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Voltage dips, short interruptions and voltage variations immunity
tests for equipment with input current up to 16 A per phase

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 expressgas’nearly as possible, an international
consensus of opinion on the relevant subjects since each technicalh\committee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC Natiohal Committees undertake to apply IEC Publications
transparently to the maximum extent possible in theif 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*cenformity. Independent certification bodies provide conformity
assessment services and, in some areas, aceess 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 shalt*hot be held responsible for identifying any or all such patent rights.

DISCLAIMER

This Redline version is not an official Standard and is intended to provide the user
with an indication of what changes have been made to the previous version. Only the
IEC International Standard provided in this package is to be considered the official
Standard

This Redline version provides you with a quick and easy way to compare all the changes
between this standard and its previous edition. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.


https://iecnorm.com/api/?name=66922b78dad9115eea1c80c5372676a0

IEC 61000-4-11:2020 RLV © IEC 2020 -5-

International Standard IEC 61000-4-11 has been prepared by subcommittee 77A: EMC — Low
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-11 of IEC 61000. It has the status of a basic EMC publication in accordance with
IEC Guide 107.

This third edition cancels and replaces the second edition published in 2004 and
Amendment 1:2017. This edition constitutes a technical revision.

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

a) rise time and fall time of transients are now defined terms in Clause 3;

b) the origin of voltage dips and short interruptions is now stated in Clause 4.

The text of this International Standard is based on the following documents:

FDIS Report on voting
77A/1039/FDIS 77A/1056/RVD

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

This document has been drafted in accordance with the{!lSO/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 document will remain unchanged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in the data related to
the specific document. At this date, the document 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 are considered to be useful for the correct understanding
of its_contents. Users should therefore print this document using a colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Deafinitions tarminaloay
HHHHO-RAS—eHHRO+0gY

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 specifieations or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifyingithe subdivision (example: IEC 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-11: Testing and measurement techniques —
Voltage dips, short interruptions and voltage variations immunity
tests for equipment with input current up to 16 A per phase

1 Scope

This part of IEC 61000 defines the immunity test methods and range of preferred test levels for
electrical and electronic equipment connected to low-voltage power supply networks¢for voltage
dips, short interruptions, and voltage variations.

This document applies to electrical and electronic equipment having a rated-input current not
exceeding 16 A per phase, for connection to 50 Hz or 60 Hz AC networks.

It does not apply to electrical and electronic equipment for connection to 400 Hz AC networks.
Tests for these networks will be covered by future IEC documents;

The object of this document is to establish a common referénce for evaluating the immunity of
electrical and electronic equipment when subjected to voltage dips, short interruptions and
voltage variations.

NOTE 1 Voltage fluctuation immunity tests are covered by {EC 61000-4-14.

The test method documented in this documeht describes a consistent method to assess the
immunity of equipment or a system against'a defined phenomenon.

NOTE 2 As described in IEC Guide 107, this\is' a basic EMC publication for use by product committees of the IEC.
As also stated in Guide 107, the IEC product committees are responsible for determining whether this immunity test
standard should be applied or not, andg»if* applied, they are responsible for defining the appropriate test levels.
Technical committee 77 and its sub-committees are prepared to co-operate with product committees in the evaluation
of the value of particular immunity tests for their products.

2 Normative references

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

IEC_TRR-61000-2-8, Electromagnetic compatibility (EMC) — Part 2-8: Environment — Voltage dips
and ,short interruptions on public electric power supply systems with statistical measurement
results

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

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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31

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]

3.2

voltage dip

sudden reduction of the voltage at a particular point of an electricity supply system below a
specified dip threshold followed by its recovery after a brief interval

Note 1 to entry: Typically, a dip is associated with the occurrence and termination, of a short circuit or other extreme
current increase on the system or installations connected to it.

Note 2 to entry: A voltage dip is a two-dimensional electromagnetic disturbance, the level of which is determined
by both voltage and time (duration).

3.3

short interruption

sudden reduction of the voltage on all phases at@ particular point of an electric supply system
below a specified interruption threshold followed by its restoration after a brief interval

Note 1 to entry: Short interruptions are typically‘associated with switchgear operations related to the occurrence
and termination of short circuits on the system oron installations connected to it.

3.4
residual voltage
<voltage dip> minimum value of RMS voltage recorded during a voltage dip or short interruption

Note 1 to entry: The residual yeltage-may can be expressed as a value in volts or as a percentage or per unit value
relative to the reference voltage”

3.5

malfunction

the-terminatien-breakdown of the ability of equipment to carry out intended functions or the
execution of Unintended functions by the equipment

3.6
calibration
method to prove that the measurement equipment is in compliance with its specifications

Note 1 to entry: For the purposes of this document, calibration is applied to the test generator.

3.7

verification

set of operations which are used to check the test equipment system (e.g. the test generator
and the interconnecting cables) to demonstrate that the test system is functioning within the
specifications given in Clause 6

Note 1 to entry: The methods used for verification-may can be different from those used for calibration.

Note 2 to entry: The verification procedure of 6.1.23 is meant as a guide to ensure the correct operation of the test
generator and other items making up the test set-up so that the intended waveform is delivered to the EUT.
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3.8

rise time

interval of time between the instants at which the instantaneous value of a transition first
reaches a specified lower value and then a specified upper value

Note 1 to entry: The lower and upper values are fixed at 10 % and 90 % of the transition magnitude.

[SOURCE: IEC 60050-161:1990, 161-02-05]

3.9

fall time

interval of time between the instants at which the instantaneous value of a transition (first
reaches a specified upper value and then a specified lower value

Note 1 to entry: The lower and upper values are fixed at 10 % and 90 % of the transition magnitudes

Note 2 to entry: This definition is derived from IEC 60050-161:1990, 161-02-05.

4 General

Electrical and electronic equipment-may can be affected by voltage dips, short interruptions or
voltage variations of the power supply.

two-or-more-consecutive-dips-or-interruptions—-may-ogeut: Voltage dips and short interruptions
occur due to faults in a (public or non-public) netwotk or in installations by sudden changes of
large loads. In certain cases, two or more consegutive dips or interruptions can occur.Voltage

variations are caused by continuously varying’loads connected to the network.

These phenomena are random in nature atid can be minimally characterized for the purpose of
laboratory simulation in terms of the deviation from the rated voltage and duration.

Consequently, different types of tests are specified in this document to simulate the effects of
abrupt voltage change. These tests are to be used only for particular and justified cases, under
the responsibility of productspecification or product committees.

It is the responsibility ofithe product committees to establish which phenomena among the ones
considered in this document are relevant and to decide on the applicability of the test.

5 Testlevels

5.1 General

The voltages in this document use the rated voltage for the equipment (Ur) as a basis for the
voltage test level specification.

Where the equipment has a rated voltage range the following shall apply:

o if the voltage range does not exceed 20 % of the lower voltage specified for the rated voltage
range, a single voltage within that range may be specified as a basis for the test level
specification (Ut);

e in all other cases, the test procedure shall be applied for both the lowest and highest
voltages declared in the voltage range;

e guidance for the selection of test levels and durations is given in IEC TR 61000-2-8.
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5.2 Voltage dips and short interruptions

The change between Ut and the changed voltage is abrupt. The step can start and stop at any
phase angle on the mains voltage. The following test voltage levels (in % Ug) are used: 0 %,

40 %, 70 % and 80 %, corresponding to dips with residual voltages of 0 %, 40 %, 70 % and
80 %.

For voltage dips, the preferred test levels and durations are given in Table 1, and an example

is shown in Figure 1a) and Figure 1b).

For short interruptions, the preferred test levels and durations are given in Table 2, and an
example is shown in Figure 2.

The rise and fall time are detailed in Figure 3.

The preferred test levels and durations given in Table 1 and Table 2 take into account the
information given in IEC TR 61000-2-8.

The preferred test levels in Table 1 are reasonably severe, and are representative of many real
world dips, but are not intended to guarantee immunity to all voltage dips. More severe dips,
for example 0 % for 1 s and balanced three-phase dips, may be considered by product
committees.

The generator specification for voltage rise time, f,, @nd voltage fall time, #, during abrupt
changes is indicated in Table 4.

The levels and durations shall be given in.the product specification. A test level of 0 %
corresponds to a total supply voltage interruption. In practice, a test voltage level from 0 % to
20 % of the rated voltage may be considered as a total interruption.

Shorter durations in Table 1, in particular the half-cycle, should be tested to ensure that the
equipment under test (EUT) operates within the performance limits specified for it.

When setting performance criteria for disturbances of a half-period duration for products with a
mains transformer, product committees should pay particular attention to effects which-may can
result from inrush currents: For such products, these-may can reach 10 times to 40 times the
rated current becausé of the magnetic flux saturation of the transformer core after the voltage
dip.

High inrush @€urrents can also occur in products with capacitors (e.g. EMC filters, bridge
rectifiers cannected to DC capacitors).
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Table 1 — Preferred test levels and durations for voltage dips

Classa Test levels and durations for voltage dips (z,) (50 Hz/60 Hz)
Class 1 Case-by-case according to the equipment requirements
Class 2 0 % during 0 % during 70 % during 25/30° cycles
Y2 cycle 1 cycle
Class 3 0 % during 0 % during 40 % during 70 % during 80 % during
Y2 cycle 1 cycle 10/12¢cycles 25/30° cycles 250/300°¢ cycles
Class Xp X X X X X

Classes as per IEC 61000-2-4; see Annex B.

levels-must shall not be less severe than class 2.

"25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test".

To be defined by product committee. For equipment connected directly or indirectly to the public .network, the

Table 2 — Preferred test levels and durations for short interruptions

Class?a Test levels and durations for short interruptions (z.) (50 Hz/60 Hz)
Class 1 Case-by-case according to'the equipment requirements

Class 2 0 % during-250/300° cycles

Class 3 0 %during 250/300° cycles

Class Xb X

a  Classes as per IEC 61000-2-4; see Annex B.

b To be defined by product committee. For equipmeht'connected directly or indirectly to the public network, the
levels-must shall not be less severe than class 2!

¢ "250/300 cycles" means "250 cycles for 50 Hz test" and "300 cycles for 60 Hz test".

5.3

Voltage variations-(eptiehal)

This test considers a defined\transition between the rated voltage Ut and the changed voltage.

NOTE The voltage chande takes place over a short period, and-may can occur due to a change of load.

The preferred duration of the voltage changes and the time for which the reduced voltages are
to be maintainéd)are given in Table 3. The rate of change should be constant; however, the
voltage may be stepped. The steps should be positioned at zero crossings, and should be no
larger than\}0 % of Ut. Steps under 1 % of Ut are considered as constant rates of change of

voltage-

Table 3 — Timing of short-term supply voltage variations

Voltage test level

Time for decreasing
voltage (z,)

Time at reduced
voltage(z,)

Time for increasing
voltage (7;) (50 Hz/60 Hz)

70 %

Abrupt

1 cycle

25/30P cycles

xXa

Xa

Xa

Xa

a  To be defined by product committee.

b "25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test".

This shape is the typical shape of a motor starting.
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NOTE The voltage decreases to 70 % for 25 periods. Step at zero crossing.

a) Voltage dip: 70 % voltage dip sine wave graph at 0°

U (1)
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Key

t., (fall time

#

I rise time

tg duration of reduced voltage

b) Voltage dip: 40 % voltage dip sine wave graph at 90°

Figure 1 — Voltage dip - Examples
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Figure 2 — Short interruption
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fo f (1~5) ps Overshoot < 5%

< f < r > ___._/
— ;
90 %
10 %
/\_,, 11
Undershoot < 5% * with 100 Q load at 90° and 270°

IEC
Figure 3 — Detailed view of rise and fall time

Figure 4 shows the RMS voltage as a function of time. Other values ntay be taken in justified
cases and shall be specified by the product committee.
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t; Time for increasing voltage

t, Time at reduced voltage

Figure 4 — Voltage variation
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6 Test instrumentation

6.1 Test generator

6.1.1 General

- 17 -

The following features are common to the generator for voltage dips, short interruptions and

voltage variations, except as indicated.

Examples of generators are given in Annex C.

The generator shall have provisions to prevent the emission of heavy disturbances, which, if
injected in the power supply network,-may can influence the test results.

Any generator creating a voltage dip of equal or more severe characteristics (amplitude and
duration) than that-preseribed specified by the present document is permitted.

6.1.2

Characteristics and performance of the generator

Table 4 — Generator specifications

Output voltage at no load

As required in Table 1, 5 % of residual voltage value

Voltage change with load at the output of the generator
100 % output, 0 Ato 16 A
80 % output, 0 Ato 20 A
70 % output, 0 A to 23 A
40 % output, 0 A to 40 A

less than’5'% of U;
less than 5 % of Ur
less than 5 % of Ur

less than 5 % of U;

Output current capability

16 A RMS per phase at rated voltage. The generator
shall be capable of carrying 20 A at 80 % of rated value
for a duration of 5 s. It shall be capable of carrying 23 A
at 70 % of rated voltage and 40 A at 40 % of rated
voltage for a duration of 3 s. (This requirement may be
reduced according to the EUT's rated steady-state
supply current, see Clause A.3.)

Peak inrush current capability, (no“requirement for
voltage variation tests)

Not to be limited by the generator. However, the
maximum peak capability of the generator need not
exceed 1 000 A for 250 V to 600 V mains, 500 A for
200 V to 240 V mains, or 250 A for 100 V to 120 V
mains.

Instantaneous peakjovershoot/undershoot of the
actual voltage,(generator loaded with 100 Q resistive
load

Less than 5 % of U;

Voltage fige-(and fall) time ¢, (and ¢), see Figures 1Db)

and 2, 'during abrupt change, generator loaded with
100 Qresistive load

Between 1 us and 5 ps

Phase shifting (if necessary)

0° to 360°

Phase relationship of voltage dips and interruptions
with the power frequency

Less than +10 °

Zero crossing control of the generators

+10°

The output impedance shall be predominantly resistive.

The output impedance of the test voltage generator shall be low enough even during transitions

3 3 3
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NOTE4+ The 100 Q resistive load used to test the generator should not have additional
inductivity.

NOTE2 To test equipment which regenerates energy, an external resistor connected in parallel
to the load can be added. The test result-must should not be influenced by this load.

6.1.3 Verification of the characteristics of the voltage dips, short interruptions
generators

In order to compare the test results obtained from different test generators, the generator
characteristics shall be verified according to the following:

o the 100 %, 80 %, 70 % and 40 % RMS output voltages of the generator shall conform to the
percentages of the selected operating voltage: 230 V, 120 V, etc.;

e the 100 %, 80 %, 70 % and 40 % RMS output voltages of the generator shalh\be measured
at no load, and shall be maintained within a specified percentage of the Up;

e load regulation shall be verified at nominal load current at each of thetoutput voltages and
the variation shall not exceed 5 % of the nominal power supply yoltage at 100 %, 80 %,
70 % and 40 % of the nominal power supply voltage.

For output voltage of 80 % of the nominal value, the above requirements need only be verified
for a maximum of 5 s duration.

For output voltages of 70 % and 40 % of the nominal value’ the above requirements need only
be verified for a maximum of 3 s duration.

For output voltages of 40% of the nominal valgeSit is acceptable to verify the load regulation
requirements either at 200 V to 240 V nomina)veltage or at 100 V to 120 V nominal voltage..

If it is necessary to verify the peak inrush drive current capability, the generator shall be
switched from 0 % to 100 % of full outpét, when driving a load consisting of a suitable rectifier
with an uncharged capacitor whosewalue is 1 700 uF on the DC side. The test shall be carried
out at phase angles of both 90°.and 270°. The circuit required to measure the generator inrush
current drive capability is givendin Figure A.1.

When it is believed that a-generator with less than the specified standard generator peak inrush
current-may can be used because the EUT-may can draw less than the specified standard
generator peak inrusheurrent (e.g., 500 A for 220 V to 240 V mains), this shall first be confirmed
by measuring the EUT peak inrush current. When power is applied from the test generator, the
measured EUT(peak inrush current shall be less than 70 % of the peak current drive capability
of the generator, as already verified according to Annex A. The actual EUT inrush current shall
be measured-both from a cold start and after a 5 s turn-off, using the procedure of Clause A.3.

Genegrator switching characteristics shall be measured with a 100 Q load of suitable power-
dissipation rating.

NOTE The 100 Q resistive load used to test the generator should not have additional inductivity.

Rise and fall time, as well as overshoot and undershoot, shall be verified for switching at both
90° and 270°, from 0 % to 100 %, 100 % to 80 %, 100 % to 70 %, 100 % to 40 %, and 100 %
to 0 %.

Phase angle accuracy shall be verified for switching from 0 % to 100 % and 100 % to 0 %, at
nine phase angles from 0° to 360° in 45° increments. It shall also be verified for switching
from 100 % to 80 % and 80 % to 100 %, 100 % to 70 % and 70 % to 100 %, as well as from
100 % to 40 % and 40 % to 100 %, at 90° and 180°.
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The voltage generators shall, preferably, be recalibrated at defined time periods in accordance
with a recognized quality assurance system.

Annex D provides the rationale for generator specification regarding the voltage rise and fall
time and the inrush current capability.

6.2 Power source

I'ne trequency ot the test voltage shall be within £2 7 Of rated frequency.

7 Test set-up

The test shall be performed with the EUT connected to the test generator with theshortest
power supply cable as specified by the EUT manufacturer. If no cable length s specified, it
shall be the shortest possible length suitable to the application of the EUT.

The test set-ups for the three types of phenomena described in this documént are:

e voltage dips;
e short interruptions;

e voltage variations with gradual transition between the ratedwoltage and the changed voltage
(option).

Examples of test set-ups are given in Annex C.

Figure C.1a) shows a schematic for the generation of voltage dips, short interruptions and
voltage variations with gradual transition between rated and changed voltage using a generator
with internal switching. In Figure C.1b) a generator and a power amplifier are used.

Figure C.2 shows a schematic for the gefieration of voltage dips, short interruptions and voltage
variations using a generator and a power amplifier for three-phase equipment.

8 Test procedures

8.1 General

Before starting the test of a given EUT, a test plan shall be prepared.
The test plan(should be representative of the way the system is actually used.

Systems#may can require a precise pre-analysis to define which system configurations-must
shall-be/tested to reproduce field situations.

Jest cases-must shall be explained and indicated in the test report.

It is recommended that the test plan include the following items:

o the type designation of the EUT;

e information on possible connections (plugs, terminals, etc.) and corresponding cables, and
peripherals;

e input power port of equipment to be tested;
e representative operational modes of the EUT for the test;
e performance criteria used and defined in the technical specifications;

e operational mode(s) of equipment;
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e description of the test set-up.

If the actual operating signal sources are not available to the EUT, they-may can be simulated.

For each test, any degradation of performance shall be recorded. The monitoring equipment
should be capable of displaying the status of the operational mode of the EUT during and after
the tests. After each group of tests, a full functional check shall be performed.

8.2 Laboratory reference conditions
8.2.1 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standard,
the climatic conditions in the laboratory shall be within any limits specified for the gperation of
the EUT and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause condensation on the
EUT or the test equipment.

NOTE Where it is considered that there is sufficient evidence to demonstrate that the effects of the phenomenon
covered by this document are influenced by climatic conditions, this-sheould-be.is”brought to the attention of the
committee responsible for this document.

8.2.2 Electromagnetic conditions

The electromagnetic conditions of the laboratory shall,be such as to guarantee the correct
operation of the EUT in order not to influence the test results.

8.3 Execution of the test
8.3.1 General

During the tests, the mains voltage for testing shall be monitored within an accuracy of 2 %.

8.3.2 Voltage dips and short-interruptions

The EUT shall be tested for,each selected combination of test level and duration with a
sequence of three dips/interruptions with intervals of 10 s minimum (between each test event).
Each representative mode of operation shall be tested.

For voltage dips, changes in supply voltage shall occur at zero crossings of the voltage, and at
additional angles considered critical by product committees or individual product specifications
preferably selected from 45°, 90°, 135°, 180°, 225°, 270° and 315° on each phase.

For shoft/interruptions, the angle shall be defined by the product committee as the worst case.
In the'absence of definition, it is recommended to use 0° for one of the phases.

For the short interruption test of three-phase systems, all the three phases shall be

o0
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For the voltage dips test of single-phase systems, the voltage shall be tested according to 5.2.
This implies one series of tests.

For the voltage dips test of three-phase systems with neutral, each individual voltage (phase-
to-neutral and phase-to-phase) shall be tested, one at a time, according to 5.2. This implies six
different series of tests. See Figure 5b).

For the voltage dips test of three-phase systems without neutral, each phase-to-phase voltage
shall be tested, one at a time, according to 5.2. This implies three different series of tests. See
Figure 5b).
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NOTE For three-phase systems, during a dip on a phase-to-phase voltage a change will occur on one or two of the
other voltages as well.

For EUTs with more than one power cord, each power cord should be tested individually.

T70%

70 %
70 %
IEC

NOTE Phase-to-neutral testing on three-phase systems is performed one phase at a time.

a) Phase-to-neutral testing on three-phase systems

IEC

NOTE Phase-to-phase testing on three-phase systemsds\also performed one phase at a time. Both (A) and (B)
show a 70 % dip. (A) is preferred, but (B) is also acceptable’

b) Phase-to-phase testing on three-phase systems

Figure 5 — Phase-to-neutral and-phase-to-phase testing on three-phase systems

8.3.3 Voltage variations-(eptiohal)

The EUT is tested to each of the specified voltage variations, three times at 10 s interval for the
most representative modes_of operations.

9 Evaluation of test results

The test results shall be classified in terms of the loss of function or degradation of performance
of the equipmeént under test, relative to a performance level defined by its manufacturer or the
requeston of the test, or agreed between the manufacturer and the purchaser of the product.
The recommended classification is as follows:

a)\_normal performance within limits specified by the manufacturer, requestor or purchaser;

empora 0SS O nction or degradation of performance which ceases after the di ban
ceases, and from which the equipment under test recovers its normal performance, without
operator intervention;

c) temporary loss of function or degradation of performance, the correction of which requires
operator intervention;

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.

The manufacturer's specification may define effects on the EUT which-may can be considered
insignificant, and therefore acceptable.
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This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.

NOTE The performance levels-may can be different for voltage dip tests and short interruption tests as well as for
voltage variations tests, if this optional test has been required.

Fy e
Ie IesllcPUIl

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:

the items specified in the test plan required by Clause 8;

identification of the EUT and any associated equipment, for example brand(hame, product
type, serial number;

identification of the test equipment, for example brand name, product type, serial number;

any special environmental conditions in which the test was performed, for example shielded
enclosure;

any specific conditions necessary to enable the test to be performed;
performance level defined by the manufacturer, requester or purchaser;
performance criterion specified in the generic, product or product-family standard;

any effects on the EUT observed during or after thexapplication of the test disturbance, and
the duration for which these effects persist;

the rationale for the pass/fail decision (based)on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and the
purchaser);

any specific conditions of use, for example cable length or type, shielding or grounding, or
EUT operating conditions, which ‘are required to achieve compliance.
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Annex A
(normative)

Test circuit details

A.1 Test generator peak inrush current drive capability

The circuit for measuring generator peak inrush current drive capability is shown in
Figure A.1. Use of the bridge rectifier makes it unnecessary to change rectifier polarity for tests
at 270° versus 90°. The rectifier half-cycle mains current rating should be at least twicg) the
generator's inrush current drive capability to provide a suitable operating safety factor.

The 1 700 yF electrolytic capacitor shall have a tolerance of +20 %. It shall have a voltage
rating preferably 15 % to 20 % in excess of the nominal peak voltage of the mains, for example
400 V for 220 V to 240 V mains. It shall also be able to accommodate peak inrash current up to
at least twice the generator's inrush current drive capability, to provide an-adequate operating
safety factor. The capacitor shall have the lowest possible equivalent series resistance (ESR)
at both 100 Hz and 20 kHz, not exceeding 0,1 Q at either frequency.

Since the test shall be performed with the 1 700 pF capacitor.discharged, a resistor shall be
connected in parallel with it and several time constants (RC)-must shall be allowed between
tests. With a 10 000 Q resistor, the RC time constant is 17 s{)so that a wait of 1,5 min to 2 min
should be used between inrush drive capability tests. Resistors as low as 100 Q may be used
when shorter wait times are desired.

The current probe shall be able to accommodate-the full generator peak inrush current drive for
one-quarter cycle without saturation.

Tests shall be run by switching the generator output from 0 % to 100 % at both 90° and 270°,
to ensure sufficient peak inrush current'drive capability for both polarities.

A.2 Current monitor's characteristics for measuring peak inrush current

capability
Output voltage in 50 Qdgad: 0,01 V/A or more
Peak current: 1 000 A minimum
Peak current accuracy: 1+ 10 % (3 ms duration pulse)
RMS current; 50 A minimum
I x T maximum: 10 A - s or more
Rise/falltime: 500 ns or less
Low-=frequency 3 dB point: 10 Hz or less
[Asertion resistor: 0,001 Q or less

A.3 EUT peak inrush current requirement

When a generator peak inrush current drive capability meets the specified requirement (e.g., at
least 500 A for a 220 V to 240 V mains), it is not necessary to measure the EUT's peak inrush
current requirement.

However, a generator with less than this inrush current may be used for the test, if the inrush
requirement of the EUT is less than the inrush drive capability of the generator. The circuit of
Figure A.2 shows an example of how to measure the peak inrush current of an EUT to determine
if it is less than the inrush drive capability of a low-inrush drive capability generator.
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The circuit uses the same current transformer as the circuit of Figure A.1. Four peak inrush
current tests are performed:

a) power off for at least 5 min; measure peak inrush current when it is turned back on at 90°;
b) repeat a) at 270°;

c) power on preferably for at least 1 min; off for 5 s; then measure peak inrush current when
it is turned back on again at 90°;

P~ AY
Nl

In order to be able to use a low-inrush drive current capability generator to test a particular
EUT, that EUT's measured inrush current shall be less than 70 % of the measured inrush cunrent
drive capability of the generator.

To oscilloscope

Voltage
interrupt B m

gene(;ator U N
C —

I
Py

IEC

Components

G voltage interrupt generator, switched on at 90° and 270°
T current probe, with monitoring output to oscilloscopé

B rectifier bridge

R bleeder resistor, not over 10 000 Q or less than 100 Q
C 1700 pF + 20 % electrolytic capacitor

Figure A.1 — Circuit for determining the inrush current
drive capability of the short interruptions generator

To oscilloscope
T

(Y
Voltage U

interrupt EUT
generator
G

IEC

Figure A.2 — Circuit for determining the peak inrush current requirement of an EUT
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Annex B
(informative)

Electromagnetic environment classes

The following-classes—of electromagnetic environment classes have been summarised from
IEC 61000-2-4.

Class 1

This class applies to protected supplies and has compatibility levels lower than public
network levels. It relates to the use of equipment very sensitive to disturbances\in the power
supply, for instance the instrumentation of technological laboratories, some automation and
protection equipment, some computers, etc.

NOTE Class 1 environments normally contain equipment which requires protection”by such apparatus as
uninterruptible power supplies (UPS), filters, or surge suppressers.

Class 2

This class applies to points of common coupling (PCCs for censumer systems) and in-plant
points of common coupling (IPCs) in the industrial environment in general. The compatibility
levels in this class are identical to those of public networks; therefore components designed
for application in public networks may be used in this'class of industrial environment.

Class 3

This class applies only to IPCs in industrial eqvironments. It has higher compatibility levels
than those of class 2 for some disturbancefphenomena. For instance, this class should be
considered when any of the following conditions are met:

— a major part of the load is fed through converters;
— welding machines are present;

— large motors are frequently._started;

— loads vary rapidly.

NoTE4+ The supply to highly disturbing loads, such as arc-furnaces and large converters
which are generally supplied from a segregated bus-bar, frequently has disturbance levels
in excess of class,3\(harsh environment). In such special situations, the compatibility levels
should be agreed upon.

NoTFE2 The glass applicable for new plants and extensions of existing plants should relate
to the type of’equipment and process under consideration.
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Annex C
(informative)

Test instrumentation

CA—E=mplesofgenerstorsand-test sel-ups

Figure C.1a) and Figure C.1b) show two possible test configurations for mains supply
simulation. To show the behaviour of the EUT under certain conditions, interruptions and
voltage variations are simulated by means of two transformers with variable output voltages:

Voltage drops, rises and interruptions are simulated by alternately closing switch 1-and switch
2. These two switches are never closed at the same time and an interval up to 100 us with the
two switches opened is acceptable. It shall be possible to open and close the switches
independently of the phase angle. Semiconductors switches constructed with power MOSFETs
and IGBTs can fulfil this requirement. Thyristors and triacs open during cusrént zero crossing,
and therefore do not meet this requirement.

The output voltage of the variable transformers can either be adjusted'manually or automatically
by means of a motor. Alternatively, an autotransformer with multipte switch-selected taps may
be used.

Waveform generators and power amplifiers can be used\instead of variable transformers and
switches (see Figure C.1b)). This configuration also alloews testing of the EUT in the context of
frequency variations and harmonics.

The generators described for single-phase{testing (see Figure C.1a), Figure C.1b) and
Figure C.1c)) can be also used for three-phase testing (see Figure C.2).

Variable transfarmer 1

—

1
Phase .
i Switch 1 ‘
s e
Power ™ \o !
| | i
supply !
- 1 Voltmeter
! Switch 2 1
| ! EUT oscilloscope
| Variable transformer 2 i
Neutral i |
| o
for phase-to-phase i
1

tests)

IEC

a) Schematic of test instrumentation for voltage dips, short interruptions
and voltage variations using variable transformers and switches
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b) Schematic of test instrumentation for voltage dips{short interruptions
and voltage variations using a power amplifier

Phase O

Power
supply

Neutral

80 %

70 %

40 %

Switeh1

™o

Switch 2

Japped transformer

(or phase for o
phase-to-phase
tests)

EUT

-

IEC

Voltmeter
oscilloscope

c) Schematic of test instrumentation for voltage dips, short interruptions

and voltage variations using a tapped transformer and switches

Figure C.1 — Schematics of test instrumentation for voltage dips,

short-interruptionsand voltagevariations

IEC
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Figure C.2 — Schematic of test instrumentation for three-phase voltage dips,
short interruptions and voltage variations using a power amplifier
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Annex D
(informative)

Rationale for generator specification regarding voltage,
rise-time and fall-time, and inrush current capability

D.1___ Concept of basic standard

The immunity basic standards of the IEC 61000-4 series are based on the concept of defi qg
a test system in one document representing typically one type of electromagnetic disturb.gbce.
The environmental description of the IEC 61000-2 series (which includes also com.@\'bility
levels), together with practical industry experience, is the basis for defining theélsyurbance
source simulator, the necessary coupling and decoupling networks and the range erst levels.

Q
Parameters in the basic standard are always compromises selected from a lacge’amount of data
derived from the disturbance source. The compromise is assumed to b rrect if, once the

immunity test is applied, only a few malfunctions occur in the real worp\t\
/

To keep the immunity test as easy as possible, the generator ?But shall be verified in a
calibration set-up and not with the EUT connected to the outp% he generator. The purpose
of the calibration is to guarantee comparable test results~between different brands of

generators.
O
\Z
D.2 IEC 61000-4-11:1994 (first edition) é\

Data from the UNIPEDE report was used Q@'l indicated short circuit in terms of voltage
reduction and interruption duration. At th ime, rare measurement results were available
showing how equipment on the same pha@ as affected, in the public power network.

%
Based on this information, |IEC 61008\4-11:1994 (first edition) was defined and published in
1994. For the switching time a\ﬁj&e of 1 ys to 5 ys was chosen for representing the short
circuit's worst case occurring atigdistance of up to 50 m between the source and the affected
equipment. For example, the~equipment used in a laboratory or in an industrial plant has a
greater risk of being affegtg’&v y voltage dips and short interruptions within 50 m.
’\\0
D.3 Rationale fog‘t’he need of rapid fall-times

-

In case of shé)ircuit in the line, the voltage at the input terminals of the equipment might go
h

to zero inl§. an 5 us.

If the @) t circuit originates from the public network, the fall-time will be relatively slow, in the
or f hundreds of microseconds to some milliseconds. If, however, the short circuit is at the
premise, for example due to the failure of another equipment installed in close proximity,
mains voltage will go to zero within microseconds, with fall-times shorter than 1 ys reported

for some cases.

In this case, the input rectifier diodes of the equipment will be commutated from conduction
mode to blocking mode with a sudden high reverse voltage due to that very fast voltage rise-
time. As those diodes are usually designed for natural line commutation with a rise-time of the
voltage in the range of milliseconds, this event is an increased stress for the rectifier diodes.
More generally, fast voltage transients can disturb electronics as well, leading to the damage
of the equipment.
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Tests performed with a fast fall-time in the range of a few microseconds emulating the short
circuit condition can be used to test the robustness of equipment against fast transient short
circuits of the line.

D.4 Interpretation of the rise-time and fall-time requirements during EUT

testing
L (aYa¥ Wal H Y S ot | PR 4 Lo oc1a000 4 449004 L pu | PRHH AY i 2l Tl
mnmr 20U TV dil 1T1rieeT PIULGLIUII LITCTU TUT "n-\o U TuUvuuU™ ™ LILEY A% i \DU\J\JIIU UUII.IUII) Wdo ToouUuCT\uU. re
content of this sheet is as follows: q/Q

1) "In IEC 61000-4-11:2004, Table 4 does not apply to EUT (equipment under test) testing.
Table 4 is for generator calibration and design only. A\

2) With reference to Table 1 and Table 2, there is no requirement in 61000-4-11 :%gﬁ/for rise-
time and fall-time when testing EUT; therefore, it is not necessary to %e ure these
parameters during tests.

3) With reference to Table 4, all of the requirements apply to design anbcalibration of the
generator. The requirements of Table 4 only apply when the load is a%on-inductive 100 Q
resistor. The requirements of Table 4 do not apply during EUT tesﬁq}."

b‘/

D.5 Main conclusions QQQ

With respect to rise-time and fall-time, the main conclusi%n)&hre the following:

short circuits close to the equipment. However, the time being, this document does not

e |t is possible, for real-world voltage dips, to haVé‘é@times faster than 5 ps in the case of
consider the effects of voltage fall times shor@ an 1 ps.

e Rise-time depends on several factors inc g the impedance of the network, cabling and
equipment connected in parallel. \\

been used worldwide since its fir blication in 1994, but, as in the interpretation sheet,
these rise-time and fall-time requirfements do not apply during a test of an EUT. They only
apply when calibrating a dip @énerator with a 100 Q resistive load. These rise-times and
fall-times do not necessarily@ccur during an actual EUT test.

e The rise-time and fall-time requirggjﬁts have remained unchanged and the document has

e Most voltage dip and &Qnterruption immunity tests begin and end at 0" or 180°. Published
research generally ¢ udes that these are the most severe phase angles for voltage ride-
through tests. No & that at 0° and at 180° the instantaneous waveform voltage is zero, so
rise-time and fall-time have no meaning.

e Pre-compli testing could be considered using a dip generator with a longer rise-time
and fall-ti p to 200 ps for voltage dip and short interruption tests that begin and end at

0" or 1 , as rise-time and fall-time are not important at these angles. However, full
co iance with the test methods of this document requires to use a generator that, when

té with a 100 Q resistive load, meets the 1 ys to 5 us requirement in 6.1.3.

N Rationale for inrush current capability

During the connection of an equipment to a power line, an inrush current flows into it. This
inrush current could conceivably damage parts of the equipment, for example an input rectifier
with capacitive smoothing. In order to prevent damage, measures for inrush current limitation
are usually incorporated inside the equipment.

An inrush current will also occur when the line voltage recovers after a voltage dip or
interruption. In this case, the inrush current limitation measures might not be activated in the
equipment with disabled pre-charge circuit, so it is possible for the post-dip inrush current to
damage the equipment.
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For this reason, it is necessary for the voltage dip generator to be capable of supplying sufficient
current and that the post-dip inrush current is not limited by the dip generator.

Without this inrush current requirement, it would be possible for the equipment to pass the
immunity test performed with the dip generator, but to fail in the real world due to inrush current
damage.

In a real installation, this inrush current will be limited by the network impedance. If the short

circuit is on the public supply, the network impedance is according to the line referenc%
impedance of the public supply (796 yH according to IEC TR 60725), which is typical for ru%
low voltage networks, and it will limit the inrush current to about 15 A to 20 A. However, i
short circuit is inside the local premise, in a particular large installation such as an & rial
plant, the impedance can be much lower and the inrush current much larger. o

Q.

In order for the test generator to have adequate capabilities to properly stress e\equipment
under test, the document provides guidance in 6.1.3 to ensure that the equigment does not
demand more current than 70 % of the generator capability, for example ép A for 220V to
240 V mains.
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Part 4-11: Testingand measurement techniques
Voltage dips, short interruptions and voltage variations immunity
tests for equipment with input current up to 16 A per phase

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatien comprising
all national electrotechnical committees (IEC National Committees). The object of JAEC”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, Téchnical 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 Natienal 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 Committees.

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 the 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 possiblein: 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 argas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent.gertification 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/natiire whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out ‘ef 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
indispensablé 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
patenftTights. IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61000-4-11 has been prepared by subcommittee 77A: EMC — Low
frequency phenomena, of IEC technical committee 77: Electromagnetic compatibility.

It forms Part 4-11 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

This third edition cancels and replaces the second edition published in 2004 and
Amendment 1:2017. This edition constitutes a technical revision.

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

a) rise time and fall time of transients are now defined terms in Clause 3;

b) the origin of voltage dips and short interruptions is now stated in Clause 4.
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The text of this International Standard is based on the following documents:

FDIS Report on voting
77A/1039/FDIS 77A/1056/RVD

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

This document 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 document will remain unch@nged until the
stability date indicated on the IEC website under "http://webstore.iec.ch” in theydata related to
the specific document. At this date, the document 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 are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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INTRODUCTION
IEC 61000 is published in separate parts according to the following structure:

Part 1: General

General considerations (introduction, fundamental principles)

Deafinitions tarminaloav
HHHHO-RAS—eHHRE+0gY

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 specifieations or technical reports, some of which have already been published
as sections. Others will be published with the part number followed by a dash and a second
number identifyingithe subdivision (example: IEC 61000-6-1).
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-11: Testing and measurement techniques —
Voltage dips, short interruptions and voltage variations immunity
tests for equipment with input current up to 16 A per phase

1 Scope

This part of IEC 61000 defines the immunity test methods and range of preferred_test levels
for electrical and electronic equipment connected to low-voltage power supply nhetworks for
voltage dips, short interruptions, and voltage variations.

This document applies to electrical and electronic equipment having a rated-input current not
exceeding 16 A per phase, for connection to 50 Hz or 60 Hz AC networks.

It does not apply to electrical and electronic equipment for connegction to 400 Hz AC networks.
Tests for these networks will be covered by future IEC documents;

The object of this document is to establish a common referénce for evaluating the immunity of
electrical and electronic equipment when subjected to voltage dips, short interruptions and
voltage variations.

NOTE 1 Voltage fluctuation immunity tests are covered by {EC 61000-4-14.

The test method documented in this documeht describes a consistent method to assess the
immunity of equipment or a system against'a defined phenomenon.

NOTE 2 As described in IEC Guide 107, this'is a basic EMC publication for use by product committees of the
IEC. As also stated in Guide 107, the |[EC product committees are responsible for determining whether this
immunity test standard should be applied.or not, and, if applied, they are responsible for defining the appropriate
test levels. Technical committee 77 and\its sub-committees are prepared to co-operate with product committees in
the evaluation of the value of particular immunity tests for their products.

2 Normative references

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

IEC_TR/61000-2-8, Electromagnetic compatibility (EMC) — Part 2-8: Environment — Voltage
dips,~and short interruptions on public electric power supply systems with statistical
rmeasurement results

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

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

e |EC Electropedia: available at http://www.electropedia.org/

e |SO Online browsing platform: available at http://www.iso.org/obp
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3.1

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]

3.2

voltage dip
sudden reduction of the voltage at a particular point of an electricity supply system below a
specified dip threshold followed by its recovery after a brief interval

Note 1 to entry: Typically, a dip is associated with the occurrence and termination of a short circuit™or other
extreme current increase on the system or installations connected to it.

Note 2 to entry: A voltage dip is a two-dimensional electromagnetic disturbance, the level of which is determined
by both voltage and time (duration).

3.3

short interruption

sudden reduction of the voltage on all phases at a particular point of\an electric supply system
below a specified interruption threshold followed by its restoratiomafter a brief interval

Note 1 to entry: Short interruptions are typically associated with switchgear operations related to the occurrence
and termination of short circuits on the system or on installations connected to it.

3.4

residual voltage

<voltage dip> minimum value of RMS voltagé recorded during a voltage dip or short
interruption

Note 1 to entry: The residual voltage can be expressed as a value in volts or as a percentage or per unit value
relative to the reference voltage.

3.5

malfunction

breakdown of the ability of equipment to carry out intended functions or the execution of
unintended functions by the_equipment

3.6
calibration
method to prove that‘the measurement equipment is in compliance with its specifications

Note 1 to entry:\_For the purposes of this document, calibration is applied to the test generator.

3.7

verification

set-@f‘operations which are used to check the test equipment system (e.g. the test generator
and-/the interconnecting cables) to demonstrate that the test system is functioning within the
specifications given in Clause 6

Note 1 to entry: The methods used for verification can be different from those used for calibration.

Note 2 to entry: The verification procedure of 6.1.3 is meant as a guide to ensure the correct operation of the test
generator and other items making up the test set-up so that the intended waveform is delivered to the EUT.

3.8

rise time

interval of time between the instants at which the instantaneous value of a transition first
reaches a specified lower value and then a specified upper value

Note 1 to entry: The lower and upper values are fixed at 10 % and 90 % of the transition magnitude.
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[SOURCE: IEC 60050-161:1990, 161-02-05]

3.9

fall time

interval of time between the instants at which the instantaneous value of a transition first
reaches a specified upper value and then a specified lower value

Note 1 to entry: The lower and upper values are fixed at 10 % and 90 % of the transition magnitude.

Note 2 to entry: This definition is derived from IEC 60050-161:1990, 161-02-05.
4 General

Electrical and electronic equipment can be affected by voltage dips, short intetruptions or
voltage variations of the power supply.

Voltage dips and short interruptions occur due to faults in a (public or nontpublic) network or
in installations by sudden changes of large loads. In certain cases, two O0f more consecutive
dips or interruptions can occur. Voltage variations are caused by continuously varying loads
connected to the network.

These phenomena are random in nature and can be minimally)characterized for the purpose
of laboratory simulation in terms of the deviation from the rated voltage and duration.

Consequently, different types of tests are specified in“this document to simulate the effects of
abrupt voltage change. These tests are to be used-only for particular and justified cases,
under the responsibility of product specification orrproduct committees.

It is the responsibility of the product committees to establish which phenomena among the
ones considered in this document are relevant and to decide on the applicability of the test.

5 Test levels

5.1 General

The voltages in this document use the rated voltage for the equipment (Ur) as a basis for the
voltage test level specification.

Where the equipment has a rated voltage range the following shall apply:

o if the voltage range does not exceed 20 % of the lower voltage specified for the rated
voltage:-range, a single voltage within that range may be specified as a basis for the test
levelspecification (Ut);

e ~in-all other cases, the test procedure shall be applied for both the lowest and highest
voltages declared in the voltage range;

sl £ 4l 1 il e 4t 1 TR o : . . I—A T A
A4 yuruarice 101 1€ SCICLUHUIT UT'ICsSU ICVeIS dallU UUTdalUTTS 15 YIVETT T TG TTNU

5.2 Voltage dips and short interruptions

The change between Uy and the changed voltage is abrupt. The step can start and stop
at any phase angle on the mains voltage. The following test voltage levels (in % Ug)
are used: 0 %, 40 %, 70 % and 80 %, corresponding to dips with residual voltages of 0 %,
40 %, 70 % and 80 %.

For voltage dips, the preferred test levels and durations are given in Table 1, and an example
is shown in Figure 1a) and Figure 1b).
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For short interruptions, the preferred test levels and durations are given in Table 2, and an
example is shown in Figure 2.

The rise and fall time are detailed in Figure 3.

The preferred test levels and durations given in Table 1 and Table 2 take into account the
information given in IEC TR 61000-2-8.

The preferred test levels in Table 1 are reasonably severe, and are representative of many
real world dips, but are not intended to guarantee immunity to all voltage dips. More severe
dips, for example 0 % for 1 s and balanced three-phase dips, may be considered by product
committees.

The generator specification for voltage rise time, 7, and voltage fall time, #, during abrupt
changes is indicated in Table 4.

The levels and durations shall be given in the product specification. A-test level of 0 %
corresponds to a total supply voltage interruption. In practice, a test voltage level from 0 % to
20 % of the rated voltage may be considered as a total interruption.

Shorter durations in Table 1, in particular the half-cycle, should)be tested to ensure that the
equipment under test (EUT) operates within the performance’limits specified for it.

When setting performance criteria for disturbances of @ half-period duration for products with
a mains transformer, product committees should pay particular attention to effects which can
result from inrush currents. For such products, these)can reach 10 times to 40 times the rated
current because of the magnetic flux saturation-efithe transformer core after the voltage dip.

High inrush currents can also occur in products with capacitors (e.g. EMC filters, bridge
rectifiers connected to DC capacitors).

Table 1 — Preferred.test levels and durations for voltage dips

Classa Test levels and durations for voltage dips (z,) (50 Hz/60 Hz)
Class 1 Case-by-case according to the equipment requirements
Class 2 0 %_during 0 % during 70 % during 25/30° cycles
acycle 1 cycle
Class 3 0" % during 0 % during 40 % during 70 % during 80 % during
Y2 cycle 1 cycle 10/12¢cycles 25/30° cycles 250/300° cycles
Class XbP X X X X X

Classés“as per IEC 61000-2-4; see Annex B.

levels shall not be less severe than class 2.

"25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test".

To be“defined by product committee. For equipment connected directly or indirectly to the public network, the
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Table 2 — Preferred test levels and durations for short interruptions

Class@ Test levels and durations for short interruptions (z.) (50 Hz/60 Hz)
Class 1 Case-by-case according to the equipment requirements

Class 2 0 % during 250/300° cycles

Class 3 0 % during 250/300¢ cycles

Class Xb X

a  Classes as per IEC 61000-2-4; see Annex B.

b To be defined by product committee. For equipment connected directly or indirectly to the public networkf the
levels shall not be less severe than class 2.

¢ "250/300 cycles" means "250 cycles for 50 Hz test" and "300 cycles for 60 Hz test".

5.3 Voltage variations

This test considers a defined transition between the rated voltage Uy and the changed
voltage.

NOTE The voltage change takes place over a short period, and can occur due {6,a change of load.

The preferred duration of the voltage changes and the time for'which the reduced voltages are
to be maintained are given in Table 3. The rate of change(should be constant; however, the
voltage may be stepped. The steps should be positioned. at zero crossings, and should be no
larger than 10 % of Ut. Steps under 1 % of Uy are consSidered as constant rates of change of
voltage.

Table 3 — Timing of short-term supply voltage variations

Voltage test level

Time for decreasing
voltage (z,)

Time at reduced
voltage(z,)

Time for increasing
voltage () (50 Hz/60 Hz)

70 %

Abrupt

1 cycle

25/30P cycles

Xa

xXa

Xa

Xa

a  To be defined by product committee.

b "25/30 cycles" means "25 cycles for 50 Hz test" and "30 cycles for 60 Hz test".

This shape is the typical shape of a motor starting.
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GVAVAVAVAVE R RVAVAVAVE R YIRGE:
TARVARVARVARY

VvV VvV

IEC
NOTE The voltage decreases to 70 % for 25 periods. Step at zero crossing.

a) Voltage dip: 70 % voltage dip sine wave graph at 0°

U (¢)

IEC

Key

t;, (falttime

i, rise time

t, duration of reduced voltage
b) Voltage dip: 40 % voltage dip sine wave graph at 90°

Figure 1 — Voltage dip — Examples
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U (1)

IEC

Key
t fall time
¢t rise time

t, duration of reduced voltage

Figure 2 — Short interruption

t, t: (1~5) pus*
o I (1~9) us ; Overshoot < 5%
o f PEELEIN -
ﬁ f
90 %
10 %
= 1"
Undershoot < 5% * with 100 Q load at 90° and 270°

IEC

Figure 3 — Detailed view of rise and fall time

Figure 4 shows the RMS voltage as a function of time. Other values may be taken in justified
cases and shall be specified by the product committee.
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t, Time for decreasing voltage

d

t, Time for increasing voltage

t, Time at reduced voltage

Figure 4 — Voltage variation

6 Test instrumentation

6.1 Test generator
6.1.1 General

The following features are~common to the generator for voltage dips, short interruptions and
voltage variations, except as indicated.

Examples of generators are given in Annex C.

The generator shall have provisions to prevent the emission of heavy disturbances, which, if
injecteddn_the power supply network, can influence the test results.

Any ;generator creating a voltage dip of equal or more severe characteristics (amplitude and
duration) than that specified by the present document is permitted.
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6.1.2

15—

Characteristics and performance of the generator

Table 4 — Generator specifications

Output voltage at no load

As required in Table 1, £5 % of residual voltage value

Voltage change with load at the output of the generator
100 % output, 0 Ato 16 A
80 % output, 0 A to 20 A

less than 5 % of U;

70 % output, 0 A to 23 A
40 % output, 0 A to 40 A

less than 5 % of Uz
less than 5 % of U;
less than 5 % of Ur

Output current capability

16 A RMS per phase at rated voltage. The generator
shall be capable of carrying 20 A at 80 % ofrated value
for a duration of 5 s. It shall be capable of¢carrying 23 A
at 70 % of rated voltage and 40 A at 40 %.0f rated
voltage for a duration of 3 s. (This requirement may be
reduced according to the EUT's rated-steady-state
supply current, see Clause A.3.)

Peak inrush current capability (no requirement for
voltage variation tests)

Not to be limited by the generator. However, the
maximum peak capability ofi\the generator need not
exceed 1 000 A for 250 \ to 600 V mains, 500 A for
200 V to 240 V mainss0r"250 A for 100 V to 120 V
mains.

Instantaneous peak overshoot/undershoot of the
actual voltage, generator loaded with 100 Q resistive
load

Less than 5 % of\Uy

Voltage rise (and fall) time ¢, (and ¢), see Figures 1b)
and 2, during abrupt change, generator loaded with
100 Q resistive load

Between 4/us and 5 us

Phase shifting (if necessary)

07 to 360°

Phase relationship of voltage dips and interruptions
with the power frequency

Less than +10 °

Zero crossing control of the generators

+10°

The output impedance shall be-predominantly resistive.

The output impedance 0f the test voltage generator shall be low enough even during

transitions.

The 100 Q resistive'load used to test the generator should not have additional inductivity.

To test equipment which regenerates energy, an external resistor connected in parallel to the
load can“be'added. The test result should not be influenced by this load.

6.1+:3
generators

Verification of the characteristics of the voltage dips, short interruptions

In order to compare the test results obtained from different test generators, the generator
characteristics shall be verified according to the following:

e the 100 %, 80 %, 70 % and 40 % RMS output voltages of the generator shall conform to
the percentages of the selected operating voltage: 230 V, 120 V, etc.;

e the 100 %, 80 %, 70 % and 40 % RMS output voltages of the generator shall be measured
at no load, and shall be maintained within a specified percentage of the Ur;

e load regulation shall be verified at nominal load current at each of the output voltages and
the variation shall not exceed 5 % of the nominal power supply voltage at 100 %, 80 %,
70 % and 40 % of the nominal power supply voltage.
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For output voltage of 80 % of the nominal value, the above requirements need only be verified
for a maximum of 5 s duration.

For output voltages of 70 % and 40 % of the nominal value, the above requirements need only
be verified for a maximum of 3 s duration.

For output voltages of 40% of the nominal value it is acceptable to verify the load regulation
requirements either at 200 V to 240 V nominal voltage or at 100 V to 120 V nominal voltage..

If it is necessary to verify the peak inrush drive current capability, the generator shall-be
switched from 0 % to 100 % of full output, when driving a load consisting of a suitable rectifier
with an uncharged capacitor whose value is 1 700 uF on the DC side. The test_shall be
carried out at phase angles of both 90° and 270°. The circuit required to measure the
generator inrush current drive capability is given in Figure A.1.

When it is believed that a generator with less than the specified standard_generator peak
inrush current can be used because the EUT can draw less than the-.'specified standard
generator peak inrush current (e.g., 500 A for 220V to 240 V mains), this shall first be
confirmed by measuring the EUT peak inrush current. When power is applied from the test
generator, the measured EUT peak inrush current shall be less than<70 % of the peak current
drive capability of the generator, as already verified according~to Annex A. The actual EUT
inrush current shall be measured both from a cold start and after a 5 s turn-off, using the
procedure of Clause A.3.

Generator switching characteristics shall be measuredwith a 100 Q load of suitable power-
dissipation rating.

The 100 Q resistive load used to test the generator should not have additional inductivity.

Rise and fall time, as well as overshoot and undershoot, shall be verified for switching at both
90° and 270°, from 0 % to 100 %, 100.% to 80 %, 100 % to 70 %, 100 % to 40 %, and 100 %
to 0 %.

Phase angle accuracy shall be\verified for switching from 0 % to 100 % and 100 % to 0 %,
at nine phase angles from 0%.to 360° in 45° increments. It shall also be verified for switching
from 100 % to 80 % and 80 % to 100 %, 100 % to 70 % and 70 % to 100 %, as well as from
100 % to 40 % and 40-%-to 100 %, at 90° and 180°.

The voltage generators shall, preferably, be recalibrated at defined time periods in
accordance with 'a recognized quality assurance system.

Annex D-provides the rationale for generator specification regarding the voltage rise and fall
time and<the inrush current capability.

6.2 Power source

The frequency of the test voltage shall be within £2 % of rated frequency.

7 Test set-up

The test shall be performed with the EUT connected to the test generator with the shortest
power supply cable as specified by the EUT manufacturer. If no cable length is specified, it
shall be the shortest possible length suitable to the application of the EUT.

The test set-ups for the three types of phenomena described in this document are:

e voltage dips;
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e short interruptions;

e voltage variations with gradual transition between the rated voltage and the changed
voltage (option).

Examples of test set-ups are given in Annex C.

Figure C.1a) shows a schematic for the generation of voltage dips, short interruptions and
voltage variations with gradual transition between rated and changed voltage using a

generator with internal switching. In Figure C.1b) a generator and a power amplifier are used.

Figure C.2 shows a schematic for the generation of voltage dips, short interruptions Jand
voltage variations using a generator and a power amplifier for three-phase equipment,

8 Test procedures

8.1 General

Before starting the test of a given EUT, a test plan shall be prepared.
The test plan should be representative of the way the system iscactually used.

Systems can require a precise pre-analysis to define whi¢h system configurations shall be
tested to reproduce field situations.

Test cases shall be explained and indicated in the te€st report.

It is recommended that the test plan include thefollowing items:

o the type designation of the EUT;

e information on possible connections (plugs, terminals, etc.) and corresponding cables, and
peripherals;

e input power port of equipment-o be tested;

e representative operationallmodes of the EUT for the test;

e performance criteria Used and defined in the technical specifications;
e operational mode(s) of equipment;

e description ofithe test set-up.

If the actual operating signal sources are not available to the EUT, they can be simulated.

For each.test, any degradation of performance shall be recorded. The monitoring equipment
should-be capable of displaying the status of the operational mode of the EUT during and
aften the tests. After each group of tests, a full functional check shall be performed.

8.2 Laboratory reference conditions
8.2.1 Climatic conditions

Unless otherwise specified by the committee responsible for the generic or product standard,
the climatic conditions in the laboratory shall be within any limits specified for the operation of
the EUT and the test equipment by their respective manufacturers.

Tests shall not be performed if the relative humidity is so high as to cause condensation on
the EUT or the test equipment.



https://iecnorm.com/api/?name=66922b78dad9115eea1c80c5372676a0

- 18 — IEC 61000-4-11:2020 © |IEC 2020

NOTE Where it is considered that there is sufficient evidence to demonstrate that the effects of the phenomenon
covered by this document are influenced by climatic conditions, this is brought to the attention of the committee
responsible for this document.

8.2.2 Electromagnetic conditions

The electromagnetic conditions of the laboratory shall be such as to guarantee the correct
operation of the EUT in order not to influence the test results.

8.3 EXecution of the test
8.3.1 General

During the tests, the mains voltage for testing shall be monitored within an accuracy of'\2 ‘%.

8.3.2 Voltage dips and short interruptions

The EUT shall be tested for each selected combination of test level and -duration with a
sequence of three dips/interruptions with intervals of 10 s minimum (between each test
event). Each representative mode of operation shall be tested.

For voltage dips, changes in supply voltage shall occur at zero erossings of the voltage, and
at additional angles considered critical by product committees or individual product
specifications preferably selected from 45°, 90°, 135°, 1808,~225°, 270° and 315° on each
phase.

For short interruptions, the angle shall be defined¢by“the product committee as the worst
case. In the absence of definition, it is recommended)to use 0° for one of the phases.

For the short interruption test of three-phase systems, all the three phases shall be
simultaneously tested according to 5.2.

For the voltage dips test of single-phase systems, the voltage shall be tested according to
5.2. This implies one series of tests:

For the voltage dips test of three-phase systems with neutral, each individual voltage (phase-
to-neutral and phase-to-phase) shall be tested, one at a time, according to 5.2. This implies
six different series of testsi-See Figure 5b).

For the voltage dips'test of three-phase systems without neutral, each phase-to-phase voltage
shall be tested, one at a time, according to 5.2. This implies three different series of tests.
See Figure 5b).

NOTE Forthree-phase systems, during a dip on a phase-to-phase voltage a change will occur on one or two of
the otherwvoltages as well.

For EUTs with more than one power cord, each power cord should be tested individually.
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70 %
70 %
70 %
IEC

NOTE Phase-to-neutral testing on three-phase systems is performed one phase at a time.

a) Phase-to-neutral testing on three-phase systems

A ¥ 70 %

(A) (B)

IEC

NOTE Phase-to-phase testing on three-phase systems is also performéd one phase at a time. Both (A) and (B)
show a 70 % dip. (A) is preferred, but (B) is also acceptable.

b) Phase-to-phase testing on three*phase systems

Figure 5 — Phase-to-neutral and phase-to-phase testing on three-phase systems

8.3.3 Voltage variations

The EUT is tested to each of the specified voltage variations, three times at 10 s interval for
the most representative modes of operations.

9 Evaluation of test results

The test results shall be-classified in terms of the loss of function or degradation of
performance of the equipment under test, relative to a performance level defined by its
manufacturer or the “requestor of the test, or agreed between the manufacturer and the
purchaser of the product. The recommended classification is as follows:

a) normal performance within limits specified by the manufacturer, requestor or purchaser;

b) tempgrary loss of function or degradation of performance which ceases after the
disturbance ceases, and from which the equipment under test recovers its normal
performance, without operator intervention;

c)\.femporary loss of function or degradation of performance, the correction of which requires
operator intervention;

d) loss of function or degradation of performance which is not recoverable, owing to damage
to hardware or software, or loss of data.

The manufacturer's specification may define effects on the EUT which can be considered
insignificant, and therefore acceptable.

This classification may be used as a guide in formulating performance criteria, by committees
responsible for generic, product and product-family standards, or as a framework for the
agreement on performance criteria between the manufacturer and the purchaser, for example
where no suitable generic, product or product-family standard exists.
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NOTE The performance levels can be different for voltage dip tests and short interruption tests as well as for
voltage variations tests, if this optional test has been required.

10 Test report

The test report shall contain all the information necessary to reproduce the test. In particular,
the following shall be recorded:
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identification of the EUT and any associated equipment, for example brand name, product
type, serial number;

identification of the test equipment, for example brand name, product type, serial number;

any special environmental conditions in which the test was performed, for-"example
shielded enclosure;

any specific conditions necessary to enable the test to be performed;
performance level defined by the manufacturer, requestor or purchaset;
performance criterion specified in the generic, product or product-family standard;

any effects on the EUT observed during or after the application of the test disturbance,
and the duration for which these effects persist;

the rationale for the pass/fail decision (based on the performance criterion specified in the
generic, product or product-family standard, or agreed between the manufacturer and the
purchaser);

any specific conditions of use, for example cablelength or type, shielding or grounding, or
EUT operating conditions, which are required{{o achieve compliance.
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Annex A
(normative)

Test circuit details

A.1 Test generator peak inrush current drive capability

The circuit for measuring generator peak inrush current drive capability is shown in
Figure A.1. Use of the bridge rectifier makes it unnecessary to change rectifier polarity~for
tests at 270° versus 90°. The rectifier half-cycle mains current rating should be at least fwice
the generator's inrush current drive capability to provide a suitable operating safety factor:

The 1 700 yF electrolytic capacitor shall have a tolerance of +20 %. It shall have a voltage
rating preferably 15 % to 20 % in excess of the nominal peak voltage of the mains, for
example 400 V for 220 V to 240 V mains. It shall also be able to accommodate peak inrush
current up to at least twice the generator's inrush current drive capability, to provide an
adequate operating safety factor. The capacitor shall have the lowest possible equivalent
series resistance (ESR) at both 100 Hz and 20 kHz, not exceeding 0,1 'Q at either frequency.

Since the test shall be performed with the 1 700 pF capacitor.discharged, a resistor shall be
connected in parallel with it and several time constants (RChshall be allowed between tests.
With a 10 000 Q resistor, the RC time constant is 17 s, so that a wait of 1,5 min to 2 min
should be used between inrush drive capability tests. Resistors as low as 100 Q may be used
when shorter wait times are desired.

The current probe shall be able to accommodatelthe full generator peak inrush current drive
for one-quarter cycle without saturation.

Tests shall be run by switching the generator output from 0 % to 100 % at both 90° and 270°,
to ensure sufficient peak inrush curreptdrive capability for both polarities.

A.2 Current monitor's characteristics for measuring peak inrush current

capability
Output voltage in 50 Qdgad: 0,01 V/A or more
Peak current: 1 000 A minimum
Peak current accuracy: 1+ 10 % (3 ms duration pulse)
RMS current; 50 A minimum
I x T maximum: 10 A - s or more
Rise/falltime: 500 ns or less
Low-=frequency 3 dB point: 10 Hz or less
[Asertion resistor: 0,001 Q or less

A.3 EUT peak inrush current requirement

When a generator peak inrush current drive capability meets the specified requirement (e.g.,
at least 500 A for a 220 V to 240 V mains), it is not necessary to measure the EUT's peak
inrush current requirement.

However, a generator with less than this inrush current may be used for the test, if the inrush
requirement of the EUT is less than the inrush drive capability of the generator. The circuit of
Figure A.2 shows an example of how to measure the peak inrush current of an EUT to
determine if it is less than the inrush drive capability of a low-inrush drive capability generator.
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The circuit uses the same current transformer as the circuit of Figure A.1. Four peak inrush
current tests are performed:

a) power off for at least 5 min; measure peak inrush current when it is turned back on at 90°;
b) repeat a) at 270°;

c) power on preferably for at least 1 min; off for 5 s; then measure peak inrush current when
it is turned back on again at 90°;

a)
~
In order to be able to use a low-inrush drive current capability generator to test a particular
EUT, that EUT's measured inrush current shall be less than 70 % of the measured ifrush
current drive capability of the generator.

To oscilloscope

Voltage
interrupt B /—\

generator U N
G C —— R

IEC

Components

G voltage interrupt generator, switched on at 90° and 270°
T current probe, with monitoring output to oscilloscopé

B rectifier bridge

R bleeder resistor, not over 10 000 Q or less than 100 Q
C 1700 pF + 20 % electrolytic capacitor

Figure A.1 —Circuit for determining the inrush current
drive capability of the short interruptions generator

To oscilloscope
T

(Y
Voltage U

interrupt EUT
generator
G

IEC

Figure A.2 — Circuit for determining the peak inrush current requirement of an EUT
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Annex B
(informative)

Electromagnetic environment classes

The following electromagnetic environment classes have been summarised from I[EC 61000-2-
4.

e Class 1

This class applies to protected supplies and has compatibility levels lower than public
network levels. It relates to the use of equipment very sensitive to disturbances-invthe
power supply, for instance the instrumentation of technological laboratories,\ some
automation and protection equipment, some computers, etc.

NOTE Class 1 environments normally contain equipment which requires protection by such apparatus as
uninterruptible power supplies (UPS), filters, or surge suppressers.

e Class 2

This class applies to points of common coupling (PCCs for consumer systems) and in-
plant points of common coupling (IPCs) in the industrial environment in general. The
compatibility levels in this class are identical to those of“public networks; therefore
components designed for application in public networks~may be used in this class of
industrial environment.

e Class 3

This class applies only to IPCs in industrial environments. It has higher compatibility levels
than those of class 2 for some disturbance phenomena. For instance, this class should be
considered when any of the following conditions are met:

a major part of the load is fed through<onverters;

welding machines are present;

large motors are frequently started;
— loads vary rapidly.

The supply to highly disturbing’loads, such as arc-furnaces and large converters which are
generally supplied from a_segregated bus-bar, frequently has disturbance levels in excess
of class 3 (harsh environment). In such special situations, the compatibility levels should
be agreed upon.

The class applicable for new plants and extensions of existing plants should relate to the
type of equipment and process under consideration.
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Annex C
(informative)

Test instrumentation

Figure C.1a) and Figure C.1b) show two possible test configurations for mains supply
simulation. To show the behaviour of the EUT under certain conditions, interruptions and

Voltage drops, rises and interruptions are simulated by alternately closing switch 1 and switch
2. These two switches are never closed at the same time and an interval up to 100 us withthe
two switches opened is acceptable. It shall be possible to open and close the “switches
independently of the phase angle. Semiconductors switches constructed Mith® power
MOSFETs and IGBTs can fulfil this requirement. Thyristors and triacs open _ during current
zero crossing, and therefore do not meet this requirement.

The output voltage of the variable transformers can either be adjusted manually or
automatically by means of a motor. Alternatively, an autotransformer“with multiple switch-
selected taps may be used.

Waveform generators and power amplifiers can be used instead-of variable transformers and
switches (see Figure C.1b)). This configuration also allows testing of the EUT in the context of
frequency variations and harmonics.

The generators described for single-phase testing. (see Figure C.1a), Figure C.1b) and
Figure C.1c)) can be also used for three-phase testing (see Figure C.2).

1
Phase r
Switch 1 ‘
Power i
supply | ™o ! Voltmet
. Switch 2 : otmeter
\ : EUT oscilloscope
' :
: Variable transformer 2 !
Neutra) i |
(or phase Oo— :
forphase-to-phase | !
fests) | !

IEC

a) Schematic of test instrumentation for voltage dips, short interruptions
and voltage variations using variable transformers and switches
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b) Schematic of test instrumentation for voltage dips{short interruptions
and voltage variations using a power amplifier
r--------------------------------------—--I
l |
! |
1
| i
: '\c .
Phase O— i
! SwitehA i
1 1
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i :
! 70 %
! 1
Power i ; I\O \
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! 1
! 1
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1 1
Neutral i E
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b e e e e e e e e 1
IEC

c) Schematic of test instrumentation for voltage dips, short interruptions
and voltage variations using a tapped transformer and switches

Figure C.1 — Schematics of test instrumentation for voltage dips,

short interruptions-and voltage variations
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Figure C.2 — Schematic of test instrumentation for three-phase voltage dips,
short interruptions and voltage variations using a power amplifier
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Annex D
(informative)

Rationale for generator specification regarding voltage,
rise-time and fall-time, and inrush current capability

D.1___ Concept of basic standard

The immunity basic standards of the IEC 61000-4 series are based on the concept of defining
a test system in one document representing typically one type of electromagnetic disturbance.
The environmental description of the IEC 61000-2 series (which includes also compatibility
levels), together with practical industry experience, is the basis for defining the disturbance
source simulator, the necessary coupling and decoupling networks and the range of test
levels.

Parameters in the basic standard are always compromises selected fromy;a large amount of
data derived from the disturbance source. The compromise is assumed.to be correct if, once
the immunity test is applied, only a few malfunctions occur in the real world.

To keep the immunity test as easy as possible, the generator_output shall be verified in a
calibration set-up and not with the EUT connected to the output’of the generator. The purpose
of the calibration is to guarantee comparable test resilts between different brands of
generators.

D.2 IEC 61000-4-11:1994 (first edition)

Data from the UNIPEDE report was usedswhich indicated short circuit in terms of voltage
reduction and interruption duration. At that time, rare measurement results were available
showing how equipment on the same phase was affected, in the public power network.

Based on this information, IEC 61000-4-11:1994 (first edition) was defined and published in
1994. For the switching time a\value of 1 ps to 5 ys was chosen for representing the short
circuit's worst case occurring-at a distance of up to 50 m between the source and the affected
equipment. For example, the equipment used in a laboratory or in an industrial plant has a
greater risk of being affected by voltage dips and short interruptions within 50 m.

D.3 Rationalefor the need of rapid fall-times

In case of short circuit in the line, the voltage at the input terminals of the equipment might go
to zero infess than 5 ps.

If the~short circuit originates from the public network, the fall-time will be relatively slow, in the
order of hundreds of microseconds to some milliseconds. If, however, the short circuit is at
the local premise, for example due to the failure of another equipment installed in close

proximity, the mains voltage will go to zero within microseconds, with fall-times shorter than
1 us reported for some cases.

In this case, the input rectifier diodes of the equipment will be commutated from conduction
mode to blocking mode with a sudden high reverse voltage due to that very fast voltage rise-
time. As those diodes are usually designed for natural line commutation with a rise-time of the
voltage in the range of milliseconds, this event is an increased stress for the rectifier diodes.
More generally, fast voltage transients can disturb electronics as well, leading to the damage
of the equipment.
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Tests performed with a fast fall-time in the range of a few microseconds emulating the short
circuit condition can be used to test the robustness of equipment against fast transient short
circuits of the line.

D.4 Interpretation of the rise-time and fall-time requirements during EUT
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content of this sheet is as follows:

1) "In IEC 61000-4-11:2004, Table 4 does not apply to EUT (equipment under test) testing.
Table 4 is for generator calibration and design only.

2) With reference to Table 1 and Table 2, there is no requirement in 61000-4-11:2004 for
rise-time and fall-time when testing EUT; therefore, it is not necessary to measure these
parameters during tests.

3) With reference to Table 4, all of the requirements apply to design and\calibration of the
generator. The requirements of Table 4 only apply when the load is,a ‘fon-inductive 100 Q
resistor. The requirements of Table 4 do not apply during EUT testing."

D.5 Main conclusions

With respect to rise-time and fall-time, the main conclusions(are the following:

e |t is possible, for real-world voltage dips, to have fall<times faster than 5 us in the case of
short circuits close to the equipment. However, for the time being, this document does not
consider the effects of voltage fall times shorter than 1 ps.

e Rise-time depends on several factors incldding the impedance of the network, cabling and
equipment connected in parallel.

e The rise-time and fall-time requirements have remained unchanged and the document has
been used worldwide since its first\publication in 1994, but, as in the interpretation sheet,
these rise-time and fall-time requirements do not apply during a test of an EUT. They only
apply when calibrating a dip @@enerator with a 100 Q resistive load. These rise-times and
fall-times do not necessarily\occur during an actual EUT test.

e Most voltage dip and, short interruption immunity tests begin and end at 0° or 180°.
Published research.generally concludes that these are the most severe phase angles for
voltage ride-through‘tests. Note that at 0° and at 180° the instantaneous waveform voltage
is zero, so rise-timé and fall-time have no meaning.

e Pre-compliance testing could be considered using a dip generator with a longer rise-time
and fall-time-up to 200 us for voltage dip and short interruption tests that begin and end at
0° or 1807, as rise-time and fall-time are not important at these angles. However, full
compliance with the test methods of this document requires to use a generator that, when
tested with a 100 Q resistive load, meets the 1 us to 5 ys requirement in 6.1.3.

D.6° Rationale for inrush current capability

During the connection of an equipment to a power line, an inrush current flows into it. This
inrush current could conceivably damage parts of the equipment, for example an input rectifier
with capacitive smoothing. In order to prevent damage, measures for inrush current limitation
are usually incorporated inside the equipment.

An inrush current will also occur when the line voltage recovers after a voltage dip or
interruption. In this case, the inrush current limitation measures might not be activated in the
equipment with disabled pre-charge circuit, so it is possible for the post-dip inrush current to
damage the equipment.
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For this reason, it is necessary for the voltage dip generator to be capable of supplying
sufficient current and that the post-dip inrush current is not limited by the dip generator.

Without this inrush current requirement, it would be possible for the equipment to pass the
immunity test performed with the dip generator, but to fail in the real world due to inrush
current damage.

In a real installation, this inrush current will be limited by the network impedance. If the short

circuit is on the public supply, the network impedance is according to the line reference
impedance of the public supply (796 yH according to IEC TR 60725), which is typical for rural
low voltage networks, and it will limit the inrush current to about 15 A to 20 A. However, if'the
short circuit is inside the local premise, in a particular large installation such as an industrial
plant, the impedance can be much lower and the inrush current much larger.

In order for the test generator to have adequate capabilities to properly stresscthe-equipment
under test, the document provides guidance in 6.1.3 to ensure that the equipment does not
demand more current than 70 % of the generator capability, for example 500 A for 220 V to
240 V mains.
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-11-Techniques-d'essai-et de- mesure

Essais d'immunité aux creux de tension, coupures bréves
et variations de tension pour les appareils a courant

d’entrée inférieur ou égal a 16 A par phase

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans les domaines
de I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activités — publie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leltr’élaboration est confiée a des
comités d'études, aux travaux desquels tout Comité national intéressé par-le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementalésy~en liaison avec I'l[EC, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation\lnternationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant"donné que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'l[EC se présentent sous la forme,de.recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous{les efforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses,publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation quien est faite par un quelconque utilisateur final.

4) Dans le but d'encourager I'uniformité internationale, les Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre 40utes Publications de I'lEC et toutes publications nationales ou
régionales correspondantes doivent étre indiquées en termes clairs dans ces dernieres.

5) L’'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fournissent des services d'évaluatien’ de conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent;s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité ne doit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC,\pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelque nature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et’les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou de
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L*attention est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 61000-4-11 a été établie par le sous-comité 77A: CEM -
Phénoménes basse fréquence, du comité d'études 77 de [IIEC: Compatibilité
électromagnétique.

Elle constitue la Partie 4-11 de I'lEC 61000. Elle a le statut d’'une publication fondamentale en
CEM conformément au Guide IEC 107.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2004 et
I'Amendement 1:2017. Cette édition constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) le temps de montée et le temps de descente sont désormais des termes définis a
I’Article 3;

b) I'origine des creux de tension et des coupures bréves est désormais décrite a I'Article 4.

Le texte de cette Norme internationale est issu des documents suivants:

FDIS Rapport de vote
77A/1039/FDIS 77A/1056/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur lewote ayant
abouti a I'approbation de cette Norme internationale.

Ce document a été rédigeé selon les Directives ISO/IEC, Partie 2.

Une liste de toutes les parties de la série 61000, publiées sous le titre 'général Compatibilité
électromagnétique (CEM), peut étre consultée sur le site web de I'lEC..

Le comité a décidé que le contenu de ce document ne sera‘pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les données
relatives au document recherché. A cette date, le document sera

e reconduit,

e supprimé,

e remplacé par une édition révisée, ou

e amendé.

IMPORTANT - Le logo "colourfinside"™ qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles a
une bonne compréhension.de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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INTRODUCTION

L’'IEC 61000 est publiée sous forme de plusieurs parties, conformément a la structure
suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)

Définitions, terminologie
Partie 2: Environnement

Description de I'environnement
Classification de I'environnement

Niveaux de compatibilité
Partie 3: Limites
Limites d'émissions

Limites d'immunité (dans la mesure ou elles ne relévent pas de la responsabilité des
comités de produits)

Partie 4: Techniques d'essai et de mesure

Techniques de mesure

Techniques d'essai
Partie 5: Lignes directrices d'installation etyd'atténuation

Lignes directrices d'installation

Méthodes et dispositifs d'atténuatiof

Partie 6: Normes génériques
Partie 9: Divers

Chaque partie est a son-tour subdivisée en plusieurs parties, publiées soit comme Normes
internationales, soit, comme spécifications techniques ou rapports techniques, dont certaines
ont déja été publiées en tant que sections. D’autres seront publiées sous le numéro de la
partie, suivi dan-tiret et complété d’un second chiffre identifiant la subdivision (exemple:
IEC 61000-641).
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COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 4-11: Techniques d'essai et de mesure —
Essais d'immunité aux creux de tension, coupures bréves
et variations de tension pour les appareils a courant
d’entrée inférieur ou égal a 16 A par phase

1 Domaine d’application

La présente partie de I'lEC 61000 définit les méthodes d'essai d'immunité ainsi \que la plage
des niveaux d'essais préférentiels pour les matériels électriques et électroniqués connectés a
des réseaux d'alimentation a basse tension pour les creux de tension, les coupures bréves et
les variations de tension.

Le présent document s’applique aux matériels électriques et électroniques dont le courant
assigné d’entrée ne dépasse pas 16 A par phase et destinés a étre reliés a des réseaux
électriques a courant alternatif de 50 Hz ou 60 Hz.

Il ne s'applique pas aux matériels électriques et électroniques destinés a étre reliés a des
réseaux électriques a courant alternatif de 400 Hz. Les,essais pour ces réseaux seront traités
dans des documents IEC a venir.

Le but du présent document est d'établir unel référence commune pour l'évaluation de
I'immunité des matériels électriques et électroniques soumis a des creux de tension, a des
coupures bréves et a des variations de tension.

NOTE 1 Les essais d'immunité aux fluctuations/de tension sont traités dans I'lEC 61000-4-14.

La méthode d’essai décrite dans Je\ présent document détaille une méthode sans faille pour
évaluer I'immunité d’un matériel.gu d’'un systéme a un phénoméne prédéfini.

NOTE 2 Comme cela est décrit dans le Guide 107 de I'lEC, ce document est une publication fondamentale en
CEM destinée a l'usage des-comités de produits de I'lEC. Comme cela est également mentionné dans le
Guide 107, les comités de-produits de I'lEC sont chargés de décider s’il convient d’utiliser ou non cette norme
d’essai d'immunité et, si‘\elle est utilisée, les comités sont responsables de la définition des niveaux d’essai
appropriés. Le comité, d’études 77 et ses sous-comités sont préts a coopérer avec les comités de produits pour
I’évaluation de la pertinence des essais particuliers d’immunité pour leurs produits.

2 Références normatives

Les documents suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou partie
de~leur contenu, des exigences du présent document. Pour les références datées, seule
Pédition citée s’applique. Pour les références non datées, la derniere édition du document de
référence s'appligue (y compris les éventuels amendements).

IEC TR 61000-2-8, Compatibilité électromagnétique (CEM) - Partie 2-8: Environnement —
Creux de tension et coupures breves sur les réseaux d’électricité publics incluant des
résultats de mesures statistiques
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3 Termes et définitions
Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

o |EC Electropedia: disponible a I'adresse http://www.electropedia.org/

e |SO Online browsing platform: disponible a I'adresse http://www.iso.org/obp

3.1

immunité (a2 une perturbation)

aptitude d'un dispositif, d'un appareil ou d'un systéme a fonctionner sans dégradation en
présence d'une perturbation électromagnétique

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

3.2

creux de tension

baisse brutale de la tension en un point particulier d’'un systémerd’alimentation électrique qui
devient inférieure a un seuil de creux spécifié, puis reprend une ' valeur supérieure au seuil
aprés un court intervalle de temps

Note 1 a I'article: Typiquement, un creux est associé a 'apparitionset.a la disparition d’'un court-circuit ou de toute
autre cause de surintensité dans le systéme ou les installations confectées a celui-ci.

Note 2 a I'article: Un creux de tension est une perturbation/électromagnétique en deux dimensions, dont le niveau
est déterminé par la tension et la durée.

3.3

coupure bréve

baisse brutale de la tension sur toutes les phases a un point particulier d’'un systeme
d’alimentation électrique qui devient.inférieure a un seuil d’interruption spécifié, puis reprend
une valeur supérieure au seuil aprés un court intervalle de temps

Note 1 a I'article: Les coupures bréves sont souvent liées aux dispositifs de commutation dont le fonctionnement
est lié a I'apparition et a la disparition de courts-circuits dans le systéme ou les installations connectées a celui-ci.

3.4

tension résiduelle

<creux de tension> valeur minimale de la tension efficace enregistrée pendant un creux de
tension ou unescoupure bréve

Note 1 a I'article: La tension résiduelle peut étre exprimée en volts, en pourcentage ou en valeur unitaire par
rapport adartension de référence.

3.5
dysfonctionnement
cessation de l'aptitude d’'un matériel a accomplir ses fonctions ou exécution de fonctions

Incorrectes par le materiel

3.6
étalonnage
méthode qui permet de démontrer que 'appareil de mesure est conforme a ses spécifications

Note 1 a l'article: Pour les besoins du présent document, I’étalonnage s’applique au générateur d’essai.



http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=66922b78dad9115eea1c80c5372676a0

IEC 61000-4-11:2020 © |IEC 2020 -39 -

3.7

vérification

ensemble des opérations utilisées qui s’appliquent a I'ensemble des matériels d’essai (par
exemple le générateur d’essai et les cables d’interconnexion) pour démontrer que le systéme
d’essai fonctionne conformément aux spécifications décrites a I’Article 6

Note 1 a I'article: Les méthodes de vérification peuvent ne pas étre les mémes que les méthodes d’étalonnage.

Note 2 a l'article: Les procédures de vérification décrites en 6.1.3 servent a vérifier que le générateur d’essai et

les autres éléments constituant le montage d’essai fonctionnent correctement, pour que la forme d’onde correcte
soit délivrée a 'EST.

3.8

temps de montée

durée de l'intervalle de temps entre les instants auxquels la valeur instantanée d'une
transition atteint pour la premiére fois une valeur inférieure puis une valeur ‘supérieure
donnée

Note 1 a l'article: Les valeurs inférieure et supérieure sont fixées a 10 % et 90 % de I'amplitude de transition.

[SOURCE: IEC 60050-161:1990, 161-02-05]

3.9

temps de descente

durée de lintervalle de temps entre les instants auxquels la valeur instantanée d'une
transition atteint pour la premiére fois une valeur supérieure puis une valeur inférieure
donnée

Note 1 a I'article: Les valeurs inférieure et supérieure sont{fixées a 10 % et 90 % de I'amplitude de transition.

Note 2 a I'article: Cette définition est dérivée de I'EC60050-161:1990, 161-02-05.
4 Généralités

Les creux de tension, les coupures bréves et les variations de tension de I'alimentation
électrique peuvent avoir une incidence sur les matériels électriques et électroniques.

Les creux de tension et les coupures bréves se produisent en raison de pannes sur un réseau
(public ou non) ou dans' des installations par suite de variations brusques de charges
importantes. Dans cértains cas, plusieurs creux ou coupures consécutifs peuvent survenir.
Les variations de tension sont causées par des variations continues des charges connectées
au réseau.

Ces phénomenes, aléatoires par nature, peuvent étre caractérisés de maniere minimale en
vue d’étre_utilisés pour des simulations en laboratoire pour ce qui concerne I’écart par rapport
a la tehsion assignée et la durée.

En-Conséquence, différents types d’essais sont spécifiés dans le présent document pour
simuler les effets des variations hruqqupq de tension Ces essais doivent ||ninllmmpnf atre

utilisés pour des cas particuliers et justifiés, et relevent de la responsabilité des comités de
produits ou de spécifications.

Les comités de produits sont chargés d’établir les phénoménes concernés parmi ceux traités
dans le présent document et de décider des conditions d’application de I'essai.
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5 Niveaux d'essai

5.1 Généralités

Les tensions indiquées dans le présent document ont comme base la tension assignée du
matériel (Ut) pour la spécification des tensions des niveaux d’essai.

Lorsque le matériel présente une plage de tensions assignées, les points suivants doivent

s'appliquer:

e si la plage de tensions est inférieure a 20 % de la tension inférieure spécifiée pourlla
plage de tensions assignées, une tension unique dans cette plage peut étre spécifiée
comme base pour la spécification du niveau d’essai (Ug);

e dans tous les autres cas, la procédure d’essai doit s’appliquer a la fois aux\ténsions les
plus élevées et aux tensions les plus faibles de la plage de tensions;

e [|'IEC TR 61000-2-8 donne des recommandations concernant la sélection’ des durées et
des niveaux d’essai.

5.2 Creux de tension et coupures bréves

Le passage de la tension Ur a la nouvelle tension est hrusque. Cette variation peut
commencer et se terminer a n’importe quel angle de phase de la tension du réseau. Les
niveaux de tension d’essai suivants (en % de Ug) sont utilises: 0 %, 40 %, 70 % et 80 %, ce
qui correspond a des creux de tensions résiduelles de 0 %, 40 %, 70 % et 80 %.

Pour les creux de tension, les durées et les niveaux\d'essai préférentiels sont indiqués dans
le Tableau 1 et un exemple est représenté a la Figure 1a) et a la Figure 1b).

Pour les coupures bréves, les durées et les niveaux d’essai préférentiels sont indiqués dans
le Tableau 2 et un exemple est représenté. a'la Figure 2.

Le temps de montée et le temps de descente sont représentés a la Figure 3.

Les durées et les niveaux d’essai préférentiels indiqués dans les Tableau 1 et Tableau 2
tiennent compte des informations indiquées dans I'lEC TR 61000-2-8.

Les niveaux d'essai préferentiels indiqués dans le Tableau 1 sont raisonnablement sévéres et
sont représentatifs de“nombreux creux de tension réels, mais n'ont pas pour but d’assurer
I'immunité a tous les’ creux de tension. Des creux de tension plus sévéres, par exemple 0 %
pendant 1 s et"des creux de tension triphasés, peuvent étre pris en considération par les
comités de produits.

La specification du générateur concernant le temps de montée en tension, ¢, et le temps de
descente en tension, ¢, pendant les variations brusques est indiquée dans le Tableau 4.

les durées et niveaux doivent étre indiqués dans les spécifications des produits. Un niveau

d'essai de U % correspond a une coupure totale de la tension d alimentation. En pratique, un
niveau de tension d’essai compris entre 0 % et 20 % de la tension assignée peut étre
considéré comme une coupure totale.

Il convient de vérifier par essai les durées plus courtes indiquées dans le Tableau 1, et en
particulier la demi-période, pour confirmer que I'équipement soumis aux essais (EST)
fonctionne conformément aux limites qui lui sont spécifiées.

Lors de la définition des critéeres de performances pour des perturbations dont la durée est
une demi-période pour des produits équipés d’un transformateur de réseau, il convient que
les comités de produits soient particulierement attentifs aux effets qui peuvent étre
occasionnés par les courants d’appel. Pour de tels produits, ces courants peuvent étre 10 fois
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a 40 fois plus élevés que le courant assigné en raison de la saturation du flux magnétique du
noyau du transformateur aprés le creux de tension.

Des courants d’appel importants peuvent se produire également avec des condensateurs (par
exemple, des filires CEM, des redresseurs en pont connectés a des condensateurs en
courant continu).

Tableau 1 — Durées et niveaux d’essai préférentiels pour les creux de tension

Classes 2 Durées et niveaux d’essai pour des creux de tension (z.) (50 Hz/60 Hz)
Classe 1 Au cas par cas en fonction des exigences du matériel
Classe 2 0 % pendant 0 % pendant 70 % pendant 25/30 € périodes
Y2 période 1 période
Classe 3 0 % pendant 0 % pendant 40 % pendant 70 % pendant | 80 %_pendant 250/300
Y2 période 1 période 10/12 ® périodes 25/30 © périodes ° périodes
Classe X P X X X X X

@ Classes selon I'lEC 61000-2-4; voir I’Annexe B.

b A définir par le comité de produits. Pour des matériels connectés directement ou indirectement au réseau
public, les niveaux ne doivent jamais étre moins sévéres que ceux de la Classe 2.

¢ "25/30 périodes" signifie "25 périodes pour des essais a 50 Hz" et "30 périodes pour des essais a 60 Hz".

Tableau 2 — Durées et niveaux d’essai préférentiels pour les coupures bréves

Classes ? Durées et niveaux d’essai pour des coupures bréves (z,) (50 Hz/60 Hz)
Classe 1 Au cas)par cas en fonction des exigences du matériel

Classe 2 0 % pendant 250/300 ° périodes

Classe 3 0 % pendant 250/300 ° périodes

Classe X © X

2 Classes selon I'lEC 61000-2-4; voir ’Annexe B.

A définir par le comité de produits. Pour des matériels connectés directement ou indirectement au réseau
public, les niveaux ne doiventyjjamais étre moins sévéres que ceux de la Classe 2.

¢ "250/300 périodes" signifie”"250 périodes pour des essais a 50 Hz" et "300 périodes pour des essais a 60 Hz".

5.3 Variations:de tension

Cet essai porte sur une transition définie entre une tension assignée Ut et la valeur de la
tension apres la variation.

NOTE-La durée de la variation de tension est courte et peut étre causée par une variation de charge.

ka, durée préférentielle des variations de tension et la durée pendant laquelle les tensions

léduitca dU;VUIIt etlc bUIIOCIVéCO QUIIt illdiquéca dGIIO :U Tab:cau 3 “ bUIIV;CIIt yuc :U tau1\ dc
variation soit constant; toutefois, la tension peut étre échelonnée. Il convient que les échelons
se situent aux points de passage a zéro et qu’ils ne soient pas supérieurs a 10 % de Ug. Les
échelons inférieurs a 1 % de Ut sont considérés comme des taux de variation de tension
constants.
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Tableau 3 — Durée des variations de tension d’alimentation de courte durée

Niveau d'essai
de la tension

Temps de diminution
de la tension (z,)

Durée de la tension
réduite (z,)

Temps d’augmentation
de la tension (z)
(50 Hz /60 Hz)

70 %

Brusque

1 période

25/30 ° périodes

Xa

Xa

Xa

Xa

a A définir par le comité de produits.

b

"25/30 périodes" signifie "25 périodes pour des essais a 50 Hz" et "30 périodes pour des essais a 60 Hz".

Il s’agit de la forme typique du démarrage d’'un moteur.
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125 } t (périodes)

IEC

NOTE La tension diminue jusqu’a 70 % pour 25 périodes. Echelon au passage & zéro.

a) Creux de tension: Graphique indiquant la forme d'onde d'un creux de tension de 70 % a 0°

U (¢)

IEC

Légende

t;, (temps de descente

i, vtemps de montée

t, durée de la tension réduite
b) Creux de tension: Graphique indiquant la forme d'onde d'un creux de tension de 40 % a 90°

Figure 1 — Creux de tension — Exemples
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t; temps de descente
t. temps de montée
t, durée de la tension réduite

Figure 2 — Coupure bréve

to b (1~5) ps*

P +  Surdépassement < 5%
< f < r > /
— /
90 %
10 %
N "
/
Sous-depassement < Y
P ° *avec une charge de 100 Q a 90° et 270°
IEC

Figure 3 — Vue détaillée du temps de montée et du temps de descente

La Figure 4 représente la tension efficace en fonction du temps. D’autres valeurs peuvent étre
envisagées dans des cas justifiés et doivent étre spécifiées par le comité de produits.
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