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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-19: Testing and measurement techniques — Test for immunity
to conducted, differential mode disturbances and signalling in the
frequency range 2 kHz to 150 kHz at a.c. power ports

FOREWORD

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 standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

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

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable-efforts-are/made to ensure that the technical content of IEC
Publications is accurate, IEC cannot“be ‘held ‘responsible” for thé“way in which they are used or for any
misinterpretation by any end user.

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

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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 61000-4-19 has been prepared by subcommittee 77A: EMC — Low
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-19 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.
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The text of this standard is based on the following documents:

FDIS Report on voting
77A/845/FDIS 77A/854/RVD

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

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

A list of all parts in the IEC 61000 series, published under the general title Electromagnetic
compatibility (EMC), can be found on the IEC website.

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

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The 'colour inside’ logo on the cover page of this publication indicates
that it contains colours which lare)l(considered to be useful for the correct
understanding of lits/contents:) Usersoshould / therefore -print ithis7document using a
colour printer. :
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INTRODUCTION

IEC 61000 is published in separate parts, according to the following structure:

Part 1: General
General considerations (introduction, fundamental principles)
Definitions, terminology

Part 2: Environment
Description of the environment
Classification of the environment

Compatibility levels

Part 3: Limits
Emission limits
Immunity limits (in so far as they do not fall under the responsibility of the product
committees)
Part 4: Testing and measurement techniques
Measurement techniques
Testing techniques

Part 5: Installation and mitigation guidelines
Installation guidelines
Mitigation methods and devices

Part 6: Generic standards
Part 9: Miscellaneous

Each part is further subdivided into several parts, published either as international standards
or as technical specifications or technical reports, some of which have already been published
as sections. Others are published with the part number followed by a dash and a second
number identifying the subdivision (example: IEC 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-19: Testing and measurement techniques — Test for immunity
to conducted, differential mode disturbances and signalling in the
frequency range 2 kHz to 150 kHz at a.c. power ports

1 Scope

This part of IEC 61000 relates to the immunity requirements and test methods for electrical
and electronic equipment to conducted, differential mode disturbances and signalling in the
range 2 kHz up to 150 kHz at a.c. power ports.

The object of this standard is to establish a common and reproducible basis for testing
electrical and electronic equipment with the application of differential mode disturbances and
signalling to a.c. power ports. This standard defines:

— test waveforms;

— range of test levels;

— test equipment;

— test setup;

— test procedures;

— verification procedures.

These tests are intended to demonstrate the immunity of electrical and_electronic equipment
operating at a mains supply voltage up 10280V (from phase to neutral‘or phase to earth, if no
neutral is used) and a frequency of 50 Hz or 60 Hz when subjected to conducted, differential
mode disturbances such as those originating from power electronics and power line
communication systems (PLC).

NOTE In some countries, the maximum voltage can be as much as 350 V from phase to neutral.

The immunity to harmonics and interharmonics, including mains signalling, on a.c. power
ports up to 2 kHz in differential mode is covered by IEC 61000-4-13.

Emissions in the frequency range 2 kHz to 150 kHz often have both differential mode and
common mode components. This standard provides immunity tests only for differential mode
disturbances and signalling. It is recommended to perform common mode tests as well, which
are covered by IEC 61000-4-16.

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 Ilatest edition of the referenced document (including any
amendments) applies.

IEC 61000-4-13:2002, Electromagnetic compatibility (EMC) — Part 4-13: Testing and
measurement techniques — Harmonics and interharmonics including mains signalling at a.c.
power port, low frequency immunity tests

Amendment 1:2009

IEC 61000-4-16:1998, Electromagnetic compatibility (EMC) — Part 4-16: Testing and
measurement techniques — Test for immunity to conducted, common mode disturbances in
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the frequency range 0 Hz to 150 kHz
Amendment 1:2001
Amendment 2:2009

3 Terms and definitions

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

NOTE The terms apply to the restricted field of conducted, differential mode disturbances and signalling in the
range of 2 kHz up to 150 kHz (not all of these definitions are included in IEC 60050-161).

3.1 Terms and definitions

3.1.1

auxiliary equipment

AE

equipment that is necessary for setting up all functions and assessing the correct
performance (operation) of the EUT (equipment under test) during the test

3.1.2
port
particular interface of the specified equipment with the external electromagnetic environment

3.1.3
a.c. power port
port of connection to power supply networks

3.1.4
coupling
interaction betweencircuits|dransferringenergy from/one circuitto’another

3.1.5
coupling network
electrical circuit for the purpose of transferring energy from one circuit to another

3.1.6

immunity (to a disturbance)

ability of a device, equipment or system to perform without degradation in the presence of an
electromagnetic disturbance

[SOURCE: IEC 60050-161:1990, 161-01-20]

3.1.7

differential mode voltage

symmetrical voltage

voltage between any two of a specified set of active conductors

[SOURCE: IEC 60050-161:1990, 161-04-08]

3.1.8
differential mode current

Ipiss
in a two-conductor cable, or for two particular conductors in a multi-conductor cable, half the
magnitude of the difference of the phasors representing the currents in each conductor

[SOURCE: IEC 60050-161:1990, 161-04-38]
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3.1.9
load current

ILoad
for the EUT which has a dedicated a.c. current measurement port, this is the current at power

frequency flowing through the current path of the EUT, e.g. in an electricity meter, typically
the load current I ;4 is flowing through the live wires Ly to Lg1 of the meter

3.2 Abbreviations

BB Broadband

CDN Coupling/decoupling network
Cw Continuous wave

EUT Equipment under test

LV Low voltage

MV Medium voltage

NB Narrowband
PLC Power line communications
4 General

Conducted, differential mode disturbances and signalling in the frequency range 2 kHz up to
150 kHz may influence the - performance, of .equipment.and systems installed in all
electromagnetic environments. ‘Therefore/ ‘in" this ' frequency "'range, differential mode
disturbances and signalling are to be taken into,account.

As coupling of these disturbances and signalling could be very strong for a.c. power ports but
is only relatively weak for all the other ports/the requirements of this standard apply to a.c.
power ports only. :

The disturbances and signalling are typically generated by:

— power line communication systems;
— power electronic equipment (e.g. power converters, lighting).

Annex A contains information on the interference sources, victims and effects.

Annex D provides the rationale for the test wave profiles and some recommendations for the
choice of the tests.

Adequate immunity to these differential mode disturbances and signalling is necessary. To
verify such immunity, two tests for voltage and current are defined in this standard, both in the
frequency range from 2 kHz to 150 kHz:

— a sweep test performed with CW (continuous wave) pulses with pauses between each
pulse;

— a test performed with blocks of rectangularly modulated pulses with four different
modulation frequencies.

Typically, voltage tests apply to all equipment, while current tests are intended for equipment
with an a.c. current measurement port, such as an electricity meter.

Product committees are free to choose between voltage and current tests, test levels, type of
modulation and modulation frequencies.

Nevertheless, it is recommended to perform immunity tests including at least a sweep test
performed with CW pulses with pause and another test with rectangularly modulated pulses
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with modulation frequencies of 3 Hz and 101 Hz for power frequency at 50 Hz (or 4 Hz and
121 Hz at 60 Hz) which reflect the interference due to inverters and mains communication
systems.

NOTE Test levels proposed in Clause 5 may be revised in the future in order to take into account work underway
on compatibility levels (IEC 61000-2-2 and IEC 61000-2-12).

5 Test levels and wave profiles in the frequency range 2 kHz to 150 kHz

5.1 Test levels for differential voltage testing
5.1.1 General

Test levels for differential voltage testing to a.c. power ports in the frequency range from
2 kHz up to 150 kHz are given in Table 1.

A guide for the selection of the test level is given in Annex B.

The level in column 1 of Table 1 makes reference to the environment class (Class 1, Class 2,
etc.) defined in Annex B. Table 1 gives the preferred values of test voltage levels for
equipment used in the corresponding environment class.

Table 1 — Test levels in the 2 kHz to 150 kHz
frequency range for differential voltage testing

Open circuit unmodulated test voltage
Level V(R.m.8))
2 kHz to 9 kHz 9 kHz to 95 kHz 95 kHz to 150 kHz
1 0,5 0,5 to 0,1 _ i 0,1
2 3 . 31t00,6 0,6
3 12 12t0 2,4 2,4
4 20 20to 10 10
xa Special Special Special
a ">t<" ((;andbe any level, above, below or in between the others. The level shall be specified by the product
standard.

As shown in Figure 1, where the profile for each of the open circuit test voltage defined in
Table 1 in relation to the frequency is given, the test voltage varies with frequency as follows:

e the level is constant from 2 kHz to 9 kHz;

e the logarithm of the level decreases linearly with the logarithm of the frequency from 9 kHz
to 95 kHz;

e the level is constant from 95 kHz to 150 kHz.
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Figure 1 — Frequency vs. amplitude profile for differential voltage testing

On the basis of investigations currently available (see Annex A), differential mode tests with
two types of modulation are required: one with CW pulses with pauses between each pulse
(5.1.2, respectively 5.2:2), and_another with blocks,of rectangularly modulated pulses (5.1.3,
respectively 5.2.3 ).

5.1.2 Test wave profile with CW pulses with pause

The test is carried out by applying a sequence-of pulses of a sinusoidal signal (CW) with an
increasing frequency!f; ranging from-2°kHzt0"150"kHz ‘and pauses’'of 'a defined duration as
follows (see also Figure 2):

Each CW pulse has a duration (dwell time) of 7, ;.

Between each CW pulse the level of the test signal (voltage or current) is zero for a period
of Thause = 300 ms with a tolerance of + 200 ms.

The dwell time T, shall not be less than the time necessary for the EUT to be exercized
and to respond, but shall not be less than 3 s. Product committees may consider requiring
longer dwell times.

The duration of one test cycle for a specific CW test frequency is Tpise * Tpause.

The start frequency of the CW test signal shall be 2 kHz and the frequency of the
successive CW test signals shall be increased by 2 % with respect to the previous test
frequency: f, = 1,02 f;_4.

The turn-off times at the end of a CW pulse (start of the pause) and the turn-on times at
the beginning of a CW pulse (end of the pause) of the test voltages (at frequencies f, fi41,
....) need not be synchronized with the zero crossings of the CW test signal.
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fi fir1=/ix 1,02

A\ 4

Tpulse TPU|59

Tpause TPE!USe

IEC 1448/14

Figure 2 — Test wave profile with CW pulses with pause

5.1.3 Test wave profile with rectangularly modulated pulses

The test is performed by applying a sequence of pulses with an increasing frequency ranging
from 2 kHz to 150 kHz that is pulse-modulated with four different modulation frequencies with
a duty cycle of 50 % as follows (see also Figure 3):

e The sequence of pulses at frequency f; for a chosen modulation frequency has a duration
(dwell time) of Ty,e = 3 S.

e The start frequency of the pulses shall be 2 kHz and the frequency of the successive
sequence of pulses shallbeyincreased by,2 9% with"respect/to [the /previous frequency: f; =
1,02 f;_4. Between two dwell times there is a pause of 300 ms with a tolerance of + 200 ms.
For the four specified tests Zwith | rectangularly | niodulated pulses, the modulation
frequencies f,,oq depend on the applicable mains power frequency as follows:

50 Hz: 3 Hz; 101 Hz; 301 Hz; 601 Hz,
60 Hz: 4 Hz; 121'Hz;"361 Hz; 721 Hz.

e The modulation period T,,,4 for a certain modulation frequency f,,,4 has the following
relation: T1,04=1/ fmod

e The turn-off times at the end of a pulse and the turn-on times at the beginning of a pulse
need not be synchronized with the zero crossings of the pulses.

y fie1 =% 1,02

~ Y

Tmod

waell T, ause waell
- —> - P > -

IEC 1449/14

Figure 3 — Test wave profile with rectangularly modulated pulses
for differential voltage testing

5.2 Test levels for differential current testing
5.2.1 General

Table 2 shows the test levels in the 2 kHz to 150 kHz frequency range for differential current
testing.
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A guide for the selection of the test level is given in Annex B.

The level in column 1 of Table 2 makes reference to the class environment (Class 1, Class 2,
etc.) defined in Annex B. Table 2 gives the preferred values of test current levels for
equipment used in the corresponding class environment.

Table 2 — Test levels in the 2 kHz to 150 kHz
frequency range for differential current testing

Unmodulated current in A (r.m.s.)
Level
2 kHz to 30 kHz 30 kHz to 150 kHz

1 1 0,5

2 2 1

3 3 1,5

4 4 2

Xa Special Special

At the transition frequency, the higher level applies.

a8 "X" can be any level, above, below or in between the others. The level shall be specified by the product
standard.

Two types of differentialicurrent testimoedulation are, defined, one withjCW pulses with pauses
between each pulse (5.2.2), and another with blocks of rectangularly modulated pulses (5.2.3).
Product committees shall definefif only,0ne,or bothimodulation types shall be applied.

5.2.2 Test wave profile with CW pulses with pause
The same test wavelprofile“as 'defined for differential -voltage festing in5.1.2 is applicable.

Product committees may define frequency-'step' sizes 'smaller than specified in 5.1.2. As an
example, this test profile is applied for electricity meters.

5.2.3 Test wave profile with rectangularly modulated pulses
The same test wave profile as defined for differential voltage testing in 5.1.3 is applicable.
Product committees may define frequency step sizes smaller than specified in 5.1.3.

6 Test equipment

6.1 Test generators
6.1.1 General

The features of the test generator for differential voltage testing are given in 6.1.2. The
features of the test generator for differential current testing are given in 6.1.3.

All the generators shall have provisions to prevent emissions which, if injected in the power
supply network, may influence the test results.

A single electronic a.c. power source for both the differential voltage test and for the
differential current test can be used as test generator. For the differential test voltage
generator, the values of C and L included in Figure 4 are determined by the performance
requirements.
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