and requirements
	Table A.1 – Electrical performance and measuring method by class
	Table E.1 – Example of setting current for measurement of capacitor


	Français
	SOMMAIRE
	AVANT-PROPOS
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Eléments généraux
	4.1 Unités et symboles
	4.2 Classe et valeurs préférentielles
	4.2.1 Généralités
	4.2.2 Valeurs préférentielles de la capacité nominale
	4.2.3 Classe

	4.3 Marquage
	4.3.1 Généralités
	4.3.2 Codage

	4.4 Procédures d’assurance de la qualité

	5 Essais et mesures
	5.1 Généralités
	5.2 Exigences sur les essais et les mesures
	5.2.1 Conditions d’essai
	5.2.2 Conditions de mesure
	5.2.3 Traitement de la tension
	5.2.4 Traitement thermique

	5.3 Séchage
	5.4 Examen visuel et contrôle des dimensions
	5.4.1 Examen visuel
	5.4.2 Dimensions (calibrage)
	5.4.3 Dimensions (détail)

	5.5 Méthode de mesure 1 pour la capacité et la résistance interne (décharge à courant constant)
	5.5.1 Circuit de base pour la mesure
	5.5.2 Appareil de mesure
	5.5.3 Procédure de mesure
	5.5.4 Méthodes de calcul de la capacité
	5.5.5 Méthodes de calcul de la résistance interne
	5.5.6 Conditions devant être prescrites dans la spécification particulière

	5.6 Méthode de mesure 2 pour la capacité et la résistance interne
	5.6.1 Méthode de charge à résistance constante pour la mesure de la capacité
	5.6.2 Méthode de mesure de la résistance à courant alternatif interne

	5.7 Courant de fuite
	5.7.1 Méthode de mesure
	5.7.2 Eléments à indiquer dans la spécification particulière

	5.8 Tension de maintien
	5.8.1 Méthode de mesure
	5.8.2 Calcul du taux de maintien de tension
	5.8.3 Conditions devant être prescrites dans la spécification particulière

	5.9 Robustesse des sorties
	5.9.1 Essai Ua1 – Traction
	5.9.2 Essai Ub – Pliage (sur la moitié des échantillons)
	5.9.3 Essai Uc – Torsion (sur l'autre moitié des échantillons)
	5.9.4 Essai Ud – Couple (pour les sorties par goujons filetés ou vis et pour les dispositifs de montage incorporés)
	5.9.5 Examen visuel

	5.10 Résistance à la chaleur de brasage
	5.10.1 Préconditionnement et mesure initiale
	5.10.2 Essai
	5.10.3 Rétablissement
	5.10.4 Exigences, mesures et contrôle final

	5.11 Brasabilité
	5.11.1 Généralités
	5.11.2 Préconditionnement
	5.11.3 Condensateurs à sorties
	5.11.4 Condensateurs pour montage en surface

	5.12 Variations rapides de température
	5.12.1 Mesure initiale
	5.12.2 Essai
	5.12.3 Exigences, mesures et contrôle final

	5.13 Vibrations
	5.13.1 Mesure initiale
	5.13.2 Essai
	5.13.3 Exigences et mesure finale

	5.14 Chaleur humide, essai continu
	5.14.1 Mesure initiale
	5.14.2 Essai
	5.14.3 Mesure finale

	5.15 Endurance
	5.15.1 Mesures initiales
	5.15.2 Essai
	5.15.3 Exigences, mesure et contrôle final

	5.16 Stockage
	5.16.1 Stockage à haute température
	5.16.2 Stockage à basse température

	5.17 Caractéristiques à haute et basse température
	5.17.1 Généralités
	5.17.2 Procédure d'essai
	5.17.3 Chaleur sèche
	5.17.4 Froid
	5.17.5 Exigences et mesure finale

	5.18 Résistance au solvant des composants
	5.18.1 Mesures initiales
	5.18.2 Essai
	5.18.3 Exigences

	5.19 Résistance au solvant du marquage
	5.19.1 Essai
	5.19.2 Exigences

	5.20 Inflammabilité passive
	5.20.1 Procédure d'essai
	5.20.2 Exigences

	5.21 Décharge de pression (le cas échéant)
	5.21.1 Essai
	5.21.2 Exigences


	Annexe A (normative)Classification en fonction des capacités et des résistances internes
	A.1 Généralités
	A.2 Classification en fonction de la capacité et de la résistance interne

	Annexe B (informative)Méthode de mesure de capacité et de faible résistance par la méthode en courant alternatif faible fréquence (référence)
	B.1 Généralités
	B.2 Système de mesure
	B.3 Calcul de capacité
	B.4 Conditions de mesure

	Annexe C (informative)Temps nécessaire aux condensateurs pour atteindre l'équilibre thermique
	C.1 Généralités
	C.2 Temps nécessaire aux condensateurs pour atteindre l'équilibre thermique

	Annexe D (informative)Efficacité de charge/décharge et courant de mesure
	D.1 Généralités
	D.2 Efficacité de charge, efficacité de décharge et courant

	Annexe E (informative)Procédures de réglage du courant de mesure d'un condensateur avecune résistance nominale interne incertaine
	E.1 Généralités
	E.2 Procédures de réglage du courant pour la mesure d'un condensateur
	E.3 Exemple de réglage du courant pour déterminer des caractéristiques d'un condensateur

	Annexe F (informative)Politique sur l'incertitude de mesure et les limites strictes
	F.1 Objectif
	F.2 Termes et définitions
	F.3 Calcul de l’incertitude de mesure
	F.4 Politique
	F.5 Calcul des limites strictes et larges
	F.6 Exemples

	Annexe G (informative)Référence à l'IEC 62391-1:2006
	Annexe Q (normative)Procédures d’assurance qualité
	Q.1 Généralités
	Q.2 Etape initiale de fabrication
	Q.3 Sous-traitance
	Q.4 Modèles associables
	Q.5 Procédures d’homologation
	Q.6 Procédures d’agrément de savoir-faire
	Q.7 Retouches et réparations
	Q.8 Acceptation pour livraison
	Q.9 Enregistrements d'essais certifiés de lots livrés
	Q.10 Livraison différée
	Q.11 Autres méthodes d'essai
	Q.12 Fabrication hors des limites géographiques des organismes de certification de l’IECQ
	Q.13 Paramètres non vérifiés
	Q.14 Procédures d’agrément de technologie

	Bibliographie
	Figures
	Figure 1 – Circuit de base pour la mesure
	Figure 2 – Caractéristique de la tension en fonction du temps entre les bornes d'un condensateur dans la mesure de la capacité et de la résistance interne
	Figure 3 − Circuit pour la méthode de charge à résistance constante
	Figure 4 − Circuit pour la méthode de la résistance à courant alternatif
	Figure 5 – Schéma d'essai de la tension de maintien
	Figure A.1 – Rendu conceptuel orientépar les caractéristiques de chaque classification
	Figure B.1 – Système de mesure de la capacité par la méthode encourant alternatif faible fréquence
	Figure C.1 – Temps nécessaire aux condensateurs pour atteindre l'équilibrethermique (de 85 °C à 25 °C)
	Figure C.2 – Temps nécessaire aux condensateurs pour atteindrel'équilibre thermique (de −40 °C à 25 °C)
	Figure C.3 – Variation de la température du cœur du condensateur en fonction du temps
	Figure Q.1 – Mécanisme général d'agrément de savoir-faire

	Tableaux
	Tableau 1 – Conditions de mesure pour la méthode de mesure 1A
	Tableau 2 – Conditions de mesure pour la méthode de mesure 1B
	Tableau 3 – Force de traction
	Tableau 4 – Couple
	Tableau 5 – Sévérités et exigences
	Tableau A.1 – Performances électriques et méthode de mesure par classe
	Tableau E.1 – Exemple réglage de courant de mesure d'un condensateur






