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Preface (UL)

This UL Standard is based on IEC Publication 60939-3: first edition Passive Filter Units for
Electromagnetic Interference Suppression — Part 3: Passive Filter Units for Which Safety Tests are
Appropriate. IEC publication 60939-3 is copyrighted by the IEC.

The text, figures and tables of IEC Publication Passive Filter Units for Electromagnetic Interference
Suppression — Part 3: Passive Filter Units for Which Safety Tests are Appropriate, IEC 60939-3, copyright
August 2015 are used in this Standard with the consent of the IEC and the American National Standards
Institute (ANSI). The IEC copyrrghted materral has been reproduced wrth permrssron from ANSI. ANSI
should be reword and
Introduction are not a part of the requirements of thrs Standard but are mcluded for information purposes
only. Copigs of IEC Publication 60939-3 may be purchased from ANSI, 11 West 42nd Street| New York,
New York, [10036, (212) 642-4900.

Note — Although the intended primary application of this Standard is stated in its Seope, it is impgrtant to note
tha{ it remains the responsibility of the users of the Standard to judge its suitability for their partichlar purpose.
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NATIONAL DIFFERENCES

There are five types of National Differences as noted below. The difference type is noted on the first line
of the National Difference in the standard. The standard may not include all types of these National
Differences.

DR - These are National Differences based on the national regulatory requirements.

D1 — These are National Differences which are based on basic safety principles and requirements,
elimination of which would compromise safety for consumers and users of products.

D2 — Thesg¢ are National Differences from IEC requirements based on existing safety practil:es. These
requiremerts reflect national safety practices, where empirical substantiation (for the IEC |or national
requiremert) is not available or the text has not been included in the IEC standard.

DC - Thesg are National Differences based on the component standards and-Wwill not be deleted until
a particulaf component standard is harmonized with the IEC component standard.

DE — Thesg are National Differences based on editorial comments or.corrections.

Each natiopal difference contains a description of what the national difference entails. Typically one of the
following wprds is used to explain how the text of the national difference is to be applied to the base IEC
text:

Aqdition / Add - An addition entails adding a eomplete new numbered clause, subglause,
tabje, figure, or annex. Addition is not meant t@’include adding select words to the base IEC
text.

odification / Modify - A modificatign’is an altering of the existing base IEC text sjich as the
addglition, replacement or deletion of certain words or the replacement of an entire clayse,
sulpclause, table, figure, or annex_of the base IEC text.

Deletion / Delete - A deletion entails complete deletion of an entire numbered clauge,
subpclause, table, figurep.or annex without any replacement text.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

PASSIVE FILTER UNITS FOR ELECTROMAGNETIC INTERFERENCE SUPPRESSION - Part 3:

Passive filter units for which safety tests are appropriate

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising all national
electrotechnical committees (IEC National Committees). The object of IEC is to promote international co-operation on all questions

concerning st
International §
referred to as
in the subject
liaising with

Standardizatid

2) The formal
opinion on the

3) IEC Public
sense. While

held responsible for the way in which they are used or for any misinterpretation by any end user.

4) In order to
maximum exf{
corresponding

5) IEC itself d
and, in some|
certification b

6) All users s
7) No liability
technical conm
whatsoever,

reliance upon

8) Attention is|

hndardization in the electrical and electronic fields. To this end and in addition to other activities,
tandards, Technical Specifications, Technical Reports, Publicly Available Specifications (PAS) and\Gui
”IEC Publication(s)”). Their preparation is entrusted to technical committees; any IEC National)\Cemmi
dealt with may participate in this preparatory work. International, governmental and nongovernmental
he IEC also participate in this preparation. IEC collaborates closely with the [nterhational Or
n (ISO) in accordance with conditions determined by agreement between the two arganizations.

decisions or agreements of IEC on technical matters express, as nearly as possible, an international
relevant subjects since each technical committee has representation from_all ‘interested IEC National

tions have the form of recommendations for international use and{are accepted by IEC National Com
all reasonable efforts are made to ensure that the technical cohtent of IEC Publications is accurate, |

promote international uniformity, IEC National Commitiees undertake to apply IEC Publications trans
lent possible in their national and regional publications. Any divergence between any IEC Public
national or regional publication shall be clearlyindicated in the latter.

bes not provide any attestation of conformity:*Independent certification bodies provide conformity assesg
areas, access to IEC marks of confermity. IEC is not responsible for any services carried out b
dies.

ould ensure that they have the latest edition of this publication.
shall attach to IEC-or_its directors, employees, servants or agents including individual experts and n
mittees and |IEC National Committees for any personal injury, property damage or other damage
hether direct, arindirect, or for costs (including legal fees) and expenses arising out of the publicati

this IEC/Publication or any other IEC Publications.

drawn,to the Normative references cited in this publication. Use of the referenced publications is indisp4g

correct applici

C publishes

LE
es (hereafter

tee interested
organizations
anization for

consensus of
Committees.
Mmittees in that

EC cannot be

arently to the
htion and the

ment services

independent

embers of its
pf any nature
bn, use of, or

nsable for the

htion” of this publication

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

International Standard IEC 60939-3 has been prepared by IEC technical committee 40: Capacitors and

resistors fo

The text of

r electronic equipment.

this standard is based on the following documents:

FDIS Report on voting

Table Continued on Next Page
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Table Continued

[ 402387FDIS | 40/2308aRVD |

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

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

A list of all parts in the IEC 60939 series, published under the general title Passive filter units for
electromagnetic interference suppression, can be found on the IEC website.

The comm
date indicH
publication
¢ reconfirm
e withdrawr
e replaced
* amended
DV
Th
thd
10
DV

Wd

ttee has decided that the contents of this publication will remain unchanged uritil

ted on the IEC web site under ”http://webstore.iec.ch” in the data related\to
At this date, the publication will be

2d,

Dy a revised edition, or

L1 DE Addition of the following:

b numbering system in the standard uses a space instead of a comma
usands and uses a comma instead of a'period to indicate a decimal point. F
00 means 1,000 and 1,01 means 1.01.

.2 DE Addition of the followifg:

rds in smaLL capiTaLs in thetext are defined in Clause 1.4.

}he stability
he specific

o indicate
r example,
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PASSIVE FILTER UNITS FOR ELECTROMAGNETIC INTERFERENCE
SUPPRESSION - Part 3: Passive filter units for which safety tests

are app

1 General

1.1 Scope

ropriate

This specification covers passive filters used to attenuate unwanted radio-frequency signals (such as

noise or inferference) generated from electromagnetic sources.

Both single
forming a d

Filters cons
are within
capacitanc
up to the m
or a filter. R

This specifjcation applies to passive filter units for electromagnetic interference suppressio

safety testy
connected
in other cirg
are require

This specif
(d.c. ora.c
400 Hz, or

NOTE For a.
exceeding 10

This specif
DIRECT PLUGH

and multi-channel filters within one enclosure or which are built on a pfinted ¢
ompact entity are included within the scope of this specification.

tructed of capacitive elements where the inductance is inherent in_the-construction
he scope of this specification. Similarly, filters constructed of inductive elementg
b is inherent in the construction of the filter are also within the scope of this specif
anufacturer to state whether a given component is to be designed as a capacitor,
Filters can include also other components like resistors and/or varistors or similar g

are appropriate. This implies that filters specified ‘according to this specification w
0 mains supplies, when compliance with the mandatory tests of Table 3 is necesse
uit positions where the equipment specification prescribes that some or all of these
.

cation applies to passive filter units; Which will be connected to an a.c. mains or g
) with a nominal voltage not exceeding 1 000 V a.c., with a nominal frequency no
1 500 V d.c.

L
L.

use, IEC 60384-14 applie$ to*capacitors which will be connected to a.c. mains with a nominal
Hz.

cation covers apPLIANCE FILTERS (US) but does not cover FACILITY FILTERS, CORD-CONNECT
IN FILTERS. These-other filters will be covered by another sectional specification.

rcuit board

of the filter
where the
cation. It is
an inductor
omponents

h for which
ill either be

iry, or used
safety tests

ther supply
exceeding

frequency not

ED FILTERS Of



https://ulnorm.com/api/?name=UL 60939-3 2017.pdf

JULY 22, 2016 UL 60939-3 1

1.2 Normative 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 latest edition of the referenced document (including any amendments) applies.

NOTE 1 These documents are referenced, in whole, in part or as alternative requirements to the requirements contained in this
standard. Their use is specified, where necessary, for the application of the requirements of this standard.

NOTE 2 The list below is a summary of all standards that are referred to within this standard. Appearance of a standard in the list
does not mean that the standard or parts of it are applicable. Only those parts that are specifically referenced in this standard are
applicable.

IEC 6002711, Letters symbols to be used in electrical technology — Part 1: General
IEC 60050|(all parts), International electrotechnical vocabulary

IEC 6006011:2010, High-voltage test techniques — Part 1: General definitions~and test requirgments
IEC 60062) Marking codes for resistors and capacitors

IEC 6006811:2013, Environmental testing — Part 1: General and guidance

IEC 6006812-1, Environmental testing — Part 2-1: Tests — Test A: Cold

IEC 6006812-2, Environmental testing — Part 2-2: Tests = Test B: Dry heat

IEC 6006812-6, Environmental testing — Part 2-6: [ests — Test Fc: Vibration (sinusoidal)
IEC 6006842-14, Environmental testing — Part\2-14: Tests — Test N: Change of temperature
IEC 6006812-17, Basic environmental testing procedures — Part 2-17: Tests — Test Q: Sealing

IEC 6006812-20:2008, Environmental testing — Part 2-20: Tests — Test T: Test methods for $olderability
and resistance to soldering heat.of devices with leads

IEC 60068}2-21, Environinental testing — Part 2-21: Tests — Test U: Robustness of termimations and
integral mdunting devieces

IEC 6006842-30:2005, Environmental testing — Part 2-30: Tests — Test Db: Damp heat, cyclic (12 h + 12 h
cycle)

IEC 60068-2-45:1980, Basic environmental testing procedures — Part 2-45: Tests — Test XA and
guidance: Immersion in cleaning solvents

IEC 60068-2-78, Environmental testing — Part 2-78: Tests — Test Cab: Damp heat, steady state
IEC 60294, Measurement of the dimensions of a cylindrical component with axial terminations

IEC 60384-14:2013, Fixed capacitors for use in electronic equipment — Part 14: Sectional specification —
Fixed capacitors for electromagnetic interference suppression and connection to the supply mains
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IEC 60664-1:2007, Insulation coordination for equipment within low-voltage system — Part 1: Principles,

requiremen

ts and tests

IEC 60695-11-5, Fire hazard testing — Part 11-5: Test flames — Needle-flame test method — Apparatus,
confirmatory test arrangement and guidance

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

methods

IEC 60938-1:2006, Fixed inductors for electromagnetic interference suppression — Part 1: Generic

specification

IEC 60934-2, Fixed inductors for electromagnetic interference suppression — Part 2 Sectional

specification

IEC 60939-1, Passive filter units for electromagnetic interference suppressiopy— Part |1: Generic

specification

IEC 60940) Guidance information on the application of capacitors, resistors{_inductors and complete filter

units for electromagnetic interference suppression

IEC 61140] Protection against electric shock — Common aspects/for-installation and equipmept

ISO 8000011, Quantities and units — Part 1: General

CISPR 17,|Methods of measurement of the suppression-characteristics of passive EMC filteling devices
1.2DV DE Modify Clause 1.2 by adding the following:
In [this standard, certain IEC component standard requirements are replaced by the
relevant requirements of compoenent standards listed in Annex P.

1.3 Information to be given in a detail specification

1.3.1 Gengral

The detail $pecifications shall be derived from the relevant blank detail specification.

Detail spegifications‘shall not specify requirements inferior to those of this specification or blank detail

specification. Whenh.more severe requirements are included, they shall be listed in the detail specification,

and indicatpd.in the test schedules, for example by an asterisk.

The information outlined in 1.3.2 to 1.3.5 shall be given in each detail specification and the va

shall prefer

ably be selected from the appropriate clause of this specification.

ues quoted
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1.3.2 Outline drawing and dimensions

There shall be an illustration of the filter as an aid to easy recognition and for comparison of the filter with
others. Dimensions and their associated tolerances, which affect interchange ability and mounting, shall
be given in the detail specification. All dimensions shall preferably be stated in millimetres.

Normally, the numerical values shall be given for the length of the body, the width and height of the body
and the wire spacing, or for cylindrical types, the body diameter and the length and diameter of the
terminations. When necessary, for example when a range of filters is covered by a single detalil
specification, their dimensions and their associated tolerances shall be placed in a table following the
drawing.

In addition| the detail specification shall state such other dimensional information as will |adequately
describe thg filter outline.

Informationl given in 1.3.2 may, for convenience, be presented in tabular form.

1.3.3 Mounting

The detail |[specification shall specify the method of mounting recommended for normal use and the
method whiich is mandatory for the application of the vibration, bump,shock and endurancqg tests. The
design of the filter may be such that special mounting fixtures or heat'sinks are required in its|use. In this

case, the dgtail specification shall describe the mounting fixturessand they shall be used in the|application
of the vibration, bump or shock tests. The specified heat sink”shall be used in the application of the
endurance ftest. If recommendations for mounting for “normal” use are made, they shall be included in the
detail specffication under “Additional information (not for'inspection purposes)”. If they are |included, a
warning cgn be given that the full vibration, bump~and shock performance may not be favailable if

mounting methods other than those specified in the detail specification are used.

1.3.4 Ratings and characteristics

1.3.4.1 Un|ts, symbols and terminology:

Units, graphical symbols, letter symbols and terminology shall, whenever possible, be takgn from the
following puiblications:

— IEC 60047-1

— IEC 60050 series

— 1SO 800q0-1

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

neral

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

1.3.4.3 Pa

rticular characteristics

Additional characteristics may be listed when they are considered necessary to specify adequately the
filter for design or application purposes.

1.3.5 Marking

The deta” :pUbiﬁbdt;Ull D: Ia.” DPUbify ti 1S CUI ItUI It Uf t;IU IIICI.I:’\;IIH Ul t: 1< fl:tcl al I\JI ti 1< pcu,'r\agt;.

1.4 Terms|and definition

For the purposes of this document, the applicable terms and definitions of IEC 60939<1 and the following
apply.

1.4.1 cAPAGITOR OF CLASS X RC UNIT OF CLAss x: capacitor or RC unit of a TyPé suitable for use ih situations
where failufe of the capacitor would not lead to danger of electric shock.but could result in a fisk of fire

Note 1 to ent
superimposed
outside lines,

y: Class X capacitors are divided into two subclasses (see Table A1) aecording to the peak voltage o

Table 1 — Classification of Class X capacitors

Subclass Peak impulse Application Peak impulse voltage
voltage in Up applied before
service endurance test
X1 >2,5KV, High pulse When Cy < 1,0 uF
<4,0kvV application Up=4kV
When Cy > 1,0 uF
Up= —% kv
Cn
10-6F
X2 <2,5kV General purpose When Cy < 1,0 uF

Up=25KV

When Cy > 1,0 yF
Up= —25 4y

\/E

106 F

on the mains voltage to which they may be subjected in service."Such impulses may arise from lightr
from switching in neighbouring equipment, or switching in the‘equipment in which the capacitor is used.

the impulses
ing strikes on

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 Ug.

NOTE 1 The factor used for the reduction of Up for capacitance values above 1,0 uF maintains
1/2 x C\Up? 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 IEC 60664-1.

su1749a

[SOURCE: IEC 60384-14:2013, 1.7.1

and Table 1]
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1.4.2 CAPACITOR OF CLASS Y RC UNIT OF CLASS Y: capacitor or RC-unit of a Tvpe suitable for use in situations
where failure of the capacitor could lead to danger of electric shock.

Note 1 to entry: Class Y capacitors are further divided into three subclasses Y1, Y2, and Y4, as shown in Table 2.

One Y-capacitor may bridge basic insulation. One Y-capacitor may bridge supplementary insulation. If combined basic and
supplementary insulations are bridged by two Y2- or Y4-capacitors in series, they must have the same nominal value.

In a.c.-applications Y-capacitors can be substituted with two X-capacitors connected in series provided that Ug of the X-capacitors
are not less than the Ug of the Y-capacitor and that the filter withstands the voltage proof in 4.8. In case of Y1-capacitor substitution,
the X-capacitors shall be X1-capacitors.

In DC-filters with a rated voltage of 150 V d.c. or less, a Y2- and Y4-capacitor may be substituted by one Xcapacit¢r with a rated
voltage 250 V| d.c. or higher.

For guidance fon the application of capacitors bridging basic insulation, see IEC 60940.

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,¢ Up=8,0kV
insulation
Y2 Basic insulation or supplementary 2150 V When Cy < 1,0 yF
insulation <500V Up =5kV

When Cy > 1,0 uF

Up= =2 kv

@

106F

Y4 Basic insulation onstpplementary <150V Up=25kV
insulation

Y2 capacitors may be substifufed-by Y1 capacitors of the same or higher Ug.

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

NOTE 2 The faetor Used for the reduction of Up for capacitance values above 1,0 uF maintains
1/2 xCUp?2 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 IEC 60664-1.

su1750a

[SOURCE: IEC 60384-14:2013, 1.7.2 and Table 2]

1.4.3 eaRTH INDUCTOR: inductor that forms part of the earth lead of a filter
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1.4.4 tvee: group of components having similar design features, the similarity of their manufacturing
techniques enabling them to be grouped together either for qualification approval or for quality
conformance inspection, and generally covered by a single detail specification

Note 1 to entry: Components described in several detail specifications may, in some cases, be considered as belonging to the same
Tyre and may therefore be grouped together for approval and quality conformance inspection.

1.4.5 styLeE: subdivision of a Tyre generally based on dimensional factors; a styLe may include several
variants, generally of a mechanical order

1.4.6 ELECTROMAGNETIC INTERFERENCE SUPPRESSION FILTER UNIT (FILTER) RADIO INTERFERENCE SUPPRESSION FILTER UNIT:

assembly gfprece=parts—and-inductive;capacitive—andresistiveetements—tobeused-for-theneduction of

electromag

1.4.7 a.c.
power-freq

1.4.8 p.c. ALTER: passive filter unit designed essentially for application with acd:e. supply

Note 1 to ent
telecom d.c. (g

1.4.9 appLI
equipment

Note 1 to en
equipment, da

1.4.10 corp-conNEcTED FILTER: filter provided with>a*supply cord having an attachment plug for

the filter to
the filtered

Note 1 to entf

1.4.11 DIRE
branch-circ|

voltage to @n external (appliance or other equipment) load

Note 1 to entr]

1.4.12 Faci

hetic interference caused by electrical or electronic equipment, or other sources

lency alternating voltage supplied from the mains

y: Typical b.c. FiLTERs are photovoltaic filters used within inverters/converters\ete. between the panel an
ower line filters.

ANCE FILTER: filter intended to be factory-installed as acomponent part of end-use ap
connected to (supplied by) the branch circuits of @/building wiring system

ry: Included in this category are filters installed in medical and dental equipment, office appliances
ta processing equipment, and household appliances such as mixers, vacuum cleaners, hand tools, an
a branch-circuit receptacle. It is also provided with one or two receptacles for dig
voltage to an external (appliance)or other equipment) load
ly: CORD-CONNECTED FILTERS are not'covered by this specification, see 1.1.

cT PLuG-IN FILTER: filier provided with blades or pins at the filter body that plug dir
Lit receptacle. It ishalso provided with one or two receptacles for the distribution of
: DIRECT PLUGAIN"FILTERS are not covered by this specification, see 1.1.

LiITY-FILTER: filter installed as part of the service, feeders, or branch circuitry of a bui

system

MAINS FILTER MAINS FILTER: passive filter unit designed essentially for, application with a

d converter or
pliances or
and business

il the like.

connecting
tribution of

ectly into a
the filtered

ding wiring

Note 1 to entry: FaciLiTy FILTERs are not covered by this specification, see 1.1.
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1.4.13 RraTED VvoLTAGE Ug: maximum r.m.s. operating voltage at RATED FReQuENcY or the maximum d.c.
operating voltage which may be applied continuously to the terminations of the filter unit at any

temperature between the lower and the UPPER CATEGORY TEMPERATURES

Note 1 to entry: A filter not suitable for the same voltage line-to-line and line-to-ground shall be marked with a slash rating, e.g.

300/520 V a.c.
Note 2 to entry: When it is necessary for clarity the nature of UR should be shown, like Ug a.c. or Ugr d.c.

Note 3 to entry: Filters may have more than one rated voltage value or may have a rated voltage range.

1.4.14 wo - TC: TC:
can occur \hen the equipment is supplied at rated voltage

1.4.15 RrATED FREQUENCY: maximum frequency at which maximum a.c. operating voltage may b¢
terminationg of the filter

1.4.16 LOWER CATEGORY TEMPERATURE: minimum ambient temperature for whichctfie' filter has beg
to operate pontinuously

1.4.17 uPPER CATEGORY TEMPERATURE: maximum ambient temperature<for which the filter uni
designed t¢ operate continuously

1.4.18 RATED TEMPERATURE: maximum ambient temperature at‘which a filter can carry its raTED
1.4.19 RATED CURRENT: maximum a.c. operating current threugh input and output filter terminatiq
FREQUENCY @r maximum d.c. rating current which allews continuous operation of the filter g
TEMPERATURH, assigned by the manufacturer for one, or both of the following conditions:

a) free air {/Iro);

b) with a specified heat sink (/gy)

1.4.20 nom|NAL capaciTANCE Cy: effeetive capacitance value resulting from the combination o
elements of the filter for which_a.filter has been designed and which may be indicated upon it

1.4.21 nom|NAL INDUCTANCE (Lyj: inductance value for which the inductor has been designed and
be indicatef upon it

1.4.22 nsepTioN ross: ratio of the voltage before and after the insertion of the filter in thg

ation which

b applied to

n designed

has been

PURRENT

ns at rRATED
t the RATED

capacitive

which may

b circuit as

measured Tt the terminations either with a symmetrical or an ASYMMETRICAL TEST CIRCUIT

Note 1 to entry: It is normally expressed in decibels, when the inserTion Loss is 20 times the logarithm to base 10 of this ratio.

1.4.22.1 AsYmMmETRICAL TEST CIRcuIT [common mopE]: test circuit in which the filter under test is connected as

a 3-terminal network, one terminal of which is connected to earth

Note 1 to entry: The signal is applied between the input terminal and earth, and the output is measured between the output terminal

and earth. There is a common (earth) connection between generator, filter and receiver (see Figure 1).
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1.4.22.2 symmETRICAL TEST CIRCUIT [DIFFERENTIAL MODE]: test circuit in which the filter under test is connected
as a 4-terminal network

Note 1 to entry: The test signal applied to the two input terminals symmetrically about earth, i.e. equal in magnitude but of opposite
phase on the two terminals (see Figure 1). The output is measured between the other two terminals.

Note 2 to entry: It is usual to perform symmetrical tests using an asymmetrical generator and receiver with suitable
balance-to-unbalance transformers connected between them and the filter under test.

Figure 1 — asymmETRICAL @and SYMMETRICAL TEST CIRCUIT

Filter Filter
under R under
test test

. .

Yvy

I

symmetrical test circuit Symmetrical test circuit o

su2273

1.4.23 visiHLE DAMAGE: VISIBLE DAMAGE Which reduces the usability of the filter for its intended pufpose

1.4.24 pasgive FLAMMABILITY: ability of a filter to burn with a flame as a consequence of the appli¢ation of an
external sopurce of*heat

| loading
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1.4.26 PROTECTIVE CONDUCTOR RESISTANCE: resistance between the earthing terminal or earthing contact and
earthed metal parts

Note 1 to entry: The connection between the earthing terminal or earthing contact and earthed metal parts shall have low resistance.

Accessible metal parts that may become live in the event of an insulation fault shall be permanently and reliably connected to an

earthing terminal within the appliance or to the earthing contact of the appliance inlet.

Earthing termi

nals and earthing contacts shall not be connected to the neutral terminal.

Note 2 to entry: In some countries, the term “Grounding Continuity” is used instead of “PROTECTIVE CONDUCTOR RESISTANCE”.

1.4.27 LEAK
part in a fa

Note 1 to entr]

It is a theoreti
in Annex A.

The actual Lej

Note 2 to ent
the relevant s

1.5 Markin

AGE CURRENT [ k: current at nominal frequency flowing to earth or to an extranegus-
Liltless circuit

: This current can have a capacitive component, especially caused by the use of capaeitors.

ally calculated value for uniform indications, such as in catalogues. The calculation is based on the prov

kace currenT cannot be stated in the individual case.

y: Other LEakaGE curReNnTs such as touch currents and protective€onductor currents shall be determine
andard (e.g. IEC 60990).

g

1.5.1 Gengral

conductive-

sions detailed

il according to

The sectioal specification shall indicate the-identification criteria and other information to be shown on

the filters a

1.5.2 Codi

nd the packing.

"9

When coding is used for tolerance or date of manufacture, the method shall be selected from

in IEC 600

b2.

hose given
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1.5.3 Marking details

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

a) manufacturer's name or trademark, or other descriptive marking by which the organization responsible
for the product can be identified;

b) manufacturer’s type designation or the type designation given in the detail specification;

C) recognis
d) rated vo
e) identifica

f) rated cun

ed approval mark;

tage and nominal frequency;
tion of terminations and/or circuit diagram;

Fent;

g) rated ternperature;

h) climatic

i) year and
60062);

j) hazard n

k) hazard n
case is hig

Th
) reference
1.5.4 Mark

The filter s

category;

bte if the leakage current is >3,5 mA;

ote if the filter is not intended for built-in application and the temperature on the su
ner than 70°C (metallic) or 85°C (plastic);

b symbol A (60417-5041:2002-10) shall be used;
to the detail specification.

ing of filters

month (or week) of manufacture (if the indication is7ig\code, it shall be the code ¢

iven in IEC

rface of the

hall be clearly marked with the information in 1.5.3 a) to i), and also j) to k) if it applies.
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1.5.5 Mark

ing of packaging

The package containing the filter(s) shall be clearly marked as agreed between manufacturer and user.

National ap
1.5.6 Addit

Any additio

provals may be indicated by lettering as an alternative to the approval mark.
ional marking

nal marking shall be so applied that no confusion can arise.

1.6 Components

Componen
terminal blq

NOTE Additio

1

1.7 Overc

The detail
protective (
devices in

An overloa
circuit sup
grounded-d

The specifi
installation
adequate f

1.7

An
ap

s other than inductors (e.g. capacitors, resistors, varistors, fuses, connectors, plug
cks) in the filter unit shall fulfill requirements in the relevant IEC Standard.

hal component and material standards are listed in Annex P.
Inj
rel

DV DE Modify Clause 1.6 by adding the following:

this standard, certain IEC component standard requirements are replac
bvant requirements of component standards listed in ‘Annex P.

irrent protective devices

specification or installation instructions shall specify the maximum rating of an
evice to be provided external to the filter, unless there are appropriate overcurren
he filter.

H (overcurrent) protective device, if provided, shall be connected between each

ply conductor and the load. No-avercurrent protective device shall be conne
onductor circuit, unless it opens.all conductors when it operates.

Allowance should be made for the use of a device with a smaller rating that
br the filter RATED_CURRENT plus any necessary allowance for inrush current.
DV D1 Modify Clause 1.7 by adding the following:

overcurfent or thermal protective device shall be of a type required for the
blication.and shall not open the circuit during intended use of the unit.

5, switches,

ed by the

pvercurrent

t protective

ngrounded
cted in the

bd maximum rating may, notbe one of the protective device ratings available in the country of

will still be

particular
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1.8 Wiring and Insulation

1.8.1 General

The wiring of a filter shall be rated for the voltage, temperature, and other conditions of use to which it is
subjected in the application.

The cross-sectional area of internal shall be adequate for the current they are intended to carry when the
filter is operating by the rateD current such that the maximum permitted temperature of conductor
insulation is not exceeded.

Internal wir
excessive 9
of conductg

1.8.2 Slee

Sleeving, tlibing and wire insulation shall be rated for the voltage involved and-the temperatt

under any

NOTE Sleevir
or film-coated

See UL 44 fol
1.8.3 Prop

The choice
and mech
(temperatu

Natural rub
1.8

1.8
the
Eq
co
nes
gi

b

Ilg ai Icl” IUU IUutUU‘, DU[J[JUItUuI, b:cllll[.lcul Ul DUUUIUUI ill a 1rarmicit t;lat lcu'uuca t: 1< :
train on wire and on terminal connections; and loosening of terminal connections;\a
r insulation.

ing, tubing and wire insulation

condition of actual use. They shall be flame retardant according'to Class VW-1.

g, tubing and wire insulation within a completely metal-enclosed non-ventedTilter, or within an encapsul
magnetic wire need not be designated VW-1.

definition of VW-1.
brties of insulation material

and application of insulating materials_shall take into account the needs for electri
bnical strength, frequency of the ZWORKING VOLTAGE and the working e
e, pressure, humidity and pollution).

ber, hygroscopic materials and materials containing asbestos shall not be used ag
L3DV D1 Modify Clause 1.8.3 by adding Clauses 1.8.3DV.1 through 1.8.4DV.

.3DV.1 An insulating material is to be investigated with respect to its accep
application in_accordance with the Standard for Polymeric Materials — Use i
pipment Evaluations, UL 746C. Materials, such as mica, ceramic, or so
mpounds are usually acceptable for use as the sole support of live par
tessary.to investigate a material to determine its acceptability, consideratic

kelihood of
nd damage

re attained

ating material,

cal, thermal
hvironment

insulation.
H

tability for
Electrical
e molded
ts. If it is
n is to be

nto'such factors as its mechanical strength, resistance to ignition source

, dielectric

strength, insulation resistance, and heat-resistant properties in both the aged ahd unaged
conditions, the degree to which it is enclosed, and any other features affecting the risk of
fire and electric shock.

1.8.3DV.2 Insulating Materials used to encapsulate devices, shall meet the following
requirements:

a) Have a minimum thickness of 1/32 in (0.8 mm); and
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b) Operate within the generic temperature limitations as specified in the Standard
for Polymeric Materials — Long Term Property Evaluations, UL 746B.

Exception: Filters incorporating encapsulating material that are subjected to the
Endurance Test is not required to comply with this requirement.

1.8.4DV Bushings
1.8.4DV.1 At a point where a wire cord or lead passes or is intended to pass through an

opening in a wall, barrier, or enclosure case, there shall be a bushing or the equivalent that
shall be secured in place and that shall have a smoothly rounded surface against which

thj-lezd-urcvrd-rnarbva..
1.9 Protedtive Bonding Conductors

Conductor fin the filter, or a combination of conductive parts in the filter, conneeting a main protective
earthing tefminal to a part of the filter that is required to be earthed for safety purposes.

The protective bounding conductors shall have a sufficient size to carry thé actual current urjder normal
operating donditions, in accordance with 1.8, that the conductors are netwequired to carry fault currents
to earth.
NOTE 1 Addifional requirements as defined under 1.4.26

NOTE 2 In some countries the term “Grounding” is used instead of “protective bonding conductor”.

1.9DV D1 Modify Clause 1.9 by adding Clatises 1.9DV.1 through 1.9DV.7 and Tlable
1.9DV

supply cord conductors and external leads, shall not be less than indicated in Table 1.9DV.
If gonductors are not used, the-bonding means shall have a cross-sectional ar¢a not less
thgdn that of the conductor'size indicated in Table 1.9DV.

1.9DV.1 The size of all conductors-used to maintain grounding continuity, inclu;ing power

Table 1.9DV = Minimum size grounding and bonding conductors

Maximum|rating or

setting of hutomatic Size of conductor - AWG (mm?)

overcurrenf device in

circu.it aheqd of filter Copper Aluminum

in amperes

14 14 (2.1) 12 3.3)
2 12 {3-3) 16 {3.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
400 3 (26.7) 1 (42.4)

1.9DV.2 In addition to complying with the requirements in Clause 1.9, a filter with an
inductor in the grounding path shall be constructed so that the size of the grounding and
bonding conductors, including the wire used for the grounding path inductor, is not less
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than the size of the line conductors. The grounding path inductor shall have an inductance
not larger than the inductance of the line inductors. The size of inductance can be
compared on the basis of inductor core materials, cross-sectional area, and number of
turns rather than by direct measurements, if conclusive results can be obtained.

1.9DV.3 The equipment grounding termination shall be connected by a clamp, bolt, screw,
braze, weld or an equivalent positive means that cannot be loosened from the outside and
may include a corrosion resistant strap or jumper. Mechanical connections shall be
secured. A solder connection may be used if the grounding lead is mechanically secure to
the enclosure in accordance with Clause 1.9DV.4. The grounding connection shall
penetrate nonconductive coatings, such as paint or vitreous enamel.

1.jDV.4 All splices and connections shall be mechanically secure and shall kae reliable
electrical contact. Solder connections shall be made mechanically -securge prior to
soldering. A lead is considered to be mechanically secure if it meets the| following
conditions:

a) Wrapped at least halfway (180°) around a terminal,

b) Provided with at least one right angle bend when.passed through an [eyelet or
opening; or

¢) Twisted with other conductors.

Exgpeption: Wiring through openings on printed-\wiring boards need not be mechanically
seg¢ure before soldering.

1.9DV.5 The grounding continuity between the grounding pin, blade, or termirfal and the
ac¢essible dead metal parts of the filter that might become energized is to comply with the
Protective Conductor Resistance, Clause 4.23.

1.9DV.6 An equipment-grounding conductor shall be of copper, copper alloy, or other
material that has been investigated for use as an electrical conductor. A ferrous|metal part
in the grounding path shall be protected against corrosion.

1.9DV.7 Metal partsiin a bonding path shall be galvanically compatible so as|to reduce
electrolytic action between dissimilar metals.
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1.10 Corrosion

Iron and steel parts shall be protected against corrosion by painting, enameling, galvanizing, plating, or
other equivalent means if the malfunction of such unprotected parts is likely to result in a fire or electric
shock.

Exception: If the oxidation of iron or steel from exposure of the metal to air and moisture is not likely to
be appreciable — thickness of metal and temperature also being factors — surfaces of sheet-steel and
cast-iron parts within an enclosure may not be required to be protected against corrosion. Bearings,
laminations, or minor parts of iron or steel (such as washers, screws, and the like) need not comply with
this requirement. Terminals passing through glass heads in a filter enclosure need not comply with this
requirement:

1.10DV D1 Modify the exception in Clause 1.10 by replacing it with the following:

Exteption: If the oxidation of iron or steel from exposure of the metal-to air and moisture
is ot likely to be appreciable — thickness of metal and temperature also belng factors
—surfaces of sheet-steel and cast-iron parts within an enclosure_may not be reqyired to be
protected against corrosion. Bearings, laminations, or minor parts of iron or stegl (such as
washers, screws, bolts and the like) that are not current carrying and are |not in the
grounding conductor path, need not comply with this requirement if corrosion of such
unprotected parts is not likely to results in a risk, of-fire, electric shock, of injury to
persons. Terminals passing through glass heads in-afilter enclosure need not comply with
this requirement.

1.11DV D1 Addition of Clauses 1.11DV.1 through 1.11DV.3.2:
1.11DV.1 Live parts

1.1{IDV.1.1 Current-carrying parts\shall have the mechanical strength and| ampacity
required by the application, and.shall be of silver, copper, a copper-base alloy, or other
material determined to be accéptable for the use involved.
1.11DV.1.2 Uninsulated live parts shall be so secured to the base or mounting sprface that
thiy will not turn or shift in position, if such motion may result in a reduction of spacings

below the minimum acceptable values.

1.1[1DV.1.3 Friction between surfaces is not acceptable as a means to prevent [shifting or
turhing of live-parts, but a lockwasher is acceptable if properly applied.
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2 Preferred ratings and characteristics
2.1 Preferted characteristics
2.1.1 Gengral

The values| given in detail specificationsishould preferably be selected from the following:

1.11DV.2 Switches and controllers

1.11DV.2.1 Each switch and controller shall have a rating not less than the load it controls.
A switch or controller shall not be connected in the grounded-conductor circuit unless
operation of the switch or controller simultaneously opens all ungrounded circuit
conductors.

1.11DV.3 Printed wiring boards

1.11DV.3.1 A printed-circuit board shall comply with all requirements, including those for
direct support and shall be marked with the triangle symbol as described in the Standard
fo i irt i ireud -0, V-1, or
Tests for

classed V-2 a closed bottom in the equipment beneath the material or barrier evaluated for
thg use shall be provided.

1.11DV.3.2 A resistor, capacitor, inductor, or other part that is mounted on a printed-circuit
boErd to form a printed-circuit assembly shall be secured so that it cannot be displaced to
cauise a risk of electric shock or fire by a force likely to be‘exerted on it during|assembly,
operation, or servicing of the filter.

NOTE Consideration is to be given to a barrier or a partitioh“\that is part of the device and Tat provides
meg¢hanical protection and electrical insulation of a componént connected to the printed-circuit bogrd.
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2.1.2 Preferred climatic categories

The filters covered by this specification are classified into climatic categories according to the general

rules given

in IEC 60068-1:2013, Annex A.

The lower and upPER CATEGORY TEMPERATURE and the duration of the damp heat, steady state test should be
chosen from the following:

— LOWER CATEGORY TEMPERATURE: —65 °C, —55 °C, —40 °C, —25 °C or —10 °C;

— UPPER CAT

EGORY TEMPERATURE: +70 °C, +85 °C, +100 °C, +125 °C or +155 °C;

— Duration

The severit

2.2 Prefer

2.2.1 RATEQ

of the damp heat, steady state test: 21 or 56 days.
ies for the cold and dry heat tests are the lower and UPPER CATEGORY TEMPERATURES
red values of ratings

VOLTAGE (UR)

Any voltagé¢ value or voltage range within the scope of this standardis permitted.

Electromag
greater tha
filters shall
its nominal

2.2.2 RATE[

netic interference suppression filters shall be chosen to have a rated voltage €
h, the nominal voltage of the supply system to which they are connected. The de
take into account the possibility that the voltage.ef the system may rise by up to 1
voltage.

TEMPERATURE

The rateDp 1emMPERATURE shall not be less than +40 °C.

2.2.3 passI
When sped

All polyme
accordancs

Exception

Exception
12.7. mm fn

E FLAMMABILITY
ified, the minimum categety of passive FLaMmaBILITY permitted is category C.

ic material used as part of a filter shall be classified V-2, V-1, V-0, 5V, HF-2,
with IEC 60695:11-10.

No. 1: Wiring shall comply with the requirement in 1.7.

No,-2: Wlaterial less than 30 mm in any dimension and 2000 mm? in volume and is n|
bm_an uninsulated live part or film-coated magnet wire need not comply with this re

bspectively.

qual to, or
sign of the
0 % above

or HF-1 in

ot less than
bquirement.

Exception No. 3: Material within a completely metal-enclosed non-vented filter, or within an encapsulating
material need not comply with this requirement.

Exception No. 4: Encapsulating materials used in an AppLiANCE FILTER intended for radio-, television- and

video-type

appliances shall be classified V-0, V-1, or V-2.
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3 Test plan for safety tests

3.1 Structurally similar filters

The grouping of structurally similar filters for testing shall be prescribed in the relevant detail specification.

In addition to these provisions, filters may be considered as structurally similar only when for their range
of component values they have the same capacitor, inductor and resistor technologies and corresponding
capacitive elements are of the same subclass.

3.2 Safety

approval procedure

3.2.1 Gen(lral

Table 3 an
schedule tg
as given ir
necessary
and basic ¢

If subsequ
informed (S
the certificg

3.2.2 Sam
Filter types
component

the same s

For the que
capacitanc

total numbeér of filters as stated in Table’ 3 shall be tested.

If, for a given value of total capacitance, there is more than one raTep currenT available in the

filters with
value is av

NOTE “Total

Spare speq

I Annex B form a schedule, which is limited to tests concerning safety only require
be used for safety only approval will be on the basis of fixed sample-sizes acco
3.2.3 and Table 3 of this specification. Prior to the approval testing,being carrig

o submit to the certification body a declaration of design (Annex E)-~registering es
esign details of the passive filters for which approval is sought.

bnt to the granting of approval, any component is changed, the certification bo
ee Annex E). Extension of approval to include changed-¢component(s) is at the d

tion body.

bling

b to be qualified together shall have the<‘same rated voltage, and same com
and construction technologies. In addition, the corresponding capacitive elements

Libclass. The numbers of filters required for the qualification in each group are given

lification, the sample shall contdin equal numbers of specimens of the highest and
b values in the range to be gualified. Where only one total capacitance value is in

the highest raTeED CURRENT shall be chosen. If at this rRATED cuRRENT more than one
bilable in the range, then filters with the highest inductance value shall be chosen.

Capacitance?dn-the paragraph above means the given nominaL capaciTance between the input terminatio

imens.are permitted as follows:

ments. The
ding to 3.2
ed out, it is
ential data

ly shall be
iscretion of

bination of
shall be of
in Table 3.

lowest total
volved, the

range, then
inductance

hs of the filter.

a) one per value which may be used to replace the non-conforming item in group O;

b) one per value which may be used as replacements for non-conforming specimens because

of i

ncidents not attributable to the manufacturer;

c) sufficient specimens to enable the repeat test of Footnote 7 to Table 4 to be carried out.

The numbers given in Group 0 assume that all further groups are applicable. If this is not so, the numbers
may be reduced accordingly. The numbers given in Group 0 may also be reduced if, for example for
expensive filters, the manufacturer chooses to carry out the tests of a number of groups in sequence on
the same specimens. The numbers given for Group 0 do not include the specimens required for Groups 4.
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When additional groups are introduced into the test schedule, the number of specimens required for
Group 0 shall be increased by the same number as that required for the additional groups. Table 3 gives
the number of specimens to be tested in each group together with the permissible number of
non-conforming for tests.

3.2.3 Tests

The complete series of tests indicated in Table 3 shall be performed for the approval of filters covered by
the detail specification. The tests of each group shall be carried out in the order given.

The whole sample with the exception of those specimens to be submitted to the tests of Groups 4 and 5

shall be su

H & () & " D =y Il Lol iaapial (] Fy) )
PJCLITU U TITC ol UT UTUUPD U altu Tt sUDUIVIUTU TUT 1S UHTT YTruupo.

A specimen found to be defective during the tests of group 0 shall not be used for the-6ther groups.

”One defed

The approy
of permissi
items.

Table 3 an
sampling a

tive” is counted when a filter has not satisfied the whole or part of the-tests of a g
al is granted when the number of non-conforming items does not exceed the specif

ble non-conforming items for each group and the total number ePpermissible non-

i Annex B form the fixed sample size test schedule, where Table 3 includes the de
nd permissible defectives for the different tests or groups of tests, whereas Annex

with the dgtails of test contained in Clause 4 gives a compléte summary of the test con

performang
made in th

The conditi
to those pr

e requirements and indicates where for test méthods or conditions of test a choic
b detail specification.

pns of test and performance requirements-for the fixed sample size schedule shall
bscribed in the detail specification forsthe quality conformance inspection.

3.3 Requalification tests

Requalific
the decla
intended ¢

ion tests according to Annex B may be required by the certification body when g

%d design as given in Annex E is intended. The certification body will be informe

ange(s) and decide‘whether requalification tests have to be performed.

roup.

ied number
conforming

tails for the
A together
ditions and
b has to be

be identical

change of
i about the



https://ulnorm.com/api/?name=UL 60939-3 2017.pdf

26

UL 60939-3

JULY 22, 2016

Table 3 — Tests concerning safety requirements only

Number of Number of
specimens tested permissible non-
Group Subclauses and test per qualification®) c::rfc:‘run;:ir;g:;?;s
Per Total
group9)
4.2 Visual examinations 20/10/5
4.9 DC line resistance
4.3 Inductance
4.5 Capacitance 1/1/0
D 4.6 (alternative) Insertion loss (no load) /\
4.8 Voltage proof S\
4.7 Insulation resistance
4.10 Discharge resistance 2
Spares 5/3/2
4.2.4 Creepage distances and clearances
4.1 Robustness of terminations
1A ) ) 4/2/1 0 d
4.12 Resistance to soldering heat 2
4.30 Solvent resistance of the marking ?)
4185 Cold
P 4.18.3 Dry Heat 4/2/1 0 d
419 Damp heat, steady state
4.20 Temperature rise 9
4253  Endurance current © ) 9)
3A 4/2/1 0 d
4.21 Current overload
4.23 Protective conductor resistance
4.24 Impulse voltage 9
3B 4.25.4  Endurance - voltage line terinations/ 4/2/1 0 g
case 29
4.24 Impulse voltage 9
3C 4255  Endurance voltagé petween line 4/211 0 q
terminations
a 4.27 Passive flammability see 4.27 0 q
b 4.28 Active<flatnmability 9 see 4.28 0 d
Foothotes: see end of Tahle)4.
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Table 4 — Lot-by-lot test — Safety tests only approval

Subclauses and test M Conditions of test " Sample size Requirements N
Non destructive

4.2 Visual examination 100 % ! Any marking on the filter shall be

legible and correct

4.8 Voltage proof (Test A, B | Method for test C: k) No permanent breakdown or flashover
and C)

Footnotes to Table 3 and Table 4:

a) If applicable.

b) If required in the detail specification.

© SeerS-tfor-the-structurat-simitarittes-whichraremecessary-beforefittersmay-bequatifrec-together
The|three numbers in each box of the table indicate in descending order the numbers applicable for specirhens within
the following current limits:

<[6A

>[16 A...<80A

>B0 A
“Cufrent” in this context is the sum of the rated current(s) carried by the leads for the-individual phases, N|excluded.
Whgre a range is qualified which contains filters within more than one of the currentcclassifications listed above, the
numnber of specimens selected shall be that for the classification in which the majority of the values in the fange fall.
The|whole sample with the exception of those specimens to be submitted to thestests of Groups 4 and 5 shall be
subjected to the tests of Group 0 and then subdivided for the other groups«~The numbers in Group 0 exclufle the
nunjbers of specimens required for Groups 4 and 5.

d) For filters with rated current > 0,5 A only.

e) For filters with rated current < 0,5 A.

f) See| 4.25.6 for the option of combining the tests of Groups 3A and 3C.

9 The|tests of this group or subgroup may be omitted if the gapacitors in the filter across which the test voltdges will
appgar have been qualified to a detailed specification umnder IEC 60384-14 and are also of the constructior] where the
capgcitor element is separately encapsulated, provided that the capacitors fulfil the required creepage distdnce and
clegrance specified in Table 6 and Table 7.

h) Clagse numbers of test and conditions/requiremients refer to Clause 4.

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

) B off C as applicable.

k) To e required in the detail specification’

4 Test and measurement procedures

4.1 General

4.1.1 Gengral

This specifjcation—and/or blank detail specification shall contain tables showing the tests t¢ be made,
which meagurenients are to be made before and after each test or subgroup of tests, and th¢ sequence
in which th f - i f vritten. The
measuring conditions shall be the same for initial and final measurements.

If national specifications within any Quality Assessment System include methods other than those
specified in the above documents, they shall be fully described.
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4.1.2 Standard atmospheric conditions

4.1.3 Standard atmospheric conditions for testing

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 h

umidity: 25 % to 75 %;

— air press

Before the
sufficient tq
of a test is

When mea
where nec

mre—86kPatot06+kPe:
measurements are made, the filter shall be stored at the measuring température
allow the entire filter to reach this temperature. The period prescribed for, recovery

normally sufficient for this purpose.

essary, be corrected to the specified temperature. The ambient temperature

for a time
at the end

surements are made at a temperature other than the specified temperature, the results shall,

during the

measuremeénts shall be stated in the test report. In the event of a dispuie, the measurements shall be

repeated u
prescribed

When tests

measurements for the succeeding test.

During mea

to cause efror.

4.1.4 Recq

Unless oth

testing (se¢ 4.1.3).

If recovery
60068-1:2(¢

Unless othérwise specified in the relevant sectional or detail specification, a duration of 1 h to

used.

5ing one of the referee temperatures (as given in 4.1.5)% and such other conditi
in this specification.

are conducted in a sequence, the final measurements of one test may be taken &

surements, the filter shall not be exposedto-draughts, direct sunrays or other influ

very conditions

erwise specified, recovery shall take place under the standard atmospheric co

has to be made under closely controlled conditions, the controlled recovery condit
13, 4.4.2, shall be used.

pons as are

s the initial

bnces likely

nditions for

jons of IEC

P h shall be
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4.1.5 Refe

ree conditions

For referee purposes, one of the standard atmospheric conditions for referee tests taken from IEC
60068-1:2013, 4.2, as given in Table 5, shall be chosen.

Table 5 — Standard atmospheric conditions

Temperature Relative humidity Air pressure
°C % kPa

20 + 1 63 to 67 86 to 106

23+ 1 48 to 52 86 to 106

25 + 1 4810 52 86 to 106

27 1 63 to 67 86 to 106
4.1.6 Refefence conditions
For reference purposes, the standard atmospheric conditions for reference given'in IEC 60068-1:2013,
4.1, apply:
— temperatpire: 20 °C;
— air pressyire: 101,3 kPa.
4.1.7 Drying
Unless othgrwise specified in the relevant specification, the filter shall be conditioned for (96 + 4) h by
heating in p circulating air oven at a temperature of (55 + 2) °C and a relative humidity no{ exceeding
20 %.
The filter ghall then be allowed to cool in_a-desiccator using a suitable desiccant, such ds activated
alumina or fsilica gel, and shall be kept therein from the time of removal from the oven to the Heginning of
the specifigd tests.
4.2 Visual|examination and check’of dimensions
4.2.1 Visual examination
The conditjon, workmanship and finish shall be satisfactory, as checked by visual examipation (see
1.4.23).
Marking shall.be legible, as checked by visual examination. It shall conform to the requirenients of the

detail spec

fication.
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4.2.2 Dimensions (gauging)

The dimensions indicated in the detail specification as being suitable for gauging shall be checked, and
shall comply with the values prescribed in the detail specification.

When applicable, measurements shall be made in accordance with IEC 60294.

4.2.3 Dimensions (detail)

All dimensions prescribed in the detail specification shall be checked and shall comply with the values

prescribed.

4.2.4 Cree

Required ¢
(CTI) of the

For the pu
in the micr

— Pollution
influence.

— Pollution
conductivity

— Pollution
conductive

— Pollution
The followi
— Pollution
— Pollution

— Pollution

page distances and clearances

‘eepage distances depend on the pollution degree as well as the Comparative Tra
insulating material.

I)ose of evaluating creepage distances and clearances, the following’four degrees

environment are established (from IEC 60664-1):

degree 1: No pollution or only dry, non-conductive pollution occurs. The pollug
degree 2: Only non-conductive pollution occurs”except that occasionally a
caused by condensation is to be expected.

degree 3: Conductive pollution occurs ordry non-conductive pollution occurs whig
due to condensation which is to be expected.

degree 4: Continuous conductivity-accurs due to conductive dust, rain or other wet
ng pollution degrees shall beeonsidered in this document:

degree 3: Valid for terminals outside the filters.

degree 2: Valid inside filter enclosure without potting compound.

degree 1: Valid inside fully potted areas or sealed enclosure.

Materials afe separated into four groups according to their CTI values, as follows:

— Material

600 < CTI

cking Index

of pollution

jon has no

temporary

h becomes

conditions.

hroup |

— Material group TI
— Material group llla
— Material group llIb

400 < CTT < 600
175 < CTl < 400
100 < CTI <175

These CTI values refer to values obtained, in accordance with IEC 60112, on samples of the relevant
material specifically made for the purpose and tested with solution A. For materials where the CTI value
is not known, material group Illb is assumed.

If the minimum creepage distances for glass, mica, ceramics, or other inorganic insulating materials,
which do not track, is greater than the applicable minimum clearance, it is permitted to apply that value of
minimum clearance as the minimum creepage distances.
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Creepage distances and clearances of the filter between live parts of different polarity or between live
parts and a metal case shall not be less than the appropriate values given in

a) Table 6 for creepage.

b) Table 7 for clearance. Table 7 is based on IEC 60664-1, but equipment safety standards IEC
60335-1, IEC 60065 and IEC 60950-1 have also been considered. Further information may be
obtained from IEC 60664-1.

Table 6 and Table 7 are generated using following environmental conditions as main guideline:

Overvoltage—categoryH;pottutiorndegree—2-—and—=aititude—<2-666-
Complianc¢ shall be checked by measurement according to the rules laid down in IEC 60664-1|. Additional
requiremerts may be necessary, for example for filters intended to be used in other environments than
pollution dggree 2 or for the use of filters in altitudes higher than 2 000 m. See |IEC,60664-1 fgr guidance.
Table 6 — Creepage distances
Minimum creepage distances
Printed wiring
material
Pollution{degree
Working Voltage 1 2 1 2 3
All
material
All groups, All Material
material except material | Material | Material | Material | Material | Material | group Il
groups llib groups group | | group Il | group lll | group | | group | a)
V a.c. \ d.c. mm mm mm mm mm mm mm mm mm
— 48 0,025 0,040 0,14 0,53 0,53 0,53 1,30 1,30 1,30
— 120 0,063 0,100 0,22 0,67 0,95 1,30 1,70 1,90 2,10
160 240 0,250 0,400 0,32 0,80 1,10 1,60 2,00 2,20 2,50
250 375 0,560 1,000 0,56 1,25 1,80 2,50 3,20 3,60 4,00
320 480 0,75 1,60 0,75 1,60 2,20 3,20 4,00 4,50 5,00
400 600 1,0 2,0 1,0 2,0 2,80 4,0 5,0 5,6 6,3
500 750 1,3 2,5 1,3 2,5 3,6 5,0 6,3 7,1 8,0
(7.9)°
630 945 1.8 3,2 1,8 3,2 4,5 6,3 8,0 9,0 10,0
(7,9 (8,4)° (9,0
800 1200 2,4 4,0 2,4 4,0 5,6 8,0 10,0 11,0 12.5
(9,0 9,6)2 | | (10,2)°)
1000 1500 ’1_9 R’n Q,O l—'\,ﬂ 771 10,0 125 14’0 16,0
(10,22 | (11,29 | (12,8)?
a) Material group lllb is not recommended for application in pollution degree 3 above 630 V a.c./945 V d.c.
b) The values given in brackets may be applied to reduce the creepage distance in case of using a rib (see IEC 60664-1:2007,
5.2.5).
The creepage distance for reinforced insulation shall be twice the creepage distance for basic insulation in this table.
The high precision for creepage distances given in this table does not mean that the uncertainty of measurement has to be in
the same order of magnitude.
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Table 7 — Clearance

Points of measurement Minimum clearance distances
Rated voltage.
a.c. Ug <150 V 150 V < Uy 300V < Ug 600 V < Ug 800 V < Ur
<300V <600V <800V <1000 V
d.c. Ur <300V 300 V < Ug 600 V < Ug 900 V < Ug
<600 V <1200 V <1500 V
mm mm mm mm mm
Between live parts of 0,5 1,5 3,0 4,3 55
different polarity (functional
insulation)
Between livel parts and other 1,5 3,0 5,5 6,8 8,0
metal parts qver basic
insulation
Between livel parts and other 3,0 6,0 10,4 12,6 14,8
metal parts qver reinforced
insulation

4.3 Inductpnce measurement

4.3.1 Gengral

See |IEC 6(

938-2, with the following details.

4.3.2 Measuring conditions

The induct@ance measured shall be the parallel equivalent inductance.

a) The preferred measuring frequency shall be 1 kHz, 10 kHz or 100 kHz.

b) The measuring current shall be, Mmaximum 200 pA.

For some inductance values it may He-desirable to use other frequencies or currents. The Value of the
current or frequency shall be givenuin the details specification.

As the mes
parameters

sured value of theninductance may be a function of current, frequency and temperature, these

shall be recorded’in the test report and shall remain constant throughout the test
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4.4 earTH INDUCTORS incorporated in filters

EARTH INDUCTORS incorporated in filters shall meet the requirements of the relevant specification(s). See also

IEC 60938-

4.5 Capac

1:2006, 2.2.19.

itance

4.5.1 General

See IEC 60384-14, with the following detalils.

4.5.2 Meag
The capaci

The measU
<1 000 pH

The meas\
shall be 1,(

4.6 INSERTIC

This test cq

ul ;I Y CUI IulitiUl S
fance measured shall be the series equivalent capacitance.

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

ring voltage shall not exceed the rated voltage. For ceramic capacitors the measu
V+0,2V.

N LOSS

uld be applied as an alternative of measuring the.inductance and capacitance.

The measirement method shall preferably be selected.from those described in CISPR 1

described
described
ceramic ca

n this specification. If none of these isssuitable, then the measurement methg
n the detail specification. Before any, measurement of iNnserTion Loss on filters
pacitors, either before or after conditioning, the filters shall be preconditioned

following conditions:

For measu
all the othe

The detalil
a)
b)

the
me)

ements made after conditiohing, this preconditioning shall follow the prescribed re
r final inspections and measurements.

Epecification shall specify:
hny preconditioning requirements;

characteristic impedance and electrical length of any jigs used to connect the filtg
asurement system;

2) and CN

ing voltage

7 or those
d shall be
containing
under the

covery and

he method-of INserTION Loss measurement to be used, including the dimensions influencing

r to the

¢) whether measurements are made with the filter under no load or under specified load;

d) whether measurements are made in the asymmetric or symmetric mode;

e) the terminating impedances;

f) the frequencies at which measurements are to be made (preferred range: 150 kHz to 30
MHz);

g) the minimum INSERTION Loss Or capacitance and inductance to be achieved at each frequency.
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When measurements are made after conditioning, the limit shall be 6 dB less severe than the limit
applicable Group 0.

The detail specification shall prescribe relevant limits for capacitance (C) and inductance (L) together with
relevant frequencies if L and C are measured as alternatives to INSERTION LOSS.

4.7 Insulation resistance

4.7.1 General

For filters fitted with a discharge resistor or varistor, this measurement can only be made with the

discharge
filter being
tests, wher
shall consis

The methd

qualificatiof testing, the foil method of 4.7.3.2 shall be used.

4.7.2 Meas

Before the
relevant sp

Ur is the rated voltage for use in defining the measuring voltage to be used under standard &

conditions

destroyed, the test shall be omitted for lot-by-lot tests; for qualification approval
b the discharge resistor cannot be disconnected without the filter being destroyed,
t of filters specially made without discharge resistors.

d of applying the test voltage for Test C shall be given in the‘detail specifi

buring voltage

measurement is made, the filters shall be fully discharged. Unless otherwise spe
bcification, the insulation resistance shall be measured; at the d.c. voltage specified

Table 8 — DC voltage for insulation resistance

Voltage rating of the filter Measuring voltage

Us <10V Ug £ 10 %
10V < Ug < 100 V (10+1)va
100 V < Ug < 500 V (100 % 15) V
500 V < Ug < 1 000.Y (500 + 50) V

1 000 V < Ug <1500 V (1 000 = 100) V
When it can be demonstrated that the voltage has no influence on the measuring
result, or that a known relationship exists, measurement can be performed at
voltages up to the rated voltage (10 V shall be used in case of dispute).

or testing.

the sample

cation. For

tified in the
in Table 8.

tmospheric
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4.7.3 Appli

4.7.31 Ge

cation of measuring voltage

neral

The insulation resistance shall be measured between the measuring points defined in Table 9, specified
in the relevant specification.

Test A, between terminations, applies to all filters, whether insulated or not. See Test A of Table 9.

Test B, internal insulation, applies to insulated filters in uninsulated metal cases. This test is not applicable
to coaxial filters. See Test B of Table 9.

Test C, exiernal insulation, applies to insulated filters in non-metallic cases or in insulated '
For this test, the measuring voltage shall be applied using one of the three following methods &s specified
in the releant specification. This test is not applicable to coaxial filters; it is applicable/only

filters in a
4.7.3.2 Fo
A metal foi
For filters v
that a mini
and the te

reduced by

For filters W
shall be ma

4.7.3.3 Mg

The filter s
directions |

4.7.3.4 V-

on-metallic case or in an insulated metal case. See Test C of Table 9-
| method

shall be closely wrapped around the body of the filter.

um distance of 1 mm/kV, or 1 mm, whichever is greater, can be maintained betw
minations. If this minimum distance cannot be maintained, the extension of the f

as much as is necessary to establish the distanc¢e of 1 mm/kV, or 1 mm whicheve

ith unidirectional terminations, a minimumdistance of 1 mm/kV, or 1 mm, whicheve
lintained between the edge of the foil and-each termination.

thod for filters with mounting devices

hall be mounted in its normalimanner on a metal plate, which extends at least 12,
eyond the mounting face"ofthe filter.

lock method

The filter shall be clamped.in the trough of a 90° metallic V-block of such size that the filter bo

extend beyj

The clamp
block. The

pnd the extremities of the block.

ng forece_shall be such as to guarantee adequate physical contact between the fi
Clamping force shall be chosen in such a way that no destruction or damage of the f

etal cases.

o insulated

ith axial terminations, this foil shall extend beyond each‘ehd by not less than 5 min, provided

een the foil
oil shall be
ris greater.

I is greater,

7 mm in all

ly does not

ter and the
Iter occurs.

The filter s

all be positioned in accordance with the following:

a) for cylindrical filters: the filter shall be positioned in the block so that the termination furthest
from the axis of the filter is nearest to one of the faces of the block;

b) for rectangular filters: the filter shall be positioned in the block so that the termination nearest

the

edge of the filter is nearest to one of the faces of the block.

For cylindrical and rectangular filters having axial terminations, any out-of-centre positioning of the

termination

at its emergence from the filter body shall be ignored.
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4.7.4 Mea

n time to measuring

The insulation resistance shall be measured after the voltage has been applied for 60 s + 5 s unless
otherwise prescribed in the detail specification.

The measuring may be interrupted at the time that the value of the insulation resistance exceeds the limits
of Table 10 or Table 11, which can be shorter than 60 s.

475 Tem

perature correction factor

When prescribed in the detail specification, the temperature at which the measurement is made shall be

noted. If tt
multiplying

relevant diglectric, or given in the detail specification

4.7.6 Infor

The releva

c¢) {ime of electrification if other than 1 min;

the| standard atmospheric conditions far testing;

;b tclllpclatwc diﬁclb fIUIII 20 nC, [=} bUIIthiUII b:la” ;JU IIICJ.UIU tU t;lc nmicasul
it by the appropriate correction factor prescribed in the capacitor sectional spegificd
ation to be given in a detail specification
ht specification shall prescribe:

he tests and the measuring voltage corresponding to each_of'these tests (see Tak

hny special precautions to be taken during~teasurements;

hny correction factors required for measurement over the range of temperatures ¢

ne temperature of measuremént if other than the standard atmospheric conditions

he minimum value of insulation resistance for the various tests.

he method of applying the voltage (one of the methods described in 4.7.3.2, 4.7.3,
4.7.3.4);

value by
tion for the

le 9);

3 or

bvered by

for testing;
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Table 9 — Measuring points

Tests

Description

A Between terminations

Between pairs of lines carrying the load current through the
suppression components e.g. line-line or line-neutral.

B Internal insulation

Between each load current termination and the case (metal cased
types only) or earth termination. It is allowed to connect all load
terminations together.

C External insulation

Between the load current terminations connected together and the
metal plate or foil or V-block (insulated cases not employing metal)

or
between case and metal plate or foil or V-block (insulated metal

cased types only).

3-phase filters with Neutral: the Neutral shall be handled as current termination where the voltage is equal o
the Line-Ground voltage (worst case by 2 phases open).

NOTE See Figure 2 and Figure 3 for examples of the application of this table.
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Figure 2 — Examples for the application of Tests A and B of Table 9

P1 . P2

iH

&)

Metal Housing:
Test B between P1 and Ground

0 getner-aRt-orouha

N i - - [
U1 - U2 Ut m—— -2
| l l :
| | |
V1 —_i_- -2 V1 me—— -2
— ! | |
I |
: | | . |
W1 - I ® : 2 W1 m——— I -2
p— | JR JR |
! ! | |
! ! I |
1 J I |
@ - — : N1 ——.—-: ® ® ® E - N2
| | | L |
’ ’ = 1 '
1 | !
1 | ! 1
| | ! £ i
| | G |
| | IEC
N |
I |
N [ ? IEC
Metal Housinp: Metal Housing:
Test A betwe¢n U1 and V1; U1 and W1; V1 and W1 Test A between U1 and V2; U1 and W1; V1 and W1
Test B betwegn U1, V1, W1 together and Ground Test A between U1 and N1; V1 and N1; W1 and N1

Test B between U1, V1, W1 N1 together and Ground

su2274
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Figure 3 — Examples for the application of Test C of Table 9
E:_:::_Z::_::______::_T_:.;—l
| |
U1 -—ﬁ—- : ——— u2
I b
| |
V1 !: l! -2
—_ |
I |
1 11
w1 -—H—- . H——— W2
- Iy
S=t— T TT |
D : |
Insulated Housing: IEC 1 K
Test C betwegn U2, V2, N2 together and the metal foil : I |
wrapped aroupd the case |: |
. T |
|: |
| € 1 |
I 1
e L e E L e e L e e 1] IEC
Insulated Housing:
Test C between U1, V1, W1 tdgether and the metal foil
wrapped around the case.
su2275
4.7.7 Reqyirements
The insulafjon resistance shall exceed the values of Table 10 or Table 11 as appropriate.

Table 10 — Insulation resistance — Safety tests only

Test A Test B or Test ¢
When Cy > 0,33 pF When Cy < 0,33 pF Rin MQ
RCy ins R in MQ
2 000 6 000 6 000
NOTE See Tjable 11.
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Table 11 — Insulation resistance — Safety and performance tests
Test A Test B or Test C
Dielectric When Cy > 0,33 pF When Cy < 0,33 pF Rin MQ
RCyins R in MQ

Paper & P 2000 6 000 6 000
Plastic 5000 15 000 30 000
Ceramic - 6 000 3 000

NOTE 1 In the tables above, Cy is the nominal capacitance and R the measured insulation resistance.
NOTE 2 For multistage filters, comprising multiple capacitor stages, the limit can be divided by the number of stages.
Limits more severe and related to the dielectric may be given in the detail specification for performance tests only, where

possible by feference 1o the appropriate TEC Publication.

For capacito
For capacito

resistor canrjot be disconnected without the capacitor being destroyed, the test should be omitted in Group &; and,
qualification ppproval and periodic tests, the test should be carried out on half of the specimens in the sarmple, whid
consist of capacitors specially made without discharge resistors.

s with a discharge resistor, measurement should be carried out with the discharge resistor discennects

s having one termination connected to the case, the insulation resistance limits for Test A shouldjbe uLed.

d. If the
ffor
h should

a Also for mi

b For capacifors with ester-impregnated paper dielectric, the values in the last three columns ef-the table shall be re
respectively py the values 500, 1 500 and 2 000.

ed plastic/paper dielectrics.

placed

4.8 Voltage proof

4.8.1 Gengral

The test prescribed in this specification or in detail specification may be either a d.c. test or an a.c. test.
For filters |fitted with overvoltage protectors, this{test can only be made with those cpmponents
disconnected.

4.8.2 Test|procedure

When a voltage is applied for qualification approval and periodic tests, the voltage may be supplied from

a transform
the test vol
test time, t
suitable reg

For lot-by-I
be taken td

er fed from a variable agto-transformer, and the voltage shall be gradually raised f

ne test voltage shall-be reduced to near zero and the filter capacitance discharge
istor.

bt and 100-Y%:testing, the voltage may be applied directly at the full test voltage, but
avoid pvervoltage peaks.

rom zero to

age. The test time shall be counted from the time the test voltage is reached. At th¢ end of the

i through a

care should
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4.8.3 Applied voltage

The voltages given in Table 12 and Table 13 shall be applied between the measuring points of Table 9
for a period of 1 min for qualification approval and periodic testing and for a period of 2 s for lot-by-lot
quality conformance testing. The time shall be measured from the time when 90 % of the test voltage
appears across the test terminals.

The method of applying the test voltage for Test C shall be given in the detail specification. For
qualification testing, the foil method of 4.7.3.2 shall be used.

Attention is drawn to the fact that repetition of the voltage proof test may damage the filter.

Attention ii drawn to the fact that for some tests it may be necessary for the detail gpegification to
prescribe that resistors or varistors should be disconnected.

Table 12 — Voltage proof (filter connected to mains)

Type of insplation Range of rated voltages Test A Test B or C

line/line (Test A) V a.c V d.c.

or line/ground (Test B or C)
Basic <150 V 900 i 260
Basic 2150 V 1 500 P 250
<300V
Basic > 300V 2.8 Ug + 1400
2UR + 1000
<1000V 43U " d.c.

Double or >150 V 1 500
reinforced <300V 3000
Double or > 300V 2(2.8 [Ug + 1400)
reinforced <1000V 2(2Ug + 1000)
) Uy is the rated a.c. voltage, but the test is V d.c. (EX"Ug = 300Va.c.: Ugg = 1290 V d.c.)
All a.c. test Joltages are a.c. and 50 Hz or 60 Hz, unless otherwise specified in the detail specification.

Table 13 — Voltage proof (filter not connected to mains; e.g. p.c. FILTERs)

Type df insulation Range of rated voltages Test A Test Bgr C
line/line (Test A)

or line/ground (Test B or C)

Basic <1500V

Double or re|nforced <1500V

2,15 Ug d.c. 2,15 Ugf.c.
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4.8.4 Tests

4.8.41 Ge

neral

Depending on the construction of the filter, the test comprises one or more parts in accordance with Table
9 and the requirements of the relevant specification.

4.8.4.2 Test A — Between terminations

See Test A of Table 9.

4843 Te
This test is
48.4.4 Te
48.4.41 ¢

This test is
in an insulg

For this teg
relevant sp

4.8.4.4.2 H
A metal foi
For filters v
that a mini
and the te

reduced by

For filters w
shall be ma

st-B—internat-insutation

not applicable to coaxial filters. See Test B of Table 9.
5t C — External insulation

eneral

not applicable to coaxial filters; it is applicable only to insulated-filters in a nonmetze
ted metal case. See Test C of Table 9.

t, the test voltage shall be applied using one of the three following methods as spe
pcification:

oil method

shall be closely wrapped around the body of the filter.
um distance of 1 mm/kV, or 1‘@mm whichever is greater, can be maintained betw

minations. If this minimum distance cannot be maintained, the extension of the f

as much as is necessary\te-establish the distance of 1 mm/kV, or 1 mm whicheve

ith unidirectional terminations, a minimum distance of 1 mm/kV, or 1 mm whicheve
lintained between the edge of the foil and each termination.

\llic case or

cified in the

ith axial terminations, this foil shall\extend beyond each end by not less than 5 min, provided

een the foil
oil shall be
ris greater.

r is greater,
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4.8.4.4.3 Method for filters with mounting devices

See 4.7.3.3.

4.8.4.4.4 V-block method

See 4.7.3.4.

4.8.5 Requirements

For each of the specified tests, there shall be no sign of flashover or permanent breakdown during the

test period

4.8.6 Repadtition of the voltage proof test

Attention id
damage to

the filter.

4.8.7 Information to be given in a detail specification

The releva
a)

b)

ht specification shall prescribe:

or the external insulation test (Test C), the method of applying the test voltage (or

methods described in 4.8.4.4);

c) the time for which the voltage is applied;

4.8.8 Reqyirements

There shal

be no permanent breakdown-or flash-over during the test period.

4.9 DC ling resistance or voltage-drop at RATED CURRENT

4.9.1 Gengral

The detail

specification.will prescribe which of the following two tests shall be used.

Q albl 'H L Leal H gl Y (3 HH 1
TN anny UVITdRUUWTIS dic PTTITIUTU T Ty arc Polliinicu Tur Lapdultive TITITITI

drawn to the fact that repeated application of the voltage proof test-may cause

he tests (see Table 9) and the test voltage corresponding to each of the tests;

ts of filters.

permanent

e of the
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4.9.2 DC line resistance

Using a d.c. measuring method with an applied voltage of less than 10 V, the resistance between any
input terminal and the corresponding output terminal shall be measured and shall not exceed the limit
prescribed in the detail specification. The detail specification may specify precise points of connection
between the terminals and the measuring instrument.

4.9.3 Voltage drop at RATED CURRENT

A d.c. current equal in value to the a.c. value of the rated a.c. current, unless otherwise specified in the
detail specification, shall be passed through the filter between all pairs of line terminals where the circuit

diagram inglicates—that-there—stroutdecontintity:

After thermal stability has been reached (unless the detail specification prescribes measurement at the
end of a specified period), the voltage drop shall be measured and shall not exceed the limif prescribed
in the detall specification.

4.10 Discharge resistance

4.10.1 General

The resistance shall be measured as follows, unless otherwise presetibed in the relevant spegification.
Complianc¢ is checked by test, carried out on a sample o6f/ 10 specimens from each indiyidual used
resistor within the filter. The resistor samples shall be separately submitted by the filter manufacturer.
4.10.2 Registor Test

4.10.2.1 Injtial measurement and test

The resistance of each sample shall be méasured.

The resistance value shall correspond\with the rated resistance taking into account the tolerahce.

A voltage ¢f (4,3 * U) d.c., whére "U is the working voLTAGcE from the resistor in question with|n the filter,
shall be agplied for a perigd“of 1 min between the terminations of the resistor. U is the g.c. working
voltage, buf the test is V d.ct (Ex.: U=300 V a.c.: U = 1290 V d.c.).

For d.c. applications‘the test voltage shall be (2,15 * U) d.c.

The sampITs are’subjected to the damp heat test according to IEC 60068-2-78, with the following details:

— Temperature: 40 °C £2 °C;

— Humidity:

93 % 13 % relative humidity;

— Test duration: 21 days.

NOTE Resistors that have been subjected to a test duration longer than 21 days are considered to have met the test duration

criteria.
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4.10.2.2 Fi

nal inspection, measurements and requirements

Recovery shall be for 18 h to 26 h under standard conditions for measurement.

The resistors shall be visually examined according to 4.2.1. There shall be no visiBLE DAMAGE.

The voltage proof test according to 4.8 shall be carried out with 66 % of the voltage as specified in the
initial test. There shall be no permanent breakdown or flashover.

After this test, the value of resistance shall not differ more than 20 % from the value measured by the initial
measurement.

Before the
sufficient tg

No failure i

measurements are made, the resistor shall be stored at the measuring temperatur
allow the resistor to reach this temperature.

5 allowed.

4.11 Robustness of terminations

4.11.1 General

The filters

The test m

The test fo

4.11.2 Teg

The force 4

— for termir

— for wire t

bhall be subjected to tests Ual, Ub, Uc and Ud of IEC 60068-2-21.

snap-on or other special terminations shall be“specified in the detail specification
t Ual — Tensile

pplied shall be:

ations other than wire terminations: 20 N;

Brminations see Table 14«

bthod and degree of severity to be used shall be §pecified in the detail specification.

b for a time

=}
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Table 14 — Force for wire terminations

Nominal cross sectional area Corresponding diameter of circular Force
section wires
mm? mm N
S$<0,05 d<0,25 1
0,05 < §<0,07 025<d<0,3 2,5
0,07<5<0,2 0,3<d<0,5 5
0,2<S5<0,5 0,5<d<0,8 10
05<8<1,2 08<d<1,25 20
12< S 1,25 <d 40
4.11.3 Tegt Ub — Bending
This test is|not applicable if, in the detail specification, the terminations are described as‘rigid.|Otherwise,

it shall be ¢
Method 1 s
4.11.4 Teg
This test ig
filter has un
to the othe
Method A,
4.11.5 Teg
This test i

mounting d
be used.

pplied to half of the terminations of the sample.
hall be used with two consecutive bends in each direction.
t Uc — Torsion

not applicable if, in the detail specification, the terminations are described as rig
idirectional terminations designed for printed circuitapplications. Otherwise, it shal
half of the terminations of the sample.
severity 2 (two successive rotations of 180°) shall be used.
t Ud — Torque
5 intended only for terminations with threaded studs or screws, and for thread

pvices. Unless otherwise specified by the detail specification the torque given in Ta

Table 15 — Torque

id, or if the
be applied

ed integral
ble 15 shall

Diameter of thread Tightening torque
mm Nm
Metric sfandard Range of diameter | I I
valyes

1,p <16 0,05 0,1 Q.1
>1,6

2D 0,1 0,2 Q.2
<20
>2,0

2,5 0,2 0,4 0,4
<28
>2,8

3,0 0,25 0,5 0,5
<30
> 3,0

_ 0,3 0,6 0,6
<32
> 3,2

3,5 0,4 0,8 0,8
<3,6
> 3,6

4,0 0,7 1,2 1,2
<41

Table 15 — Torque Continued on Next Page
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Table 15 — Torque Continued
Diameter of thread Tightening torque
mm Nm
Metric standard Range of diameter | I m
values
> 4.1
4,5 0,8 1,8 1,8
<47
> 47
5 0,8 2,0 2,0
<53
6 > 58 12 25 3,0
<6,0
> 6,0
8 2,5 3,5 4.0
<8,0
8,0
1 ” - 4,0 1p,0
<10,0
1
13 > 100 - - 14,0
<12,0
> 12,0
14 - - 1p,0
<15,0
15,0
14 - - - 25,0
<20,0
20,0
2 g - - 3,0
< 24,0
24 <24 — - 5p,0
Column | Applies to screws without heads which, when tightened, do not protrude from the hole, and to other
screws which cannot be tightened by means of a screwdriver with a blade wider than the|root
diameter of the screw.
Column I Applies to nuts and screws whichrare tightened by means of a screwdriver.
Column 111 Applies to nuts and screws which can be tightened by means other than a screwdriver.
60947-1
4.11.6 Vislial examination
After each pf these tests the filters shall be visually examined according to 4.2.1. There shall §e no visiBLE
DAMAGE.
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4.12 Resistance to soldering heat

4.12.1 Applicability of the test

This test is not applicable to filters with flexible insulated leads longer than 50 mm, or to filters with
terminations (such as snap-on contacts) not intended to be soldered.

4.12.2 Pre-

measurement

The measurements prescribed in the relevant specification shall be made.

4123 Teg
There shal
4.12.4 Teg
The filters

a)

t-conditions

be no pre-drying.

t severity

bhall undergo Test Tb of IEC 60068-2-20with the following requirenients:

or filters designed for use on printed boards, and for filters_ not-designed for use o

boards, but with leads longer than 4 mm, as indicated in thetdetail specification, Meth

Du

b)
sol

Th

be
o)

used with a temperature of (260 + 3) °C and a duration of (5 £ 0,5) s or (10 £ 1) {
cified in the detail specification. The depth of immersion from the seating plane sk
to 2,5 mm, using a thermal insulating screen of 4,5'mm £ 0,5 mm thickness;
ration shall be specified in the detail specification.

or other filters Method 2 shall be used.,The relevant specification shall specify, wh
Hering iron bit size shall be used.

b period of recovery shall be netless than 1 h and not more than 2 h, unless othe

spgcified by the detail specification.

4.12.5 Inte

The measlu
before the

The filters

The d.c. lin
limit prescr,

rmediate inspection, measurements and requirements

rements after thiStest are the intermediate measurements after the tests of Grg
remainder of the tests of Group 1.

bhall be visually examined according to 4.2. There shall be no visiBLE DAMAGE.

e resistance or voltage drop shall be measured according to 4.9. The value shall b
bed in Group A2 of the detail specification.

h printed
od 1 shall
, as

all be 2,0

ich

Fwise

up 1A and

e within the
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4.13 Solderability (for performance only)

4.13.1 General

This test may be carried out on electrically defective filters or detached terminations provided they have

received all the processing which would be carried out on a completed filter.

This test is applicable only to terminations intended for soldering, as prescribed in the detail specification

4.13.2 Test method
Filters shal
4.13.3 Tegt conditions

Ageing of 4 h dry heat at 155 °C shall be applied unless the detail specification specifies no g
different ageing procedure is specified in the detail specification.

4.13.4 Requirements
4.13.4.1 thod 1 — Solder bath
When the golder bath method (Method 1) is specified, the following requirements apply:

bath temperature: 245 2C £ 3 °C;
immersion time: 3,008’ 0,3 s.

Depth of immersion (from seating plane or component body):

a) fll filters except those of b) below: 2%, 5 mm, using a thermal insulating screen of
0,9 mm thickness;

b) filters indicated by the detail-specification as being not suitable for use on printed ¢
bogrds: 3,5%_o 5 mm.

NOTE Refer tp Table 1 of IEC 60068+2-20:2008 for other alloy composition than Sn96,5Ag3Cu.

geing, or a

1,5 mm +

ircuit
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41342 M

ethod 2- Soldering iron at 350 °C

This method provides a procedure for assessing the solderability of terminations in cases where the solder
bath method is impracticable. It applies to lead containing and lead-free solder alloys.

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

4.13.5 Final measurements and requirements

Inspection shall be carried out under adequate light with normal eyesight or with the assistance of a

magnifier ¢

The specinLens shall be visually examined and, if required by the relevant specification, ;eleqg

mechanica

The dipped
amounts o
exhibit a ¢

4.14 Rapid change of temperature (for performance only)

4.14.1 Pre

The measu

4.14.2 Tes

The filters
below:

N

C

D

C

apable of giving a magnification of 4 x to 25 x, depending on the size of objects.

ly checked.

surface relevant for soldering shall be covered with solder coating with ‘no more
scattered imperfections such as pin-holes or un-wetted or de-wetfed~areas. All

L measurements

rements prescribed in the detail specification shall be made.

t method

shall be subjected to Test Na of IEC>60068-2-14 using the degree of severity as

Mmber of cycles: 5
ration of exposure at the-temperature limits:
30 min for mass < 25 g;

3 h forumass > 25 g.

trically and

than small
leads shall

bntinuous solder coating free from defects for a minimum of 95% of the critical area of any
individual l¢ad. For solder alloys containing lead, solder shall be smooth and bright.

prescribed
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4.14.3 Final inspection

The filters shall be visually examined according to 4.2.1 and there shall be no visiBLE pAMAGE. The
measurements prescribed in the detail specification shall then be made.

4.15 Vibration (for performance only)

4.15.1 Pre-

measurements

The measurements prescribed in the relevant specification shall be made.

4.15.2 Teg
The filters
4.15.3 Teg
Endurance
Frqg
Anm
Nu

The detail
are intende
6mm=*1r

4.15.4 Intg
When sped

of movems
circuit. The

from one flequency extreme to the.other. The method of measurement shall be prescribed i

specificatio

t-rmrethod

bhall be subjected to Test Fc of IEC 60068-2-6.

t conditions

by sweeping shall be applied. The preferred severity is:
quency range: 10 Hz to 150 Hz
plitude: 20 m/s?

mber of sweep cycles in each axis: 20

bpecification shall prescribe the mounting method.to be used. For filters with axial |
d to be mounted by the leads, the distance between the body and the mounting pd
nm.

rmediate inspection
ified in the detail specification, ddring the last sweep cycle of the vibration test in ea
nt, an electrical measurement_shall be made to check intermittent contacts or op|

duration of the measurement shall be the time needed for one sweep of the frequ

n.

eads which
int shall be

ch direction
en or short
ency range
n the detail
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4.15.5 Final Inspection

After the test, the filters shall be visually examined as specified in 4.2.1. There shall be no viSIBLE DAMAGE.
When filters are tested as specified in 4.15.3, the requirements shall be stated in the detail specification

in terms of

The measu

the method prescribed.

rements prescribed in the relevant specification shall then be made.

4.16 Shock (for performance only)

4.16.1 Pre

measurements

The measu
4.16.2 Tes

The filters
prescribed

4.16.3 Tes

The mount

The severifies given in Table 16 are preferred.

Pulse shap

4.16.4 Fingl Inspection

After the te
When filter
in terms of

rements prescribed in the relevant specification shall be made.
t method

shall be subjected to Test Ea of IEC 60068-2-27 using the mounting method and
in the detail specification.

t conditions

ng method and the severity shall be specified in the detail specification.

e: half sine.

Table 16 — Preferred severity

Number of shocks in
each direction

Peak acceleration Corresponding
duration of the pulse
ms

6

m/s2
150

i
15

5 are tested.as ‘specified in 4.16.3, the requirements shall be stated in the detail s
the methed-prescribed.

he severity

st, the filters shall be visually examined according to 4.2.1. There shall be no vis|BLE DAMAGE.

pecification
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4.17 Container sealing (for performance only)

4171 General

This test is

applicable only if prescribed in the detail specification.

4.17.2 Test conditions

The filters shall be subjected to either Test Qc or to Test Qd of IEC 60068-2-17, as appropriate. Unless
otherwise specified in the detail specification, Method 2 shall be used when Test Qc is employed.

4.17.3 Req

H &
UlrcITicins

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

4.18 Climatic sequence

4.18.1 General

For safety
In the clim4g
the cold te
cyclic, Test
4.18.2 Initi
The measu

4.18.3 Dry,

The filters
UPPER CATEQ

While still

esting only dry heat (4.18.3) and cold (4.18.5) tests shall be performed.

tic sequence, an interval of maximum 3 days is permitied-between any of the tests,
5t shall be applied immediately after the recovery perjed for the first cycle of the

Db.

bl measurements

rements prescribed in the relevant specification shall be made.

heat

shall be subjected to Test Bld-of IEC 60068-2-2 for 16 h, using the degree of sey

ORY TEMPERATURE, as prescribed in the detail specification.

at the specified high, temperature and at the end of the period of high tempe

measurements prescribed i the relevant specification shall be made.

After condi
conditions

No measur

ioning, thefilters shall be removed from the chamber and exposed to standard g
or testingfor not less than 4 h.

ements are required at the UPPER CATEGORY TEMPERATURE.

except that
damp heat,

erity of the

rature, the

tmospheric
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4.18.4 Damp heat, cyclic

The filters shall be subjected to the test described in Clause 4, severity b) of IEC 60068-2-30:2005 for one
cycle of 24 h. Unless variant 1 is prescribed in the relevant specification, variant 2 shall be used.

After recovery the filters shall be subjected immediately to the cold test.

4.18.5 Cold

The filters shall be subjected to Test Ab of IEC 60068-2-1 for 16 h, using the degree of severity of the
LOWER CATEGORY TEMPERATURE as prescribed in the relevant specification.

While still

measurements prescribed in the relevant specification shall be made.

After condi
conditions

No measur
4.18.6 Low
This test is
The filters
prescribed

prescribed

The test sh
specified ir

For filters w
be applied
unless othg

During ang

deformatiof of the case ot _seepage of impregnate.

at the specified low temperature and at the end of the period of low tempse
ioning, the filters shall be removed from the chamber and exposed to,standard g
or testing for not less than 4 h.

ements are required at the LOWER CATEGORY TEMPERATURE.
air pressure

only performed if required in the detail specification.At\ys not normally specified for M
shall be subjected to Test M of IEC 60068-2-13 using the appropriate degree
in the relevant specification. The duration "of the test shall be 10 min, unlesg

in the relevant specification.

all be made at a temperature of 15:,°€ to 35 °C and a pressure of 8 kPa, unles
the detail specification.

ith a rated voltage exceeding/200 V while at the specified low pressure, the rated v
to terminations as prescribed in the relevant specification for the last 1 min of the
rwise prescribed in the relevant specification.

after the test there shall be no evidence of permanent breakdown, flashover g

rature, the

tmospheric

AINS FILTERS.
of severity
otherwise

5 otherwise

pltage shall
test period,

nd harmful
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4.18.7 Damp heat, cyclic, remaining cycles

The filters shall be subjected to the test described in Clause 5, severity b) of IEC 60068-2-30:2005 for the
number of cycles of 24 h as indicated in Table 17, under the same conditions as for the first cycle. See

4.18.4.

Table 17 — Number of cycles

4.18.8 Final inspection, measurements and requirements

Recovery s

The filters
shall be leg

The voltagé¢ proof test according to 4.8 shall be carried out with 66 % of the voltage as specifi

12 or Tablg

The insula
applicable

The d.c. lin
limit prescr|

The inductance shall be measured according to 4.2. The value shall be within the original limit

in the deta

The capaci
in the deta

Categories Number of cycles
-/-/56 5
-/-121 1
-/-110 1
-/-/04 None

hall be for 18 h to 26 h under standard conditions for measurement,

Ehall be visually examined according to 4.6. There shall be no visiBLE bamage and gny marking

ible.

13. There shall be no permanent breakdown or flashover.

ion resistance shall be measured according t0*4.7. The value shall exceed 5
imit given in Table 10.

e resistance or voltage drop shall be measured according to 4.9. The value shall b
bed in Group A2 of the detail specification.
| specification.

ance shall be measured according to 4.5. The value shall be within the original limit
| specification.

ed in Table

D % of the

e within the

prescribed

prescribed
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4.19 Damp heat, steady state

4.19.1 Pre-

measurements

The measurements prescribed in the relevant specification shall be made.

4.19.2 Test method

The filters shall be subjected to the procedure of Test Cab of IEC 60068-2-78 using the degree of severity
corresponding to the climatic category of the filter as indicated in the detail specification. When specified
in this specification, the detail specification may specify the application of a polarizing voltage during the

whole perig
4.19.3 Tes
No voltage

When volta
be applied

4.19.4 Final inspection, measurements and requirements

Recovery s

The filters 3
shall be leg

The voltagg¢ proof test according to 4.8 shall be cartried out with 66 % of the voltage as specifi

12 or Tablg

The insulat
less than 3

The d.c. lin
limit prescr|

The inductance shall be measured according to 4.3. The value shall be within the original limit

in the deta

The capaci
in the deta

UI Uf UICI.IIIIJ ilcdt CUI |u'itiU| I;I Iy.
t conditions
shall be applied unless otherwise specified in the detail specification.

ge application is prescribed, Ug shall be applied to one half of the(sample and no v
to the other half of the sample.

hall be for 18 h to 26 h under standard conditions forymeasurement.
hall be visually examined according to 4.2.1. There shall be no visisLe bamage and 4
ible.

13. There shall be no permanent breakdown or flashover.

on resistance shall be measured.according to 4.7. The values for Test A, B and C
5 MQ.

e resistance or voltage drop shall be measured according to 4.9. The value shall b
bed in Group 2 of the detail specification.
| specification:

ance shall be measured according to 4.5. The value shall be within the original limit
| specification.

pltage shall

ny marking

ed in Table

5hall not be

e within the

prescribed

prescribed
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4.20 Temperature rise
4.20.1 General

This test is applicable only to filters with a raTeED currenT >0,5 A. See Table 3 and Table 4, footnotes d)
and e).

The purpose of the test is to show that the maximum working temperature of the internal insulation, or of
the inductive, capacitive or resistive elements is not exceeded.

4.20.2 Test method

The filters |shall be mounted in the manner specified by the manufacturer. When the manufacturer
specifies a [raTED cuRRENT for both, free air and heat sink conditions, the test shall be carried ouf in the free
air conditioh.

The filter shall be placed in a chamber maintained at the ambient temperature‘within +3 °C ¢f the rateD
TEMPERATURY Of the filter, and the raTep currenT shall be applied. The duration(f‘the test shall e sufficient
for the spegimen to reach temperature stability.

The filters ghall be placed in the test chamber in such a manner that dueto close spacing no extra heating
of the filter$ occurs. In cases of doubt, a 25 mm spacing shall be- used.

Alternatively, in case of filter sizes with bigger length, deep of.height than 300mm, the termina}s included,
the filter maybe placed outside the chamber. The differencebetween the room temperature and the raTep
TEMPERATURH has to be added to the measured temperatures.

After thermal equilibrium has been reached, the internal temperature of the filter and the temperature of
the case af its hottest point shall be measured.

The interngl temperature of the filter shalk not exceed the requirements as given in Table 1§4. The case
temperaturg shall not exceed the maximum temperature specified in the detail specification.

4.20.3 Test description

If the filter has a non-zero maximum current at upPER CATEGORY TEMPERATURE, half the specimens shall be
tested at the urPER CATEGORY TEMPERATURE With the maximum current for that temperature and the other half
of the spedimens shall.be tested at the raTeD TEMPERATURE with the RATED cuRrrenT. If the maximum current
at UPPER CATEGORY TEMPERATURE is specified in the detail specification as zero then all the specjmens shall
be tested gt raTED.TEMPERATURE With the RATED CURRENT.

The filters $hall be connected to a power-supply in such a way that all lines carry the test current at the
same time.

The test shall be conducted at the raTeDp currenT and frequency and the filter is supplied by a low voltage
source.

NOTE Filters for dc-applications could be tested with a.c. current equal to the a.c. value of the nominal rating.
3-phase-filters could be connected either to a 3-phase-supply system or with all terminals looped and

connected in series to a single phase supply system. When testing 3-phase-filters, having an additional
neutral line that contains different winding data, two different test runs shall be carried out:
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a) the test current shall be passed through all three phases', neutral excluded;

b) the test current shall be passed through two phases and neutral® (one phase excluded).

" Covers normal operation.

2 Covers the worst case: one phase disconnected.

The filter shall be placed in a chamber maintained at temperature within £3 °C of the RATED TEMPERATURE.
The test a.c. current or a d.c. current equal to the a.c. value of the test a.c. current shall be applied.

After thermal equilibrium has been reached, the internal temperature of filters with RATED curRrReNT up to 36

A should bgdetermimedbyusing-thereststancemethod—imadditionthe-temperatureofterminz

of appliand
means of t

In case of
temperatur
varistors. T|

e inlets, and components such as inductors, capacitors and varistors shall bg m
he thermocouple method.

filters with raTED current >36 A, the thermocouple method shall be used to de
b of terminals and pins of appliance inlets, and components such asfinductors, cap
he resistance method for these filters is optional.

In agreem
submitted

The intern

between th

test chamb
T
T

where Tj id
in degrees

Where othgr metals are used for the‘inductor windings or lead-through elements the appropri

shall be std

The resistance R, is measured either after switching off the supply, or without interruption of

by means
value supe

nt with the manufacturer, a specially prepared filter equipped with thermocoup
r testing.

| temperature (T,) at thermal equilibrium shall be calculated from the measured resi
B input and the output terminals at the temperature/T; and its measured resistance
er temperature at the start of the test (74) using-the formula:
= R,/ Ry (235 + Ty) — (T3 — Tq) — 235 (forEopper);
= R, / Ry (225 + T4) — (T3 — Tq) — 225 (for aluminum).

the temperature of the test chamber at the end of the test and Ty, T, and T3 are
Celsius.

ted in the detail specification.

bf the superposition method, which consists of injecting into the winding a d.c. cu
rposed ondhe load current.

The tempeg

thermocouple,

rature~of the hottest part of the case shall also be measured, preferably with &

s and pins
pasured by

ermine the
acitors and

es may be

stance (Ro)
(Ry) at the

expressed

ate formula

the supply
rrent of low

n attached

NOTE As T, is intended to be the internal temperature when the filter is operating in an ambient of the ratep TemPerATURE T4, the
factor (T3 — Ty) is introduced to correct for any change of temperature of the ambient temperature which may occur during the course

of the test.
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4.20.4 Requirements

The requirements are the same for the test carried out at uPPER CATEGORY TEMPERATURE and at RATED
TEMPERATURE.

The internal temperature T, shall not exceed the temperature specified in the detail specification. The
detail specification may not specify a temperature higher than that specified in Table 18 for the lowest
class of insulation contained within the filter or higher than the upreER cATEGORY TEMPERATURE Of any internal
inductive, capacitive or resistive elements and other components.

The temperature of the hottest part of the case shall not exceed the urPPER CATEGORY TEMPERATURE Or a higher

temperaturg e marking
requirement subclause 1.5.3 k)

NOTE If a higher temperature is prescribed, this has implications for the temperature at which the endurapce test is cgrried out. See
4.25.3 and 4.25.4.

Table 18 — Maximum temperatures
Maximum Temperature
Part (Tmax)
°C

Windings, if {he winding insulation according to IEC 60085 is:

— class 105 {A) 90

— class 120 (E) 105

— class 130 {B) 120

— class 155 (F) 130

— class 180 (H) 155

— class 200 (N) 180

— class 220 (R) 200

— class 250 {C) 220

Components according to the relevant IEC standard
Pins of applignce inlets according to IEC 60320-1::

— for very hot conditions 155

— for hot congitions 120

— for cold copditions 70

Bare Termingls (Terminal material) according to IEC 60947-1:

— Bare coppér 100

— Bare brasg 105

— Tin plated popper.or brass 105

— Silver platqd or nickel plated copper or brass 110

— Other metals a

a Temperature limits to be based on service experience or life tests but not to exceed 105 °C.

Table 18DV D1 Modify Table 18 by replacing with Table 18DV:
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Table 18DV — Maximum temperatures

Maximum Temperature
Part (Tmax)
°C

Windings, if the winding insulation according to IEC 60085 is:

— class 105 (A) 90

— class 120 (E) 105

- class 130 (B) 120

— class 155 (F) 130

— class 180 (H) 155

- class 200 (N) 180

- class 220 (R) 200

— class 250 |C) 220

— class 240 S) 220

— class 240 |C) Over 240
Components according 1o the relevant|IEC or UL

standard

Pins of appliance outlets 70

Bare Termirjals (Terminal material) according to IEC 60947-1:

— Bare copger 100

— Bare bras 105

— Tin plated|copper or brass 105

— Silver plated or nickel plated copper or brass 110

— Other metpls a

2 Temperatyre limits to be based on service experience or life tests but not to exceed 105 °C.
4.21 Currgnt overload
4.21.1 Prefmeasurements
The measyrements prescribed in the detail specification shall be made.
4.21.2 Tesgt method
The filter shall be mounted in‘the manner specified in the relevant specification in free air at @n ambient

temperaturg not less than(20°C.

Filters withput integralovercurrent protection shall be tested with 135 % of its RATED CURRENT unl
value is spgcified-in-the relevant specification. For a filter with integral overcurrent protection, t
current shdll be 135 % of the overcurrent protective device rating.

2SS a larger
he overload

The overload test current is to be applied for 1 hour for test currents up to 81 A and 2 hours for test
currents greater than 81 A. The integral overcurrent protective device shall be shunted out of the circuit

for this test.
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4.21.3 Final inspection, measurements and requirements

Immediately after the test the insulation resistance shall be measured according to 4.7. The values for

Test A, B and C shall not be less than 3,5 MQ.

The filters shall be visually examined according to 4.2.1. There shall be no evidence of ignition, no sealant

leakage, no cracking, no breakage or similar physical damage and any marking shall be legible.
4.22 LEAKAGE CURRENT

The calculation of LEAKAGE CURRENT is given in the Annex A.

4.22DV D1 Modify Clause 4.22 by replacing with Clauses 4.22DV.1 through,4.22DV.1.7.

As|an alternative, leakage current testing may be performed as specified.-below:

DV.1 Leakage current test

4.22DV.1.1 Leakage current refers to all currents, including capacitively coupleg¢l currents,
thgt may be conveyed between exposed surfaces of a filter and ground or other exposed

surfaces of a filter.

4.22DV.1.2 All exposed surfaces and the receptacle grounding contact, if provifled, are to
be|tested for leakage current. The leakage currents-from these surfaces, and a|grounding

collectively if simultaneously accessible;>and from one surface to

nother if

contact, are to be measured to the grounded supply conductor individually{s well as
ultaneously accessible. Parts are to be considered exposed surfaces unlegs guarded

by|an enclosure considered acceptable for.protection against electric shock. Surfaces are
to be considered simultaneously accessible if they can be readily contacted by gne or both

4.22DV.1.3 If a surface other than’metal is used for the enclosure or part of the enclosure,

leakage current is to be measured using metal foil having an area of 10 by 20 cm in

contact with the surface. If\the surface is less than 10 by 20 cm, the metal foil is to be the
saine size as the surface.“Fhe metal foil is not to remain in place long enough tg affect the

temperature of the filter.

DV.1.4 The measurement circuit for leakage current is to be as shown| in Figure

4.22.1DV for.single-phase filters, and Figure 4.22.2DV for three-phase filters. The
measurement-instrument is defined in (a) — (d) of this paragraph. The meter that|is actually
us¢d for.a~measurement need only indicate the same numerical value for a* particular

measurement as would the defined instrument. The meter used need not h
attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 Q resistive shunted by a

capacitance of 0,15 pF.

b) The meter is to indicate 1,11 times the average of the full-wave rectified

composite waveform of the voltage across the resistor or current through the

resistor.

ve all the
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c) Over a frequency range of 0 — 100 kHz, the measurement circuitry is to have a
frequency response — ratio of indicated to actual value of current — that is equal
to the ratio of the impedance of a 1500-Q resistor shunted by a 0,15-pyF capacitor
to 1500 Q. At an indication of 0,5 mA, the measurement is to have an error of not
more than 5%.

d) Unless the meter is used to measure leakage from one part of a filter to
another, the meter is to be connected between accessible parts and the grounded
supply conductor.
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Figure 4.22.1DV - Single-phase leakage-current measurement circuits
PRODUCT METER
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o another.
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Figure 4.22.2DV - Three-phase leakage-current measurement circuit

FILTER
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L
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s

3 PHASE,WYE, 4—WIRR “SUPPLY

SB1791

4.22DV.1.5 A representative filter is toxbe tested for leakage current starting with the
asqreceived condition — as received being without prior energization except as may occur
as |part of the production-line testing.<’but with its grounding conductor circuit gpen at the
test receptacle. The supply voltage is to be adjusted to: 120 V for a filter rated bElween 110

ang 120 V, 240 V for a filter rated-between 220 and 240 V, and the rated voltage marked on
thg filter for any other voltage. The test sequence with reference to the appropriate
melasuring circuit is to bé as follows:

a) For singlesphase filters:
1):Using the appropriate circuit from Figure 4.22.1DV and, with switch S1

open, the filter is to be connected to the measuring circuit. Leakage
current is to be measured using both positions of switch S2.

2) Switch S1 is then to be closed energizing the filter and, within a period

of

switch S2.

3) The leakage current is to be monitored until the leakage current
stabilizes or decreases. Both positions of switch S2 are to be used in
determining this measurement.
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b) For three-phase filters, the measurements are to be made when the leakage

current has stabilized using Figure 4.22.2DV, with each of the switches

SA, SB,

and SC open in turn and the other two switches closed. The filter enclosure or
other dead metal parts intended to be grounded are not to be connected to

ground, except through the measuring circuit during the test.

4.22DV.1.6 The test filter is to be installed in a manner so that all parallel ground paths are

eliminated.

4.22DV.1.7 Normally a filter is to be carried through the complete leakage-current test
program, without interruption for other tests. With the concurrence of those concerned,

th
nonhdestructive tests.

4.23 PROTEETIVE CONDUCTOR RESISTANCE
A current
of at least yith a minimum of 25 A is passed between the earthing terminal gr.earthing conta
of the accegssible metal parts in turn.

The voltag¢ drop between the earthing terminal of the appliance or the earthing contact of th
inlet and the accessible metal part is measured. The resistance ealculated from the curre
voltage drop shall not exceed 0,1 Q.

NOTE 1 In case of doubt, the test is carried out until steady conditions have been established.

NOTE 2 In sgme countries, the term “Grounding Continuity” is used‘instead of “PROTECTIVE CONDUCTOR RESISTANCE”.
y

ling other

rived from a source having a no-load voltage not exceeding 12 V (&'¢-"or d.c.) arld a current

t and each

b appliance
nt and this
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4.24 Impu

Ise voltage

4,241 General

This test is

4.24.2 Initi

to be carried out as a sequence with the endurance test described in 4.25.

al measurements

Initial measurements have been made in Group 0 of Table 3 and Table 4.

4.24.3 Test conditions

Filters shal
Each indiv
between im
Table 1 an

The front ti

t, = (t9o — #4o) x 1,67 according to 18.1.4 of IEC 60060-1:2010.

For the def

The wavef
Annex C.

Before use

be submitted to an impulse voltage test.

dual filter shall be subjected to a maximum of 24 impulses of the same polarity
pulses shall not be less than 10 s. The peak value of the voltage impulse-shall be
j Table 2.

Mme 1, is defined as:

nition of the time to half-value ty see 18.1.6 of IEC60060-1:2010.

brm will be determined by the test circuit parameters. Details of the test circuit g

the functioning of the circuit shall be checked using Cy values of 0,01 pF and 0,1

. The time
as given in

re given in

UF, and the

values for the other circuit elements as given incfable C.1. The front time { and time to half-value t; shall

be within O
be high pe

If the wavdg

Upp, shall pot be greater than 10 %-of the peak voltage of the impulse Ugg (see Figure 4).

% + 50 % of the values given in Table C.2. The capacitors Cy used for this check
mittivity ceramic.

form from the check shows~“a damped oscillation, the peak-to-peak value of this

should not

oscillation,
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Figure 4 — Impulse wave form
A
— U

o ” CR

(®)]

S

=

Upp
Time

su0p42 IEC 26p/05
4.24.4 Requirements
There shall be no permanent breakdown or flashover.
If any threge successive impulses are_shewn by the oscilloscope monitor to have had g waveform
indicating that no self-healing breakdawns or flashovers have taken place in the filter, ther] no further
impulses shall be applied and the filter shall be counted as conforming.
If all 24 impulses have been_ applied to the filter and three or more of them are of a waveform indicating
that no sdlf-healing breakdowns or flashovers have occurred then the filter shall be ¢ounted as
conforming} but if less than“three impulses are of the required waveform then the filter shall pe counted
as a non-cpnforming-item.
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4.25 Endu

rance

4.25.1 General

This test shall be carried out within one week of the completion of the impulse voltage test.

4.25.2 General test conditions

The filters shall be mounted in a test chamber using such heat-sinking arrangements specified by the
detail specification as appropriate for normal use with the filter at the current and temperature specified it

the test.

The duratig

n of the test, the value(s) of the applied voltage, current, and the chamber tempg

which it shall be conducted, shall be prescribed in the relevant specification.

The filters 3
with a mini

The filters
adequate t
any point W

After the sq
testing.

4.25.3 Tes

This test is|
and f).

This test is

The filters
detail spec
the test.

After the ¢
the filters.

specifies th
UPPER CATE(Q
CATEGORY TH

hall be placed in the test chamber in such a manner that no extra heating-of the fil
mum distance of 25 mm between them.

shall not be heated by direct radiation and the circulation of théair in the chamk
b prevent the temperature from departing by more than 3 °C ftem the specified ten
here components may be placed.

ecified period, the filters shall be allowed to recoverander standard atmospheric cd

t conditions — current test

not applicable to filters with raTED curreNT > 0,5 A. See Table 3 and Table 4, foot

omitted if a combined voltage/current endurance test is carried out according to 4

Shall be mounted in the test-chamber using such heat-sinking arrangements spec
fication as appropriate, fornormal use with the filter at the current and temperature

hamber has been stabilised at the test temperature, the test current shall be pass
The frequency’ of the test current shall be 50 Hz or 60 Hz unless the detail s
at the rafeb-FrequeNncy shall be used. If the detail specification specifies a non-zer
ORY TEMRERATURE, then half the sample shall be tested at 1,1 times this current 4
VMPERATURE and half at 1,1 times the rRaTeED cuURReNT at the RATED TEMPERATURE; otherwis

sample shg

rature(s) at

ers OCcurs,

er shall be
perature at

nditions for

hotes d), e)

25.6.

ified by the
specified in

ed through
pecification
b current at
t the urPer
e the whole

INbe tested at 1,1 times the RATED CURRENT at the RATED TEMPERATURE.

A fuse or other suitable device may be connected in the circuit of each filter to indicate if failure occurs.

After 1 000 h, the filters shall be allowed to recover for 1 h to 26 h and shall then meet the requirements

of 4.25.7.
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4.25.4 Test conditions — voltage test, terminations/case

This test is not applicable for filters without Y-capacitors (in a plastic or metal case). For filters where one
terminal is the metal case, e.g. feed-through-filters, see 4.25.5.

The filters shall be submitted to an endurance test of 1 000 h at the uPPER CATEGORY TEMPERATURE, Unless a
higher temperature has been specified in 4.20.3, when the endurance test shall be carried out at this
higher temperature. The voltage applied shall be 1,7 Ug at 50 Hz or 60 Hz, except that once every hour
the voltage shall be increased to voltage Us r.m.s. for 0,1 s, where Us = 1,5 x Ug or 1 000V r.m.s.,
whichever is higher. Each of these voltages shall be applied to each filter individually between the line
terminals connected together and the case and earth terminal connected together through a resistor of 47

o, H I I} H A o
Q i— 5 /O. T IS CITCUIU TS STTOWIT 1T ATITISA U,

The test ¢
switching.
voltage pro

D.C. FILTERS
A fuse or g

After 1 000
of 4.25.7.

4.25.5 Tes

This test is
filters shall
temperatur
temperatur:
voltage shg
is higher. B
to be conn
above 100
is shown in

The test ¢
switching. ]
voltage prdg

D.C. FILTERS

rcuit should be designed so that voltage transients and current surges are“avo
[his may be achieved by discharging the capacitance of the filter before switching
using d.c. rated voltage instead of Ug, without voltage increased to, ¥Us.

ther suitable device may be connected in the circuit of each-filter to indicate if fail

h, the filters shall be allowed to recover for 1 h to 26,h and shall then meet the rg

t conditions — voltage test between terminations

omitted if a combined voltage/current endirance test is carried out according to
be submitted to an endurance test of 1 Q00 h at the UPPER CATEGORY TEMPERATURE, UNIg
b has been specified in 4.25.3, whenthe endurance test shall be carried out at
. The voltage applied shall be 1,25 Ug at raTED FREQUENCY, except that once eve
Il be increased to voltage Us ram.s. for 0,1 s, where Ug = 1,5 x Ug or 1 000V r.m.s.
ach of these voltages shall be-applied to each filter individually across the termina

Hz a resistor of lower value than 47 Q may be prescribed by the detail specification
Annex D.

rcuit should bé_designed so that voltage transients and current surges are avo
[his may be.achieved by discharging the capacitance of the filter before switching

using d.c. rated voltage instead of Ug, without voltage increased to Us.

ded during
to the new

vided that the total time taken to change over to Ug r.m.s. and back dees-not exce¢ed 30 s.

Ure occurs.

quirements

1.25.6. The
ss a higher
this higher
ry hour the
whichever
s designed

bcted to the mains supplythrough a resistor of 47 Q £ 5 %. For frequencies of {est voltage

The circuit

ded during
to the new

vided that«he total time taken to change over to Us r.m.s. and back does not exc¢ed 30 s.

A fuse or other suitable device may be connected in the circuit of each filter to indicate if failure occurs.

After 1 000 h, the filters shall be allowed to recover for 1 h to 26 h and shall then meet the requirements
of 4.25.7.
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4.25.6 Test conditions — combined voltage/current tests

For some types of filter, such as coaxial lead-through filters, it is possible without difficulty to apply both
test voltage and current to the filter at the same time. The circuit shall be arranged so that the current is
applied continuously during the voltage switching described in Annex D. If prescribed in the detail
specification, a combined endurance test of 1 000 h may be carried out instead of the tests of 4.25.3 and
4.25.5 using the number of samples appropriate for the test of 4.25.4 The filters shall be mounted as in
4.25.2. Half of the sample shall be tested at the ratep TEMPERATURE, With 1,1 times the RAaTED currenT; the
other half shall be tested at the urPER cATEGORY TEMPERATURE, With 1,1 times the specified current at the uppeR
CATEGORY TEMPERATURE (Which current may be zero). For both halves of the sample, a voltage shall also be
applied as prescribed in 4.25.5, if a cAPACITOR OF cLASS x is under test, or as in 4.25.4, if a CAPACITOR OF CLASS
Y is under fest:

A fuse or dther suitable device may be connected in the circuit of each filter to indicaté. if failure occurs.

After 1 00Q h the filters shall be allowed to recover for 1 h to 26 h and shall then-meet the rg

of 4.25.7.

quirements

4.25.7 Fingl inspection, measurements and requirements

The filters 4
shall be leg

hall be visually examined according to 4.2.1. There shall be no visiBLe bamAGE and 4
ible.

ny marking

The voltagg proof test according to 4.8 shall be carried out with 66 % of the voltage as specified in Table

12. There {

The insula
applicable

The d.c. lin
original lim

The inductance shall be measured according to 4.3. The value shall be within the original limif

in the deta

The capaci
in the deta

hall be no permanent breakdown or flashover.

ion resistance shall be measured accordifg to 4.7. The value shall exceed 5
imit given in Table 10.

e resistance or voltage drop shall be*measured according to 4.9. The value shall b
t prescribed in the detail specification.
| specification.

ance shall be measured according to 4.5. The value shall be within the original limit
| specification.

D % of the

e within the

prescribed

prescribed
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4.26 Charge and discharge (for performance only)

4.26.1 General

In order to connect the filter as a capacitor, as required for the test, each supply input termination shall be
electrically connected to its corresponding output termination, and the measurements made across the
supply terminations.

4.26.2 Test circuits and wave forms

Suitable test circuits are shown in Figure 5 and Figure 6.

Figure 5 — Relay circuit

Motor driven

Charge :

resistor , switch
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— .

. Discharge
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under test
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Figure 6 — Thyristor circuit

Charge
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The voltage and current waveforms across and through the filter under test are approxinately as in

Figure 7.



https://ulnorm.com/api/?name=UL 60939-3 2017.pdf

68

UL 60939-3

JULY 22, 2016

Figure 7 — Voltage and current waveforms
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4.26.3 Information given in detail specification
The following information shall be given in the detail specification:
a) the charge time constant arising from the internal resistance of the power supply, the
resistance of the charge circuit and the capacitance of the filter under test;
b) the discharge time constant arising from the resistance of the discharge circuit and the
capacitance of the filter under test;
c) the voltage to be applied during the charge period if different from the rated voltage;
d) the number of cycles of the test;
e) the duration of the charge period;
f) the duration of the discharge period;
g) the repetition rate (cycles per second);
h) fest temperature, if different from standard atmospheric conditions for testing.
4.26.4 Initinl measurements
The capacitance shall be measured in accordance with 4.5.
4.26.5 Tegt conditions
The filters $hall be subjected to 10 000 cycles of,charge and discharge at the rate of approxjmately one
operation ger second.
Each cycle|shall consist of charging and-discharging the filter. For a.c. rated filters the test vpltage shall
be
V2% Ug
Each filter ghall be individually charged by applying the test voltage through a resistor with the value
R % (220 x 10-%)/C Q
or the valug reguired to limit the charge current to 1 A (or to the higher current value given in the detalil
specification)\whichever resistance value is the greater. Cis the capacitance in farads measurdd in 4.26.4.

Each filter shall be individually discharged through a resistor of such a value that the rate of change of
voltage (dU/dt) shall not be less than 100 V/us or greater than 130 V/ps.

If it is impossible to achieve a discharge rate of 100 V/us because of internal resistance in the filter, the
filter shall be discharged through a short circuit.
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4.26.6 Final measurements and requirements

The filter connected as a capacitor shall be measured and shall meet the requirements of Table 19.

Table 19 — Measurements and requirements after charge and discharge

Inspection or measurement Inspection or measuring Requirement
method
Capacitance 4.5 The difference between the capacitances measured finally
and in 4.26.4 shall not exceed 10 %.
Insulation resistance 4.7 Greater than 50 % of the applicable limits of Table 10.

4.27 passi
4271 Ge
If the filter

4.2

If n
4.27.2 Teg
42721 G
The filters
42722 T
Three sped

42723 T

FLAMMABILITY
eral
s within a closed metal case without ventilation slots, this test is notrequired.
7.1DV D1 Modify Clause 4.27.1 by replacing it with the following:
haterial is rated 94V-O this test is not necessary.
t method
eneral
bhall undergo the needle flame test of IEC-.80695-11-5, with the following requirem
bst specimen
imens of each case size contained in the test sample shall be tested.

pst description

The specinjen under test shall be held in the flame in the position where it is most likely to b

be necess3
once to the

The burnin
of flammab
ignite.

ry to establish this-position by a preliminary experiment. Each specimen shall be e
flame. For the(time of exposure, see Table 20.

ility as prescribed in the relevant specification. The tissue paper under the specim

ents:

urn. It may
posed only

j time shall-not be exceeded as given in Table 20 for the specimen volume and the category

en shall not
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Table 20 — Categories of flammability

Flame exposure time, in seconds, for specimen volume Max. burning Additional
ranges time requirements
Category .of mm?3
flammability
volume 250 < volume | 500 < volume Volume
< 250 < 500 <1750 > 1750 S
A 15 30 60 120 3 Burning droplets or
B 10 20 30 60 10 glowing parts falling
C 5 10 20 30 30 down ghall not ignite the
tissue paper
4.28 ACTIVE| FLAMMABILITY

This test is

This test i
specificatio

If the filter i
capacitors

If capacitor
test accord

they have Ibeen removed filter.
4.29 Solvént resistance of the marking

4.29.1 General

This test is

4.29.2 Tes

The filters

not applicable to filters that do not incorporate capacitors.

h under 4.18 of IEC 60384-14:2013.

ised.

ng to 4.18 of IEC 60384-14:2013 shall be conducted/on the individual capacitors

applicable only if prescribed in the detail specification.

t description

bhall be subjected to, Test XA of IEC 60068-2-45 with the following details:
solvent to be used:/see 3.1.2 of IEC 60068-2-45:1980 and Am1 ed1.0:1993;
bolvent temperature: 23 °C + 5 °C;

conditioning: method 1 (with rubbing);

not required for filters that incorporate capacitors that have been-gualified to the detailed

S within a closed metal case without ventilation slots, this test.is, not required regarglless of the

s which do not follow 4.18 of IEC 60384-14:2013 arewused in a filter without metal case, the

n turn after

e)

ubbing

matarial- cotton wool:
ateHa- HOHW 15

LLRAC)

recovery time: not applicable unless otherwise stated in the detail specification.
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