Draft for Public Comment

bsi.

BSl Group Headquarters Date: 08 September 2020
389 Chiswick High Road London W4 4AL Origin: International

Tel: +44 (0)20 8996 9000
Fax: +44 (0)20 8996 7400
www.bsigroup.com

Form 36

DPC: 20/30389237 DC

Latest date for receipt of comments: 28 October 2020 Project No. 2018/03899
Responsible committee: EPL/40X Capacitors and resistors for electronic equipment

Interested committees:

Title: Draft BS EN 60384-14 Ed.5.0 Fixed capacitors for use in electronic equipment. Part 14: Sectional specification - Fixed
capacitors for electromagnetic interference suppression and connection to the supply mains.

Please notify the secretary if you are aware of any keywords that might assist in classifying or identifying the standard or if the
content of this standard

i) has any issues related to 3rd party PR, patent or copyright

ii)  affects other national standard(s)

iii)  requires additional national guidance or information

WARNING: THISISA DRAFT AND MUST NOT BE REGARDED ORUSED ASA BRITISH STANDARD. THISDRAFT
ISNOT CURRENT BEYOND 28 October 2020

This draft is issued to allow comments from interested parties; all comments will be given consideration prior to publication. No
acknowledgement will normally be sent. See overleaf for information on the submission of comments.

No copying is allowed, in any form, without prior written permission from BS| except as permitted under the Copyright, Designs
and Patent Act 1988 or for circulation within a nominating organization for briefing purposes. Electronic circulation is limited to
dissemination by e-mail within such an organization by committee members.

Further copies of this draft may be purchased from BSI Shop http://shop.bsigroup.com or from BS| Customer Services, Tel:
+44(0) 20 8996 9001 or email cservices@bsigroup.com. British, International and foreign standards are also available from BSI
Customer Services.

Information on the co-operating organizations represented on the committees referenced above may be obtained from
https:.//standardsdevel opment.bsigroup.com/.

Docurments
Responsible Committee Secretary: Committee Service Centre (BSI) ]
Direct tel: 020 8996 7009 Document Sharing Hub
E-mail: csc@bsigroup.com
Full document details: 20/30389237 DC


https://doi.org/10.3403/BSEN60384-14?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/20-30389237-dc
http://www.avadocuments.com/doc/20-30389237-dc

Introduction
This draft standard is based on national and international discussions. Y our comments on this draft are invited and will assist in
the preparation of the consegquent standard.

For international standards, comments will be reviewed by the relevant UK national committee before sending the consensus
UK vote and comments to the international committee, which will then decide appropriate action. If the international standard is
approved, it is usual for the text to be published as a British Standard.

For national standards, comments will be reviewed by the relevant UK national committee and the resulting standards published
as a British Standard.

UK Vote
Please indicate whether you consider the UK should submit a negative (with supporting technical reasons) or positive vote on
this draft. Pleaseindicate if you are aware of any reason why this draft standard should not be published as a British Standard.

Submission of Comments
Annotated drafts are not acceptable and will beregjected.

Template for comments and secr etariat observations

All comments should be submitted online at https.//standar dsdevelopment.bsigroup.com/. You will need to register in

order to comment.

Date; xx/xx/20xx

Document: 1SO/DIS xxxx

an alternative cannot be supported
as serious problems have been
lencountered in its use in the UK.

1 2 3 4 5 (6) 7
MB | Clause No./ Subclause| Paragraph/Figure/ Type of Commend (justification Proposed change by the MB Secretariat observations on
No./Annex (e.g. 3.1) Table/Note comment for change) by theMB each comment submitted
31 Definition 1 ed Definition is ambiguous and needs [JAmend to read '...so that the mains
clarifying. connector to which no connection...'
6.4 Paragraph 2 te The use of the UV photometer as  ||[Delete reference to UV photometer.
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236 INTERNATIONAL ELECTROTECHNICAL COMMISSION

237

238

239 FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -

240

241 Part 14: Sectional specification —

242 Fixed capacitors for electromagnetic interference

243 suppression and connection to the supply mains

244

245

246 FOREWORD

247 1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
248 all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
249 international co-operation on all questions concerning standardization in the electrical and electronic fields. To
250 this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
251 Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
252 Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
253 in the subject dealt with may participate in this preparatory work. International, governmental and non-
254 governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
255 with the International Organization for Standardization (ISO) in accordance with conditions determined by
256 agreement between the two organizations.

257 2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
258 consensus of opinion on the relevant subjects since each technical committee has representation from all
259 interested IEC National Committees.

260 3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
261 Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
262 Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
263 misinterpretation by any end user.

264 4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
265 transparently to the maximum extent possible in their national and regional publications. Any divergence
266 between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
267 the latter.

268 5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
269 assessment services and, in some areas, access to I[EC marks of conformity. IEC is not responsible for any
270 services carried out by independent certification bodies.

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

272 7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
273 members of its technical committees and IEC National Committees for any personal injury, property damage or
274 other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
275 expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
276 Publications.

277 8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
278 indispensable for the correct application of this publication.

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

281 International Standard IEC 60384-14 has been prepared by IEC technical committee 40:
282 Capacitors and resistors for electronic equipment.

283  This fifth edition is based on the consolidated IEC 60384-14, Ed. 4.1 and constitutes both an
284  editorial and a technical revision. The document structure has been organized to follow new
285  sectional specification structure decided in TC 40.

286 Most important technical changes are:

287 a) In damp heat steady state test all capacitor types are tested both with and without
288 rated voltage,
289 b) Impulse testing is not performed for high capacitance value capacitors,
290 c) Active flammability test is performed also for Y1 capacitors,
) y P . Documents
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291 d) Tangent of loss angle is added In Group 0 tests, in safety tests only testing;

292 e) Qualification approval based on safety and performance tests has been removed
293 from the main text to an informative annex

294

205 A list of all the parts of the IEC 60384 series, published under the general title Fixed
296 capacitors for use in electronic equipment, can be found on the IEC website.

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

298 The committee has decided that the contents of the base publication and its amendment will
299  remain unchanged until the stability date indicated on the IEC web site under
300 "http://webstore.iec.ch" in the data related to the specific publication. At this date, the
301 publication will be

302 e reconfirmed,

303 e withdrawn,

304 e replaced by a revised edition, or
305 e amended.

306

307
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308 FIXED CAPACITORS FOR USE IN ELECTRONIC EQUIPMENT -
309

310 Part 14: Sectional specification —

311 Fixed capacitors for electromagnetic interference

312 suppression and connection to the supply mains

313

314

315 1 Scope

316 This part of IEC 60384 applies to capacitors and resistor-capacitor combinations which will be
317 connected to an AC mains or other supply with nominal voltage not exceeding 1 000 V AC
318 (RMS) or 1 500 V DC, and with a nominal frequency not exceeding 100 Hz.

319 NOTE: In Annex J safe use of capacitors in AC mains up to 400 Hz frequency is described.

320 The principal object of this part of IEC 60384 is to prescribe preferred ratings and
321 characteristics and to select from IEC 60384-1, the appropriate quality assessment
322 procedures, tests and measuring methods and to give general performance requirements for
323 this type of capacitor. Test severities and requirements prescribed in detail specifications
324 referring to this sectional specification will be of equal or higher performance level; lower
325 performance levels are not permitted.

326 This document also provides a schedule of safety tests to be used by national testing stations
327 in countries where approval by such stations is required.

328  The overvoltage categories in combination with the AC mains voltages for the capacitors

329 classified in this document should be taken from |[EC 60664-1.

330 2 Normative references

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

334 applies.

335
336 JEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
337 requirements

338 IEC 60063:2015, Preferred number series for resistors and capacitors

339 IEC 60065:2014, Audio, video and similar electronic apparatus — Safety requirements
340 JEC 60068-1:2013, Environmental testing — Part 1: General and guidance

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

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

344 IEC 60417:2002, Graphical symbols for use on equipment

345 JEC 60664-1:2007, /Insulation coordination for equipment within low-voltage systems — Part
346 1: Principles, requirements and tests
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IEC 60695-11-10:2013, Fire hazard testing — Part 11-10: Test flames — 50 W horizontal and
vertical flame test methods

IEC 60940:2015, Guidance information on the application of capacitors, resistors, inductors
and complete filter units for radio interference suppression

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

IEC 61210:2010, Connecting devices — Flat quick-connect terminations for electrical copper
conductors — Safety requirements

CISPR 17:2011, Methods of measurement of the suppression characteristics of passive
EMC filtering devices

ISO 7000:2004, Graphical symbols for use on equipment — Index and synopsis

3 Terms and definitions and classification

3.1 Terms and definitions

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

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

. IEC Electropedia: available at http://www.electropedia.org/
. ISO Online browsing platform: available at http://www.iso.org/obp

NOTE Some definitions of IEC 60384-1 have been expanded, as is indicated by a note.

3.11
AC capacitor
capacitor designed essentially for application with a power-frequency alternating voltage

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

3.1.2

electromagnetic interference suppression capacitor

radio interference suppression capacitor

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

3.1.3

capacitor of Class X

RC unit of Class X

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

3.1.4

capacitor of Class Y

RC unit of Class Y

capacitor or RC unit of a type suitable for use in situations where failure of the capacitor could
lead to danger of electric shock
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3.1.5
two-terminal capacitor
electromagnetic interference suppression capacitor having two terminals

NOTE to entry: See Figure 1.

IEC 1311/13
Figure 1 — Two-terminal EMI suppression capacitor

3.1.6
series RC unit
functional combination of a resistor in series with a capacitor of Class X or Y

Note 1 to entry: See Figure 2.

—_—_————e— e e e e ———,

-::LM%-

IEC 1312/13

Figure 2 — RC unit

Note 2 to entry: In this document, where the word "capacitor" appears, the words "capacitor or RC unit" should be
understood where the context permits.

3.1.7

lead-through capacitor

<coaxial> capacitor with a central current-carrying conductor surrounded by a capacitor
element which is symmetrically bonded to the central conductor and to the outer casing to
form a coaxial construction; it is coaxially mounted

Noe to entry: See Figure 3.

Central conductor
carrying supply current

| | .
e — — Py Earthe_d circular
_I _I mounting flange
L__ —
T IEC 1313/13

Figure 3 — Lead-through capacitor (coaxial)

3.1.8
lead-through capacitor
<non-coaxial> capacitor in which the supply currents flow through or across the electrodes

Note to entry: See Figures 4 a), 4 b), 4 c) and 4 d).
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IEC 1314/13

Earthed metal case IEC 1315/13

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

/ IEC 1316/13

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

Earthed metal case

e
| e |
| — —°
— [
| |
L __] |
IEC 1317/13

d) — Multiple unit lead-through capacitor

Figure 4 — Lead-through capacitors

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

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

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

connections of Cp — Cg and Cp — Cc. Documents
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433 When T-connected capacitors are submitted to tests, and it is stated that voltages shall be applied across the X-
434 capacitors, such voltages shall be applied between the line and neutral terminations. Similarly, when it is stated
435 that voltages shall be applied across the Y-capacitors, such voltages shall be applied between the line and neutral
436 terminations connected together and the earth termination.

r—— T 7T i

' |

—t =

| |

b | IEC 1318/13
437
438 a) — Single by-pass capacitor

|
|
| Y ——
| F I - °
I |
€L x|
| I I = 4
I Y |
|
|
|
439 b IEC 1319/13
440 b) — Delta by-pass capacitor (in metallic housing)
441
T T T T T T T T T T T |
I |
| -1
| —— L
| |
: Ca —— O :
— |
I —— CC :
I —
| —_ N
I I
- I
442 IEC 132013
443 c) — Example of a T-connected by-pass capacitor (in non-metallic housing)
444 NOTE For capacitors with non-metallic housings, the earth connection is brought out as a separate termination as
445 is shown in Figure 5 c).
446 Figure 5 — By-pass capacitors

447  3.1.10

448 rated voltage

449  either the RMS operating voltage of rated frequency, or the DC operating voltage, which may
450 be applied continuously to the terminations of a capacitor at any temperature between the
451 lower and the upper category temperatures

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

454  3.1.11

455 rated power

456 maximum power <of a series RC unit> which can be dissipated by the RC unit at the rated
457  temperature during continuous operation
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3.1.12

upper category temperature

maximum surface temperature for which the capacitor has been designed to operate
continuously

Note 1 to entry: For lead-through capacitors and series RC units, the external surface temperature can be
affected by internal heating due to the lead-through current. The terminations of a capacitor are considered to be
part of the external surface.

Note 2 to entry: This definition replaces that given in IEC 60384-1:2016, 2.2.41, because suppression capacitors
in accordance with this document are intended to be connected to the mains network and may have internal heat
generation as a result.

3.1.13

lower category temperature

minimum surface temperature for which the capacitor has been designed to operate
continuously

Note 1 to entry: This definition replaces that given in IEC 60384-1:2016, 2.2.10.

3.1.14

rated temperature

maximum ambient temperature <of a lead-through capacitor or series RC unit> at which a
lead-through capacitor can carry its rated lead-through current or a series RC unit can
dissipate its rated power

Note 1 to entry: This definition replaces that in IEC 60384-1:2016, 2.2.24.

3.1.15

insertion loss

ratio of the voltage before and after the insertion of the suppressor as measured at the
terminations

Note 1 to entry: When measured in decibels, the insertion loss is 20 times the logarithm to base 10 of the ratio
stated.

3.1.16

rated current of the conductors

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

3.1.17

main resonant frequency,

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

3.1.18
impulse voltage
periodic transient voltage of a defined waveform as described in JEC 60060-1:201(

3.1.19

passive flammability

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

3.1.20
active flammability
ability of a capacitor to burn with a flame as a consequence of electric loading

Documents

Document Sharing Hub

Full document details: 20/30389237 DC


https://doi.org/10.3403/30200685?&urlappend=%26utm_campaign=pdfdoi%26utm_source=pdfdoi%26utm_medium=pdf
http://www.avadocuments.com/doc/20-30389237-dc
http://www.avadocuments.com/doc/20-30389237-dc

504
505

506

507
508
509
510

511

512

513

Full document details: 20/30389237 DC

60384-14/Ed5/CD © IEC -15 - 40/2773/CD

3.2 Classifications

3.2.1 Classification of X capacitors

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

Table 1 — Classification of Class X capacitors

Peak impulse Peak impulse voltage
Subclass voltage in Application Up applied before
service endurance test

X1 >2,5 kV High pulse application When Cy < 1,0 pF
<4,0 kV Up =4 kV

When Cy > 1,0 pF

4

X2 <2,5 kV General purpose When Cy < 1,0 uF
Up = 2,5 kV

When Cy > 1,0 uF

X1 capacitors may be substituted by Y2 or Y1 capacitors of the same or higher Ug. X2 capacitors can
be substituted with X1 or Y2 or Y1 capacitors of the same or higher Uy.

NOTE 1 The factor used for the reduction of Up for capacitance values above 1,0 uF maintains
0,5 x CyUp? constant for these capacitance values; Cy is in F.

NOTE 2 Overvoltage categories in association with rated impulse voltage and rated mains voltage are

found in JEC 60664-1.

NOTE 3 For demanding industrial applications with high pulse and/or continuous (24h/d/several years)
in single phase across the line operation, requiring high stability, X1 capacitors are strongly
recommended to be used instead of X2 capacitors.

NOTE 4 In 3-phase industrial applications, where across the line filters are built based on three class
X capacitors, only X1 capacitors are allowed to be used.
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3.2.2 Classification of Y capacitors

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

Table 2 - Classification of Class Y capacitors

Peak impulse voltage
Range of rated

Subclass Type of insulation bridged voltages Up applied before
endurance test
Y1 Double insulation or reinforced <500 V Up = 8,0 kV
insulation
Y2 Basic insulation or supplementary 2150 V When Cy < 1,0 pF
insulation <500 V

Up =5kV
When Cy > 1,0 pF

5
Up=—o KV
G
10°°F
va Basm |.nsu|at|on or supplementary <150 V U, = 2.5 KV
insulation P

Y2 capacitors may be substituted by Y1 capacitors of the same or higher Uy .

Y2 capacitors may be substituted by two X2 capacitors, of same capacitance value and same or higher Uy , in series.

NOTE 1 For definitions of basic, supplementary, double and reinforced insulation, see |[EC 61140.

NOTE 2 The factor used for the reduction of Up for capacitance values above 1,0 uF maintains
0,5 x CyUp? constant for these capacitance values; Cy is in F.

NOTE 3 Overvoltage categories in association with rated impulse voltage and rated mains voltage are

found in |[EC 60664-1.

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

Assemblies, like Delta by-pass or T-connected by-pass capacitors, may be constructed from
Y-capacitors and X-capacitors provided these capacitors fulfil the requirements for the
relevant X and Y subclasses.

One Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary
insulation. If combined basic and supplementary insulations are bridged by two or more Y2- or
Y4-capacitors in series, they shall have the same class and sub-class, the same rated voltage
and the same nominal capacitance value.

4 Preferred ratings and characteristics

4.1 Preferred characteristics

The values given in detail specifications shall preferably be selected from 4.1.1.

4.1.1 Preferred climatic categories

The capacitors covered by this document are classified into climatic categories according to

the general rules given in JEC 60068-1:2013, Annex A.
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The lower and upper category temperature and the duration of the damp heat, steady state
test shall be chosen from the following:

— lower category temperature: -65 °C, =55 °C, —-40 °C, -25 °C and -10 °C;
— upper category temperature:  +85 °C, +100 °C, +105 °C, +110°C, +125 °C and +155 °C;
— duration of the damp heat, steady state test: 21 and 56 days.

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

For guidance on the application of the categories described above, see |EC 60940:2015.

4.2 Preferred values of ratings
4.2.1 Nominal capacitance (Cy)

The preferred values of nominal capacitance are:
1;1,5; 2,2; 3,3; 4,7; 6,8 and their decimal multiples.
These values conform to the E6 series of preferred values given in IEC 60063:2015.

4.2.2 Tolerance on nominal capacitance

The maximum tolerance on nominal capacitance is £20 %.

4.2.3 Rated voltage (Ug)

The preferred values of rated voltage are 125V, 250V, 275V, 300 V, 305 V, 310 V, 400V,
440V, 500 V, 760 V and 1 000 V.

Electromagnetic interference suppression capacitors should be chosen to have a rated
voltage equal to, or greater than, the nominal voltage of the supply system to which they are
connected. The design of the capacitors should take into account the possibility that the
voltage of the system may rise by up to 10 % above its nominal voltage. In star connections
the maximum voltage over the capacitors shall be calculated in the worst possible case when
the nominal capacitance tolerances of the capacitors used are considered.

4.2.4 Nominal resistance (Ry)

Preferred values of nominal resistance shall be taken from the E6 series of [EC 60063:201.

4.2.5 Rated temperature

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

4.2.6 Passive flammability

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

Exemption: For components smaller than 1750 mm3 passive flammability category C is
permitted.
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569 Passive flammability categories better than C may require flame retardant additives which
570 may be considered to cause environmental impact. These categories should be subject to
571 discussion between manufacturers and customers to find a compromise between safety and
572 environmental requirements.

573 4.3 Requirements for sleeving, tape, tubing and wire insulation

574 Sleeving, tape, tubing and wire insulation used in the components falling under this document
575 shall be rated for the voltage involved and the temperature attained under any condition of
576 actual use. Sleeving, tubing and wire insulation shall have flame retardant rating Class VW1.
577 Tape shall be flame retardant.

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

579 5 Test and measurement procedures, and performance requirements

580 5.1 General

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

582  AC tests carried out at a frequency between 50 Hz and 100 Hz are considered valid for any
583  nominal frequency between 50 Hz and 100 Hz. In case of doubt, 50 Hz shall be the reference
584  frequency for measurements.

585 5.2 Visual examination and check of dimensions
586 5.2.1 General

587 See IEC 60384-1:2016, 4.4 with the additional details in 5.2.2.

588 5.2.2 Creepage distances and clearances

589 Creepage distances and clearances on the outside of the capacitor between live parts of
590 different polarity or between live parts and a metal case shall be not less than the appropriate
591 values given in Table 3.

592  Table 3 is based on JEC 60664-1, but equipment safety standards IEC 60335-1, IEC 60065,
593 IEC 60950-1 and IEC 62368-1 have been considered, also. Further information may be
5904  obtained from |EC 60664-1.

595 Table 3 is generated using following environmental conditions as main guideline:

596 Pollution degree 2, altitude <2 000 m and CTI (Comparative Tracking Index) of materials
597  >100.

508  The creepage distances smaller than those in the Table 3 can be used, if rules given in
599 for CTI of materials in components allow that. Creepage distance shall always
600 be larger or equal to clearance distance from this table. Equipment standards may require
601 larger distances than ones given here.

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

607
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Table 3 — Creepage distances and clearances
Points of Rated voltage (r.m.s.)
URS130V 13OV<UR5250V 250V<UR§500V 500V<UR§760V 760V<UR§1000V
Creepage | Clear- | Creepage | Clear- | Creepage | Clear- | Creepage Clear- Creepage | Clearance
distance ance distance ance distance ance distance ance distance
mm
mm mm mm mm mm mm mm mm mm
Between live 2,0 1,5 3,0 2,5 4,0 3,0 6,3 5,5 8,0 5,5
parts of
different
polarity
(functional
insulation) @
Between live 2,0 1,5 4,0 3,0 5,0 4,0 6,3 5,5 8,0 7,5
parts and other
metal parts
over basic
insulation ®
Between live 8,0 8,0 8,0 8,0 10,0 8,0 12,6 11,0 16,0 11,0
parts and other
metal parts
over reinforced
insulation °©
NOTE The reinforced insulation figures for voltages >500 V are given for information only. In this standard Y1
capacitors are limited to 500 V.
2 These limits shall be used for measurements between terminals of an X-capacitor.
b These limits shall be used for measurements between each terminal and the metal case of an X-capacitor and for measurements
between terminals or between each terminal and the metal case of an Y2- or Y4-capacitor.
°  These limits shall be used for measurements between terminals of an Y1- capacitor (up to 500 V).

Informative Annex K describes different styles of capacitors, and how the creepage and
clearance distances are measured for them. Also precautions in handling of the capacitors
e.g. when the leads are bent, are described.

5.3 Electrical tests
5.3.1 Voltage proof

5.3.1.1 General

See |EC 60384-1:2008, 4.6, with the details from 5.3.1.2 to 5.3.1.5.

5.3.1.2 Test circuit for DC tests

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

The product of R4 and (Cy + Cx) shall be less than, or equal to, 1 s and greater than 0,01 s.
R, includes the internal resistance of the power supply.

R, shall limit the discharge current to a value equal to, or less than, 0,05 A.
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623 5.3.1.3 Test circuit and method for AC tests

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

630 For lot-by-lot and 100 % testing, the voltage shall be applied directly at the full test voltage,
631 but care should be taken to avoid overvoltage peaks.

632 5.3.1.4 Applied voltage

633 The voltages of Table 4 shall be applied between the respective measuring points shown in
634 IEC 60384-1:2016, Table 3, for a period of 1 min for qualification approval and periodic
635 testing and for a period of not less than 1 s for lot-by-lot quality conformance testing, with the
636  following details:

637 a) the test according to 2c of IEC 60384-1:2016, Table 3, shall not be carried out;
638 a) for encapsulated units with a non-metallic case, a voltage proof test such as Test C shall

639 be carried out only for qualification approval tests and periodic tests;

640 b) the method of applying the test voltage for Test C shall be given in the detail specification.
641 For qualification testing, the foil method given in IEC 60384-1:2016, 4.6.3.4.2 shall be

642 used, unless otherwise specified in the detail specification;

643 NOTE This test is applicable only to insulated capacitors in non-metallic case or in insulated metallic case. See

644 IEC 60384-1:2016, 4.6.3.4.

645 c) for testing during a period between 1 s and 2 s, the voltage of Table 4 shall be increased
646 as indicated in Figure 9.

647  Attention is drawn to the fact that repetition of the voltage proof test by the user may damage
648 the capacitor. If repetition of the voltage proof test is made by the user, the applied voltage
649  should not be greater than 66 % of the test voltage specified in Table 4.

650 Table 4- Voltage proof
Class Range of rated Test A Test B or Test C
voltages
X1 2 Ug + 1500 V (AC) with
c R
X2 <1000V 4.3 Ur (BC) a minimum of 2 000 V (AC) @
Y1 <500 V 4 000 V (AC) 4 000 V (AC)
v 2150 V Ug + 1200 V (AC) with a 2 Uy + 1500 V (AC) with
<500 V minimum of 1 500 V (AC)® a minimum of 2 000 V (AC) ®
Y4 <150 V 900 V (AC)® 900 V (AC)®
@  For Delta and T-connected capacitor units according to Figure 5b and Figure 5c, the test voltage for
terminals to case shall be the appropriate test voltage for the Y-capacitors.
®  For lot-by-lot tests of Class Y2- and Y4-capacitors, the AC test voltage may be replaced by a DC
voltage of 1,5 times the prescribed AC voltage.
¢ The Uy in this DC test is the rated AC voltage value.

651
652 5.3.1.5 Requirements

653 There shall be no permanent breakdown or flashover during the test period. Documents
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NOTE The occurrence of self-healing breakdowns during the application of the test voltages on metalized film
capacitors is allowed.

In visual inspection after the test, the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated areas (the creepage and clearance
distances shall be maintained)

5.3.2 Capacitance

5.3.21 General

See |IEC 60384-1:2016, 4.7 with the details in 5.3.2.2 and 5.3.2.3.

5.3.2.2 Measuring conditions

The capacitance measured shall be the series equivalent capacitance.

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

The measuring temperature shall be in accordance with JEC 60384-1:2008, 4.2.1.

The measuring voltage shall not exceed the rated voltage. For ceramic capacitors the
measuring voltage shall be 1,0 V £ 0,2 V.

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

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

d) the minimum expected capacitance taking into account capacitance tolerance and
temperature characteristic (or coefficient) of capacitance.

5.3.2.3 Requirements

The capacitance value shall be within the specified tolerance.

5.3.3 Tangent of loss angle

This test is normally required for metallized and ceramic capacitors only.
See IEC 60384-1:2016, 4.8 with the following details:

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

5.3.4 Resistance (Equivalent Series Resistance (ESR)) (for RC units only)
The ESR shall be measured in a series equivalent circuit at the following frequency:
100 kHz for Ry x Cy < 50 ps;

1 kHz for Ry x Cy = 50 ps

where
Documents
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Ry is the nominal resistance in ohms, and

Cy is the nominal capacitance in farads.

5.3.5 Insulation resistance

5.3.5.1 General

See |IEC 60384-1:2016, 4.5 with the details in 5.3.5.2 and 5.3.5.3.

40/2773/CD

In lot-by-lot quality conformance testing the measuring may be interrupted at the time that the
value of the insulation resistance exceeds the limits of Table 5 or Table 6, which can be

shorter than 60 s.

5.3.5.2 Temperature correcti

on

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

5.3.5.3 Requirements

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

Table 5 - Insulation resistance — Safety tests only

Test A Test B or Test C
When Cy > 0,33 uF When Cy < 0,33 uF R in MQ
RCy\ins R in MQ
2000° 6 000 6 000

For capacitors with ester-impregnated paper dielectric, the values of the
table shall be replaced respectively by the values 500, 1 500 and 2 000.
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707 Table 6 — Insulation resistance — Safety and performance tests
Test A Test B or Test C
Dielectric When Cy > 0,33 uF When Cy < 0,33 uF R in MQ
RCy\ins R in MQ

Paper *° 2000 6 000 6 000
Plastic 5000 15 000 30 000
Ceramic - 6 000 3 000
REMARKS

. In the Table 11 and Table 12, Cy is the nominal capacitance and R the measured insulation resistance.

e Limits more severe and related to the dielectric may be given in the detail specification for performance tests
only, where possible by reference to the appropriate IEC publication.

e For capacitors having one termination connected to the case, the insulation resistance limits for Test A should
be used.

e For capacitors with a discharge resistor, measurement should be carried out with the discharge resistor
disconnected. If the resistor cannot be disconnected without the capacitor being destroyed, the test should be
omitted in Group A; and, for qualification approval and periodic tests, the test should be carried out on half of
the specimens in the sample, which should consist of capacitors specially made without discharge resistors.

a  Also for mixed plastic/paper dielectrics.

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

500, 1 500 and 2 000.

708
709 5.4 Robustness of terminations

710 See IEC 60384-1:2016, 4.13 with the following details.

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

713 The test for snap-in contacts shall be specified in the detail specification; the test methods
714 and severity shall comply with the applicable parts of IEC 61210.

715 The test shall be conducted such a way that the coating of the capacitor is not broken due to
716 mishandling of the part. In visual inspection after the test the coating of the capacitor shall not
717 have any cracks exposing internal live parts or in defined insulated areas (the creepage and
718 clearance distances shall be maintained)

719 5.5 Resistance to soldering heat
720 5.5.1 General

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

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

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

729 See |IEC 60384-1:2016, 4.14 with the details in 5.5.2 and 5.5.3.
Documents
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5.5.2 Test conditions

_o4_ 40/2773/CD

There shall be no pre-drying.

5.5.3 Final inspection, measurements and requirements

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

Table 7 — Resistance to soldering heat — Requirements

Inspection or measurement

Inspection or
measuring method

Requirements

Visual examination

5.2

No visible damage. In visual inspection after the test
the coating of the capacitor shall not have any cracks
exposing internal live parts or in defined insulated
areas (the creepage and clearance distances shall be
maintained)

Capacitance

5.3.2

The difference between the capacitance measured
finally and in Group O of Table 13, or Table 14 shall
not exceed 5 % °

Resistance
(if applicable)

5.3.4

‘AR/R\ <5%

2 For ceramic capacitors the capacitance difference shall not exceed 10 %.

5.6 Solderability

5.6.1 General

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

See |IEC 60384-1:2016, 4.15 with the details in 5.6.2 and 5.6.3.

5.6.2 Test conditions

No ageing is required.

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

— SnPb solder: 235 °C + 3 °C for (2 £ 0,2) s;
— Sn96,5Ag3Cu,5 solder: 245 °C + 3 °C for (3 £ 0,3) s;

— Sn99,3Cu,7 solder: 250 °C £ 3 °C for (3 £ 0,3) s.

When Method 2 is used, a soldering iron of size A shall be used.

5.6.3 Requirements

See Table 17.
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752 5.7 Rapid change of temperature
753  5.7.1 General

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

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

759 See IEC 60384-1:2016, 4.16 with the following details.

760 — Number of cycles: 5.
761 — Duration of exposure at the temperature limits: 30 min, unless otherwise specified in the
762 detail specification for large capacitors.

763 5.7.2 Final inspection

764 In visual inspection after the test the coating of the capacitor shall not have any cracks
765  exposing internal live parts or in defined insulated areas (the creepage and clearance
766 distances shall be maintained)

767 5.8 Vibration

768  See |IEC 60384-1:2016, 4.17 with the details in 5.8.2 and 5.8.3.

769 5.8.1 Test conditions

770  The following degree of severity of test Fc applies: 0,75 mm displacement or 100 m/s2,
771 whichever is the lower amplitude, over one of the following frequency ranges: 10 Hz to 55 Hz,
772 10 Hz to 500 Hz, 10 Hz to 2 000 Hz. The total duration shall be 6 h.

773  The detail specification shall prescribe the frequency range and shall also prescribe the
774  mounting method to be used. For capacitors with axial leads which are intended to be
775 mounted by the leads, the distance between the body and the mounting point shall be
776 6 mm+ 1 mm.

777 5.8.2 Final inspection

778 In visual inspection after the test the coating of the capacitor shall not have any cracks
779  exposing internal live parts or in defined insulated areas (the creepage and clearance
780 distances shall be maintained).

781 5.9 Repetitive shock (bump)
782 5.9.1 General

783 The detail specification shall state whether the bump or the shock test applies.
784  See IEC 60384-1:2016, 4.18 with the details in 5.9.2 and 5.9.3.

785  5.9.2 Test conditions
786  The following are the preferred severities.

787 — Total number of bumps: 1 000 or 4 000
788 — Acceleration: 400 m/s? Documents
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