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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-11: Testing and measurement techniques —
Voltage dips, short interruptions and
voltage variations immunity tests

FOREWORD

1) The IEC (International Electrotechnical Commission) is a worldwide organlzatl fox s

andardization comprising
aII nat|ona| electrotechnlcal commlttees (IEC Natlonal Commlttees) T i

participate in this preparatory work. International, ental organizations liaising
with the IEC also participate in thls preparation. The ith the International
two organizations.

2) The formal decisions or agreements of the IEC on ;
international consensus of opinion on the v b8 i chnigal committee has representation
from all interested National Committees.

3) The documents produced have the form of reco 9 Qr'i ratignal use and are published in the form
of standards, technical specifications, ides and they are accepted by the National
Committees in that sense.

indicated in the latter.

5) The IEC provides np ma
equipment decl
6) Attention is drawn 16

of patent rights. The

000. It has the status of a Basic EMC Publication in accordance
with IEC Guidey107.

This conselidated version of IEC 61000-4-11 is based on the first edition (1994) [documents
77B(CO)17 and 77B(C0O)20] and its amendment 1 (2000) [documents 77B/291+293/FDIS
and-77B/298+300/RVD].

It bears the edition number 1.1.

A vertical line in the margin shows where the base publication has been modified by
amendment 1.

Annex A forms an integral part of this standard.

Annexes B and C are for information only.
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The committee has decided that the contents of the base publication and its amendment will
remain unchanged until 2002. At this date, the publication will be

* reconfirmed,;
* withdrawn;
+ replaced by a revised edition, or

——amended:

@%
&
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INTRODUCTION

This section of part 4 belongs to the IEC 61000 series, Electromagnetic compatibility (EMC),
according to the following structure:

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

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

Compatibility levels

Part 3: Limits
Emission limits

Immunity limits (in so far as they do not fall
committees)

Part 4: Testing and measurement teckhiques

Measurement techniques
Testing techniques

Part 5: Installation and miti

Installation guidelings

Mitigation methods

Part 9: Miscella

Each part is furthé i tions which are to be published either as international
These s ¢ will be published in chronological order and numbered

This part is @an~i ational standard which gives immunity requirements and test procedures
related to(valtage dips, short interruptions and voltage variations.
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 4-11: Testing and measurement techniques —
Voltage dips, short interruptions and
voltage variations immunity tests

1 Scope

This section of IEC 61000-4 defines the immunity test methods and range of preferred-test
levels for electrical and electronic equipment connected to low-voltage po spply networks
for voltage dips, short interruptions, and voltage variations.

exceeding 16 A per phase.

It does not apply to electrical and electronic equipment for c
a.c. networks. Tests for these networks will be covered by

electrical and electronic equipment whe
voltage variations.

2 Normative references

The following normative docux Qntai isiops which, through reference in this text,
constitute provisions o S . At the time of publication, the editions
indicated were valid. > are subject to revision, and parties to
agreements based_on secti IE 61000-4 are encouraged to investigate the
possibility of ap S S ditighs of the normative documents indicated below.
Members of IEC and A€ i i

Q Electromagnetic compatibility (EMC) — Part 2: Environment — Section 1:
Description‘of the erivironment — Electromagnetic environment for low-frequency conducted
disturbances and signalling in public power supply systems

IEC 61000-2-2:1990, Electromagnetic compatibility (EMC) — Part 2: Environment — Section 2:
Compatibility levels for low-frequency conducted disturbances and signalling in public low-
voltage power supply systems

IEC 61000-4-1:1992, Electromagnetic compatibility (EMC) — Part 4: Testing and measurement
techniques — Section 1: Overview of immunity tests — Basic EMC publication
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3 General

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

Voltage dips and short interruptions are caused by faults in the network. in installations or by

a sudden large change of load. In certain cases, two or more consecutive dips or interruptions
may occur. Voltage variations are caused by the continuously varying loads connected to the
network.

These phenomena are random in nature and can be characterized in terms_of the deviation
from the rated voltage and duration. Voltage dips and short interruptions arxe not.'always
abrupt, because of the reaction time of rotating machines and protectje is_connected
to the power supply network. If large mains networks are disconnec ithin g pIant or

ill start up in the
gradual decrease of

basic EMC ‘standard/(ACEC)")

standard giving general and fundamental conditions or rules for the achievement of EMC,
which-%are related or applicable to all products and systems, and serve as reference
documents for product committees

4.2
immunity (to a disturbance)

the ability of a device, equipment or system to perform without degradation in the presence of
an electromagnetic disturbance
[IEV 161-01-20]

1) Advisory Committee on Electromagnetic Compatibility.
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4.3

voltage dip

(definition used for the purpose of this standard). A sudden reduction of the voltage at a point
in the electrical system, followed by voltage recovery after a short period of time, from half a
cycle to a few seconds

[IEV 161-08-10, modified]

4.4

short interruption
the disappearance of the supply voltage for a period of time typically not exceeding 1 min:
Short interruptions can be considered as voltage dips with 100 % amplitude (see also. 8.1,
IEC 61000-2-1)

4.5

voltage variation
a gradual change of the supply voltage to a higher or lower
The duration of the change can be short or long with regard to

4.6

malfunction

the termination of the ability of an equipment to caryy ou
of unintended functions by the equipment

fons or the execution

5 Testlevels

The voltages in this standard use thé¢
voltage test level specificatiqn.

rated voltage fox the equipment (Ug) as a basis for
Where the equipment he > ange the following shall apply:

— if the voltagetan
voltage rang'
(U,

specification

% of the lower voltage specified for the rated
range may be specified as a basis for test level

any phase.angles on the mains voltage. The following test voltage levels (in % Ut) are used:
0 %, 40:% and 70 %, corresponding to dips and interruptions of 100 %, 60 % and 30 %.

The preferred test levels and durations are given in table 1, and an example is shown in figure 1.
The levels and durations shall be given in the product specification. A test level of 0 % corres-
ponds 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 the table, in particular the half-cycle, should be tested to be sure that the
equipment under test (EUT) works in its intended performance.
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Table 1 — Preferred test levels and durations for
voltage dips and short interruptions

Voltage dip and
Test level short interruptions Duration
(in period)
% Ur % Ut
0 100 ”’1"
5
40 60 10
25

70 30 /52\
* For 0,5 period, the test shall be made in positive and negative polarity, i.¢7 starting atxQ¢ and
180° respectively. A <\
NOTE 1 One or more of the above test levels and durations may be chosen. \)
NOTE 2 If the EUT is tested for voltage dips of 100 %, it is generall essarytotest for other
levels for the same durations. However, for some cases (safeguard elgctromeghanical
devices) it is not true. The product specification or product com yvenan indication of the
applicability of this note.
NOTE 3 "x"is an open duration. This duration can be gi¥en in th ¢t spesification. Utilities in
Europe have measured dips and short interruptions of duration
but duration less than 50 periods are most common.
NOTE 4 Any duration may apply to an st Iev;k\(x

5.2 Voltage variations (optional)

s and the time for which the reduced voltages
e rate of change of voltage should be constant;

ming of short-term supply voltage variations

O\ %
olége\
testNevel

Time for
decreasing voltage

Time at
reduced voltage

Time for
increasing voltage

40'% Ur

2s+20%

1s+£20 %

2s5s+20%

0% Uy

2s+20%

1s+£20 %

2s5s+20%

X

X

X

NOTE x represents an open set of durations and can be given in the product specification.

Figure 2 shows the voltage as a function of time. Other values may be taken in justiiied cases
and shall be specified in product specification.
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6 Test instrumentation

6.1 Test generators

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 provision to prevent the emission of heavy disturbances which, if
injected in the power supply network, may influence the test results.

6.1.1 Characteristics and performance of the generator

Specifications

Output voltage:

Change with load at the output of the
generator:

100 % output, 0 to 16 A:
70 % output, 0 to 23 A:
40 % output, 0 to 40 A:

Output current capability: oer phase at rated voltage. The

éhall be capable of carrying 23 A

EUT rated steady-state supply current
(see A.2)).

Not to be limited by the generator. However,
the maximum peak drive capability of the
generator need not exceed 500 A for 220 V —
240 V mains, or 250 A for 100 V — 120 V mains.

less than 5 % of the change in voltage

Voltage rise (aRd falI\time during abrupt

change, generatoNoaded with 100 Q

resistive lead: between 1 pus and 5 ps
Phase*shifting: (if necessary) 0° to 360°

Phase relationship of voltage dips and
interruptions with the power frequency: less than +10°

Output impedance shall be predominantly resistive.

The output impedance of the test voltage generator must be low even during the transition.
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6.1.2 Verification of the characteristics of the voltage dips, short interruptions and
voltage variation generators

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

— the 100 %, 70 % and 40 % r.m.s. output voltages of the generator shall conform to those

percentages or the selected operating voltage. 25U V, TZU V, elC.,

— the r.m.s. values of all three voltages shall be measured at no load, and shall be
maintained within a specified percentage of their nominal values;

— load regulation shall be verified at each of the three outputs, and shall not exceed 5 %, for
16 A loading at 100 %, and specified percentages for 23 A loading at %, and for’40 A
loading at 40 %;

— tests at 70 % and 40 % need not exceed 5 s in duration.

dissipation rating.

Rise and fall ti W ,
both 90° and 270°, fr6 ; ( , 100 % to 40 %, and 100 % to 0 %.

Phase angle acctiyac d for switching from 0 % to 100 % and 100 % to 0 %, at
nine phase apgtes Yrom 6Q° in 45° increments. It shall also be verified for switching from
100 % to 70 as well as from 100 % to 40 % and 40 % to 100 %, at 90°

recognized guality assurance system.

6.2 Current monitor's characteristics for measuring peak inrush current capability

Output voltage in 50 Q load: 0,01 V/A or more
Peak current: 1 000 A minimum
Peak current accuracy +10 %

(3 ms—duration puibc).

r.m.s. current: 50 A minimum

| x T maximum: 10 A [k or more
Rise/fall time: 500 ns or less
Low-frequency 3 dB point: 10 Hz or less
Insertion resistor: 0,001 Q or less
Construction: Toroidal

Hole diameter: 5 cm minimum
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6.3 Power source

The frequency of the test voltage must 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-up for the two types of phenomena described in this standard are:

— voltage dips and short interruptions;

— voltage variations with gradual transition between the rated
voltage (option).

— informationgon-possibte connections (plugs, terminals, etc.) and corresponding cables, and

peripherals;
— input power port of equipment to be tested,;
— representative operational modes of the EUT for the test;
—<\performance criteria used and defined in the technical specifications;
—)" operational mode(s) of equipment;
— description of the test set-up.
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If the actual operating signal sources are not available to the EUT, they may 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.

8.1.1 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 the operation of
the EUT and the test equipment by their respective manufacturers.

covered by this standard are influenced by climatic conditions, this
committee responsible for this standard.

8.1.2 Electromagnetic conditions

During the tests the main ve i iored within an accuracy of 2 %. The zero
crossing control of the geqQeratorg s cy of £10°.

8.21 Voltage dips[and s

The EUT shall ¢ 9 ct combination of test IeveI and duration with a
sequence of thre& d it
event). Each repres

For three-phasetsystems, phase-by-phase test is preferred. In certain cases e.g. three-phase
meters and_) threesghase power-supply equipment, all the three phases must be
simultaneously tested. In the case of simultaneous application of dips or interruptions on all
the three'phases, the zero crossing condition of the voltage, as given in 6.1, will be fulfilled
only-on one phase.

8.2.2 Voltage variations (optional)

The EUT IS tested to each of the speciiied voltage variations, three times at 10 s interval 1or
the most representative modes of operations.
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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) temporary loss of function or degradation of performance which ceases after the
disturbance ceases, and from which the equipment under test recovers its nprmal
performance, without operator intervention;

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

hich requires

d) loss of function or degradation of performance which is not recg wing toNdamage
to hardware or software, or loss of data.

The manufacturer’s specification may define effects on the he considered
insignificant, and therefore acceptable.

This classification may be used as a guide in formul siteria, by committees
responsible for generic, product and product-fami or ag a framework for the
e purchaser, for example

10 Test report

The test report shall contg
the following shall be rg

— the items spegifiea.in thetest pl
- identificatior<)>

product type, sey

— performanceNeveldefined by the manufacturer, requestor or purchaser;

— performance criterion specified in the generic, product or product-family standard;

— anyceffects 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 cable length or type, shielding or grounding, or
EUT operating conditions, which are required to achieve compliance.
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NOTE The voltage decreases to 70 % for 10 periods. Step at zero crossing.

Figure 1 — Voltage dips
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IEC 302/01

Figure 2 — Voltage variation
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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 twice the
generator's inrush current drive capability to provide a suitable operating $

least twice the generators inrush current drive capability, i 3 ate operating
safety factor. The capacitor shall have the lowest possibl i eries reS|stance (ESR)
at both 100 Hz and 20 kHz, not exceeding 0,1 Q at eithe )

Tests shall be run.by s

both 90° and 27@ e

A.2 EUT peak

output from 0 % to 100 % at mains phasings of
inrush current drive capability for both polarities.

When a geng i urrent drive capability meets the specified requirement (e.g.,
at least 500 2

However, a genheraton\with less than this inrush current may be used for the test, if the inrush
requirement of the™k 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.

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 one minute; off for 5 s; then measure peak inrush current
when it is turned back on again at 90°;

d) repeat (c), at 270°.
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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
current drive capability of the generator.

L——> To oscilloscope
A& /_J\'
] m

Voltage
interrupt
generator \\// +
G o R
N
c /01
where
G is the voltage interrupt generator, switched on at 90° and 270°;
T is the current probe, with monitoring output to oscilloscope;
B is the rectifier bridge;
R is the bleeder resistor, not over 10 000 Q or less than 100 Q;
C isthe 1700 yF £20 % electrolytic capacitor.
Figure A.1 — Circuit for dete @Pt drive capability of
To oscilloscope
N
ime? EUT
generator
IEC 304/01

Figu

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

Guide for the selection of test levels

The test parameters, duration and depth, should be selected by considering the data given
below.

Consideration of the consequences of failure (including modes of potential failure and\the
action necessary to restore operation) should be borne in mind in selecting these parameters.

The following data is an extract from a UNIPEDE study [1].

The study was confined to disturbances caused by faytts

supply systems.
Qe ()

Nrathm\_/
Depth

10 ms 10 to 500 ms to 1sto
% <100 ms <50 <1s <3s
10 to <30 > 12 6
30 to <60 8 36 4 1
60 to 410 2 3 2
/\190 0 12 24 5

> Number of disturbances /annum

of Producers and Distributors of Electrical Energy (UNIPEDE):
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Annex C
(informative)

Test instrumentation

Examples of generators and test set-ups.

Figures C.1 a and C.1 b 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.

as power MOSFET and IGBT fulfil this requirement, whereas the thy 'or facs used in
the past can only open during zero crossing, and thereforeg” de_not simulate the real situation
correctly.

The output voltage of the variable transformers c
matically by means of a motor.

Wave-form generators and power amp
switches (see figure C.1 b).

This configuration also allows testing g context of frequency variations and

harmonics.

san be simplified for partial tests, e.g. only one
griations (see figure C.2).

The first configuratio

variable transfor@s
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Figure C.1 a — Schematic of test instrumentation d short interruptions using
]
Phase O._A_Q
I
| I
| ]
Power \/ -— I
| ! t
supp ) Wave-form Power | Voltmeter
: generator amplifier : EUT oscilloscope
I —t H
| i
I |
i ]
Neutral o——*——-| :
i i
§ |
e o e e e e . e e e e e e —————— - — - |
IEC 306/01

Figure C.1 b — Schematic of test instrumentation for voltage dips, short interruptions and
variations using power amplifier
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