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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-5: Environment —
Description and classification of electromagnetic environments
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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization”comp

national electrotechnical committees (IEC National Committees). The object of IECYis to pr
ernational co-operation on all questions concerning standardization in the electrical and electronic fieldg
s end and in addition to other activities, IEC publishes International Standards, Technical Specificq
chnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter‘\referred to as

the subject dealt with may participate in this preparatory work. International,” governmental and
vernmental organizations liaising with the |IEC also participate in this preparation. IEC collaborates c
th the International Organization for Standardization (ISO) in accordance<with conditions determin
reement between the two organizations.

e formal decisions or agreements of IEC on technical matters express, as nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical\committee has representation frd
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are.made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible/for the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in.'their national and regional publications. Any diver
tween any IEC Publication and the corresponding national or regional publication shall be clearly indica
e |atter.

C itself does not provide any attestation\of conformity. Independent certification bodies provide conf
sessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible fd
rvices carried out by independent cértification bodies.

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

liability shall attach to IEC or‘its directors, employees, servants or agents including individual expert
embers of its technical committees and IEC National Committees for any personal injury, property dam4
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees
penses arising out of\the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawnito the Normative references cited in this publication. Use of the referenced publicati
Hispensable forithe correct application of this publication.

tention is{ drawn to the possibility that some of the elements of this IEC Publication may be the subj
tent rights. IEC shall not be held responsible for identifying any or all such patent rights.

Mmain task of IEC technical committees is to prepare International Standards. HoweV|

rising
mote
s. To
tions,
“IEC

blication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee intefested

non-
osely
bd by

tional
m all

C Publications have the form of recommendations for international use and are accepted by IEC Ngtional

f IEC
I any

htions
jence
ted in

rmity

r any

5 and
ge or
) and
I IEC

ns is

bct of

er, a

Ticatcommittee Tmay propose the pubticationof @ techmnicat Teportwhen ithas Totte

cted

data of a different kind from that which is normally published as an International Standard, for
example "state of the art".

IEC 61000-2-5, which is a technical report, has been prepared by technical committee 77:
Electromagnetic compatibility.

It forms Part 2-5 of IEC 61000. It has the status of a basic EMC publication in accordance
with IEC Guide 107.

This third edition cancels and replaces the second published in 2011. This edition constitutes
a technical revision.
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This edition includes the following significant technical changes with respect to the previous
edition:

a) the description of the radiated electromagnetic environment has been updated taking into
account recent communication technologies;

b) some conducted phenomena and respective interference sources have been described in
more detail.

The text of this technical report is based on the following documents:

Full
repo

This

The
ond

A lis
com

The

= : donafide n " "
Crguiry-arart NeCPOTT O vVOoung

77/525A/DTR 77/526/RVC

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

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

reader's attention is drawn to the fact that Annex E lists some “in-some-country” cla
ffering practices regarding a particular electromagnetic phénhomenon.

t of all parts in the IEC 61000 series, published under.the general title Electromag
patibility (EMC), can be found on the IEC website.

committee has decided that the contents of this ‘document will remain unchanged unt

the

LiISses

hetic

| the

stabllity date indicated on the IEC website under thttp://webstore.iec.ch” in the data relat¢d to

the

—

e W

—

pecific document. At this date, the document will be

bconfirmed,
ithdrawn,

bplaced by a revised edition, or

e amended.

A biljngual version of this publication may be issued at a later date.
IMRORTANT{~The 'colour inside' logo on the cover page of this publication indicqtes
that it contains colours which are considered to be useful for the corgect

understanding of its contents. Users should therefore print this document usin
colpur printer.

a
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-5: Environment —
Description and classification of electromagnetic environments

1 Scope

Knox}xledge of the electromagnetic environment that exists at locations where electric¢all and
elecfronic equipment and systems are intended to be operated is an essential precenditipn in
the process of achieving electromagnetic compatibility. This knowledge can be 6btaineld by
variqus approaches, including a site survey of an intended location, the technical"assessment
of the equipment and system, as well as the general literature.

This|part of IEC 61000

imtroduces the concept of disturbance degrees and defines thes€.for each electromagpetic
henomena,

lassifies into various location classes and describes them’ by’ means of attributes,

rovides background information on the different electromagnetic phenomena that |may
xist within the environment and

ompiles tables of compatibility levels for electroimnagnetic phenomena that are considered
b be relevant for those location classes.

|
=9 OT O T

This|part of IEC 61000 is intended for guidance for those who are in charge of considg¢ring
and [developing immunity requirements. If(also gives basic guidance for the selectign of
immunity levels. The data are applicable tg any item of electrical or electronic equipment, |sub-
syst¢m or system that operates in one of,the locations as considered in this document.

NOTH 1 This document considers relevant electromagnetic phenomena when describing and clasdifying
electrpmagnetic environments (except\HEMP and HPEM which are covered in other IEC 61000-2 standargs). It
makep use of the specification ofstechnologies, of published data and of results from measurements. Not all
electrpmagnetic phenomena considered here are described in detail in this document, but rather in |other
documents of the IEC 61000-2 +series from which the relevant information and data are taken and used ip this
documment. For more detailed\information about those phenomena the user is referred to this series. Segq also
Annex F for an overview ofthe various parts of the IEC 61000-2 series.

NOTH 2 It is noted thatimmunity requirements and immunity levels determined for items of equipment whigh are
intended to be usedtat a certain location class are not inevitably bound to the electromagnetic environment present
at thg location, but-also to requirements of the equipment itself and the application in which it is used (e.g.|when
takind into account requirements regarding availability, reliability or safety). These could lead to more stringent
requifementsswith respect to immunity levels or with respect to applicable performance criteria. These levels can
also be estaplished for more general purposes such as in generic and product standards, taking into agcount
statisfical’and economic aspects as well as common experience in certain application fields.

NOTE 3 Electromagnetic phenomena in general show a broad range of parameters and characteristics and hence
cannot be related one-to-one to standardized immunity tests which basically reflect the impact of electromagnetic
phenomena by a well described test setup. Nonetheless, this document follows an approach to correlate
electromagnetic phenomena and standardized immunity tests up to a certain extent. This might allow users of this
document to partly take into account standardized immunity tests such as given for example in IEC 61000-4(all
parts), when specifying immunity requirements.

The descriptions of electromagnetic environments in this document are predominantly generic
ones, taking into account the characteristics of the location classes under consideration.
Hence, it should be kept in mind that there might be locations for which a more specific
description is required in order to conclude on immunity requirements applicable for those
specific locations.
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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 60050-161:1990, International Electrotechnical Vocabulary — Chapter 161: Electro-
magnetic compatibility (available at www.electropedia.org)

IEC 31000'2-2, E;b'(,ilulllayll(;‘l:ib (,UIII[Jal'I'I:JI.I‘I'l'y (IEIIVI‘C/‘ - Pali 2'2 EIIVI'IUIIIIIC'IIL' ol CUIII[Jdl‘ ‘ I/Ity
levels for low-frequency conducted disturbances and signalling in public low-voltage ppwer
supply systems

IEC TR 61000-2-3, Electromagnetic compatibility (EMC) — Part 2: Environment = Sectign 3:
Desgription of the environment — Radiated and non-network-frequency-related condycted
phenomena

IEC B1000-2-4, Electromagnetic compatibility (EMC) — Part 2-4: Enyvironment — Compatipility
levels in industrial plants for low-frequency conducted disturbances

IEC TR 61000-2-8, Electromagnetic compatibility (EMC) —~PRart 2-8: Environment — Vol|tage
dips| and short interruptions on public electric power supply systems with statigtical
meagsurement results

IEC B1000-2-9, Electromagnetic compatibility (EMC) — Part 2: Environment — Sectidn 9:
Desgription of HEMP environment — Radiated disturbance

IEC p1000-2-12, Electromagnetic compatibility (EMC) - Part 2-12: Environmer
Compatibility levels for low-frequency-S¢onducted disturbances and signalling in public
med|um-voltage power supply systems

~

IEC $1000-2-13, Electromagneti¢c._compatibility (EMC) — Part 2-13: Environment — High-ppwer
electromagnetic (HPEM) envitrenments — Radiated and conducted

IEC $1000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measurement
techhiques — Electrostatic discharge immunity test

IEC p1000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measurefnent
techhiques —-Radiated, radio-frequency, electromagnetic field immunity test

IEC $1000#4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measurement
techhiqués — Electrical fast transient/burst immunity test

IEC 61000-4-5, Electromagnetic compatibility (EMC) — Part 4-5: Testing and measurement
techniques — Surge immunity test

IEC 61000-4-6, Electromagnetic compatibility (EMC) — Part 4-6: Testing and measurement
techniques — Immunity to conducted disturbances, induced by radio-frequency fields

IEC 61000-4-8, Electromagnetic compatibility (EMC) — Part 4-8: Testing and measurement
techniques — Power frequency magnetic field immunity test

IEC 61000-4-9, Electromagnetic compatibility (EMC) — Part 4-9: Testing and measurement
techniques — Impulse magnetic field immunity test
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IEC 61000-4-10, Electromagnetic compatibility (EMC) — Part 4-10: Testing and measurement
techniques — Damped oscillatory magnetic field immunity test

IEC 61000-4-11, Electromagnetic compatibility (EMC) — Part 4-11: Testing and measurement
techniques — Voltage dips, short interruptions and voltage variations immunity tests

IEC 61000-4-12, Electromagnetic compatibility (EMC) — Part 4-12: Testing and measurement
techniques — Ring wave immunity test

IEC 61000-4-13, E/ectromagnet/c compat/blllty (EMC) - Part 4-13: Test/ng and measurement
teCh IILIUUO ILI’GIIIIUIIIUO culu HII.UIIICZIIIIUIIIUO Illuluullly rnrairo Olyllallllllly CZL Aa.U. 'JUVVUI ’JUII. /OW

freqwency immunity tests

IEC $1000-4-14, Electromagnetic compatibility (EMC) — Part 4-14: Testing and measurement
techhiques — Voltage fluctuation immunity test for equipment with input current not excedding
16 Alper phase

IEC $1000-4-16:2015, Electromagnetic compatibility (EMC) — Part\4-16: Testing | and
meagurement techniques — Test for immunity to conducted, common’mode disturbance¢s in
the frequency range 0 Hz to 150 kHz

IEC $1000-4-18, Electromagnetic compatibility (EMC) — Part{4+18: Testing and measurement
techhiques — Damped oscillatory wave immunity test

IEC Bp1000-4-19, Electromagnetic compatibility (EME).7+ Part 4-19: Testing and measurement
techhiques — Test for immunity to conducted, differéntial mode disturbances and signallipg in
the frequency range 2 kHz to 150 kHz at a.c. pewer ports

IEC $1000-4-27, Electromagnetic compatibility (EMC) — Part 4-27: Testing and measureent
techhiques — Unbalance, immunity test for equipment with input current not exceeding [16 A
per phase

IEC $1000-4-28, Electromagnetic_compatibility (EMC) — Part 4-28: Testing and measureent
techhiques — Variation of powerfrequency, immunity test for equipment with input currenf not
exceleding 16 A per phase

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For fhe purposes of this document, the terms and definitions given in IEC 60050-161 and the
following.apply.

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

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

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

3.11

active infeed converter

AlC

self-commutated electronic power converter of all technologies, topologies, voltages and sizes
which is connected between the AC power supply network (lines) and usually a stiff DC side
(current source or voltage source) and which can convert electric power in both directions
(generative or regenerative) and control the reactive power or the power factor
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Note 1 to entry: Some active infeed converters can additionally control the harmonics to reduce the distortion of
an applied AC voltage or current.

3.1.2

blackout

cutoff of electrical power, especially as a result of shortage, mechanical failure, or overuse by
consumers

EXAMPLE A power cut due to a short- or long-term electric power loss in an area.

3.1.3

brownout
reduftion or cutback in electric power, especially as a result of shortage, mechanicalAfaflure,
or oJyeruse by consumers

EXAMPLE Reduction in the voltage of commercially supplied power. It is caused by the failure of .the generation,
transmission, or distribution system, or deliberately by the power utility when demand exceeds supply] The
consymer may or may not notice the difference. In the worst case, damage may result.

3.1.
burst
sequence of a limited number of distinct pulses or an oscillation of-limited duration

[SOURCE: IEC 60050-161:1990, 161-02-07]

3.1.5
burit (in TDMA)
signals transmitted by a terminal in the form of a*hlock of predetermined structure during a
timelinterval allotted to the terminal by a TDMA protocol

[SOYRCE: IEC 60050-725:1994, 725-14-15]

3.1.4
chalacteristic impedance of a medium
waveg impedance for a travelling wave in a specific medium

Note [l to entry: The characteristic impedance of a homogeneous isotropic medium is given by 77 = ‘fﬁ ,
&

wherd

U

&

4 the permeability, of the homogeneous isotropic medium, and

4 the permittivity of the homogeneous isotropic medium.

[SOURCE NIEC 60050-705:1995, 705-03-23, modified — the formula for charactefistic
impgdance has been simplified.]

3.1.7

commercial, public and light-industrial location

location which exists as areas of the city centre, offices, public transport systems
(road/train/underground), and modern business centres containing a concentration of office
automation equipment (PCs, fax machines, photocopiers, telephones, etc.), and characterized
by the fact that equipment is directly connected to a low-voltage public mains network or
connected to a dedicated DC source which is intended to interface between the equipment
and the low-voltage mains network

EXAMPLE Examples of commercial, public or light-industrial locations are:
— retail outlets, for example shops, supermarkets;
— business premises, for example offices, banks, hotels, data centers;

— areas of public entertainment, for example cinemas, public bars, dance halls;
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— places of worship, for example temples, churches, mosques, synagogues;

— outdoor locations, for example petrol stations, car parks, amusement and sports centers;
— general public locations, for example park, amusement facilities, public offices;

— hospitals, educational institutions, for example schools, universities, colleges;

— public traffic area, railway stations, and public areas of an airport;

— light-industrial locations, for example workshops, laboratories, service centers.
Note 1 to entry: The connection between location and electromagnetic environment is given in 3.1.15.

3.1.8

(electromagnetic) compatibility level
spedified electromagnetic disturbance level used as a reference level for co-ordination in the
setting of emission and immunity limits

Note |l 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. However, electromagnetic compatibility is achieved only if em|ssion
and ifnmunity levels are controlled such that, at each location, the disturbance level resulting.from the cumlative
emisgions is lower than the mmunity level for each device, equipment and system situated at\this same locatign.

Note P to entry: The compatibility level may be phenomenon, time or location dependent:

[SOURCE: IEC 60050-161:1990, 161-03-10]

3.1.9
distiirbance degree
spedified and quantified intensity within a range of disturbance levels corresponding [to a
particular electromagnetic phenomenon encountered<n)the environment of interest

3.1.10

distiirbance level
amount of magnitude of an electromagnetic disturbance, measured and evaluated [in a
spedified way

3.1.11
earth port
cablé¢ port other than signal, control or power port, intended for connection to earth

3.1.12

electric field
congftituent of an electromagnetic field which is characterized by the electric field strength E
together with the eléctric flux density D

[SOYRCE: IEC 60050-121:1998, 121-11-67]

3.1.13
electromagnetic-compatibility
EMC

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

[SOURCE: IEC 60050-161:1990, 161-01-07, modified — the terms "device" and "equipment"
have been added to the definition.]

3.1.14

electromagnetic disturbance

any electromagnetic phenomenon which can degrade the performance of a device, equipment
or system, or adversely affect living or inert matter
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Note 1 to entry: An electromagnetic disturbance can be electromagnetic noise, an unwanted signal or a change in
the propagation medium itself.

[SOURCE: IEC 60050-161:1990, 161-01-05]

3.1.15
electromagnetic environment
totality of electromagnetic phenomena existing at a given location

Note 1 to entry: In general, this totality is time-dependent and its description may need a statistical approach.

Note 2 to entry: It js very important not to confuse the electromagnetic environment and the location itself

[SOURCE: IEC 60050-161:1990, 161-01-01, modified — a Note 2 to entry has been added

—

3.1.16

eleciromagnetic field
field| determined by a set of four interrelated vector quantities, that characterizes, toge¢ther
with |[the electric current density and the volumic electric charge, the electric and magpetic
conditions of a material medium or of vacuum

Note [l to entry: The four interrelated vector quantities, which obey Maxwell Equations, are by convention:
e the electric field strength, E,

e the electric flux density, D,

e the magnetic field strength, H,

e the magnetic flux density, B.

[SOYRCE: IEC 60050-121:1998, 121-11-61]

3.1.17

(ele¢tromagnetic) susceptibility
inablility of a device, equipment or systém to perform without degradation in the preseng¢e of
an e|ectromagnetic disturbance

Note [l to entry: Susceptibility is alack of immunity.

[SOURCE: IEC 60050-161:1990, 161-01-21]

3.1.18
enclpsure port
physiical boundary of the equipment, through or on which electromagnetic fields may impinge

3.1.19
far fljeld

regicn where the Qnglllnr distribution of the nlnr\fr‘nmagnnfir\ field is indnpnndonf of disthnce

from the antenna

Note 1 to entry: When the antenna dimensions are smaller than the wavelength, then this region is defined as
d > A/2mn, , where d is the distance from the antenna and 1 is the wavelength of the electromagnetic field.

3.1.20

high voltage

HV

1) in a general sense, the set of voltage levels in excess of low voltage

2) in a restrictive sense, the set of upper voltage levels used in power systems for bulk
transmission of electricity

[SOURCE: IEC 60050-601:1985, 601-01-27]
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3.1.21

immunity (to a disturbance)

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

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

3.1.22

immunity level
maximum level of a given electromagnetic disturbance incident on a particular device,
equipment or system, for which it remains capable of operating at a required degree of
perfoarmance

[SOYRCE: IEC 60050-161:1990, 161-03-14]

3.1.23

industrial location
Iocauion characterized by a separate power network, supplied from a high- or medium-voltage
trangformer, dedicated for the supply of the installation

EXAMPLE Metalworking, pulp and paper, chemical plants, car production, farm building, high-voltage (HV) fareas
of airports.

Note || to entry: Industrial locations can generally be described by the, existence of an installation with dne or
more [of the following characteristics:

— items of equipment installed and connected together and working simultaneously;
— s|gnificant amount of electrical power is generated, transmitted and/or consumed;
— frequent switching of heavy inductive or capacitive loads;

— hjgh currents and associated magnetic fields;

— pfesence of industrial, high power scientific and medical (ISM) equipment (for example, welding machineq).
The ¢lectromagnetic environment at an indystrial location is predominantly produced by the equipment and

installation present at the location. There_are types of industrial locations where some of the electromagnetic
phengmena appear in a more severe degfee-than in other installations.

Note P to entry: Industrial locations’can be further distinguished, for example into general, process, hegvy or
powefr industrial locations.

Note B to entry: The connection between location and electromagnetic environment is given in 3.1.15.

[SOYRCE: IEC 61000-6-2:2016, 3.7]

3.1.24

infeed converter
self-commutated electronic power converter of all technologies, topologies, voltages and gizes
which. is’ connected between the AC power supply network (lines) and usually a stiff DC|side

factor to be close to one

EXAMPLE A switch mode power supply with active power factor correction (PFC) circuit.

3.1.25
islanding
process whereby a power system is split into two or more islands

Note 1 to entry: Islanding is either a deliberate emergency measure, or the result of automatic protection or
control action, or the result of human error.

[SOURCE: IEC 60050-603:1986, 603-04-31]
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3.1.26
ITU regions
the three geographic regions defined within the Radio Regulations are as follows:

Region 1: Europe, Africa, the Middle East west of the Persian Gulf including Iraq, the former
Soviet Union and Mongolia.

Region 2: The Americas, Greenland and some of the eastern Pacific Islands.

Region 3: Most of non-former-Soviet-Union Asia, east of and including Iran, and most of
Oceania.

[SOURCE: ITU Radio Regulations, Section I, 5.2 to 5.4, 2012]

3.1.27
location (EMC)
posifion or site marked by distinguishing electromagnetic features

3.1.28

location class
set gf locations having a common property related to the types and density of electricall and
elec{ronic equipment in use, including installation conditions and external influences

Note [I to entry: See Annex A.

3.1.29

low yoltage
LV
set of voltage levels used for the distribution of electricity and whose upper limit is gendrally
accelpted to be 1 000 V AC

[SOYURCE: IEC 60050-601:1985, 601-01-26]

3.1.30
magsqnetic field
consftituent of an electromagnetic field which is characterized by the magnetic field strendth A

together with the magnetic flux density B
[SOURCE: IEC 60050-121:1998, 121-11-69]

3.1.31
maxjmum burst power
maximum iastantaneous power achieved during a burst

3.1.32
medium voltage

MV

any set of voltage levels lying between low and high voltage

Note 1 to entry: The term medium voltage is commonly used for distribution systems with voltages above 1 kV
and generally applied up to and including 52 kV (see IEC 62271-1).

[SOURCE: IEC 60050-601:1985, 601-01-28, modified — the note has been replaced by the
current note.]

3.1.33

near field

region where the angular distribution of the electromagnetic field is dependent on the distance
from the antenna
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Note 1 to entry: When the antenna dimensions are smaller than the wavelength, then this region is defined as
d < A2, where d is the distance from the antenna and 1 is the wavelength of the electromagnetic field.

3.1.34
port
particular interface of the specified equipment with the external electromagnetic environment

SEE: Figure 1.

Note 1 to entry: In some cases different ports may be combined.

3.1.35
power line telecommunications
PLT
use of existing in-building or network distribution power cabling as a metallic, path for the
distr|bution of data

Note || to entry: Power line telecommunications is also known as broadband power lin€\(BPL) and powdqr line
commjunication (PLC).

3.1.36
power port
port |at which a conductor or cable carrying the primary electrical power needed foll the
operption (functioning) of equipment or associated equipmentis connected to the equipment

3.1.37

resiTential location
locafion which exists as an area of land designated for the construction of domestic dwell|ngs,
and |s characterized by the fact that equipment is*directly connected to a low-voltage public
mains network or connected to a dedicated DC source which is intended to interface between
the gquipment and the low-voltage mains network

EXAMPLE Examples of residential locations ar€”houses, apartments, and farm buildings used for living.
Note [I to entry: The function of a domeStic dwelling is to provide a place for one or more people to live. A
dwelling can be a single, separate building“(as in a detached house) or a separate section of a larger building (as
in an ppartment in an apartment block):

Note P to entry: The connection between location and electromagnetic environment is given in 3.1.15.

[SOYRCE: IEC 61000-651:2016, 3.8]

3.1.38
signjal port
port @t which _a conductor or cable intended to carry signals is connected to the equipmen

EXAMPEE Analogue inputs, outputs and control lines, data busses, antennas, communication networks, etc.

3.1.39

short interruption

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

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

3.1.40

TN system

power system that has one point directly earthed at the source, the exposed conductive parts
of the installation being connected to that point by protective conductors

Note 1 to entry: There are three types of TN systems: TN-S, TN-C and TN-C-S.
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Note 2 to entry: A description of power systems is given in I[EC 60364-1.

3.1.41

unbalance factor
in a three-phase system, the degree of unbalance expressed by the ratio (in per cent)
between the r.m.s. values of the negative sequence (or the zero sequence) component and
the positive sequence component of voltage or current

3.1.42
voltage change
variation of the r.m.s. or peak value between two consecutive levels sustained for definite but

UnSpcbificd durations

Note [| to entry: Whether the r.m.s. or peak value is chosen depends upon the application, and which is|
shoulfl be specified.

[SOURCE: IEC 60050-161:1990, 161-08-01]

3.1.43

voltage dip

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

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

Note
by bo|

3.1.4

P to entry: A voltage dip is a two-dimensional electromagnetic disturbance, the level of which is deter
h voltage and time (duration).

4

voltage fluctuation

serig
perid

3.1.4

for

s of changes of r.m.s. voltage evaluated as a single value for each successive
d between zero-crossings of the source voltage

5

sinusoidal electromagnetic)wave, using complex notation, the quantity representing

an{ impedance

elecfric field at a point divided by the quantity representing the magnetic field at the {
poin

[SOUYRCE: IEC 60050=705:1995, 705-03-22]

3.1.46

Smajrt Grid

intelligent grid
elec{ric_power system that utilizes information exchange and control technologies, distrib
computing and assaciated sensars and actuators for purposes such as:

used

DW a

other

mined

half-

the
ame

uted

e to integrate the behaviour and actions of the network users and other stakeholders,

o to efficiently deliver sustainable, economic and secure electricity supplies via an electricity
network that can intelligently integrate the actions of all users connected to it —
generators, consumers and those that do both — in order to efficiently deliver sustainable,
economic and secure electricity supplies

[SOURCE: IEC 60050-617:2011, 617-04-13, modified — the second bullet point has been
updated.]

3.2
AC
AlIC

Abbreviated terms
alternating current
active infeed converter
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AM
AMN
ASD
ATSC
AV
AVE
BPL
CATV

amplitude modulation

artificial mains network

adjustable speed drive (also variable speed drive)
advanced television systems committee

average

audio-visual equipment

broadband over power line

communal antenna TV

CB
CDMA
CEPJT

CISRR

CMA
CT
CT-2
Ccw
DC
DCGS
DCS
DECT
DTX
DVB}T
DVD
DVR
EAS
EDM
EIRH
EM
EMQ
EN

citizen band
code division multiple access

Conférence Européenne des administrations des Postes et des
Télécommunications

European Conference of Postal and Telecommunications Administrations

Comité International Spécial des Perturbations Radioélectriques
International Special Committee on Radio Interference

constant modulus algorithm

cordless telephony

cordless telephone, second generation
continuous wave

direct current

digital cross connect system

digital cellular system

digital enhanced cordless telecommunications
discontinuous transmission

digital video broadcasting — terrestrial
digital versatile dise

digital video recorder
electronics_article surveillance
electra-discharge machining

effective isotropic radiated power
electromagnetic

electromagnetic compatibility
European Standard

ERC
ERMES
ERP
ESD
ETSI
EU

EUT
FCC
FDD
FDMA
FHSS

EuropeanRadiocommunicationsCommittee
European radio messaging system

effective radiated power

electrostatic discharge

European Telecommunications Standardisation Institute
European Union

equipment under test

Federal Communications Commission
frequency division duplex

frequency division multiple access
frequency hopping spread spectrum
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FM frequency modulation

FOMA freedom of mobile multimedia access
FRS family radio service

FSK frequency shift keying

GMSK Gaussian minimum shift keying

GSM global system for mobile communications

HIPERLAN high performance radio local area network

HEMP high-altitude EM pulse

HPEM high power EM

HSPA high speed packet access

HVAC heating, ventilation and air conditioning

IEC International Electrotechnical Commission

iDEN integrated dispatch enhanced network

IEEE Institute of Electrical and Electronics Engineers

IMT international mobile telephone

ISDB-T integrated services digital broadcasting — terrestrial

ISM industrial, scientific and medical

ISO International Organization for Standardization

ITE information technology equipment

ITU International Telecommunications Unien

JP Japan

LAN local area network

LCL longitudinal conversion loss

LF low frequency

LPRB low power radio service

LTE long term evolution

LTE{A long term evolation advanced

MRI magneticiresonance imaging (also nuclear magnetic resonance)

MURS multi-user radio service

N neutral

NAD[C North American digital cellular

OFDM orthogonal frequency division multiplexing

PC personal computer

PCC point of common coupling

PDC personal digital cellular

PDS power drive system (also known as an adjustable speed drive or variable speed
drive)

PE indication for protective conductor

PEN protective earth — neutral

PEP peak envelope power

PHS personal handy phone system

PK peak

PLC power line communications
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PLT power line telecommunications
PMR public mobile radio
POCSAG Post office code standard advisory group
PoE ports of entry
POS point of sale
PSD power spectral density
PSTN public switched telephone network
PV photovoltaic
PVR personal video recorder
PWM pulse width modulated
RADAR Radio Detection And Ranging
REIN repetitive electrical impulse noise
RF radio frequency
RFI0 radio frequency identification
r.m.g. root mean square
RTTT road traffic and transport telematics
SHF super high frequency
SHINE single high intensity noise event
SRD short range device
SNR| signal to noise ratio
SSB single side band
TDD time domain division
TDMA time domain multiple access
TETRA terrestrial trunked radio
THD total harmonic distortion
TN-C T means-direct connection of one pole to earth,
N means-direct electrical connection of the equipment to the earthed point
of \the power distribution system (in AC systems, the earthed poipt of
the power distribution system is normally the neutral point or,|if a
neutral point is not available, a phase conductor);
€ means the neutral and protective functions are combined in a s|ngle
conductor.
TN-9 T means direct connection of one pole to earth,
N means direct electrical connection of the equipment to the earthed point
of the—power distributiomsystenm{imAC systems,the—earthed—point of
the power distribution system is normally the neutral point or, if a
neutral point is not available, a phase conductor),
S means the neutral and protective functions are separate conductors.
TV television
UHF ultra high frequency
UK United Kingdom
UMTS Universal Mobile Telecommunications System
UPCS Unlicensed Personal Communications Services
UPS uninterruptable power system

us

United States of America
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UTP unscreened twisted pair

uv ultra violet

UwWB ultra wide band

VCR video cassette recorder

VDU video display unit

VHF very high frequency

WMTS wireless medical telemetry service
WLAN wireless local area network

4 User's guide for this document

4.1 Approach

Clasgification of the electromagnetic environment is based on the classification
desdription of the electromagnetic phenomena prevailing at typical locations, not on exi
test [specifications. However, given a choice among equal possibilities, harmonization
exisfing test specifications (if appropriate) will simplify the situation and promote e
acceptance of the recommendations. The definition of electromagnetic environment in 3
refers to “electromagnetic phenomena”. The term "disturbance(degree" (3.1.9) is used in
docyment to quantify the phenomena contributing to the electromagnetic environment ang
independent of any consideration of test levels. The term%‘severity level” is not used in
document to describe the environment, as it is reserved for specifying immunity test levd
othef IEC publications.

Thug, the concept and term of electromagnetic phenomenon is the starting point for def
the g¢nvironment and selecting disturbance degrees in a classification document. Clauses
and [ of this document are the first step of the“process. Three basic categories of phenon
haveg been identified: low-frequency phenamena, high-frequency phenomena and electros
discharge. In the first stage, attributes’;of the phenomena (amplitudes, waveforms, sg
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impgdance, frequency of occurrence~etc.) are defined generically, and the expected range of

disturbance degrees established. Ihen, in the second stage, one single value from that r
has peen identified as most representative value for each phenomenon at a specific cla
locafion and set forth as the compatibility level for that location class.

hnge
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The process is illustrated\in Figure 1, showing how two sets of tables are used: a set of {nput

tablgs that are phendmgna-oriented and establish a range of disturbance degrees for a g
pherjomenon, and ‘a sset of output tables that are location-oriented and propose a tabl

iven
e for

eacH class, with.ane value of compatibility level for each of the phenomena identified in the

set df input tables.
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INPUT OUTPUT
TABLES > TABLES
Phenomena oriented Location oriented

LF — » Conducted Specification of one value per
\/v phenomenon and
interface port, with one
LF \ Radiated table for each location class
_—

Classification according to
the disturbance degrees,
with one table for each phenomenon:

A = Controlled environment

o =
1]

Natural environment

=
1

X = Harsh environment

Phenomenon abc Location class xyz
Disturbance Attributes Disturbance Attributes
degree degree
A B C A B C
_— >

Figure 1 — Schematic of the two-step approach used for

classification with phenomenon-oriented input tables and
location-oriented output tables

Electromagnetic disturbances impinge on equipment by radiation or by conduction. A useful
concept is to consider a set of ports, as shown in Figure 2, through which the disturbances
enter (or exit) the equipment under consideration. The nature and degree of disturbing
phenomena depends on the type of port, so that the tables in this document will take this into
consideration. Electromagnetic radiated disturbances impinge on equipment from distant or
close sources, hence the propagation and coupling can be governed by far-field or by near-
field characteristics. Radiated disturbances that couple into the conductors connected to the
equipment, but outside the equipment enclosure, become conducted disturbances. These are
addressed under the various phenomena listed under conducted disturbances. The enclosure
port shown in Figure 2 concerns only the radiated disturbances that enter the equipment
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through its envelope (either an actual barrier such as a shield, metallic cabinet, etc., or a
physical barrier with no electromagnetic impact, such as a plastic housing).

The equipment shown in Figure 2 is a finished product with an intrinsic function for final use.

— The enclosure port is the physical boundary of the equipment, which electromagnetic
fields may radiate through or impinge upon. The equipment case is normally considered
the enclosure port.

— The signal port is the point where a cable carrying signals to or from the equipment or
controlling the equipment can be connected. Examples are input/output (I/O) data/control
lines, telecom lines, antenna cables, wired network lines, etc

— Tlhe earth port is the point where a cable intended for connection to earth for functionjal or
fety purposes can be connected.

he power port is the point where a conductor or cable is connected to the-equipment
rrying the electrical power (AC or DC) needed for operation. The power ppft can be|both
imput or output power port.

The pignificance of differentiating ports for conducted disturbances reflécts the different types
of plenomena that can occur in power systems versus communicatign‘systems, as well a$ the
impdrtance of earthing practices for each of the systems, as earth¢offen serves as a refergnce
for the equipment. For the purposes of this classification, the  signal and control portg are
conglidered similar and are therefore combined into the signal port. Users need to recognize
that [the values shown correspond to disturbances measured between the conductors of the
spedific systems, in what is described as a differential' mode, a common mode of an
asymmetrical mode.

Enclosure.port

AC power port Signal port

EQUIPMENT

DC power port Earth port

IEC

Figure(2)— Ports of entry (POEs) of electromagnetic disturbances
into equipment

The ffinal classification of environments into location classes and corresponding compatipility
levels is(discussed in Clause 8, with specific examples of location classes given in the tgbles
of Annex/A. In that respect three location classes have been identified in this document|(see
FlgU € 7) The—attributes—of—these—location—classes—are—based—on—the c;gll;fcant
electromagnetic characteristics of a location, rather than geographical or structural aspects.
The location labels of the final classification imply specific definition of significant
electromagnetic attributes. Classes of locations other than those listed in Annex A may be
identified and added to the set as the need arises.

It should be noted that this classification is based on environment data collected up to 2015.
The disturbance degrees shown in Annex A are offered as examples of compatibility levels for
the guidance of product committees, not as immunity requirements. Those values are affected
by uncertainties, and they may not cover extreme environments.

4.2 Rationale for classification system

The purpose of a classification system is to identify a limited set of parameters and
associated values which may be chosen when identifying performance requirements. The
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purpose of such a system is primarily economic, in that it limits the number of variations in the
number of types of equipment which a manufacturer may produce. It also identifies the need
(if any) for appropriate interfaces.

The classification system proposed is rather exhaustive, and shows numerous
electromagnetic phenomena. It does not necessarily mean that the immunity of a given item
shall be tested against all these phenomena, but that a limited set of them may be chosen
according to the environment of concern and inherent characteristics of the item.

4.3 Electromagnetic environment phenomena

The |electromagnetic environment in which electrical and electronic items are expectid to
operpte without interference is very complex. For the purpose of this classification, ‘three
categories of electromagnetic environment phenomena have been defined to describp all
disturbances:

— dlectrostatic discharge (ESD) phenomena (conducted and radiated);
- :])w—frequency phenomena (conducted and radiated, from any source ‘€except ESD);
i

gh-frequency phenomena (conducted and radiated, from any sourCe except ESD).

This|distinction is necessary in order to recognize that electromagnetic disturbances occlr in
a pg3rticular medium. Formally, when dealing with the electromagnetic environment,| the
wavelength A of the considered disturbance is the gauge for*long or large” and for “shdrt or
small”. An item is small or a line is short if the wavelength is much greater thap its
dimgnsions. Consequently, in that situation the frequeney is low, as the frequency is invefsely
propprtional to wavelength. An item is large or a lingjis/long if the wavelength is much smaller
than|its dimensions. However, in the context of the present document and in accordance|with
the IEC EMC approach, the term low frequencyyapplies to frequencies up to and incldding
9 kHE; the term high frequency applies to frequencies above 9 kHz.

Eleciromagnetic radiation in different locations may be a result of intentional or unintent|onal
radigtors and may include electromagiietic fields on frequencies from 0 Hz (static fieldg) to
400 [5Hz. Electromagnetic fields can be radiated from distant or close sources, hencq the
proppgation and coupling can be ‘governed by far-field or by near-field characteristics.| The
resulting field strength at a location is typically controlled by the radiated power, the distance
from| the radiator and coupling effectiveness. The frequency is also an important factpr in
ordef to describe electromagnetic fields at a location.

Radipted disturbances’ occur in the medium surrounding the equipment, while conddycted
disturbances occur in various metallic media. The concept of ports as shown in Figufe 2,
throygh which~disturbances have an impact on the item, allows a distinction among the
folloywing various media:

1) 4gnclasure;

2) AC\power mains;
3) DC power mains;
4) signal lines;

5) interface between items and earth or reference.

The source, the coupling and the propagation characteristics depend on the type of medium.
The final tables of Annex A show the compatibility levels for various location classes, and are
structured along this concept of corresponding ports.
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4.4 Relationship of disturbance levels to CISPR limits

In general compatibility levels are used as reference for coordination in the setting of
emission limits and immunity levels (see also IEC TR 61000-1-1). The disturbance levels
given in this document should be used to determine the compatibility levels.

Emissions from equipment (or from a system made of items of equipment) should be set in
such a way that together with appropriate immunity levels of other items of equipment
electromagnetic compatibility is achieved. The easiest approach would be to set the emission
limits lower than the immunity levels, placing a margin between limits and levels which takes
into account, for example, tolerances in the hardware properties of the items of equipment,
potential coupling mechanisms between items of equipment and statistical considerations

Henge, setting emission limits in this way predominantly aims at the achievement of
elecfromagnetic compatibility. Such types of emission limits are not related to CISPR
emigsion limits as for the specification of CISPR limits a different approach is_applied.

CISHR limits are developed for protection of radio communications. They take into acdount
aspgcts such as field strength signals needed for radio receptiofd or typical protegtion
distgances between radio receivers and potential interference sourges=(typically 10 m or 30 m).
They do not take into account the situation in very close proximity ‘of disturbance sources (as
this Js not a typical situation for reliable radio reception) or immunity issues as the CISPR
emigsion limits are normally far below (several magnitudes).typical immunity levels. In| this
respgct, emission limits derived from the disturbance levels)of this document and CISPR Ijmits
are hot always correlated with each other. Consequéntly, the disturbance levels of| this
document are in most cases not appropriate to derive"CISPR limits.

NOTH More detailed information about determining CISPR\emission limits are given in CISPR TR 16-4-4.
4.5 | Simplification of the electromagnetic environment database

It is|neither possible nor absolutely-necessary to describe completely an electromaghetic
envifonment. Consequently, any description is limited to certain properties of | this
envifonment. The first step ofx'@ description should be the selection of appropriate
elecfromagnetic properties corresponding to the various phenomena that can cieate
elecfromagnetic disturbances\Table 1 lists these phenomena. In this document, the boundary
between low frequency and“high frequency is generally understood as being 9 kHz; howegver,
whe addressing a type ‘ef disturbance prevailing in one frequency range with a small ovérlap
into the other range,cthe boundary might be slightly shifted to keep the phenomenon within
one flescriptive range.

An gppropriatedselection is only valid if its purpose is also specified. Considering the rmany
posslible coupling mechanisms between an item and its electromagnetic environment, it
becdmes apparent that, in order to accurately assess the necessary level of immunity fo any
item)| more information than is available about the environment would be needed. Accuragy of

— some aspects of the environment are disregarded because the information is not
available;

— some aspects of the environment are disregarded because a classification system taking
them into account would become too complex;

— a statistical approach may be necessary, in order to consider only those events for which
the occurrence is likely.

The first two limitations are embedded in the selection of the disturbance types, while the
statistical aspect appears in the definition of environment classes and the selection of a single
value for compatibility levels, rather than a range of values.
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Available databases at the time of elaboration of this document indicate the wide variety of
conducted and radiated disturbances that can be expected to occur in the diverse
environments encountered in the use of equipment. Evaluation by laboratory tests of the
ability of equipment to withstand these environments, or of the effectiveness of mitigation
methods, can be facilitated by a synthesis of the database. This synthesis leads to selecting a
few representative disturbance phenomena that will make tests uniform, meaningful and

replicable.
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Table 1 — Principal phenomena causing electromagnetic disturbances

Phenomena Table Subclause
LF-conducted
Power supply networks Harmonics/inter- 2 5.1.1
harmonics
Voltage fluctuations 3 5.1.2.1 a)
Voltage dips None 5.1.2.1 b)
Voltage interruptions None 5.1.2.1 ¢)
Yoltagetnbatance 4 5424
Voltage frequency 5 5.1.2.2
variations
Power supply networks | Common mode voltages 6 53
Signalling voltage 7 5:1.4
0,1 kHz to 3 kHz
Induced LF 8 5.1.6
DC in AC networks None 5.1.7
Signal and control Induced LF 8 5.1.6
cables (normal conditions)
Induced LF 8 5.1.6
(fault conditions)
LF magnetic field DC 9 5.2.1
Railway 9 5.2.1
Power system 9 5.2.1
Power system harmonics 9 5.2.1
(n = harmonics)
not power system related 9 5.2.1
LF electric field DC lines 10 5.2.2
Railway (16,7 Hz) 10 5.2.2
Power system (50 Hz/ 10 5.2.2
60,Hz)
HF phenomena
Signalling voltage/PLT 3 kHz to 95 kHz 7 5.1.4
95 kHz to 148,5 kHz 7 5.1.4
148,5 kHz to 500 kHz 7 5.1.4
Direct«cenducted 1,606 5 MHz to None 6.1.2
CW/PLT (intentional) 87,5 MHz
Direct-conducted CW 9 kHz to 150 kHz 11 6.1.2.4
(unintentional)
HF-conducted induced 10 kHz to 150 kHz 12 6.1.3
cw 0,15 kHz to 150 MHz 12 6.1.3
Unidirectional transients Nanoseconds 13 6.1.4
Microseconds, close 13 6.1.4
Microseconds, distant 13 6.1.4
Milliseconds 13 6.1.4
HF-conducted High frequency 14 6.1.4
oscillatory transients Medium frequency 14 6.1.4
Low frequency 14 6.1.4

HF radiated
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Phenomena Table Subclause
Radiated CW ISM Group 2 16 6.2.2
Radiated modulated Mobile units 21, 22 6.2.3.2
GSM
DCS1800
DECT
Base stations 23, 24 6.2.3.2
Medical and biological 25 6.2.3.2
telemetry items
Digital television 26, 27, 28 6.2.3.2
broadcast
Unlicensed radio services 29, 30 6.2.3.2
Paging services (base 32 6.2.3.2
station)
RFID + railway 39, 40 6.2.3.3
transponder
Other RF items 19, 20, 33, 34, 35, 36,.37, 6.2.3.2
38
Amateur radio stations 7 6.2.3.1
31 6.2.3.2
CB 18 6.2.3.1
Radiated pulsed Radiated transients 41 6.2.4
RADAR 42 6.2.4
ESD Slow 43/ 44 72/7.3
Fast 43/ 44 7.2/7.3
High altitude Not considered:in“this document; for further information
electromagnetic pulse see |IEC 61000-2-9
(HEMP)
High power Not considered in this document; for further information
electromagnetic pulse seedEC 61000-2-13
(HPEM)

To assist equipment 'designers and users in making appropriate choices in defining immpnity
test [evels, the classification shows, for each phenomenon, only one compatibility leve| per
clasg of locations:The characterization of each phenomenon is presented in tabular form, [from
which a selection can be made. This approach gives a common base of referencg for
spedifying_immunity requirements for an item of equipment expected to be installed at vafious
locafions, and yet provides the appropriate degree of compromise between a conservgtive
overflesign and a cost-conscious reduction of margins. The specification of these
requirerments fot cpcuifiu cquiplllcllt remains—the—fietd—of pluduut standards—and—therefore,

cannot be addressed in the present document.

For a given equipment, the surrounding environment in which it is required to operate results
from the presence and nature of disturbance sources, as well as from the installation
conditions adopted. Typical installation practices take into consideration the mitigation which
can be obtained by separation, shielding and suppression. Therefore, it is important to take
into consideration the effect of these practices when suggesting disturbance degrees in
specific locations where various installation practices are generally applied. This document
assigns a representative degree for the various types of installations likely to be found at
those locations.

The listing of disturbance degrees includes an "A" degree, for an environment where some
mitigation or control might be necessary to satisfy specific requirements, and an "X" degree
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recognizing that in some situations exceptional conditions could prevail that need specific
recognition. The "A" degree corresponds to a situation where the environment is somewhat
controlled by the nature of the building, or installation practices inherent to a particular
location class. The "X" degree corresponds to a degree of disturbance higher than is
generally encountered.

As with any classification scheme, its value lies in its generality. This classification recognizes
that there could be exceptional requirements associated with any specified location. The
consequences of such an occurrence shall be taken into account in designing equipment for
operation in a particular classification category. For example, a particular type of switching
transient can occur infrequently in some location classes. Whether the equipment should be
designed to be “immune” to this particular disturbance depends upon whether its effectg are
temgorary (for instance, a reduction of reception quality that might be acceptable_althpugh
undgsirable), or permanent and unacceptable (equipment damage or malfunction [with
unadceptable consequences).

If nd special performance requirement is expected at a given location, which is the genperal
casel, the procedure is reduced to:

. lecting the appropriate location class from those defined in Clause 8 and Annex A;

. lecting the required immunity in accordance with the principles stated in Clause 9.

The jpurpose of this document is not to specify immunity, butito allow product committegs to
make a selection on a rational and informed basis, witheut specifying equipment immynity.
Datal shown in the Table 2 to Table 14 and Table{16 to Table 44 refer to well-known
elecfromagnetic environment conditions, such as_dow-frequency phenomena or, in ¢ther
casels, only proposed as representative levels for classification.

5 Low-frequency electromagnetic phenomena

5.1 | Conducted low-frequency phenomena
5.1.1 Harmonics of the fundamental power frequency

Harmonic voltages of the fundamental power frequency exist on power supply networks.| The
sourge is harmonic currents of the fundamental power frequency that are injected intq the
power supply network by attached non-linear loads, where they are converted into voltaggs by
the network impedance;

The |number of .nen-linear loads that are utilised in residential, commercial and industrial
locafions has ificreased significantly in recent years. There are two types of non-linear logds:

— Tlhe very large number of small capacity loads (i.e. each consuming less than 1 kW),

ostly/single-phase loads, that are found in the low-voltage power distribution network.

g‘uch loads typically have rectifier input and include items such as household appliances,
AVE, ITE, etc.

— The small number of large capacity loads (i.e. each consuming more than 1 kW) that may
be found in low-voltage, medium-voltage and high-voltage power distribution networks.
Such loads include industrial power drive systems and other manufacturing devices.

For low-voltage public supply networks, the main sources of harmonic voltages are the very
large number of small capacity loads. IEC 61000-1-4 reviews the sources and effects of the
emissions of power frequency conducted harmonic currents in the low-voltage networks.

For low-voltage, medium-voltage and high-voltage industrial power supply networks, the main
sources of harmonic voltages are the small number of large capacity loads.

Harmonics from residential, commercial and industrial areas aggregate to disturb the voltage
of the supply network. Table 2 shows:
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— the disturbance levels for the individual voltage harmonic components;
— the THD:

(1)

where

U, isthe amplitude of the nth harmonic of the fundamental power frequency;

U, is-theamptitude of thefonmdamentatpower frequency:

NOTH 1 The definition of the THD recognises the fact that not all harmonic components will reach~their| peak
amplifjude simultaneously.

NOTH 2 Harmonics up to and including the 40" harmonic are considered, in conformity with IEG 61000-3-2.
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Table 2 — Disturbance degrees and levels for harmonic voltages in power
supply networks (in percentage to fundamental voltage, U,/U,)

Harmonic Odd (non-multiple of 3) Odd and multiple of 3 Even
order  |tup| 5 |7 [11]13[17 ] 19 |23-25[>25] 3 [ 9 [ 15[ 21 [>21] 2 [ 4 [e-10]>10

Basic
document

IEC 61000-2-2, IEC 61000-2-4 and IEC 61000-2-12
Disturbance

degree

(Contﬁ-iicd) Case-by-case according to the equipment requirements
1 5 3 (3| 3 3 2 a a a 3 115103(0,2(0,2( 2 1 0,5 ¢
2 8 6 [5(35] 3 2 a a a 5115|104 (0,2 (02| 2 1 0,5 c
3 10 |8|7]| 5 |4a5]4a | b | P b le 25| 2 |[1,75] 1 | 35| 1 1

X (harsh) Case-by-case according to the situation

NOTE 1 The disturbance degrees A, 1, 2, 3 and X correspond to the classes A,,N.J2, 3 and X defingd in
IEC $1000-2-4; see Clause 4.

NOTE 2 Class 1 applies to protected supply networks and has compatibility/levels lower than those of gublic
supply networks. It relates to the use of equipment that is very sensitive to disturbances in the power supply, for
instahce the instrumentation of technological laboratories, some automatien’ and protection equipment, $ome
computers, etc.

NOTE 3 Class 2 applies to low-voltage public supply networks (see IEC 61000-2-2). It can also apply to
comrnercial and light industrial environments (small- and medium-size industrial plants, commercial buildings).

NOTE 4 Class 3 applies to industrial environments. It has\higher compatibility levels than those of Class |2 for
somg disturbance phenomena. For instance, this class would'be considered when any of the following conditions
are met:

— B major part of the load is fed through power converters;
— elding machines are present;

— |arge motors are frequently started;

— |oads vary rapidly.

NOTE 5 Class X applies to an arbitrarily defined environment, for example, strongly disturbed industrial power
supply networks (steel plants, powerstations, etc.).

The pbove levels correspondito ‘those values that are not exceeded by 95 % of the 10 min mean r.m.s. values
during each period of one-week under normal operating conditions (taken from EN 50160).

a

b

2,27 x (17/n) — 0,27/(where n is the order of the harmonic component)

4,5 x (17/n)=2.0,5 (where n is the order of the harmonic component)
c

0,25 x (1Q/un) + 0,25 (where n is the order of the harmonic component)

5.1.2—Power supply network vottage amptitudeand frequency changes
5.1.2.1 Amplitude change

The voltage amplitude of the 50/60 Hz power network can be subject to various disturbances.

a) Continuous or randomly repeated and relatively rapid fluctuations within the normal
operating range occur at a frequency ranging from 25 times per second to one time per
minute. The most disturbing effect of such fluctuations is a flickering of lighting levels
(mainly low-voltage incandescent lamps), causing physiological discomfort. Sources are
generally industrial loads such as arc furnaces (HV network), welding machines (LV
network) and switching of large loads or capacitor banks. Table 3 lists disturbance levels
for voltage fluctuations within normal operating range.
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Table 3 — Disturbance degrees and levels for voltage changes within normal
operating range (in percentage of nominal voltage, 4U/U,)

Basic standard

Disturbance IEC 61000-2-4
degrees

Disturbance levels

A (controlled) Case-by-case according to the equipment requirements
1 +8 %
2 +10 %
3 -15 % to +10 %
X (harsh) Case-by-case according to the situation

NOTE 1 The disturbance degrees A, 1, 2, 3 and X correspond to the classes A, 1
2, 3 and X defined in IEC 61000-2-4; see Clause 4.

NOTE 2 A range of -15 % to +10 % can occur for a duration shorter than-60 s.
For longer duration, a range of =10 % to +10 % applies.

b) Voltage dips last in most cases for less than 1 s. In areas supplied by overhead lines|, the
umber of voltage dips can reach several hundreds per year, depending on the numbgr of
ghtning strokes and other meteorological conditions in<the area. In areas supplied by
nderground power cables an individual user of electricity connected at LV may be supject
b voltage dips occurring at a rate that extends {rom around ten per year to abqut a
undred per year, depending on local conditions,

S+ =5

hort supply interruptions with durations ranging*up to 180 s also occur. Most of then are
pstored within 60 s. Interruptions lasting mare than 180 s are no longer considered an
MC issue, but a blackout.

d) VYoltage unbalance can be caused by asymmetrical loads or large single-phase loads puch
gs traction systems or single-phasefurhaces. Table 4 shows the disturbance degrees

Mm-S (N
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a) — Voltage dip

AANEA A A A XK O O b
IR IS NINIIIARNARAAANET

IEC

b) — Short supply interruption

Figure 3 — Typical voltage waveforms for dip and interruption
(10 ms/horizontal division)

NOTE 1 Voltage dips and short interruptions have various origins:
— short circuits in LV networks cleared by fuse operation (a few milliseconds);

— faults on MV and HV overhead lines or other equipment, followed or not followed by automatic reclosure
(almost 70 ms to 1 000 ms);

— switching of large loads, especially motors and capacitor banks.

Examples of voltage waveforms for voltage dip and short supply interruption are shown in
Figure 3.
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NOTE 2 The disturbance degrees and compatibility levels for these phenomena, i.e. voltage dips and short supply
interruptions, are not yet available. Further information and suitable immunity levels on these phenomena are given
in IEC 61000-2-2, IEC 61000-2-4, IEC TR 61000-2-8, IEC 61000-4-11 and IEC 61000-4-34.

Table 4 — Disturbance degrees and levels for voltage unbalance
(in percentage of Uy,¢4/Upqs)

Basic standard

Disturbance

degrees IEC 61000-2-2, IEC 61000-2-4 and IEC 61000-2-12

Disturbance levels

A {r‘nnfrnllnd)

Case-hy-case according to the equinment requirements
Y = Tt +

1 2%
2 2%
3 3%
X (harsh) Case-by-case according to the situation

NOTE 1 The disturbance degrees A, 1, 2, 3 and X correspond to the classes A, 1,
2, 3 and X defined in IEC 61000-2-4; see Clause 4.

NOTE 2 Levels are indicated for the ratio of the negative,'phase sequence
component to the positive one.

5.1.3.2 Frequency change

The fundamental frequency of a power supply network/is generally very stable, varying by no

morg than 0,2 %. However, during network disturbances, the fundamental frequency of the
powér network can vary by up to 4 % (see Table\5).

Table 5 — Disturbance degrees and levels for power frequency variation

Basic standard

Disturbance

degrees

IEC 61000-2-2, IEC 61000-2-4 and IEC 61000-2-12

Disturbance levels

A (controlled)

Case-by-case according to the equipment requirements

1 +1 Hz
2 +1 Hz
3 +1 Hz
X (harsh) Case-by-case according to the situation

NOTE 1 The disturbance degrees A, 1, 2, 3 and X correspond to the classes A, 1,
2, 3 and X defined in IEC 61000-2-4; see Clause 4.
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5.1.3 Power supply network common mode voltages

In power supply networks, both phase voltages and phase-to-phase voltages should be
identified. Phase voltages correspond to the phase conductor voltages against the ground
concerned. Phase-to-phase voltages can be regarded as normal mode (or differential mode)
voltages, while the common mode voltage is given by the average of the phase voltages. For
polyphase systems the common mode voltage equals the neutral line voltage. Since the
neutral line is usually grounded, relative current flows through the neutral conductor when the
common mode voltage occurs.
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A common mode voltage should be stationary in power supply networks. If high-frequency
components are contained in it, insulation breakdown, increase of grounding current or noisy
electromagnetic radiation may occur. An electric shock could also occur in the worst case.

Semiconductor power converters are widely adopted in industrial machines and distributed
generators, such as PDS, PV generation, etc. In many cases, these devices are connected to
the power supply network directly, without transformers. This arrangement may change the
common mode voltage of the input/output lines rapidly with the switching frequency. In the
case of PWM converters, the frequency of the common mode voltage change can range from
several hundred Hertz to over 100 kHz.

Figufe 4 shows a typical configuration of the semiconductor converter in a PDS: a 3-phasge AC
network voltage is rectified to DC voltage by a diode-rectifier. For the purpose of simplifying
the e¢xplanation, the neutral point of the AC network is assumed to be grounded,“Thg DC
voltdge is further converted to a 3-phase AC voltage with adjustable frequency and amplitude
by a|PWM inverter. The output voltage feeds an induction or synchronous motor,

P VR
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eI I
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Figure 4 — Typical configuration of the converter in a PDS

Figufre 5 depicts an example of the veoltage and current waveforms at each position in a PDS.
The AC network frequency is 50 HZ)The PDS output frequency is 25 Hz. A representativge AC
inpu{ phase-to-phase voltage, a\representative AC input phase current, the DC voltage and a
repreésentative AC output phase current are shown in of Figure 5a). The AC input phase
currgnt includes large harmaonic components, whereas the AC output current is controllgd to
be ajmost sinusoidal. Figure 5b) indicates both the DC positive pole (P) voltage potential [from
the ground and that of-the negative pole (N). The DC line potential from the ground fluctyates
at 1p0 Hz (50 x 3)( The DC differential voltage fluctuates at 300 Hz (50 x 6), though| this
fluctyation is very .small. Figure 5c) displays the common mode (neutral) voltage of the
converter outpdt,»which contains multiples of the PWM carrier frequency (5 kHz) components.
The |envelope Jof the common mode voltage follows the DC P and N potential voltages.|It is
the gignificant feature of PDS that the output common mode voltage is pulsating at the PWM
carrier frequency although the output current gets almost sinusoidal.

One example of a measured PDS common mode voltage is introduced in Figure 6. The Figure
was taken for between 150 kHz and 30 MHz through an AMN. The motor capacity was 3,7 kW
and the switching frequency of the PDS was 14,5 kHz. Since a peak measuring receiver was
used instead of a quasi-peak measuring receiver, the detected value would be several dB
higher. It is found that about 100 dB(pV) conducted common mode disturbance voltage is
generated.
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NOTE The common mode voltage produced by a PDS causes various interferences:
1) Rise of bearing current resulting in lifetime reduction.

2) Surge voltage resulting in insulation deterioration of motor windings.

3) Generation of stationary grounding current.

4) Induced radio interference.

Figure 6 — Measured common mode voltage at the input terminal of a converter
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Disturbance degrees and levels for common mode voltages are given in Table 6.

Table 6 — Disturbance degrees and levels for common mode voltages

Basic standard
Dizte‘;';ae’;‘:e IEC 61000-4-16
Disturbance levels
1 1V
2 3V
3 10V
4 30V
X (harsh) Case-by case according to the situation

NOTE 1 A more detailed description of the environments in terms of installation
conditions or equipment under operation is given in IEC 61000-4-16:2015, Annex 'B.

NOTE 2 Values in Vr.m.s.

Signalling voltages in power supply networks

Power supply networks are designed for the transmission of energy, but they can als
for the transmission of information by mains (Signalling systems. The relgvant
stangardization documents consider three types of sysfems:

used

hnge of 100 Hz to 3 kHz, generally below,.500 Hz, with signals up to 5 % of U, u
ormal circumstances and up to 9 % of U in cases of resonance. These systems are
some countries in Europe and elsewhére;

= 5 = =

ower-line carrier systems used by:selectrical utilities in public supply networks, in
range 3 kHz to 95 kHz, with allowed signal levels up to 5 % of U,,. These signals
rongly attenuated in the network (> 40 dB). These systems are used mainly in Europ
he US and are developing elsewhere;

—

signalling systems for epd=user premises (residential or industrial) in the range of 95
tp 148,5 kHz in Europe, (IPU region 1), with allowed signal levels up to 0,6 % U, or 5 9
pspectively. In the US* and Japan the upper frequency is 500 kHz, with allowed s
I¢vels between 2 m\rand 0,6 mV.

—

b be

pple control systems that are used by electrical utilities in public supply networks, in the

nder
1sed

the
are
e, in

kHz
Uhp,
gnal

Disturbance degrées and levels for signalling voltages in power systems are given in Table 7.
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Table 7 — Disturbance degrees and levels for signalling voltages
in low and medium-voltage systems (in per cent of nominal voltage U,,)

Frequency range in kHz

Disturbance degrees 0,1t03 | 3to 95 95 to 148,5 | 148,5 to 500
Disturbance levels
A (controlled) @ Case-by-case according to the equipment requirements
10 0,1 kHz to 0,5 kHz: 3 kHz to 9,5 kHz: General: 2t00,6
9% U, d 5% U, d 0,6 % U, (mV, not %)
Ilndustrial areas:
0,5 kHz to 0,95 kHz: 9,5 kHz to 95 kHz: 5%U,
9% U,t05% U, ¢ 5% U, t01,3%U,°

0,95 kHz to 3 kHz:
5% U, ¢

X (harsh) © Case-by-case according to the situation.

NOTE 1 Degree A: residual signals might exist, coupled from adjacent systems where_intentional signals n
be present. For this degree, in contrast with other tables, degree A is not a controlled"environment. Furthern
somk types of installations might offer some degree of protection against this disturbance phenomenon. In
of disturbing over-spill from adjacent networks, it might be necessary to install blocking or absorbing circuits

NOT
instg
refe
regi

NOT
of rqg

E 2 Degree 1: for the range 0,1 kHz to 3 kHz, the values correspond-to normal injection levels in agtual
llations. For the other ranges, the values indicate the maximum "allowed injection level measured ¢n a
ence impedance. These values are only applied in ITU region A\and other values might be used in|ITU

n2or3.

E 3 Degree X: normally the signals are more or less attépuated in the network. However, in certain céses

sonance the signals can be enhanced.

ight
ore,
ase

a8  Network without signalling.

b

¢ $pecial cases (resonances).

d  EN 50160:2010 (Figure 1 and Figure 2) gives information on possible levels of signaling voltages which
e present in public power supply networks. The values are valid for low-voltage and medium-voltage ppwer
gupply networks.

[

q

EFmission level, near to the transmitter.

may

5.1.5

The
islan
protq

pow

To protectlinstallations like hospitals, server farms, shopping centres and warehouses diiring
‘blackouts’ or ‘brown outs’, most of these installations have an independent backup syt

r frequency fluctuation and voltage fluctuation can be larger than usual.

Islanding supply networks
term islanding ,describes the process whereby a power system is split into two or more
ds. Islanding.mainly occurs when either a deliberate emergency measure or an autorFatic
ction/controliaction is taken. If the scale of an islanding network is relatively small, its

tem

for their power supply. This is done by either a backup generator or a UPS. When the backup
system is in operation, the fluctuation in both the power frequency and the voltage amplitude
can be larger than the normal conditions specified in 5.1.2.

Islanding is not limited to the situations mentioned above. For some environments the
situation of a relatively small power supply network can be the normal situation. Examples of

such

environments include:

— a small island, town or house that is physically isolated from a public distribution network
and hence has a separate, independent power supply network that is driven by diesel

g
- a

enerator, photovoltaic power system or other power source;

vessel (ship or aircraft) or off-shore installation.
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In these situations the normal power quality conditions may not exist. It is recommended for
small power networks that a case-by-case assessment be performed to determine the various
aspects of power quality.

5.1.6 Induced low-frequency voltages

Low-frequency currents in cables might (according to actual currents, physical layout, cable
type and other parameters) induce low-frequency common mode voltages into adjacent
cables. The coupling impedance varies according to the proximity of the cables and the
effective parallel length.

Tablg 8 describes induced common mode voltages. Differential mode voltages may also qccur
and fgre strongly dependent on the type of cable, termination and earthing arrangement.

Table 8 — Disturbance degrees and levels for low-frequency,
common mode induced voltages in signal and control cables

Phenomena (sources) and basic standard
Power distribution and mains cables carrying network frequency and Fault condition in
harmonics under normal operating conditions power systen] @
D'ZL“rba“"e IEC 61000-4-16 IEC 61000-4-16
grees
Disturbance leyels
15 Hz to 150 Hz to 1,5 kHzAo 15 kHz to 50 Hz to 1 kHz
150 Hz ¢ 1,5 kHz 15 kHz4 150 kHz
A (dontrolled) Case-by-case according t0 the equipment requirement
1 1t00,1 0,1 0,1to1 1 100
2 3t00,3 0,3 0,3to 3 3 300
3 10 to 1 1 1to0 10 10 1000
4 30to 3 3 3to 30 30 3000°
X|(harsh) Case-by-case according to the situation

NOTE ValuesinV o

alues may be limited by ITU-T)or other mandated mitigation methods.
lay be limited by sparkover of clearances. On insulated ground circuits, higher voltages might occur.
¢ The disturbance levels decrease by 20 dB/decade.

The disturbancedlevels increase by 20 dB/decade.

5.1.7 DC voltage in AC networks

DC yoltage in AC networks is caused primarily by geomagnetic storms that may induce |high
levels of quasi—DC currents in the high-voltage network. DC currents as high as hundreds of
amperes have been measured in high-voltage networks, thereby reducing voltages of up to
10 % of rated voltage for times of hundreds of seconds. In addition, harmonics are created in
transformers, which propagate throughout the power network. As these events are rare (once
per year) and regional (northern and southern latitudes), it is recommended that these events
be considered as a very low probability at a particular location. It is noted that under severe
circumstances, a voltage collapse of the entire power network can result.

It is difficult to assign a precise disturbance level to this rare phenomenon, however, class 3
harmonic levels in Table 2 and class 3 voltage fluctuations in Table 3 could be considered as
appropriate for all locations connected to the public power supply network.
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Radiated low-frequency phenomena

Magnetic fields

Magnetic fields in the power frequency range are produced by several types of sources:

- n
- S8
- b

- S

earby power cables and lines, in particular overhead power lines
tray fields from transformers

us bar systems

witchgear installations

- P

In th
deps
see

The
at th

o [
o f
o f

ower system equipment, such as power drive systems, rectifiers, generators, etc.

e case of power cables, magnetic fields might occur also due to common mode.curr
nding on the type of the power supply system (e.g. in the case of TN:C”syst
B.6).

frequencies or frequency ranges to be considered depend on the typerof sources exi
b |[ocation under consideration and comprise:

C
equencies of railway traction system (e.g. DC, 16 2/3 Hz,50Hz, 60 Hz, ...)

indamental frequency of power supply systems

e Hharmonics occurring in a power system

o f

Sign

equencies not related to power systems

example in the presence of power electronic systems.

Casgd
equi
stati
heat

-by-case consideration is required* in presence of particular nearby high p
bment (electrolysis, generators, ete:), within high power installations (switchyards, p
bns, etc.) or for particular types,of equipment (magnetic resonance equipment, indu
ng, etc.). Table 9 quantifies the magnetic fields from various low-frequency sources.

ficant magnetic fields at harmonic frequenciés appear only in special circumstances

bnts,
Ems,

5ting

, for

bwer
bwer
Ction
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Table 9 — Disturbance degrees and levels for low-frequency magnetic fields
at various frequencies

Phenomena (sources)
. Railway Power system Hoav\rlr:rogic;?ec;: Not related to
DISJ:;?::C& DC @ frequency frequency P y power
16,7 51 50/60 Hz © 0'31 kk:zzdm systems ©
Disturbance levels
A (controlled) Case-by-case according to the equipment requirements
1 3 1 3 3/n 0,015
2 10 3 10 10/n 0,05
3 30 10 30 30/n 0,15
4 100 30 100 100/n 0,5
X (harsh) Case-by-case according to the situation

NOT

E Values in A/m, r.m.s. for AC.

IIh addition to earth magnetic field of about 20 A/m to 60 A/m, depending onocation, at 1 m above groun

fange 100 Hz to 5 kHz may be 0,1 A/m (level 3), see TEC 60118-4.

A\pplicable also to railway systems with fundamental power frequencies other than 16,7 Hz.

A\t 20 m from the track. The fields increase considerably the closer they get to the tracks. 1 A/m at 20 m,[1 m
gbove ground, corresponds to a locomotive of about 3 000 kW. Some” types of railway track signdlling
gystems can also give rise to field strengths greater than level 1.

For overhead lines, measured at 1 m above ground. For housghold or commercial environments, measpred
at 0,3 m from the source, the magnetic field has a range of maghitude of 1 A/m to 10 A/m.

[Vhere n is the order of the harmonic.

[Vhere audio-frequency inductive loops are present, the.'long-term average field strength in the frequéncy

5.2.2

Electric fields

Signfficant electric fields appear in the vicinity of conductive structures that have a |high
voltage with respect to ground.potential or with respect to other conductive structures. Typical
situdtions are for example high-voltage overhead power lines or air-insulated substatjons.
Congidering a potentiallNimpact by electric fields, cables are much less important [than
overhead lines due to the fact that both the metallic coating and the soil isolate the eldctric
field|nearly totally.

The [electric field strength increases proportionally to the nominal voltage of the high-voltage
conductors.\Fhe electric field strength at 1 m height above ground under typical high-voltage
overhead lines ranges from a few kV/m to approximately 15 kV/m for voltage levels [from
110 k\\Up to 750 kV.

Equipment that is located within buildings experiences much lower electric field strength
because buildings provide a reduction factor of 10 to 20, or an even higher attenuation if such
buildings are mainly constructed with conductive elements.

Electric fields caused by household appliances are generally very small and are existent in
close proximity to the surface of such appliances.

Table 10 quantifies the electric fields from various low-frequency sources.
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Table 10 — Disturbance degrees and levels for low-frequency electric fields

Phenomena (sources)

DC lines Railway frequency Power frequency
Disturbance degrees o )
(transmission or traction) 16,7 Hz lines 2 50/60 Hz lines

Disturbance levels

A (controlled) Case-by-case according to the requirements
1 0,1 0,1 <0,1°
2 46 8:3 <465
3 10 1,0 <10¢
4 20 3,0 <20¢©
X (harsh) Case-by-case according to the situation

NOJ'E Values in kV/m, r.m.s. for AC; values are typical for a height of 1 m above ground.

2 JApplicable also to railway systems with fundamental power frequencies other thanp6,7 Hz.
Residential environment, far from overhead lines.

¢ |Outdoor, below overhead lines up to 30 kV and indoor, below overhead lin€s, up to 765 kV.
Outdoor, below overhead lines up to 400 kV.

€ |In HV stations up to 400 kV and below overhead lines up to 765 k\

NOTH 1 Information about electric field coupling is given in IEC'TR 61000-2-3.

NOTH 2 There is no basic immunity standard available ¢hat reflects this kind of electromagnetic stress befause
signiflcant low-frequency electric fields occur in some, specific situations and the amount of electromagnetic
disturpances coupled into equipment by this phenomenon is generally low so that in most cases no harmful
interf¢rence is produced.

6 High-frequency electromagnetic phenomena

6.1 | Conducted high-frequency phenomena

6.1.1 General

This|type of disturbantCe is generally considered as occurring within the set of conductors| of a
systém, either in the jpower supply (AC or DC) or the signal lines of the many types usId in
modern equipment.-A frequent situation is when these systems are implemented by separate
orgapizations ©Or-different individuals, without consideration of voltage differences that might
n of

attributes, as follows:

1) continuous phenomena (induced CW) attributes:

e amplitude voltage
o frequency and
e modulation current

e source impedance
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2) transient phenomena (unidirectional or oscillatory) attributes:

e rate of rise N

e duration voltage
e amplitude and

e spectrum > current

e rate of occurrence
e frequency

e source impedance

o/ energy potential _/

Whep a cable contains an imperfect external shield such as a braid, incident electromagpetic
field$ will induce voltages and currents (depending on loads) on the external shigld relatiye to
the ground (common mode coupling). Due to transfer impedance and admittance terms for a
given cable, there can be leakage into the interior cable wiring, inducing voltages|and
currgnts (depending on loads) between pairs of wires (differential mode, éoupling). This simple
example describes the conversion process. It should be noted that differential mode signals
can |also be converted to common mode signals in the reverse process, creating
elecfromagnetic emissions from the common mode currents.

Clause 6 provides a detailed table for each of the conducted disturbances (continuoys or
trangient) listed in Table 1. Each table gives appropriatecdegrees that will be selected for a
defirfition of the environment at the various location classes.

6.1.2 Direct conducted CW phenomena
6.1.2.1 General

Equipment exists that produces direct conducted CW phenomena as a result of its functjonal
pringiple or intended function. Basically, two types of conducted disturbances can be
distimguished:

e Intentional signal voltagesused, for example, for mains signalling, such as |PLC
cgommunication. Although\thiese voltages are intentionally generated for communicftion
gdurposes, they act as “potential interference sources for all the items of equipent
gonnected to the same power supply network but are not part of the communicgation
process.

nintentional (disturbance voltages due to functional principles of the equipment L:Inder
gonsideration;> for example, the voltages at the switching frequency and its infeger
ultiplesin.case of power electronic devices (i.e. power supplies, power drive systems,
ninterruptable power supply, etc.).

The | méchanisms behind the generation of those disturbances imply that they| are
predemirantiy—of—differential—mede ype—a he—disturbanee otfree—ac€ betweer! the
conductors of a supply cable. Due to the unbalanced termination of equipment involved in the
generation and propagation of those disturbances common mode disturbances are also
produced to a certain extent.

The levels of disturbances associated with the first type of conducted disturbances are
generally limited due to the fact that corresponding communication equipment has to fulfil the
requirements for maximum signal levels given in various standards. With regard to the
frequency range in which these communication systems operate, two frequency ranges can
be distinguished:

— below 150 kHz applied for example for mains signalling used by utilities in energy
measurements or by private network users’ mains communicating systems (see 5.1.4),

— above 150 kHz for example for wide band communication over the internet (see 6.1.2.3
and 6.1.2.4).
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6.1.2.2 PLT

At the time of publication of this document, PLT technology is not a standardised technology,
rather it is a proprietary technology developed separately by a number of manufacturers.
Hence a number of key technology parameters differ between manufacturers and have been
subject to some change over time and may continue to change. Such key parameters include:
— the frequencies over which the technology transmits/receives;

— the PSD at which transmission is launched onto the LV power distribution installation;

— power management ability (i.e. is the technology ‘always on’ — transmitting constantly,

Wmmwmwwﬁmmmaon
uring such times and enter a low-power mode?);

ne digital modulation scheme employed.

—

As HLT transmits information over lines that are designed only for power transfér and nqt for
information transfer, the technology has the potential to disturb all radio ,services in the
neighbourhood and in fact to cause a worldwide increase of the general background noige in
this frequency range.

Gengrally the technology transmits over a frequency band bétween 1,606 5 MHz|and
87,5(MHz.

Also| the technology has not yet reached the level of maturity associated with a set of ppen
interpperability requirements: hence the only items that ¢an be expected to interoperatg are
thosg from the same manufacturer that employ exactly<the same variant.

6.1.2.3 ‘In-home’

‘In-hpme’ PLT systems are designed to exploit a building’s existing LV power distriblition
instgllation as a common data bus to enable' the bi-directional transfer of digital data at fates
up tg 1 200 Mb/s. This exploitation of existing building installation is a significant benefit, [as it
avoi@ls the invasive and disruptive installation of a purpose-built data transfer network| and
allows individual items to be networked together within the same building. The data Heing
trangferred can originate from outside the building: PLT can therefore be used to distribute
hightspeed internet services délivered to the building via traditional UTP telephony cable| co-
axiall TV cables or optical fibre'connection. The data being transferred can also originate [from
within the building: PLT, ¢an therefore be used to allow PCs to communicate with vafgious
perigherals such as shared printing resources, shared storage resources, etc.

Transfer of data ‘is-achieved by the location of a minimum of two terminal items at ppwer
socklets connected to the LV power distribution installation.

PLT| technology creates both a conducted and radiated disturbance to the |ocal
elecllromagnetic environment.

The first conducted disturbance arises as a result of the technology’s treatment of the LV
power distribution installation as a common data bus: all other electrical and electronic items
connected to the building’s LV power distribution installation will be exposed to a
simultaneous common mode and differential mode conducted disturbance through the AC
port. The differential mode generally dominates, as this is the intentionally launched
transmission (albeit attenuated as a result of its propagation along the LV power distribution
installation); the common mode disturbance is generally of a lower disturbance level, since
this arises as a result of modal conversion of the launched differential mode disturbance by
the unbalance about earth of the LV power distribution installation.

The second conducted disturbance arises as a result of electromagnetic coupling between a
building’s internal LV power distribution installation and its telephony distribution installation:
all other items connected to the building’s telephony distribution installation (i.e. voice
telephony items, data modems, fax machines, etc.) will be exposed to a simultaneous
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common mode and differential mode conducted disturbance through the signal port. The
common mode disturbance generally dominates, as this is the result of the coupling between
the power and telephony distribution installation; the differential mode disturbance is generally
of lower disturbance level, since this arises as a result of modal conversion of the coupled
common mode disturbance by the unbalance about earth of the telephony distribution
installation.

Both conducted disturbances are able to propagate along the external LV distribution and
telephony installation connected to the building. Depending upon the topology of these
external networks, these disturbances may be able to propagate to adjacent buildings, where
it is possible that they may interfere with in-home PLT equipment from other manufacturers.

The [radiated disturbance is produced by the common mode current that is induced-upon the
building’s LV power and telephony distribution installations. This common mode disturbange is
free |to propagate throughout the building’s distribution installation and alongvthe extérnal
infraptructure connected to the building.

At the time of publication of this document, some proprietary techniques are under
devdlopment to mitigate the impact of this radiated disturbance on breadcast reception.| The
techpiques involve the PLT technology attempting to detect the €eXxistence of radio seryices
withip its immediate environment (by scanning the common modé“or differential mode signals
present on the LV power distribution installation for carriers \displaying specific modulation
schemes) and dynamically adjust (‘notch’) its launched RSD around the identified fadio
services. At the time of publication of this document no disturbance levels are available.

6.1.2.4 CW disturbances from infeed converters.and active infeed converters (AICs)

Infegd converters and AICs are as part of their.design installed and connected between the
elecfric power supply AC and a secondary DG side. They can be found everywhere in hpme,
residential, small office and industry envicenments for feeding DC consumers, for example
screens, charging devices, communication units, photovoltaic converters, etc. Typically the
infeqd converters are installed in voltage)networks with a nominal voltage of 690 V or belgw.

The [design of infeed converters, and AICs is intended to avoid low frequency harmonids by
synthesizing sinusoidal AC currents. In order to achieve sinusoidal input currents the DQ-link
voltagge is switched with a pulse frequency of normally between 300 Hz and 150 kHz. [This
switg¢hing generates unintended emissions of noise on the AC side.

The pmount of and total emissions are dependent on several factors:

o design of thesconverter, especially of the filter design on the AC side
pad or no-load conditions of the connected DC side

e the number of converters on a single branch of a power supply and the degree to which
thei emissions differ from each other by magnitude and phase angle

e degradation of the filter capacitors because of aging

e spectrum of the emission and the frequency-dependent electromagnetic fields with
inductive, capacitive and galvanic coupling to neighboring networks

e resonances in the supply network
o stability of the supply network characterized by the impedance of the supply network

Other effects which should be taken into account are non-sinusoidal input voltages resulting
from other devices or from the generating unit. These will cause additional currents flowing in
the capacitances within the filters of infeed converter/AIC.

The parallel installation of infeed converters can cause tripping of internal or external fuses.
This results from currents within the filtering capacitors and can reach values of ten times the
rated current of the infeed converter.
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Infeed converters are designed to produce an AC current waveform that fulfils the emission
requirements. Thus the waveform may still be significantly deformed due to the restrictions of
the equipment. AICs, on the contrary, usually have quite sinusoidal current and some of them
may have even active filter functionality that reduces the voltage harmonics of the supply
network by producing counteracting emissions.

Side effects of infeed converters and AICs are harmonic distortions near the pulse frequency
and multiples of it.

Impedances of the supply network are often assumed to be constant. In practice large hourly
varigtions can be caused by changing loads in the network FEspecially, reactive power
compensating capacitors may significantly change the resonances in the network when [they
are gwitched on or off.

Power drive systems can also be equipped with an AIC. The power rating of such drives|may
be qlite high and thus their unintended emissions may be increased similarly.

The | emissions of the infeed converters can result in a relatively Marge bandwidth of
disturbances affecting electric and electronic devices connected to(the same or adjgcent
networks. Because the main function of converters is to convert\woltages and frequencies
disturbing effects may not be obvious to the user. Detailed information about emissions [from
power drive systems is given in IEC TS 62578. These data,were used to conclude on the
levels of disturbances as given in Table 11.

Table 11 — Disturbance degrees and levels of direct CW voltages

Disturbance degree 9 kHz to 150 kHz
A (controlled) Case-by-casge, according to the equipment requirements
1 0,3V
2 1V
3 3V
4 10V
5 30V
X (harsh) Case-by-case according to the situation
NOTE 1 Values are r.m.s.
NOTE,2 ““The corresponding immunity test is given in IEC 61000-4-19.

6.1.2.5 Differential mode continuous wave

The | disturbance sources described above predominantly generate differential mode
disturbances. However, due to unbalances in the equipment and propagation, common mode
disturbances are produced as well with significant conversion from differential to common
mode particularly in the frequency range above 150 kHz. The situation with respect to
common mode disturbances is described in 6.1.3.

For the characterization of differential mode disturbances the following aspects can be
considered:

— Disturbances produced by signalling systems might reach maximum amplitudes derived
from functional specification of signalling systems. Such specifications are given for
example in EN 50065-1.

— Disturbances produced by power electronics can be derived from measurement data.
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At this time, the collection of corresponding data is ongoing. Preliminary disturbance levels
can be found in the corresponding basic immunity standard IEC 61000-4-19.

6.1.3 Induced continuous wave

Electromagnetic fields (for example produced by intentional transmitters or adjacent cabling of
power electronics) induce voltages with respect to reference ground on conductors exposed
to these fields. The amplitude of the induced voltage depends on the length of the conductor,
its height above ground, loops formed by stray capacitances and through other equipment,
plus other factors.

The [relationship between the field strength and the induced voltage is nominally linear for
lengths greater than a sixth of the wavelength. Resonance effects occur when the dimengions
of the loop approach a quarter wavelength and multiples thereof. Table 12 gives) valugs of
induged voltages and corresponding values of common mode currents calculatedy assuming
a characteristic impedance with respect to a ground reference of 150 Q {common rode
impgdance of the mains can be much lower than 150 Q).

The [degrees in Table 12 are for unmodulated conditions. Normall§~occurring disturbance
signals are amplitude modulated (typically less than 80 % ,aodulation) or frequency
modplated.

Table 12 — Disturbance degrees and levels of induced CW voltages
with respect to reference ground

Disturbance degree 10'kHz to 150 kHz 2
0,15 MHz to 150 MHz
V. mA
A (controlled) Casetby-case according to the equipment requirements
1 0,3 0,7
2 1 7
3 3 21
4 10 70
5 30 210
X (harsh) Case-by-case according to the situation

NOTE 1 Values are rim.s.

NOTE 2 The frequency range from 10 kHz to 150 kHz is covered by IEC 61000-4-16, 150 kHz to 80 MiHz is
covefed by IEC61000-4-6.

a8 domeVLFE transmitters can induce considerably higher voltages in the 10 kHz to 150 kHz range.

6.1.4 Transients

For the purpose of this classification, high-frequency transient phenomena have been divided
into two groups, unidirectional and oscillatory. For each group, several different phenomena
(and related sources) are responsible for the occurrence of these disturbances.

1) Oscillatory transients: The relatively high frequency of oscillation of these transients
ranges from less than 1 kHz (primarily capacitor switching) to several MHz (primarily local
oscillations, disconnect switching). Those at the higher end of the frequency range usually
have limited energy deposition capability, but can have high peak voltages. Those at the
lower end of the frequency range can have higher energy deposition capability but lower
peak voltages.
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2) High-energy transients: The various waveforms of these transients are generally acce

pted

as representing appropriate stress levels associated with nearby direct lightning

discharges or switching/fuse operation:
— lightning surges on overhead and underground distribution systems;
— lightning surges originating on overhead lines and travelling in cables;

— transients generated by switching and fuse operations involving trapped energy in the

inductances of the power systems and related/connected equipment.

3) Very fast transients: These transients occur as single events such as electrostatic
discharges (although these might involve a brief sequence of several single pulses), or as

wrsts associated with local low inductance load switchina Both involve verv little o
~J PA

ergy

Qut are capable of producing serious interference or upset due to the extremely fast
time of the event. The transient bursts have been associated with arcing phenon
Under the label of "showering arc" or "electrical fast transient" (EFT). Dielectric' breakg
i$ also a source of similar high-frequency disturbances.

4) CQoupled disturbances: Radiated waves can also be coupled into wiring” systems
gropagate further into equipment; at a point of use far away from the\point of couq
these disturbances then appear as conducted disturbances, althoeugh their orig
radiated energy. These coupled disturbances include several transients induced by
glectromagnetic fields from a nearby (but not attached) cloud<to-ground lightning f
which may contain 2 strokes to 20 strokes, and will contain“energy in the kiloher
megahertz frequency range. A second major source of these disturbances is due tq
g
r

oupling of radiated fields from disconnect switches in.pewer substations; these very

For leach waveshape selected as one of the possible representations of the tran
envifonment, the peak open-circuit voltage and the. peak short-circuit current of the sg
shall be stated to provide a complete and meaningful description.

Occasionally, attempts are made to describe (classify) transients in terms of "energy" to
sele¢t the rating of a candidate surge.protective device. However, this concept can

misl¢ading oversimplification becausethe energy distribution among the circuit elem
involved in a transient event depends on the impedance of the source (including the AC m
network) as well as on the impedance of the surge protective device called upon to diver
trangient. There is no independent, meaningful, self-contained description of a transie
termp of energy alone. The gnergy delivered to the end equipment is the significant facton
it depends on the distribution” between the source and the load (equipment or surge-dive
protective device, or bath).

13 and Table“14 are structured with three sets of time scale or frequency rang
recognize thesey‘diverse origins and provide a generic description of their signif
attributes. The'disturbance degrees are expressed as open-circuit voltages, meaning
voltgge expected under typical light-load conditions, without any nearby surge prote
devi¢e. For'phenomena that reflect the wiring geometry and coupling modes of the tran
sourge;{the voltages are shown in V, in a first approximation, independently of the sy

rise
nena
own

and
ling,
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the
ash,
z to
the
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sing fields induce an oscillatory voltage in cables at frequencies as high as tens of MHz.

ient
urce

help
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volt . ;
proportional to the system voltage and, therefore, the voltages are shown as multiples o
peak value of the power frequency voltage.

ectly
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Table 13 — Disturbance degrees and levels for conducted unidirectional
transients in low-voltage AC power systems

Phenomena (sources)
Lightning Lightning Fuse
Contact arcing @
<1km? >1km? operation P
Unidirectional transients time-scale
Nanoseconds Microseconds Milliseconds
Di(sizl;rrlzir;ce 5ns°¢ Tus® 10 pus © 0,1 ms®©
50 ns 9 50 us 9 1 000 ps 9 1ms?d
Bursts © Multiple © Multiple © Rare ®
ms ms sf Single f
5009 1Qto10Q ¢ 20Qto 300 Q 9 02Qto2QP
Disturbance levels
controlled) Case-by-case according to the equipment requirements
1 0,5 kV 1kV 0,5 kV None
2 1kV 2 kV 1 kW 0,5 Ujeak
3 2 kV 4 kV 155 kV 1,0 Upgai
4 4 kV 8 kV 2 kV 2,0 Uyeak
(harsh) Case-by-case according to the situation

<

alues shown are open-circuit peak voltages (that is, no large“loads connected at the time of occurrence
ny surge protective devices installed in the system) fer 120 V to 690 V r.m.s. power systems. They r¢g
e external origin and the coupling mechanisms of(these transients, which are independent of the sy

= Q

Q

direct strike to the building may cause larger cuprehts in the power conductors.

Malues shown are open-circuit voltages for tragsients occurring at the peak of power frequency sine wavs
Jpeak), added to the power frequency voltage:
Tlhese transients which are internally generated are essentially proportional to the system voltage.

—~

ise time. Initial rise time of the transient.
uration. Full width at half maximum of the individual transient.
ate of occurrence.

uration of event. The.order of magnitude for the total duration of an event with multiple transien|
xpressed in the units shown.

[oMw] wul ol wal

[ds)

ource impedance.

, nor
flect
5tem

pltage. These are currents carried by the power conductors in the building, not the external lightning cufrent;

ts is
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Table 14 — Disturbance degrees and levels for conducted oscillatory transients
in low-voltage AC power systems

Phenomena (sources)

Local system response to Building response to

; Hahing b
impulsive disturbance @ impulsive disturbance @ Capacitor switching

Oscillatory transients frequency range

High frequency Medium frequency Low frequency
Disturbance degrees 0,5 MHz to 30 MHz 5 kHz to 500 kHz 0,2 kHz to 5 kHz
5EnstoBf0ns® Q5 us® 15 usC
0,5nsto5ps¢ 20 ps 9 3ms ¢
Frequent © Occasional © Infreqadent’®
50 Qto 300 Q 10Qto50Qf 1000500 f

Disturbance levels

A (controlled) Case-by-case according to the equipment requirements
1 0,5 kV 1,0 kV 0,5 Upeak
2 1,0 kV 2,0 kV 1,0 Upeak
3 2,0 kV 4,0 kV 2,0 Upeak
4 4,0 kV 6,0, kW 3,0 Upeak
X (harsh) Case-by-case according to the situation

a alues shown are open-circuit voltages (that is, no large loads) connected at the time of occurrence, norfany
gurge protective devices installed in the system) for 1204/to 690 V r.m.s. power systems. They reflec] the
¢xternal origin and the coupling mechanisms of thesesfransients, which are essentially independent of the
gystem voltage.

b alues shown are open-circuit voltages, for transients occurring at the peak of power-frequency sine wave,
including the power-frequency voltage. These*transients, which are internally generated, are essenfially
proportional to the system voltage.

¢ Rise time. Initial rise time of the first part of‘the transient.
4 Puration. Full width at half maximum,df'the envelope of the transient.
¢ [Rate of occurrence.

bource impedance.

6.2 | Radiated high frequency phenomena
6.2.1 General

The description of radiated electromagnetic environments is based on the evaluation of three
type$ of phenomena, each being a category of waveforms sharing some common time domain
or frfquency domain properties, as follows:

— radiated (continuous wave) oscillatory disturbances;
— radiated (modulated) signal disturbances;

— radiated (transient) pulsed disturbances.

Each type contains waveforms that can be reasonably well characterized with a limited
number of parameters, thanks to their similarity. A given electromagnetic phenomenon might
belong to only one type, or be considered as the superposition of several waveforms
belonging to different types.

A given radiated electromagnetic environment can be described with an acceptable accuracy,
by using these three types, and also considering the wave impedance (near-field and far-field
effects). The definition of each type is given in 6.2.2 to 6.2.4, with tables showing disturbance
degrees. The rationale for splitting a single reality — the radiated electromagnetic environment
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at a given location — into several types, is that the action of different types on the item can
have different mechanisms and different consequences. Table 15 gives an overview of the
radiation sources which are considered.

Table 15 — Radiation sources

Table Type of source
16 Radiated continuous oscillatory disturbances
17 Amateur radio bands below 30 MHz
18 27 MHz CB band
19 Analogue communication services below 30 MHz
20 Analogue communication services above 30 MHz
21, 22 Mobile and portable units of cellular phones
23, 24 Base stations of cellular phones
25 Medical and biological telemetry items
26, 27, 28 Digital television broadcast (VHF and UHF)
29, 30 Unlicensed radio services
31 Amateur radio bands above 30 MHz
32 Paging service base station
33 to 38 Other RF items
39, 40 RFID and railway transponder systems
41 Radiated pulsed disturbances
42 RADAR systems
In the past, electromagnetic fields werelpredominantly generated by fixed transmitterq, for
example by radio or TV broadcasting\transmitters. Recently, handheld, frequency-modulated
(FMY transceivers for business, public safety, and amateur radio communications becarme a

and Jn most cases the radiating antennas were outside buildings to get a high efficiency.| The
situgtion changed once technology allowed manufacturing of compact wireless phones|with
low weight and a reasqnable price. Wireless services (DECT, landline telephones, mpbile
phores, UMTS/WiFi/WiMAX/Bluetooth, baby monitors, etc.) have come into widespread use
and pcceptance. Recognizing the fact that equipment for these new technologies could have
the jantenna inside—buildings and be omnipresent at work, in the home and in ppblic
trangportation cfeates a new situation for exposure of equipment to RF energy.

signj(icant part of those RF applications. However, distribution was limited (e.g. by licerlses)

With| the new digital technologies, the traditional modulation format of AM and FM has diven
way |to, pulse modulation. While overall time-averaged transmit power levels might phave
gengrally decreased over time due to improved network density and migration of services], the
maximum possible (peak pulse) power levels in other bands have increased significantly.
Moreover, the incorporation of multiple transmitting antennas (to support for example WiFi
and Bluetooth links), evolving form factors, higher bit rates to facilitate data transfer and
Internet access and the use of wireless headsets have resulted in a more complex and
diverse pattern of use and exposure.

With respect to the exposure to those various types of electromagnetic fields, two situations
have to be distinguished: equipment is exposed to an electromagnetic field under far field
conditions or under near-field conditions, respectively. The second situation in particular has
increased significantly in the recent past. Hence Tables 16 to 19, giving disturbance levels for
various types of transmitters, consider both situations.

It should be noted, that the well-established immunity test method in the basic immunity
standard IEC 61000-4-3 simulates the thread due to electromagnetic fields mostly under far
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field conditions. However, it turned out that equipment could have different immunity
characteristics for exposure under near-field conditions. A corresponding immunity test
method is currently being worked out in the framework of the basic immunity standard
IEC 61000-4-39.

6.2.2 Radiated continuous oscillatory disturbances

These disturbances, occurring as single or multiple events, can strongly couple with the item,
because of an intentional selectivity, or because of an unintentional resonant coupling
mechanism. The values encountered in practice strongly depend on the distance between
victim and source (see Table 16 and Annex B for more information). Disturbances from
mod(iTated sources (e€.g. mobile phones, CB radio) are dealt with In 6.2.3.

Table 16 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Radiated continuous oscillatory disturbances

Phenomena (sources)

ISM ISM ISM
Group 2 equipment Group 2 equipment Group 2 equipmerjt
Transmitter frequencies [MHz]
DF:;?::“ 2 400 to 2 500
and corres- 5725 to 5 875
ponding field 6,765 to 6,795 2 40,66 to 40,70
5trength 24 000 to 24 250
13,553 to 13,567 433,05t0'434,79 2

61 000 to 61 500
122 000 to 123 00 @
244 000 to 246 004 2

26,957 to 27,283 902 to 928

Distance to source [m]

A (controlled) Case-bysease according to the equipment requirements

1 0,3 V/m ab ab d®
2 1V/m ab ab db
3 3 V/m q.b ab db
4 10 V/m d® ab d®
5 30 V/m ab ab db
X (harsh) Case-by-case according to the situation

[

There are no limiis for those frequencies and frequency bands for radiated disturbances (see CISPR 11),

b ISM group™2‘equipment (according to CISPR 11) is not limited in the power used for the operation|and
thereforethere are no limits to be observed for radiated disturbances with regard to EMC. Hence it i not
possible'to generally calculate distances d.

6.2.3 Radiated modulated disturbances
6.2.3.1 Radiated modulated disturbances below 30 MHz

Electromagnetic fields below 30 MHz are mainly due to the usage of amateur radio systems,
CB equipment and AM broadcasting.

The power values mentioned in Table 17 are a summary of all frequencies and the maximum
allowed output power of the transmitter given as Ppgp (peak envelope power) of all three ITU
regions. The output power used for the calculation of the distances in the table is Ppgp
multiplied by the theoretical antenna gain of a half-wavelength dipol antenna (2,15 dB) and is
given as Pgrp (equivalent isotropically radiated power). Possible losses from cables,
switches and mismatches are not considered, to keep the model as simple as possible. The
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calculated field strength is only valid for the main beam of the antenna and is lower outside
this beam.

The distances may vary in real situations because the typical antenna gain is different (up to
10 dB or more) and losses (e.g. from cables) have to be taken into account. These (mostly
rotatable) high gain antennas are normally mounted on antenna towers 10 m to 30 m above
ground or on a roof. In this case only in the direction of the main beam of the antenna the full
field strength will occur. Even for slight deviations from the direction of maximum beam
strength significant reductions of the antenna gain are observed.
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Table 17 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Amateur radio bands below 30 MHz

Phenomena (sources)

Amateur radio station Amateur radio station
1w 100 W a Amateur radio station
pP= P =
ERP PEP
Pgipp ~ 164 W 2 P =1500 Wpgp
Pgigp =2 500 W @
(for 5 MHz band P = 50 W .) ©
Transmitter frequencies [MHz]
U, T35 710 0,135 8 ° T,8 10 2,0 T,8 10 Z,0
Disturbance 0,1357t0 0,137 8°¢ 3,5t04,0 3,51t04,0
an eforfris 0,472 t0 0,479 ¢ 5,330 5; 5,366 5, 5,330 5;5)366 5,
. e 5,371 5; 5,403 5 5,37145} 5,403 5
ponding field
sfrength 7,0to 7,3 70 t0 7,3

10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168
21,0 to 21,45
24,890 to 24,990
28,0 to 2937

10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168
21,0 to 21,45
24,890 to 24,990
28,0 to 29,7

Distance to.source [m]

A (controlled) Case-by-case according‘to the equipment requirements

1 0,3 V/Im a® 233 905
2 1V/m db 70 271
3 3 Vim a® 23 90,5
4 10 V/m db 7 27,1
5 30 V/m a® 2,3 9,05
X (harsh) Case-by-case according to the situation

NOTE The above mentioned peower'and frequency bands are a summary of all three ITU regions. The power P
is (if not otherwise mentioned).the”allowed maximum output power of the amplifier (Pcp). The power arrivirlg at
the aintenna and effectively fadiated by it is P,y and is P reduced by the losses of the feeding cable. For g¢asy
calcplation of E and d, the effective isotropic power Pgp is useful. Most antennas have a direction |with
maxjmum radiation, i.e~in.that direction they have a certain antenna gain G,5, compared to an isotropic radiator.
E ar]d d of this maximum radiation can be easily calculated by means of Py s, which is obtained by multiplying
Ppnt DY the isotropiciantenna gain G gq4. d is the spatial distance from the antenna.

In cgase of an amateur radio station many antenna types (and resulting antenna gains) are possible. |The
calcplations-fer-frequencies above 1,8 MHz in this table are done with an antenna gain of G g, = 2,15 dBi|of a
halfiwavelength dipole antenna and assuming a lossless feeding cable.

HigHer gains are possible, but these (mostly rotatable) antenna types are normally mounted on antenna towers
10 m to 30 m above ground. Typical values for G 4, of such antennas are between 2 dBi and 10 dBi. In this case
only in the direction of the main beam of the antenna the full field strength will occur. In other directions the field
strength will be considerably reduced.

The same values for P, and therefore for E and d in the beam direction for the strong amateur station in the
rightmost column could also be obtained with P = 500 W, a feeding cable attenuation of 1,5 dB and a directional
antenna with an isotropic antenna gain G g of 8,5 dBi. With the same P, the disturbing probability of such an
antenna is much lower than that of an omnidirectional antenna, because the beam width is limited in the
horizontal and vertical plane.
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To simplify the table the highest frequency for each column is used in the calculation of the distance. For
frequencies below 7 MHz the result may be incorrect because the calculations are done for far field
conditions.

For this frequency band no calculations are done. The distances for 1 W, (equivalent radiated power =
standardized theoretical transmitting power taking into account system losses and antenna gain) are always
in the near field and strongly depend on the antenna type used for transmission. Due to this fact the
distances should be investigated case by case from measurements.

In Australia.

In Australia; used with P =5 W,

For this frequency band no calculations are done to keep the table simple. The distances are much closer.
The formulae in Annex B could be used to do the calculations if needed.

Table 18 — Disturbance degrees, levels (in V/im, r.m.s.)
and distance to source — 27 MHz CB band

Phenomena (sources)
CB mobile / portable CB fixed‘inastallation
Disturbance =4 W (AM, FM) P =&W (AM, FM)
egree =12 Wpp (SSB) Pz 12 Wy, (SSB)
angl corres-
ponding field Transmitter frequencies [MHz]
skrength
26,560 to 27,991 26,560 to 27,991
Distance to source [m]
A (controlled) Case-by-case according ta'the equipment requirements
1 0,3 V/m 63,2 80,5
2 1V/m 18,9 24
3 3 V/m 6,32 8,1
4 10 V/Im 1,89 2,4
5 30 V/m 0,63 0,81
X (harsh) Case-by-case according to the situation

NOTE The above mentioned power and frequency bands are a summary of all three ITU regions. In case|of a

CB
calc

a fixed station.

radio station (fixed installation) many antenna types (and resulting antenna gains) are possible. [The
Llations are done with an antenna gain of 0 dB (0 dBi) for a mobile transmitter and with 2,15 dB (0 dBd]) for
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Table 19 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Analogue communication services below 30 MHz

Phenomena (sources)
i AM broadcasting
Disturbance
degree P =500 kW
and corres-
ponding field Transmitter frequencies [MHZz]
strength
0,150 to 30
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 16 500
2 1V/m 4 959
3 3 V/m 1650
4 10 V/Im 430
5 30 V/im 378,5
X (harsh) Case-by-case according to the situation
NOTE The distances are derived assuming an antenna gain of 2,15 dBi of a half wavelength dipole ant¢nna

and
tran
pos{

at the lowest frequency. The table provides data for the frequency range-0,150 MHz to 30 MHz for a 50(
Emitter. Other power levels (50 kW to 2 500 kW) and antenna types“\(and resulting antenna gains) are
ible.

also

6.2.3.

Radi

telelision broadcast, and wireless LANs\(local area networks) can be categorize

cont

2 Radiated modulated disturbances above 30 MHz

ated electromagnetic fields from digitab, equipment such as cellular phones, d

nuous and modulated disturbances: The broadcast services caused by the d

divid

disturbances of interest in 6.2.3.2 are classified into pulsed disturbances such as a sp

spe

multiplexing). A part of the modulation may be due to very frequent (several times per sec
adjugtments of the transmit/power or due to the use of time domain multiple access (TD
In thiis last example the modulated carrier is active in short bursts resulting in a 100 %

env
the ¢
give
degr

Further technical details about the various radiation sources are given in Annex B.

nd after digital television transition are also categorized to this disturbance. Rad

rum and multi-carrier disturbances such as an OFDM (orthogonal frequency div

lope repeated several times per second. A modulated disturbance has both the pulse

information about various radiation sources and the connected range of disturb
Ees.

gital
d to
gital
ated
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ond)
MA).
AM
and

scillatory charadteristics. A common factor is a continuous signal. Table 20 to Table 38

Ance
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Table 20 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Analogue communication services above 30 MHz

Phenomena (sources)
i Walkie-talkie TV - VHF FM broadcast TV — UHF
Disturbance
degree P=5W P =320 kW P =100 kW P =500 kW
and corres-
ponding field Transmitter frequencies [MHZz]
strength
30 to 1 000 48 to 223 76 to 108 470 to 853
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 40,7 13 220 7 390 16,500
2 1V/m 12,2 3 965 2216 4950
3 3 V/m 4,1 1322 739 1650
4 10 V/Im 1,22 396,5 221,6 495
5 30 V/im 0,41 132,2 73,9 165
X (harsh) Case-by-case according to the situation
NOTE 1 The distances for all fixed services are derived assuming an/antenna gain of 2,15 dBi of a|half
wavelength dipole antenna and at the lowest frequency. The data provided in the table represent typical
analpogue communication services. Different antenna types (and resulting antenna gains) are possible.
NOTE 2 The distances for the mobile service (walkie-talkie) arederived assuming an antenna gain of 0 dBi of
an igotropic antenna at the lowest frequency.
Table 21 — Disturbance degrees, levels(ih V/m, r.m.s.) and distance to source -
Mobile and{portable phones
Phenomena (sources)
GSM DCS18Q0 DECT CT-2 PHS NADC IMT-2p00
TDID
P=2W P = 4\W P=025W | P=0,01W | P=0,08W P=6W EFD[);
. (portable) o
Disturbance P=20W P=0,25W
egree (obile)
ang corres-
ponding field Transmitter frequencies [MHz]
skrength
1710 1880 1895 1900
890\to 915 to to 864 to 868 to 825 to 845 to
1784 1960 1918 1940
Distance to source [m]
A (contrelled) Case-by-case according to the equipment requirements
1 03 V/m 104 47 12 23 66 58 12
2 1V/m 31 14 3,5 0,7 2,0 16 3,5
3 3 V/m 10,5 4,7 1,2 0,23 0,66 57 1,2
4 10 V/Im 3,2 1,4 0,35 0,063 0,2 1,6 0,35
5 30 V/m 1,1 0,47 0,12 0,04 0,061 0,57 0,11
6 100 V/m 0,31 0,14 0,031 0,027 0,023 0,17 0,031
X (harsh) Case-by-case according to the situation
NOTE 1 The output power, P, of each mobile or portable cellular is indicated by the maximum burst power,

which means the average power within the burst signal.

NOTE 2 The calculation of distances is done with the maximum power indicated for that type of source.
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Table 22 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Mobile and portable phones (continued)

Phenomena (sources)

3G/UMTS 3G/FOMA 3.5G/HSPA 3.9G/LTE 4G/LTE-A
P =21dBm P =24 dBm P =24 dBm P =24 dBm P =23 dBm
=126 mW =251 mW =251 mW =251 mW =200 mW
Disdt:;t:::ce Transmitter frequencies [MHz]
pondimgiotd | ° : ° " 350 lo 50
sfremgth 790 to,86p
2 300 to 2.400
3400to 3 600
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/Im 8,3 12 12 12 10
2 1Vim 2,5 3,5 3,5 3,5 3,1
3 3 V/im 0,83 1,2 1,2 1,2 1
4 10 VIim 0,24 0,34 0,34 0,34 0,29
5 30 V/m 0,073 0,1 0,11 0,1 0,11
6 100 V/m 0,044 0,047 0,045 0,047 0,067
X (harsh) Case-by-case according to the situation
NOTE 1 The output power, P, of each mobile or portable cellular is indicated by the maximum burst power,

whigh means the average power within the burst signal.

NOTE 2 The calculation of distances is done with the maximum power indicated for that type of source.

NOTE 3 The frequency allocation and transritting power of 5G (5" generation mobile networks) is| not
detgrmined yet because no international 5G development projects, such as 3GPP, have officially been launched.
The|standard for 5G will be released in.the early 2020s. In 5G, broadband of around 1 GHz and a frequéncy
allogation in the sub-millimeter band (e.g. 20 GHz) are considered. This table can be used to estimatel the

distyrbance degrees of 5G cellular.
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a8 Band Il: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), US, CA
Band IV: 1 710 MHz to 1 785 MHz (uplink), 2 110 MHz to 2 155 MHz (downlink), US
Band V: 824 MHz to 849 MHz (uplink), 869 MHz to 894 MHz (downlink), US, AU, CA, BR
Band VIII: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), FI, TH, AU, JP
Band XlI: 1 427,9 MHz — 1 447,9 MHz (uplink), 1 475,9 MHz — 1 495,9 MHz (downlink),JP
Band Xlll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downlink), US (planned)
Band XIV: 788 MHz to 798 MHz (uplink), 758 MHz to 768 MHz (downlink),US (planned)
Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 821 MHz (downlink), EU

b Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP
Band VI: 830 MHz to 840 MHz (uplink), 875 MHz to 885 MHz (downlink), JP
Band I1X: 1 749,9 MHz to 1 784,9 (uplink), 1 844,9 MHz to 1 879,9 (downlink), JP

¢ Band VIII 880 MHZ to 915 MHZ (upllnk) 925 MHZ to 960 MHZ (downllnk)

and X: 1710 MHz to 1 770 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), EC, PE, UY
Band XI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink),JP
Band XIl: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downlink), US

Band XIll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downlink), US (planned)
Band XIV: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (dewnlink),US (planned)
Band XVII: 704 MHz to 716 MHz (uplink), 734 MHz to 746 MHz/(downlink), US

Band XVIII: 815 MHz to 830 MHz (uplink), 860 MHz to 875 MHZz (downlink), JP

Band XIX: 830 MHz to 845 MHz (uplink), 875 MHz to 890 MHz’(downlink), JP

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 8214\MHz (downlink), EU

Band XXI: 1 447,9 MHz to 1 462,9 MHz (uplink), 1 495,9'MHz to 1 510,9 MHz (downlink),JP
Band XXIII: 2 000 MHz to 2 020 MHz (uplink), 2 180.MHz to 2 220 MHz (downlink),US

Band XXIV: 1 626,5 MHz to 1 660,5 MHz (uplink)~1¢625 MHz to 1 559 MHz (downlink),US
Band XXV: 1 850 MHz to 1 915 MHz (uplink), 1 930 MHz to 1 995 MHz (downlink),US

Band XXVI: 814 MHz to 849 MHz (uplink), 859-MHz to 894 MHz (downlink), US

Band XXVIII: 703 MHz to 748 MHz (uplink),(758 MHz to 803 MHz (downlink), JP, AU, Central and South
America

Band XXXVIII: 2 570 MHz to 2 620 MHZ)(uplink/downlink), EU

Band XL: 2 300 MHz to 2 400 MHz (uplink/downlink), AU, CN, IN

Band XLI: 2 496 MHz to 2 690 MHz\(uplink/downlink), US, CN
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Table 23 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Base stations

Phenomena (sources)
GSM DCS1800 DECT CT-2 PHS NADC IMT-2000
TDD
P =320 P =200 P=0,25 P=0,25 P=0,5 P =500 ( )
(FDD)
WERP WERP WERP WERP WERP WERP P=20
Disturbance WEeRp
degree i i
and corres- Transmitter frequencies [MHZz]
ponding field 1 900
sfrength to
935 1805 1880 864 1895 870 1 9do
to to to to to to
960 1880 1960 868 1918 890 2 t101°
2 170
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 2 060 1630 57 57 81 2 590 52(
2 1Vim 620 490 17 17 25 770 154
3 3 V/im 206 163 5,7 5,7 8,1 259 52
4 10 VIm 62 49 1,7 1,7 2,5 77 15,5
5 30 V/m 21 16 0,57 0,57 0,81 26 5,1
6 100 V/m 6,2 4,9 0,17 (Va4 0,24 7,7 1,
X (harsh) Case-by-case according to the situation

NOTE The output power, P, of each base station is indicated by the maximum burst power, which meanq the
averfage power within the burst signal. An absolute gain’of each base-station antenna is assumed to be 16,0|dBi.
For instance, the case where there is a base station in a roof of a building is assumed. The fields are [also
calcplated from Formula (B.4) in Annex B. In practicé the resulting field strength can be much lower due tqd the
placement and high directivity of the transmitting~antennas.



https://iecnorm.com/api/?name=44bf1de938b21267b440e4ceea734b7e

IEC TR 61000-2-5:2017 © |IEC 2017

- 61—

Table 24 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Base stations (continued)

Phenomena (sources)

3G/UMTS 3G/FOMA 3.5G/HSPA 3.9G/LTE 4G/LTE-A
P =400wW P=20w P=20w P=10w P=10w
R (maximum value)
Disturbance
degree Transmitter frequencies [MHz]
and corres-
ponding field a b c d 450 to 470
strength 698 to 862
790 10 B6pR

2 300 to 2 400
3 400~{0"3 600

Di

stance to source [m]

A (controlled)

Case-by-case acc

ording to the equipment requirements

1 0,3 V/m 2 304 515 515 364 364

2 1Vim 691 154 154 109 109

3 3 V/im 230 51,5 51,5 36 36

4 10 V/im 69 15,4 15,4 10,9 10,9

5 30 V/m 23 5,15 5,15 3,7 3,6

6 100 V/m 6,9 1,54 1,54 1,09 1,08

X (harsh) Case-by-case accordirig to the situation

NOTE 1 The output power, P, of each base station is indicated by the maximum burst power, which meang the

average power within the burst signal. An absolute gain of each base-station antenna is assumed to be 16,0|dBi.
For instance, the case where there is a base station ifinarroof of a building is assumed. The fields are |also
calcplated from Formula (B.4) in Annex B. In practice the'resulting field strength can be much lower due tqd the
placement and high directivity of the transmitting antennas.

NOTE 2 The frequency allocation and transmitting power of 5G (5" generation mobile networks) is| not
detgrmined yet because no international 5G development projects, such as 3GPP, have officially been launched.
The|standard for 5G will be released in the~early 2020s. In 5G, broadband of around 1 GHz and a frequency
allogation of sub-millimeter band (e.g.»20Q) GHz) are considered. At this moment, Table 23 can be used to
estimpate the disturbance degrees of 5G _base station.
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Band Il: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), US, CA
Band IV: 1 710 MHz to 1 785 MHz (uplink), 2 110 MHz to 2 155 MHz (downlink), US

Band V: 824 MHz to 849 MHz (uplink), 869 MHz to 894 MHz (downlink), US, AU, CA, BR
Band VIII: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), FI, TH, AU, JP
Band XlI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink),JP
Band Xlll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downlink), US (planned)
Band XIV: 788 MHz to 798 MHz (uplink), 758 MHz to 768 MHz (downlink),US (planned)
Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 821 MHz (downlink), EU

Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP
Band VI: 830 MHz to 840 MHz (uplink), 875 MHz to 885 MHz (downlink), JP
Band IX: 1 749,9 MHz to 1 784,9 (uplink), 1 844,9 MHz to 1 879,9 MHz (downlink), JP

Band VIII 880 MHZ to 915 MHZ (upllnk) 925 MHz to 960 MHZ (downllnk)

and X: 1710 MHz to 1 770 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), EC, PE, UY
Band XI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink), JP
Band XIl: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downlink), US

Band XIll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downlink), US (planned)
Band XIV: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downlink),US (planned)
Band XVII: 704 MHz to 716 MHz (uplink), 734 MHz to 746 MHz/(downlink), US

Band XVIII: 815 MHz to 830 MHz (uplink), 860 MHz to 875 MHZz (downlink), JP

Band XIX: 830 MHz to 845 MHz (uplink), 875 MHz to 890 MHz’(downlink), JP

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 8214\MHz (downlink), EU

Band XXI: 1 447,9 MHz to 1 462,9 MHz (uplink), 1 495,9MHz — 1 510,9 MHz (downlink), JP
Band XXIII: 2 000 MHz to 2 020 MHz (uplink), 2 180.MHz to 2 220 MHz (downlink), US
Band XXIV: 1 626,5 MHz to 1 660,5 MHz (uplink)~1¢625 MHz to 1 559 MHz (downlink), US
Band XXV: 1 850 MHz to 1 915 MHz (uplink), 1 930 MHz to 1 995 MHz (downlink), US

Band XXVI: 814 MHz to 849 MHz (uplink), 859-MHz to 894 MHz (downlink), US

Band XXVIII: 703 MHz to 748 MHz (uplink),(758 MHz to 803 MHz (downlink), JP, AU, Central and South
America

Band XXXVIII: 2 570 MHz to 2 620 MHZ)(uplink/downlink), EU

Band XL: 2 300 MHz to 2 400 MHz (uplink/downlink), AU, CN, IN

Band XLI: 2 496 MHz to 2 690 MHz\(uplink/downlink), US, CN
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Table 25 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Medical and biological telemetry items

Disturbance

Phenomena (sources)

Tele-control (JP)
P=10 mWERp

Medical telemetry (JP)
P=10 mWERP

Wireless medical
telemetry service
(WMTS) (US)

Medical telemetry
(ISM)

degree -
and _ a P =200 mWERP
. E=0,2V/mat3m
correspondin
g field Transmitter frequencies [MHz]
strength
426,025 to 469,487 5 420,05 to- 449,525 608 to 614 40,68
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 2,3 2,3 1,9 10
2 1V/m 0,69 0,69 0,58 2,9
3 3 V/m 0,21 0,21 0,18 1,1
4 10 V/Im 0,09 0,09 0,069 0,72
5 30 V/im 0,062 0,063 0,047 0,51
X (harsh) Case-by-case according to the(situation

NOTE Medical implant devices are not included. An absolute gain of each” antenna connecting with the itgm is

assymed to be 2,14 dBi maximum. The fields are also calculated from-Fermula (B.4) in Annex B.

a8 [rransmitting power is converted from the electric field strength 0,2 V/m at the distance of 3 m by using

Formula (B.4) in the near-field condition as 11,5 mW. Each/separation distance for each field-strength is
Calculated using the transmitting power using also Formulay(B.4).
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Table 26 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —

Digital-television broadcast (VHF)

Disturbance

Phenomena (sources)

Digital TV
broadcast

P =100 KWerp

Digital TV
broadcast

P =100 kWepo

Digital TV
broadcast

P =325 kKWerp

Digital TV
broadcast

P =50 kWggp(SW)

Digital TV
broadcast

P =10 kWgp(DE)

Countries
degree
and corres- US?3 CA% BR" | US? CA?BRP us @ CA 2 BR AU ¢ FR S, FI ¢, PT ¢, IE ¢, DE ¢,
ponding field b,NL ¢ DK ¢, SW ¢, IT ¢ NO ©
sl‘.lcllgiil
Transmitter frequencies [MHz]
54 to 72 76 to 88 174 to 216 174 to 230 174 to
202/209/239(240
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 180 180 330 130 58
2 1V/m 55 55 99 38 17
3 3 V/m 18 18 33 13 5,8
4 10 V/Im 5,4 5,4 9,9 3,9 17,3
5 30 V/m 1,7 1,7 3,2 1,3 5,8
6 100 V/m 0,66 0,56 0,96 0,33 1,73
X (harsh) Case-by-case according to the situation

NOTE For instance, the case where a set of transmitting,antennas is installed in a broadcasting tower.
antgnna installation height of the transmitting antenna is assumed to be about 300 m. The fields are
calcplated from Formula (B.4) in Annex B. A directivity of —30° elevation is =30 dB smaller than that of

The
also
the

maxjmum value. The attenuation includes an attenuation caused by the cross-polarization and the radigtion
pattern of the transmitting antenna. For exampleyialthough the electric field is 100 V/m at the point locatefl on

the

oresight, the field at the observation pointlis 3,16 V/m.

a8  Transmission scheme of DTV: ATSC_(Advanced Television Systems Committee)

b Transmission scheme of DTV: ISDB-T (Integrated Services Digital Broadcasting — Terrestrial)

¢ Transmission scheme of DTV:"DVB-T (Digital Video Broadcasting — Terrestrial)
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Table 27 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Digital-television broadcast (UHF)

Phenomena (sources)

Digital TV Digital TV Digital TV Digital TV Digital TV
broadcast broadcast broadcast broadcast broadcast
P =48 kWEgRp P =5KWERp P =50 P =120 P =1000
kWERp(FI) kWgRp(DE) kWERP
Disturbance Countries
degree
and corres- JP P KR 2 HK FRC FICIT¢ | IEC ESC PTS Us?a CA®
poTﬂ'ﬂ'g fretd DE ¢, DK ¢, NL €,
strength SW €. NO ©
Transmitter frequencies [MHz]
470 to 710 470 to 752/806 470 to 470 to 862 470 to 608,
830/790/854 614 to 698
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirenments
1 0,3 V/m 128 41 129 200 577
2 1V/m 38 12 39 60 174
3 3 V/m 12,7 4,1 12,9 20 57,7
4 10 V/Im 3,8 1,2 3,9 6 17,3
5 30 V/im 1,26 0,4 13 2 5,8
6 100 V/m 0,37 0,11 0,38 0,59 1,73
X (harsh) Case-by-case.according to the situation

NOTE For instance, the case where a set of transmitting antennas is installed in a broadcasting tower.
antgnna installation height of the transmitting antenna is assumed to be about 300 m. The fields are
calcplated from Formula (B.4) in Annex B. A directivity of —30° elevation is —30 dB smaller than that of

The
also
the

maxjmum value. The attenuation includes an<dttenuation caused by the cross-polarization and the radition
pattern of the transmitting antenna. For example, although the electric field is 100 V/m at the point locatefl on

the

oresight, the field at the observation ‘point is 3,16 V/m.

2  Transmission scheme of DTV: ATSE (Advanced Television Systems Committee)

b

Transmission scheme of DTV._ISDB-T (Integrated Services Digital Broadcasting — Terrestrial)

¢ Transmission scheme of DTV: DVB-T (Digital Video Broadcasting — Terrestrial)
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Table 28 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Digital-television broadcast (UHF) (continued)

Phenomena (sources)
Digital TV Digital TV Digital TV Digital TV Digital TV
broadcast broadcast broadcast broadcast broadcast
P =48 kWERp P =5KWERp P =50 P =120 P =1000
Disturbance KWerp(F) KWERP(DE) KWERP
degree Countries
and corres-
ponding field BR P UK ¢ SG ¢ AU © TW ©
strength
Transmitter frequencies [MHz]
470 to 608, 470 to 550, 494 to 790 520 to 610, 530 to 60p
614 to 806 630 to 806 750 to 806
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/Im 163 258 115 258 167
2 1V/m 49 77 35 77 50
3 3 V/m 16,4 25,8 11,5 25,8 16,7
4 10 V/Im 4,9 7,7 3,4 7,7 5
5 30 V/im 1,63 2,58 1,15 2,58 1,67
6 [100 V/Im 0,48 0,77 0,34 0,77 0,49
X (harsh) Case-by-case aceording to the situation
NOTE 1 For instance, the case where a set of transmitting antennas is installed in a broadcasting tower.|The
antgnna installation height of the transmitting antenpa is assumed to be about 300 m. The fields are [also
calcplated from Formula (B.4) in Annex B. A directivity~of —30° elevation is —30 dB smaller than that of maxipmum
valup. The attenuation includes an attenuation caused by the cross-polarization and the radiation pattern of the
trangmitting antenna. For example, although the.electric field is 100 V/m at the point located on the boresjght,
the {ield at the observation point is 3,16 V/m.
NOTE 2 An absolute gain of the transmifting antenna for DTV of Taiwan is assumed to be 12,25 dBi.
2  Transmission scheme of DTV: ATSC (Advanced Television Systems Committee)
b Transmission scheme of DTV ISDB-T (Integrated Services Digital Broadcasting — Terrestrial)
¢ Transmission scheme of DTV: DVB-T (Digital Video Broadcasting — Terrestrial)
The |digital dividend refers to the spectrum which is released in the process of djgital
teleVision transition. The digital dividend usually locates at frequency bands from 174 MHz to
230 MHz (MHF) and from 470 MHz to 862 MHz (UHF). In the case of Japan the frequency
band from;90 MHz to 108 MHz (VHF low-band) also is added. Current status of the djgital
dividend, around the world is listed below.

US: A frequency band from 698 MHz to 806 MHz is divided up into A, B, C, D, and E blocks.
These frequency blocks are to be auctioned.

EU: Frequency bands of 800 MHz and 900 MHz are mainly to be allocated for 3G/4G cellular
phones.

JP: Ministry of Internal Affairs and Communications sets out a policy for the division and
reallocations of the frequency band. Services of ITS (intelligent transport systems) for road-to-
vehicle and vehicle-to-vehicle communications, FPU (field pickup units) for broadcasting
system, and radio microphones will be allowed in a frequency band from 755 MHz to
806 MHz.
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Table 29 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Unlicensed radio services

Phenomena (sources)
Radio Radio control Family radio Low power radio Multi-use radio
microphones radio service service (FRS) service (LPRS) service (MURS)
) P =10 mWegpp P=075Wgrp P=05Wggp P=01Wgrp P=2w?
Disturbance
degree Countries
and
correspondin JP us us us us
jeld
rength Transmitter frequencies [MHz]
74,322;
806,125 to 72,75 462 to 467 216 161 154
809,75
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 9,3V/m 2,3 16 17 5:7 37
2 1V/m 0,69 4,7 5 1,7 11
3 3 V/m 0,22 1,5 1,7 0,54 3,7
4 [0V/m 0,065 0,56 0,48 0,20 1.1
5 PBO0V/m 0,041 0,38 0,14 0,14 0,34
X [harsh) Case-by-case according to the situation
NOTE 1 Radio microphones, wireless telemetries, radio control radio services, citizens band radio services,

perslonal wireless communications, cordless phones, and other short range devices are categorized in the table

How
and

NOT

EIRP

= 1,64  Pppp.

E 2 The relationship between effective radiated power (ERP) and equivalent isotropic radiated p
(EIRP) is P

ever, wireless telemetries and citizens band radio setviCes are not treated here. Some frequencies of MURS
FRS allocate for cordless phones. The fields are also calculated from Formula (B.4) in Annex B.

wer

a

2 W is the transmitter power output; the antenna gain is 3,0 dBi.
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Table 30 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Unlicensed radio services (continued)

Phenomena (sources)
Non- Non- Alarm Model Wireless PMR 446 Digital
specific specific SRDs control Audio equipment PMR 446
SRD SRD SRDs SRDs equipment
P=25 P=05Wgpp
P=10 P=05 mWepp E=0,1 P=10 P=05
mWeRp WeRp WERp mWeRp Wegp
Disturbance Countries
degree
and EU EU EU EU EU EU EU
cofresponding i i
fie|d strength Transmitter frequencies [MHz]
40,66 34,995
to to 446,006 2
40,7 868 868,6 35,225 863 éto 4461
to to to- 446.093 7 to
433,05 870 869,7 40,665 865 ’5 446)2
to to
434,79 40,695
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 ,3V/m 2,1 16 3,6 7,2 2,3 16 16
2 1V/m 0,96 5,0 1,1 1,9 0,7 5,0 5,0
3 3 V/m 0,66 1,7 0,37 0,98 0,23 1,7 1,7
4 [O0V/m 0,45 0,5 0,098 0,66 0,063 0,48 0,48
5 PBOV/m 0,32 0,16 0,046 0,47 0,04 0,14 0,14
X [harsh) Case-by:Case according to the situation
NOTE SRD and PMR mean the short range \devices and the private mobile radio, respectively. Rladio
microphones, wireless telemetries, radio contrel~radio services, citizens band radio services, personal wirdless
communications, cordless phones, and othér~short range devices are categorized in the table. Howgver,
wire|ess telemetries and citizens band radio services are not treated here. Some frequencies of PMR and digital
PMR allocate for cordless phones. The fields are also calculated from Formula (B.4) in Annex B.

The power values mentioned in Table 31 are a summary of all frequencies and the maximum
allowed output power.¢f-the transmitter given as Ppgp (peak envelope power) of all threq ITU
regigns. The output‘power used for the calculation of the distances in the table is Ppgp
multiplied by the theoretical antenna gain of a half-wavelength dipol antenna (2,15 dB) apd is
given as Pgjrp-(€quivalent isotropically radiated power). Possible losses from caples,
swit¢hes and~mismatches are not considered to keep the model as simple as possible.| The
calcllated<field strength is only valid for the main beam of the antenna and is lower outside
this beam.

The distances may vary in real situations because the typical antenna gain is different (up to
10 dB or more) and losses (e.g. from cables) have to be taken into account. These (mostly
rotatable) high gain antennas are normally mounted on antenna towers 10 m to 30 m above
ground or on a roof. In this case only in the direction of the main beam of the antenna the full
field strength will occur. Even for slight deviations from the direction of maximum beam
strength significant reductions of the antenna gain are observed.


https://iecnorm.com/api/?name=44bf1de938b21267b440e4ceea734b7e

IEC TR 61000-2-5:2017 © |IEC 2017 - 69 -

Table 31 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Amateur radio bands above 30 MHz

Phenomena (sources)
Amateur radio station Amateur radio station Amateur radio station
P=1500W P=1500W P=1500W
Pgirp ® 2 500 W Pgirp 2 500 W Pgirp ® 2 500 W
Transmitter frequencies [MHz]
10 000 to 10 500
Disturbance
deqaree 24 000 to 24 250
and 50 to 54
. 1240 to 1 300 47 000 to 47 200
corresponding 144 to 148
fie]d strength 2 300 to 2 450 75 500 to 84\500
219 to 220
3 300 to 3 500 122 250 fo~123 000
420 to 450
5650 to 5 925 134 0000 141 000
902 to 928
241,000 to 250 000
>275 000
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 905 905 905
2 1V/m 271 271 271
3 3 V/m 90,5 90;5 90,5
4 10 V/Im 27,1 27,1 27,1
5 30 V/m 9,05 9,05 9,05
X (harsh) Case:hy<case according to the situation
NOTE 1 The distances are derived assuming apower of 1 500 W and an antenna gain of 2,15 dBi of a|half
wavelength dipole antenna. Practical limitations>restrict the antenna gain for the lower frequency bands and the
amplifier power for the higher frequency bands:
NOTE 2 The above mentioned power,and frequency bands are a summary of all three ITU regions. The pgwer
P is|(if not otherwise mentioned) the-allowed maximum output power of the amplifier. The power arriving af the
antgnna and radiated by it is P,\'dnd is P reduced by the losses of the feeding cable. For easy calculation|of £
and (d, the effective isotropic powep P zp is useful. Most antennas have a direction with maximum radiation| i.e.
in that direction they have a significant antenna gain G,g, compared to an isotropic radiator. £ and d of|this
maxjmum radiation can begeasily calculated by means of Pgzp, which is obtained by multiplying P, by the
isotopic antenna gain G g4-"d is the spatial distance from the antenna. A power P = 1 500 W fed into a dipole
results in an isotropic éffective radiated power of about Pgqn ~ 2 500 W.
In cpse of an amateur radio station at VHF, UHF, SHF and EHF many antenna types are possible. Typical
resulting antepna, gains G g, are between about 10 dBi and > 30 dBi. These (mostly rotatable) antennas| are
normally mounted on antenna towers 10 m to 30 m above ground or on a roof. In this case only in the dire¢tion
of tHe main“beam of the antenna the full field strength will occur. Even for slight deviations from the directign of
maxjmunibeam strength significant reductions of the antenna gain are observed.
The samevatues for P,z and therefore for £ —and— i thebean ditection for the—amateur statiom 11 this

example could also be obtained with P = 100 W, a feeding cable attenuation of 2 dB and a directional antenna
with an isotropic antenna gain G4, of 16 dBi. However, with the same P, the disturbing probability of such an
antenna is much lower than that of an omnidirectional antenna, because the beam width is limited in the
horizontal and vertical plane.
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Table 32 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —

Paging service base station

Phenomena (sources)

POCSAG POCSAG ERMES FLEX™, POCSAG
P =250 Wepp P =100 Wepp P =250 Wepp Re FLEX™ P =100 Wepp
E =1 kWrgp
Disturbance Countries
degree
and JP EU EU us UK
corresponding
field strength Transmitter frequencies [MHZ]
276,012 5 ]
to 439 to 466 169 900 198,153, and
283,987 5
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements,
1 0,3 V/m 370 230 370 740 230
2 1V/m 111 70 111 222 70
3 3V/m 37 23 37 74 23
4 10 V/m 11 7 11 22 7
5 30 V/m 3,7 2,3 3,7 7,4 2,3
6 |100 V/m 1,1 0,69 1,1 2,2 ,69
X (harsh) Case-by-case according to the situation
NOTE The absolute gain of each base station antenna is’2y15 dBi, if a half wavelength dipole antenna is fised
for the base station. The fields are calculated from FormtitaXB.4) in Annex B.
Table 33 — Disturbance degrees,devels (in V/im, r.m.s.) and distance to source —
Other RF items (1 of 6)
Phenomena (sources)
RTTT Wideband data Wideband data Wideband data Non specific
P-sw transmission transmission transmission short rande
Disturbance &P systems and systems and systems and devices
degree HIPERLANs HIPERLANSs HIPERLANSs P=0025 W
and P=01Wepp P=02Wcgp P=1Wgpp

corresponding
fie|d strength

Transmitter frequencies [GHz]

5,795 to 5,815

2,400 t0 2,483 5

5,150 to 5,350

5,470 to 5,725

2,400 to 2,483 5

5,725 to 5,875
Distance to source [m]
A (contfolled) Case-by-case according to the equipment requirements
1 0,3 V/m 66 58 83 183 3,7
2 1Vim 20 17 24 55 1,1
3 3V/m 6,6 5,8 8,2 18 0,74
4 10 V/m 2 1,7 2,5 5,5 0,22
5 30 V/Im 0,66 0,58 0,82 1,8 0,074
X (harsh) Case-by-case according to the situation

NOTE The absolute gain of wideband data transmission systems/HIPERLANs is assumed to be 20 dBi
maximum (for fixed wireless access service). The absolute antenna gain of RTTT and non specific short range

devices is assumed to be 2,15 dBi.
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Table 34 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Other RF items (2 of 6)

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

Wideband data
transmission systems and
HIPERLANSs

Terminal
P=01Wggp

Wideband data transmission
systems and HIPERLANs

Terminal
P=02w

ERP

Wideband data transmission
systems and HIPERLANSs

Terminal

P=1Wegp

Transmitter frequencies [GHz]

2,400 to 2,483 5

I
5,150 to 5,350 |

5,470 to 5,725

Distance to source [m]

A (controlled)

Case-by-case according to the equipment requirements

1 0,3 V/m 7,4 10 23
2 1V/m 2,2 3 7
3 3 Vim 0,74 1 2,3
4 10 V/Im 0,22 0,3 0,7
5 30 V/Im 0,074 0,1 0,23
X (harsh) Case-by-case according to_ the-situation

NOTE The absolute gain of wideband data transmission systems/HIPERLANs is assumed to be 2,14 dBi

termjinals).

(for

Table 35 — Disturbance degrees, levels(in*V/m, rms) and distance to source —

Other RF items (3 of 6)

Disturbance
degree
and
corresponding
fie]d strength

Phenomena (sources)

Fixed microwave'services

Vehicle-mounted field disturbance sensgrs
(vehicle radar system)

Pgirp T 6% dBW
(316vkW) P =60 pW/cm? at 3 m
Transmitter frequencies [GHz]
46,7 to 46,9
92 to 95 76 to 77

Distance to source [m]

A (controlled)

Case-by-case according to the equipment requirements

1 0,3 V/m 10 200 135
2 1 Vim 3 080 45
3 3,V#m 1020 15
4 oV 368 45
5 30 V/Im 102 1,5
X

Case-by-case according to the situation
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Table 36 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
Other RF items (4 of 6)

Phenomena (sources)

Non specific short range devices

Road transport and traffic telematics

(see ERC Recommendation 70-03) @ (RTTT) ®
Disturbance _
degree P =100 mWepp
and . Transmitter frequencies [GHz]
corresponding
field strength 61,0 to 61,5
122 to 123 63 to 64
24410 246

Distance to source [m]

A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 5,75 X
2 1Vim 1,7 X
3 3 V/im 0,57 X
4 10 VIim 0,17 X
5 30 V/im 0,06 X
X (harsh) Case-by-case according to the.situation
a8  No power limitations, it has to be assessed case-by-case.
b No power limits currently specified; however, this might changg jinthe future.
Table 37 — Disturbance degrees, levels (in\V/m, r.m.s.) and distance to source -
Other RF items (5 of 6)
Phenomena (sources)
TETRA system uwB
Dlst}:;:::ce P=8Wggp P=011mWggp°
and Transmitter frequencies

corresponding

3,1 GHz to 10,6 GHz,

fiejd strength 380-MHz to 921 MHz
22 GHz to 29 GHz
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 66 0,25
2 1 Vim 20 0,074
3 3 VIm 6,6 0,025
4 170 V/Im 2 0,007 4
5 30 V/m 0,66 0,002 5
X (harsh) Case-by-case according to the situation
a8 See Table B.3.

b

In ITU-R recommendation SM 1756, the spectrum mask is specified by EIRP as -41,3 dBm/MHz. If the

spectrum is assumed to be flat in the occupied bandwidth (in a case of multiband OFDM UWB, the bandwidth
of a channel group is 1 584 MHz), the total power is evaluated as -9,3 dBm = 0,11 mW. An antenna gain of 0
dBi is assumed in this case.
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Table 38 — Disturbance degrees, levels (in V/im, rms) and distance to source —
Other RF items (6 of 6)

Phenomena (sources)
Road transport and traffic Field disturbance sensors, Non specific equipment,
telematics (RTTT) incl. vehicle radar systems indoor use only
Disturbance — a = c = c
degree PIEIRP _5550d(;35m (PA}\(\) P =500 MW, P =500 MW,
and EIR? 03 5 dBm (AV) b
corresponding EIRP ~ “ (AV)
field strength Transmitter frequencies [GHz]
76 to 77 57 to 64 92 to 95
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/im 324 129 129
2 1V/m 97 38,5 38,5
3 3 V/m 32,4 12,9 12,9
4 10 V/Im 9,7 3,85 3,85
5 30 V/im 3,24 1,29 1,29
X (harsh) Case-by-case according todhe-situation

[

Calculation done with 55 dBm.
Pulse radar only.

Calculation done for 20 dBi antenna gain.

6.2.3.

Radi
gene
enal
proc
com

comimunication between the jfransponder and the transceiver. RFID is extensively use
ing and access applications and can work in ranges exceeding 30 m depending on the

track
freqy

RFILC
freqy
and

coup
(LF)
freqy

3 Radio frequency identification (RFID) systems

o frequency identification (RFID) issaicontactless identification technology. It operatg
ration and propagation of electromagnetic waves. The purpose of an RFID system
le data to be transmitted by~a transponder, which is read by an RFID reader
bssed according to the needs of a particular application. There are three

ponents of an RFID: an adienna, a transceiver and a transponder. The antenna eng

ency and type of transponder used.

systems cah. be classified in accordance with their frequency of operation, howeve
ency of use of an RFID system is restricted to the industrial, scientific and medical (
short range devices (SRD) frequency bands. RFID systems operate by a varie
ling .methods but the most common methods are inductive coupling for low frequ
RFID/systems and backscatter coupling for ultra high frequency (UHF) and super

s by
is to
and
main
bles
din

I the
SM)
y of
ency
high

eney (SHF) RFID systems. RFID systems can also be classified based on how

the

transponder is powered: passive RFID systems rely on the RF energy transferred from the
transceiver to the transponder to power the transponder, whereas active RFID systems use
an internal power source (usually a battery) within the transponder to continuously power the
transponder and its RF communication circuitry. Table B.7 summarises the RFID technology.
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Table 39 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —
RFID and railway transponder systems

Phenomena (sources)

RFID @ RFID b Railway RFID ¢ RFID d RFID € RFID
P=1w P=4w transpond P=10 P=1w P=aw P=4w
Disdturbance er SyStem mWERP (antenna gain EIRP EIRP
egree P=oow =6 dBi)
and
corresponding Transmitter frequencies [MHz]
field strength
Below PP 57 400 QrOie Oea 5 acn coor
0’135 TY,JU r-y§ TIJ OUVU U IJUvU o TJIU J OT]0

Distance to source [m]

A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/m 0,2 3,3 20 2,3 36 36,55 36,95
2 1V/m 0,11 1,6 6 0,69 11 14 11
3 3 V/m 0,062 0,9 2,5 0,21 3,6 3,7 3,7
4 10 V/Im 0,035 0,49 1,1 0,091 1,1 1,1 1,1
5 30 V/m 0,02 0,28 0,62 0,063 0,36 0,37 0,37
X (harsh) Case-by-case according tod¢he-situation
NOTE 1 There may be different frequencies used for services .such as RFID in different countrie. A
corrgsponding evaluation of the field strengths to be expected can/be*done according to the Formulae (B.6)|and
(B.7) (for further information on the frequency bands used see www.ero.dk).
NOTE 2 The fields are calculated from Formula (B.6) in Annex B in the cases of 135 kHz and 13,56 MHz RFID,
and |railway transponder systems. The fields are calculated™Mrom Formula (B.4) in Annex B in the cases of the
othelr systems. The loop current is given by the input power into the loop antenna of an RFID reader. Wher] the
impgdance of the loop antenna is matched to that of-thie driver circuit of the RFID (usually Z, = 50 Q), the Joop
currgnt, 7, is obtained as 7 = (P/ Z,)0,5. The values‘of the current are 0,14 A, 0,28 A, and 0,63 A in the cage of
135]kHz and 13,56 MHz RFID, and railway transponder systems, respectively. The loop area, S, as shown in
Anngx B is assumed as 1 mZ.
a8 PBee ISO/IEC 18000-2.
b Bee ISO/IEC 18000-3.
¢ PBee ISO/IEC 18000-7.
4 Bee ISO/IEC 18000-6.
¢ PBee ISO/IEC 18000-4+the power level is specified by EIRP, an antenna gain of 0 dBi is assumed.

The disturbance-degrees in near-field magnetic-fields are expressed in Table 40.
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Table 40 — Disturbance degrees, levels (in yA/m, r.m.s.) and distance to source —

RFID and railway transponder systems

Phenomena (sources)
i RFID 2 RFID ° Railway transponder system
Disturbance
degree P=1Wcpp P=4Wgpp P =20 Wggp
and
corresponding Transmitter frequencies [MHz]
field strength
Below 0,135 13,56 27
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 3 yA/m 16 600 5300
2 10 yA/m 10 180 1 600
3 30 yA/m 7,2 60 530
4 ] 100 pA/m 4,8 17 160
5 300 pA/m 3,3 5,2 53
6 [1000 pA/m 2,2 2,7 16
X (harsh) Case-by-case according to the-situation
NOTE The fields are calculated from Formula (B.7) in Annex B. The loep.current is defined by the input ppwer
into |the loop antenna of an RFID reader. When the impedance of theé loop antenna is matched to that of the
driver circuit of the RFID (usually Z, = 50 Q), the loop current /, is obtained as I = (P/ Z,)/2. The values of the
current are 0,14 A, 0,28 A and 0,63 A in the case of 135 kHz, 13(56 MHz and 27 MHz, respectively. The Joop
ared S, as shown in Annex B, is assumed as 1 m2.
a2 Bee ISO/IEC 18000-2.
b Bee ISO/IEC 18000-3.
6.2.3.4 Magnetic fields from 9 kHz4o 150 kHz
Magnetic fields are also generated’ by sources operating at frequencies other than ppwer
freqlencies (or harmonics of-power frequencies). The most typical application of puch
interftionally generated maghnetic fields is in short range communication systems. Qther
applications include induction’heating.
For lintentional radiators, the items tend to be short range communication systemls of
unidirectional and bidirectional capability. In general, these systems are characterised py a
trangponder system and a base station both of which comprise an inductive loop. Depending
on the system.;and application, the transponder could be passive, a term used to describ¢ the
fact [hat the.transponder does not contain a power source but obtains its operating power via
maghetic coupling between the base station and the transponder, or active wherel the
trangponder has an integrated power source.

Short range communication systems are used extensively for supply chain management
applications as well as in animal husbandry, retail security (i.e. RFID applications, see
6.2.3.3) and railway signalling systems to name a few. Typical frequencies of operation are
29 kHz, 30 kHz, 36 kHz, 43 kHz, 56 kHz, 125 kHz and 134,2 kHz.

For these items the radiated magnetic field is a function of the loop area and EIRP. Typical
values of magnetic fields from such systems are given in Table 40.

6.2.4 Radiated pulsed disturbances

Pulsed (transient) radiated disturbances of interest are those which might, despite a short
duration, have an influence on the item because of their important instantaneous rate of rise.


https://iecnorm.com/api/?name=44bf1de938b21267b440e4ceea734b7e

- 76— IEC TR 61000-2-5:2017 © |IEC 2017

In fact, real pulses exhibit very complicated waveforms, which sometimes are only partially
known because of the limited bandwidth of measurement tools.

The values encountered in practice strongly depend on the distance between victim and
source (see Annex B for more information). Because the phenomenon involves coupling of a
field into the equipment circuits, the derivative, or rate of rise of the pulse, and the front
duration are the significant attributes of the phenomenon. Hence no specific distances can be
given in Table 41.

For the purpose of this document, pulsed radiated disturbances are the radiated disturbances

whic’fmmﬁmmm_mmmmmmmmm mes
for their duration (further information is given in Annex D).

Table 41 — Disturbance degrees, levels (in rate of rise) and distance to source —
Radiated pulsed disturbances

Phenomena (sources)

Open field Gas-insulated Air-insulated Below overhead
substations substations lines
isturbance Lightning strike to Disconnect switch °© Disconnectéswitch ¢ | conducting lighthing
degree ground &P surges and
and switching
corresponding operations
ate of rise
Rise time[ns]
100 to 500 10 | 100 1000
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 30 Vm'ns! d d d d
2 [100 v mns? d d d d
3 [300Vm'ns d d d d
4 [1000V m' ns" d d d d
5 B000V m ns d d d d
X (harsh) Case-by-case according to the situation

NOTE These phenomena involve the coupling of a field into the equipment circuits. Therefore the derivative, or
rate|of rise of the pulse, and-the front duration are the significant attributes of the phenomenon. For this reagson,
no specific disturbance_distances can be given here.

a8 At a distance d greater than about 30 m.

b The amplitude’of the disturbance degree depends on the distance and the steepness of the lightning strik

The shielding offered by metallic structures, buildings and terrain profile can be expected to be effective
feducing-the amplitude.

S5 0

¢ The amplitude of the disturbance is very much dependent on the distance from the source. It also depends
n‘thé amplitude of the source phenomenon, which is roughly proportional to the operating voltage of the
system. This fact is generally compensated by the need to keep, for insulation requirements, greater
distances from sources operating at higher voltages. The latter situation does not apply to gas-insulated
substations.
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Table 42 - Disturbance degrees, levels (in V/Im, Pk) and distance to source —
RADAR systems

Phenomena (sources)
Ground traffic control (police) Ground traffic control Car-mounted RADAR
Disturbance (airport) (adaptive cruise control)
degree 500 mW (EIRP,)
and 30 kW (EIRP,,) 316 W (EIRP,) ®
correspondin
g field Transmitter frequency [GHZz]
strength
24,125 9,1 77
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements
1 0,3 V/im 40,7 3160 324
2 1V/m 12,2 948 97,0
3 3V/m 4,07 316 32,4
4 10 V/m 1,22 94,8 9,70
5 30 V/im 0,41 31,6 3,24
X (harsh) Case-by-case according to the situation
NOTE The RADAR systems in this table are examples of systems which can be found in traffic areas or
airpprts. In some situations higher levels or other frequencies can occur.
@ The power level (of 316 W EIRP, ) used for the calculation is the maximum level allowed according to
EN 301 091 V1.1.1 for this type of RADAR systems. The powenlevel of actual systems in use is much lower
approx. 10 W EIRP, ).
7 Electrostatic discharge
7.1 | General
Elecjrostatic discharge (ESD) ogcurs as a result of a charged person or object approaghing
another person or object. The ESD receptor is first subjected to the electric field assocjated
with [the charge, then, when dielectric breakdown occurs, there is a discharge with trangient
currgnt of a complex nature that gives rise to a transient electromagnetic field. The [ESD
pherjomenon is strongly~dependent on ambient humidity, temperature, nature of surrourlding
dielgctrics, etc.
7.2 | ESD currents
Tablg 43 shows the values of the rate of current rise associated with the air discharge| the
significant)attribute in producing disturbing fields. This table also shows the charge voltage
before.discharge, a significant attribute in the potential for energy exchange, as wej|l as

current amplitude.

There is no strict correlation between the values of charge voltage and the rates of rise of
current given in Table 43, because other characteristics of the ESD event can influence the
outcome.
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Table 43 — Disturbance degrees and levels for pulsed disturbances
(rate of rise) caused by ESD

Disturbance degrees

Phenomena (sources)

Slow ESD Fast ESD
Rise time: 5ns Rise time: 0,3 ns
Duration: 15 ns Duration: 2 ns

Rate of occurrence: Single

Frequency of occurrence: 2

Rate of occurrence: Single

Frequency of occurrence: 2

Source: 1700 Q to 500 Q © Source: 100 Q1o 500 Q °
100 pF to 500 pF © 100 pF to 500 pE.°©
Significant attribute
(A/ns) (kV) (A/ns) (kV)
A (controlled) Case-by-case according to the equipment requirements
1 - - - <1
2 25 - 25 2
3 40 - 40 4
4 80 8 80 8
5 100 15 - -
6 - 30 - -
X (harsh) Case-by-casevaccording to situation

Depends on the number of persons in the area.
Depends on the source: hand tool, bare hand, furniture.

Depends on an individual’s isolation or size of furniture at the instance of the discharging process.

7.3

Tabl
rece
infor

mation.

Fields produced by ESD currents

Table 44 — Disturbance degrees and levels for radiated field

b 44 shows the values of.fransient electric and magnetic fields gradients external t¢ the
ptor, measured at a distance of 0,1 m from the discharge. See Annex C for fufther

gradients caused by ESD

Disturbance degrees

Level of radiated field gradients

Vm'ns!

Am'ns

1

A (controlled)

Case-by-case according to the equipment requirements

1 2 000 5

2 4 000 10

3 8 000 20

4 16 000 40
X (harsh) Case-by-case according to the situation
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8 Classification of environments

8.1 General

In general, the electromagnetic environment at a given location is determined by the
combination of the naturally-occurring and man-made electromagnetic phenomena present
and the disturbance level at which each phenomenon occurs.

The electromagnetic environment is not the same at all locations, since the electromagnetic
phenomena described in Clauses 5, 6 and 7 do not all occur at every location, nor do those
phenomena present always occur with the same disturbance level. Since the majority of the
pherjomena described in Clauses 5, 6 and 7 are man-made, the existence of ajgiven
pherflomenon and its associated disturbance level at a given location generally depends ypon
factgrs that include: the types and numbers of electrical and electronic equipment) (inclyding
radiq transmitting equipment) operated at and nearby the location.

For the purpose of simplicity, it is useful to describe a minimal set of lgeation classes|that
contain the phenomena and associated disturbance levels that are typi¢al of a large nufber
of Iqcations. This document defines a minimal set of archetypical~location classes.|The
backlground to this selection is presented in 8.2, and 8.3 to 8.5 )describe each archgtype
locafion class.

8.2 Location classes

Patt¢rns of land use are noted to vary significantly between different regions of the world| The
obsdgrved differences are due largely to the combination of geographical, historical|and
cultdral differences towards the concept of land use regulation and its enforcement thrpugh
locall legal frameworks.

One| extreme pattern of land use is observed within those population centres that phave
devdloped with the concept of land usesregulation (and its associated enforcement thrpugh
locall legal frameworks) adopted from thié very outset. In this instance, the population centres
are dlivided into a number of functionally distinct, clearly delineated, separate sections (pften
referfred to as ‘zones’). A change™in land use occurs relatively infrequently, due to the [time
takep to engage with the relevant process embodied within the local legal framework.

The |lopposite extreme in the pattern of land use is observed within population centres|that
havg developed withoutiany application of the concept of land use regulation. In this instgnce,
ther¢ is no division\.of the centre into functionally distinct, clearly delineated, separate
sections; rather the'eentres are characterised by a largely ad hoc land use, with many diverse
functions being-performed within the same area. In such a location, changes in land use dccur
relatjvely frequently, again in a largely ad hoc manner.

Many other patterns of land use are observed across the different regions of the world thgt fall
somewheére between these two extremes.

Land use regulation controls the activities that may take place at a given location. For the
purposes of this document, it therefore similarly controls the types of electrical and electronic
equipment (including radio transmitting equipment) that are likely to be situated at a given
location and in doing so influences the types and severity of the electromagnetic phenomena
present in the electromagnetic environment at a given location.

Within this document, three archetypal land uses, location classes and hence electromagnetic
environments are recognised, these being:

— residential;

— commercial/public;

— industrial.
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In practice, the actual electromagnetic environment at a given location can be thought of as
the weighted combination of the three archetypes. This concept is displayed on Figure 7.

Note| that Figure 7 can be interpreted in two ways:

1)

2)

Residential A Commercial

\\Z/
Industrial

IEC

Figure 7 — Concept of location classes

As a spatial diagram, indicating the environments created_due to the specification
delineation of separate areas as residential, commercial ‘afd industrial.

Any location in the centres of these separate ,areas will therefore experience
1rchetypical electromagnetic environments (areas<t, y and z on Figure 7). How
Ipcations at the boundary or boundaries between)these separated areas (areas u, v, W
x| on Figure 7) will experience an electromagnetic environment that is a blend o
drchetypical environments, containing phenémena from the adjacent archetypes.

s a functional diagram, demonstrating~how changes in the activities performed
esignated area (i.e. the area ‘function’) can lead to the location’s environment devi
rom the archetype through the introduction of electrical or electronic equipment
ence of phenomena or a severity of phenomena) not associated with the arche
xamples include:

M —h 0O I

- The location and operation of a single/small number of ISM items within a residg
area (e.g. a communityshealth centre located within a residential area). In this inst
the residential electfromagnetic archetype is perturbed by the electromag

of Figure 7.

- The locatien’ahd operation of a single item of industrial machinery within a commsg
area to_provide a specific service (e.g. a car wash located near or within a public

area)cIn this instance, the commercial electromagnetic environment is perturbe
the—electromagnetic phenomena associated with the operation of the indu
machinery. This gives rise to area w of Figure 7.

and

the
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phenomena associated with the operation of ISM equipment. This gives rise to afea x
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d by
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- “The entirely ad hoc location of electrical and electronic equipment at a given area

with

undesignated land use (e.g. the Developing World scenario described earlier). In

this

instance, the electromagnetic environment will contain phenomena and severity levels

associated with all three archetypes. This gives rise to area v of Figure 7.
— The location and operation of telecommunications, office and IT equipment means

that

low levels of administrative/service industry activity may be performed within domestic
premises (i.e. home offices) rather than in commercial premises (i.e. small offices).

This gives rise to area u of Figure 7.

It is noted that area z of Figure 7 can also be applied to roads and railways: by their very
nature, roads and railways pass either by or through all areas of designated land use (often
being the boundary between the separated areas of designated land use) and hence
experience phenomena and a severity of phenomena from each archetype. The range and
severity of phenomena will vary from location to location, depending upon the adjacent land
use. These phenomena are in addition to any intrinsic phenomena associated with the road


https://iecnorm.com/api/?name=44bf1de938b21267b440e4ceea734b7e

IEC TR 61000-2-5:2017 © |IEC 2017 - 81—

and railways: for example, the railways will have phenomena associated with signalling
systems and the use of large electrical traction systems.

It is on this basis that 8.3 to 8.5 describe the essential properties of the three archetypes.

8.3 Residential location class
8.3.1 Description of residential locations

In accordance with Figure 7, the residential location exists in an area of land designated for
the construction of domestic dwellings. The function of a domestic dwelling is to provide a
place¢ for one or more people to live.

The domestic dwelling delivers a number of functions that may employ electrical gr) electfonic
equipment. These functions include:

—

ne provision of either heating or cooling (depending upon the prevailing(eénvironment)

—

e provision of light;

—

ne provision of hot water for the purposes of maintaining personal‘hygiene.

The [domestic dwelling also supports a number of activities that' may employ electrical or
elecfronic equipment. Such activities include:

e the storage and preparation of food;

e cleaning and drying of clothing;

t
t
the operation of IT equipment;
t

. ne consumption of broadcast or streamed entertainment services.
A dwelling can be a single, separate building (as in a detached house) or a separate seftion
of a |arger building (as in an apartment jnian apartment block).

Subglause 8.3 considers the electromagnetic environment within a domestic dwelling.| The
apprpach taken is to treat thel.individual dwelling as an item of electrical or electfonic
equipment. This allows the dwelling to have the standard IEC ports.

8.3.2 Equipment typical to the residential location

Any lequipment within the residential location is connected to the internal low-voltage ppwer
supgly network via.either transformer-based or switched mode power supplies.

The [residential location is characterised by the ad hoc location of electrical and electfonic
equipment performed by the residents. Equipment items can therefore be placed very nepr to
or in|centact with one another in certain high density locations. These locations include:

— the home office desk, with PC located on/below the desk; VDU, speakers, printer, wireless
keyboard and wireless mouse located on the desktop; portable telephone handset and/or
cellular telephone handset located on the desktop, near to or in physical contact with one
of the items;

— the ‘adolescent’s bedroom’, that may contain the above described home office desk in
addition to a TV set with DVD/VCR and games console.

High density locations typically access the internal low-voltage power supply network via a
single outlet socket that is fitted with a distribution board/power strip.

A non-exhaustive list of the types of equipment present and operated within the residential
location is presented in Table 45. The equipment has been categorised according to function.
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Table 45 — Examples of equipment present in the residential location class

Equipment Function

Examples

Food preparation/storage

Storage: Refrigeration and/or freezing

Preparation: Microwave oven, electric oven, electric hob, electric
induction heating, gas oven, gas hob with electrostatic ignition

Preparation: Toaster, water kettle, rice cooker, steamer, bread-maker,
ice-cream maker, waffle iron, sandwich toaster, food processor,
steamer, deep fat fryer

Lighting: Fluorescent lighting, dimmer switches, LV transformers —
halogen Inmlne

Envirommmrerrtat

Heating: Central heating system and electronic controller

Clegning

Washing machine, dryer (separate or integrated), vacuum cleaner, floor
polisher, dishwasher

HVAC and sanitation

Power shower, electronic toilet, stair lift, tanning booth, electric blanket,
medical equipment

Entgrtainment

TV broadcast receiver (terrestrial — analogue + digital)

Radio broadcast receiver (terrestrial — analogue + digital)
VCR/DVD/personal or digital video recerder (PVR or DVR)
Associated equipment — surround sound speakers & amplifiers
Hi Fi (networked and non-networked)

Games consoles (networked and non-networked)

Electronic toys/cybertoys

Remote controlled{eys

PC
Wireless mousé/keyboards
a Home network equipment
Home ‘'gateway, wireline/wireless items, PLT
Cameras/camera networks
Security

Wireless gate/garage locks

8.3.3 Boundaries relevant for equipment operated at residential locations

The domestic dwelling has the following separate wireline infrastructure:

| |
- =

blephony extension wiring;

— goaxial distribution network.

bw-voltage‘power supply distribution network;

Hence conducted environments are required for each infrastructure.

Some dwellings are supplied by their own generator.

The domestic dwelling can possess the following internal infrastructure:

e low-voltage power supply distribution network;

o telephony extension wiring;
e coaxial distribution network;
e LAN cabling;

e water distribution network;
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e room lighting units;

e heating/ventilation/air-conditioning units.

Internal infrastructure may be installed either during the construction of the dwelling or
subsequently during a refit/remodelling exercise.

The enclosure port of the dwelling is therefore the dwelling boundary. When the dwelling
consists of a single, separate building (as in a detached house) the enclosure port is the outer
walls of the building. When the dwelling is a separate section of a larger building (as in an
apartment in an apartment block), the enclosure port is the boundary (walls, ceiling and floor)
to th H\Alnlling

8.3.4 Interfaces and ports to residential locations

The [domestic dwelling can possess a number of external ports that conhect int¢rnal
infraptructure with external infrastructure as listed in the following antenna ports«

Reclption antennas:

imternal coaxial distribution network that is connected to an external VHF broadcast fadio
reception antenna;

e imternal coaxial distribution network that is connected‘4o an external UHF terrestrial
roadcast TV reception antenna;

e imternal coaxial distribution network that is connedted to an external coaxial distribution
etwork and ultimately (an) external CATV broadcagt reception antenna(s);

e imternal coaxial distribution network that is-connected to an external SHF satgllite
roadcast TV reception antenna;

e imternal coaxial distribution network that(is connected to an external xHF broadcast fadio
reception antenna.

BroTcast antennas:

ternal coaxial distributions\network that is connected to an external licensed amateur

e
r@dio antenna;

imternal coaxial distribution network that is connected to an external licensed citizen’s
and (CB) antenna;

O

imternal coaxial~distribution network that is connected to an external satellite-bpsed
ternet access.

Power ports:

o imternal low-voltage power supply distribution wiring that is connected to an external|low-
\thage AC power distribution network.

Signal ports:

e internal telephony extension wiring that is connected to an external wireline
telecommunications network;

e internal coaxial distribution network that is connected to an external cable TV distribution
network.

8.3.5 Attributes of residential locations

In addition to the more or less general characterization of residential locations attributes can
be used to conclude more quantitatively on the compatibility levels present at a residential
location. Table 46 gives a list of attributes applicable to the residential location class.
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Table 46 — Attributes of the residential location class

Ports Attributes General
External environment ?

Enclosure Amateur radio further than X
100 m?®
CB radio further than 20 m © X
Broadcast transmitter X
operating below 1,6 MHz
further than 5 km
FMand TV fransmitters X
further than 1 km
Cellular communication X
systems with remote base
station further than 200 m
(hand-held transceivers, e.g.
GSM, WiMAX etc.) P
Paging systems, base X
stations, further than 1 km?
Aviation RADAR further than X
5 km P

AC power Feeding MV- or HV-line X
further than 20 m ®

Signal Telecommunication line © X
Cable TV ¢ X

Internal environment

Enclosure Cellular communication X
systems with external base
station (hand-held
transceivers, e.g. GSM, etc. )
Portable communication X
systems with internal base-
station (hand-held
transceivers;’mobile phones
i.e. CT,-CT2, DECT,
Bluetooth, Wi-Fi etc) 9
High“concentration of X
multimedia and household
equipment
Presence of microwave oven X
up to 1,5 kW
Presence of medical X
equipment (Group 2
according to CISPR 11)
further than 20 m ®
Proximity to MV/LV X
gubstations further than 20 m
Proximity to arc welders X
(mobile) further than 20 m °
Proximity to HV substations X
further than 100 m ®

AC power AC cabling LV X
High concentration of X
switched mode power
supplies
Existence of PLT equipment X

Signal Lines<30m" X
Lightning exposure X
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8.4

a8 This portion of the table presents contributors to the electromagnetic
environment within a location class that are located outside the location.

If the stated separation is fulfilled, the radiated field strength will not exceed the
compatibility level given in Table A.1, otherwise the compatibility level needs to
be adjusted.

¢ This assumes a UTP connection from the PSTN.

This assumes a coaxial cable entering the location.

¢ This portion of the table presents contributors to the electromagnetic
environment within a location class that are located inside the location.

This deals with the radiated signal from the handheld transceivers located within
the location class.

9 This deals with the radiated signal from both: the handheld transceivers and the
base stations located within the location class

This includes: Ethernet, security systems.

Commercial/public location class

8.4.1 Description of commercial/public locations

Comjmercial/public location is defined as the environment in areas ,of\the centre of a
officeés, public transport systems (road/train/underground), and bmodern business ce
contpining a concentration of office automation equipment (PCs,Aax machines, photocop
teleghones, etc.). The following areas correspond to this environment:

retail outlets, for example shops, supermarkets;

Husiness premises, for example offices, banks, data‘centres (server farms);
drea of public entertainment, for example cinemas;.public bars, dance halls;
places of worship (e.g. temples, churches, mosgues, synagogues);

.2 Equipment and interference sources existent in commercial/public locations

ercial/public locations are characterised by a high density of varying items of equip

instglled and brought in by the public. Generally, the items of equipment provide a servic
many users and can be operated-simultaneously, and some of these might act as an adv
interference source. The electremagnetic environment in commercial/public locations is
consftant but varies as a function of time depending on the functional use of the installatid
non-exhaustive list of equipment typically operated in a commercial/public location is give
follows:

information technology equipment: a variety of fixed and mobile information techng
quipment including but not limited to: mobile communication items, video inform

quipment,; POS terminals, audio frequency information systems (i.e. help points);

tram'sportation equipment: trams, buses, cars;

city,
hires
iers,

dutdoor locations, for example petrol stations, car parks, amusement and sports centrgs.

3
p

ment
e for
erse

not
n. A
n as

logy
htion

isplay systems, public address systems, audio frequency inductive loops, general IT

liftsanmdescatators;

power equipment: low and medium-voltage power equipment, power generators, UPS.

8.4.3 Boundaries relevant for equipment operated at commercial/public locations

There are several types of boundaries that should be considered for equipment used in
commercial locations.

Boundaries of the commercial/public location with respect to the external environment:

separation by spatial conditions such as fences, walls, or partitions;

separation by electrical conditions by the substations that connect the commercial/public

network to the other network;
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— separation by organizational conditions that control access to the location of the
installation.

The disturbances at those boundaries make up one part of the total electromagnetic
environment to which an item of equipment is exposed at a commercial/public location.

The other part of the resultant electromagnetic environment is made up by the items of
equipment in the location itself. The operation of those items of equipment causes
electromagnetic disturbances forming a total disturbance level in the installation. The levels of
disturbances as well as their characteristics might be affected by the placement of equipment
and its installation conditions.

Boundaries of the commercial/public location with respect to the internal environment arle as
folloys:

. paration by different power supplies;
. eliberate spatial separation of items of equipment;

. eliberate spatial separation of connection lines.
8.4. Interfaces and ports to commercial/public locations

At ¢ommercial/public location boundaries there exists Jnterfaces/ports through which
elecfromagnetic phenomena may propagate. In case of an“enclosure port such propaggtion
congjists of radiated electromagnetic fields whereas in theccase of an AC port the propagation
consjists of electromagnetic conducted disturbances.

Comjmercial/public locations share boundaries with other such locations as well as |with
residential and industrial locations. The interfaces shared with these external environments
are:
— ¢gnclosure

— AC port

— DOC port

— sfignal port (including telecotmmunication port)

Therge are also interfaces with equipment installed within the same commercial/public location.
Such interface ports include:

e anclosure

e AC port

e [OC port

e dlignal_port (including telecommunication port)

o carth-port{including-beth—functionaland-safetyearth-port

8.4.5 Attributes of commercial/public locations

In addition to the more or less general characterization of commercial/public locations,
attributes can be used to conclude more quantitatively on the compatibility levels present at a
commercial/public location. Table 47 gives a list of attributes applicable to the
commercial/public location class. The description by means of attributes further allows to take
into account specific aspects of various locations of the commercial/public location class. The
following table gives a list of attributes applicable to

— commercial locations;
— general public locations (park, amusement facilities, public offices, etc);
— public hospitals, educational institutions (school, university, college, etc);
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— public traffic areas, railway stations, and airports.

The difference in these locations of the commercial/public location class refers mostly to one
or two electromagnetic phenomena only. Hence a specific commercial/public location can
essentially be described by the attributes of the commercial/public general type with a
modification referring to some specific electromagnetic phenomena which are more or less
distinct in the specific commercial/public location.
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Table 47 — Attributes of various types of the commercial/public location class

Ports

Attributes

Commercial

Public/General

Public/Hospital

Public/Traffic

External environment ?

Enclosure

Amateur radio further than 20 m °
CB radio further than 20 m P
CB radio between 5 and 20 m

Broadcast transmitter operating
bbelow 1,6 MHz further than 5 km

AC power

Signal

FM and TV transmitters further
than 1 km

Cellular communication systems
with remote base station further
than 200 m (hand-held
transceivers, e.g. GSM, WiMAX
etc.) P

Feeding MV- or HV-line ©

Telecommunication line ©

Internal environment ¢

Enclosure

Paging systems f

Portable communication systems
(hand-held transmitters, mobile
phones) & f

Limited/controlled use of portable
communication systems

High concentration of ISM
equipment (Group 1 according to
CISPR 11) b

Proximity to low-power ISM
equipment (Group 2 according te
CISPR 11), typically less than

1 kw P

Proximity to high-power-ISM
equipment (Group 2.agcording to
CISPR 11), typically more than

1 kw b

Proximity to-kV."and MV
substations.closer than 20 m P

Proximity-to HV substations
closerthan 20 m P

Proximity of medium-voltage and
high-voltage lines closer than
20m?b

AC power

uProximity to arc welders (mobile)
Proximity to arc welders closer
than 20 m ®

AC cabling LV ®

AC cabling MV P

AC bus bar systems ?

Large power drive systems (>
16 A per phase)®

Switching of inductive or
capacitive loads

Possibility of high fault currents
High inrush loads
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Ports Attributes Commercial | Public/General | Public/Hospital | Public/Traffic
DC power |DC distribution system X X
Switching of inductive or
capacitive loads X
High inrush loads X
Signal Long lines (> 30m) ¢ X X X
Conduit runs likely X X X
Separation of different cable
categories by distance X X X X
CIghtning exposure X X X X
Overvoltage / lighting protection X X
Elarth Equipotential bonding system X X
Extensive ground mats, generally
well controlled X X
Possibility of large ground fault
currents X

a8 This portion of the table presents contributors to the electromagnetic environmentwithin a location clasp that
are located outside the location.

b If|the stated separation is fulfilled, the radiated field strength will not exceed the compatibility level gijen in
Table A.1, otherwise the compatibility level needs to be adjusted.

¢ THis assumes a UTP connection from the PSTN.

4 This portion of the table presents contributors to the electromagnetic environment within a location clasp that
are located inside the location.

€ This deals with the radiated signal from the handheld transcéivers located within the location class.

f This deals with the radiated signal from both: the hafidheld transceivers and the base stations located Wwithin
the location class.

9  This includes: Ethernet, security systems.

8.5 | Industrial location class
8.5.1 Description of industrial locations

Indugtrial locations can generally be described by the existence of an installation with one or
morg of the following characteristics:

imndustrial and scientific equipment is operated;

— dlot of items of equipment are installed and connected together and work simultaneoysly;

— dlignificant.amount of electrical power is generated, transmitted and/or consumed;

— imstallation is supplied from a dedicated high or medium-voltage transformer;

— external influences are less dominant (because the disturbances are mostly produced by
equipment of the industrial location itself).

The last characteristic stresses the fact that the electromagnetic environment at an industrial
location is predominantly produced by the equipment and installation present at the location
rather than by influences external to the industrial installation.

The above characteristics do not apply to any industrial installation in the same extent. There
are types of industrial installations where some of the electromagnetic phenomena appear in
a more severe degree, for example high levels of radiated electromagnetic disturbances are
more likely to be expected in industrial installations where ISM equipment is operated that
uses radiofrequency for treatment of material. On the other hand there are also types of
industrial installations where some of the electromagnetic phenomena appear in a less severe
degree, for example when installation conditions are maintained, preventing an
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electromagnetic phenomenon from appearing, or if it appears then only with a reduced
amplitude. This situation can be expressed and described by attributes specific to various
locations of the industrial location class (see 8.5.5).

Industrial locations exist for the following examples of installations: metalworking, pulp and
paper, chemical plants, car production, power stations, substations.

8.5.2 Equipment and interference sources present in industrial locations

Industrial installations are characterized by the fact that many items of equipment are
installed together, are operated simultaneously, and some of these items of equipment might
act gs a severe interference source. A non-exhaustive list of equipment typically operat¢d in
an irldustrial location is given as follows:

1) dquipment which generates and/or uses locally radiofrequency for industrial,~sCientific or
dimilar purposes

o/ general: laboratory equipment, scientific equipment, semiconductor conveiters,
industrial electro-heating equipment with operating frequencies, less than or equpl to
9 kHz, machine tools, industrial process measurement and* control equipment,
semiconductor manufacturing equipment;

o] detailed: signal generators, measuring receivers, frequency counters, flow mejers,
spectrum analysers, weighing machines, chemical/analysis machines, electfonic
microscopes, switched mode power supplies ¢and semiconductor converters,
semiconductor rectifiers/inverters, resistance, heating equipment with bdilt-in
semiconductor AC power controllers, arc furnaeges and metal melting ovens, plgsma
and glow discharge heaters, X-ray diagnostic/equipment, computerised tomography
equipment, patient monitoring equipment; ultrasound diagnostic and thdrapy
equipment, ultrasound washing machinesy.régulating controls;

2) gquipment which generates and/or uses’ radiofrequency energy for the treatmenpt of
material, for inspection/analysis or for similar purposes

¢/ general: microwave-powered U\ irradiating equipment, microwave lighting equipment,
industrial induction heating equipment operating at frequencies above 9 kHz, induftion
cookers, dielectric heating equipment, industrial microwave heating equipment, elgctric
welding equipment, electro-discharge machining (EDM) equipment;

o/ detailed: metal melting, billet heating, component heating, soldering and brazing| arc
welding, arc studwelding, resistance welding, spot welding, tube welding, wood gluing,
plastic welding,“plastic preheating, food processing, biscuit baking, food thawing,
paper drying, -textile treatment, adhesive curing, material preheating, short-yave
diathermy «equipment, microwave therapy equipment, magnetic resonance imgging
(MRI), medical HF sterilizers, high frequency (HF) surgical equipment, crystal gone
refining,

8.5.3 Boundaries relevant for equipment operated at industrial locations
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used in industrial locations.

Boundaries of the industrial location with respect to the external environment:

e separation by spatial conditions such as fences or walls;

e separation by electrical conditions such as the substations which connect the industrial
network to the public one;

e separation by organizational conditions such as controlled access to the location of the
installation.

The disturbances at those boundaries make up one part of the total electromagnetic
environment to which an item of equipment is exposed at an industrial location.
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The other part of the resultant electromagnetic environment is made up by the items of
equipment in the installation itself. The operation of those items of equipment causes
electromagnetic disturbances to form a total disturbance level in the installation. The levels of
disturbances as well as their characteristics might be affected by the placement of equipment
and its installation conditions.

Boundaries of the industrial location with respect to the internal environment:

e separation by different power supplies;

e deliberate spatial separation of items of equipment;

e deliberate spatial separation ot connection lines.

NOTEH

introd

8.5.4

Defining and deliberately introducing boundaries within an industrial installation could be establish
ucing a zone concept.

Interfaces and ports to industrial locations

At boundaries which are relevant for equipment in industrial locations there

inter

faces/ports through which electromagnetic phenomena propagate. In case o

enclpsure port such propagation is done by electromagnetic fields, in ‘ease of the AC por
example, the propagation is done by conducted phenomena (e.g..sutges, harmonics).

As ih the case of boundaries, there exist interfaces/ports /with respect to the ext
envifonment

— ¢gnclosure

— AC port

— sfignal port (including telecommunication poft)

and

°
[0)

nterfaces ports between items of equipment within the industrial installation

nclosure
C port
C port

8.5.

In addition to the>more or less general characterization of industrial locations, attributes

ignal port (including telecommunication port)
arth port

Attributes{of industrial locations

be used to _conclude more quantitatively on the compatibility levels present at an indu
locafion. Table 48 gives a list of attributes applicable to the industrial location class.
desdription by means of attributes further allows to take into account specific aspec

varigusMocations of the industrial location class. Table 48 gives a list of attributes applig

ed by

exist
an
, for

brnal

can
strial
The
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able

to

e general industrial locations,

e heavy-industrial locations,

e process industry locations,

e power station and high-voltage substations.

The difference in those locations of the industrial location class refers mostly to one or two
electromagnetic phenomena only. Hence a specific industrial location can essentially be
described by the attributes of the general type with a modification referring to some specific
electromagnetic phenomena which are more or less distinct in the specific industrial location.
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Ports

Attributes

General

Heavy

Process

Power

External environment ?

Enclosure

Amateur radio further than 20 m ®

Broadcast transmitter operating
below 1,6 MHz further than 5 km °

FM and TV transmitters further
than 1 km °

Industrial area with limited access

A(Q power

$ignal

HV / MV substation close to
sensitive area

Cellular communication systems
with remote base station further
than 200 m (hand-held
transceivers, e.g. GSM, WiMAX
etc.) P

Paging systems, base stations,
further than 100 m °

Aviation RADAR further than 5 km
Feeding MV- or HV-line ®

Telecommunication line ©

X X X X

x

X X X

x

X X X X

Internal environment due to the
inside installation ¢

Enlclosure

Paging systems f

Portable communication systems
(hand-held transmitters, mobile
phones) & f

Limited/controlled use of portable
communication systems °

Presence of low power (< 1004mW)
items using ISM frequenciés
according to CISPR 11 P

High concentration*of4SM
equipment (Group 1 according to
CISPR 11)®

Proximityte\low-power ISM
equipment_(Group 2 according to
bCISPR 11), typically less than 1 kW

Proximity to high-power ISM
equipment (Group 2 according to
CISPR 11), typically more than

1 kw b

Proximity to LV/MV substations

AC power

closer than 20 m ®

Proximity to arc welders (mobile) P
Proximity to arc welders ?
Proximity to HV substations °
Proximity of medium-voltage and
Digh-voltage lines closer than 20 m
Pipe heating systems ?

AC cabling LV ®

AC cabling MV P

AC bus bar systems ?
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Ports Attributes General Heavy Process Power

Large power drive systems (> 16 A
per phase) ® X

Power factor correction X

Possibility of high fault currents X X

x

Arc furnaces

Switching of inductive or capacitive
loads X

High-inrush loads
D@ power | DT arstribution systems X

Rectifier

X X X X

Switching of inductive or capacitive
loads

X
x
x

High inrush loads
Bignal Outdoor exposure
Long lines (> 30 m) 9 X X
Conduit runs likely X X

xX X
x

Separation of different cable
categories by distance

Lightning exposure X X

Overvoltage/lighting protection

x X X X
x X x X

Earth Equipotential bonding system X

Extensive ground mats, generally
well controlled

x
x

Metallic structures X X

Interconnected separate ground
mats X

Large ground loops X

Possibility of large groundfault
currents X X X

a his portion of the table presents.’contributors to the electromagnetic environment within a location class that
re located outside the locations

I{ the stated separationas fulfilled, the radiated field strength will not exceed the compatibility level given |n
able A.1, otherwise the compatibility level needs to be adjusted.

¢ his assumes a UTR-Connection from the PSTN.

his portion of)the table presents contributors to the electromagnetic environment within a location class that
re located-inside the location.

e his deals-with the radiated signal from the handheld transceivers located within the location class.

his_deals with the radiated signal from both the handheld transceivers and the base stations located within
the‘location class.

9 This includes: Ethernet, security systems.

8.6 Types of power supply networks

Power supply networks are an essential part of electrical installations, beside the electrical
and electronic components, items of equipment, or systems used therein. Though the purpose
of such networks is to provide equipment with electrical power, they show also characteristics
in terms of EMC. Depending on the type of power supply network, for example disturbances in
the grounding system can be produced or the possibility and efficiency of EMC measures can
be affected. In this respect the actual type of a power supply network has to be considered as
a factor contributing to the electromagnetic environment.
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There are several types of power networks and they can be distinguished with respect to their
earthing arrangements (see |IEC 60364-4-44). In case of earthed systems, i.e. systems which
are connected at least at one network point to a local reference earth, mainly two types of
low-voltage installations exist.

The first type is schematically shown in Figure 8 and is characterised by the fact that neutral
(N) and protective conductor (PE) are combined together into only one conductor, the PEN
conductor. In this type of power system (TN-C system) operating currents do not only use the
neutral conductor as return path, they use as a by-pass also all the conductive components of
the grounding or equipotential bonding system. The extent of the operational currents in this
by-pass arrangement depends on the ratio of its impedance related to that of the PEN
conductor. As a result common mode currents in the power cables as well as currentsyif the
by-pass arrangement occur with the consequential generation of power frequency _magpetic
field$ (radiated low frequency phenomena, see 5.2). Furthermore the situation hasto.be tpken
into pccount that operating currents might flow in any circuits connected to the¢equipotgntial
bonding system, such as the shields of signal cables (conducted low frequency phenoniena,
see p.1).

PEN

Ow

Equipment 1

Equipment 2

IEC

Key

-

PEN conductor
Shielded interconnection cable
Metallic structure of the equipotential bonding system

Phase conductor

o - w N

y = voltage across the structure

Figure 8 — Situation for TN-C power installation systems


https://iecnorm.com/api/?name=44bf1de938b21267b440e4ceea734b7e

IEC TR 61000-2-5:2017 © |IEC 2017 - 95—

From an EMC point of view the second type of low-voltage installation should be preferred,
i.e. the TN-S system. It is schematically shown in Figure 9 and here the neutral and protective
earth conductors are strictly separated except at one point were both are connected but only
once, for example at the low-voltage transformer or at the switchgear board. This type of
installation prevents operational current from flowing outside the phase and neutral
conductors. Therefore the equipotential bonding system is free of operational currents and no
effects such as significant low frequency conducted and radiated phenomena are to be
expected.

Equipotential bonding
conductor, if necessary PE N

3

Y
N1

PE, N, L

Equipment 1

[f
\\

IEC

Key

-

PE conductor

Shielded interconnection cable

MgtalliC structure of the equipotential bonding system

Phase conductor

o - w N

y = voltage across the structure

Figure 9 — Situation for TN-S power installation systems

8.7 Alterations in electromagnetic environments

8.7.1 General

The electromagnetic environment at a location is likely to experience variations in its
electromagnetic profile due to a variety of reasons. The variations experienced may be
exemplified by an increase in the amplitude of electromagnetic disturbances, the presence of
electromagnetic phenomena not previously observed at the location, a deterioration of
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equipment emissions (due to ageing, etc.), variation in the physical environmental conditions
(i.e. temperature, dust, humidity etc.) of the location, etc.

System integrators and equipment installers are advised to undertake a critical review of the
electromagnetic environment of their intended installation and/or undertake an
electromagnetic site survey at regular intervals to ensure that the electromagnetic profile of
the intended location is duly represented in the equipment EMC specification.

8.7.2 The electromagnetic environments of Smart Grid

The so-called “Smart Grid” is the term applied in many parts of the world to describe the next-
geneFation power grid that optimizes energy efficiency by adding new information|and

comimunication technology (ICT) and controls to the existing power grid. In many.locations
Smaft Grid will likely provide bi-directional and real-time power-exchange information-between
prov|ders and consumers. During the development of Smart Grids, it is likely(that exigting
elecfromagnetic environments will be modified (this usually occurs when anymeéw technqlogy
is inlroduced). Many Smart Grid projects are deploying different types ©f communicgation
systems (e.g., PLT, LAN, GSM, CDMA, WiMax, etc.) to control the power grid, and ¢ther
type$ of power electronic devices (i.e. photovoltaic inverters, power. converters for elgctric
enerfgy storage systems and vehicle chargers). A global picture of the-Smart Grid situatipn is
shown in Figure 10.
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Figure 10 — Examples of electromagnetic environments associated
with the Smart Grid

The widespread use of power inverters might lead to an increased noise level in the low-
voltage distribution network. On the other hand, technologies like PLT require a limitation of
emissions in the frequency range below 150 kHz to operate as intended. At the time of the
drafting of this document, there was an intensive discussion in CISPR on the introduction of
emission limits in the frequency range below 150 kHz to regulate these demands. On the
other hand, new immunity test methods such as those in IEC 61000-4-19 have been
introduced to provide corresponding immunity test methods.

8.8 Further conducted electromagnetic phenomena
8.8.1 Description of conducted phenomena other than those in Clause 4 and Clause 5

Both transient and continuous signals can be coupled directly or indirectly on conducting
metallic wires and cables. The signals (voltages) can be coupled as differential signals
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between individual wires or as common mode voltages with respect to a reference plane,
typically called ground. The sources in a location can be other equipment connected to the
same wires and cables. It may also be coupled from one wire/cable to another wire/cable by
electromagnetic fields.

The wire/cable lengths and separation distances are a major factor that influence the levels
defined in the different location classes.

8.8.2 Repetitive electrical impulse noise

Repetitive electrical impulse noise (REIN) is the term given to a specific phenomenon that
creajes both a conducted and radiated disturbance to the local electromagnetic environment.

The |disturbance is characterized by a burst of noise that lasts for up to 100 ys and hjas a
repelition frequency equal to twice the fundamental frequency of the local power netWork.
Thug, where the fundamental frequency of the power network is 50 Hz, the ,REIN repefition
freqdency is 100 Hz (i.e. 10 ms between the onset of each burst); where-the fundamental
freqdency of the power network is 60 Hz, the REIN repetition frequency isy120 Hz (i.e. 8, ms
between the onset of each burst).

The |conducted disturbance level is highest on LV power distribution installations, whqgre it
appgars as both a common mode and differential mode‘.disturbance. The condycted
disturbance is launched onto the LV power distributioninstallation by attached elecjrical
and/pr electronic equipment.

The ponducted disturbance level is lower on telephaeny-distribution installations, where it ggain
appgars as a common mode and differential modé.disturbance. For the telephony distribution
instgllation, the disturbance level of the commaénh mode disturbance is higher than that of the
diffefential mode. This pattern indicates that(€ommon mode disturbance is coupled ont¢ the
teleghony extension installation from adjacent sections of the LV power distriblition
instdllation; the differential mode disturbance arises as a result of modal conversion of the
coupled common mode disturbance by\the unbalance about earth of the telephony distribytion
instgllation.

Henge all items connected <o the building’s telephony distribution installation (i.e. yoice
teleghony items, data modems, fax machines, etc.) will experience a simultaneous conjmon
mode and differential made-input conducted disturbance to the signal port.

The |PSD of the differential mode conducted disturbance on the telephony distribption
instgllation is as._follows:

( -86 dBm/Hz f <316kHz

max[(_sa_so.lmw(_fmy )/0 316) —1161 dBm/Hz 316kHz < f <750kHz

Noisergn(f) =
-116 dBm/Hz 750kHz < f < 2,2MHz (2)

\ max[(-116 - 20-logyo(/(MHz)/2,2),-150] dBm/Hz  f >22MHz

The PSD of the common mode conducted disturbance on the telephony distribution
installation is —40 dBm/Hz in the frequency range from 150 kHz to 30 MHz.

The radiated disturbance is produced by the common mode current that is induced upon the
building’s LV power and telephony distribution installation. This common mode disturbance is
free to propagate throughout the building’s distribution installation and along the external
infrastructure connected to the building.
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8.8.3 Single high intensity noise event

Single high intensity noise event (SHINE) is the term given to a specific phenomenon that
creates both a conducted and radiated disturbance to the local electromagnetic environment.

The disturbance is characterised by a burst of noise that lasts up to 4 s.

The conducted disturbance level is higher on LV power distribution installations, where it
appears as both a common mode and differential mode disturbance. The conducted
disturbance is launched onto the LV power distribution installation by attached electrical
and/or _electronic equipment.

The ponducted disturbance level is lower on telephony distribution installations, where it ggain
appdars as a common mode and differential mode disturbance. For the telephony'djstribuition
instdllation, the disturbance degree of the common mode disturbance is higher_than thpt of
the differential mode. This pattern indicates that common mode disturbanceis- coupled |onto
the elephony extension installation from adjacent sections of the LV~power distribption
instdllation; the differential mode disturbance arises as a result of modal“conversion of the
coualed common mode disturbance by the unbalance about earth of the telephony distriblition
installation.

Henge all items connected to the building’s telephony distribution installation (i.e. yoice
teleghony items, data modems, fax machines, etc.) will experience a simultaneous conjmon
mode and differential mode input conducted disturbance tothe signal port.

The [PSD of the differential mode conducted disturbance on the telephony distribution
instdllation is —-86 dBm/Hz between 138 kHz to 7 MHz.

The [PSD of the common mode conductied disturbance on the telephony distribution
instgllation is —40 dBm/Hz in the frequency range from 150 kHz to 30 MHz.

The fradiated disturbance is producediby the common mode current that is induced upon the
building’s LV power and telephony/'distribution installation. This common mode disturbange is
free |to propagate throughout the building’s distribution installation and along the ext¢rnal
infraptructure connected to the\building.

8.9 | Mitigation aspects

Wheh considering(_disturbance voltages, the differential mode (or normal modg or
syminetrical) voltage is the voltage occurring between two current-carrying conductors.| The
common modée/(or asymmetrical) voltage is the average of the voltages of the considered
conductors(at/least two) and the chosen reference. This reference can be a safety earth Wire,
a water jpipe, an instrument rack, a chassis, etc. The asymmetrical voltage is measlured
betwleen ‘one of the considered conductors and the chosen reference. The three typgs of

reference, the difference vector between the two asymmetrical voltage vectors gives the
differential mode voltage, while half of the vector sum of these two voltages gives the
common mode voltage. Hence, the phase angle between the asymmetrical voltages strongly
determines the amplitudes of the differential and common mode voltages relative to the
asymmetrical voltages.

An important aspect of designing systems for electromagnetic compatibility is to recognize
that significant voltage differences can exist between the conductors of different systems,
such as the power system and a data link system. These voltage differences are determined
by the amplitudes of the disturbances occurring in the respective system, and the bonding and
grounding practices mandated and implemented, or existing by default at the particular site.
The disturbance degrees cited in Clause 5, especially for AC mains, are given for “no
protective devices installed” cases.
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However, protective schemes, such as filters or surge protective devices installed at the
mains port of the equipment, can produce changes in the voltage difference between
protective earth conductors and local “ground” at the site of the equipment. This situation
motivates consideration of a reference medium with disturbance voltages applicable to
reference conductors belonging to different systems, where each can have its own (and
different) ground or earth reference.

In the location tables shown in Annex A, disturbance degrees have been selected to define
the environment levels recommended for several location classes. These disturbance
degrees, resulting from their sources, have been defined in Clauses 5, 6 and 7. For each
location class, a listing of the major electromagnetic attributes of that location, together with
necgssary explanatory notes, is given in 8.1 through 8.5.

8.10| Description of location classes with regard to the requirements of EMC(basic
standards

The glectromagnetic environment at a location of interest is a fact per se and/in most cages it
cannot be related one-to-one to the descriptions of electromagnetic phenomena as they are
given for example in EMC basic standards of IEC 61000-4 (all “parts). The detpiled
man{festation of electromagnetic phenomena depends on many parameters and condit|ons,
suchl as the electromagnetic characteristics of equipment operating“at a location of interejst or
the installation practice applied and in most cases those phepomena do not show the §ame
charpcteristics as described in an EMC basic standard.

Howgver, when immunity requirements are to be specified that reflect the stress due tp an
elec]:omagnetic environment, it is in most cases ndtya practical approach to develop|new

immunity tests which consider the particular manifestation of electromagnetic phenomenag at a
locafion of interest. Such specific immunity tests-would consider a single situation at a s|ngle
poin{ in time only.

On the other hand, there are already a Iot of standardized immunity tests available, sudh as
thos¢ of IEC 61000-4 (all parts). In many cases those EMC basic standards can be psed
when their immunity tests reflect the ‘electromagnetic phenomena at a location of interesflin a
certgin extent. This means that such standardized tests can be used, either directly or gartly
modified, to conclude on corresponding immunity requirements. Hence in many casep an
apprpach might be followed\where the stress due to an electromagnetic environmept is
reflected by the application of appropriate immunity standards. Table 49 provides an ovelview
of the electromagnetic phernomena as compared to EMC basic standards.

The | assessment ‘of the extent to which a standardized immunity test reflectd an
eleclromagnetic phienomenon in real environment represents a crucial task and needs cgreful
evaltbiation.

As the various location classes are characterized by different electromagnetic phenomena,
diffefentwith respect to their occurrence as well as different with respect to their disturbgance
degrees, different immunity requirements resuit 1or equipment intended 10 be UsSed at those
various location classes and hence different sets of EMC basic standards may apply, also
different in the applied immunity test level. Special attention, however, should be paid to the
fact of whether equipment is intended to be used at locations which are assigned to different
location classes.
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Table 49 — Overview of phenomena versus basic standard, related table and subclause

. See sub-
Phenomena Basic test S_ee table of clause in this Remark
standard this document
document
LF-conducted
Power Harmonics IEC 61000-4-13 2 5.1.1 IEC 61000-2-2
supply
networks IEC 61000-2-4
IEC 61000-2-12
Voltage amplitude IEC 61000-4-14 3 5.1.2.1 a) IEC 61000-2-4
variations
Voltage dips IEC 61000-4-11 None 5.1.2.1 b)
Voltage interruptions IEC 61000-4-11 None 5.1.2.1¢)
Voltage unbalance IEC 61000-4-27 4 5.1.2.1d) IEC 6100042-2
IEC 6100042-4
IEC 61000-2-12
Voltage frequency IEC 61000-4-28 5 5M.2.2 IEC 6100042-2
variations
IEC 6100042-4
IEC 61000-2-12
Power Common mode voltages IEC 61000-4-16 6 5.1.3
suppll
ne?xolf'ks Signalling voltage IEC 61000-4-13 7 5.1.4 EN 5006p
0,1 kHz to 3 kHz
Induced LF IEC 61000-4-16 8 5.1.6 EN 5006p
DC in AC networks None 5.1.7
Signpl and Induced LF IEC 61000-4-16 8 5.1.6
control (normal conditions)
cablgs
Induced LF
(fault conditions) IEC61000-4-16 8 5.1.6
LF —|radiated
LF magnetic DC IEC 61900-4-8 9 5.2.1
field
¢ Railway 9 5.2.1
IEC 61000-4-8
Power system a 9 5.2.1
Power system IEC 61000-4-8 9 5.2.1
harmonics (» = IEC 61000-4-8
harmonics) a
9 5.2.1
ot power system
related IEC 61000-4-8
LF electtic DC lines 10 5.2.2
field
¢ Railway (16,7 Hz) 10 52.2 IEC TR
61000-2-3
Power system 10 5.2.2
(50 Hz to 60 Hz)
HF - conducted
Direct- PLT IEC 61000-4-19 11 6.1.2
conducted
cw
HF-conducted | 10 kHz to150 kHz IEC 61000-4-16 12 6.1.3
induced CW
0,15 MHz to 150 MHz IEC 61000-4-6 12 6.1.3
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Phenomena Basic test S.ee table of cIaSueseesi:t:c;\is Remark
standard this document document
HF-conducted | 3 kHz to 95 kHz IEC 61000-4-19 7 5.1.4 EN 50065
signalling 95 kHz to 148,5 kHz IEC 61000-4-19 7 51.4 EN 50065
148,5 kHz to 500 kHz IEC 61000-4-19 7 5.1.4 EN 50065
Unidirectional | Nanoseconds IEC 61000-4-4 13 6.1.4
transients Microseconds, close IEC 61000-4-5 13 6.1.4
Microseconds, distant IEC 61000-4-5 13 6.1.4
Milliseconds IEC 61000-4-5 13 6.1.4
HF-ponducted High frequency IEC 61000-4-12 14 6.1.4
osciljatory IEC 61000-4-18
Medium frequency IEC 61000-4-12 14 6.1.4
IEC 61000-4-18
Low frequency IEC 61000-4-12 14 6.1.4
IEC 61000-4-18
HF rhdiated
Radipted CW [ ISM Group 2 IEC 61000-4-3 16 6.2.2 CISPR 1l
Radipted Mobile units IEC 61000-4-3 21, 22 6.2.3.2
moduylated GSM
DCS1800
DECT
Base stations IEC 61000-4-3 23,24 6.2.3.2
Medical and biological IEC 61000%4-3 25 6.2.3.2
telemetry items
Digital television IEC®©1000-4-3 26, 27, 28 6.2.3.2
broadcast
Unlicensed radio IEC 61000-4-3 29, 30 6.2.3.2
services
Paging services (base IEC 61000-4-3 32 6.2.3.2
station)
RFID + railway IEC 61000-4-3 39, 40 6.2.3.3
transponder
Othér RF items IEC 61000-4-3 19, 20 6.2.3.2
33to 38
Amateur radio stations IEC 61000-4-3 17 6.2.3.1
31 6.2.3.2
cB }EC-64000-4-3 18 6-2-3-4
Radiated Radiated transients IEC 61000-4-9 41 6.2.4
pulsed IEC 61000-4-10
RADAR IEC 61000-4-3 42 6.2.4
ESD Slow IEC 61000-4-2 43, 44 72/7.3
Fast IEC 61000-4-2 43, 44 72173
NOTE In some cases where IEC 61000-4-3 is indicated, the basic test standards IEC 61000-4-20 and

IEC 61000-4-21 can be used.

28  Frequency range not covered by IEC 61000-4-8, but test principle and setup of this standard can be used.
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9 Principles of the selection of immunity levels

9.1 Approach

The design, manufacturing, installation and maintenance of an item with a high degree of
immunity can be a costly process if proper practices are not applied. The immunity
requirements should, therefore, be selected carefully. The proposed approach is that
immunity should be selected according to:

a) the electromagnetic environment in which the item will be used;

b) the criticality of the different possible interferences

Different immunity characteristics might be appropriate for the different functions ofa multi-
function item. For instance, a safety-related function should have a higher immunity)tevelfthan
a convenience-related function. Therefore, a more rigorous approach shodld-"take | into
conglideration the need for undisturbed operation of each function performed by an {tem.
Howpgver, it would not be realistic to require this selective specification (of immunity ps a
gendral requirement, because available data are generally insufficient ordmprecise.

The [choice of different immunity characteristics for different functions of the same itgm is
relejant because of the statistical nature of an electromagneticienvironment, an aspeft of
EMQ which has been recently emphasized. It should be stressed that the proposed apprpach
is ndt only relevant for very complex systems having many different functions.

9.2 Uncertainties
9.2.1 Uncertainties in the test situation

Immupnity test levels are the levels to be considered in the test situation. A test level i$ the
maghitude of a quantity as measured in.@“well-defined method in a well-defined sg¢tup.
Howpgver, there are several kinds of uncertainties that can influence an immunity test (sege for
example IEC 61000-4-3 or CISPR TR 16-4-1):

recision and calibration of instruymentation;

P
— definition of the test setup;
d

efinition of the setup of(the equipment under test.

Thede uncertainties can.be assessed by checking the reproducibility of a given test, whgn all
spedifications in the.televant standards are fulfilled. Depending on the type of measurement
being made, such uncertainties generally lie in the 1 dB to 6 dB range, according to the|type
of mpasurementiand the quality of the specification contained in the standard. Note that Jome
test petups and test methods may be subject to higher uncertainties, however, standardg and
methods of'measurement are continuously being improved.

The relévance of an immunity test is strongly determined by the degree to which it is posgible
to represent the actual distribution of a particular disturbance in the equipment under test by
means of a test source and coupling network(s) connected to some ports of the equipment
under test.

9.2.2 Uncertainties in the application situation

In the application situation, uncertainties are mainly related to the likelihood of the occurrence
of a strong disturbance source that was not expected to be there.

9.2.3 Dealing with uncertainties

Dealing with uncertainties should be affected by selection of appropriate margins between the
expected level of disturbances and the immunity limit. One of these margins will be selected
for each equipment function depending upon its criticality. The use of an item of equipment in
any controlled or uncontrolled environment could also influence the choice of the margins.
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Therefore, an item of equipment can be tested at different levels for its different functions.
The choice of the appropriate margin for each function should be carried out by the relevant
IEC product committee.

9.3 Dealing with high density sources

There are occasions where the local electromagnetic environment is characterized by a high
concentration of identical emission sources or a combination of multiple emission sources (i.e.
separate equipment items). The resultant electromagnetic field at such a location may be
analysed as a superposition of the electromagnetic fields due to the individual emission
sources provided the emissions sources operate at a common frequencies and in the same
polafity (or where the uninieniional emissions irom ihe sources can be assumed, i be
idenfical). Where the emissions sources operate at different frequencies, common emigsion
freqyencies per polarity can be identified.

The [superposition of the electromagnetic fields due to multiple emissions sodrces hag the
poteptial to produce a system emissions level that is greater than the systém emissions|limit
(as defined in an applicable product standard or generic standard). Such’a situation would
result where the individual noise sources are not intentionally assembled together as a
systTm but are installed in close proximity as individual systems. The' peak of the resuyltant

elecfromagnetic field at the observation point would be a function 6f the individual emisgions
amplitude and of the phase difference between the individual emissions and an agreed
refenence at the observation point. At the point of observation,”the peak emission amplftude
per frequency can be expressed mathematically as:

E;(t) = Eg; cos(aar) (3)

whelle

|
sl

/() is the instantaneous radiated emission level due to the ith radiated emission at|time
at the point of observation,

~

— Hp,(t) is the amplitude of the ith radiated emissions at the point of observation,

— ¢, is the phase difference between the ith radiated emission and some agreed referpnce
dt the point of observation.

In egtimating the peak emission, consideration of the propagation path and the influen¢e of
physiical boundaries on.the field strength need to be taken into account.

Where individual\\noise sources are intentionally assembled together as a system jat a
locafion, the installer is bound by the local regulation to ensure that the installation complies
with [the relevant system emissions limit.

9.4 | .Criticality criteria

Several levels of criticality can be considered that involve all the consequences of an
interference. Depending upon the nature and mission of the item and its associated
equipment, criteria for the definition of criticality can include:

— catastrophic interference: interference which might cause death, or major injuries, or
extensive damage, or might lead to other considerable detrimental consequences;

— critical interference: interference which can result in minor injuries or extensive damage to
equipment, or might lead to other important detrimental consequences;

— major interference: interference which can result in minor permanent damage to
equipment, or can lead to other moderate detrimental consequences;

— minor interference: interference which can cause temporary loss of performance, and can
have other minor detrimental consequences;
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— inconsequential interference: interference which only causes loss of performance within
tolerances, and does not require human intervention.

From this classification, it is clear that the criticality of an interference depends not only on
the item under consideration, but also on all interactions between the item and the outside
world. It should be kept in mind that a minor interference for the item of interest could have
catastrophic consequences for the system in which it is included (for example, interference on
the communication system of an aeroplane).

Generalized performance criteria A, B and C as defined in the generic EMC standards and
also the more precise performance criteria as defined in EMC product or product family
stanffards are not related to functional safely aspects and should therefore not be used as
perfgrmance criteria for safety related functions even if testing with increased test lepels.
Therefore a specific performance criterion DS is defined taking into account functional safety
aspects.

10 Disturbance levels of the various location classes

locafion classes. All the electromagnetic phenomena relevant™for a location class| are
conslidered as well as the ports applicable to those phenomena. The description of the
disturbance levels is done by means of disturbance degrees.

Annjx A shows three tables that describe the disturbance levels to be expected in the three

In thjs document the maximum electromagnetic disturbance) obtainable at a particular locgtion
or al a port of an item, is expressed in terms of disturbance levels. The disturbance Ig¢vels
spedified may therefore equate to that at which compatibility is assured (then represepting
compatibility levels) or may exceed the level at which compatibility is assured. Some of the
tablgds within this document, therefore specify compatibility levels as disturbance levels; this is
particularly true for tables dealing with low frequency conducted phenomena.

The | entries showing the disturbance);levels should be read in such a way thaj an
elecfromagnetic phenomenon is typieally to be expected at the relevant port, and this wjith a
typidal maximum disturbance lev€lindicated by the disturbance degree derived from the
tablgs in Clause 5.

For example, Table A.3 shows that induced conducted high frequency disturbances |(row
entitled “HF-conducted’) have to be taken into account on AC and DC power lines anfd on
signal lines. Details concerning the phenomenon are described in 6.1.2 and Table 11] For
those lines a disturbance degree of 4 should be considered. This means that corresporlding
immunity tests should have at least an immunity level of 10 V. The appropriate immunity] test
mettod can be~derived from Table 49 which in this case is the immunity test according to
IEC $1000-4-6.

The gisturbance levels given in the tables in Annex A were derived on the basis of

— results of measurements (e.g. in the frame of site surveys);
— experience from the past;

— technical judgment in connection with engineering arguments.

Hence the disturbance levels should be looked at as typical values of disturbances to be
typically expected in an electromagnetic environment. However, it should be kept in mind that
those typical values are not necessarily the maximum or worst-case ones. There are
installations, for example with particular ISM equipment, where much higher field strength
levels might occur than described by means of disturbance degrees in a typical environment.
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Annex A
(informative)

Compatibility levels/disturbance levels for location classes

The tables of Annex A give the compatibility levels/disturbance degrees for the phenomena
relevant in the location class under consideration.

Table A.1 to Table A.3 present the environment that assumes that radio transmitters such as
amateur radio, paging systems, and CB are at least not normally located within the location or

not
desg
can

closer than indicated in the tables in which the attributes of the location classes
ribed. If, however, such transmitters are located at the location the disturbance \de
be expected to increase, requiring that the compatibility level be re-assessed.

are
gree
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Annex B
(informative)

Radiated continuous disturbances

Radiated disturbances usually appear as a modulated carrier. Typical waveforms are given
below. Figure B.1a) is an FM or ®M (phase modulation) signal, Figure B.1b) is a double side
band — suppressed carrier (DSB-SC) signal and Figure B.1c) is an AM signal with single tone
modulation.
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a) — Typical waveform of a radiated disturbance with an FM signal
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b) — Typical waveform“of‘a radiated disturbance with a double side band —
Suppressed carrier signal
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c) — Typical waveform of a radiated disturbance with an AM signal

Figure B.1 — Typical waveforms for radiated disturbances

Typical sources of radiated fields can be:

— broadcasting transmitters;
other fixed transmitters (e.g. base stations, wireless access point);
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— portable and mobile transmitters;
— certain ISM equipments.

Many pulsed disturbances, such as the signals produced by radars and mobile phones using
TDMA techniques, are bursts of oscillation-type radiated fields. A source which has a
significant emission at harmonics of a fundamental frequency can be considered as emitting
several distinct continuous oscillatory radiated disturbances, an example being the emission
of a pulse width modulation switched-mode power supply.

In many cases, the interference likely to be produced by a radiated disturbance depends upon
the madulation. The polarization is also important where it is well defined, for instance for the

field|produced by an antenna in its vicinity. These aspects are not accounted for in Annéx|B.

In addition to the information given in 6.2 regarding disturbance levels, disturbance dedrees
and [related field strength levels the following tables (Table B.1 to Table B.6) provide Jome
techpical data concerning various types of radiation sources. Table B.7 lists.thesamateur tadio
freqyencies used in the ITU regions 1to 3.

Table B.1 — Examples of field strengths from authorized'\transmitters

Service Frequency range ERP Typical‘range of Calculated fifeld
in MHz separation strength ranJ:-: in
distance Vim @

LF Qroadcast 0,014 t0 0,5 2 500 kW 2 km to 20 km 5,5 to0 0,55
and |maritime
AM proadcast 0,2t0 1,6 50 kW to 800~kW 0,5 km to 2 km 12,5t0 0,78
HF ¢gommunications 1,6 to 30 10°kW 1 km to 20 km 0,7 to 0,04
inclyding SW broadcasting
Fixeld and mobile 29 to 40 50-W to 130 W 2 mto 200 m 40 to 0,25
commutations 68 to 87 50 W to 130 W

146 to 174 50 W to 130 W

422 to 432 50 W to 130 W

438 to 470 50 W to 130 W

860 t04990 50 W to 130 W
Portpble telephones 1 880°to 1 990 5W 1Tmto 100 m 15,6 to 1,56
inclyding cordless phones 1 W (DECT) 0,5mto10 m 14 to 0,7
VHA TV 48 to 68 100 kW to 320 kW 0,5 km to 2 km 8to 1,118

174 to 230
FM broadcast 88 to 108 100 kW 0,25 km to 1 km 8,910 2,2
UHA TV 470 to 853 500 kW 0,5 km to 3 km 1010 1,6 4
@ (Calculated_ using the formula

£ -7 VIERP
r
ssiiminag that thg transmitting antanna haghavgs ag o halfowavg dinglg in frag snacg and inthg far figld
I I g g T

b The field strengths indicated are only present within the beam width of the transmitting antenna.
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Table B.2 — Specifications of mobile and portable units

Parameters System name
GSM DCS DECT CT-2 PHS NADC IMT-2000 | IMT-2000
1800 TDD FDD
Transmitter 890 to 1710 to 1 880 to 864 to 1 895 to 825 to 1900 to 1920 to
frequency 915 1784 1960 868 1918 845 1920 1980
range
in MHz
Access TDMA TDMA TDMA / FDMA / TDMA / TDMA CDAM / CDAM /
technique TDD TDD TDD TDMA TDMA
an=1= FBD
Burst 217 Hz 217 Hz 100 Hz 500 Hz 200 Hz 50 Hz N/A N/A
repetition
frequency
Duly cycle 1:8 1:8 1:24 1:12 1:8 1:3 Continuo | Continuo
(also us u
1:48 and
1:12)
Maximum 0,8 W; 0,25 W; 0,25 W <10 mW 80 mW <6 W 0,25 W 0,24 W
bur$t power 2 W; 1W;4W
5W;
8 W;
20 W
Sefpondary 2 Hz 2 Hz None None None None None Nonhe
modulation (DTX) (DTX)
and and
0,16 Hz 0,16 Hz
to 8,3 Hz | to 8,3 Hz
(multi- (multi-
frame) frame)
Geographica World- World- Europe Elrope Japan us Europe Eurgpe
ljarea wide wide

NOTE CT-3 is considered to be covered by DECT.
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