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FOREWORD

interested IEC National Committees.

isinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their’nhational and regional publications. Any divergence bet
3

IEC itself does not provide any attestation ef-conformity. Independent certification bodies provide confo

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing
qll national electrotechnical committees (IEC National Committees). The object of IEC is to promote internat|onal
-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Replorts,
ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC/ Publication(s)"). Their
Areparation is entrusted to technical committees; any IEC National Committee interested in the subject dealtfwith
ay participate in this preparatory work. International, governmental and non-goyernmental organizations liajsing
ith the IEC also participate in this preparation. IEC collaborates closely with"the’ International Organizatioph for

nsS.

he formal decisions or agreements of IEC on technical matters express,\as nearly as possible, an internat|onal
gonsensus of opinion on the relevant subjects since each technical\eommittee has representation from all

IEC Publications have the form of recommendations for interational use and are accepted by IEC Natjonal
Gommittees in that sense. While all reasonable efforts are{made to ensure that the technical content of| IEC
Hublications is accurate, IEC cannot be held responsible’ for the way in which they are used or for| any
n

ions
veen

ny IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the Iatter.

mity

ssessment services and, in some areas, 'décess to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

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

o liability shall attach to IEC er(its directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn (to the Normative references cited in this publication. Use of the referenced publicatio
indispensable forthe correct application of this publication.

e or
and
IEC

hs is

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)
atent(s). [E€\takes no position concerning the evidence, validity or applicability of any claimed patent rights in

respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),

hich

ay b€ required to implement this document. However, implementers are cautioned that this may not reprgsent

thedatest information, which may be obtained from the patent database available at https://patents.iec.ch
hall'\not be held responsible for identifying any or all such patent rights.

IEC

This redline version of the official IEC Standard allows the user to identify the changes
made to the previous edition IEC 61000-2-4:2002. A vertical bar appears in the margin
wherever a change has been made. Additions are in green text, deletions are in
strikethrough red text.
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IEC 61000-2-4 has been prepared by subcommittee 77A: EMC — Low frequency phenomena,
of IEC technical committee 77: Electromagnetic compatibility. It is an International Standard.

This third edition cancels and replaces the second edition published in 2002. This edition
constitutes a technical revision.

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

edition:
a) introduction of new classes 2a, 2b and 2L (former class 2);
b) modification of existing compatibility Tevels for class 3;
c) pddition of compatibility levels in the frequency range 2 kHz to 150 kHz;
d) addition of compatibility levels using a new quantity: partial weighted harmonic distontion
PWHD).
Thel text of this International Standard is based on the following documents:
Draft Report on voting
77A/1215/FDIS 77A/1221/RVD
Fulllinformation on the voting for its approval can be found in.the report on voting indicate{d in
the pbove table.
Thig document was drafted in accordance with ISONEC Directives, Part 2, and developefd in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. Thegmain document types developed by IEC |are
destribed in greater detail at www.iec.ch/pubtications.
A ligt of all parts in the IEC 61000 seri€s, published under the general title Electromagrietic
compatibility (EMC), can be found onithe IEC website.
Thel committee has decided that .the contents of this document will remain unchanged untilfthe
stability date indicated on the-lEC website under webstore.iec.ch in the data related to|the
spetific document. At this date, the document will be
e feconfirmed,
e Withdrawn, or
e [evised.
IMPORTANT - The "colour inside" logo on the cover page of this document indicates

of

its contents. Users should therefore print this document using a colour printer.

that it contains colours which are considered to be useful for the correct understanding
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INTRODUCTION

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

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Par

Par

Par

Par

Par

Ead
tech
sec
ider

Det
sup

Description of the environment
Classification of the environment

Compatibility levels
I 3: Limits

Emission limits

mmunity limits (in so far as they do not fall under the responsibility of the pro
committees)

l 4: Testing and measurement techniques

Measurement techniques

lesting techniques
E 5: Installation and mitigation guidelines

nstallation guidelines

Mitigation methods and devices

t 6: Generic standards
t 9: Miscellaneous

h part is further subdivided into several parts, published either as International Standa
nical specifications)or technical reports, some of which have already been published

Huct

rds,
as

ions. Others will be published with the part number followed by a dash and a second number

tifying the subdivision (example: IEC 61000-3-11).

biled information on the various types of disturbances that can be expected on public po
bly systems can be found in IEC 61000-2-1 and IEC 61000-2-12.

wer
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in industrial-plants locations for low-frequency conducted disturbances

Thig
to-9
indy
35 K

O
OTOpPE

part of IEC 61000 is related to conducted disturbances in the frequency range ffom 0
150 kHz. It gives-numerical compatibility levels in differential mode (L-L-aid L-N

strial locations-ard-ron-public—powerdistribution-systems, with a nominahvoltage u

V and a nominal frequency of 50 Hz or 60 Hz.

E 1 Industrial locations are defined in 3.1.8.

er-supply distribution systems on ships, aircraft, offshore platfonms and railways are
ided.

kHz
for
p to

not

NOT

(IPC).

gens
case
geng

Con
of 4

=le

a)

NOT]
non-|
itist
cond

b)

thescheiceof-immunity levels for the equipment within these systems.

- 2 See also Annex E. The compatibility levels;specified in this document apply at the in-plant point of cou
The level of the low-frequency disturbancesatthe terminals of equipment receiving its supply from the If
rally assumed to be similar to the disturban¢elevel at the IPC itself. However, in some situations this is ng
| particularly when a long feeder is dedi¢ated to the supply of a particular load, or when a disturban
rated or amplified within the installation of which the equipment forms a part.

npatibility levels are specified-for the types of low-frequency electromagnetic disturban

he-types—which-can-be eéxpected at any in-plant point of coupling (IPC) within indus
His—or-other-non-public-retworks locations, for guidance in the definition of:

imits for disturbance emissions in industrial power-supply distribution systems (inclu
he planning leyels defined in 3.1.5);

FE 3 A very,wide range of conditions is possible in the electromagnetic environments of industrial-ard—{
bublic netwerks. These are approximated in this document by the three classes described in Clause 4. How
he responsibility of the operator of such a network to take account of the particular electromagnetic and econ
itionss-including equipment characteristics, in setting the above-mentioned limits.

bling
PC is
t the
te is

ces
trial

jing

bther
bver,
bmic

The

disturbance phenomena considered are:

— voltage deviations;

— voltage dips and short interruptions;
— voltage-unbalance imbalance;

— power-frequency variations;

— harmonics up to order-50 40;

— interharmonics up to the-50 40t harmonic;

harmonic up to 150 kHz;

— DC component;

voltage components—at—higher frequencies{above 50th—harmoenic) above the 40th
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— transient overvoltages.

The compatibility levels are given for different classes of-the—electromagnetic environment
determined by the characteristics of the supply network and loads.

NOTE 4 Compatibility levels at the point of common coupling (PCC) on public networks are specified in
IEC 61000-2-2 for low-voltage networks and IEC 61000-2-12 for medium-voltage networks. IEC TR 61000-3-6 and
IEC TR 61000-3-7 describe the approach of-supphyautherities power distribution system operators to the limitation
of emissions from installations and large loads.

2

The
con
For

Normative references

stitutes requirements of this document. For dated references, only the edition citéd-app
undated references, the latest edition of the referenced document (including

amegndments) applies.

g

n
n

following documents are referred to in the text in such a way that some or all of their conllent

ies.
any

%f
2D q

i
)

IEC
volt

IEC
IEC

IEC

61000-2-2:2002, Electromagnetic compatibility {AEMC) - Part 2-2: Environmen
Compatibility levels for low-frequency conducted disturbances and signalling in public

nge power supply systems
61000-2-2:2002/AMD1:2017
61000-2-2:2002/AMD2:2018

61000-2-12, Electromagnetic compatibility (EMC) — Part 2-12: Environment — Compatil

levdls for low-frequency conducted disturbances and signalling in public medium-voltage pd

sup

IEC

bly systems-*

techniques — General @guide on harmonics and interharmonics measurements

inst

CIS

rumentation, for power.supply systems and equipment connected thereto

PR 16-1-1, Spgcification for radio disturbance and immunity measuring apparatus

methods — Part\\J-1: Radio disturbance and immunity measuring apparatus — Measu

app

CIS

aratus

PR #622-1, Specification for radio disturbance and immunity measuring apparatus

methads™— Part 2-1: Methods of measurement of disturbances and immunity — Condu

dist

3

For

ility
wer

61000-4-7, Electromagnetic’ compatibility (EMC) — Part 4-7: Testing and measurenpent

and

and
ring

and
cted

whance measurements

Terms, definitions and abbreviated terms

the purposes of this document, the following terms and definitions apply.
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ISO and IEC maintain terminology databases for use in standardization at the following
addresses:

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

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

3.1.1
{electromagnetic) disturbance

ea

HEV

eleqtromagnetic phenomenon that can degrade the performance of a device,equipmenjt or
sysfem

[SOURCE: IEC 60050-161:2018, 161-01-05, modified — in the definitionthevords “or advergely
affect living or inert matter” have been deleted and Note 1, Note 20™and Note 3 have bleen
delgted.]

3.1.2

disfurbance level
amagunt or magnitude of an electromagnetic disturbance, measured and evaluated in a specified
way

3.1
ele¢tromagnetic compatibility
EMC
abillty of an equipment or system to furiction satisfactorily in its electromagnetic environrment
without introducing intolerable electromagnetic disturbances to anything in that environment

Note| 1 to entry: Electromagnetic compatibility is a condition of the electromagnetic environment such that, for gvery
pherjomenon, the disturbance eniission level is sufficiently low and immunity levels are sufficiently high so that all
deviges, equipment and systems operate as intended.

Note] 2 to entry: Electromagnetic compatibility is achieved only if emission and immunity levels are controlled puch
that the immunity level-of_devices, equipment and systems, at any location, are not exceeded by the disturbpnce
levell at that location,\resulting from the cumulative emission of all sources and other factors such as cjrcuit
impegdances. Conventionally, compatibility is said to exist if the probability of the departure from intepded
perfgrmance or @fthe adverse effect is sufficiently low. See IEC 61000-2-1:1990, Clause 4.

Note| 3 to eniry™ Where the context requires it, compatibility-may—be-understood is intended to refer to a s|ngle
distUrbance or class of disturbances.

Notel4 to entry: Electromaagnetic compatibility is a term used also to describe the field of study of the adJerse
electromagnetic effect which devices, equipment and systems undergo from each other or from electromagnetic
phenomena.

[SOURCE: IEC 60050-161:2018, 161-01-07, modified — Note 1 to Note 4 have been added.]

3.14

(electromagnetic) compatibility level

specified electromagnetic disturbance level used as a reference level in a specified environment
for coordination in the setting of emission and immunity limits

Note 1 to entry: By convention, the compatibility level is chosen so that there is only a small probability that it will
be exceeded by the actual disturbance level.

[SOURCE: IEC 60050-161:1990, 161-03-10, modified — the last sentence of Note 1 is deleted
because it is less relevant in industrial locations compared to public locations.]
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3.1.5

planning level

level of a particular disturbance in a particular environment, adopted as a reference value
for the limits to be set for the emission of large loads and installations, in order to coordinate
those limits with all the limits adopted for equipment intended to be connected to the power
supply system

Note 1 to entry: The planning level is locally specific and is adopted by those responsible for planning and operating
the power supply network in the relevant area. (For further explanation, see IEC 61000-2-2:2002, Annex A and
IEC 61000-1-2.)

3.1.
industrial and private power distribution system
distfibution network that is separated by at least one separation transformer from the/pyblic
power supply system to which other customer installations are connected

3.1
point of common coupling
PC(¢
point on a public power supply network, electrically nearest to a partieular load, at which other
loads are, or could be, connected

Note] 1 to entry: The PCC is usually the point for which electromagnetic compatibility in public networks is fo be
consldered.

[SOJURCE: IEC 60050-161:1990, 161-07-15, modified — the two notes have been deleted,|the
confent of Note 2 is integrated in the definition and aA€w note has been added.]

3.1
industrial location

locgtion characterized by an installation cpfisisting of a separate power distribution
netyork, supplied by a high- or medium:veltage transformer, dedicated for the supply o
this|installation

=5

Note] 1 to entry: Industrial locations can,denerally be described by the existence of an installation with one or nore
of the following characteristics:

. bignificant amount of electricaNpower generated, transmitted and/or consumed;
. requent switching of heavy ifductive or capacitive loads;

. high currents and assoegiated magnetic fields;

. presence of industriak-high power scientific and medical (ISM) equipment (for example, welding machines)}.
The |electromagngtie\'environment at an industrial location is predominantly produced by the equipment|and

installlation present-at the location. There are types of industrial locations where some of the electromaghetic
pherjomena appéar in a more severe degree than in other installations.

Example locations include metalworking, pulp and paper, chemical plants, car production, farm building, high voltage
areap Ofzairports.

Note 2 to entry: The connection between location and electromagnetic environment is given in 3.1.8.

[SOURCE: IEC 61000-6-4:2018, 3.1.12, modified — in the definition, “an installation consisting
of” has been added, and the term reference in Note 2 has been updated.]

3.1.9
electromagnetic environment
totality of electromagnetic phenomena existing at a given location

Note 1 to entry: In general, the electromagnetic environment is time-dependent and its description can be better
described with a statistical approach.

Note 2 to entry: Itis very important not to confuse the concept of electromagnetic environment with the surrounding
location.
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[SOURCE: IEC 61000-6-4:2018, 3.1.13.]

3.1.10

in-plant point of coupling
IPC
point-en b 3 [ 0
at—whteh—ether—teads |nS|de a non- publlc power dlstrlbutlon system eIectrlcaIIy nearest to
given load, at which loads from other branches are, or could be, connected

Note 1 to entry: The IPC is usually the point for which electromagnetic compatibility in industrial networks is to be
consjdered

3.2 Phenomena-related definitions

NOTE 1 The definitions below that relate to harmonics are based on the analysis of system voltagesier currenfs by
the discrete Fourier transform method (DFT). This is the practical application of the Fourier transform as defingd in
IEV 101-13-09. See Annex A.

NOTE 2 The Fourier transform of a function of time, whether periodic or non-periodic, is a.function in the frequency
domain and is referred to as the frequency spectrum of the time function, or simply spectrum. If the time functipn is
periqdic the spectrum is constituted of discrete lines (or components). If the time function.i§ not periodic, the spegtrum
is a gontinuous function indicating components at all frequencies.

NOTE 3 Other definitions related to harmonics or interharmonics are given\iny IEC 60050 (all parts) and ¢ther
stanflards. Some of those other definitions, although not used in this document, are discussed in Annex A.

3.2
fundamental frequency
frequency, in the spectrum obtained from a Fourier transform of a time function, to which allfthe

uenC|es of the spectrum are referred—For-the purposes—of-this-standard,—the fundamepntal

Note| 1 to entry: In the case of a periodic function;the fundamental frequency is generally equal to the frequenpy of
the function itself (see Clause A.1.). For the pufpbses of this document, the fundamental frequency is also the dame
as thle power supply frequency.

should-be referred-to-the-polarity
shotia—oe po{arty

3.2
fundamental component
fungdamental

speftral component of a periodic time function whose frequency is equal to the fundamental
frequency

3.2.3
harmonic frequency
frequency wh|ch is an integer mult|ple of the fundamental frequency—'Fhe—ratre—et—the—harmeme

3.24
harmonic order
ratio of the harmonic frequency to the fundamental frequency

Note 1 to entry: The recommended notation for harmonic order is "A".
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3.2.5

spectral component of a periodic time function whose frequency is a harmonic frequency

Note 1 to entry: Harmonic components are often referred to as harmonics.

Pt - a = o : s
NOt < WU Ity . OCT TV U uriricasurimy CUTTUTtIuITS ..

3.2,
intgrharmonic frequency

D
any|frequency between two consecutive harmonic frequencies \Q

3.2.7 \Q/C)

intgrharmonic order
rati¢p of an interharmonic frequency to the fundamental&*e@uency

Notel 1 to entry: This ratio is not an integer and can be indic@ ith "m".
N\
3.28 QO

intgrharmonic component (%)

speftral component @ ing an interharmonic frequency

Note] 1 to entry: }@Fevity, such a component can be referred to simply as an interharmonic.
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ratio of the RMS value of the sum of all the harmonic components to the RMS value of the
fundamental component

2
THD = f(%] (1)
=2\ &1

where: Q

(0] represents either current or voltage QS/
04 | is the RMS value of the fundamental component Qq’b‘
h is the harmonic order b‘
Oy | is the RMS value of the harmonic component of order £ (1/’
s/
3.2/10 QQ
parfial weighted harmonic distortion (-O'\
PWHD
rati¢ of the weighted sum of the squared harmonic componQ&)from order 14 to order 4Q, to
the RMS value of the nominal component n s\\
O
40 2
PWHD = = (2)
{2
%
$\‘<\
whdre: A‘\Q’

O, | is the nominal value of thsﬁ}%ntity (e.g. voltage)

h is the harmonic order '\\0
O | is the RMS value of-the quantity harmonic component of order #

3.2411 O
volfage unbala cg)
volfage imba&‘;&

|

nHition—in
REHHOR—H

2 2 2
In U + U> + U3y 5

e g—voltage—unbatance———6
V (Ui + Ugs + Usqf
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condition in a polyphase system in which the r.m.s. values of the fundamental component of
the line-to-line voltages, or the phase angle between consecutive line-to-line voltages, are not
all equal

Note 1 to entry: Generally, in relation to three-phase systems, the amount of voltage imbalance is quantified by the
ratio between the negative sequence components and the positive sequence components. However, in some
circumstances, it is more appropriate to use the ratio between zero sequence and positive sequence components.

Note 2 to entry: Several approximations give reasonably accurate results for the levels of imbalance normally
encountered (ratio of negative to positive sequence components), for example:

[

Ufo +U53 + U3
voltage unbalance (imbalance) = |6 x 12 23 A1__ 2 A (3)

(Ui +Ups +U31)2 Qy

where b&’
U,y |Usyss Usq are the three fundamental line-to-line voltages

12 Q

[SOURCE: IEC 60050-161:1990, 161-08-09, modified — the defipition was simplified and|the
refgrence to the “zero sequence component” was moved fro e core of the definitiop to

Note 1.] \<</

3.212 )
voltage deviation Q
incrpase—or-decrease—of-the rm-s—supplyvoltagedormallydue-to-thevariation-of- the load-on

thelsupply

incr]
effects

Notel 1 to entry: Voltage iations and voltage fluctuations are the major types of voltage deviations. Some voltage
varidtions are fast due @ supply voltage adapting to different load conditions (for example, voltage taps chahges

of trgnsformers, perm t effect of capacitor bank switching). Voltage fluctuations, which can cause flicker, gre a
diffefent phenome {series of voltage deviations or cyclical voltage deviations, see IEC 61000-2-2:2002| and
IEC 51000-2-2:2Q~ MD2:2019, 4.2).

3.2113 %O
volfage(d
volt ag

temporary reduction of the voltage magnitude at a point in the electrical system below a
threshold

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: Generally the dip threshold voltage corresponds to the minimum value of the nominal voltage
tolerance.
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3.2.14
transient overvoltage

overvoltage with a duration of a few milliseconds or less, oscillatory or non-oscillatory, usually
highly damped

Noter4—t " = o H " In o IO N S| ol ok Li 1 1o th
(o) O eTrry™ rTansStrerovervortage S Cam ot M mretrateTy Tonmowet oy temporaryovervortagesS T StutiTcasStT e

two ¢vervoltages are considered as separate events.

"%
[SOURCE: IEC 60050-614:2016, 614-03-14, modified — Note 2 has been deleted.] Q‘

N4

3.2/15 (1/
industrial power electronic equipment b‘
equjpment not intended to be connected in a residential location and ing emission jand
immunity either equal to or higher than those applicable to equipment i ded to be used|in a
resifential location QQ
(.O'\

3.3| Abbreviated terms C)
AlIC Active infeed converter \<(/
DF1 Discrete Fourier transform (s)\
IPC In-plant point of coupling QQ
PCC Point of common coupling \\Q
PL(Q Power line communication ‘\0'
PWHD Partial weighted harmonic dist@%n
PWM Pulse width modulation 3%
THI Total harmonic distortion\™
UP$ Uninterruptible pow&i‘s?stem

Q)

N\
4 |Electromagnetic en@nment classes

Sevferal electromag environment classes can be defined for power distribution systems in
the pcope of this ddcdment. However, for simplicity-enly-three the following environment clagses

are |specified: .
@
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Class 1

Class 2L

e
This class applies to protected power supply systems, for which harmonic
compatibility levels lower than those for public networks are necessary. It relates to
the use of equipment which is very sensitive to disturbances in the power supply

voltage (e.g. electrical instrumentation in laboratories, special automation and
protection equipment, special computers).

- 17 -

This class is a legacy from IEC 61000-2-4:2002 (second edition) for compatibility
levels up to the 40t harmonic. The IPCs for class 2L, class 2a and class 2b

Hmwmmwmamwwamﬁw

n the frequency range up to the 40" harmonic in class 2L is expected to be.sinpilar

to class 2a and class 2b. For the frequency range from the 40th harmopit\to
kHz, class 2L is considered identical to class 2a. Class 2L is intended Sor s
existing installations but it is not recommended for new types of instdllgtions.

150
bme

NOTE 1 For some existing safety-related installations, for example in nuclear power \plants, a new sffety

certification would be required if Class 2L were not included in this document.

Clags 2a  This class applies to IPCs (IPC1) in industrial locations at Wfrich no industrial pgwer
electronic equipment is intended to be connected (e.g.Qffices).

Clags 2b  This class applies to IPCs (IPC2) in industrial loeations, at which industrial pgwer
electronic equipment is intended to be connectedWithout a separation transformer
to class 2a systems, but in which standard noncindustrial equipment is also intenfded
to be connected (e.g. light industry, commércial).

Clags 3 IPCs (IPC3) in industrial locations whish are separated by a separation transformer
from areas in which non-industriaklequipment is intended to be connected. This
class should be considered whentany of the following conditions are met:

e a major part of the load(§pis fed through converters (or systems of convertgrs);
e welding machines are present;

e large motors are fréquently started;

e other loads.whese power consumption can vary rapidly.

The| class applicable for,new plants and extensions of existing plants cannot be determingd a

prioyi and should relateito the type of equipment and process under consideration.

[lludtration of the\above classes can be as shown in Figure 1:

[ < Y4 (" Industrial location 2| |

\ 4
Se!nsiti\@/icesw [
&

 \V’

Legacy/existing SIL4
installation

Industrial location 1

Light industry

heavy industry

~q Office s T s T s [ P s R s Y w—1
K  IN— | — ——C—J1C— e o ) o —  s— | — | m— R —
Class 1 I—‘ I—I—”—l _
IPC IPC 1 | Pc2 IPC 3
Class 2L Class 3

Class 2a é Class 2b

Figure 1 — Examples of the application of different electromagnetic
environment classes in different industrial locations

IEC

NOTE 2 Class 1 environments normally contain equipment which requires protection from such apparatus as
uninterruptible power systems (UPSs), filters or surge suppressors.
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NOTE 3 In some cases, highly sensitive equipment-may can require compatibility levels lower than the ones relevant
to class 1 environments. The compatibility levels will then be agreed upon case by case (controlled environment).

NOTE 4 The supply to highly disturbing loads, such as arc-furnaces and large converters which are generally
supplied from a segregated busbar, frequently has disturbance levels in excess of class 3 (harsh environment). In
such special-situations installations with an overall power range typically > 200 kW, higher compatibility levels-should
will be agreed upon, considering the other loads' characteristics.

NOTE 5 Taking account of the diversity of industrial environments, different classes can be relevant for different
phenomena in any given network.

NOTE 6 In the third picture of Figure 1, class 2a networks (office locations) and class 2b networks (light production

locations) are directly connected. This is engineering practice in numerous installations. In these installations, the
Stan lnrrl -Hf q:ﬂpm n+ .- n n A rnl ol -Hf H nHu 3 h n{é Hnnlu-.nrl H-\ An{ rknn I M- |r\r A A k H-\ pDWer

elecfronic equipment in the Ilght industrial Iocatlon In IEC 61000 2-4:2002 (second edition), thls type of installption
has hot raised any questions because the compatibility levels were considered up to the 40" harmonichonly| and
diffefent distortion levels above the 40" harmonic were not taken into account.

Shduld some mitigation be necessary, Figure 2 is an example:

D
Light industry production

Industrial location 1

Office 3 3 4

[ —
CC | |09 0= =2 oo

Class 2a IPC 1 Class 2b IPC 2
Filter e

& S )

IEC

Figure 2 — Example of different parts of an installation separated by filters,
where different electromagnetic environment classes are applied

In Higure 2, an office area is separated from a light industry production area using filterd. At
IPCH1, class 2L or class 2a could.apply according to the actual situation.

At the PCC, located in the public power distribution systems the compatibility levels defingd in
IEC|61000-2-2 apply foflLV, and those defined in IEC 61000-2-12 apply for MV.

5 |Introduction to the setting of compatibility levels for different types of
electromaghnetic disturbances

5.1 General comment

Thel compatibility levels are set down for the various disturbances on an individual basis
only. However, the electromagnetic environment usually contains several disturbances
simultaneously, and the performance of some equipment can be degraded by particular
combinations of disturbances. See IEC 61000-2-2:2002, Clause A.2. The primary purpose of
the compatibility levels is the coordination of emission limits and immunity test levels for
equipment. The secondary purpose is to give an indication of the expected electromagnetic
disturbance level in a local network.

Levels are provided in Table 1 to Table 5. See also guidance for interharmonics in Annex C.

IPCs should be categorized according to their compatibility levels. To enable the selection of
specific equipment or devices such as rotating machines, power-capacitor banks, filters, it-may
can be necessary to obtain a specific description of the voltage deviations that-may can be
present at the equipment terminals. The technical committees responsible for the relevant
product standards will specify the information to facilitate the proper selection of components.
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They should also take into account the compatibility levels in this document when specifying
the supply operating conditions of the equipment.

Compatibility levels are given at the IPCs, but this does not imply that disturbances at these
levels will satisfy the emission requirements at the PCC. This fact is to be carefully considered
when selecting the equipment.

NOTE 1 Equipment operating within class 1 is generally low-voltage equipment.

NOTE 2 To illustrate disturbance levels caused by power converters in various industrial environments, a few
examples of calculated results are given in Annex B.

N01j5 3 The compatibility levels of class 3 cover the possible disturbances in industrial environments. For a-spgcific
instdllation it is expected that only some types of disturbances occur with the level pertaining to class\3. Since
equipment or devices have different sensitivities to the various types of disturbances, a specific equipment or dgvice
may|can be used conditionally with a class 3 supply depending on the actual disturbance levels.

NOTE 4 Disturbance levels, which have both time and location variations, cannot be controlled jat-all locationq and
at al| times. Therefore, evaluation-sheuld will be made for the entire industrial system being ¢ensidered, rather|than
at a ppecific location within that system.

5.2| Voltage deviations

Sed-Fable4-The compatibility levels for voltage deviation are idegtical to the values for volage
tolefance in Table 1. For class 3, voltage deviations resulting(in, supply voltages in the range
0,8%-L Uy to 0,9-Y Uy are expected for a duration not longet.than 60 s. For longer duratjons

the range 0,9-U¢ Uy to 1,1 Uy applies.

NOT
conn m y—\Voltage deviations Ieadlng to fl
are g concern for lighting eqmpment which is typlcally connected to a class 2a, class 2b or class 2L power sugply.

NOTE 2 In certain circumstances, some equipment might be sensitive to rapid voltage changes.
5.3| Voltage dips and short interruptions

For|class 1 IPCs, a protection provided by UPSs is considered and dips are not expected.

Forla discussion of the other-aspects of these phenomena see Clause B.4.

5.4| Voltage unbalance-(imbalance)

In this document, yoltage-unbalance imbalance is considered only in relation to the negdtive
phage sequenceycomponent, this being the component relevant to possible interference Wwith
equjpment connected to the power supply systems covered by this document. In this documient,
voltage-unhalance imbalance is considered in relation to long-term effect, i.e. for duratjons
equpl to arhigher than 10 min.

NOTE\“/Some protection equipment-may can be sensitive to the zero sequence voltage component.-Care-sHould
be-takemor ThIS aspect at the mstalaton 1ever Wil be consiaered.

NOTE 2 Zero sequence voltages are of concern mainly for harmonics multiples of 3.

NOTE 3 Electronic converters produce characteristic harmonic orders due to their topology when used under their
rated operating conditions. Different operating conditions such as-unbalance imbalance, non-ideal commutation
instants,-ete—may can cause other harmonic orders to be produced.

The voltage-unbalance imbalance caused by a single-phase load connected line-to-line is in
practice equal to the ratio of the load power to the network three-phase short circuit power. If
no substantial single-phase load is present, the compatibility levels of class-2 2a and class 2b
may be applied.
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5.5 Temporary power-frequency variation

The compatibility levels of power-frequency deviations of the public network apply to industrial
plants fed from the public power supply.

For the most part, the range is within 1 Hz of the nominal frequency as stated in
IEC 61000-2-2:2002, 4.8. Where synchronous interconnection is implemented on a continental
scale, the variation is usually very much less.

The compatibility level for the temporary variation of frequency fro
|

|S +1 H=z Tha ctandy ctata daviation of franianoy feam tha nami
eSSt oty —State- vt o o e que oy o tteor

NOTE 1 For some equipment the rate of change of frequency is significant.

NOT]

expd y
frequ ency varlatlons can be expected

-are
brks,

5.6 Harmonics

The| compatibility levels for individual harmonic components of the moltage shall be understood
to relate to-gquasi-stationary—or steady-state harmonics and are given as reference valueg for
both long-term effects and very short-term effects.

The| long-term effects relate mainly to thermal effects)on cables, transformers, motpors,
capfpcitors, etc. They arise from harmonic levels that are/sustained for periods equal to or higher
thanp 10 min.

With reference to long-term effects, compatibility’levels for individual harmonic componenﬂs of
the |voltage are given in Table 2—to—4. Thelcorresponding compatibility levels for the fotal
harmonic distortion are given in-TFable-6 Table 3.

Very short-term effects relate mainly\to disturbing effects on electronic devices that-may |can
be gusceptible to harmonic levels,sustained for 3 s or less. Transients are not included.

With reference to very shori-term effects in class 1 and class 3, compatibility levels| for
individual harmonic components of the voltage, and for total harmonic distortion, are 1,5 tijnes
the values given in Table 2—te-5 and Table 3.

In class-2 2a and kelass 2b, they are the values given in Table 2-to-4 multiplied by a factgr «,
whdre k is as follows:

k:1’3+EX(h_5) (4)

NOTE 1 Commutation notches are included here as regards their contribution to the harmonic content of the
voltage. Other aspects (for example, the influence on the commutation of other converters, or any influence on other
equipment which involves the higher harmonic components of the spectrum) require a time-domain description (see
the relevant product standard).

NOTE 2 Everywhere they are used in industrial networks, power factor correction capacitors—should—be are
connected through series reactors, particularly those which are intended to be connected to IPCs of class 3. Where
interharmonics-may can be present, there is a risk of resonance effects, and this-sheuld will be carefully investigated.
Where the absence of resonance effects is clearly proved and the higher harmonics values are far less than those
given for class 3, series reactors-may might not be necessary, but this will be checked carefully.
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NOTE 3 The values specified for total harmonic distortion are not related to specific equipment or devices but are
concerned with the possible simultaneous presence of several harmonic components at significant amplitude.

5.7 Interharmonics

Annex C provides information on sources, effects and mitigation methods related to inter-
harmonics. It also provides levels for guidance, until more experience makes publication of
compatibility levels possible.

In this document, compatibility levels are given only for the case of an interharmonic voltage
occurring at a frequency close to the fundamental frequency (50 Hz or 60 Hz), resulting in
amplitude modulation of the supply voltage.

In these conditions certain loads that are sensitive to the square of the voltage, especlally
lighting devices, exhibit a beat effect, resulting in flicker (see Note 1in 5.2.) The bedt frequgncy
is the difference between the frequencies of the two coincident voltages, i;e:’between|the
intefharmonic and fundamental frequencies.

NOTE 1 Below interharmonic order 0,2 compatibility levels are determined by flicker requirements, with P, = 1} For

this purpose the flicker severity-should can be calculated in accordance with IEC TR(619000-3-7:2008, Annex A, ysing
the ghape factor given for periodic and sinusoidal voltage fluctuations. The conservative value of the shape facfor is
0,8 fpr 0,04 <m < 0,2, and 0,4 for m < 0,04.

NOTE 2 A similar situation is possible when there is an appreciable Jeyel of voltage at a harmonic frequency
(parffcularly of order 3 or 5) coincident with an interharmonic voltage at a‘nearby frequency. The effect-sheulg can
be apsessed by means of Figure 1, with amplitude given by the proddct of the relative amplitudes of the harnjonic
and nterharmonic at the origin of the beat frequency. The result istunlikely to be significant.

The| compatibility level for the interharmonic voltage/in the above case, expressed as the natio
of ifs amplitude to that of the fundamental, is_shown in Figure 1 as a function of the beat
frequency. It is based on a flicker level of Py = 1 for lamps operated at 120 V and 230 V and is

applicable only to circuits which include lighting devices.

5.8 Voltage components at higherfrequencies (above-50 40th harmonic)

Distortion of the voltage waveform”can be such as to be equivalent to the superpositiop of
voltages at frequencies, some ©f which are greatly in excess of that of the-50 40" harmonig. In
the [case of such higher frequency voltages it is generally not significant whether they|are
harmonics or interharmonics. They can occur both at discrete frequencies and in relatiyely
broad bands of frequencies.

Lntil morae ax
oo fre—ex

lovleteronld o oo

TS
3
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5.9 Transient overvoltages

Thel relative amplitude of transients is generally a function of their duration, of their frequgncy
and of the voltage level of the network. For a discussion of these phenomena, see Clause B.5.

5.10 DC component

The voltage of industrial power supply systems covered by this document does not normally
have a DC component at a significant level. That can arise, however, due to slight defects of
symmetry of controlled loads which are directly connected without a dedicated separation
transformer.

The critical point is the level of DC current. The value of the DC voltage depends not only upon
DC current but also upon other factors, especially the resistance of the network at the point to
be considered. Therefore, a compatibility level for the DC voltage is not specified.
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A DC component can cause unsymmetrical magnetization in transformers, leading to
overheating and emission of harmonic voltages. Moreover, if flowing through the earth, such a
DC current leads to increased corrosion of metal fixtures underground.

6 Compatibility levels

Compatibility levels in differential mode (L-L and L-N) for imbalance, harmonics, interharmonics
and flicker are 95 % probability values.

nnatihilitv lavaels for valtaae - taolerance voliaae unhalancg imhalancg and naowagr.fraau
) ncy
H-aHHY—18V-8+s—o—o+Hage—+to+eah —oHag SHa—poWe-H-eg4

variptions are given in Table 1.

Compatibility levels for harmonics are indicated in Table 2-te4.
Compatibility levels for total harmonic distortion are presented in—Table-& Table 3.

The| compatibility levels for voltage distortion above the 40th harmonicndp to 9 kHz and from
9 kHlz to 150 kHz are given in Table 4 and Table 5, respectively.

Interharmonic compatibility levels are represented in-Figure—+ Figure 3.

Table 1 — Compatibility levels for voltage tolerance,
voltage-unbalance imbalance and power=frequency variations

Disturbance Class™1 Class-2 2L, Class Class 3
2a, Class 2b
Volfage tolerance, relative to
nonjinal voltage Uy: AUIU) 48 % £10 9% 2 +10 % to 15 %|b
Vol{age-urbatanree imbalance Uneg/UpoS 2% 2% 3%
Power-frequency deviations ¢ Af +1 Hz +1 Hz +1 Hz

a alue not defined in IEC 61000-222-
b Bee5.2.
¢ K2 Hz in case of-iselated\islanded networks.
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11 3 3,5 3,5

12 0,46 0,46 1

13 3 3 3 4,5

14 0,43 0,43 1 4,4

15 0,30 0,40 1 4,2

16 0,41 0,41 1,4 4,1

17 2 2 2 4

18 0,39 0,39 1,4 3,8

19 1,8 1,8 1,8 3,5

20 0,38 0,38 1,4 3,3

21 0,20 0,30 1,4 3,4

22 0,36 0,36 1,4 3

23 1,4 1,4 1,4 2,8

24 0,35 0,35 1,3 2,5

25 1,3 1,3 1,3 2,6

26 0,35 0,35 1,2 2,4

27 0,20 0,20 1,2 2,3

28 0,34 0,34 1,1 2,2

29 1,1 1,1 1,1 2,1

30 0,33 0,33 1 21

31 0,97 0,97 0,97 2

32 0,33 0,33 0,94 1,9

33 0,20 0,20 0,90 1,8

34 0,32 0,32 0,87 1,8

35 0,83 0,83 0,83 1,7

36 0,32 0,32 0,80 1,6

37 0,77 0,77 0,77 1,6

38 0,32 0,32 0,75 1,5

39 0,20 0,20 0,72 1,5

40 0,31 0,31 0,69 1,4
In pome cases where part of an(industrial network is dedicated to large non-linear loads, the class 3 compatibility
levlels for that part of the network”’may be 1,2 times the above values. In such cases precautions should be taen
redarding immunity of equifpment connected. However, at the PCC (public network) the compatibility levels frpm
IEC 61000-2-2 and IEC,6J000-2-12 take precedence.

Table-5 3 — Compatibility levels for total voltage harmonic distortion
Class 1 Class-2 2L, class Class 3
2a, class 2b

Totatrfrarmontc afstortion (THD) 5% 8% 0%
Partial weighted harmonic distortion 19,4 % 19,4 % 43,6 %
(PWHD)

M ecedence- The PWHD compatlblllty Ievels were
calculated from the |nd|V|duaI harmonic voltage components from H14 to H40 defined for all classes defined in
IEC 61000-2-4.
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Table 4 — Compatibility levels for low voltage networks
in the frequency range from 2 kHz to 9 kHz

Frequency range Class 1, class 2L, Class 2b Class 3
class 2a
kHz Uy Uy Uy
% % %
2(2,4)%to 3 1,4 3 6
3to9 1,4 to 0,65° 3 6

NOTE The Tevels speciied I Table & apply at Ihe TPC. AT Ihe PTT (public NetworK), the compaubilty Tevers ifom
IEC|61000-2-2 apply.

2 Irhe frequency range is 2 kHz to 3 kHz for 50 Hz systems and 2,4 kHz to 3 kHz for 60 Hz systems.

N

b [The logarithm of the level decreases linearly with the logarithm of the frequency in the range 3 kiAz to 9 kH

Forfthe frequency range between 2 kHz and 9 kHz, compatibility levels are defined as a grouped
valye within a band of 200 Hz according to IEC 61000-4-7.

For|MV networks, compatibility levels above 2 kHz are under consideration.

Table 5 — Compatibility levels for low voltage networKs in the frequency range
from 9 kHz to 150 kHz

Frequency range Class 1, class 2Ly Class 2b Class 3
class 2a
kHz U, U, U,
dBu\ dBuV dBuV
9 to 50 129,50 1192 137 to 126,52 143 to 1412
50 to 150 113 to 892 126,5 to 1092 141 to 1392

NOTE The levels specified in Tahle=5vapply at the IPC. At the PCC (public network), the compatibility levels ffom
IEC|61000-2-2 apply.

2 [IThe logarithm of the level decreases linearly with the logarithm of the frequency in the range 9 kHz to 50 kHz
bnd from 50 kHz to 150:KHz.

The] compatibititylevels Uy, for voltage distortion in differential mode from 9 kHz to 150 kHz|are
related to disturbance levels between any phase conductors and between any phase conduftor
and|the ag&ltral conductor measured with a quasi-peak detector and with a bandwidth of 20(Q Hz
in apcordance with CISPR 16-1-1.

These compatibility levels for voltage distortion are reference levels for EMC coordination of
immunity requirements and in the setting of emission limits in differential mode for emissions.
However, if the emission limits are related to voltage distortion levels measured between any
mains conductor (phase or neutral) and the earth (unsymmetrical voltages) in accordance with
CISPR 16-2-1, the reference levels for EMC coordination in the setting of emission limits for
unsymmetrical voltage distortion are 6 dB lower than the compatibility levels given in Table 5
for voltage distortion in differential mode.

NOTE 1 Measurements according to CISPR 16-2-1 are not applicable in IT networks. In IT networks, measurements
can be done for example with a voltage probe.

NOTE 2 Based on the following assumptions, an emission margin equal to or higher than 3 dB between the
equipment emission limits in differential mode for emissions and the corresponding compatibility levels, or a
difference equal to or higher than 9 dB (3 dB for the emission margin + 6 dB for the conversion factor between the
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unsymmetrical voltages and the voltage in differential mode) between the equipment emission limits for
unsymmetrical voltage distortion and the compatibility levels in differential mode given in Table 5 is sufficient:

— for each bandwidth of 200 Hz, the probability that the compatibility level is exceeded is lower than 5 %;

— at a given location, the disturbance level in a same bandwidth of 200 Hz does not result from more than two
pieces of equipment generating non-intentional emissions close to the emission limit at the same time;

— non-intentional emissions from different equipment are generated independently from each other.
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NOTE Compatibility levels™ for interharmonics near the fundamental frequency, 230V and 120V systems,
corrgsponding to percegption of flicker are given by Figure 1 as a function of the beat frequency, which makes$ the
result independent from-the system frequency.
Figure1 3 — Interharmonic compatibility levels (flickermeter response
for Py, = 1 related to 60 W incandescent lamps)
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Annex A
(informative)

Explanations and examples for interharmonics

Resolution of non-sinusoidal voltages and currents

The distortion of the supply voltage from its intended sinusoidal waveshape is equivalent to the
superposition on the intended voltage of one or more sinusoidal voltages at unwanted

uqu

Fou

freciuencies. (The discussion below is valid for both voltage and current — therefore the\w

ntity” is used.)

rier series analysis (IEV 101-13-08) enables any non-sinusoidal but periodic quantity tc

resglved into truly sinusoidal components at a series of frequencies, and in addition, at a
conmponent. The lowest frequency of the series is called the fundamental frequenc

(IEY 101-14-50). The other frequencies in the series are integer multiples of the fundame

fre
qua

The)
peri
of a
cas

uency and are called harmonic frequencies. The corresponding components of the peri
tity are referred to as the fundamental and harmonic components,respectively.

Fourier transform (IEV 101-13-09)-may can be applied tg-any function, periodic or 1
pdic. The result of the transform is a spectrum in the frequeéhcy domain, which in the g
non-periodic time function is continuous and has no fundamental component. The partic
b of application to a periodic function shows a lines-spectrum in the frequency dom

whdre the lines of the spectrum are the fundamentak and harmonics of the correspon

Fou

The

rier series.

discrete Fourier transform (DFT) is the practical application of the Fourier transform

pragtice the signal is analysed over a limited‘period of time (a window with duration 7,,) u
a limited number (M) of samples of the.actual signal. The result of the DFT depends on

cho

The
the

ce of these parameters, 7,, and M.(Ihe inverse of T,, is the basic frequency f, of the D

DFT is applied to the actual signal inside the window. The signal is not processed out
window but is assumed to(be an identical repetition of the signal inside the window. ]

resdlts in an approximation of the actual signal by a virtual signal which is truly periodic
whdse period is the time window.

The

ord

be
DC
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5ing
the
FT.
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FFT (Fast Fourier Transform) is a special algorithm allowing short computation ti

It rdquires the number of samples (M) to be an integer multiple of 2 (M = 27). (In other word

doe

5 require the'sampling frequency to be a locked integer power of 2 of the fundamen

However, miodern digital signal processors have such capability that the extra complexit

aD

-T (tables of sine and cosine functions) can be more economic and flexible than

frec1uency locked FFTs.

me.
s, it
tal).
y in
the

In order that the result of the DFT, applied to a function considered as periodic (see Clause A.2),
is the same as the result of a Fourier series analysis, the fundamental frequency f; is made an
integer multiple of the basic frequency (this requires the sampling frequency to be an exact
integer multiple of the basic frequency [ f; = M x f, 1 ). The synchronous sampling is essential.
Loss of synchronism can change the spectrum result, making extra lines appear and changing
amplitudes of true lines.
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Accordingly, the measurement techniques defined in IEC 61000-4-72 and the definition of the
fundamental frequency in 3.2.1 are consistent for application to all electrotechnical and power
electronics items. Other cases-reed require further consideration.

As an illustration, the superposition of a sinusoidal ripple control signal at 175 Hz on a
sinusoidal 50 Hz supply voltage-may can be considered. This results in a periodic voltage
having a period of 40 ms and a frequency of 25 Hz. A classical Fourier series analysis of this
voltage yields a fundamental component of 25 Hz with zero amplitude and two components with
non-zero amplitude, a 2"d harmonic (50 Hz) with amplitude equal to that of the supply voltage
and a 7th harmonic (175 Hz) with an amplitude equal to that of the ripple control signal. The

defi

the
50 K

NOT
com
DFT

NOT
of th

A.2

The

HH H 2.9 reltla £ + H | HPRG-F - o la <l <l L I
MMuuTIo 11T v.2 adavuUlu UI1C CUTTTUSITUTIT IIII}JIIL;II. mmruro appluaull alilyu pluuuuc a 1TCouit 1mmr rmmre
common practice of the DFT (as described in IEC 61000-4-7), showing a fundamentd
iz and an interharmonic of order 3,5.

FE 1 When analysing the voltage of a power supply system, the component at the fundamental frequency i
onent of the highest amplitude. This is not necessarily the first line in the spectrum obtained-when apply
to the time function.

FE 2 When analysing a current, the component at the fundamental frequency is not neeessarily the compdg
e highest amplitude.

Time varying phenomena

voltages and currents of a typical electricity supply system are affected by incess

swifching and variation of both linear and non-linear loads. However, for analysis purpo
are considered as stationary within the measurement window (approximately 200 ms),

they
whi
des

TIh
e

Ch is an integer multiple of the period of the power/supply voltage. Harmonic analysers
gned to give the best compromise that technglogy can provide (see IEC 61000-4-7).
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Annex B
(informative)

Examples of expected disturbance levels in typical industrial networks

B.1 General

Annex B gives the results of the calculation of the disturbance levels at the IPCs in some typical
industrial networks. The cases studied are as follows:

— folling mills (Table B.1; Figure B.1);
— paper industry (Table B.1; Figure B.2);
— manufacturing industry  (Table B.2; Figure B.3).

B.2] Voltage disturbance levels in industrial networks due to large converters

It cqan be seen that some IPCs, namely those feeding large converters, can have disturbgnce
levgls considerably higher than those specified for public networks!

It i especially the levels of higher order harmonics (the 41 order is given as examgle),
the [total harmonic distortion coefficient (THD) or the ‘yoltage changes that exceed |the
corrlesponding levels for public networks.

The| reported results are not total disturbance “levels since the contribution caused| by
disthrbances present in the public supply is not considered.

Table B.1.X Type of network

Roling mills Paper industry

IPC 1 IPC 2 PCC IPC 1 IPC 2 PCC
Harmonic voltages
Avefrage values
Ug (%) 3t06,5 2t0 3,9 1t0 2,2 1to 1,7 1t02,3 0,5 to 1}1
Uyq|(%) 3t06,8 1,51t02,9 1to 2 0,5to 1,1 0,7to 1,4 0,4 to O}7
THD (%) 7 to 14,3 3,5t07,3 2to 4,7 1,5t02,9 2to 4 1to 1,9
Harmonic voltages
Pedk values
Uy (%) 6to 11,4 2,5t0 5,1 2t03,5 1t01,9 1,5t0 2,7 0,6 to 1{3
U, 4 Ly 6t0115 2042 21033 05t012 08t018 04toqls
THD (%) 12 to 24,7 5t09,9 4t07,3 1,5t0 3,3 2t04,6 1t0 2,3
Voltage changes 2to 4,7 0,5t0 1,2 0,5t0 1,2 <0,1 <0,3 <0,1
AU (%)
Time interval 5to 100 5to 100 5to 100 > 600 > 600 > 600
between two voltage
changes AT (s)
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Figure B.1 — Example of power distribution in industry with rolling mills



https://iecnorm.com/api/?name=30a62cda5e678dd17f2b89679d8a1260

-32 - IEC 61000-2-4:2024 RLV © IEC 2024

Offices
— Workshop
Control room

e

IPC 2

6 kV to 33 kV
100 MVA to 500 MVA @

C
]
(]

Super-
calender

Local
generation

PCC
70 kV to 130 kV
500 MVA to 1 500 MVA

Pumps,
fans,
heaters

—(0

978, 99° o9 866

IPC 1 —<: )
6 kV to 33 kV
—©

100 MVA to 500 MVA

Refiners

IEC

Figure B.2 — Example of power distribution in the paper industry

B.3| Voltage disturbance levels in industrial networks at high load

Thel range of the given values depends on the assumed range of variation of the system
parameters and of the coincidence factors

No power capacitor is present and therefore the possible magnification of the harmonic voltages
is neglected.
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Table B.2 — Voltage disturbance levels in a typical manufacturing industry

Impedance Short-circuit Total load | Converter load THD Voltage
fault level changes
(Ssc)

1/MVA 2 MVA MVA MVA % %
130 kV line 1/2 000 2 000
Transformer TA 1/320 275,8
MT cable 1/6 000
IPC 266,6 2,3 1,25 1,08 0,6
Trapsformer T1 1/8,9
LV1 line 8,6 0,3 0,05 1,34 2,4
Trapsformer T5 1/1,25
Corjverter C1 1,09 0,05 10,6
Trapsformer T3 112
LV2line 11,5 0,6 0,3 5,0 3,0
350|kVA motors 2,275 0,3
60 |iH reactor 1/8,5
Corjverter C2 5,25 0,3 13,2
Trapsformer T4 1/22,2
LV3line 20,5 0,9 0,9 10,1 3,1
400[V cable 1/582
Corjverters 20 0,9 10,4
C3|.... C10
@ |The impedances are in p.u. on a 1 MVA basis!
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TA 40 MVA
130/20 kV
IPC 20 kV
™ T2 T3 T4
LV1 MV Lv2 LVv3 400 V. éé
TS

L1

C1

)

M1

=

Cc2

)

M2

=

=

C3

to

c10

L1 250 kVA;C1 50 kVA, M1 500 kVA,
C2 300 kVA; M2 300 kVA,
C3 t0,C10 8 x 300 kVA

Figure B.3 — Example-of-power distribution in a generic manufacturing industry

Voltage dips-and short interruptions

1 Description

The

y are best described in statistical terms. See IEC TR 61000-2-8

IEC

He-thehstallation—Voltage dips and short interruptions are unpredictable, largely rang
hts arising mainly from electrical faults on the power supply system or large installati

A voltage dip is a two-dimensional disturbance phenomenon, since the level of the disturbance
increases with both the depth and duration of the dip.

The depth of the voltage dip depends on the proximity of the observation point to the point on
the network at which the short circuit occurs. At that point the voltage collapses to near zero,
so that the depth of the dip approaches 100 %. In the case of other causative events, such as

ala

rge load fluctuation, the depth is likely to be less.

A voltage dip-may can last less than 0,1 s if the incident occurs in the transmission system and
is eliminated by very fast systems of protection or if a self-clearing fault is involved. If the fault
affects a lower level of the network and is cleared by certain protection systems used on those
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networks, it-may can last up to a few seconds. Most voltage dips last between half a period and
1 000 ms.

The number of voltage dips is significant only when the immunity of a given device is insufficient
for the depth-duration occurring. This number becomes an important data for choosing the
appropriate level of immunity of a given process. The number for a particular line includes
voltage dips produced by faults on other lines in the same network and voltage dips coming
from upstream networks. (See also IEC TR 61000-2-8.)

In rural areas supplled by overhead lines, the number of voltage deS can reach several hundred
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for @gxample)-may can be the criterion to make this distinctions However, in a three-phase sy
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ditions in the area.

cable networks, the latest information indicates that an individual user ofxelectr
hected at low voltage-may can be subjected to voltage dips occurring at a rate~which exte
around ten per year to about a hundred per year, depending on local conditions.
tion of these voltage dips is usually between half a cycle and 3 s.
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rt supply interruptions last up to 180 s according to the type of reclosing or transfer sys

fruption-may can be difficult. By convention, a retained voltage below a certain level (1

condition is to be applied to each phase, simultaneously, to be considered as a short su
Fruption.

2 Adaptation

em

H in overhead networks. It-may can be possible to reduce time in\special cases. Frequgntly
't supply interruptions are preceded by voltage dips. Distinction between a dip and a short
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eciathy-In the case of short interruptions, but also for the more severe voltage dips, immu

ce can continue to operate as intended in the absence of its energy supply. Immunity f
e disturbances is theréfore a matter of either the fast restoration of energy from
rnative source or artanging for the equipment and its associated process to adapt in
hded manner to(the brief interruption or diminution of power. This is a complex ma
ng both technical and economic aspects, and is beyond the scope of this document
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Vallies deseribing voltage dips and short interruptions for class 3 IPCs-may can be established

with

dué_consideration of the following:
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remembered that these values can vary considerably with the type of supply system, high
voltage or medium voltage via overhead lines or cables, single circuit or double circuits for
example, and with the location of the site, exposed and prone to lightning for example;

interruptions;

the presence of in-plant generation can reduce the severity of voltage dips and short-time

the contribution of the industrial plant to the voltage dips or short-time interruptions should

be considered; for instance, as a consequence of severe faults, large voltage depressions

can be caused by the simultaneous restarting of several induction motors in the plant;
the short interruption values for class 3 IPCs refer to plants fed by one supply line only.

As a basis, the results of IEC TR 61000-2-8-may can be adopted.
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B.5 Transient overvoltages

Several phenomena, including the operation of switches and fuses and the occurrence of
lightning strokes in proximity to the supply networks, give rise to transient overvoltages in low-
voltage power supply systems and in the installations connected to them. The overvoltages-may
can be either oscillatory or non-oscillatory, are usually highly damped, and have rise times
ranging from less than 1 ys to a few milliseconds.

The magnitude, duration, and energy-content of transient overvoltages vary with their origin.
Generally, those of atmospheric origin have the higher amplitude, and those due to switching
are ' ' ' —Criti i be
proflected by surge protective devices, and these should generally be selected to caterfor|the
greater energy content of the switching overvoltages.

Swifching of capacitor banks is a common cause of transient overvoltages. Typically, their value
at the point of incidence is less than twice the nominal voltage. However, wave reflections jand
voltage magnification can occur as the transient is propagated along a_line, amplifying|the
ovefvoltage incident on connected equipment.

Figure B.4 shows an example of tolerance envelope for IT equipment which is applicablqg for
sindle phase 120 V. Other types of equipment—may can ‘present different tolergnce
characteristics.
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Figure B.4 — ITI (CEBEMACBEMA) — Curve of tolerance envelope of ITE?

Transients of atmospheric origin have been recorded at magnitudes up to 6 kV on LV networks.
This value should be considered for coordination of isolation.

3 ITI = Information Technology Industry; CBEMA = Computer Business Equipment Manufacturers Association; ITE

= information technology equipment.
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Taking into account that attenuation between the PCC and the practical input of the installation
is not sufficiently known and that a 100 % immunity is a very costly fiction (if not impossible),
the compatibility level for EMC purposes should be set much lower.

The transient overvoltages of external origin (coming from the public power supply system)-may
can be attenuated according to the location of the IPC within the installation.
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Annex C
(informative)

Interharmonics and voltages at higher frequencies
and mitigation methods

Sources of interharmonics

024

C.1JJ_Ld.an.Li.LLc_ati0n
Sources of interharmonics can be found in low-voltage networks as well as in medium-voltlage

and

maghines, power converters, induction motors) mainly influence devices in their vicinity;

inte

power converters, induction motors), or both, flow in the low-voltage networks they sup
Intefharmonics and voltages at higher frequency can also result from resopajCes present in
fibution system at frequencies matching with unstable poles of converter’current controllers.

dist

Thefe is also low-level background Gaussian noise, with a confinuous regular frequs

spe
inte

range of 40 mV to 50 mV, when measured with a filter bandwidth of 10 Hz, and 20 mV to 25
whgn measured with a filter bandwidth of 3 Hz.

Four main origins of interharmonics can be distinguished:

CcA
C.1

Arc
an i

high-voltage networks. The interharmonics produced by low-voltage sources{(wel

Fharmonics produced in the medium-voltage and/or the high-voltage networks*(arc furna

ctrum, superimposed on the low-voltage curve even in the dbsence of a local sourc
Ffharmonics. Typical voltage levels, on a low-voltage netwoerk of 230 V, seem to be in

blectrical arc-furnaces, arc welding machines or plasma heaters, which have been kn
or many years as the major power source;of interharmonics or sub-harmonics, the origi
vhich is in the process itself, and/or inCthe position control of the electrodes for which
bhenomenon is without any synchronism with the power frequency;

bower converters with active front\end-may can be operated at switching frequencies w
penerally are interharmonic frequencies; the effect of switching produces interharm
Voltages or currents;

Epurious coupling betweén-Circuits where the fundamental frequencies are different; th
he case of electronic frequency converters;

ntentional productien of voltages at such interharmonic frequencies for the purpos
signal transmission.

2 Different types of sources of interharmonics
21 Random sources

welding machines generate a continuous wide band frequency spectrum, associated

ling
the
Ces,
ply.
the

ncy
e of
the
mV

bwn
n of
the

hich
bnic

s is
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with

fermittent process with the duration of the individual welding actions varying between

1s

and several seconds. They are mostly connected to the low-voltage network, preferably of low

imp

edance in order to avoid disturbing flicker effects.

Arc furnaces produce continuous but randomly varying interharmonic frequency spectra due to
the irregular input current. Their high rating (50 MW to 120 MW) make them always connected
to the medium-voltage or high-voltage network. The highest emission level occurs during the
starting-phase of a melting process.
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C.1.2.2 Sub-harmonics or interharmonics produced by the load of a line commutated
converter

Electronic frequency converters have a different behaviour according to their structure. Direct
converters, such as cycloconverters, consist of an assembly of semiconductor devices and their
auxiliary circuits which, by means of their cyclic commutations, convert the input voltage at the
fundamental frequency of the power supply network into an output voltage at a fundamental
frequency, defined by the control of the converter to be suitable for feeding the load. (The load
may can be a variable speed motor or a particular network at a fixed frequency, for example,
25 Hz or 16 Hz 2/3.) These cycloconverters have no decoupling function between the two
different fundamental frequencies. Therefore, currents at multiples of the load frequency are
circfitating direcily in the line side of the converier assembly of each phase. The line curfent
has|the form of a current at the power supply network frequency (plus its regular harmonics),
modulated in amplitude depending on the load frequency.

NOTE For example, in a cycloconverter for a three-phase balanced load fed at the frequency f{,\the line curfents

combine in each phase at the point of coupling of the three individual multiphase converters (pulsation index p), pach
feed|ng a phase of the three-phase load. The combination of the line currents can be approached when considering
the tptal active power and the total reactive power. In the case of a purely active load and of, an ideal convertet, the
total|active power is a constant (without fluctuating power) while the total reactive powénis a constant with addition
of a fluctuating component of low amplitude at a frequency of 2pf,. In the case of a'purely reactive load and ¢f an

ideal converter, the total active power is zero, while the total reactive power is a censtant. The line current resylting
fromfthese combinations contains a modulation at frequencies of 2pf, and its multiples. Additional other interharnjonic

currgnts result from a non-linear command having a rating optimization purpose, and from the unavoidable
imperfections of the system.

Indifect frequency converters have an intermediate DC link, with an input converter on thefline
sidg and an output converter (more often operating as<an inverter) on the load side. For both
structures, current stiff and voltage stiff, the DC link includes a filter decoupling the current or
the |[voltage of the power supply system and of the load. Therefore, the two fundamental
frequencies (supply and load) are decoupled\But infinite filtering does not exist, and|the
remiaining coupling path produces currents onvthe supply network at frequencies present on[the
DC |link and due to the load side. These frequencies are sub-harmonic and interharmgnic
relative to the power supply frequency. However, it should be underlined that this phenomenon
is most often negligible for voltage source inverters.

Eleg¢tronic frequency converters “inject currents into the network at sub-harmonic jand
intefharmonic frequencies that.are mainly in the range from 0 Hz to 150 Hz or 300 Hz. THese
corflespond to the fundamental frequency of the load, which is frequently a variable spleed
motpr. The highest range of frequencies, up to 2 500 Hz, is much smaller in amplitude. [The
maih difficulty is that those sub-harmonics or interharmonics are not at a fixed frequency.

Some semicondictor converters, used to feed particular networks at a fixed frequency, flso
produce sub-hiarmonics andfor interharmonics, or both, at a fixed frequency.

Harmonic Nand interharmonic frequencies of such converters with an input fundamelntal
frequencyfand an output fundamental frequency F are defined by the following formula:

Fom =[(prxk) £1]x f £[(p2 xkp ) ]x F (C.1)
where
D1 is the pulse number of the input converter;
Do is the pulse number of the output converter;
kq, ko are the series of whole integers (0, 1, 2, 3...); and

if k=0, fhm=/h(harmonic frequencies).
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.2.3 Sub-harmonics or interharmonics produced

by-internal-operation-of a-converter active infeed converters

CcA

Indd
stat|
inte

behaviour of active infeed converters is described in detail in IEC TS 62578

2.4 Other miscellaneous sources

024

the

ction motors-may can give rise to an irregular magnetizing current due to the slots in

fharmonics in the low-voltage network. At the normal speed(of the motor, the distur

frequencies are practically in the range of orders 10 to 40, but_during the starting period
run through the whole frequency range up to their final value.
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br and rotor — possibly in association with saturation of the-iron — which generFes

ages at interharmonic pre-defined frequencies afe also produced intentionally by ri
rol transmitters. The purpose and practice ofsripple control transmitters is describe

I Ug/Uy of 9% up to 500 Hz and decreasmg (20 dB per decade) between 500 Hz
0 Hz (1,5 %).

9—kHz—and—29—KHz—te448—5—kHz+ Other systems for mains S|gnall|ng operate in h|c
uency ranges, for example 3 kHz to3500 kHz (in some LV/MV installations 1,6 MHz td

Hz to 1 MHz) for powerline carrier systems in MV/HV networks).

3 Effects of interharmonics and compatibility

rharmonics introduce non-periodical or quasi-non-periodical phenomena superimposed
periodical waveform:® of the voltage network. Therefore, the crest voltage is changed
br frequency where the difference of the involved frequencies appears as the disturba

ing
hey

bple
i in

61000-2-2. Their frequency range is 110 Hz.to '3 000 Hz with a maximum relative volfage

and

3kHz
her
30

for broadband powerline commugication (PLC), and 30 kHz to 500 kHz (in some counfries

on
at a
hce.
are

h use of electricity where the crest voltage is of importance is then disturbed. Examples
ing equipment, which-may can flicker, and television receivers, which-may can be distur

veen the emitter and the receivers in the power supply network. Therefore, user

ed.

ble control receivers are likely to be disturbed by interharmonics. For reception their
mum-operating level is as low as 0,3 %, to take into account the different attenuatjons

of

electricity should know whether such ripple control is in operation in their area and what the
allocated frequency is. This minimum information is required to ensure compatibility.

The frequency of an interharmonic current—may can occur and sweep in a wide range of
frequencies without discontinuity. The resulting interharmonic voltage is defined by the current
and the impedance at the particular frequency. The most spurious effect is the ability to excite
anti-resonance frequencies arising from passive filters or power factor compensation capacitor

ban

ks connected to the network.
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C1.4 Guidance levels
Cc.1.41 Levels related to flicker effect

The case of a voltage having a frequency which combines with the fundamental frequency and
results in a beat frequency has been dealt with in 5.7. Table C.1 indicates the interharmonic
voltage levels corresponding to the compatibility level given in Figure 1.

Table C.1 - Indicative values for interharmonic voltages in low-voltage
networks with respect to the flicker effect

50 Hz system 60 Hz system
Order Interharmonic U, Interharmonic Ug
frequency frequency
m I % S %
Hz 120 V 230 V Hz 120 v 230 Y
system system system system

0J20 <m < 0,60 10 <f, <30 0,68 0,51 12,0 < f < 3650 0,95 0,69
0/60 < m < 0,64 30 < ff, =32 0,57 0,43 36,0 < £ 38,4 0,79 0,58
0)64 <m < 0,68 32<f, <34 0,46 0,35 384,<, <408 0,64 0,49
0)68 <m <0,72 34 <f <36 0,37 0,28 40,8 < f, <43,2 0,50 0,39
0)72<m<0,76 36 <f, <38 0,29 0,23 432 <f <456 0,39 0,30
0)76 <m < 0,84 38 < fim <42 0,23 0,18 456 <f <504 0,23 0,18
0)84 <m<0,88 42 < f <44 0,23 0,18 50,4 <f, 52,8 0,22 0,18
088 <m <0,92 44 < f_ <46 0,28 0,24 52,8 < f =552 0,22 0,20
0)92 <m < 0,96 46 < f, <48 0,40 0,36 55,2 <f <576 0,34 0,30
096 < m < 1,04 48 < f, <52 0,67 0,64 57,6 < f,m < 62,4 0,59 0,56
1J04 <m<1,08 52 <f <54 0,40 0,36 62,4 <f <64,8 0,34 0,30
108 <m<1,12 54 < f 1556 0,28 0,24 64,8 <f <672 0,22 0,20
112<m=<1,16 56-<,, < 58 0,23 0,18 67,2 </, <696 0,22 0,18
116 <m <1,24 58 < f,, <62 0,23 0,18 69,6 <f, <744 0,23 0,18
124 <m<1,28 62 < f,, <64 0,29 0,23 74,4 <f <768 0,39 0,30
128 < m <4,32 64 <f <66 0,37 0,28 76,8 <f, <79.2 0,50 0,39
11832, <'wm< 1,36 66 <f, <68 0,46 0,35 79,2<f <816 0,64 0,49
1,36~<mr="140 88~7—="T0 0,57 0,43 86~/ =840 0,79 055

1,40 <m < 1,80 70 < f, <90 0,68 0,51 84,0 <f, <108,0 0,95 0,69

C.1.4.2 General levels

Levels given in-Fable4 Table 2 for the next higher even harmonic-may can be taken as guidance
for each interharmonic frequency.

The levels relevant to class 2 are set in consideration of the presence of ripple control devices.
Since ripple control receivers, lighting equipment and television receivers are not generally
present in industrial areas, the compatibility levels for class 3 are expected at higher values.
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NOTE 1 If such devices are present in the industrial area, they are not directly coupled to the circuit of class 3. For
mitigation methods, see Clause C.2.

Where there is a risk of interference with mains signalling, ripple control, or other susceptible
equipment, special care should be taken with regard to interharmonics. A class 2 environment
should be preferred. For this class, the operational frequency of ripple control receivers is
locally specified. The response level of these receivers can be as low as 0,3 % of the nominal
supply voltage. A receiver can therefore be disturbed by an unintended interharmonic voltage,
at its defined operational frequency, in excess of this value.

The interharmonic compatibility level at the operating frequency of the mains signalling or ri
conf{rol systen not defined. At the operating Irequency, the en on Iever should be i
to 0,2 % of the nominal supply voltage, and the immunity of equipment should be_defined
accprding to the particular specifications of the corresponding transmitters andnétwork
conflitions. See IEC 61000-2-2:2002, 4.4.

The| use of a class 3 environment requires more investigation such as identification of|the
coupling path between the class 3 environment and the public supply network, or design pf a
decpupling system.

High values of interharmonics can be present at class 3 IPCs due'especially to some kinds of
conferters. They can be as high as 2,5 % for frequencies below the 11th order, and up to [1 %
for prders above 25. Due to their origin, these values are generally fluctuating and ragidly
chapging in both amplitude and frequency. For that reason, they-may can cause resonances$ on
cappcitor banks and passive filters.

NOTE 2 Everywhere they are used in industrial networks/power factor correction capacitors—should wi|l be
connected through series reactors, particularly those which are‘intended to be connected to IPCs of class 3.

C.2] Mitigation methods

C.2{1 General

It is|generally a complex matter to decrease emissions of power converters. Where suscepfible
equjpment is expected and cannot be avoided, a possible solution is to introduce an effigient
decpupling between the circuits)supplying the susceptible equipment and the circuits supplying
the power converters by means of filters or even UPSs.

Wheén the purpose of\the conversion of power is to produce an adjustable fundamental
frequency, a wide gpectrum of interharmonic frequencies can be expected. The most complex
aspgct is due to'the interharmonics which sweep the whole spectrum when the output of|the
conyerter is operated at a variable frequency.

Intefharmonics of this kind are the result of the impossibility of obtaining a perfect decougling
betweén the input and the output of a converter. The components of the largest amplitude|are
gen rnlly at low aor very low frequencies

Another kind arises from the internal operation mode of the converter. The well-known example
of pulse width modulation (PWM) operated converters shows an emission of interharmonics
related to the switching frequency controlling the semiconductor devices. This switching fre-
quency-may can be fixed or adjustable depending on the control technique. Interharmonics of
this last kind are at higher frequencies than the previous one. They are generally easier to filter.

C.2.2 Decrease emission levels

The selection of indirect converters facilitates the simple filtering of interharmonics emitted by
the power conversion process when dedicated to variable frequency production. Indeed, the
simple filtering—may can be provided by increasing the internal filtering effectiveness of the
natural structure of the converter. Such an increase of decoupling between output and input
provides reduction of interharmonic current amplitude.
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In case of large converters this-may will probably not be an economic solution, but it should be
investigated as an alternative to external filtering. External filtering-may can use passive filtering
or active filtering.

Passive filtering requires particular attention to the width of the emission spectrum, particularly
when the interharmonics sweep through the frequency spectrum. The risk of excitation of anti-
resonance is so high that passive filters, if used, should be damped. Generally large power
installations require careful and complete investigation to define the filtering system. Moreover,
passive filters cannot be operated independently of each other or independently of reactive
power compensation. Therefore, when passive filtering is used, the whole installation should
be cansidered

Actiyve filtering can provide efficient solutions, particularly in the low or very low frequgncy
range. Filtering is also effective for sub-harmonics or interharmonics. The main adyantagg of
actiIe filtering is that it is auto-adaptative to the frequency to be filtered. This propérty is intripsic
to their control, which is designed to first extract the harmonic content from arcurrent whigh is
to e compensated or from a voltage which is to be cleaned up. The secand function of|the
confrol of the semiconductor devices is to operate the compensation or €l€aning by meanpg of
an adapted PWM technique at the power stage. Therefore, unlike passive filters, which|are
tuned on particular orders, active filters can be considered as broadhand filters. They proyide
attejpuation of the harmonic (or interharmonic) emission from DC up\to a few kiloHertz, leaying
the fundamental frequency voltage or current unaffected.

However, converters operating with PWM introduce an interharmonic emission at frequencties
asspciated with the switching frequency, which can be filtered if necessary.

C.2]3 Increase immunity

Proguct standards set immunity limits with reference to compatibility levels. However, when
conjpatibility levels are still under consideration or when the relevant product standard is|not
aval|lable, a solution in case of susceptibility-causing malfunction of an equipment, can often be
found in appropriate filtering of the supply of the control part of the disturbed equipment.|For
equjpment-needing that has to be synchronized with the power supply system, the approprjiate
filtefing-may can be limited to the_ synchronizing circuit by means of a band pass filter tuned at
the fundamental frequency. This.génerally affects circuits of low level of power.

The| most efficient solution“remains appropriate segregation of the circuits according to their
use| In an industrial nétwork, this segregation should always be established between|the
indystrial applicationsy\and the offices, and within the industrial applications between [the
different loads whichyshould be classified appropriately. This kind of segregation facilitates|the
des|gn of correct'decoupling and filtering of the whole installation, with the objective of the best
technical and¢economical compromise.

C.2/4 Protection of-ripple-controlsystem mains signaling

|dentification of the frpqupn(‘y used hy the ripple cantrol system or mains qignalling should be
made available by the power supply authority.

Two aspects should be considered at the PCC of the installation:

— the maximum emission allowed for the whole installation in order not to disturb the signalling
system;

— the minimum impedance, at the particular frequency of the signalling system, that is
acceptable for operation of the transmission of the signalling system.

If a particular passive filtering or decoupling system is installed,-care-should-be-taken-toaveid
anti-resonance should be avoided in case of sweeping interharmonics.
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Annex D
(informative)

Proving compatibility in the frequency range above 2 kHz
in industrial MV networks

In order to ensure a long-term trouble-free operation of an industrial installation, the operator
of a plant typically wants to make sure that compatibility requirements are met. In principle there
are two possibilities to reach this goal, both of them having special challenges especially in the

fre

1)

2)

venc\v ranae ahove 2 kH=z-
P4 ~J

nstallations. However, typical measuring devices operate with an input voltage b

capacitive and inductive) used presently as standard equipment in etworks
Hesigned primarily for the transformation of fundamental frequency. AIth& many of t
5till provide reasonable results in the "classical" harmonic range up to z, the measu

P0 kHz most voltage transformers have a resonance point exag ng measured vol
components at the secondary side of the VT. For higher freq cies, the transform

ratio between the primary and secondary side is undefined a@varying, i.e. the measu
ignal can over- or underestimate the primary voltage. | @der to prove compatibility
boltage components above 2 kHz, voltage transformer a known and tested frequg
behaviour in the frequency under consideration sh&d be used. Some manufactu

measure with a reasonable error also in the do |git kHz range. Alternatively, a spe
measuring divider can be connected tempo y at MV level in order to take accu
measurements above 2 kHz.

Calculations: During the planning phase @an installation, calculations and simulations
he only possible means to prove comp@bility for a future industrial plant. Well establis
bnd proven methods exist for this pL@pose for the "classical" harmonic range up to 2 K
For significantly higher frequenci experiences with simulations are rather rare and
ield is presently just developi’f@. everal phenomena have to be taken into account w
play a minor role in the lowe rmonic range only:

around 10 kHz and

p Frequency depe ndence of line impedances (inductance and resistance) becomes n
and more imgobtant with increasing frequencies. (Line capacitances remain unchan

over the entité frequency range considered.)

p Termi ray capacitances of equipment connected (e.g. of motors and transform
can an impact on calculation results especially for higher frequencies.

p Qﬁly networks (often modeled as Thevenin impedances for harmonic calculatiq
ically have significant resonance points in the frequency range above 2 kHz (an

hccuracy decreases with increasing frequency. Somewhere in the@q etween 5 kHz jand

hiready promote new types of built-in voltage tran§formers for MV switchgear suitablg

p Transformers typlc&:gqvlave significant resonance points in the frequency rang¢ of

Measurements: Measurements are the best means to prove compatibility in,\existing
w 1 kV
50 that voltage transformers will be required for MV networks. Most VOIW nsformers
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impact on calculatlon results especially concerning the PCC with the publlc supply

network.

All these effects have to be considered for simulations in MV networks in order to obtain
results which to a certain extent reflect the reality in the future plant. This means not only a
significantly increased effort for these simulations but requires adequate input from

equipment manufacturers as well as network operators.
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Annex E
(informative)

Examples of locations and installations covered by IEC 61000-2-4

General

024

The purpose of Annex E is to illustrate typical locations and installations relevant to the
compatibility levels given in this document, and to provide guidance to the user of this document

whegn selecting the appropriate environment class (see Clause 4). Q
Annex E provides only examples, and it is not intended to be exhaustive. b‘
Thig document does not deal with installations for residential locations, directlﬂ/&pplied by
public mains and which are usually covered by IEC 61000-2-2. ™
’

A part of an installation supplied by the output of a power converter ( 'Ioads supplied by
UP$) is not within the scope of this document. '\Q
The| basic principle for this document is that installations ¢ (e)'ed by this document are
professional use and are separated from the public power sé(ribution system by at least
tranisformer. LN

& O
E.2| Mixed locations QQ

A\
5

Instpllations for residential locations and pro ional use can coexist in mixed locations.
example, a building can host separate an | identified areas for either residential locat
orp

inst

NOT
trang

E.3

rofessional use, each one having its qwn’dedicated power supply line, in which the indus|
hllation is supplied through a sepa\rﬁn transformer.
N\

F In this document, shops, Iight\Qﬂustry, heavy industry (and similar) supplied through a separ
former are covered by the term i trial.

N
Examples for i dgétrial locations

OQ.

Installation intended for professional use

—

he

an

for
one

For
ons
trial

htion

bnly.

Class 1 IEC Sensitive devices
| Protected supply | MV/HV 61000-2-4
O Sensitive devices
LV IPC
; —J Sensitive devices
IEC IEC

Figure E.1 — Example of class 1 environment
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This is a typical class 1 environment (Figure E.1).

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.

Installation intended for professional use only.
7
Industrial location 1 ) Offices
o IEC
Light industry MV/HV 61000-2-4 Offices
Office o oo @\/_Ty'— Offices
—acrc—— s s [ s R | Offices
1 Offices
IPC 1 | Pc2 Offices
Class 2a LV Class 2b IPC Converters with their laads
. y, Loads that can vary frequently and rapidl
IEC Fc
Figure E.2 — Example of class 2a and class 2b énvironments
Thejse are typical class 2a and class 2b environments (Figur&lE.2).
Onqg reference person (e.g. owner of the private bwuilding) is in charge of problems jand
maiptenance.
In this example, IPC 1 characterises the compatibility level at the entrance of the office building
and|IPC characterises the compatibility level@t the entrance of the light industry building.
NOTE 1 Concerning options for the supply of afeas with different electromagnetic environment classes in the Ipwer
part pf the figure; see Figure 2.
Installation intended for professional use pnly.
] o ] N
Large installation includingt
Shops
Offices
Service providers (IT, ...)
Data‘center
H IEC .
Small data center with IT loads (servers, data
LV G) Genset MV/HY_ 61000-2-4 banks, etc) fed through UPS converters r
Shaon
RY; TPC nOpS
MV/HV Offices

IEC

IEC

Figure E.3 — Example of an LV grid in a building supplied by a dedicated transformer

This type of area is supplied by a dedicated transformer (Figure E.3).

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.
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This environment might be classified either as class 2a or class 2b, with the IPC characterizing
the compatibility level at the entrance of the building.

Mixed location

é Large installation including: )
Residential locations
Sh(_)ps IEC Residential locations
Offices MV/HV fdonnn o Residential locations
= SETVIce Providers (TT,.1) 5+666-2-2 _
Data center v PCC Off!CGS
Offices
. LV LV —@ Genset p MV/HV  51000-2-4 |—— Offices
[ v PC Converters with their [oads
Loads that can vary\frequently and rapidly
MV/HV  MV/HV Ec EC
Figure E.4 — Example of an LV grid in a building incldding residential
and industrial locations
In Higure E.4, the upper part of the building includes residéntial locations and thus is supplied
by g public transformer. IEC 61000-2-2 applies at the-RCC.
Thel| other transformer supplies the part of the iQ$tallation where only professional users|are
conhected.
Compatibility levels at the primary side of\the transformers are not specified in this documgént.
Ong reference person (e.g. owner of the private building) is in charge of problems jand
maiptenance.
Thellower part is an envirobment which might be classified as either class 2a or class 2b, with
IPC|2 characterizing the,compatibility level for the converters and loads that can vary frequgntly
and|rapidly.
NOTE 2 Concerning\options for the supply of areas in the lower part of the figure see Figure 2.
Installation intended for professional use pnly.
\
Data center
I IT loads (servers, data banks, etc) fed
IEC through UPS converters
MV/HY 61000-2-4 IT loads (servers, data banks, etc) fed
LV T PO through UPS converters
— . ——— Offices
[— Offices
MV/HV IEC IEC

Figure E.5 — Example of an LV grid for a data center
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Compatibility levels for the primary side of the transformer (Figure E.5) are not specified in this
document.

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.

This environment is classified by the reference person either as class 2a or class 2b, with the
IPC characterizing the compatibility level placed at the entrance of the building.
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Annex F
(informative)

024

Rationale for increased individual even and triplen compatibility levels

F.1

F.1

and for splitting class 2 into class 2a, class 2b and class 2L

Rationale for increased individual even and triplen compatibility levels

1 Target

It w

equjpment while maintaining the overall disturbance level of the networks within the s

has
and

F.1,

Mog
IEC

gengration. It operates as pulse width modulated (PWM) convert€0 he switching frequeng

this
techH
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In t
very
abo
con

bs the target of this document to take into account the needs of modern poweré.p\}

been achieved by increasing the individual even and triplen compatibility ley, @ll?&m Tab
by introducing a new quantity PWHD in Table 3. q/
2 The needs of modern power electronic equipment (Vb‘

s/

ern power electronic equipment, such as active infeed conv@ (AICs) accordin
TS 62578, is an essential element of energy saving equip

equipment is typically in the range of a few kHz. The romagnetic emissions of
nology consequently consist of spectral lines with fre u%(mes of the switching frequdg
its integer multiples.

he frequency range below the switching frequq@ this type of equipment produces

low emissions. However, in order to prev he emissions at switching frequency
ve from flowing to the supply network, a Iov@s filter has to be inserted between the pQg
verter and the supply network. This filtepy,has to have a resonance frequency below

bnic
his
le 2

y to

and renewable engrgy

y of
this
ncy

bnly
and
wer
the

swifching frequency of the converter. Thiss@onance frequency will typically be in the range of

1 kK
the
only

filtef.

The
levg
and
sw

fiching frequencb

1z to 2 kHz with a width of about +4 z. In this frequency range, existing pre-distortio
network and very low converter@ssmns will be amplified. The amplification factor
be limited by filter damping excessive damping will cause increased losses of

: c\}‘
resulting emission sp@}a of these AICs will consequently consist of emissions at a
| in the range of the resonance frequency and of spectral lines at the switching frequg
its integer multi@A typical spectrum is shown in Figure F.1 with an AIC operating
kHz and a filter resonance frequency of about 1,2 kHz.

nin
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& Low voltage current active converter f,, = 4 kHz (0 kHz to 9 kHz)
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Figure F.1 — Emission spectrum of an active infeed converter
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All emissions of the AIC are independent of the supply frequency (50/60 Hz).

The compatibility levels defined in IEC 61000-2-4:2002 (second edition) made a systematic
difference between characteristic (odd non triplen) frequencies on the one hand and even and
triplen frequencies on the other hand. The compatibility levels for even and triplen harmonics
are significantly lower. Calculating permissible emission limits for even and triplen harmonic
frequencies results in extremely low values, which cannot be met by AIC equipment in the range
of the resonance frequency of its line filter and which are at or below the accuracy specification
of measurement equipment. Such overly stringent limits could reduce the acceptance level for
energy saving equipment and jeopardize global targets for energy saving. This problem is
particularly severe in the frequency range hetween H13 and H40 which is the range of the fjlter
resgnance described in the second paragraph of this rationale. A

\%
On the other hand, there are no reports on disturbance cases of equipment du&g‘voltage
distprtions at even or triplen harmonic frequencies, particularly in the frequency@ge between

H13 and H40. Consequently, the compatibility levels for even and triplen harm s have been
increased in this document to the values in Table 2. .
’
v
F.1]3 Maintaining the overall disturbance level QQ

As Hdescribed above, the increase of emissions only occurs igq'églmited band around|the
resgnance of the line filter of an AIC. It is consequently expe hat the overall disturbance
levgl in industrial networks remains unchanged. In order to Qgﬁre this, Table 3 does not pnly
keep the THD value unchanged, but it additionally introduceﬁx new quantity, PWHD. The values
for PWHD are calculated by inserting the compatibilit?@els of IEC 61000-2-4:2002 (second

editjon) into Formula (1), meaning that also the P remains unchanged. With THD jand

PWHD unchanged compared to IEC 61000-2-4:20 econd edition), the overall disturbance

levgl is maintained. \\
O

‘\
. e Q
F.2| Rationale for splitting class 2 ifito class 2a, class 2b and class 2L

F.2J1  Target A’\Q’
It whs the aim for class 2 of thi@@ument to:

a) provide compatibility Ie@%‘ci,dentical to the public network described in IEC 61000-2-2;

b) hllow power electrgnic converters which operate in class 2 networks according to
EC 61000-2-4:2@second edition) to still do so in class 2 networks according to |this
Hocument;

c) prevent sp I safety-related networks (e.g. in nuclear power plants) from a safety| re-

:ertifica%@-r
As if wa ﬁt possible to achieve all these targets with one set of compatibility levels, the clags 2
fronr{éémoo-2-4:2002 (second edition) was split into class 2a, class 2b and class 2L.

F.2.2 Class 2a

The compatibility levels of class 2a are identical to the compatibility levels in IEC 61000-2-2
when considering the increase of even and triplen compatibility levels according to Clause F.1.

F.2.3 Class 2b

In class 2 networks of IEC 61000-2-4:2002 (second edition), certain power electronic converters
can be operated. They can face the issues described in F.1.2, but without considering how
resonance effects of the compatibility levels, which are defined only up to the 40th harmonic in
IEC 61000-2-4:2002 (second edition), are met.
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However, in the frequency range above the 40t harmonic, these power electronic converters
emit at a higher level (see Figure F.1), and the voltage distortion of the network will exceed the
levels defined in IEC 61000-2-2. Consequently, higher compatibility levels than in class 2a are
required for such networks in the frequency range above the 40" harmonic. As these networks
are still intended to be classified as networks of class 2, this requires a split of the class 2 in
IEC 61000-2-4:2002 (second edition). This has been achieved by introducing the new class 2b,
which has the same compatibility levels as class 2a up to the 40th harmonic and higher
compatibility levels above the 40th harmonic.

F.2

4 Class 2L

Eve
conj
F.1
like
re-g
abo
the

(sed
abo

nh though it was agreed that the increased compatibility levels for even and triplen indQN
patibility levels described in Clause F.1 do not lead to an increased disturbance el

J3), it is important for some sensitive networks, for example in safety related &) licat

nuclear power plants, not to increase any compatibility level in orde prever

ertification of the installation. However, the introduction of additional co t|b|I|ty le
ve the 40th harmonic is welcome for such networks. In order to accommcﬁ ate these neq
class 2L was introduced, which contains the compatibility levels fro C 61000-2-4:2
ond edition) class 2 up to the 40th harmonic and the compatibility Ie@s from IEC 61000
Ve the 40t harmonic.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-4: Environment —
levels in power distribution systems

Compatibility

FOREWORD

qll national electrotechnical committees (IEC National Committees). The object of IEC is to prombote internat

ublicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC/ Publication(s)").

ay participate in this preparatory work. International, governmental and non-goyernmental organizations lia

he formal decisions or agreements of IEC on technical matters express,\as nearly as possible, an internat

interested IEC National Committees.

FC Publications have the form of recommendations for interhational use and are accepted by IEC Nat

|
q
Hublications is accurate, IEC cannot be held responsible’ for the way in which they are used or for
misinterpretation by any end user.

Ih order to promote international uniformity, IEC National Committees undertake to apply IEC Publica
tfansparently to the maximum extent possible in their’nhational and regional publications. Any divergence bet
3

IEC itself does not provide any attestation ef-conformity. Independent certification bodies provide confo

he International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprjsing

onal

-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Replorts,
Their
Areparation is entrusted to technical committees; any IEC National Committee interested in the subject dealtfwith

sing

ith the IEC also participate in this preparation. IEC collaborates closely with"the’ International Organizatioph for

nsS.

onal

gonsensus of opinion on the relevant subjects since each technical\eommittee has representation from all

onal

ommittees in that sense. While all reasonable efforts are{made to ensure that the technical content off IEC

any

ions
veen

ny IEC Publication and the corresponding national‘or regional publication shall be clearly indicated in the Iatter.

mity

ssessment services and, in some areas, 'décess to IEC marks of conformity. IEC is not responsible forl any

rvices carried out by independent certification bodies.

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

o liability shall attach to IEC er(its directors, employees, servants or agents including individual experts| and

embers of its technical committees and IEC National Committees for any personal injury, property dama
her damage of any nature“whatsoever, whether direct or indirect, or for costs (including legal fees)
xpenses arising out oftthe publication, use of, or reliance upon, this IEC Publication or any other
ublications.

ttention is drawn (to the Normative references cited in this publication. Use of the referenced publicatio
indispensable forthe correct application of this publication.

e or
and
IEC

hs is

IEC draws attention to the possibility that the implementation of this document may involve the use of (a)

atent(s). IE€\takes no position concerning the evidence, validity or applicability of any claimed patent righ
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s),
ay b€ required to implement this document. However, implementers are cautioned that this may not reprg
thedatest information, which may be obtained from the patent database available at https://patents.iec.ch
hall'\not be held responsible for identifying any or all such patent rights.

ts in
hich
sent
IEC

IEC 61000-2-4 has been prepared by subcommittee 77A: EMC — Low frequency phenomena,
of IEC technical committee 77: Electromagnetic compatibility. It is an International Standard.

This third edition cancels and replaces the second edition published in 2002. This edition
constitutes a technical revision.

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

a) introduction of new classes 2a, 2b and 2L (former class 2);

b) modification of existing compatibility levels for class 3;

c)

addition of compatibility levels in the frequency range 2 kHz to 150 kHz;
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d) addition of compatibility levels using a new quantity: partial weighted harmonic distortion
(PWHD).

The

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

Draft Report on voting

77TA/1215/FDIS 77TA/1221/RVD

Full information on the voting for its approval can be found in the report on voting indicated in

the

2haove tablae
B-0V-80—+a5+6-

Thig document was drafted in accordance with ISO/IEC Directives, Part 2, and developef in
accprdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC |are
desgribed in greater detail at www.iec.ch/publications.
A list of all parts in the IEC 61000 series, published under the general title Electromagrietic
compatibility (EMC), can be found on the IEC website.
The| committee has decided that the contents of this document wilDremain unchanged until the
stahility date indicated on the IEC website under webstoresecich in the data related to|the
spegific document. At this date, the document will be
e feconfirmed,
e Withdrawn, or
e fevised.
IMPORTANT - The "colour inside" logo on the cover page of this document indicales
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

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

Part 1: General

General considerations (introduction, fundamental principles)

Definitions, terminology

Part 2: Environment

Par

Par

Par

Par

Par

Ead
tech
sec
ider

Det
sup

Description of the environment
Classification of the environment

Compatibility levels
I 3: Limits

Emission limits

mmunity limits (in so far as they do not fall under the responsibility of the pro
committees)

l 4: Testing and measurement techniques

Measurement techniques

lesting techniques
E 5: Installation and mitigation guidelines

nstallation guidelines

Mitigation methods and devices

t 6: Generic standards

t 9: Miscellaneous

Huct

h part is further subdivided into several parts, published either as International Standafds,

nical specificationslor technical reports, some of which have already been published

as

ions. Others will be published with the part number followed by a dash and a second number

tifying the subdivision (example: IEC 61000-3-11).

biled information on the various types of disturbances that can be expected on public po
bly systems can be found in IEC 61000-2-1 and IEC 61000-2-12.

wer
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-4: Environment —
Compatibility levels in power distribution systems
in industrial locations for low-frequency conducted disturbances

Thig
with
NOT

Pow

NOT]
(IPC
gend
case]
gend

Con
exp
defi

a)

NOT]
Theg
of th
equi

b)
The

O
OTOpPE

a nominal voltage up to 35 kV and a nominal frequency of 50 Hz or 60 Hz.

E 1 Industrial locations are defined in 3.1.8.

er distribution systems on ships, aircraft, offshore platforms and railways are not inclug

FE 2 See also Annex E. The compatibility levels specified in this document apply at the in-plant point of cou
. The level of the low-frequency disturbances at the terminals of equipnient receiving its supply from the Ij
rally assumed to be similar to the disturbance level at the IPC itself. However, in some situations this is ng
, particularly when a long feeder is dedicated to the supply of a particular load, or when a disturban
rated or amplified within the installation of which the equipment forms a part.

npatibility levels are specified for the types of low-frequency electromagnetic disturban
bcted at any in-plant point of coupling (IPC) within industrial locations, for guidance in
hition of:

imits for disturbance emissions in industrial power distribution systems (including
planning levels defined in 3.1.5);

F 3 A very wide range of conditions is\possible in the electromagnetic environments of industrial netw
e are approximated in this document by the three classes described in Clause 4. However, it is the responsi
e operator of such a network to take account of the particular electromagnetic and economic conditions, incly
bment characteristics, in setting thé_.above-mentioned limits.

mmunity levels for the equipment within these systems.
disturbance phenomena considered are:

- voltage devjations;

- voltage dips and short interruptions;
- voltagetimbalance;

- power-frequency variations;

- <hrarmonics up to order 40;

part of IEC 61000 is related to conducted disturbances in the frequency range ffem 0 kHz
to 160 kHz. It gives compatibility levels in differential mode (L-L and L-N) for industrial locati

NS,

led.

bling
PC is
t the
te is

ces
the

the

brks.
pility
ding

— interharmonics up to the 40th harmonic;

— voltage components above the 40th harmonic up to 150 kHz;

— DC component;

— transient overvoltages.

The compatibility levels are given for different classes of environment determined by the
characteristics of the supply network and loads.

NOTE 4 Compatibility levels at the point of common coupling (PCC) on public networks are specified in
IEC 61000-2-2 for low-voltage networks and IEC 61000-2-12 for medium-voltage networks. IEC TR 61000-3-6 and
IEC TR 61000-3-7 describe the approach of power distribution system operators to the limitation of emissions from

insta

llations and large loads.
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2 Normative references

The following documents 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 61000-2-2:2002, Electromagnetic compatibility (EMC) - Part 2-2: Environment -
Compatibility levels for low-frequency conducted disturbances and signalling in public low-
voltage power supply systems

IEC81000=-2=22002/AMD 2017

IEC|61000-2-2:2002/AMD2:2018

IEC|61000-2-12, Electromagnetic compatibility (EMC) — Part 2-12: Environment —-Compatibility
levdls for low-frequency conducted disturbances and signalling in public medium-~voltage pgwer
supply systems

IEC|61000-4-7, Electromagnetic compatibility (EMC) — Part 4-7: Testing” and measurement
techniques — General guide on harmonics and interharmonics™ measurements |and
instrumentation, for power supply systems and equipment connected-thereto

CISPR 16-1-1, Specification for radio disturbance and immunity measuring apparatus and
methods — Part 1-1: Radio disturbance and immunity qneasuring apparatus — Measuying
apppratus

CISPR 16-2-1, Specification for radio disturbancé/ahd immunity measuring apparatus and
methods — Part 2-1: Methods of measurement>of disturbances and immunity — Condug¢ted
disturbance measurements

3 |Terms, definitions and abbreviated terms
For|the purposes of this documeni(the following terms and definitions apply.

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

e |EC Electropediasavailable at https://www.electropedia.org/

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

3.1.4
ele¢tromagnetic disturbance

or

[SOURCE: IEC 60050-161:2018, 161-01-05, modified — in the definition the words “or adversely
affect living or inert matter” have been deleted and Note 1, Note 2, and Note 3 have been
deleted.]

3.1.2

disturbance level

amount or magnitude of an electromagnetic disturbance, measured and evaluated in a specified
way
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3.1.3

electromagnetic compatibility

EMC

ability of an equipment or system to function satisfactorily in its electromagnetic environment
without introducing intolerable electromagnetic disturbances to anything in that environment

Note 1 to entry: Electromagnetic compatibility is a condition of the electromagnetic environment such that, for every
phenomenon, the disturbance emission level is sufficiently low and immunity levels are sufficiently high so that all
devices, equipment and systems operate as intended.

Note 2 to entry Electromagnet|c compatlblhty is achieved only if em|SS|on and |mmun|ty Ievels are controlled such
that J ] 3 J
levell at that Iocatlon resulting from the cumulatlve emission of all sources and other factors such as\c|rcuit
impgdances. Conventlonally, compatibility is said to exist if the probability of the departure from_intepded
perfgrmance or of the adverse effect is sufficiently low. See IEC 61000-2-1:1990, Clause 4.

Notel 3 to entry: Where the context requires it, compatibility is intended to refer to a single disturbance or clags of
disturbances.

Note|4 to entry: Electromagnetic compatibility is a term used also to describe the field ofstudy of the adVerse
elecfromagnetic effect which devices, equipment and systems undergo from each othef Jor from electromagpetic
pherjomena.

[a—

[SOURCE: IEC 60050-161:2018, 161-01-07, modified — Note 1 to Note 4 have been added

3.144

(eleictromagnetic) compatibility level
spegified electromagnetic disturbance level used as a refergnce level in a specified environment
for ¢oordination in the setting of emission and immunijtylimits

Note] 1 to entry: By convention, the compatibility level is chiesen so that there is only a small probability that if will
be ekxceeded by the actual disturbance level.

[SOJURCE: IEC 60050-161:1990, 161-03-10;"modified — the last sentence of Note 1 is delg¢ted
bechuse it is less relevant in industrial locations compared to public locations.]

3.1.

planning level
levgl of a particular disturbance in a particular environment, adopted as a reference value
for {he limits to be set for thexemission of large loads and installations, in order to coordinate
those limits with all the limits adopted for equipment intended to be connected to the power
supply system

Notel 1 to entry: The planning level is locally specific and is adopted by those responsible for planning and opergting
the power supply network in the relevant area. (For further explanation, see IEC 61000-2-2:2002, Annex A| and
IEC $1000-1-2.)

3.1.

industrial and private power distribution system
distfibltion network that is separated by at least one separation transformer from the pyblic
power supply system to which other customer installations are connected

3.1.7

point of common coupling

PCC

point on a public power supply network, electrically nearest to a particular load, at which other
loads are, or could be, connected

Note 1 to entry: The PCC is usually the point for which electromagnetic compatibility in public networks is to be
considered.

[SOURCE: IEC 60050-161:1990, 161-07-15, modified — the two notes have been deleted, the
content of Note 2 is integrated in the definition and a new note has been added.]
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3.1.8

industrial location

location characterized by an installation consisting of a separate power distribution
network, supplied by a high- or medium-voltage transformer, dedicated for the supply of
this installation

Note 1 to entry: Industrial locations can generally be described by the existence of an installation with one or more
of the following characteristics:

e significant amount of electrical power generated, transmitted and/or consumed;

e frequent switching of heavy inductive or capacitive loads;

. high currents and assoclated magnetic fields;

. bresence of industrial, high power scientific and medical (ISM) equipment (for example, welding machines),
The |electromagnetic environment at an industrial location is predominantly produced by the €gquipment|and
instdllation present at the location. There are types of industrial locations where some of the'electromagpetic
pherjomena appear in a more severe degree than in other installations.

Example locations include metalworking, pulp and paper, chemical plants, car production, farnvbuilding, high voltage
areap of airports.

Note| 2 to entry: The connection between location and electromagnetic environmentis)given in 3.1.8.

[SOURCE: IEC 61000-6-4:2018, 3.1.12, modified — in the definitian, “an installation consisting
of” has been added, and the term reference in Note 2 has been_updated.]

3.1.
ele¢tromagnetic environment
totality of electromagnetic phenomena existing at a-given location

Note] 1 to entry: In general, the electromagnetic environtent is time-dependent and its description can be bjetter
desdribed with a statistical approach.

Notel 2 to entry: It is very important not to confusg\the concept of electromagnetic environment with the surrournding
locafion.

[SOURCE: IEC 61000-6-4:2018, 3+1.13.]

3.1/10

in-glant point of coupling
IPC
point inside a non-public*power distribution system, electrically nearest to a given load, at which
loads from other brancehes are, or could be, connected

Note] 1 to entry: { Ihe IPC is usually the point for which electromagnetic compatibility in industrial networks is {o be
consjdered.

3.2 Phenhomena-related definitions

NOTE-lL—The-definitions-below-thatrelate-to-harmonics—are-based-onthe Qnal\lcne of c\lch:nm \lr\lianne or-currents by

the discrete Fourier transform method (DFT). This is the practical application of the Four|er transform as defined in
IEV 101-13-09. See Annex A.

NOTE 2 The Fourier transform of a function of time, whether periodic or non-periodic, is a function in the frequency
domain and is referred to as the frequency spectrum of the time function, or simply spectrum. If the time function is
periodic the spectrum is constituted of discrete lines (or components). If the time function is not periodic, the spectrum
is a continuous function indicating components at all frequencies.

NOTE 3 Other definitions related to harmonics or interharmonics are given in IEC 60050 (all parts) and other
standards. Some of those other definitions, although not used in this document, are discussed in Annex A.
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3.21

fundamental frequency

frequency, in the spectrum obtained from a Fourier transform of a time function, to which all the
components of this spectrum are referred

Note 1 to entry: In the case of a periodic function, the fundamental frequency is generally equal to the frequency of
the function itself (see Clause A.1.). For the purposes of this document, the fundamental frequency is also the same
as the power supply frequency.

3.2.2
fundamental component

spegtral component of a periodic time function whose frequency is equal to the fundamental
uency

3.23
harmonic frequency
frequency which is an integer multiple of the fundamental frequency

3.24
harmonic order
rati¢p of the harmonic frequency to the fundamental frequency

Notel 1 to entry: The recommended notation for harmonic order is "A".

3.25
harmonic component
spegtral component of a periodic time function whose frequency is a harmonic frequency

Notel 1 to entry: Harmonic components are often referred'to as harmonics.

Note| 2 to entry: See IEC 61000-4-7 for measuring conditions.

3.26
intgrharmonic frequency
any|frequency between two consecutive harmonic frequencies

3.2)7
intgrharmonic order
rati¢p of an interharmonic frequency to the fundamental frequency

Note] 1 to entry: This ratio is not an integer and can be indicated with "m".

3.28
intgrharmonic component
spegtral.component having an interharmonic frequency

Note 1 to entry: For brevity, such a component can be referred to simply as an interharmonic.
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3.29

total harmonic distortion

THD

ratio of the RMS value of the sum of all the harmonic components to the RMS value of the
fundamental component

2
THD = g(QhJ (1

h=2 Q1

whdre:

(0] represents either current or voltage
04 | is the RMS value of the fundamental component

h is the harmonic order
O | is the RMS value of the harmonic component of order #

3.2/10
partial weighted harmonic distortion
PWHD
rati¢ of the weighted sum of the squared harmonic components from order 14 to order 4Q, to
the RMS value of the nominal component n

40 2
PWHD = Zh-[%] (2)
h=14 Qn

whdre:

O, | is the nominal value of'the quantity (e.g. voltage)

h is the harmonic order
O, | is the RMS valtgof the quantity harmonic component of order 4

3.2/11

volfage unbalance
volfage imbalance
congition in a polyphase system in which the r.m.s. values of the fundamental component of
the |ine-to-line voltages, or the phase angle between consecutive line-to-line voltages, are|not

all qllQ'

Note 1 to entry: Generally, in relation to three-phase systems, the amount of voltage imbalance is quantified by the
ratio between the negative sequence components and the positive sequence components. However, in some
circumstances, it is more appropriate to use the ratio between zero sequence and positive sequence components.
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Note 2 to entry: Several approximations give reasonably accurate results for the levels of imbalance normally

encountered (ratio of negative to positive sequence components), for example:

2 2 2
Ui + U3 +Usy

voltage unbalance (imbalance) = [6x -2 (3)
2
(Urz + U3 +Usq)

where
Ujp: Uz, Uyy are the three fundamental line-to-line voltages
[SOURCE: IEC 60050-161:1990, 161-08-09, modified — the definition was simplified~and|the
reference to the “zero sequence component” was moved from the core of the. definition to
Noté 1.]
3.212
volfage deviation
increase or decrease of the power supply RMS voltage, excluding transjents with no remaining
effects
Notel 1 to entry: Voltage variations and voltage fluctuations are the major types of voltage deviations. Some voltage
varigtions are fast due to the supply voltage adapting to different load conditions (for example, voltage taps chapges
of trgnsformers, permanent effect of capacitor bank switching). Voltage«fluctuations, which can cause flicker, agre a
diffefent phenomenon (series of voltage deviations or cyclical voltage deviations, see IEC 61000-2-2:2002| and
IEC $1000-2-2:2002/AMD2:2019, 4.2).
3.2/13
volfage dip
volfage sag
temporary reduction of the voltage magrifude at a point in the electrical system below a
thresshold
Notel 1 to entry: Typically a dip is associated*with the occurrence and termination of a short circuit or other extfeme
currgnt increase on the system or installations connected to it.
Notel 2 to entry: Generally the dip\threshold voltage corresponds to the minimum value of the nominal voltage

tolerpnce.

3.2.14
transient overvoltage

ovefvoltage with a‘duration of a few milliseconds or less, oscillatory or non-oscillatory, usu

highly damped

Note| 1 to entrys= Transient overvoltages can be immediately followed by temporary overvoltages. In such case
two @vervoltages are considered as separate events.

[SOURCE: IEC 60050-614:2016, 614-03-14, modified — Note 2 has been deleted.]

ally

5 the

3.2.15

industrial power electronic equipment

equipment not intended to be connected in a residential location and having emission
immunity either equal to or higher than those applicable to equipment intended to be used
residential location

and
in a
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3.3 Abbreviated terms

AlIC Active infeed converter

DFT Discrete Fourier transform

IPC In-plant point of coupling

PCC Point of common coupling

PLC Power line communication

PWHD Partial weighted harmonic distortion
PWM Pulse width modulation

THL Total harmonic distortion

UP$ Uninterruptible power system

4 |(Electromagnetic environment classes

Several electromagnetic environment classes can be defined for power distribution system
the [scope of this document. However, for simplicity the following eavjronment classes

spegified:

Clasgs 1

Clags 2L

This class applies to protected power supply (Systems, for which harm
compatibility levels lower than those for public networks are necessary. It relate
the use of equipment which is very sensitive to disturbances in the power su
voltage (e.g. electrical instrumentation in- laboratories, special automation
protection equipment, special computers):

This class is a legacy from IEC 61000-2-4:2002 (second edition) for compatih
levels up to the 40t harmonic. Jhe IPCs for class 2L, class 2a and clasg
correspond to the IPCs from the(original class 2, hence the typical disturbance |

S in
are

bNnic
s to
bply
and

ility
2b
pvel

in the frequency range up to the 40th harmonic in class 2L is expected to be sinpilar

to class 2a and class 2b;.For the frequency range from the 40t" harmonic to
kHz, class 2L is considéered identical to class 2a. Class 2L is intended for s
existing installations but'it is not recommended for new types of installations.

NOTE 1 For some existing saféety-related installations, for example in nuclear power plants, a new s
certification would be required if Ctass 2L were not included in this document.

Clags 2a

Clags 2b

This class~applies to IPCs (IPC1) in industrial locations at which no industrial po
electronicequipment is intended to be connected (e.g. offices).

This-class applies to IPCs (IPC2) in industrial locations, at which industrial pg
electronic equipment is intended to be connected without a separation transfor
to class 2a systems, but in which standard non-industrial equipment is also inten
to be connected (e.g. light industry, commercial).

150
bme

hfety

wer

wer
mer
ded

Class 3

IPCs (IPC3) in industrial locations which are separated by a separation transfor

mer

from areas in which non-industrial equipment is intended to be connected. This

class should be considered when any of the following conditions are met:

e a major part of the load(s) is fed through converters (or systems of converters);

e welding machines are present;
e large motors are frequently started;

e other loads whose power consumption can vary rapidly.

The class applicable for new plants and extensions of existing plants cannot be determined a
priori and should relate to the type of equipment and process under consideration.
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lllustration of the above classes can be as shown in Figure 1:

024

h - - N
rSensitive devices rLegacylexisting SIL4\ rIndustrial location 1 “\( 'ndustrial location 2
installation heavy industry
Light industry ddddddd
é Office i [ s [ s J s | s Y s Y s [ s |
— 11— | — — s R s ) o R — | s | — ) m— R —
Class 1
Protected supply IPC IPC 1 I IPC2 IPC 3
k Class 2L Class 2a I Class 2h Class 3
S J \ @ J\\ 6 @ J
IEC
Figure 1 — Examples of the application of different electromagnetic
environment classes in different industrial locations
NOTE 2 Class 1 environments normally contain equipment which requires protection’ from such apparatus as
uninferruptible power systems (UPSs), filters or surge suppressors.
NOTE 3 In some cases, highly sensitive equipment can require compatibility levels.lower than the ones relevant to
clasg 1 environments. The compatibility levels will then be agreed upon case by case (controlled environment).
NOTE 4 The supply to highly disturbing loads, such as arc-furnaces and“large converters which are gengrally
supplied from a segregated busbar, frequently has disturbance levels in“excess of class 3 (harsh environmeng). In
such| special installations with an overall power range typically > 200 kWA, higher compatibility levels will be agreed
upor], considering the other loads' characteristics.
NOTE 5 Taking account of the diversity of industrial environments, different classes can be relevant for diff¢grent
pherfomena in any given network.
NOTE 6 In the third picture of Figure 1, class 2a networks.(office locations) and class 2b networks (light produftion
locafions) are directly connected. This is engineering.pfactice in numerous installations. In these installations), the
stanglard office equipment is in general sufficiently robust to withstand the disturbance level produced by the ppwer
elecfronic equipment in the light industrial location)In IEC 61000-2-4:2002 (second edition), this type of installation
has hot raised any questions because the conipatibility levels were considered up to the 40" harmonic only| and
diffefent distortion levels above the 40" harmanic were not taken into account.
Shauld some mitigation be necessary, Figure 2 is an example:
[ Industrial location 1 D
Light industry production
Office s [ s Y s Y
 E———— |
 — S— — — /3
Class 2a IPC 1 Class 2b IPC 2
Filt Filt
ilter e
é
IEC

Figure 2 — Example of different parts of an installation separated by filters,
where different electromagnetic environment classes are applied

In Figure 2, an office area is separated from a light industry production area using filters. At

IPC

1, class 2L or class 2a could apply according to the actual situation.

At the PCC, located in the public power distribution systems the compatibility levels defined in

IEC

61000-2-2 apply for LV, and those defined in IEC 61000-2-12 apply for MV.
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5 Introduction to the setting of compatibility levels for different types of
electromagnetic disturbances

5.1 General comment

The compatibility levels are set down for the various disturbances on an individual basis
only. However, the electromagnetic environment usually contains several disturbances
simultaneously, and the performance of some equipment can be degraded by particular
combinations of disturbances. See IEC 61000-2-2:2002, Clause A.2. The primary purpose of
the compatibility levels is the coordination of emission limits and immunity test levels for

equ npment. The secondary purpose is to give an indication of the expected electromagnetic
™ J ™ J ™ DA d

distpirbance level in a local network.

Levgls are provided in Table 1 to Table 5. See also guidance for interharmonics infAnnex €.

IPCp should be categorized according to their compatibility levels. To enable the selectioh of
spegific equipment or devices such as rotating machines, power-capacitor banks, filters, it|can
be mecessary to obtain a specific description of the voltage deviations_that can be present at
the [equipment terminals. The technical committees responsible forJthe relevant product
standards will specify the information to facilitate the proper selection of components. They
sholld also take into account the compatibility levels in this deeument when specifying|the
supply operating conditions of the equipment.

Compatibility levels are given at the IPCs, but this does et imply that disturbances at these
levgls will satisfy the emission requirements at the PCC«+ This fact is to be carefully considgred
whgn selecting the equipment.

NOTE 1 Equipment operating within class 1 is generally low:voltage equipment.

NOTE 2 To illustrate disturbance levels caused by~pewer converters in various industrial environments, g few
exanpples of calculated results are given in Annex B.

NOTE 3 The compatibility levels of class 3 cover the possible disturbances in industrial environments. For a spegcific
instdllation it is expected that only some types of disturbances occur with the level pertaining to class 3. Since
equipment or devices have different sensitivities to the various types of disturbances, a specific equipment or d¢vice
can be used conditionally with a class.3 supply depending on the actual disturbance levels.

NOTE 4 Disturbance levels, which'have both time and location variations, cannot be controlled at all locationq and
at al| times. Therefore, evaluatjon-will be made for the entire industrial system being considered, rather than|at a
specific location within that sy stem.

5.2| Voltage deviations

The| compatibijlity~levels for voltage deviation are identical to the values for voltage tolerange in
Tabje 1. For~Class 3, voltage deviations resulting in supply voltages in the range 0,85 U| to

0,9 [Uy are-expected for a duration not longer than 60 s. For longer durations the range 0,9 Uy
to 1,1 Uy-applies.

NOTE 1 Voltage deviations leading to flicker are a concern for lighting equipment, which is typically connected to
a class 2a, class 2b or class 2L power supply.

NOTE 2 In certain circumstances, some equipment might be sensitive to rapid voltage changes.
5.3 Voltage dips and short interruptions

For class 1 IPCs, a protection provided by UPSs is considered and dips are not expected.

For a discussion of the other aspects of these phenomena see Clause B.4.
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5.4 Voltage imbalance

In this document, voltage imbalance is considered only in relation to the negative phase
sequence component, this being the component relevant to possible interference with
equipment connected to the power supply systems covered by this document. In this document,
voltage imbalance is considered in relation to long-term effect, i.e. for durations equal to or
higher than 10 min.

NOTE 1 Some protection equipment can be sensitive to the zero sequence voltage component. This aspect at the
installation level will be considered.

NOT,

NOTE 3 Electronic converters produce characteristic harmonic orders due to their topology when used_under their
rateq operating conditions. Different operating conditions such as imbalance, non-ideal commutation instants,| can
causle other harmonic orders to be produced.

The|voltage imbalance caused by a single-phase load connected line-to-line isdn-practice equal
to the ratio of the load power to the network three-phase short circuit power. If no substantial
sindle-phase load is present, the compatibility levels of class 2a and clas§)2b may be applied.

5.5| Temporary power-frequency variation

The| compatibility levels of power-frequency deviations of the public network apply to indusrial
plants fed from the public power supply.

For| the most part, the range is within 1 Hz of Ahe” nominal frequency as stated in
IEC|61000-2-2:2002, 4.8. Where synchronous intercgnnection is implemented on a continental
scale, the variation is usually very much less.

The| compatibility level for the temporary variation of frequency from the nominal frequgncy
is £[l Hz. The steady-state deviation of freqdency from the nominal frequency is much less

NOTE 1 For some equipment the rate of change of frequency is significant.

NOTE 2 In the case of islanded networks, frequency variations can be expected.

5.6 Harmonics

The| compatibility levels'for individual harmonic components of the voltage shall be understood
to relate to steady-state*harmonics and are given as reference values for both long-term effects
and|very short-term effects.

The| long-term “effects relate mainly to thermal effects on cables, transformers, motpors,
capfpcitorsjetc. They arise from harmonic levels that are sustained for periods equal to or higher
than 10(min.

With reference to Tong-term effects, compatbility Tevels for individual harmonic components of
the voltage are given in Table 2. The corresponding compatibility levels for the total harmonic
distortion are given in Table 3.

Very short-term effects relate mainly to disturbing effects on electronic devices that can be
susceptible to harmonic levels sustained for 3 s or less. Transients are not included.

With reference to very short-term effects in class 1 and class 3, compatibility levels for
individual harmonic components of the voltage, and for total harmonic distortion, are 1,5 times
the values given in Table 2 and Table 3.
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In class 2a and class 2b, they are the values given in Table 2 multiplied by a factor &, where &
is as follows:

0,7
——x

k:1,3+45 (h-5) (4)

NOTE 1 Commutation notches are included here as regards their contribution to the harmonic content of the
voltage. Other aspects (for example, the influence on the commutation of other converters, or any influence on other

equipTETt WHiTH Mvotves the Mg eT TaTmoTiT CoMpoTNents o tHe SpeCtrum TequiTe g tme-tomaim desTrption](see

the relevant product standard).

NOTE 2 Everywhere they are used in industrial networks, power factor correction capacitors are connected thrpugh
serigs reactors, particularly those which are intended to be connected to IPCs of class 3. Where interftarmonicg can
be pfresent, there is a risk of resonance effects, and this will be carefully investigated. Where the absenge of
resopance effects is clearly proved and the higher harmonics values are far less than those given for class 3, sgeries
reacfors might not be necessary, but this will be checked carefully.

NOTE 3 The values specified for total harmonic distortion are not related to specific equipment or devices buf are
conderned with the possible simultaneous presence of several harmonic components at.significant amplitude.

5.7 Interharmonics

Annex C provides information on sources, effects and mifigation methods related to irter-
harmonics. It also provides levels for guidance, until more experience makes publicatiop of
conlpatibility levels possible.

In this document, compatibility levels are given anly for the case of an interharmonic volage
occprring at a frequency close to the fundamental frequency (50 Hz or 60 Hz), resulting in
amplitude modulation of the supply voltage.

In these conditions certain loads that are sensitive to the square of the voltage, especlally
lighting devices, exhibit a beat effect, rgsulting in flicker (see Note 1in 5.2.) The beat frequgncy
is the difference between the frequéencies of the two coincident voltages, i.e. between|the
intefharmonic and fundamental frequencies.

NOTE 1 Below interharmonic ordey'0,2 compatibility levels are determined by flicker requirements, with P, = 1} For

this purpose the flicker severity can be calculated in accordance with IEC TR 61000-3-7:2008, Annex A, using the
shape factor given for periodic\and sinusoidal voltage fluctuations. The conservative value of the shape factor i 0,8
for 004 <m < 0,2, and 04 for m < 0,04.

NOTE 2 A similar situation is possible when there is an appreciable level of voltage at a harmonic frequency
(parffcularly of order+3 or 5) coincident with an interharmonic voltage at a nearby frequency. The effect cap be
assessed by meafs of Figure 1, with amplitude given by the product of the relative amplitudes of the harmonid and
interharmonie at.the origin of the beat frequency. The result is unlikely to be significant.

The| compatibility level for the interharmonic voltage in the above case, expressed as the natio
of ifsh\amplitude to that of the fundamental, is shown in Figure 1 as a function of the beat
frequency. It is based on a flicker level of Pg; = 1 for lamps operated at 120 V and 230 V and is

applicable only to circuits which include lighting devices.

5.8 Voltage components at higher frequencies (above 40th harmonic)

Distortion of the voltage waveform can be such as to be equivalent to the superposition of
voltages at frequencies, some of which are greatly in excess of that of the 40th harmonic. In the
case of such higher frequency voltages it is generally not significant whether they are harmonics
or interharmonics. They can occur both at discrete frequencies and in relatively broad bands of
frequencies.
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Transient overvoltages

024

The relative amplitude of transients is generally a function of their duration, of their frequency
and of the voltage level of the network. For a discussion of these phenomena, see Clause B.5.

5.10 DC component

The voltage of industrial power supply systems covered by this document does not normally
have a DC component at a significant level. That can arise, however, due to slight defects of
symmetry of controlled loads which are directly connected without a dedicated separation
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critical point is the level of DC current. The value of the DC voltage depends not ohly u
current but also upon other factors, especially the resistance of the network at,the poir
onsidered. Therefore, a compatibility level for the DC voltage is not specified:

DC component can cause unsymmetrical magnetization in transformers, leading
rheating and emission of harmonic voltages. Moreover, if flowing through the earth, su
current leads to increased corrosion of metal fixtures underground.

Compatibility levels

hpatibility levels in differential mode (L-L and L-N) for imbalance, harmonics, interharmo
flicker are 95 % probability values.

npatibility levels for voltage tolerance, voltage“imbalance and power-frequency variat
given in Table 1.

npatibility levels for harmonics are indicated in Table 2.
npatibility levels for total harmonic\distortion are presented in Table 3.

compatibility levels for voltagé distortion above the 40th harmonic up to 9 kHz and f
1z to 150 kHz are given innTable 4 and Table 5, respectively.

rharmonic compatibility levels are represented in Figure 3.

Table 1 — Compatibility levels for voltage tolerance,
voltage imbalance and power-frequency variations

pon
tto

to
th a

hics

ons

rom

Disturbance Class 1 Class 2L, Class Class 3
2a, Class 2b

Volljage tolerance, relative to

LLL

nomire-vetage—t-— ALH
) N* N

+8 % +10 % @ +10 % to =15 % °
Voltage imbalance Uneg/Upos 2% 2% 3%
Power-frequency deviations ¢ Af 1 Hz +1 Hz +1 Hz

a

b

Cc

Value not defined in IEC 61000-2-2.

See 5.2.

+2 Hz in case of islanded networks.



https://iecnorm.com/api/?name=30a62cda5e678dd17f2b89679d8a1260

IEC 61000-2-4:2024 © IEC 2024

- 21 -

Table 2 — Compatibility levels for harmonics — Harmonic voltage components

Order Class 1 Class 2L Class 2a, class 2b Class 3
h U, Uy, U, U,
% % % %
2 2 2 2 3
3 3 5 5 6
4 1 1 1 3
5 3 6 6 8
7 5 7
8 0,50 0,50 1 3
9 1,5 1,5 1,5 3
10 0,50 0,50 1 3
11 3 3,5 3,5 5
12 0,46 0,46 1 3
13 3 3 3 4,5
14 0,43 0,43 1 4,4
15 0,30 0,40 1 4,2
16 0,41 0,41 1,4 4,1
17 2 2 2 4
18 0,39 0,39 1,4 3,8
19 1,8 1,8 1,8 3,5
20 0,38 0,38 1,4 3,3
21 0,20 0530 1,4 3,1
22 0,36 0,36 1,4 3
23 1,4 1,4 1,4 2,8
24 0,35 0,35 1,3 2,5
25 1,3 1,3 1,3 2,6
26 0,35 0,35 1,2 2,4
27 0,20 0,20 1,2 2,3
28 0,34 0,34 1,1 2,2
29 1,1 1,1 1,1 2,1
30 0,33 0,33 1 2,1
31 0,97 0,97 0,97 2
32 0,33 0,33 0,94 1,9
33 0,20 0,20 0,90 1,8
34 0,32 0,32 0,87 1,8
35 0,83 0,83 0,83 1,7
36 0,32 0,32 0,80 176
37 0,77 0,77 0,77 1,6
38 0,32 0,32 0,75 1,5
39 0,20 0,20 0,72 1,5
40 0,31 0,31 0,69 1,4
In some cases where part of an industrial network is dedicated to large non-linear loads, the class 3 compatibility
levels for that part of the network may be 1,2 times the above values. In such cases precautions should be taken
regarding immunity of equipment connected. However, at the PCC (public network) the compatibility levels from
IEC 61000-2-2 and IEC 61000-2-12 take precedence.
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Table 3 — Compatibility levels for total voltage harmonic distortion

IEC 61000-2-4:2024 © IEC 2024

Class 1 Class 2L, class 2a, Class 3
class 2b
Total harmonic distortion (THD) 5% 8 % 10 %
Partial weighted harmonic distortion 19,4 % 19,4 % 43,6 %
(PWHD)

NOTE The PWHD compatibility levels were calculated from the individual harmonic voltage components from H14

to H40 defined for all classes defined in IEC 61000-2-4.

Table 4 — Compatibility levels for low voltage networks
in the frequency range from 2 kHz to 9 kHz

Frequency range Class 1, class 2L, Class 2b Class 3
class 2a
kHz Uy Uy Uy
Y% % Y%
2(2,4)%to 3 1,4 3 6
3to 9 1,4 to 0,65° 3 6

NO
IEC]

[E The levels specified in Table 4 apply at the IPC. At the PCC (pubhN¢ network), the compatibility levels f]
61000-2-2 apply.

The frequency range is 2 kHz to 3 kHz for 50 Hz systems and2/4 kHz to 3 kHz for 60 Hz systems.

The logarithm of the level decreases linearly with the logarithm of the frequency in the range 3 kHz to 9 kH

fom

N

For
valy

For

the frequency range between 2 kHz and@®@.kKHz, compatibility levels are defined as a grou
e within a band of 200 Hz according to tEC 61000-4-7.

MV networks, compatibility levelstabove 2 kHz are under consideration.

Table 5 — Compatibilitydevels for low voltage networks in the frequency range
from 9 kHz to 150 kHz

ped

Frequency range Class 1, class 2L, Class 2b Class 3
class 2a
kHz U, U, U,
dBuVvV dBuVvV dBuVvV
9 to 50 129,5 to 1192 137 to 126,57 143 to 1412
50 to 150 113 to 892 126,5 to 1092 141 to 1392

IEC 61000-2-2 apply.

NOTE The levels specified in Table 5 apply at the IPC. At the PCC (public network), the compatibility levels from

28 The logarithm of the level decreases linearly with the logarithm of the frequency in the range 9 kHz to 50 kHz
and from 50 kHz to 150 kHz.

The compatibility levels U, for voltage distortion in differential mode from 9 kHz to 150 kHz are

related to disturbance levels between any phase conductors and between any phase conductor
and the neutral conductor measured with a quasi-peak detector and with a bandwidth of 200 Hz

in accordance with CISPR 16-1-1.
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These compatibility levels for voltage distortion are reference levels for EMC coordination of
immunity requirements and in the setting of emission limits in differential mode for emissions.
However, if the emission limits are related to voltage distortion levels measured between any
mains conductor (phase or neutral) and the earth (unsymmetrical voltages) in accordance with
CISPR 16-2-1, the reference levels for EMC coordination in the setting of emission limits for
unsymmetrical voltage distortion are 6 dB lower than the compatibility levels given in Table 5
for voltage distortion in differential mode.

NOTE 1 Measurements according to CISPR 16-2-1 are not applicable in IT networks. In IT networks, measurements
can be done for example with a voltage probe.

NOTE 2 Based on the following assumptions, an emission margin equal to or higher than 3 dB betweern the
equipment emission limits in differential mode for emissions and the corresponding compatibility levels; |or a
diffefence equal to or higher than 9 dB (3 dB for the emission margin + 6 dB for the conversion factor between the
unsylnmetrical voltages and the voltage in differential mode) between the equipment emission® limit§ for
unsymmetrical voltage distortion and the compatibility levels in differential mode given in Table 5 is~sufficient:
— for each bandwidth of 200 Hz, the probability that the compatibility level is exceeded is lower'than 5 %;
— gt a given location, the disturbance level in a same bandwidth of 200 Hz does not result from more thar] two
bieces of equipment generating non-intentional emissions close to the emission limit at the same time;
— phon-intentional emissions from different equipment are generated independently fram each other.
1
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NOTE Compatibility levels for interharmonics near the fundamental frequency, 230V and 120V systems,
corresponding to perception of flicker are given by Figure 1 as a function of the beat frequency, which makes the
result independent from the system frequency.

Figure 3 — Interharmonic compatibility levels (flickermeter response
for Py, = 1 related to 60 W incandescent lamps)
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Annex A
(informative)

Explanations and examples for interharmonics

Resolution of non-sinusoidal voltages and currents

024

The distortion of the supply voltage from its intended sinusoidal waveshape is equivalent to the
superposition on the intended voltage of one or more sinusoidal voltages at unwanted

uqu

Fou

resglved into truly sinusoidal components at a series of frequencies, and in addition, at a
conmponent. The lowest frequency of the series is called the fundamental frequenc

(IEY 101-14-50). The other frequencies in the series are integer multiples of the fundame

fre
qua

The
The
peri

app
line

The

cho

The
the

resdlts in an approximation of(the actual signal by a virtual signal which is truly periodic
whdse period is the time window.

The

freciuencies. (The discussion below is valid for both voltage and current — therefore the\w

ntity” is used.)

IFier series analysis (IEV 101-13-08) enables any non-sinusoidal but periodic quantity tc

uency and are called harmonic frequencies. The corresponding components of the peri
tity are referred to as the fundamental and harmonic components,respectively.

Fourier transform (IEV 101-13-09) can be applied to any function, periodic or non-perig
result of the transform is a spectrum in the frequency deémain, which in the case of a 1
pdic time function is continuous and has no fundamental component. The particular cas|
ication to a periodic function shows a lines spectrum-in the frequency domain, where

ce of these parameters, T, and M. The inverse of T, is the basic frequency f, of the D

DFT is applied to the actual sighal inside the window. The signal is not processed out
window but is assumed to .be“an identical repetition of the signal inside the window. ]

discrete Fourier transform (DFT) is the practical application of the Fourier transforn.
pragtice the signal is analysed over a limited period of time (a window with duration 7,,) u

a limited number (M) of samples of the actual signal. The result of the DFT depends on

ord

be
DC
VSt

ntal
bdic

dic.
on-
e of
the

5 of the spectrum are the fundamental and harmoniés of the corresponding Fourier series.

In

5ing
the

FT.

side
[his
and

FFT (Fast Fourier*Transform) is a special algorithm allowing short computation ti

It rdquires the number’of samples (M) to be an integer multiple of 2 (M = 27). (In other word

doe

5 require thetsampling frequency to be a locked integer power of 2 of the fundamen

However, modern digital signal processors have such capability that the extra complexit

aD

-T (tables“of sine and cosine functions) can be more economic and flexible than

frequencyslocked FFTs.

In ot

me.
s, it
tal).
y in
the

|.2),

is the same as the result of a Fourier series analysis, the fundamental frequency f; is made an
integer multiple of the basic frequency (this requires the sampling frequency to be an exact
integer multiple of the basic frequency [ f; = M x f, 1 ). The synchronous sampling is essential.
Loss of synchronism can change the spectrum result, making extra lines appear and changing
amplitudes of true lines.

Accordingly, the measurement techniques defined in IEC 61000-4-7 and the definition of the
fundamental frequency in 3.2.1 are consistent for application to all electrotechnical and power
electronics items. Other cases require further consideration.
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As an illustration, the superposition of a sinusoidal ripple control signal at 175 Hz on a
sinusoidal 50 Hz supply voltage can be considered. This results in a periodic voltage having a
period of 40 ms and a frequency of 25 Hz. A classical Fourier series analysis of this voltage
yields a fundamental component of 25 Hz with zero amplitude and two components with non-
zero amplitude, a 2"d harmonic (50 Hz) with amplitude equal to that of the supply voltage and
a 7t harmonic (175 Hz) with an amplitude equal to that of the ripple control signal. The
definitions in 3.2 avoid the confusion implicit in this approach and produce a result in line with
the common practice of the DFT (as described in IEC 61000-4-7), showing a fundamental at
50 Hz and an interharmonic of order 3,5.

NOTE4 _\\hen nnnlyeing the \/nlfngn of a power Qllr\lhly system the component at the fundamental frnnlllnnr‘y is the

component of the highest amplitude. This is not necessarily the first line in the spectrum obtained when applying a
DFT|to the time function.

NOTE 2 When analysing a current, the component at the fundamental frequency is not necessarily the compgnent
of thp highest amplitude.

A.2] Time varying phenomena

The| voltages and currents of a typical electricity supply system areraffected by incessant
swifching and variation of both linear and non-linear loads. However, for analysis purposes,
they are considered as stationary within the measurement windew (approximately 200 ms),
whi¢ch is an integer multiple of the period of the power supply, Yoltage. Harmonic analysers|are
des|gned to give the best compromise that technology can proyvide (see IEC 61000-4-7).
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Annex B
(informative)

Examples of expected disturbance levels in typical industrial networks

B.1 General

Annex B gives the results of the calculation of the disturbance levels at the IPCs in some typical
industrial networks. The cases studied are as follows:

— folling mills (Table B.1; Figure B.1);
— paper industry (Table B.1; Figure B.2);
— manufacturing industry  (Table B.2; Figure B.3).

B.2] Voltage disturbance levels in industrial networks due to large converters

It cqan be seen that some IPCs, namely those feeding large converters, can have disturbgnce
levgls considerably higher than those specified for public networks!

It i especially the levels of higher order harmonics (the 41 order is given as examgle),
the [total harmonic distortion coefficient (THD) or the ‘yoltage changes that exceed |the
corrlesponding levels for public networks.

The| reported results are not total disturbance “levels since the contribution caused| by
disthrbances present in the public supply is not considered.

Table B.1.X Type of network

Roling mills Paper industry

IPC 1 IPC 2 PCC IPC 1 IPC 2 PCC
Harmonic voltages
Avefrage values
Ug (%) 3t06,5 2t0 3,9 1t0 2,2 1to 1,7 1t02,3 0,5 to 1}1
Uyq|(%) 3t06,8 1,51t02,9 1to 2 0,5to 1,1 0,7to 1,4 0,4 to O}7
THD (%) 7 to 14,3 3,5t07,3 2to 4,7 1,5t02,9 2to 4 1to 1,9
Harmonic voltages
Pedk values
Uy (%) 6to 11,4 2,5t0 5,1 2t03,5 1t01,9 1,5t0 2,7 0,6 to 1{3
U, 4 Ly 6t0115 2042 21033 05t012 08t018 04toqls
THD (%) 12 to 24,7 5t09,9 4t07,3 1,5t0 3,3 2t04,6 1t0 2,3
Voltage changes 2to 4,7 0,5t0 1,2 0,5t0 1,2 <0,1 <0,3 <0,1
AU (%)
Time interval 5to 100 5to 100 5to 100 > 600 > 600 > 600
between two voltage
changes AT (s)
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Figure B.1 — Example of power distribution in industry with rolling mills
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Figure B.2 — Example of power distribution in the paper industry

B.3| Voltage disturbance levels in industrial networks at high load

The| range of the given values depends on the assumed range of variation of the sy

parameters and of the coincidence factors

em

No power capacitor is present and therefore the possible magnification of the harmonic voltages

is neglected.
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Table B.2 — Voltage disturbance levels in a typical manufacturing industry

Impedance Short-circuit Total load | Converter load THD Voltage
fault level changes
(Ssc)

1/MVA 2 MVA MVA MVA % %
130 kV line 1/2 000 2 000
Transformer TA 1/320 275,8
MT cable 1/6 000
IPC 266,6 2,3 1,25 1,08 0,6
Trapsformer T1 1/8,9
LV1 line 8,6 0,3 0,05 1,34 2,4
Trapsformer T5 1/1,25
Corjverter C1 1,09 0,05 10,6
Trapsformer T3 112
LV2line 11,5 0,6 0,3 5,0 3,0
350|kVA motors 2,275 0,3
60 |iH reactor 1/8,5
Corjverter C2 5,25 0,3 13,2
Trapsformer T4 1/22,2
LV3line 20,5 0,9 0,9 10,1 3,1
400[V cable 1/582
Corjverters 20 0,9 10,4
C3|.... C10
@ |The impedances are in p.u. on a 1 MVA basis!
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S

L1

C1

~ | X

M1 Cc2

)

M2

Cable
IPC 20 kV
T1 T2 T3 T4
LV1 MV Lv2 LV3 400 V. éé
T5

=

=

C3

L1 250 kVA;C1 50 kVA, M1 500 kVA,
C2 300 kVA; M2 300 kVA,
C3 t0,C10 8 x 300 kVA

B.4 Voltage dips-and short interruptions

B.4/1 Description

fro

in statistical terms. See IEC TR 61000-2-8.

to

c10

IEC

Figure B.3 — Example-of-power distribution in a generic manufacturing industry

Volrlage dips_and short interruptions are unpredictable, largely random events arising ms
eleetrical faults on the power supply system or large installations. They are best descri

inly
bed

A voltage dip is a two-dimensional disturbance phenomenon, since the level of the disturbance

increases with both the depth and duration of the dip.

The depth of the voltage dip depends on the proximity of the observation point to the point on
the network at which the short circuit occurs. At that point the voltage collapses to near zero,
so that the depth of the dip approaches 100 %. In the case of other causative events, such as

a large load fluctuation, the depth is likely to be less.

A voltage dip can last less than 0,1 s if the incident occurs in the transmission system and is
eliminated by very fast systems of protection or if a self-clearing fault is involved. If the fault
affects a lower level of the network and is cleared by certain protection systems used on those
networks, it can last up to a few seconds. Most voltage dips last between half a period and

1 000 ms.
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The number of voltage dips is significant only when the immunity of a given device is insufficient
for the depth-duration occurring. This number becomes an important data for choosing the
appropriate level of immunity of a given process. The number for a particular line includes
voltage dips produced by faults on other lines in the same network and voltage dips coming
from upstream networks. (See also IEC TR 61000-2-8.)

In rural areas supplied by overhead lines, the number of voltage dips can reach several hundred
per year, depending in particular on the number of lightning strokes and other meteorological
conditions in the area.

conhected at low voltage can be subjected to voltage dips occurring at a rate which ext
frorI around ten per year to about a hundred per year, depending on local conditions. [The
ration of these voltage dips is usually between half a cycle and 3 s.

Short supply interruptions last up to 180 s according to the type of reclosing or transfer sysftem
usef in overhead networks. It can be possible to reduce time in special cases* Frequently short
supply interruptions are preceded by voltage dips. Distinction betweena dip and a short
intefruption can be difficult. By convention, a retained voltage belowca-certain level (10 % for
example) can be the criterion to make this distinction. However, in @)three-phase system [this
congition is to be applied to each phase, simultaneously, to be censidered as a short supply
intefruption.

B.4)2 Adaptation

In the case of short interruptions, but also for the more severe voltage dips, immunity of
eleqtrical equipment is not, in the strict sense, an appropriate concept, since no electrical deyice
can|continue to operate as intended in the absence of its energy supply. Immunity from these
distprbances is therefore a matter of either the.fast restoration of energy from an alterndtive
soufce or arranging for the equipment andits associated process to adapt in an intended
marjner to the brief interruption or diminutioh of power. This is a complex matter, having both
technical and economic aspects, and.issbeyond the scope of this document (see Bibliography).

Vallies describing voltage dips and-short interruptions for class 3 IPCs can be established with
due|consideration of the following:

— the disturbance level values at the PCCs of the plant can be adopted, but it should be
remembered that these values can vary considerably with the type of supply system, high
voltage or mediumvoltage via overhead lines or cables, single circuit or double circuitg for
bxample, and with-the location of the site, exposed and prone to lightning for example;

— the presence.of in-plant generation can reduce the severity of voltage dips and short-fime
nterruptions;

— the contribution of the industrial plant to the voltage dips or short-time interruptions should
be considered; for instance, as a consequence of severe faults, large voltage depressions
canbe caused by the simultaneous restarting of several induction motors in the plant;

— the short interruption values for class 3 IPCs refer to plants fed by one supply line only.

As a basis, the results of IEC TR 61000-2-8 can be adopted.

B.5 Transient overvoltages

Several phenomena, including the operation of switches and fuses and the occurrence of
lightning strokes in proximity to the supply networks, give rise to transient overvoltages in low-
voltage power supply systems and in the installations connected to them. The overvoltages can
be either oscillatory or non-oscillatory, are usually highly damped, and have rise times ranging
from less than 1 ys to a few milliseconds.
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The magnitude, duration, and energy-content of transient overvoltages vary with their origin.
Generally, those of atmospheric origin have the higher amplitude, and those due to switching
are longer in duration and contain the greater energy. Critical equipment have to be protected
by surge protective devices, and these should generally be selected to cater for the greater
energy content of the switching overvoltages.

Switching of capacitor banks is a common cause of transient overvoltages. Typically, their value
at the point of incidence is less than twice the nominal voltage. However, wave reflections and
voltage magnification can occur as the transient is propagated along a line, amplifying the
overvoltage incident on connected equipment.

Figure B.4 shows an example of tolerance envelope for IT equipment which is applicablg for
sindle phase 120 V. Other types of equipment can present different tolerance characteristi¢s.
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Figure B.4 — ITI (CBEMA) - Curve of tolerance envelope of ITE'

Transients*of-atmospheric origin have been recorded at magnitudes up to 6 kV on LV networks.
Thig value'should be considered for coordination of isolation.

Taking into account that attenuation between the PCT and the practical input of the installation
is not sufficiently known and that a 100 % immunity is a very costly fiction (if not impossible),
the compatibility level for EMC purposes should be set much lower.

The transient overvoltages of external origin (coming from the public power supply system) can
be attenuated according to the location of the IPC within the installation.

1171 = Information Technology Industry; CBEMA = Computer Business Equipment Manufacturers Association; ITE

= information technology equipment.
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Annex C
(informative)

Interharmonics and voltages at higher frequencies
and mitigation methods

Sources of interharmonics

C.1JJ_Ld.an.Li.LLG_ati0n
Sources of interharmonics can be found in low-voltage networks as well as in medium-voltlage

and
mad
inte
pow

Intefharmonics and voltages at higher frequency can also result from resonances present in
Fibution system at frequencies matching with unstable poles of converter’current controllers.

dist

There is also low-level background Gaussian noise, with a confinuous regular frequs

spe
inte

range of 40 mV to 50 mV, when measured with a filter bandwidth of 10 Hz, and 20 mV to 25

whe

Four main origins of interharmonics can be distinguished:

cA1
cA

Arc
ani

high-voltage networks. The interharmonics produced by low-voltage sources{(wel
hines, power converters, induction motors) mainly influence devices in thejr vicinity;
Ffharmonics produced in the medium-voltage or the high-voltage networks((afc furna
er converters, induction motors), or both, flow in the low-voltage networks they sup

Ctrum, superimposed on the low-voltage curve even in the absence of a local sourc
Ffharmonics. Typical voltage levels, on a low-voltage netwoerk of 230 V, seem to be in

n measured with a filter bandwidth of 3 Hz.

blectrical arc-furnaces, arc welding machines or plasma heaters, which have been kn
or many years as the major power source>of interharmonics or sub-harmonics, the origi
which is in the process itself, or in the “position control of the electrodes for which
bhenomenon is without any synchronism with the power frequency;

bower converters with active front'end can be operated at switching frequencies w
jenerally are interharmonic frequencies; the effect of switching produces interharm
Voltages or currents;

5purious coupling betweén Circuits where the fundamental frequencies are different; th
he case of electronic frequency converters;

ntentional productien of voltages at such interharmonic frequencies for the purposs
signal transmission.

2 Different types of sources of interharmonics

2.1 Random sources

welding machines generate a continuous wide band frequency spectrum, associated

ling
the
Ces,
ply.
the

ncy
e of
the
mV

bwn
n of
the

hich
bnic

s is

. of

with

niermittent process with the duration of the individual welding actions varying between

1s

and several seconds. They are mostly connected to the low-voltage network, preferably of low
impedance in order to avoid disturbing flicker effects.

Arc furnaces produce continuous but randomly varying interharmonic frequency spectra due to
the irregular input current. Their high rating (50 MW to 120 MW) make them always connected
to the medium-voltage or high-voltage network. The highest emission level occurs during the
starting-phase of a melting process.


https://iecnorm.com/api/?name=30a62cda5e678dd17f2b89679d8a1260

- 34 - IEC 61000-2-4:2024 © IEC 2024

C.1.2.2 Sub-harmonics or interharmonics produced by the load of a line commutated
converter

Electronic frequency converters have a different behaviour according to their structure. Direct
converters, such as cycloconverters, consist of an assembly of semiconductor devices and their
auxiliary circuits which, by means of their cyclic commutations, convert the input voltage at the
fundamental frequency of the power supply network into an output voltage at a fundamental
frequency, defined by the control of the converter to be suitable for feeding the load. (The load
can be a variable speed motor or a particular network at a fixed frequency, for example, 25 Hz
or 16 Hz 2/3.) These cycloconverters have no decoupling function between the two different
fundamental frequencies. Therefore, currents at multiples of the load frequency are circulating
directly in the Tine side of the converter assembly of each phase. The line current has the form
of a current at the power supply network frequency (plus its regular harmonics), modulated in
amplitude depending on the load frequency.

NOTE For example, in a cycloconverter for a three-phase balanced load fed at the frequency f{,\the line curfents

combine in each phase at the point of coupling of the three individual multiphase converters (pulsation index p), pach
feed|ng a phase of the three-phase load. The combination of the line currents can be approached when considering
the tptal active power and the total reactive power. In the case of a purely active load and of, an ideal convertet, the
total|active power is a constant (without fluctuating power) while the total reactive powénis a constant with addition
of a fluctuating component of low amplitude at a frequency of 2pf,. In the case of a'purely reactive load and ¢f an

ideal converter, the total active power is zero, while the total reactive power is a censtant. The line current resylting
fromfthese combinations contains a modulation at frequencies of 2pf, and its multiples. Additional other interharnjonic

currgnts result from a non-linear command having a rating optimization purpose, and from the unavoidable
imperfections of the system.

Indifect frequency converters have an intermediate DC, link, with an input converter on the|line
sidg and an output converter (more often operating as<an inverter) on the load side. For both
structures, current stiff and voltage stiff, the DC link includes a filter decoupling the current or
the |[voltage of the power supply system and of the load. Therefore, the two fundamental
frequencies (supply and load) are decoupled\But infinite filtering does not exist, and|the
remiaining coupling path produces currents onvthe supply network at frequencies present on|the
DC |link and due to the load side. These frequencies are sub-harmonic and interharmenic
relative to the power supply frequency. However, it should be underlined that this phenomenon
is most often negligible for voltage source inverters.

Eleg¢tronic frequency converters “inject currents into the network at sub-harmonic jand
intefharmonic frequencies that.are mainly in the range from 0 Hz to 150 Hz or 300 Hz. THese
corflespond to the fundamental frequency of the load, which is frequently a variable spleed
motpr. The highest range of frequencies, up to 2 500 Hz, is much smaller in amplitude. [The
maih difficulty is that those sub-harmonics or interharmonics are not at a fixed frequency.

Some semicondlctor converters, used to feed particular networks at a fixed frequency, @lso
produce sub-harmonics or interharmonics, or both, at a fixed frequency.

Harmonic Nand interharmonic frequencies of such converters with an input fundamental
frequency fand an output fundamental frequency F are defined by the following formula:

Jom =[(prxke) £1]x f£[(pa x ko) |x F (C.1)
where
D1 is the pulse number of the input converter;
Do is the pulse number of the output converter;
kq, ko are the series of whole integers (0, 1, 2, 3...); and

if k=0, fhm=/h(harmonic frequencies).
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2.3 Sub-harmonics or interharmonics produced by active infeed converters

behaviour of active infeed converters is described in detail in IEC TS 62578.

2.4 Other miscellaneous sources

Induction motors can give rise to an irregular magnetizing current due to the slots in the stator
and rotor — possibly in association with saturation of the iron — which generates interharmonics
in the low-voltage network. At the normal speed of the motor, the disturbing frequencies are
practically in the range of orders 10 to 40, but during the starting period they run through the
whole frequency range up to their final value.

Volfages at interharmonic pre-defined frequencies are also produced intentionally by ri
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rol transmitters. The purpose and practice of ripple control transmitters is describe

| UJ/Uy of 9% up to 500 Hz and decreasing (20 dB per decade) between 500 Hz

0 Hz (1,5 %). Other systems for mains signalling operate in higher frequency ranges
mple 3 kHz to 500 kHz (in some LV/MV installations 1,6 MHz to 30\MHz for broadb
erline communication (PLC), and 30 kHz to 500 kHz (in some countries 16 kHz to 1 M
powerline carrier systems in MV/HV networks).

3 Effects of interharmonics and compatibility

rharmonics introduce non-periodical or quasi-non-perigdical phenomena superimposed
periodical waveform of the voltage network. Therefofe, the crest voltage is changed

br frequency where the difference of the involvedArequencies appears as the disturba
h use of electricity where the crest voltage is ofdmportance is then disturbed. Examples
ing equipment, which can flicker, and televisionreceivers, which can be disturbed.

ble control receivers are likely to be.disturbed by interharmonics. For reception t
mum operating level is as low as 0,3'%, to take into account the different attenuat
veen the emitter and the receiversyin the power supply network. Therefore, user
tricity should know whether such\ripple control is in operation in their area and what
cated frequency is. This minimum information is required to ensure compatibility.

frequency of an interharmonic current can occur and sweep in a wide range of frequen
out discontinuity. The ‘resulting interharmonic voltage is defined by the current and
bdance at the particular frequency. The most spurious effect is the ability to excite 3
nance frequenciesvarising from passive filters or power factor compensation capac
ks connected t0 the network.

4 Guidance levels
4.1 Levels related to flicker effect

case of a voltage having a frequency which combines with the fundamental frequency

bple
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61000-2-2. Their frequency range is 110 Hz to 3 000 Hz with a maximum refative volfage
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results in a beat frequency has been dealt with in 5.7. Table C.1 indicates the interharmonic
voltage levels corresponding to the compatibility level given in Figure 1.
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networks with respect to the flicker effect

50 Hz system

60 Hz system

Order Interharmonic U, Interharmonic U,
frequency frequency
m S % S %
Hz 120 V 230 V Hz 120 V 230 V
system system system system
0)J20 < m < 0,60 10 </, <30 0,68 0,51 12,0 < f,, < 36,0 0,95 0,69
060 <m < 0,64 30 < ff,, <32 0,57 0,43 36,0 <f, <384 0,79 0,58
0)64 <m <0,68 32<f <34 0,46 0,35 38,4 <f <408 0,64 0,44
0)68 <m <0,72 34 <f <36 0,37 0,28 40,8 <f, <432 0,50 0,34
0J72<m<0,76 36 </, <38 0,29 0,23 43,2 <f <456 0,39 0,30
0J76 <m < 0,84 38 <fm<s42 0,23 0,18 45,6 < f, < 504 0,23 0,18
0/84 <m<0,88 42 < f, <44 0,23 0,18 50,4 < f{(552,8 0,22 0,18
0,88 <m <0,92 44 < f, <46 0,28 0,24 5248,<7,, < 55,2 0,22 0,20
0)92 <m < 0,96 46 <f, <48 0,40 0,36 85,2 <f <576 0,34 0,30
096 < m < 1,04 48 < f <52 0,67 0,64 57,6 < f,,m < 62,4 0,59 0,56
1404 < m < 1,08 52 <f, <54 0,40 0,36 62,4 <f, <64,8 0,34 0,30
108 <m=<1,12 54 <f n <56 0,28 0,24 64,8 <f, <672 0,22 0,20
112<m=<1,16 56 < f,, <58 0,23 0,18 67,2 <f, <696 0,22 0,18
116 <m=<1,24 58 < f <62 0,23 0,18 69,6 <f <744 0,23 0,18
124 <m<1,28 62 <, <64 0,29 0,23 74,4 <f <76,8 0,39 0,30
128 <m<1,32 64 <f <66 0,37 0,28 76,8<f, <792 0,50 0,34
132 <m<1,36 66 < f,\s/68 0,46 0,35 79,2<f, <816 0,64 0,48
136 <m<1,40 685, <70 0,57 0,43 81,6 <f,<84,0 0,79 0,58
140 <m=<1,80 70 <f,<90 0,68 0,51 84,0 <f <108,0 0,95 0,69
C.1{4.2 General levels
Levels{given in Table 2 for the next higher even harmonic can be taken as guidance for gach

interrarmonmic flcquclluy.

The levels relevant to class 2 are set in consideration of the presence of ripple control devices.
Since ripple control receivers, lighting equipment and television receivers are not generally
present in industrial areas, the compatibility levels for class 3 are expected at higher values.

NOTE 1

mitigation methods, see Clause C.2.

If such devices are present in the industrial area, they are not directly coupled to the circuit of class 3. For

Where there is a risk of interference with mains signalling, ripple control, or other susceptible
equipment, special care should be taken with regard to interharmonics. A class 2 environment
should be preferred. For this class, the operational frequency of ripple control receivers is
locally specified. The response level of these receivers can be as low as 0,3 % of the nominal
supply voltage. A receiver can therefore be disturbed by an unintended interharmonic voltage,
at its defined operational frequency, in excess of this value.
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The interharmonic compatibility level at the operating frequency of the mains signalling or ripple
control system is not defined. At the operating frequency, the emission level should be limited
to 0,2 % of the nominal supply voltage, and the immunity of equipment should be defined
according to the particular specifications of the corresponding transmitters and network
conditions. See IEC 61000-2-2:2002, 4.4.

The use of a class 3 environment requires more investigation such as identification of the
coupling path between the class 3 environment and the public supply network, or design of a
decoupling system.

ng I VG:UUD Uf ;Iltclhdllllull;bo ovarl bU IJIUBUIIt Gt L;:GDD 3 :PCD duc UD}JU\J;GH)’ tU SUITIT Ir\ill‘._l.l Of
conferters. They can be as high as 2,5 % for frequencies below the 11" order, and upto [1 %
for prders above 25. Due to their origin, these values are generally fluctuating and-ragidly
chaphging in both amplitude and frequency. For that reason, they can cause resenanceg on
cappcitor banks and passive filters.

NOTE 2 Everywhere they are used in industrial networks, power factor correction capacitors will be conngcted
throdgh series reactors, particularly those which are intended to be connected to IPCs of tlass 3.

C.2] Mitigation methods

C.2{1 General

It is|generally a complex matter to decrease emissions of pewer converters. Where suscepfible
equjpment is expected and cannot be avoided, a possible solution is to introduce an effigient
decpupling between the circuits supplying the susceptible equipment and the circuits supplying
the power converters by means of filters or even URSs.

n the purpose of the conversion of pewer is to produce an adjustable fundamelntal
frequency, a wide spectrum of interharmonic frequencies can be expected. The most complex
aspgct is due to the interharmonics which sweep the whole spectrum when the output of|the
conyerter is operated at a variable frequency.

Intefharmonics of this kind are_the-result of the impossibility of obtaining a perfect decougling
between the input and the output of a converter. The components of the largest amplitude|are
gengrally at low or very low frequencies.

Angther kind arises fram*the internal operation mode of the converter. The well-known example
of gulse width modutation (PWM) operated converters shows an emission of interharmopics
related to the switching frequency controlling the semiconductor devices. This switching [fre-
quepcy can be)fixed or adjustable depending on the control technique. Interharmonics of [this
last|kind are at higher frequencies than the previous one. They are generally easier to filtef.

C.2{2 Decrease emission levels

The selection of indirect converters facilitates the simple filtering of interharmonics emitted by
the power conversion process when dedicated to variable frequency production. Indeed, the
simple filtering can be provided by increasing the internal filtering effectiveness of the natural
structure of the converter. Such an increase of decoupling between output and input provides
reduction of interharmonic current amplitude.

In case of large converters this will probably not be an economic solution, but it should be
investigated as an alternative to external filtering. External filtering can use passive filtering or
active filtering.
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Passive filtering requires particular attention to the width of the emission spectrum, particularly
when the interharmonics sweep through the frequency spectrum. The risk of excitation of anti-
resonance is so high that passive filters, if used, should be damped. Generally large power
installations require careful and complete investigation to define the filtering system. Moreover,
passive filters cannot be operated independently of each other or independently of reactive
power compensation. Therefore, when passive filtering is used, the whole installation should
be considered.

Active filtering can provide efficient solutions, particularly in the low or very low frequency

an

atte
the

However, converters operating with PWM introduce an interharmonjeremission at frequen

ass

C.2
Pro

compatibility levels are still under consideration or wheén the relevant product standard is
lable, a solution in case of susceptibility causingmalfunction of an equipment, can oftef be

ava

found in appropriate filtering of the supply of the:control part of the disturbed equipment.

equ
can

fundamental frequency. This generally affécts circuits of low level of power.

Thel most efficient solution remains.appropriate segregation of the circuits according to t

use

indystrial applications and theoffices, and within the industrial applications between
diffgrent loads which should be-classified appropriately. This kind of segregation facilitates

des

technical and economical compromise.

Cc.2

Identification of the frequency used by the ripple control system or mains signalling shoulg
made availdble by the power supply authority.

Twq aspects should be considered at the PCC of the installation:

eir control, which is designed to first extract the harmonic content from a current whig
e compensated or from a voltage which is to be cleaned up. The second function of
rol of the semiconductor devices is to operate the compensation or cleaning by‘mean
hdapted PWM technique at the power stage. Therefore, unlike passive filtersy which
tuned on particular orders, active filters can be considered as broad band filters.)They proyi

fundamental frequency voltage or current unaffected.

bciated with the switching frequency, which can be filtered if necessary.

3 Increase immunity

juct standards set immunity limits with reference to‘compatibility levels. However, w

jpment that has to be synchronized with the power supply system, the appropriate filte
be limited to the synchronizing circuitZby means of a band pass filter tuned at

In an industrial network, this)segregation should always be established between

gn of correct decoupling and filtering of the whole installation, with the objective of the

4 Protection,of mains signaling

nuation of the harmonic (or interharmonic) emission from DC up to a few kiloHertz, leayi

hen
not

For
ring
the

heir
the
the
the
best

be

the maximum emission allowed for the whole installation in order not to disturb the signalling

system;

the minimum impedance, at the particular frequency of the signalling system, that is

acceptable for operation of the transmission of the signalling system.

If a particular passive filtering or decoupling system is installed, anti-resonance should be

avo

ided in case of sweeping interharmonics.
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Annex D
(informative)

Proving compatibility in the frequency range above 2 kHz
in industrial MV networks

In order to ensure a long-term trouble-free operation of an industrial installation, the operator
of a plant typically wants to make sure that compatibility requirements are met. In principle there
are two possibilities to reach this goal, both of them having special challenges especially in the

fre

1)

2)

vencyv ranae above 2 kH=z:
J ~J

nstallations. However, typical measuring devices operate with an input voltage below

capacitive and inductive) used presently as standard equipment in MM _networks
Hesigned primarily for the transformation of fundamental frequency. Altheugh many of t
5till provide reasonable results in the "classical" harmonic range up to 2 kHz, the measu

Measurements: Measurements are the best means to prove compatibility in.\existing
1 kV
50 that voltage transformers will be required for MV networks. Most voltage-transformers

are
nem
ring
and

hccuracy decreases with increasing frequency. Somewhere in the range’between 5 kHz

ratio between the primary and secondary side is undefined and varying, i.e. the measu
signal can over- or underestimate the primary voltage. In‘order to prove compatibility
voltage components above 2 kHz, voltage transformers with a known and tested frequs
behaviour in the frequency under consideration shelld be used. Some manufactu

measure with a reasonable error also in the double:digit kHz range. Alternatively, a sps
measuring divider can be connected temporarily at MV level in order to take accu
measurements above 2 kHz.

Calculations: During the planning phase af,an installation, calculations and simulations
he only possible means to prove compatibility for a future industrial plant. Well establis
and proven methods exist for this purpose for the "classical" harmonic range up to 2 k
For significantly higher frequenciesy experiences with simulations are rather rare and
ield is presently just developing. Several phenomena have to be taken into account w
blay a minor role in the lower harmonic range only:

around 10 kHz and above.

»  Frequency dependence of line impedances (inductance and resistance) becomes n
and more important with increasing frequencies. (Line capacitances remain unchan
over the entiré frequency range considered.)

p  Terminal'Stray capacitances of equipment connected (e.g. of motors and transform
can_haye an impact on calculation results especially for higher frequencies.

p  Supply networks (often modeled as Thevenin impedances for harmonic calculatic
typically have significant resonance points in the frequency range above 2 kHz (an

PO kHz most voltage transformers have a resonance point exaggérating measured volglage

blready promote new types of built-in voltage transformers for MV switchgear suitablg

components at the secondary side of the VT. For higher frequencies, the transformation

ing
for
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p  Transformers typicallyhave significant resonance points in the frequency range of

ore
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man\v cases ernor’l\/ helow this frnnllnnr\\/\ These resonances will havg 2 clnnlfl
J

ant

impact on calculatlon results espemally concernmg the PCC with the pubhc supply

network.
All these effects have to be considered for simulations in MV networks in order to ob

tain

results which to a certain extent reflect the reality in the future plant. This means not only a

significantly increased effort for these simulations but requires adequate input f
equipment manufacturers as well as network operators.

rom
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Annex E
(informative)

Examples of locations and installations covered by IEC 61000-2-4

General

024

The purpose of Annex E is to illustrate typical locations and installations relevant to the
compatibility levels given in this document, and to provide guidance to the user of this document

whd

Annex E provides only examples, and it is not intended to be exhaustive.

This
pub

n selecting the appropriate environment class (see Clause 4).

document does not deal with installations for residential locations, directly)supplied by
ic mains and which are usually covered by IEC 61000-2-2.

Ap

UP$) is not within the scope of this document.

The| basic principle for this document is that installations covered by this document are

pro
tran

E.2

Inst
exa
orp
inst

NOT
trang

E.3

rt of an installation supplied by the output of a power converter (e.g) loads supplied by

essional use and are separated from the public power distribution system by at least
sformer.

Mixed locations

bllations for residential locations and professional use can coexist in mixed locations.
Mple, a building can host separate and\well identified areas for either residential locat
rofessional use, each one having its awn'dedicated power supply line, in which the indus|
hllation is supplied through a separation transformer.

F In this document, shops, lightindustry, heavy industry (and similar) supplied through a separ
former are covered by the term industrial.

Examples for industrial locations

Installation intended for professional use

Sensitive devices

—

he

an

for
one

For
ons
trial

htion

bnly.

Class 1 IEC Sensitive devices
| Protected supply | MV/HV 61000-2-4
O Sensitive devices
LV IPC
; —J Sensitive devices
IEC IEC

Figure E.1 — Example of class 1 environment
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This is a typical class 1 environment (Figure E.1).

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.

Installation intended for professional use only.
7~
Industrial location 1 ) Offices
o IEC
Light industry MV/HV 61000-2-4 Offices
Office o oo @V_ 1RG4 Offices
——cc—— e Y s s [ Offices
1 Offices
IPC 1 | Pc2 Offices
Class 2a LV Class 2b IPC Converters with their laads
\. Loads that can vary frequently and rapidl
IEC Fc
Figure E.2 — Example of class 2a and class 2b énvironments
Thefse are typical class 2a and class 2b environments (Figur&lE.2).
Ong reference person (e.g. owner of the private building) is in charge of problems [and
maiptenance.
In this example, IPC 1 characterises the compatibility level at the entrance of the office building
and|IPC characterises the compatibility level@t the entrance of the light industry building.
NOTE 1 Concerning options for the supply of areas with different electromagnetic environment classes in the Ipwer
part pf the figure; see Figure 2.
Installation intended for professional use pnly.
_ . )
Large installation includingt
Shops
Offices
Setrviceproviders (IT, ...)
Data‘center
ﬂ IEC .
Small data center with IT loads (servers, data
LV G) Genset MV/HY_ 61000-2-4 banks, etc) fed through UPS converters r
Shaon
RY; TPC nOpS
MV/HV Offices
IEC IEC

Figure E.3 — Example of an LV grid in a building supplied by a dedicated transformer

This type of area is supplied by a dedicated transformer (Figure E.3).

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.
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This environment might be classified either as class 2a or class 2b, with the IPC characterizing
the compatibility level at the entrance of the building.

Mixed location

In F
by &

The
con

Con

Onsg
mai

The
IPC
and

Large installation including: A
Residential locations
g?f(_)ps IEC Residential locations
] e MV/HV fdonnn o Residential locations
[~ Service providers (IT1,...) TTOUU=Z=Z )
Data center LV PCC Offices
Offices
IEC L Offices
{ vl o —@ Genset ) MVHY_ 6100024 |— Offces
[ v PC Converters with their [odds
Loads that can vary\frequently and rapid
IVHV — MV/HV e ypeauenty P

Figure E.4 — Example of an LV grid in a building including residential
and industrial locations

igure E.4, the upper part of the building includes residential locations and thus is supp
public transformer. IEC 61000-2-2 applies at the-RCC.

other transformer supplies the part of the installation where only professional users
nected.

npatibility levels at the primary side of\the transformers are not specified in this docume

reference person (e.g. owner of the private building) is in charge of problems
htenance.

lower part is an environment which might be classified as either class 2a or class 2b,
2 characterizing the.compatibility level for the converters and loads that can vary freque
rapidly.

ly
IEC

lied

are

nt.

and

with
ntly

NOTE 2 Concerning.options for the supply of areas in the lower part of the figure see Figure 2.
Installation intended for professional use pnly.
N\
Data center
I IT loads (servers, data banks, etc) fed
IEC through UPS converters
MV/HY 61000-2-4 IT loads (servers, data banks, etc) fed
LV T PG through UPS converters
L W, —— Offices
— Offices
MV/HV IEC IEC

Figure E.5 — Example of an LV grid for a data center
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Compatibility levels for the primary side of the transformer (Figure E.5) are not specified in this
document.

One reference person (e.g. owner of the private building) is in charge of problems and
maintenance.

This environment is classified by the reference person either as class 2a or class 2b, with the
IPC characterizing the compatibility level placed at the entrance of the building.
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Annex F
(informative)

Rationale for increased individual even and triplen compatibility levels
and for splitting class 2 into class 2a, class 2b and class 2L

F.1 Rationale for increased individual even and triplen compatibility levels

F.1.1 Target

It wps the target of this document to take into account the needs of modern power electronic
equjpment while maintaining the overall disturbance level of the networks within the seope. This
has|been achieved by increasing the individual even and triplen compatibility levels<in Tablle 2
and|by introducing a new quantity PWHD in Table 3.

F.1)2 The needs of modern power electronic equipment

Modern power electronic equipment, such as active infeed convertérs (AICs) according to
IEC|TS 62578, is an essential element of energy saving equipment and renewable engrgy
gengration. It operates as pulse width modulated (PWM) convertef) The switching frequengy of
this| equipment is typically in the range of a few kHz. The electromagnetic emissions of [this
technology consequently consist of spectral lines with frequéncies of the switching frequgncy
and|its integer multiples.

In the frequency range below the switching frequengey, this type of equipment produces pnly
very low emissions. However, in order to prevent the emissions at switching frequency jand
abole from flowing to the supply network, a low,pass filter has to be inserted between the pgwer
conyerter and the supply network. This filter;,has to have a resonance frequency below(the
swifching frequency of the converter. This«tesonance frequency will typically be in the rangge of
1 kKlz to 2 kHz with a width of about £4003Hz. In this frequency range, existing pre-distortign in
the [network and very low converter emissions will be amplified. The amplification factor [can
only be limited by filter damping. More excessive damping will cause increased losses of|the
filtef.

The| resulting emission spectra of these AICs will consequently consist of emissions at aflow
levgl in the range of the resonance frequency and of spectral lines at the switching frequgncy
and|its integer multiplesy*A typical spectrum is shown in Figure F.1 with an AIC operating pt a
swifiching frequency-'ef/4 kHz and a filter resonance frequency of about 1,2 kHz.

Low voltage current active converter fg,, = 4 kHz (0 kHz to 9 kHz)

1 T T T T T T T T
, 1 .
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|
02} : # | 2
’:‘E}"J ) Lol !
A it L UL L L ,
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IEC

Figure F.1 — Emission spectrum of an active infeed converter
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All emissions of the AIC are independent of the supply frequency (50/60 Hz).

The compatibility levels defined in IEC 61000-2-4:2002 (second edition) made a systematic
difference between characteristic (odd non triplen) frequencies on the one hand and even and
triplen frequencies on the other hand. The compatibility levels for even and triplen harmonics
are significantly lower. Calculating permissible emission limits for even and triplen harmonic
frequencies results in extremely low values, which cannot be met by AIC equipment in the range
of the resonance frequency of its line filter and which are at or below the accuracy specification
of measurement equipment. Such overly stringent limits could reduce the acceptance level for
energy saving equipment and jeopardize global targets for energy saving. This problem is
particularly severe in the frequency range hetween H13 and H40 which is the range of the fjlter
resgnance described in the second paragraph of this rationale.

On [the other hand, there are no reports on disturbance cases of equipment due_to voltage
distprtions at even or triplen harmonic frequencies, particularly in the frequency rahge between
H13 and H40. Consequently, the compatibility levels for even and triplen harmonics have been
increased in this document to the values in Table 2.

F.13 Maintaining the overall disturbance level

As described above, the increase of emissions only occurs in.a limited band around|the
resgnance of the line filter of an AIC. It is consequently expected that the overall disturbance
levgl in industrial networks remains unchanged. In order to ensure this, Table 3 does not pnly
keep the THD value unchanged, but it additionally introduces a hew quantity, PWHD. The values
for PWHD are calculated by inserting the compatibility, levels of IEC 61000-2-4:2002 (second
editjon) into Formula (1), meaning that also the PWHKD remains unchanged. With THD jand
PWHD unchanged compared to IEC 61000-2-4:2002 (second edition), the overall disturbance
levgl is maintained.

F.2| Rationale for splitting class 2 into class 2a, class 2b and class 2L

F.21 Target
It whs the aim for class 2 of this,decument to:

a) provide compatibility leyels identical to the public network described in IEC 61000-2-2;

b) allow power electronic converters which operate in class 2 networks accordind to
EC 61000-2-4:2002>(second edition) to still do so in class 2 networks according to |this
Hocument;

c) prevent special safety-related networks (e.g. in nuclear power plants) from a safety| re-
certification:

As if was-not possible to achieve all these targets with one set of compatibility levels, the clags 2
fronr IEC-61000-2-4:2002 (second edition) was split into class 2a, class 2b and class 2L.

F.2.2 Class 2a

The compatibility levels of class 2a are identical to the compatibility levels in IEC 61000-2-2
when considering the increase of even and triplen compatibility levels according to Clause F.1.

F.2.3 Class 2b

In class 2 networks of IEC 61000-2-4:2002 (second edition), certain power electronic converters
can be operated. They can face the issues described in F.1.2, but without considering how
resonance effects of the compatibility levels, which are defined only up to the 40th harmonic in
IEC 61000-2-4:2002 (second edition), are met.
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However, in the frequency range above the 40t harmonic, these power electronic converters
emit at a higher level (see Figure F.1), and the voltage distortion of the network will exceed the
levels defined in IEC 61000-2-2. Consequently, higher compatibility levels than in class 2a are
required for such networks in the frequency range above the 40" harmonic. As these networks
are still intended to be classified as networks of class 2, this requires a split of the class 2 in
IEC 61000-2-4:2002 (second edition). This has been achieved by introducing the new class 2b,
which has the same compatibility levels as class 2a up to the 40th harmonic and higher
compatibility levels above the 40th harmonic.

F.2.

4 Class 2L
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conj
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h though it was agreed that the increased compatibility levels for even and triplen indivi
patibility levels described in Clause F.1 do not lead to an increased disturbance Jevel

13), it is important for some sensitive networks, for example in safety related applicat

nuclear power plants, not to increase any compatibility level in order./to” prever

ertification of the installation. However, the introduction of additional compatibility le
ve the 40th harmonic is welcome for such networks. In order to accommadate these ne(
class 2L was introduced, which contains the compatibility levels from |EC 61000-2-4:2
ond edition) class 2 up to the 40th harmonic and the compatibility leviefs from IEC 61000
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMPATIBILITE ELECTROMAGNETIQUE (CEM) -

Partie 2-4: Environnement —

Niveaux de compatibilité dans les réseaux de distribution d'électricité sur

S—HA S SOt S HPDattons ot S—-abasse-frecyuence

AVANT-PROPOS

la Commission Electrotechnique Internationale (IEC) est une organisation mondiale de normatisation comppsée
de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L'lEC~a pour objgt de
favoriser la coopération internationale pour toutes les questions de normalisation dans”les domainef de
glectricité et de I'électronique. A cet effet, I''EC — entre autres activités — publie des,Nérmes internationples,
des Spécifications techniques, des Rapports techniques, des Spécifications accessibles’au public (PAS) ef des
Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée\a)des comités d'études| aux
tfavaux desquels tout Comité national intéressé par le sujet traité peut™participer. Les organisations
internationales, gouvernementales et non gouvernementales, en liaison avec\'lEC, participent égalemen{ aux
tfavaux. L'IEC collabore étroitement avec I'Organisation Internationale dé Normalisation (ISO), selon| des
donditions fixées par accord entre les deux organisations.

les décisions ou accords officiels de I'lEC concernant les questions téchriques représentent, dans la mesufe du
possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lEC intérefssés
sfont représentés dans chaque comité d'études.

es Publications de I'lEC se présentent sous la forme de{ecommandations internationales et sont agrgées
gomme telles par les Comités nationaux de I'lEC. Tous les &fforts raisonnables sont entrepris afin que |'IEC
sfassure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
éventuelle mauvaise utilisation ou interprétation qui en ‘est faite par un quelconque utilisateur final.

DQans le but d'encourager I'uniformité internationalé/;les Comités nationaux de I'lEC s'engagent, dans toute la
esure possible, a appliquer de fagon transparente les Publications de I'lEC dans leurs publications nationales
dt régionales. Toutes divergences entre toutes Publications de I'lEC et toutes publications nationalep ou
regionales correspondantes doivent étre indiquees en termes clairs dans ces derniéres.

'IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendants
fopurnissent des services d'évaluation( de conformité et, dans certains secteurs, accédent aux marquef de
donformité de I'lEC. L'IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

ous les utilisateurs doivent §'assurer qu'ils sont en possession de la derniére édition de cette publication.

Aucune responsabilité netdoit étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou mandatgires,
compris ses experts-particuliers et les membres de ses comités d'études et des Comités nationaux de I|IEC,
pour tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre dommage de quglque
ature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais de justice) et les dépepses
découlant de la.publication ou de I'utilisation de cette Publication de I'lEC ou de toute autre Publication de I|IEC,
du au crédit gui_lui est accordé.

'attention\est attirée sur les références normatives citées dans cette publication. L'utilisation de publicalions
reférencées est obligatoire pour une application correcte de la présente publication.

'|EC attire I'attention sur le fait que la mise en application du présent document peut entrainer I'utilisation|d'un
du 'de’plusieurs brevets. L'lEC ne prend pas position quant a la preuve, a la validité et a I'applicabilité de| tout
droit de brevet revendique a cet egard. A la date de publication du present document, I'lEC n'avait pas regu
notification qu'un ou plusieurs brevets pouvaient étre nécessaires a sa mise en application. Toutefois, il y a lieu
d'avertir les responsables de la mise en application du présent document que des informations plus récentes
sont susceptibles de figurer dans la base de données de brevets, disponible a I'adresse https://patents.iec.ch.
L'IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits de brevets.

L'IEC 61000-2-4 a été établie par le sous-comité 77A: CEM — Phénoménes basse fréquence,
du comité d'études 77 de I'lEC: Compatibilité électromagnétique. Il s'agit d'une Norme
internationale.

Cette troisieme édition annule et remplace la deuxiéme édition parue en 2002. 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) ajout de nouvelles classes 2a, 2b et 2L (anciennement la classe 2);

b) modification des niveaux de compatibilité pour la classe 3;

c) ajout de niveaux de compatibilité dans la plage de fréquences de 2 kHz a 150 kHz;

d) ajout de niveaux de compatibilité qui utilisent une nouvelle grandeur: la distorsion
harmonique partielle pondérée (PWHD).

Le texte de cette Norme internationale est issu des documents suivants:
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Projet Rapport de vote
77A/1215/FDIS 77A/1221/RVD

apport de vote indiqué dans le tableau ci-dessus donne toute informatioh.sur le vote a
uti a son approbation.

ersion francaise de la norme n’a pas été soumise au vote.

Hocument a été rédigé selon les Directives ISO/IEC, Partie 2, il a été développé selon
ctives ISO/IEC, Partie 1 et les Directives ISO/IEC, Supplément IEC, disponibles s
v.iec.ch/members_experts/refdocs. Les principaux types de documents développés
U sont décrits plus en détail sous www.iec.ch/publi¢ations.

liste de toutes les parties de la série IEC 61000,"publiées sous le titre général Compatib
tromagnétique (CEM), se trouve sur le site;web de I'lEC.
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INTRODUCTION

C 61000 est publiée en plusieurs parties selon la structure suivante:

Partie 1: Généralités

Considérations générales (introduction, principes fondamentaux)

Définitions, terminologie

Partie 2: Environnement

Par

Par

Par

Par
Par

Ch4
inte
cert
de
(I"E

L'lE]

Description de I'environnement
Classification de I'environnement
Niveaux de compatibilité

lie 3: Limites
_imites d'émission

_imites d'immunité (dans la mesure ou elles ne relévent pas de latesponsabilité des com
He produits)

lie 4: Techniques d'essai et de mesure

fechniques de mesure

lechniques d'essai
lie 5: Guides d'installation et d'atténuation

L ignes directrices d'installation

Méthodes et dispositifs d'atténuation

lie 6: Normes génériques
lie 9: Divers

que partie est a son tour subdivisée en plusieurs parties, publiées soit comme des Nor
rnationales soit comime des Spécifications techniques ou des Rapports techniques,
aines ont déja été publiées sous forme de sections. D'autres seront publiées avec le nun
partie, suivi_d'un tiret et complété d'un second numéro qui identifie la subdivi
C 61000-3-44, par exemple).

C 61000-2-1 et I'lEC 61000-2-12 fournissent des informations détaillées sur les différé

typs

d'al|mentation électrique.

s ,de) perturbations que l'on peut s'attendre a rencontrer sur les réseaux pul

ités

mes
lont

éro
sion

ents
lics
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Niveaux de compatibilité dans les réseaux de distribution d'électricité sur
des sites industriels pour les perturbations conduites a basse fréquence

1 [PDomaimed'apptication

La
fréq
(L-4
non

NOTE 1 Les sites industriels sont définis au 3.1.8.

Les
et |4

NOT]
poin
équi
de I'
I"alin
I'inst

Les
éleg

présente partie de I'lEC 61000 traite des perturbations conduites dans la<plage
uences de 0 kHz a 150 kHz. Elle fournit les niveaux de compatibilité en mode différe

inale de 50 Hz ou 60 Hz.

réseaux de distribution d'électricité sur les navires, les aérongfs) les plateformes en
s réseaux ferroviaires sont exclus.

E 2 Voir aussi I'Annexe E. Les niveaux de compatibilité spécifiés dans le présent document s'applique
de couplage interne a l'installation (IPC). Le niveau des perturbations a basse fréquence aux bornes
bements alimentés par I'lPC est par hypothése généralement similaire au niveau de perturbation a I'emplace
PC. Toutefois, cela n'est pas le cas dans certaines situations, particulierement avec un départ desti
entation d'une charge spécifique par une ligne longue ou lofsqu'une perturbation est générée ou amplifiée
allation dont les équipements font partie.

niveaux de compatibilité sont spécifiési\pour les différents types de perturbat
tromagnétiques a basse fréquence qui s@nt attendues en tout point de couplage interr

de
ntiel

et L-N) pour les sites industriels, avec une tension nominale jusqu'a 35 kV etune fréqugnce

mer

t au
des
ment
hé a
Hans

ons
ea

I'ingtallation (IPC) dans des sites industriels; afin de fournir des recommandations pour défjinir:

a)

NOT]
étre

I'Arti
élect
limit

b)

Les

es limites relatives aux émissions,perturbatrices sur les réseaux de distribution d'électr
ndustriels (y compris les niveaux de planification définis au 3.1.5);

FE 3 Les conditions présentes dans les environnements électromagnétiques des réseaux industriels pel
Cle 4. Néanmoins, il est de la.responsabilité de I'exploitant d'un tel réseau de prendre en compte les condi

romagnétiques et économiques particuliéres, notamment les caractéristiques des équipements, pour établ
bS susmentionnées.

es niveaux d'immunité des équipements présents dans ces systémes.
phénomeénes perturbateurs suivants sont pris en compte:

- les écarts de tension;

- ~les’ creux de tension et les coupures bréves;

cité

vent

trés variées. Ces conditions.'sont représentées dans le présent document par les trois classes décrites a

ions
rles

— les variations de la fréquence du réseau d'alimentation;

— les harmoniques jusqu'au rang 40 inclus;

— les interharmoniques jusqu'au rang harmonique 40;

— les composantes de tension au-dessus du rang harmonique 40 jusqu'a 150 kHz;

— la composante continue;

— les surtensions transitoires.

Les niveaux de compatibilité sont donnés pour différentes classes d'environnement, qui sont
déterminées par les caractéristiques du réseau d'alimentation et des charges associées.
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NOTE 4 Les niveaux de compatibilité au point de couplage commun (PCC) sur les réseaux publics sont spécifiés
dans I'lEC 61000-2-2 pour les réseaux basse tension et dans I'lEC 61000-2-12 pour les réseaux moyenne tension.
L'IEC TR 61000-3-6 et I'lEC TR 61000-3-7 décrivent I'approche des exploitants de réseaux de distribution

d'éle

2

ctricité en ce qui concerne la limitation des émissions des installations et des charges importantes.

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
I'édition citée s'applique. Pour les références non datées, la derniére édition du document de

réfé

rence s'applique (y compris les éventuels amendements).
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Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'lS
en |

61000-2-2:2002, Compatibilité électromagnétique (CEM) — Partie 2-2: Environneme
baux de compatibilité pour les perturbations conduites a basse fréquence et la transmis
signaux sur les réseaux publics d'alimentation basse tension
61000-2-2:2002/AMD1:2017

61000-2-2:2002/AMD2:2018

61000-2-12, Compatibilité électromagnétique (CEM) — Partie 2=12: Environnemer
baux de compatibilité pour les perturbations conduites a basse fréquence et la transmis
signaux sur les réseaux publics d'alimentation moyenne tension.

61000-4-7, Compatibilité électromagnétique (CEM) — Partie”4-7: Techniques d'essai e
ure — Guide général relatif aux mesures d'harmoniques™et d'interharmoniques, ainsi
bareillage de mesure, applicable aux réseaux d'alimentation et aux appareils qui y
ordés

PR 16-1-1, Spécification des méthodes et des appareils de mesure des perturbat
pélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-1: Appareils
ure des perturbations radioélectriques-et-de I'immunité aux perturbations radioélectriq
ppareils de mesure

PR 16-2-1, Spécifications des méthodes et des appareils de mesure des perturbat
oélectriques et de I'immunité ‘aux perturbations radioélectriques — Partie 2-1: Méthode
ure des perturbations et deNimmunité — Mesures des perturbations conduites

Termes, définitions: et abréviations

O et I'lE€ tiennent a jour des bases de données terminologiques destinées a étre utilis
ormalisation, consultables aux adresses suivantes:

EQ Electropedia: disponible a I'adresse https://www.electropedia.org/

ht —
sion

t —_
sion

f de
yu'a
sont

ons
de
ues

ons
5 de

ees

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

3.1
3.1.

Définitions générales

1

perturbation électromagnétique
phénoméne électromagnétique susceptible de dégrader le fonctionnement d'un dispositif, d'un

équ

ipement ou d'un systéme

[SOURCE: IEC 60050-161:2018, 161-01-05, modifié — Dans la définition, les mots ", ou
d'affecter défavorablement la matiére vivante ou inerte" ont été supprimés. La Note 1, la Note 2
et la Note 3 ont été supprimées.]
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3.1.2

niveau de perturbation

valeur ou amplitude d'une perturbation électromagnétique, mesurée et évaluée dans des
conditions spécifiées

3.1.3
compatibilité électromagnétique
CEM
aptitude d'un équipement ou d'un systéme a fonctionner dans son environnement
électromagnétique de fagon satisfaisante et sans produire lui-méme des perturbations
électramagnétiques intolérables pour tout ce qui se tfrouve dans cet environnement

Notel 1 a 'article: La compatibilité électromagnétique est une condition de I'environnement électromagnétique|telle
que,|pour chaque phénoméne, le niveau d'émissions perturbatrices est suffisamment bas et les niveauxtd'immpnité
sont|suffisamment élevés pour que tous les dispositifs, appareils et systémes fonctionnent de la manietre prévue.

Notel 2 a I'article: La compatibilité électromagnétique n'est assurée que si les niveaux d'émission et d'immunité|sont
maitfisés de telle sorte que les niveaux d'immunité des dispositifs, appareils et systéemes en tout point du résedqu ne
sont|pas dépassés par le niveau de perturbation observé a cet emplacement, qui résulte~des émissions cumylées
de I'ensemble des sources et d'autres facteurs, comme l'impédance des circuits. Par-convention, la compatipilité
élecfromagnétique est considérée comme établie si la probabilité d'écart par rapport aux.performances attendugs ou
a l'effet indésirable est suffisamment basse. Voir I'lEC 61000-2-1:1990, Article 4.

Notel 3 a I'article: Lorsque le contexte I'exige, la compatibilité électromagnétique est présumée couvrir une geule
pertdrbation ou une classe de perturbations donnée.

Notel 4 a I'article: La compatibilité électromagnétique est un terme également utilisé pour décrire le champ d'éthdes
relat|f aux effets électromagnétiques indésirables subis par les dispositifs, appareils ou systémes sous I'effet d'alitres
disp@sitifs, appareils ou systémes, ou du fait de phénomeénes électromagnétiques.

[SOURCE: IEC 60050-161:2018, 161-01-07, modifi& — La Note 1 et la Note 4 ont été ajoutées.]

3.1.

nivfau de compatibilité (électromagnétique)
nivgau de perturbation électromagnétique. spécifié utilisé comme niveau de référence dans un
envlronnement spécifié pour la coordination de I'établissement des limites d'émission et
d'immunité

Note]l 1 a l'article: Par convention, (e*niveau de compatibilité est choisi de telle sorte qu'il n'ait qu'une fhible
probpbilité d'étre dépassé par le niveau réel de perturbation.

[SOURCE: IEC 60050-161:1990, 161-03-10, modifié — La derniére phrase de la Note 1 aété
supprimée, car elle est'moins pertinente pour les sites industriels que pour les sites publics.]

3.1.

nivfau de planification
nivgau affecté a une perturbation donnée dans un environnement donné, adopté conme
valgur de reférence pour définir les limites d'émission applicables aux charges importantes
uxsinstallations, dans le but de coordonner ces limites avec toutes les autres limjtes

Note 1 a l'article: Le niveau de planification est spécifique au site. Il est adopté par les responsables de la
planification et de I'exploitation du réseau d'alimentation électrique a I'endroit considéré. (D'autres explications sont
fournies dans I'lEC 61000-2-2:2002, Annexe A et I'lEC 61000-1-2.)

3.1.6

réseau de distribution d'électricité industriel et privé

réseau de distribution qui est séparé, par au moins un transformateur de séparation, du réseau
public d'alimentation électrique auquel sont raccordées d'autres installations clients
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3.1.7

point de couplage commun

PCC

point d'un réseau d'alimentation électrique public, le plus proche électriquement d'une charge
particuliere, auquel d'autres charges sont ou peuvent étre connectées

Note 1 a I'article: Le PCC est généralement le point pour lequel doit étre étudiée la compatibilité électromagnétique
sur les réseaux publics.

[SOURCE: IEC 60050-161:1990, 161-07-15, modifié — Les deux notes ont été supprimées. Le
contenu de la Note 2 a été intégré a la définition et une nouvelle note a été ajoutée.]

3.18
sitel industriel
lieu|caractérisé par une installation composée d'un réseau d'alimentation sépare; alimgnté
par|un transformateur haute ou moyenne tension et dédié a I'alimentation de cette
instpllation

Note] 1 a I'article: Les sites industriels peuvent habituellement étre décrits par I'existencé€ d'une installation [pour
laquglle une ou plusieurs des caractéristiques suivantes s'appliquent:

. huantité importante de puissance électrique produite, transmise et/ou consonniée;
. commutation fréquente de charges importantes inductives ou capacitives;
. Courants élevés et champs magnétiques associés;

. brésence d'appareils industriels, scientifiques et médicaux (ISM) de\tensions et courants élevés (par exemple,
machine a souder).

L'enyironnement électromagnétique sur un site industriel est principalement produit par un matériel et I'installation
présente sur le site. Il y a des catégories d'emplacements industriels dans lesquels apparaissent cerfains
phérjloménes électromagnétiques a un degré plus sévere que.dans d'autres installations.

Les ¢xemples de sites comprennent les usines de la métallurgie, de I'industrie papetiére, de produits chimiques, de
consftruction automobile, les batiments agricoles, les.zones d'aéroports a tension élevée.

Notel 2 a 'article: La connexion entre le site etd'environnement électromagnétique est indiquée en 3.1.8.

[SOJURCE: IEC 61000-6-4:2018, 3(1.12, modifié — Dans la définition, les mots "une installation
conposée d'un" ont été ajoutési.La référence du terme indiquée dans la Note 2 a été mige a
jourt]

319
envjironnement électromagnétique
ensemble des phéhomeénes électromagnétiques existant a un endroit donné

Notel 1 a l'articléi"L'environnement électromagnétique dépend en général du temps, et sa description peut|étre
mieux définie_enjadoptant une approche statistique.

Notel 2 a Farticle: 1l est trés important de ne pas confondre le concept d'environnement électromagnétique avgc le
site ¢nvifonnant.

[SOURCE: IEC 61000-6-4:2018, 3.1.13]

3.1.10

point de couplage interne a l'installation

IPC

point a l'intérieur d'un réseau public de distribution d'électricité, le plus proche électriquement
d'une charge particuliéere, auquel les charges d'autres branches sont ou peuvent étre
raccordées

Note 1 a l'article: L'abréviation "IPC" est dérivée du terme anglais développé correspondant "in-plant point of
coupling”.

Note 2 a l'article: L'IPC est généralement le point pour lequel la compatibilité électromagnétique sur les réseaux
industriels doit étre étudiée.
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3.2 Définitions relatives aux phénomeénes

NOTE 1 Les définitions ci-dessous concernent les harmoniques; elles sont fondées sur I'analyse des tensions ou
courants du réseau par la méthode de la transformée de Fourier discréte (TFD). La TFD est I'application pratique de
la transformée de Fourier définie dans I'lEV 101-13-09. Voir I'Annexe A.

NOTE 2 La transformée de Fourier appliquée a une fonction du temps, qu'elle soit périodique ou non, est une
fonction du domaine de fréquence et est appelée spectre de fréquences de la fonction du temps, ou plus simplement
spectre. Si la fonction du temps est périodique, le spectre est constitué de raies (ou composantes) distinctes. Si la
fonction du temps n'est pas périodique, le spectre est une fonction continue, qui présente des composantes a toutes
les fréquences.

NOTE 3 D'autres définitions relatives aux harmoniques ou interharmoniques sont fournies dans I'lEC 60050 (toutes
les - sent
document, sont citées a I'Annexe A.

uence du spectre, obtenue a partir d'une transformée de Fourier sur une fonction du temps,
par rapport a laquelle sont référencées toutes les composantes de ce spectre

Notel 1 a I'article: Dans le cas d'une fonction périodique, la fréquence fondamentale (est généralement égale|a la
fréqyence de la fonction elle-méme (voir I'Article A.1). Pour les besoins du présent document, la fréqugence
fondamentale est la méme que la fréquence du réseau d'alimentation.

3.22
composante fondamentale
fongdamental

composante spectrale d'une fonction du temps périodique dont la fréquence est égale a la
fréquence fondamentale

3.2,
fréquence harmonique
fréquence qui est un multiple entier de la fréquénce fondamentale

3.2,
rang harmonique
rapport de la fréquence harmonigue’a la fréquence fondamentale

Notel 1 a 'article: La notation recommandée pour le rang harmonique est "A".

3.2rf

composante harmonique
conjposante spectfale d'une fonction du temps périodique dont la fréquence est une fréquence
harmonique

Notel 1 a 'article/ Les composantes harmoniques sont souvent appelées harmoniques.

Notel 2 a |'article: Pour les conditions de mesure, voir I'lEC 61000-4-7.

3.2.
fréquence interharmonique
toute fréquence comprise entre deux fréquences harmoniques consécutives

3.2.7
rang interharmonique
rapport d'une fréquence interharmonique a la fréquence fondamentale

Note 1 a I'article: Ce rapport n'est pas un entier et peut étre noté "m".
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3.2.8
composante interharmonique
composante spectrale ayant une fréquence interharmonique

Note 1 a I'article: Par souci de concision, cette composante peut étre simplement désignée comme un
interharmonique.

3.2.9
distorsion harmonique totale
THD
rapport de la valeur efficace de la somme de toutes les composantes harmoniques a la valeur
effigace de ta composante tondamentale

(1)

ou:
(0] représente soit le courant soit la tension
04 | estla valeur efficace de la composante fondamentale

h est le rang harmonique
O, | estla valeur efficace de la composante harmonique de rang 4

Note]l1 a l'article: L'abréviation "THD" est dérivée du terme anglais développé correspondant "total harnmjonic
distgrtion".

3.2/10
disforsion harmonique partielle pondérée
PWHD
rapport de la somme pondérée des.carrés des composantes harmoniques des rangs 14 &40,
a la|valeur efficace de la composante nominale n

PWHD = (2)

ou:

O, | ‘est’la valeur nominale de la grandeur (tension, par exemple)

h est le rang harmonique
O, estlavaleur efficace de la composante harmonique de rang # de la grandeur

Note 1 a l'article: L'abréviation "PWHD" est dérivée du terme anglais développé correspondant "partial weighted
harmonic distortion".
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3.2.11

déséquilibre de tension

dans un réseau d'énergie électrique polyphasé, état dans lequel les valeurs efficaces de la
composante fondamentale des tensions entre phases ou dans lequel la différence de phase
entre les tensions entre phases consécutives ne sont pas toutes égales

Note 1 a l'article: En général, pour les réseaux triphasés, le degré de déséquilibre de tension est quantifié par le
rapport entre les composantes inverses et les composantes directes. Toutefois, dans certaines circonstances, il est
plus approprié d'utiliser le rapport entre les composantes homopolaires et les composantes directes.

Note 2 a l'article: Plusieurs formules d'approximation fournissent des résultats avec une exactitude raisonnable
concernant les niveaux de déséquilibre normalement rencontrés (rapport entre les composantes inverses et les
composantes directes), par exemple:

Uy + Ujs + U,

-2 (3)
(Ui + Upz + Uzy)?

déséquilibre de tension = |6 X

ou

U,y |Uys €t Uy, représentent les trois tensions entre phases a la fréquence fondamentale

12°
[SOURCE: IEC 60050-161:1990, 161-08-09, modifié — La<définition a été simplifiée, &t la
référence a la "composante homopolaire" a été déplacée du corps de la définition dang la
Note 1.]

3.2/12

écaLt] de tension
augmentation ou diminution de la tension d'alimentation efficace, a I'exclusion des transitojres
sanp effets résiduels

Notel 1 a l'article: Les variations de tension étjles fluctuations de tension sont les principaux types d'écarfs de
tensjon. Certains écarts de tension sont rapides*en raison de I'adaptation de la tension d'alimentation aux différgntes
conditions de charge (changements des prises de tension des transformateurs, effet permanent de la commutation
des batteries de condensateurs, par exemple). Les fluctuations de tension, qui peuvent engendrer du papillotement
(flicker), sont un phénomene différent (série d'écarts de tension ou écarts de tension cycliques, | voir
I''EC161000-2-2:2002 et I'lEC 61000:2-2:2002/AMD2:2019, 4.2).

3.2/13

creux de tension
réddiction temporaire de I'amplitude de la tension en un point du systéme électrique au-desgous
d'un seuil

Note] 1 a l'article:) "Le creux de tension est généralement associé a I'apparition et a I'élimination d'un court-circyit ou
de tgute augmentation significative du courant sur le réseau ou dans les installations qui sont raccordées fa ce
dernler.

Notel2_a l'article: Généralement la tension de seuil d'un creux r‘nrrnelhnnrl ala valeur minimale de la tolérance sur
la tension nominale.

3.2.14

surtension transitoire

surtension d'une durée ne dépassant pas quelques millisecondes, oscillatoire ou non,
généralement fortement amortie

Note 1 a l'article: Les surtensions transitoires peuvent étre immédiatement suivies par des surtensions temporaires.
Dans un tel cas, les deux surtensions sont considérées comme des événements distincts.

[SOURCE: IEC 60050-614:2016, 614-03-14, modifié — La Note 2 a été supprimée.]
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3.2.15

équipement industriel d'électronique de puissance
équipement qui n'est pas destiné a étre raccordé a un site résidentiel et dont les émissions et
I'immunité sont supérieures ou égales a celles applicables aux équipements destinés a étre
utilisés dans un site résidentiel

3.3 Abréviations

AIC (Active Infeed Converter) convertisseur a alimentation active

TFD transformée de Fourier discréte

IPC (:ll-p:allt Pointof Cuup“llg) pU;IIt de uuup:agc interme—atinstattation

PCC point de couplage commun

CPl communication par courants porteurs en lighe

PWHD (Partial Weighted Harmonic Distortion) distorsion harmonique partielle pandérée

MLI modulation de largeur d'impulsion
THD (Total Harmonic Distortion) distorsion harmonique totale
ASI alimentation sans intefruption

4 [Classes d'environnement électromagnétique

Plugieurs classes d'environnement électromagnétique pedivent étre définies pour les rése
de dlistribution d'électricité relevant du domaine d'application du présent document. Toutef
pouf des raisons de simplicité, les classes d'environpement suivantes sont spécifiées:

Clagse 1

Clagse 2L

NOTE. 1/ Pour certaines installations de sécurité existantes, par exemple dans les centrales nucléaires, une nou
certitication de sécurité serait exigée si la classe 2| n'était pas couverte dans le présent document

Cette classe concerne les réseaux.d'alimentation électrique protégés, ou
niveaux de compatibilité harmonique inférieurs a ceux applicables aux rése

aux
ois,

des
aux

publics sont nécessaires. Elle couvre l'utilisation d'appareils qui sont trés sensibles
aux perturbations de la tension'd'alimentation (appareils de mesure électriques de
laboratoires, dispositifs d'automatisation et de protection spéciaux, ordinateurs

spéciaux, par exemple).

Cette classe est un-reliquat de I'lEC 61000-2-4:2002 (deuxieme édition) qui codivre

les niveaux de egompatibilité harmonique jusqu'au rang harmonique 40. Les IP(
classes 2L, 2a~et 2b correspondent aux IPC de la classe 2 d'origine.
conséquent,le niveau de perturbation caractéristique dans la plage de fréquen
jusqu'au(rang harmonique 40 dans la classe 2L est présumé étre similaire a @
des classes 2a et2b. Pour la plage de fréquences au-dessus du T
harmonique 40 jusqu'a 150 kHz, la classe 2L est considérée comme étant identi
ada-classe 2a. La classe 2L est destinée a certaines installations existantes, n
n'est pas recommandée pour les nouveaux types d'installations.

de
Par
ces
elui
ang
que
hais

velle

Classe 2a Cette classe concerne les IPC (IPC 1) situés dans des sites industriels, ou aucun
équipement industriel d'électronique de puissance n'est destiné a étre raccordé

Classe 2b

(bureaux, par exemple).

Cette classe concerne les IPC (IPC 2) situés dans des sites industriels, ou

des

équipements industriels d'électronique de puissance sont destinés a étre raccordés

sans transformateur de séparation a des systémes de classe 2a, mais d

ans

lesquels des équipements non industriels normalisés sont également destinés a

étre raccordés (industrie légére, commerce, par exemple).
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Classe 3 Cette classe concerne les IPC (IPC 3) situés dans des sites industriels qui sont
séparés par un transformateur de séparation des zones dans lesquelles des
équipements non industriels sont destinés a étre raccordés. Il convient d'envisager
cette classe lorsque I'une des conditions suivantes est remplie:

e la majeure partie de la ou des charges est alimentée par des convertisseurs
(ou systémes de convertisseurs);
e des machines a souder sont présentes;
e des moteurs de forte puissance sont frequemment démarrés;
PY l—existe—d'autres—charges—dont la—consommation—d'énergie—peut—Vvarier
. -~ - Lad
rapidement.

Il n'est a priori pas possible de déterminer la classe appropriée pour les nouvelles installations

et lgs extensions d'installations existantes; il convient de choisir cette classe en 'fonction du

typg d'équipement et du procédé a I'étude.

La Higure 1 fournit des exemples d'application des classes d'environnement’électromagnétique

susentionnées:

R e F - N
rDispositifs sensibles ) [ Installationsita [ site industriel 1 \( site industriel 2
antérieure/existante Industrie lourde
1 Industrie’légere
K ggi Bureaux CANED 1
ICIasse1 —i——) | I— E— — (R ws R s [ s—
A'g‘r“oﬁggaég’” IPC IPC.4 [iPc2
Classe 2L Classe 2a Classe 2b Classe 3
\. é J \ J \\ J \\ y
IEC
Figure 1 — Exemples d'application des différentes classes
d'environnement électromagnétique dans différents sites industriels

NOTE 2 Les environnements de classe 1 comportent normalement des matériels qui exigent une protection paf des

appdreils tels que des alimentations sans interruption (ASI), des filtres ou des parasurtenseurs.

NOTE 3 Dans certains cas, 'des équipements extrémement sensibles peuvent exiger des niveaux de compatipilité

inférleurs a ceux applicables*aux environnements de classe 1. Les niveaux de compatibilité doivent alors faire I'pbjet

d'unjaccord au cas par’cas’(environnement maitrisé).

NOTE 4 L'alimentation de charges fortement perturbatrices, comme les fours a arc ou les convertisseurs de fforte

puis$ance, qui-sent’ généralement alimentés par un jeu de barres séparé, présente fréquemment des niveaux de

pertyrbation supérieurs a ceux de la classe 3 (environnement sévére). Dans ces installations spéciales ou la glage
de plissapces‘totale est généralement > 200 kW, des niveaux de compatibilité plus élevés sont fixés par accoid en
foncfion.des! caractéristiques des autres charges.

NOTE-S—FEtant-donné—ta—diversité-des—environnements—industrietstes—différentsphénomenes—awsetnrd'tnréseau

donné peuvent étre représentés par différentes classes.

NOTE 6 Dans la troisiéeme image de la Figure 1, des réseaux de classe 2a (bureaux) et de classe 2b (sites de
fabrication Iégére) sont raccordés en direct. Cette pratique d'ingénierie est couramment appliquée dans de
nombreuses installations. Dans ces installations, les équipements de bureau normaux sont en général suffisamment
résistants pour supporter le niveau de perturbation généré par les équipements d'électronique de puissance présents
sur le site industriel 1éger. Dans I'lEC 61000-2-4:2002 (deuxieme édition), ce type d'installation n'a pas soulevé de
questions, car les niveaux de compatibilité ont été analysés jusqu'au rang harmonique 40 seulement et les différents
niveaux de distorsion au-dessus du rang harmonique 40 n'ont pas été pris en compte.
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La Figure 2 donne un exemple de mesure d'atténuation possible:

fi

Sur
par
réel

Au

compatibilité définis dans [I'lEC 61000-2-2 et dans (KMEC 61000-2-12 s'appliquent
résgaux BT et aux réseaux MT, respectivement.

5.1

Les

perfurbations. Cependant, I'envifonnement électromagnétique met généralement en
plugieurs perturbations de maniére simultanée et la performance de certains équipements

étrel dégradée par une combinaison spécifique de perturbations. Voir I'lEC 61000-2-2:2002,

Arti

d'én

r Site industriel 1 Zone de fabrication R
de l'industrie Iégére
Zone de bureaux 333

[—]
— —— Y s [ s Y

Classe2a | IPC1 Classe 2b IPC 2
Fllltre e +

\ é y

IEC

Figure 2 — Exemple d'installation ou les différentes parties sont séparées par des|
tres et ou différentes classes d'environnement électromagnétique sont appliqués

la Figure 2, une zone de bureaux est séparée d'une zone de fabrication de l'industrie 1ég

le.

niveau du PCC situé dans les réseaux publics de distribution d'électricité, les niveau

types de perturbations électromagnétiques

Présentation générale

niveaux de compatibilité sontdéfinis, au cas par cas, pour les différents types

des filtres. Au niveau de I'lPC 1, la classe 2L ou 2a peut étre appliquée selon la situaft

Introduction a la définition des niveaux-de compatibilité pour les différents

)

ere
on

de
aux

de
jeu

Cle A.2. Le premier objetctif des niveaux de compatibilité est de coordonner les i

fournir une indication \du niveau de perturbation électromagnétique attendu dans un rés

locdl donné.

Ceg niveaux-soént indiqués dans les Tableaux 1 a 5. Pour obtenir des recommandations suf

inte

Il cqnvient de classer les IPC en catégories en fonction de leurs niveaux de compatibilité. R

cho

rharmgoniques, voir également I'Annexe C.

eut

ites

hission et les niveaux d'essai d'immunité pour les équipements. Le second objectif esf de

au

es

our

sir certains equipements ou dispositifs specifiques (comme des machines tournantes,

des

batteries de condensateurs ou des filtres), il peut étre nécessaire d'établir une description
spécifique des écarts de tension susceptibles d'étre observés aux bornes de ces équipements.
Dans ce cadre, les comités d'études responsables des normes de produits concernées
spécifient les informations qui permettent de choisir les composants appropriés. Il convient que
ces comités tiennent également compte des niveaux de compatibilité spécifiés dans le présent
document au moment de spécifier les conditions de fonctionnement de l'alimentation de
I'équipement.

Les niveaux de compatibilité sont donnés au niveau de I'IPC, mais cela n'implique pas
nécessairement que les perturbations a de tels niveaux respectent les exigences d'émission au
niveau du PCC. Ce fait doit é&tre examiné avec soin lors du choix des équipements.

NOT

E 1 Les équipements relevant de la classe 1 sont généralement des équipements basse tension.
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NOTE 2 Pour comprendre les niveaux de perturbation causés par les convertisseurs de puissance dans différents
environnements industriels, quelques exemples de résultats de calculs sont fournis a I'Annexe B.

NOTE 3 Les niveaux de compatibilité de la classe 3 couvrent les perturbations possibles dans les environnements
industriels. Dans certaines installations spécifiques, il est attendu que seuls certains types de perturbations
engendrent les niveaux applicables a la classe 3. Dans la mesure ou les équipements ou dispositifs présentent des
susceptibilités différentes aux différents types de perturbations, un appareil ou équipement spécifique peut étre
utilisé avec une alimentation de classe 3 sous certaines conditions, en fonction des niveaux de perturbation réels.

NOTE 4 Les niveaux de perturbation, qui varient dans le temps et d'un site a l'autre, ne peuvent pas étre maftrisés
sur tous les sites et a tous les instants. C'est pourquoi une évaluation est effectuée sur I'ensemble du systeme
industriel étudié, plutdét qu'en un endroit spécifique au sein de ce systéme.

z

5.2 —Evcartsde-tension

Les|niveaux de compatibilité pour les écarts de tension sont identiques aux valeurs deAtglérance
sur Ja tension indiquées dans le Tableau 1. Pour la classe 3, des écarts de tensionengendrant
des|tensions d'alimentation dans la plage de 0,85 Us a 0,9 U avec une duréefinférieurg ou

égaje a 60 s sont attendus. Pour les durées plus longues, la plage de 0)9°Uy a 1,1 Uy
s'agplique.

NOTE 1 Les écarts de tension engendrant du papillotement sont un probléme poufles appareils d'éclairageg, qui
sont|généralement connectés a une alimentation électrique de classe 2a, 2b ou 2L!

NOTE 2 Dans des circonstances particuliéres, certains équipements peuvent étre sensibles aux variations ragides
de I tension.

5.3| Creux de tension et coupures bréves

Pour les IPC de classe 1, une protection assurée par’des ASI est envisagée et aucun creux de
tengion n'est présumé se produire.

L'Anticle B.4 traite des autres aspects liés a ces*deux phénomeénes.

5.4| Déséquilibres de tension

Dans le présent document, les déséquilibres de tension sont pris en compte uniquement|par
rapport a la composante inverses.e'est-a-dire la composante impliquée dans les brouilldges
susgeptibles d'étre causés par‘les matériels raccordés aux réseaux d'alimentation électrique
couyerts par le présent document. Dans le présent document, les déséquilibres de tension gont
étudiés en ce qui concerneleurs effets a long terme, c'est-a-dire pour des durées supérielres
ou ¢gales a 10 min.

NOTE 1 Certains équipements de protection peuvent étre sensibles aux composantes homopolaires de la tengion.
Cet @spect est prisemncompte sur I'ensemble de l'installation.

NOTE 2 Lescomposantes homopolaires de la tension concernent principalement les harmoniques multiples de 3.

NOTE 3 (Les convertisseurs électroniques générent des rangs harmoniques caractéristiques en raison de|leur
topologie’ Jorsqu'ils sont utilisés dans leurs conditions de fonctionnement assignées. Différentes conditionp de
fonclionniement, comme des déséquilibres de tension, des instants de commutation non idéaux, peuvent causer la
génération d'autres rangs harmoniques.

Le déséquilibre de tension causé par une charge monophasée raccordée entre deux phases
est pratiquement égal au rapport de la puissance de cette charge a la puissance de court-circuit
du réseau triphasé. En I'absence de charge monophasée importante, les niveaux de
compatibilité des classes 2a et 2b peuvent étre appliqués.
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5.5 Variations temporaires de la fréquence du réseau d'alimentation

Les niveaux de compatibilité pour les écarts de la fréquence du réseau d'alimentation public
s'appliquent aux installations industrielles alimentées par le réseau public d'alimentation.

Dans la majorité des cas, l'intervalle de variation de la fréquence nominale est inférieur a 1 Hz,
comme cela est indiqué dans I'lEC 61000-2-2:2002, 4.8. Lorsqu'une interconnexion synchrone
est mise en place a I'échelle d'un continent, les variations sont généralement beaucoup plus
faibles.

fréquence nominale est de £1 Hz En régime établi, I'écart entre la fréquence et la fréqugnce
nonjinale est beaucoup plus faible.

NOTE 1 Pour certains équipements, la variation de fréquence est rapide.

NOTE 2 Dans le cas des réseaux flotés, des variations de fréquence peuvent étre attendues.

5.6 Harmoniques

Les|niveaux de compatibilité pour les composantes harmoniques™“de la tension doivent Etre
étudiés par rapport aux harmoniques en régime établi. lls sont-donnés en tant que valeurs de
référence pour les effets a long terme et pour les effets a trés,court terme.

Les| effets a long terme concernent principalement les’effets thermiques sur les cables,
transformateurs, moteurs, condensateurs, etc. lls~\résultent de niveaux d'harmoniques
maiptenus pendant 10 min ou plus.

Le Tableau 2 donne les niveaux de compatibilité relatifs aux composantes harmoniques (LjJe la
tengion pour les effets a long terme. Lescniveaux de compatibilité correspondants pour la
distprsion harmonique totale sont indiqués dans le Tableau 3.

Les| effets a trés court terme concérnent principalement les perturbations agissant sur [des
disgositifs électroniques qui peuvent étre sensibles a des niveaux d'harmoniques maintgnus
pendant 3 s ou moins. Les transitoires ne sont pas compris dans ces effets.

En [ce qui concerne les ‘effets a trés court terme pour les classes 1 et 3, les niveaux de
comnlpatibilité pour les camposantes harmoniques de la tension et pour la distorsion harmonique
totale sont égaux-.a 1,5 fois les valeurs indiquées dans le Tableau 2 et le Tableau 3,
respectivement.

Pour les classes 2a et 2b, les valeurs du Tableau 2 sont multipliées par le facteur k, ou 4| est
déterminé-comme suit:

k:1,3+%x(h—5) (4)

NOTE 1 Les niveaux de compatibilité ci-dessus s'appliquent également aux encoches de commutation, dans la
mesure ou elles contribuent au résidu harmonique de la tension. D'autres aspects (influence sur la commutation
d'autres convertisseurs, ou toute influence sur d'autres équipements qui concernent les composantes harmoniques
de rang plus élevé du spectre, par exemple) exigent une description dans le domaine temporel (voir la norme de
produit applicable).

NOTE 2 Lorsque des condensateurs d'amélioration du facteur de puissance sont utilisés dans des réseaux
industriels, ils sont raccordés au réseau par des inductances série, en particulier ceux qui sont destinés a étre
raccordés a des IPC de classe 3. Lorsque des interharmoniques peuvent étre présents, il existe un risque d'effets
de résonance et ce risque est examiné avec soin. Lorsque I'absence d'effets de résonance est clairement démontrée
et que les valeurs d'harmoniques maximales sont significativement inférieures aux niveaux applicables a la classe 3,
I'emploi d'inductances série peut ne pas étre nécessaire, mais cet aspect est examiné avec soin.
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NOTE 3 Les valeurs spécifiées pour la distorsion harmonique totale ne concernent pas des équipements ou
dispositifs spécifiques, mais ont pour objectif d'empécher la présence simultanée de plusieurs composantes
harmoniques d'amplitude significative.

5.7 Interharmoniques

L'Annexe C fournit des informations sur les sources, les effets et les méthodes d'atténuation
des interharmoniques. A titre de recommandations, elle fournit également des niveaux indicatifs
en attendant la disponibilité de données plus abondantes pour publier les niveaux de
compatibilité applicables.

Le présent document ne donne des niveaux de compatibilité que dans le cas de tensjons
intefharmoniques a une fréquence proche de la fréquence fondamentale (50 Hz ou 60, HZ), ce
qui donne lieu a une modulation en amplitude de la tension d'alimentation.

Dans ces conditions, certaines charges sensibles au carré de la tension, en\particulier| les
disgositifs d'éclairage, mettent en évidence un effet de battement provoquant dd papillotement
(voifr la Note 1 en 5.2.) La fréquence de battement est la différence entrg) les fréquences |des
deuk tensions coexistantes, c'est-a-dire entre la fréquence interharmonique et la fréqugnce
fondamentale.

NOTE 1 Pour les rangs interharmoniques inférieurs a 0,2, les niveaux de.compatibilité sont déterminés paf les
exigences relatives au papillotement, avec P, =1. A cet effet, la sévéyité_du papillotement peut étre calgulée

conformément a I'lEC TR 61000-3-7:2008, Annexe A en utilisant le factetr'de forme donné pour les fluctuatiorls de
tensijon périodiques et sinusoidales. La valeur conservative du facteur.de forme est 0,8 pour 0,04 <m <0,2 et 0,4
pour|m < 0,04.

NOTE 2 Une situation analogue est possible lorsqu'un niveauyde’tension significatif a une fréquence harmorjique
donnée (en particulier de rang 3 ou 5) coexiste avec une tension interharmonique a une fréquence voisine. Lleffet
peut|étre observé sur la Figure 1, ou I'amplitude est donnée par le produit des amplitudes relatives de la fréquence
harmonique et de la fréquence interharmonique a l'origine\de la fréquence de battement. Il est peu probable que le
résultat soit pertinent.

Le piveau de compatibilité pour la tension interharmonique dans le cas ci-dessus, explimé
conme le rapport de son amplitude a:celle de la fréquence fondamentale, est représenté syr la
Figure 1 en fonction de la fréquence“de battement. Il repose sur un niveau de papillotenpent
P ¥ 1 pour les lampes fonctionnant'sous 120 V ou 230 V, et s'applique uniquement aux cirduits

qui fomportent des dispositifs d/éclairage.

5.8| Composantes de tension aux fréquences plus élevées (au-dessus du rang
harmonique 40)

La [distorsion de_l'onde de tension peut étre considérée comme étant équivalente a la
supgrposition des tensions a des fréquences dont certaines dépassent largement le rang
harmonique40. Dans le cas des fréquences les plus élevées, il n'est généralement [pas
pertinent dedistinguer les tensions harmoniques et interharmoniques. Ces tensions peuyent
apppraitre 'a des fréquences spécifiques, mais également dans des bandes de fréquernces
relativement larges.

5.9 Surtensions transitoires

L'amplitude relative des transitoires est généralement fonction de leur durée, de leur fréquence
et du niveau de tension du réseau. L'Article B.5 traite de ce phénomeéne.

5.10 Composante continue

Normalement, la tension des réseaux d'alimentation électrique industriels couverts par le
présent document ne comporte pas de composante continue a un niveau significatif. De telles
composantes continues peuvent néanmoins apparaitre en raison de Iégers défauts de symétrie
au niveau des charges maitrisées, qui sont raccordées directement au réseau sans
transformateur de séparation spécifique.
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Le niveau de courant continu est alors I'élément d'intérét. La valeur de la tension continue de
tension dépend non seulement du courant continu, mais également d'autres facteurs,
notamment la résistance du réseau au point a étudier. Par conséquent, aucun niveau de
compatibilité n'est spécifié pour la tension continue.

Une composante continue peut engendrer une magnétisation dissymétrique des
transformateurs, et ainsi occasionner des échauffements supplémentaires et la génération de
tensions harmoniques. En outre, si de tels courants continus passent par les circuits de terre,
ils favorisent la corrosion des piéces métalliques enfouies.

6 [Niveaux de compatibilité

Les| niveaux de compatibilité en mode différentiel (L-L et L-N) pour les déséquilibres,|les
harmoniques, les interharmoniques et le papillotement sont donnés avec une_probabilitd de
95 %o.

Les|niveaux de compatibilité pour les tolérances sur la tension, les désédquilibres de tension et
les yariations de la fréquence du réseau d'alimentation sont indiqués dans le Tableau 1.

Les|niveaux de compatibilité pour les harmoniques sont indiqués(dans le Tableau 2.

Les| niveaux de compatibilité pour la distorsion harmonigi€ totale sont indiqués dans$ le
Tabjeau 3.

Les|niveaux de compatibilité pour la distorsion destension en mode différentiel au-dessug du
rang harmonique 40 jusqu'a 9 kHz et de 9 kHz 34450 kHz sont indiqués dans le Tableau 4 ¢t le
Tabjeau 5, respectivement.

Les|niveaux de compatibilité pour les interharmoniques sont représentés sur la Figure 3.

Tableau 1 — Niveaux de comypatibilité pour les tolérances sur la tension, les
déséquilibres de tension et les)variations de la fréquence du réseau d'alimentation

Perturbation Classe 1 Classe 2L, Classe 3

classe 2a,
classe 2b

Tol¢rance sur la

tengion nominale U, AUIU,

N N +8 % +10 % 2@ +10 % a-15 9% P

Dégéquilibre destension Uneg/Upos 2% 2% 3%

Ecdrt de la fréqlience du réseau d'alimentation ¢  Af +1 Hz +1 Hz 1 Hz

2 Maleurnon définie dans I'lEC 61000-2-2.

b \Loti-te—5-—2

¢ 2 Hz dans le cas des réseaux flotés.
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