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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-5: Environment —

B o ti ot ficat fetect " . |
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC)'is to promg
international co-operation on all questions concerning standardization in the electrical and¢electronic fields.
this end and in addition to other activities, IEC publishes International Standards, Teehnical Specification
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, ireferred to as “IH
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interest
in the subject dealt with may participate in this preparatory work. Internatignaly governmental and nq
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closq
with the International Organization for Standardization (ISO) in accordance{with conditions determined
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internation
consensus of opinion on the relevant subjects since each technigal_éommittee has representation from
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatio
transparently to the maximum extent possible intheir national and regional publications. Any divergen
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated
the latter.

IEC itself does not provide any attestation:of conformity. Independent certification bodies provide conform
assessment services and, in some area$j;access to IEC marks of conformity. IEC is not responsible for a
services carried out by independent cectification bodies.

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

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

Attention is drawn te’ the Normative references cited in this publication. Use of the referenced publications
indispensable forthe correct application of this publication.

Attention jsydrawn to the possibility that some of the elements of this IEC Publication may be the subject
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.
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his redline version of the official IEC Standard allows the user to identify the chang

has been made. Additions are in green text, deletions are in strikethrough red text.
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The main task of IEC technical committees is to prepare International Standards. However, a
technical committee may propose the publication of a technical report when it has collected
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:

E

lectromagnetic compatibility.

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

wjth [EC Guide 107.

T
a

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

o

The reader's attention is drawn<to the fact that Annex E lists some “in-some-country” clausg

Al list of all parts in the [EC 61000 series, published under the general title Electromagnef

technical revision.

nis edition includes the following significant technical changes with respectto“the previol
fition:

account recent communication technologies;

h differing practices regardjng a particular electromagnetic phenomenon.

bmpatibility (EMC).can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
sfability date indicated on the IEC website under "http://webstore.iec.ch" in the data related
tHe specifiec;document. At this date, the document will be

reconfirmed,

withdrawn,

replaced by a revised edition, or

amended.

A bilingual version of this publication may be issued at a later date.

nis third edition cancels and replaces the second published in 2011. This edition constitutgs

the description of the radiated electromagnetic environment has been updated taking info

some conducted phenomena and respective interference sources have been described |n
more detail.
ne text of this technical report is based on the following documents:
Enquiry draft Report on voting
77/525A/DTR 77/526/RVC

lll information on the voting for the appréval of this technical report can be found in the
rgport on voting indicated in the above tablg;

S

S

ic

o

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that it contains colours which are considered to be useful for the correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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1

ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

Scope-and obiect
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various approaches, including a site survey of an intended location, the technicalr\assessment

immunity levels. The data are applicable.te‘any item of electrical or electronic equipment, sub-

howledge of the electromagnetic environment that exists at locations where electricalzand
ectronic equipment and systems are intended to be operated is an essential precondition |n
e process of achieving electromagnetic compatibility. This knowledge can be_obtained by

the equipment and system, as well as the general literature.

his part of IEC 61000

introduces the concept of disturbance degrees and defines these for each electromagnetjc
phenomena,

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

provides background information on the different eleCttomagnetic phenomena that mgy
exist within the environment and

compiles tables of compatibility levels for electramagnetic phenomena that are considergd
to be relevant for those location classes.

his part of IEC 61000 is intended for guidance for those who are in charge of considering
nd developing immunity requirements. It "also gives basic guidance for the selection pf

stem or system that operates in one_of‘the locations as considered in this document.

DTE 1 This document considers reteyvant electromagnetic phenomena when describing and classifyipg
bctromagnetic environments (except EMP and HPEM which are covered in other IEC 61000-2 standards).| It
bkes use of the specification of technologies, of published data and of results from measurements. Not all
bctromagnetic phenomena congidered here are described in detail in this document, but rather in other
cuments of the IEC 61000-2-series from which the relevant information and data are taken and used in tHis
cument. For more detailedNinformation about those phenomena the user is referred to this series. See algo
nex F for an overview of.the various parts of the IEC 61000-2 series.

DTE 2 It-sheould-belis noted that immunity requirements and immunity levels determined for items of equipmgnt
ich are intended, t6 be used at a certain location class are not inevitably bound to the electromagnefic
vironment present-at the location, but also to requirements of the equipment itself and the application in which it
used (e.g. when taking into account requirements regarding availability, reliability or safety). These could lead Jto
bre stringent\requirements with respect to immunity levels or with respect to applicable performance criteria.
ese levels-may can also be established for more general purposes such as in generic and product standards,
king into,account statistical and economic aspects as well as common experience in certain application fields.

DTEV3 Electromagnetic phenomena in general show a broad range of parameters and characteristics and henge

Ca

nnot be related one-fo-one 10 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)

A <l 4 (A00 7\
AITCTHTOTTOTHC T (T IJT )

=

m

T

10 ;

IHC 61000-2-2:2002, Electromagnetic compatibility (EMC) - Part 2-2: Environment |-
Cpmpatibility levels for low-frequency conducted disturbances and signalling in public low-
voltage power supply systems

IBC TR 61000-2-3:4992, Electromagnetic compatibility (EMC) — Part 2: Environment — Sectign
3] Description of the environment — Radiatedyand non-network-frequency-related conductgd
phenomena

HC 61000-2-4:2002, Electromagnetic compatibility (EMC) - Part 2-4: Environment |-
ompatibility levels in industrial plants for low-frequency conducted disturbances

Q

HC TR 61000-2-8:2002, Electromagnetic compatibility (EMC) — Part 2-8: Environment |-
bitage dips and short intefruptions on public electric power supply systems with statisticpl
easurement results

3 <

IBC 61000-2-9:4996,Electromagnetic compatibility (EMC) — Part 2: Environment — Section P:
Dscription of HEMP environment — Radiated disturbance

IHC 61000-2-42:2003, Electromagnetic compatibility (EMC) — Part 2-12: Environment |-
Cpmpatibility levels for low-frequency conducted disturbances and signalling in public
mediym~voltage power supply systems

D 492. 90000 I LIAAOC) Im] £ 0
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UUU=Z=TUZooo, LTCLUTUINITIayIiTeiC CUTITUAtToTiity (Lo ) — T ailt 2= 19, LTIVITUTITITCTIC = T1yTri-
e

IEC 61000-4-2:2008, Electromagnetic compatibility (EMC) - Part 4-2: Testing and
measurement techniques — Electrostatic discharge immunity test
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IEC 61000-4-3:2008, Electromagnetic compatibility (EMC) - Part 4-3: Testing and
measurement techniques — Radiated, radio-frequency, electromagnetic field immunity test
Amendment1-({2007)

Amendment 2-(2010)

IEC 61000-4-4:2004, Electromagnetic compatibility (EMC) - Part 4-4: Testing and
measurement techniques — Electrical fast transient/burst immunity test

Amendment 1-(2010)

IHC 61000-4-5:2005, Electromagnetic compatibility (EMC) - Part 4-5: Testing and

measurement techniques — Surge immunity test

IBC 61000-4-6:2008, Electromagnetic compatibility (EMC) - Part 4-6: Testing and
measurement techniques — Immunity to conducted disturbances, induced by radio-frequengy
fields

IHC 61000-4-8:2009, Electromagnetic compatibility (EMC) - Part(\4-8: Testing and
measurement techniques — Power frequency magnetic field immunity test

IHC 61000-4-9:4993, Electromagnetic compatibility (EMC) »~_"Part 4-9: Testing and
measurement techniques —Pulse Impulse magnetic field immunhity test

Amendment1-({2000)

IBC 61000-4-10:4993, Electromagnetic compatibility ~(EMC) — Part 4-10: Testing and
measurement techniques — Damped oscillatory magnetic field immunity tept
Amendment1-({2000)

IBC 61000-4-11:2004, Electromagnetic compatibility (EMC) - Part 4-11: Testing and
measurement techniques — Voltage dips, short interruptions and voltage variations immunity
tgsts

IHC 61000-4-12:2006, Electromaghetic compatibility (EMC) - Part 4-12: Testing and
measurement techniques — Ringcwave immunity test

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

Mmendment-1-{2009)

13

IBC 61000-4-14+1999, Electromagnetic compatibility (EMC) — Part 4-14: Testing and

measurement-techniques — Voltage fluctuation immunity test for equipment with input currept
not exceeding 16 A per phase

Amendment 1-(2001)

Amendment 2-(2009)

IEC 61000-4-16:4998 2015, Electromagnetic compatibility (EMC) — Part 4-16: Testing and
measurement techniques — Test for immunity to conducted, common mode disturbances in
the frequency range 0 Hz to 150 kHz

Amendment 1-(2001)
Amendment2-(2009)

IEC 61000-4-18:2006, Electromagnetic compatibility (EMC) - Part 4-18: Testing and
measurement techniques — Damped oscillatory wave immunity test-

Amendment1-(2010)
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IEC 61000-4-19, Electromagnetic compatibility (EMC) — Part 4-19: Testing and measurement
techniques — Test for immunity to conducted, differential mode disturbances and signalling in
the frequency range 2 kHz to 150 kHz at a.c. power ports

IEC 61000-4-27:2000, Electromagnetic compatibility (EMC) Part 4-27: Testing and
measurement techniques — Unbalance, immunity test for equipment with input current not
exceeding 16 A per phase

|E6-64000-4-28-4998—Electromaghretic—eompatibiity—(EMES) Rart—4-28—TFesting—ard
mleasurement techniques — Variation of power frequency, immunity test for equipment-with
input current not exceeding 16 A per phase

Amendment 1-(2001)

Amendment 2-(2009)

Sle e e A 000 Socpiliention lor oo clintpcbones oncl oo b saoocieige
cbporane s nsbntheade ot a b Llopodiointine letietioe concl enlt cnoclnl oo Lol it
int-standardized EMC tests

3| Terms, definitions and abbreviated terms

311 Terms and definitions

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

NOTE EFor brevity _instead of reneating the wording "device! eaguinment or svystem" tha tarm "itam" is used in tHis
NDTE For brevity,-instead-of repeating-the-wording"devicel-equipment-or-system"the-term"item"is-used-in-tHis
B

IO and IEC maintain terminological dafabases for use in standardization at the following
ag¢ldresses:

o| |IEC Electropedia: available at hitp://www.electropedia.org/

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

3111

ag¢tive infeed converter

A|C

s¢lf-commutated glectronic power converter of all technologies, topologies, voltages and sizgs
which is connected between the AC power supply network (lines) and usually a stiff DC side
(qurrent souree™or voltage source) and which can convert electric power in both directions
(denerativeldrregenerative) and control the reactive power or the power factor

N¢te 1(toyentry: Some active infeed converters can additionally control the harmonics to reduce the distortion fof
arl afpplied 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

reduction or cutback in electric power, especially as a result of shortage, mechanical failure,
or overuse by consumers
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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
consumer may or may not notice the difference. In the worst case, damage may result.

3.1.4
burst
sequence of a limited number of distinct pulses or an oscillation of limited duration

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

315

burst (in TDMA)
signals transmitted by a terminal in the form of a block of predetermined structure during|a
time interval allotted to the terminal by a TDMA protocol

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

311.6
characteristic impedance of a medium
whave impedance for a travelling wave in a specific medium

No¢te 1 to entry: The characteristic impedance of a homogeneous isotropie®medium is given byfm;—sq-r—t—(—,a#&)
U

t =1

&

=

where
H| is the permeability of the homogeneous isotropic medium§, and

¢| is the permittivity of the homogeneous isotropic mediom.

[SOURCE IEC 60050-705:1995, 705-03+23, modified — the formula for characteristjc
inmpedance has been simplified.]

bmmercial, public and light-industrial location
dcation which exists as areas of the city centre, offices, public transport systems
(rpad/train/underground), and*modern business centres containing a concentration of offige
ayitomation equipment (RCsg, fax machines, photocopiers, telephones, etc.), and characterizgd
by the fact that equipment is directly connected to a low-voltage public mains network ¢r
c
a

3N.7
c
I

dnnected to a dedisated DC source which is intended to interface between the equipment
hd the low-voltage_mains network

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

— | Jarkas of public entertainment, for example cinemas, public bars, dance halls;

— —_places of worship, Tor 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

specified electromagnetic disturbance level used as a reference level for co-ordination in the
setting of emission and immunity limits
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Note 1 to entry: By convention, the compatibility level is chosen so that there is only a small probability that it will
be exceeded by the actual disturbance level. However, electromagnetic compatibility is achieved only if emission
and immunity levels are controlled such that, at each location, the disturbance level resulting from the cumulative

emissions is lower than the mmunity level for each device, equipment and system situated at this same location.

Note 2 to entry: The compatibility level may be phenomenon, time or location dependent.

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

3.1.9
disturbance degree

stecmed and quantified intensity within a range of disturbance levels corresponding to
particular electromagnetic phenomenon encountered in the environment of interest

311.10

d{sturbance level

amount of magnitude of an electromagnetic disturbance, measured and,evaluated in
srecified way

311.11
eIrth port
cable port other than signal, control or power port, intended for connection to earth

3{1.12

electric field

constituent of an electromagnetic field which is characterized by the electric field strength
tggether with the electric flux density D

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

0

ave been added to the definition.]

311.14

electromagnetic disturbance

any electramagnetic phenomenon which—may can degrade the performance of a devic
equipment or system, or adversely affect living or inert matter

Note{d to entry: An electromagnetic disturbance-may can be electromagnetic noise, an unwanted signal or

[SOURCE: IEC 60050-16131990, 161-01-07, modified — the terms "device" and "equipment"

a

E

311.13

electromagnetic compatibility

EMC

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

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 is 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.]
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3.
el

1.16
ectromagnetic field

field, determined by a set of four interrelated vector quantities, that characterizes, together
with the electric current density and the volumic electric charge, the electric and magnetic
conditions of a material medium or of vacuum

Note 1 to entry: The four interrelated vector quantities, which obey Maxwell Equations, are by convention:

the electric field strength, E,

the electric flux density, D,

fqr field

re
fr

3
h
H\V
1
2

the magnetic field strength, H,

the magnetic flux density, B.

OURCE: IEC 60050-121:1998, 121-11-61]

1.17

lectromagnetic) susceptibility

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

te 1 to entry: Susceptibility is a lack of immunity.

OURCE: IEC 60050-161:1990, 161-01-21]

1.18

nclosure port
nysical boundary of the—apparatus equipment,through or on which electromagnetic field
ay impinge

1.19

gion where the angular distribution.of the electromagnetic field is independent of distand
pbm the antenna

te 1 to entry: When the antenna dimensions are smaller than the wavelength, then this region is defined
A/ 2m, , where d is the distance/fiom the antenna and 4 is the wavelength of the electromagnetic field.

1.20
gh voltage

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

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

OURGE: IEC 60050-601:1985, 601-01-27]

S

e

0S

k

3.1.21
immunity (to a disturbance)
ability of a device, equipment or system to perform without degradation in the presence of an

el

ectromagnetic 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
performance
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[SOURCE: IEC 60050-161:1990, 161-03-14]

3.1.23

industrial location

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

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

N¢te T to entry: Industrial Tocations can generally be described by the existence of an installation with ong for
mpre of the following characteristics:

—| items of equipment installed and connected together and working simultaneously;

—| significant amount of electrical power is generated, transmitted and/or consumed;

—| frequent switching of heavy inductive or capacitive loads;

—| high currents and associated magnetic fields;

—| presence of industrial, high power scientific and medical (ISM) equipment (for example, ‘Welding machines).
The electromagnetic environment at an industrial location is predominantly produced by the equipment apd

inptallation present at the location. There are types of industrial locations wherg\8ome of the electromagnelic
pllenomena appear in a more severe degree than in other installations.

N¢te 2 to entry: Industrial locations can be further distinguished, for exampte into general, process, heavy fr
pqwer industrial locations.

Ne¢te 3 to entry: The connection between location and electromagnetis.efivironment is given in 3.1.15.

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

1.24

feed converter
¢lf-commutated electronic power convertep of all technologies, topologies, voltages and sizgs
hich is connected between the AC power supply network (lines) and usually a stiff DC side
urrent source or voltage source) and\which can convert electric power only in one directign
fom AC to DC) and limit harmonigc(current emissions of the converter and control the pow
gctor to be close to one

Sl

s ®

—h o~~~
=
\V
=

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

311.25
islanding
process whereby a power system is split into two or more islands

Note 1 to entrys.lslanding is either a deliberate emergency measure, or the result of automatic protection for
cqntrol action{ erthe result of human error.

—
0

OUREE: IEC 60050-603:1986, 603-04-31]

31126
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 |, 5.2 to 5.4, 2012]
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3.1.27
location (EMC)
position or site marked by distinguishing electromagnetic features

3.1.28
location class

set of locations having a common property related to the types and density of electrical and

electronic equipment in use, including installation conditions and external influences

Nate 1 to entry-  See Annex A

1.29
w voltage
vV

raw

ag¢cepted to be 1 000 V AC

—
[da)

OURCE: IEC 60050-601:1985, 601-01-26]

3]1.30

magnetic field

constituent of an electromagnetic field which is characterized by the magnetic field strength
tqgether with the magnetic flux density B

[SOURCE: IEC 60050-121:1998, 121-11-69]

311.31
maximum burst power
miaximum instantaneous power achieved during'a burst

3]1.32

medium voltage

Mv

any set of voltage levels lying between low and high voltage

No¢te 1 to entry: The term medium’ voltage is commonly used for distribution systems with voltages above 1
arld generally applied up to and including 52 kV (see IEC 62271-1:20067-10).

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

311.33

near field
rggion whete the angular distribution of the electromagnetic field is dependent on the distang
frbm, the ‘antenna

set of voltage levels used for the distribution of electricity and whose upper limit is generally

H

\Y

e

e

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—apparatus equipment with the external electromagnet
environment

SEE: Figure 1.

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

ic |
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3.1.35

power line telecommunications

PLT

use of existing in-building or network distribution power cabling as a metallic path for the
distribution of data

Note 1 to entry: Power line telecommunications is also known as broadband power line (BPL) and power line
communication (PLC).

3.1.36

P erport
port at which a conductor or cable carrying the primary electrical power needed for-ihe
operation (functioning) of-an—apparatus equipment or associated—apparatus equipment |s
connected to the-apparatus equipment

3]1.37

rgsidential location
Igcation which exists as an area of land designated for the construction of domestic dwellingp,
and is characterized by the fact that equipment is directly connected texa low-voltage publlic
mjains network or connected to a dedicated DC source which is intended to interface betwegn
tHe equipment and the low-voltage mains network

EXAMPLE Examples of residential locations are houses, apartments, and_farm buildings used for living.

N¢te 1 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) ot a separate section of a larger building (ps
inJan apartment in an apartment block).

No¢te 2 to entry: The connection between location and electtémagnetic environment is given in 3.1.15.

[OURCE: IEC 61000-6-1:2016, 3.8]

3]1.38

signal port
port at which a conductor or cable dntended to carry signals is connected to the-apparatys
equipment

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

3]1.39

short interruption
slidden reduction of\the voltage on all phases at a particular point of an electric supply system
b¢low a specified interruption threshold followed by its restoration after a brief interval

No¢te 1 to entfy:~Short interruptions are typically associated with switchgear operations related to the occurrenge
arld 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.

Note 2 to entry: A description of power systems is given in [IEC 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
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3.1.42
voltage change

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

unspecified durations

Note 1 to entry: Whether the r.m.s. or peak value is chosen depends upon the application, and which is used

should be specified.

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

3]1.43

voltage dip

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

N¢te 1 to entry: Typically, a dip is associated with the occurrence and termination of a shortiCircuit or oth
ejtreme current increase on the system or installations connected to it.

No¢te 2 to entry: A voltage dip is a two-dimensional electromagnetic disturbance, the level of which is determing

(e

y| both voltage and time (duration).

311.44

voltage fluctuation

s¢ries of changes of r.m.s. voltage evaluated as a single_value for each successive ha
period between zero-crossings of the source voltage

311.45

wjave impedance

fgr a sinusoidal electromagnetic wave, using complex notation, the quantity representing th
electric field at a point divided by the quantityx representing the magnetic field at the sani
point

[SOURCE: IEC 60050-705:1995, 705-03-22]

3]1.46

Smart Grid
intelligent grid
ectric power system thatutilizes information exchange and control technologies, distributg
cdmputing and associated-sensors and actuators, for purposes such as:

D

o| to integrate the-behaviour and actions of the network users and other stakeholders,

network .that can intelligently integrate the actions of all users connected to it
generatofs, consumers and those that do both — in order to efficiently deliver sustainabl
econemic and secure electricity supplies

—
N

QURCE: IEC 60050-617:2011, 617-04-13, modified — the second bullet point has begq

o | to efficiently deliver sustainable, economic and secure electricity supplies via an electricity

a

e

c

bdated ]

3.2 Abbreviated terms

AC alternating current

AlIC active infeed converter

AM amplitude modulation

AMN artificial mains network

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

AV average
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AVE audio-visual equipment

BPL broadband over power line

CATV communal antenna TV

CB citizen band

CDMA code division multiple access

CEPT Conférence Européenne des administrations des Postes et des
Télécommunications

uronaan - Confarancan of Daoctal And TAlacarama i~ leatione Adminictratianco

Edurepean-Gonference-ofRestal-andTFelecommunicationsAdministrations

CISPR Comité International Spécial des Perturbations Radioélectriques

International Special Committee on Radio Interference
MA constant modulus algorithm
T cordless telephony
T-2 cordless telephone, second generation

continuous wave

C

C

C

Cw

DC direct current

DCCs digital cross connect system

DCS digital cellular system

DECT digital enhanced cordless telecommunications
DIrX discontinuous transmission

DVB-T digital video broadcasting — terrestriaf
D\VD digital versatile disc

DMR digital video recorder

EAS electronics article surveillanGe

EPM electro-discharge machining

E|RP effective isotropic radiated power

EM electromagnetic

EMC electromagnetic-compatibility

EN Euro-Nernie;'European Standard
ERC Européan‘Radiocommunications Committee
ERMES European radio messaging system
ERP effective radiated power

EBD electrostatic discharge

E[rSI European Telecommunications Standardisation Institute
EU European Union

EOT equipment under test

FCC Federal Communications Commission
FDD frequency division duplex

FDMA frequency division multiple access
FHSS frequency hopping spread spectrum
FM frequency modulation

FOMA freedom of mobile multimedia access
FRS family radio service

FSK frequency shift keying

GMSK Gaussian minimum shift keying
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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
IHEE Institute of Electrical and Electronics Engineers
INIT international mobile telephone
I§DB-T integrated services digital broadcasting — terrestrial
I§M industrial, scientific and medical
1I§0 International Organization for Standardization
IME information technology equipment
MU International Telecommunications Union
JP Japan
LAN local area network
LCL longitudinal conversion loss
LF low frequency
LPRS low power radio service
LTE long term evolution
LTE-A long term evolution advanced
R
RI magnetic resonance, imaging (also nuclear magnetic resonance)
URS multi-user radio service
N neutral
NADC North American digital cellular
OﬁDM orthogonal frequency division multiplexing
PLC persohal computer
PLCC point of common coupling
PPC personal digital cellular
PPS power drive system (also known as an adjustable speed drive or variable speg
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
PLT power line telecommunications
PMR public mobile radio
POCSAG Post office code standard advisory group
PoE ports of entry
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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

RFID radio frequency identification
r.m.s. root mean square

RITTT road traffic and transport telematics
SHF super high frequency

SHINE single high intensity noise event
SRD short range device

SNR signal to noise ratio

SEB single side band

TPD time domain division

TPMA 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 poipt
of the power distribution system (in AC systems, the earthed point pf
the power distribution system is normally the neutral point or, if |a
neutral pointis not available, a phase conductor);

C means\the neutral and protective functions are combined in a single
conduetor.

TN-S T means direct connection of one pole to earth,

N means direct electrical connection of the equipment to the earthed poipt
of the power distribution system (in AC systems, the earthed point pf
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

UHE 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

UTP unscreened twisted pair

uv ultra violet

UwB ultra wide band

VCR

video cassette recorder
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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

Classification of the electromagnetic environment is based on the classification or
description of the electromagnetic phenomena prevailing at typical locations, not on €xistin
tdst specifications. However, given a choice among equal possibilities, harmonization wi
existing test specifications (if appropriate) will simplify the situation and promote easi
agceptance of the recommendations. The definition of electromagnetic environment in 3.1.1

dpcument to quantify the phenomena contributing to the electromagnetic environment and it

dpcument to describe the environment, as it is reserved for specifying\immunity test levels
other IEC publications.

Thus, the concept and term of electromagnetic phenomenon is\the starting point for definin
tHe environment and selecting disturbance degrees in a classification document. Clauses 5,
and 7 of this document are the first step of the process. Thtee basic categories of phenomer

discharge. In the first stage, attributes of the phehomena (amplitudes, waveforms, sourd
impedance, frequency of occurrence, etc.) are defined generically, and the expected range
disturbance degrees established. Then, in the se€ond stage, one single value from that rang
has been identified as most representative yvaliie for each phenomenon at a specific class
location and set forth as the compatibility leyel for that location class.

The process is illustrated in Figure 1, showing how two sets of tables are used: a set of inp
tgbles that are phenomena-oriented‘and establish a range of disturbance degrees for a givd
phenomenon, and a set of outputtables that are location-oriented and propose a table f
each class, with one value of compatibility level for each of the phenomena identified in tH
s¢t of input tables.

rgfers to “electromagnetic phenomena”. The term "disturbance degree" (3.1.9))is used in thjs

independent of any consideration of test levels. The term “severity leyél® is not used in thjs

have been identified: low-frequency phenomena, high-frequency phenomena and electrostatj
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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
. table for each location class
Radiated
- >

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

HF

A = Controlled environment

3= Natural environment

X = Harsh environment

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

EC

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—apparatus 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
\ d
Yy

contrallina—thae nt can ha nnnnr\ni-r\rl Examnla Hlo TIANIa) ataloante I
A2 LI =

Tt COTT

u|||.|vn|||v e uu|u||u|||u|u. CoOTrT T COUTIT o CToUT |_1\u|||y|uu ae |||yu||.:uu|.y

lines, telecom lines, antenna cables, wired network lines, etc.

—| The earth port is the point where a cable-connection—otherthan—a-signal-orpowerpoit;

intended for connection to earth for functional or safety purposes can be connected.

—| The power port is the point where a conductor or cable is connected to the) equipmept
carrying the electrical power (AC or DC) needed for operation. The power¢0drt can be both
input or output power port.

The significance of differentiating ports for conducted disturbances reflects the different typg
ol phenomena that can occur in power systems versus communication'systems, as well as tH
importance of earthing practices for each of the systems, as earth often serves as a refereng
fgr the equipment. For the purposes of this classification, the\signal and control ports a
considered similar and are therefore combined into the signal port. Users need to recogni
tHat the values shown correspond to disturbances measured between the conductors of tH
specific systems, in what is described as a differential mode, a common mode or §
asymmetrical mode.

SO DOD®DOD®n

Enclosureort

AC power port Signal port

EQUIPMENT

DC power port Earth port

IEC

Figure-2.= Ports of entry (POEs) of electromagnetic disturbances
into equipment

The final classification of environments into location classes and corresponding compatibility
lgvels is«discussed in Clause 8, with specific examples of location classes given in the tablgs
of Anpex A. In that respect three location classes have been identified in this document (sgqe
Flgure~ 7). The attributes of these location classes are based on the significapt
e r"rmmngnp’rir‘ characteristics of a location rather than npnnranhlr‘nl ar structural aspects.
The location labels of the final classification imply specmc definition of S|gn|f|cant
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-2046
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.
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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
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
clestromaaneticpheromena- . il , . )

all be tested against all these phenomena, but that a limited set of them may be chosgn
agcording to the environment of concern and inherent characteristics of the item.

3 Electromagnetic environment phenomena

4

The electromagnetic environment in which electrical and electronic items ‘are expected fo
operate without interference is very complex. For the purpose of this classification, thrge
categories of electromagnetic environment phenomena have been defined to describe 4§
disturbances:

electrostatic discharge (ESD) phenomena (conducted and radiated);
—| low-frequency phenomena (conducted and radiated, from any source except ESD);
—| high-frequency phenomena (conducted and radiated, from-any source except ESD).

nis distinction is necessary in order to recognize thatcelectromagnetic disturbances occur |n
particular medium. Formally, when dealing with’ the electromagnetic environment, the
pvelength A of the considered disturbance is thesgauge for “long or large” and for “short or

all’. An item is small or a line is shortyif*the wavelength is much greater than ifs
mensions. Consequently, in that situation therfrequency is low, as the frequency is inverse]y
oportional to wavelength. An item is largeor a line is long if the wavelength is much smaller
an its dimensions. However, in the context of the present document and in accordance with
e IEC EMC approach, the term low.frequency applies to frequencies up to and including
kHz; the term high frequency applies to frequencies above 9 kHz.

©O=xT=T AN S O o

ectromagnetic radiation in different locations may be a result of intentional or unintentionpl
diators and may include- €lectromagnetic fields on frequencies from 0 Hz (static fields) fo
D0 GHz. Electromagnetic,fields can be radiated from distant or close sources, hence the
opagation and coupling can be governed by far-field or by near-field characteristics. The
e
n

T B I m

rgsulting field strengthat a location is typically controlled by the radiated power, the distand
from the radiator.'and coupling effectiveness. The frequency is also an important factor
ofder to describe-electromagnetic fields at a location.

Rpdiated (disturbances occur in the medium surrounding the equipment, while conductgd
disturbances occur in various metallic media. The concept of ports as shown in Figure P,
through’ which disturbances have an impact on the item, allows a distinction among the
fdllewing various media:

—_

enclosure;

N

AC power mains;

A oW

)
)
) DC power mains;
) signal lines;

)

a

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 leve
given in this document should be used to determine the compatibility levels.

Is

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 equipmer
pptential coupling mechanisms between items of equipment and statistical considerations.

Hence, setting emission limits in this way predominantly aims at the achieyement

emission limits as for the specification of CISPR limits a different approach is @applied.

CISPR limits are developed for protection of radio communications. THey take into accou
aspects such as field strength signals needed for radio receptign\-or typical protectid
distances between radio receivers and potential interference sources\(typically 10 m or 30 m
They do not take into account the situation in very close proximijty of disturbance sources (3
tHis is not a typical situation for reliable radio reception) or itnmunity issues as the CIS

emission limits are normally far below (several magnitudeg),typical immunity levels. In th
rgspect, emission limits derived from the disturbance level§/0f this document and CISPR limi
are not always correlated with each other. Consequently, the disturbance levels of th
dpcument are in most cases not appropriate to derive GISPR limits.

NPTE More detailed information about determining CISPR\emission limits are given in CISPR TR 16-4-4.

4|5 Simplification of the electromagnetic.environment database

tlis neither possible nor absolutely necessary to describe completely an electromagne
environment. Consequently, any description is limited to certain properties of th
enpvironment. The first step of @@description should be the selection of appropria
electromagnetic properties corresponding to the various phenomena that can crea
electromagnetic disturbances. Table 1 lists these phenomena. In this document, the bounda
be¢tween low frequency and chigh frequency is generally understood as being 9 kHz; howeve
when addressing a type of disturbance prevailing in one frequency range with a small overlg
into the other range, the boundary might be slightly shifted to keep the phenomenon with
one descriptive range.

h appropriate. selection is only valid if its purpose is also specified. Considering the mar
bssible coupling mechanisms between an item and its electromagnetic environment,
pcomes @pparent that, in order to accurately assess the necessary level of immunity for an
m, mere information than is available about the environment would be needed. Accuracy
electromagnetic environment descriptions is necessarily limited, as follows:

To >

—

electromagnetic compatibility. Such types of emission limits are not related) to CISPR

ty

Df

STTT< DO ®m O

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 sing
value for compatibility levels, rather than a range of values.

le

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
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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.

Table 1 — Principal phenomena causing electromagnetic disturbances

Phenomena Table Subclause
tF=comducted
Power supply networks Harmonics/inter- 2 5.1.1
harmonics
Voltage fluctuations 3 5.1.2.1,a)
Voltage dips None 5.12:1b)
Voltage interruptions None 517221 ¢c)
Voltage unbalance 4 5.1.2.1d)
Voltage frequency 5 5.1.2.2
variations
Power supply networks | Common mode voltages 6 5.1.3
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
Rower system harmonics 9 5.2.1
(7,= harmonics)
not power system related 9 5.2.1
LF electric field DC lines 10 5.2.2
Railway (16-2/3 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-conducted = None 6.1.2
CW/PLT (intentional) 1,606 5 MHz to
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
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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
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 17 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 431744 72173
Fast 43 /44 72/7.3
High altitude Not considered in this document; for further information
electromaghnetic pulse see |IEC 61000-2-9
(HEMPY
High-power Not considered in this document; for further information
electromagnetic pulse see I[EC 61000-2-13
(HPEM)

To assist equipment designers and users in making appropriate choices in defining immunity
test levels, the classification shows, for each phenomenon, only one compatibility level per
class of location. The characterization of each phenomenon is presented in tabular form, from
which a selection can be made. This approach gives a common base of reference for
specifying immunity requirements for an item of equipment expected to be installed at various
locations, and yet provides the appropriate degree of compromise between a conservative
overdesign and a cost-conscious reduction of margins. The specification of these
requirements for specific equipment remains the field of product standards and, therefore,
cannot be addressed in the present document.


https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

-30- [IEC TR 61000-2-5:2017 RLV © IEC 2017

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.

itigation or control might be necessary to satisfy specific requirements, and an "X" dedrge
rgcognizing that in some situations exceptional conditions could prevail that need specifjc
rgcognition. 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 |s
génerally encountered.

Atk with any classification scheme, its value lies in its generality. This classification recognizgs
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 switchirng
transient can occur infrequently in some location classes. Whether the equipment should Re
désigned to be “immune” to this particular disturbance depends upon whether its effects afe
tgmporary (for instance, a reduction of reception quality¢that might be acceptable although
undesirable), or permanent and unacceptable (equipmént damage or malfunction with
upacceptable consequences).

flno special performance requirement is expected at a given location, which is the generpl
case, the procedure is reduced to:

selecting the appropriate location class‘drom those defined in Clause 8 and Annex A;

o | selecting the required immunity in_accordance with the principles stated in Clause 9.

The purpose of this document is not to specify immunity, but to allow product committees
miake a selection on a rational‘and informed basis, without specifying equipment immunit
Dpta shown in the Table 2/to Table 14 and Table 16 to Table 44 refer to well-know
electromagnetic environment conditions, such as low-frequency phenomena or, in othe
cases, only proposed as representative levels for classification.

S5 S~ 0O

-

5| Low-frequeney electromagnetic phenomena

511 Conducted low-frequency phenomena

511.1 Harmonics of the fundamental power frequency

Hprmonic voltages of the fundamental power frequency exist on power supply networks. The
source is harmonic currents of the fundamental power frequency that are injected into the
power supply network by attached non-linear loads, where they are converted into voltages by
the network impedance.

The number of non-linear loads that are utilised in residential, commercial and industrial
locations has increased significantly in recent years. There are two types of non-linear loads:

— The very large number of small capacity loads (i.e. each consuming less than 1 kW),
mostly single-phase loads, that are found in the low-voltage power distribution network.
Such loads typically have rectifier input and include items such as household appliances,
AVE, ITE, etc.
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— 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.

Hermonics from residential, commercial and industrial areas aggregate to disturb the yvoltag
of the supply network. Table 2 shows:

—| the disturbance levels for the individual voltage harmonic components;
the THD:

where
Ul is the amplitude of the »nt" harmonic of the fundamental power frequency;
Uy is the amplitude of the fundamental power frequeqcy.

NOPTE 1 The definition of the THD recognises the fact that _not all harmonic components will reach their pe
amplitude simultaneously.

NDTE 2 Harmonics up to and including the 40t harmiohi¢ are considered, in conformity with IEC 61000-3-2.

Table 2 — Disturbance degrees and levels for harmonic voltages in power
supply networks (in percentage to fundamental voltage, U,/U,)

e

Harmonic Odd (non-multiple of 3) Odd and multiple of 3 Even

order THD 5|7 | 11 | 13|17|19|23-25|>25 3 | 9 |15|21 |>21 2 | 4 |6-10|>1

=

Basic

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

degree
A . . .

Controlled) Case-by-case according to the equipment requirements
1 5 3133 3 2 a a a 3 (1503|0202 2 1 0,5 ¢
2 8 6 |15([35] 3 2 a a a 5 (15]|04]02 (02| 2 1 0,5 ¢
3 10 |8 (7|5 |45 4| b | P b le |25 2 (1,75 1 |3 15| 1 | 1

X (harsh) Case-by-case according to the situation
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7

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

NOTE 2 Class 1 applies to protected supply networks and has compatibility levels lower than those of publi

supply networks. It relates to the use of equipment that is very sensitive to disturbances in the power supply, for

instance the instrumentation of technological laboratories, some automation and protection equipment, som
computers, etc.

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

OTE 4 Class 3 applies to industrial environments. It has higher compatibility levels than those of Class 2 f

n

C

e

(o]

=

bme disturbance phenomena. For instance, this class-should would be considered when any of the followin
bnditions are met:

O n

- a major part of the load is fed through power converters;
- welding machines are present;
- large motors are frequently started;

- loads vary rapidly.

=z

OTE 5 Class X applies to an arbitrarily defined environment, for example, strongly-disturbed industrial powe
Lpply networks (steel plants, power stations, etc.).

(2]

he above levels correspond to those values that are not exceeded by 95 % of{the 10 min mean r.m.s. valus
uring each period of one week under normal operating conditions (taken from EN 50160).

Q

=

Q

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

o

=4,5x (17/n) - 0,5 (where n is the order of the harmonic componént)

¢l =0,25x (10/n) + 0,25 (where # is the order of the harmonic corfiponent)

(3]

1.2 Power supply network voltage amplitude)’and frequency changes

a

1.2.1 Amplitude change

a] Continuous or randomly repeated® and relatively rapid fluctuations within the norm
operating range occur at a frequency ranging from 25 times per second to one time p
minute. The most disturbing~effect of such fluctuations is a flickering of lighting leve
(mainly low-voltage incandescent lamps), causing physiological discomfort. Sources a

network) and switchifig 'of large loads or capacitor banks. Table 3 lists disturbance leve
for voltage fluctuations within normal operating range.

Table 3 — Disturbance degrees and levels for voltage changes within normal
operating range (in percentage of nominal voltage, 4UIU,)

Basic standard

Disturbance degrees IEC 61000-2-4

Disturbance levels

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

generally industrial loads" such as arc furnaces (HV network), welding machines (4V

Is

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 %-may can occur for a duration shorter than
60 s. For longer duration, a range of —10 % to +10 % applies.



https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

IEC TR 61000-2-5:2017 RLV © IEC 2017 —-33 —

b) Voltage dips last in most cases for less than 1 s. In areas supplied by overhead lines, the

number of voltage dips can reach several hundreds per year, depending on the number of
lightning strokes and other meteorological conditions in the area. In areas supplied by
underground power cables an individual user of electricity connected at LV may be subject
to voltage dips occurring at a rate that extends from around ten per year to about a
hundred per year, depending on local conditions.

c) Short supply interruptions with durations ranging up to 180 s also occur. Most of them are

in
in

restored within 60 s. Interruptions lasting more than 180 s are no longer considered an
EMC issue, but a blackout.

xkamples of voltage waveforms for voltage dip and short supply interruption are shown |n
gure 3.
DTE 2 The disturbance degrees and compatibility levels for these phenomena, i.e. voltage dips and short supgly

Voltage unbafrance can be caused by asymmetrical toads or targe single-pnase foads sugh
as traction systems or single-phase furnaces. Table 4 shows the disturbance degrees:

90000080084:787Y0 72079 408600808000 90
OO A SATSA LU

a) — Voltage dip
3000000000010 000 e S M-
BEUSE1SE1S 000 C et

b) — Short supply-interruption

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

DTE 1 Voltage dips and short interruptions have various origins:
short circuits in LV networks cleared by.fdse 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, espe€iatlly motors and capacitor banks.

erruptions, are.not yet available. Further information and suitable immunity levels on these phenomena are giveén
IEC 61000-2-2,"|IEC 61000-2-4, IEC TR 61000-2-8, IEC 61000-4-11 and IEC 61000-4-34.
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Table 4 — Disturbance degrees and levels for voltage unbalance
(in percentage of Upo4/Upqs)

Basic standard
Dizt“'ba"“ IEC 61000-2-2, IEC 61000-2-4 and IEC 61000-2-12
egrees
Disturbance levels
A (controlled) Case-by-case according to the equipment requirements
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, A,
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.

1.2.2 Frequency change

ore than 0,2 %. However, during network disturbances,{the fundamental frequency of the

5

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

power network can vary by up to 4 % (see Table 5).

Table 5 — Disturbance degrees and levels for power frequency variation

Basic standard
Dizg‘;'rt;’;‘:e IEC 61080-2-2, 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

NOTEWY ) 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 For isolated power networks, +2 Hz applies.

513 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.

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.
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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.

Figure 4 shows a typical configuration of the semiconductor converter in a PDS: a 3-phase AC
network voltage is rectified to DC voltage by a diode-rectifier. For the purpose of simplifying

the _explanation, the neutral point of the AC network is assumed to be grounded. The DC
voltage 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

WAL N

< L ¢ ﬁ,?
ZF ZE O O O
. . 3

z
X

Figure 4 — Typical configuration of.the converter in a PDS

Flgure 5 depicts an example of the voltage and.current waveforms at each position in a PD
The AC network frequency is 50 Hz. The PDS.output frequency is 25 Hz. A representative A
put phase-to-phase voltage, a representative AC input phase current, the DC voltage and
rgpresentative AC output phase curren{iare shown in of Figure 5a). The AC input phas
clirrent includes large harmonic components, whereas the AC output current is controlled

be almost sinusoidal. Figure 5b) indicates both the DC positive pole (P) voltage potential fro
the ground and that of the negative pole (N). The DC line potential from the ground fluctuatg
al 150 Hz (50 x 3). The DC  differential voltage fluctuates at 300 Hz (50 x 6), though th
flictuation is very small. .Rigure 5c) displays the common mode (neutral) voltage of th
converter output, which ¢ontains multiples of the PWM carrier frequency (5 kHz) component
The envelope of the common mode voltage follows the DC P and N potential voltages. It

tHe significant feature\of PDS that the output common mode voltage is pulsating at the PW
carrier frequency-although the output current gets almost sinusoidal.

s o0 wnw300007

One example of a measured PDS common mode voltage is introduced in Figure 6. The Figufe
wps takenfor between 150 kHz and 30 MHz through an AMN. The motor capacity was 3,7 kyV
and the-switching frequency of the PDS was 14,5 kHz. Since a peak measuring receiver was
used linstead of a quasi-peak measuring receiver, the detected value would be several [18

higher. It is found that about 100 dB(pV) conducted common mode disturbance voltage |s
generated.
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Figure 5 — Voltage and current waveforms of each PDS portion
(1 ms/horizontal division)
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NOTE The common mode voltage produced by a PDS causes various interferences:

1)
2)
3)
4)

Rise of bearing current resulting in lifetime reduction.
Surge voltage resulting in insulation deterioration of motor windings.
Generation of stationary grounding current.

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.

5

P
u

Table 6 — Disturbance degrees and levels for common mode voltages

sfandardization documents consider three types of systems:

Basic standard
Dizte‘;';ae’;‘:e IEC 61000-4-16
Disturbance levels
1 1V
Z IV
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, Apnex/B.

NOTE 2 Values in Vr_m_s'

1.4 Signalling voltages in power supply networks

bwer supply networks are designed for the transmission‘\of energy, but they can also 1
bed for the transmission of information by mains\signalling systems. The releva

ripple control systems that are used by electri€a) utilities in public supply networks, in th
range of 100 Hz to 3 kHz, generally below §00 Hz, with signals up to 5 % of U, und
normal circumstances and up to 9 % of {/,,in*cases of resonance. These systems are use
in some countries in Europe and elsewhere;

power-line carrier systems used by<electrical utilities in public supply networks, in th
range 3 kHz to 95 kHz, with allowed signal levels up to 5 % of U,,. These signals a
strongly attenuated in the network’/(> 40 dB). These systems are used mainly in Europe,
the US and are developing elsewhere;

signalling systems for end-user premises (residential or industrial) in the range of 95 kH
to 148,5 kHz in Europe(IPU region 1), with allowed signal levels up to 0,6 % U, or 5 % U

levels between 2 mV-and 0,6 mV.

respectively. In the US and Japan the upper frequency is 500 kHz, with allowed signpl

sturbance degrees and levels for signalling voltages in power systems are given in Table 7.

z

N’
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Table 7 — Disturbance degrees and levels for signalling voltages
in-power 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: 2t0 0,6
59%y d 5% _d 06%U (mV naot %
0;5-kHz to-3-kHz: 9,5 kHz to 95 kHz:

59, U, to1:3 o, U, 5 9 U, to 1,3% U, d Industrial areas:

5% U,
0,5 kHz to 0,95 kHz:
9% U,t05% U, ¢

0,95 kHz to 3 kHz:
5% U, °

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

INOTE 1 Degree A: residual signals might exist, coupled from adjacent systems Where intentional signals mightt
he present. For this degree, in contrast with other tables, degree A is not a,controlled environment. Furthermore
gome types of installations might offer some degree of protection against-this disturbance phenomenon. In casq
f disturbing over-spill from adjacent networks, it might be necessary to install blocking or absorbing circuits.

INOTE 2 Degree 1: for the range 0,1 kHz to 3 kHz, the values cofrespond to normal injection levels in actudl
installations. For the other ranges, the values indicate the maximum allowed injection level measured on
:Ieference impedance. These values are only applied in ITU.région 1, and other values might be used in ITU
legion 2 or 3.

INOTE 3 Degree X: normally the signals are more or less attenuated in the network. However, in certain case

f resonance the signals-may can be enhanced.-tathérange 04 kHzto 3 kHz a-maximumof % U, -isallowed}

94 Network without signalling.

8 Emission level, near to the transmitter.
Special cases (resonances).

9 Ne-data—available- EN 50160:2010-(Figure 1 and Figure 2) gives information on possible levels of signalin
voltages which may be presenf.in public power supply networks. The values are valid for low-voltage an
medium-voltage power suppghhnetworks.

5/1.5 Islandingsupply networks

The term islanding describes the process whereby a power system is split into two or mofre
slands. Islanding mainly occurs when either a deliberate emergency measure or an automatjc
protection/control action is taken. If the scale of an islanding network is relatively small, ifs
power frequency fluctuation and voltage fluctuation can be larger than usual.

To protect installations like hospitals server farms shopping centres and warehouses during
‘black outs’ or ‘brown outs’, most of these installations have an independent backup system
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
generator, photovoltaic power system or other power source;

— avessel (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.

Table 8 describes induced common mode voltages. Differential mode voltages may alse oecur
and are strongly dependent on the type of cable, termination and earthing arrangemegntt

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 system 2
Disturbance IEC 61000-4-16 IEC 61000-4-16
degrees Disturbance leyels
50 Hzto 1 kHz | 1kHzte20kHz | 1,5 kHz o 15 kHz to 50 Hz to 1 kHz
15 Hz to 150 Hz to 15 ¥HQ 190 Kz
150 Hz © 1,5 kHz
A (controlled) Case-by-case accordifig to the equipment requirements
1 0;05—1 0505 0,1 0,1to1 1 100
1to0 0,1
2 e 6545 0.3 0,3to 3 3 300
3t00,3
3 L 651 1to 10 10 1000
10 to 1
4 1+—-20 43 3to 30 30 3000 ®
30¢03
X (harsh) Case-by-case according to the situation

NOTE Values in V7, o

94 Values may-be limited by ITU-T or other mandated mitigation methods.
e d; ‘ . . _

% Maylbe limited by sparkover of clearances. On insulated ground circuits, higher voltages might occur.

Jhe disturbance levels decrease by 20 dB/decade.

d  The disturbance levels increase by 20 dB/decade.

5.1.7 DC voltage in AC networks

DC voltage 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.
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It is difficult to assign a precise disturbance level to this rare phenomenon, however, class

7

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.

5.2 Radiated low-frequency phenomena
5.2.1 Magnetic fields

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

—[ nearby power cables and lInes, in particular overnead power lines
—| stray fields from transformers

—| bus bar systems

—| switchgear installations

—| power system-apparatus equipment, such as power drive systems, rectifiers, generator
etc.

n the case of power cables, magnetic fields might occur also due to cammon mode current
dépending on the type of the power supply system (e.g. in thehcase of TN-C system
s¢e 8.6).

The frequencies or frequency ranges to be considered depend on the type of sources existir
al the location under consideration and comprise:

o[ DC

o| frequencies of railway traction system (e.g. DC; 16 2/3 Hz, 50 Hz, 60 Hz, ...)

o | fundamental frequency of power supply systems

e | harmonics occurring in a power system

o | frequencies not related to power systems

S|gnificant magnetic fields at harmonic frequencies appear only in special circumstances, f
example in the presence of power, €lectronic systems.

Cpse-by-case consideratiofv’is required in presence of particular nearby high pow
equipment (electrolysis, generators, etc.), within high power installations (switchyards, pow
sfations, etc.) or for particular types of equipment (magnetic resonance-apparatus equipmer
irlduction heating, -€te.). Table 9 quantifies the magnetic fields from various low-frequenc
sources.

4

U

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

Phenomena (sources)
. Railway Power system Harmonics of Not related to
Disturbance DC @ frequency frequency power system power
degree 16-2/3 16,7 b 50/60 Hz © 0,1 kHz to systems ©
3 kHz
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

NOTE Values in A/m,-BC-err.m.s. for AC.

4 In addition to earth magnetic field of about 20 A/m to 60 A/m, depending on location, at 1 m above ground.

At 20 m from the track. The fields increase considerably the closer theygef to the tracks. 1 A/m at 20 m, 1 nj
above ground, corresponds to a locomotive of about 3 000 kW. Some types of railway track signallin
systems can also give rise to field strengths greater than level 1.

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

Where n is the order of the harmonic.

9 Where audio-frequency inductive loops are present, the long-term average field strength in the frequenc
range 100 Hz to 5 kHz may be 0,1 A/m (level 3), see }EC 60118-4.

Applicable also to railway systems with fundamental'power frequencies other than 16,7 Hz.

a

2.2 Electric fields

S|gnificant electric fields appear in the vicinity of conductive structures that have a hig
vtltage with respect to ground-potential or with respect to other conductive structures. Typic
ituations are for examplexhigh-voltage overhead power lines or air-insulated substation
Cpnsidering a potential~impact by electric fields, cables are much less important thg
oyerhead lines due t&.the fact that both the metallic coating and the soil isolate the electr
field nearly totally.

The electric field strength increases proportionally to the nominal voltage of the high-voltag
onductorsi(The electric field strength at 1 m height above ground under typical high-voltag

0 k¥ bp to 750 kV.

E uipment that IS ToCated WItnin DUNdIings experiences much ower electric T1ield streng

c
oyerhead\lines ranges from a few kV/m to approximately 15 kV/m for voltage levels from
1

o> 78 =

e

h

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

7

Phenomena (sources)

DC lines Railway frequency Power frequency
Disturbance degrees o )
(transmission or traction) 46-2/3 16,7 Hz lines 2@ 50/60 Hz lines

Disturbance levels

A (controlled) Case-by-case according to the requirements
1 01 01 n1b
2 1,0 0,3 <1,0°¢
3 10 1,0 <10¢
4 20 3,0 <20°¢
X (harsh) Case-by-case according to the situation

NOTE Values in kV/m,-BE-er r.m.s. for AC; values are typical for a height of 1 m above grodnd.

P Applicable also to railway systems with fundamental power frequencies other than~46-2/3 16,7 Hz.
P Residential environment, far from overhead lines.

°  Outdoor, below overhead lines up to 30 kV and indoor, below overhead lines up to 765 kV.
A Qutdoor, below overhead lines up to 400 kV.

° In HV stations up to 400 kV and below overhead lines up to 765 kY,

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

NOTE 2 There is no basic immunity standard availablesthat reflects this kind of electromagnetic stress becau
significant low-frequency electric fields occur in some. specific situations and the amount of electromagne
dipturbances coupled into equipment by this phenomenon is generally low so that in most cases no harm
interference is produced.

6| High-frequency electromagnetic phenomena

1 Conducted high-frequency phenomena
1.1 General

6

6

This type of disturbance-is generally considered as occurring within the set of conductors of
system, either in thevpower supply (AC or DC) or the signal lines of the many types used
modern equipment—A frequent situation is when these systems are implemented by separa
ofganizations or.different individuals, without consideration of voltage differences that mig
o¢cur between physically close conductors of different systems, hence the consideration
ground caupling path (or reference) is one of the media in which a disturbance can occur.

These-disturbances can be divided into two major types, each characterized by a set

be

ic
ul

a
n
e

Nt

Df

altributes, as follows:

1) continuous phenomena (induced CW) attributes:

e amplitude voltage
e 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

o frequency

e source impedance

e energy potential ~/

When a cable contains an imperfect external shield such as a braid, incident eleetroemagnetic
figlds will induce voltages and currents (depending on loads) on the external sHield relative o
tHe ground (common mode coupling). Due to transfer impedance and admittance terms for|a
d
e

gliven cable, there can be leakage into the interior cable wiring, inducing voltages ar
clirrents (depending on loads) between pairs of wires (differential mode-¢oupling). This simp
example describes the conversion process. It should be noted that differential mode signals
cz‘m also be converted to common mode signals in the reverse process, creating
electromagnetic emissions from the common mode currents.

Clause 6 provides a detailed table for each of the conducted disturbances (continuous or
transient) listed in Table 1. Each table gives appropriate.degrees that will be selected for|a
definition of the environment at the various location classes.

1.2 Direct conducted CW phenomena

1.2.1 General

Epuipment&xists that produces direct conducted CW phenomena as a result of its functionfl
principleNof intended function. Basically, two types of conducted disturbances can Qe
distinquished:

L] =||tc||tiuua= D;ylld: VUHGUUD UDUd, fUI UAGIIIP:U, fUI Illd;llb b;slld”;llu, Dubh ao PL
communication. Although these voltages are intentionally generated for communication
purposes, they act as potential interference sources for all the items of equipment
connected to the same power supply network but are not part of the communication
process.

e Unintentional disturbance voltages due to functional principles of the equipment under
consideration, for example, the voltages at the switching frequency and its integer
multiples in case of power electronic devices (i.e. power supplies, power drive systems,
uninterruptable power supply, etc.).

The mechanisms behind the generation of those disturbances imply that they are
predominantly of differential mode type as the disturbance source acts between the
conductors of a supply cable. Due to the unbalanced termination of equipment involved in the
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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 (see6%).2|3
and 6.1.2.4).

1.2.2 PLT

6

Al the time of publication of this document, PLT technology is not a standardised technologly
rgther it is a proprietary technology developed separately by a number, of manufacturer,
Hence a number of key technology parameters differ between manufaCturers and have begn
slibject to some change over time and may continue to change. Such.key parameters includg:

L2

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,
even when there is no data payload to transfer — or can the technology cease transmissign
during such times and enter a low-power mode?);

—| the digital modulation scheme employed.

Ap PLT transmits information over lines that.ase designed only for power transfer and not fpr
information transfer, the technology has #hé potential to disturb all radio services in the
ne¢ighbourhood and in fact to cause a worldwide increase of the general background noise |n
this frequency range.

Generally the technology transmits over a frequency band between—=2 1,606 5 MHz and-3o
87,5 MHz.

Also, the technology has. not yet reached the level of maturity associated with a set of opgn
interoperability requirements: hence the only items that can be expected to interoperate afe
tHose from the same manufacturer that employ exactly the same variant.

6]1.2.3 ‘In-home’

-home’(BLT systems are designed to exploit a building’s existing LV power distributign
installation as a common data bus to enable the bi-directional transfer of digital data at ratgs
up to;="100-Mbps 1 200 Mb/s. This exploitation of existing building installation is a significapt
bénefit, as it avoids 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 being transferred can originate from outside the building: PLT can therefore be used to
distribute high-speed internet services delivered to the building via traditional UTP telephony
cable, co-axial TV cables or optical fibre connection. The data being transferred can also
originate from within the building: PLT can therefore be used to allow PCs to communicate
with various peripherals 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 power
sockets connected to the LV power distribution installation.

PLT technology creates both a conducted and radiated disturbance to the local
electromagnetic environment.
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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 installatiop:
all other items connected to the building’s telephony distribution installation (j.e{ voige
tdlephony items, data modems, fax machines, etc.) will be exposed to a simultaneous
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 betwegn
tHe power and telephony distribution installation; the differential mode disturbance is generally
ol lower disturbance level, since this arises as a result of modal conversioh of the couplgd
copmmon mode disturbance by the unbalance about earth of the (telephony distributign
installation.

Bpth conducted disturbances are able to propagate along théexternal LV distribution and
tdlephony installation connected to the building. Depending ‘upon the topology of thege
external networks, these disturbances may be able to propagate to adjacent buildings, whefe
itlis possible that they may interfere with in-home PLT equipment from other manufacturers.

The radiated disturbance is produced by the comifion mode current that is induced upon the
btilding’s LV power and telephony distribution installations. This common mode disturbance |s
free to propagate throughout the building’s distribution installation and along the externpl
infrastructure connected to the building.

the time of publication of this \document, some proprietary techniques are under
velopment to mitigate the impact @f this radiated disturbance on broadcast reception. The
chniques involve the PLT technelogy attempting to detect the existence of radio servicgs
thin its immediate environment by scanning the common mode or differential mode signals
present on the LV power distribution installation for carriers displaying specific modulatign
s¢hemes) and dynamicallys-adjust (‘notch’) its launched PSD around the identified radjo
se¢rvices. At the time of publication of this document no disturbance levels are available.

g o>

6]1.2.4 CW disturbances from infeed converters and active infeed converters (AICs

Inffeed convegtérs and AlICs are as part of their design installed and connected between th
electric power'supply AC and a secondary DC side. They can be found everywhere in hom
rgsidential,)Jsmall office and industry environments for feeding DC consumers, for examp
s¢reepsy, tharging devices, communication units, photovoltaic converters, etc. Typically th
ir]feed converters are installed in voltage networks with a nominal voltage of 690 V or below.

@

1%

The design of infeed converters and AICs is intended to avoid low frequency harmonics by
synthesizing sinusoidal AC currents. In order to achieve sinusoidal input currents the DC-link
voltage is switched with a pulse frequency of normally between 300 Hz and 150 kHz. This
switching generates unintended emissions of noise on the AC side.

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

e design of the converter, especially of the filter design on the AC side
e load 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
their emissions differ from each other by magnitude and phase angle
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degradation of the filter capacitors because of aging

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

resonances in the supply network

stability of the supply network characterized by the impedance of the supply network

ther 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

t

e ralnnr'i’ranr‘nq within the filters of infeed converter/AIC

T
T
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he parallel installation of infeed converters can cause tripping of internal or extern?hvse
his results from currents within the filtering capacitors and can reach values of ten/(i es the
ted current of the infeed converter. Q’\

L2

-

feed converters are designed to produce an AC current waveform that fuﬁﬂ)s’ the emissign
quirements. Thus the waveform may still be significantly deformed due_t e restrictions pf

e equipment. AICs, on the contrary, usually have quite sinusoidal cur and some of them
ay have even active filter functionality that reduces the voltage,\ onics of the supply
btwork by producing counteracting emissions. ©

de effects of infeed converters and AICs are harmonic di%(;/r(ﬁons near the pulse frequengy

hd multiples of it.
\Z
hpedances of the supply network are often assu% € be constant. In practice large hourly

riations can be caused by changing loads i e network. Especially, reactive powgr
mpensating capacitors may significantly chan@ e resonances in the network when thgy
e switched on or off. \\

QO
bwer drive systems can also be equip ith an AIC. The power rating of such drives mgy

b quite high and thus their unintended$ issions may be increased similarly.

he emissions of the infeed co)n\%arters can result in a relatively large bandwidth pf
sturbances affecting electrics\@]d electronic devices connected to the same or adjacept
ptworks. Because the mai nction of converters is to convert voltages and frequencigs
sturbing effects may n@@lﬁ)vious to the user. Detailed information about emissions from
bwer drive systems is giwven in IEC TS 62578. These data were used to conclude on the
vels of disturbanc@as given in Table 11.

'K{e)ﬂ — Disturbance degrees and levels of direct CW voltages
N\

N isturbance degree 9 kHz to 150 kHz
% A (controlled) Case-by-case according to the equipment requirements
Q/C) 1 0,3V
\ 2 =
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.
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6.

1.2.5 Differential mode continuous wave

The disturbance sources described above predominantly generate differential mode

di
di
m

sturbances. However, due to unbalances in the equipment and propagation, common mode
sturbances are produced as well with significant conversion from differential to common
ode 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:

A

[=2)

T FE0oMm

T
le
of
in
a

T
Si
m

can be found in the corresponding basic immunity standard IEC 61000-4-49.

impedance of the mains can be muchslower than 150 Q).

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

Disturbances produced by power electronics can be derived from measuremgpidata.

this time, the collection of corresponding data is ongoing. Preliminary disturbance levels

1.3 Induced continuous wave

ectromagnetic fields (for example produced by intentional transfritters or adjacent cabling pf
bwer electronics) induce voltages with respect to reference ground on conductors exposqd
these fields. The amplitude of the induced voltage depehds on the length of the conductgr
5 height above ground, loops formed by stray capacitances and through other equipmernt,
us other factors.

he relationship between the field strength and/the induced voltage is nominally linear for
ngths greater than a sixth of the wavelength:\Resonance effects occur when the dimensions
the loop approach a quarter wavelength*and multiples thereof. Table 12 gives values pf
duced voltages and corresponding values.of common mode currents calculated by assuming
characteristic impedance with respect to a ground reference of 150 Q (common mode

he degrees in Table 12 arexfor unmodulated conditions. Normally occurring disturbange
gnals are amplitude modulated (typically less than 80 % modulation) or frequengy
odulated.



https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

—-48 - |EC TR 61000-2-5:2017 RLV © IEC 2017

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

\Y mA

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

1 0,3 0,7

2 1 4

3 3 21

4 10 70

5 30 210

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

N

Q

OTE 1 Values are r.m.s.

OTE 2 The frequency range from 10 kHz to 150 kHz is covered by IEC 61000-4~%6, 150 kHz to 80 MHz is
pvered by IEC 61000-4-6.

Some VLF transmitters can induce considerably higher voltages in the 10 KHz to 150 kHz range.

6

(3
1

4)

1.4 Transients

For the purpose of this classification, high-frequency /transient phenomena have been dividgd
into two groups, unidirectional and oscillatory. Egr_each group, several different phenomerja
nd related sources) are responsible for the ogcclrrence of these disturbances.

ranges from less than 1 kHz (primarily~capacitor switching) to several MHz (primarily loc|
oscillations, disconnect switching). Those at the higher end of the frequency range usual
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.

Oscillatory transients: The relatively high frequency of oscillation of these transienF

High-energy transients: Fhé various waveforms of these transients are generally acceptgd
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.

Very. fast transients: These transients occur as single events such as electrostatjc
diseharges (although these might involve a brief sequence of several single pulses), or
bursts associated with local low inductance load switching. Both involve very little ener
but are capable of producing serious interference or upset due to the extremely fast rise
time of the event. The transient bursts have been associated with arcing phenomena
under the label of "showering arc" or "electrical fast transient" (EFT). Dielectric breakdown
is also a source of similar high-frequency disturbances.

Coupled disturbances: Radiated waves can also be coupled into wiring systems and
propagate further into equipment; at a point of use far away from the point of coupling,
these disturbances then appear as conducted disturbances, although their origin is
radiated energy. These coupled disturbances include several transients induced by the
electromagnetic fields from a nearby (but not attached) cloud-to-ground lightning flash,
which may contain 2 strokes to 20 strokes, and will contain energy in the kilohertz to
megahertz frequency range. A second major source of these disturbances is due to the
coupling of radiated fields from disconnect switches in power substations; these very fast
rising fields induce an oscillatory voltage in cables at frequencies as high as tens of MHz.
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For each waveshape selected as one of the possible representations of the transient
environment, the peak open-circuit voltage and the peak short-circuit current of the source

shall be stated to provide a complete and meaningful description.

Occasionally, attempts are made to describe (classify) transients in terms of "energy" to help

select the rating of a candidate surge protective device. However, this concept can be

a

misleading oversimplification because the energy distribution among the circuit elements
involved in a transient event depends on the impedance of the source (including the AC mains
network) as well as on the impedance of the surge protective device called upon to divert the

transient. There is no _independent, meaningful, self-contained description of a transient
tdrms of energy alone. The energy delivered to the end equipment is the significant factor,'b
it|depends on the distribution between the source and the load (equipment or surge-divertin
protective device, or both).

Table 13 and Table 14 are structured with three sets of time scale or frequency range
rgcognize these diverse origins and provide a generic description of ¢heir significa
aftributes. The disturbance degrees are expressed as open-circuit voltages, meaning tH
voltage expected under typical light-load conditions, without any nearby surge protecti
device. For phenomena that reflect the wiring geometry and coupling~-modes of the transie
spurce, the voltages are shown in V, in a first approximation, independently of the syste

proportional to the system voltage and, therefore, the voltages. aré shown as multiples of th
peak value of the power frequency voltage.

voltage. For the switching transients (capacitor and fault clearing),"the transients are directly
e

n
1t

g

o]
Nt
e
e
nt
m
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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
m;:;r:';m 5Ths * Ths® TOrs © 0. Tms°
50 ns ¢ 50 ps @ 1000 ps ¢ 1msd
Bursts © Multiple © Multiple © Rare ¢
ms ms sf Single f
5009 1Qto10Q ¢ 20Qto 300 Q 9 0,2Qto20Q ¢
Disturbance levels
A (controlled) Case-by-case according to the equipment requirements
1 0,5 kV 1kV 0,5 kV None
2 1kV 2 kV kv 0,5 Ujeak
3 2 kV 4 kV 156 kV 1,0 Upgai
4 4 kV 8 kV 2 kV 2,0 Uyeak
X (harsh) Case-by-case according to the situation

Values shown are open-circuit peak voltages (that is, no larde loads connected at the time of occurrence, ng
any surge protective devices installed in the system) forn120 V to 690 V r.m.s. power systems. They refle
the external origin and the coupling mechanisms of thése transients, which are independent of the system
voltage. These are currents carried by the power conductors in the building, not the external lightning curreny;
a direct strike to the building may cause larger cufrents in the power conductors.

— =

Values shown are open-circuit voltages for transients occurring at the peak of power frequency sine wave
(Upeak), added to the power frequency voltage-
These transients which are internally genérated are essentially proportional to the system voltage.

Rise time. Initial rise time of the transient.
Duration. Full width at half maximum of the individual transient.
Rate of occurrence.

Duration of event. The, order of magnitude for the total duration of an event with multiple transients is
expressed in the unitsyshown.

Source impedance.
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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
impulsive disturbance @ impulsive disturbance @

Capacitor switching °

Oscillatory transients frequency range

High frequency Medium frequency Low frequency
Bistirk tegrees 0,5 MHz to 30 MHz 5 kHz to 500 kHz 0,2 kHz to 5 kHz
5ns to 50 ns © 0,5us°© 1,5 pus ©
0,5nsto5ps¢ 20 ps 9 3ms ¢
Frequent © Occasional © Infrequent ©
50 Qto 300 Q 10Qto50Qf 10 Q)ts’50Q f

Disturbance levels

A (controlled) Case-by-case according to the equipment requifements
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,kV 3,0 Upeak
X (harsh) Case-by-case according to the situation

Values shown are open-circuit voltages (that is, no large loads-Connected at the time of occurrence, nor an
surge protective devices installed in the system) for 120-\/<to 690 V r.m.s. power systems. They reflect th
external origin and the coupling mechanisms of these~{ransients, which are essentially independent of thg
system voltage.

Values shown are open-circuit voltages, for transiepts occurring at the peak of power-frequency sine wave
including the power-frequency voltage. These~transients, which are internally generated, are essentiall
proportional to the system voltage.

Rise time. Initial rise time of the first part_ofithe transient.
Duration. Full width at half maximum _of\the envelope of the transient.
Rate of occurrence.

Source impedance.

[=2)

2

2.

ne description of radiated electromagnetic environments is based on the evaluation of threg
pes of phenomena, each being a category of waveforms sharing some common time doma
frequency domain properties, as follows:

Radiated high-frequency phenomena

1 General

radiated (continuous wave) oscillatory disturbances;
radiated (modulated) signal disturbances;
radiated (transient) pulsed disturbances.

e

Iin

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 transpondéer systems
41 Radiated pulsed disturbances
42 RADAR systems
I the past, electromagnetic fields were\predominantly generated by fixed transmitters, for
example by radio or TV broadcastingstransmitters. Recently, handheld, frequency-modulatgd
(M) transceivers for business, public safety, and amateur radio communications became|a
significant part of those RF applications. However, distribution was limited (e.g. by licenseg)
and in most cases the radiatingnantennas were outside buildings to get a high efficiency. THe
situation changed once technology allowed manufacturing of compact wireless phones with
I weight and a reasonable price. Wireless services (DECT, landline telephones, mobile
phones, UMTS/WiFi/WiMAX/Bluetooth, baby monitors, etc.) have come into widespread uge
and acceptance. Rec@gnizing the fact that equipment for these new technologies could haye

tHe antenna inside) buildings and be omnipresent at work, in the home and in publjc
transportation credtes a new situation for exposure of equipment to RF energy.

ith the peWw digital technologies, the traditional modulation format of AM and FM has givgn
wpy toopifse modulation. While overall time-averaged transmit power levels might haye
generally decreased over time due to improved network density and migration of services, the
axiirum possible (peak pulse) power levels in other bands have increased significantl

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
modulated 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 equipment
Transmitter frequencies [MHZz]
Disturbance
degree 2 400 to 2 500
and corres- 5725 to 5 875
ponding field 6,765 to 6,795 2 40,66 to 40,70
strength 24 000 to 24 250
13,553 to 13,567 433,05 to.434,79 2
61 000 to 61 500 2@
26,957 to 27,283 902 to 928
122 000 to 123 000 2@
244 000 to 246 000 @
Disturbanee leveland Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/im ab ab d®
: 1V/m ab ab db
3 V/m ds ab db
4 10 V/m a® ar dP
] 30 V/m ab ab db
(harsh) Case-by-case according to the situation

g4 There are no limits for those frequencies and frequency bands for radiated disturbances (see CISPR 11).

ISM group"2-equipment (according to CISPR 11) is not limited in the power used for the operation an
therefore\there are no limits to be observed for radiated disturbances with regard to EMC. Hence it is nof
possible fo generally calculate distances d.

6 23— 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.

Table 17 — Disturbance degrees, levels-formodulated-radiation-disturbances
(in Vim, r.m.s.) and distance to source —
Amateur radio bands below 30 MHz

Phenomena (sources)

Amateur radio station
P=1Wggp P=1500-W(ERP}* Amateur radio station
P =100 W a

PEP P =1500Wg, @
Pepp ~ 164 W 2 Pegp = 2 500 W 2

(for 5 MHz band P = 50 W) ©

Amateur radio station

Transmitter frequencies [MHZz]

7,0t07,3
10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168

01357 100,135 8 b 1,8 to 2.0 1,8102,0
Disturbance
degrae 0,135 7 t0 0,137 8 © 3,5 t0'4,0 3.51t0 4.0
and corres- 0,472 0 0,479 ¢ 5,33005; 5,366 5, 5,330 5: 5,366 5,
ponding field 5371 5; 5,403 5 5371 5: 5,403 5
strength

7,0t0 7,3
10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168

21,0 to 21,45 21,0 to 21,45
24,890 to 24,990 24,890 to 24,990
28,0 to 29,7 28,0t029,7°

Disturbance-level-and Distance to source [m]

A\ (controlled)

Case-by-case according to the equipment requirements

1 03-Vim o o
dm?® e 905

5 + 1 1
d 271 271

3 3 3

3

G‘r nn’t: nn’t:

. 10 10 10
d 271 271

s 30 30 30
d 9,05 9,05

1 0,3 V/m d® 233 905
2 1V/m dPb 70 271
3 3 V/m d® 23 90,5
4 10 V/m db 7 27,1
5 30 V/m dP® 2,3 9,05
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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. The power P
is (if not otherwise mentioned) the allowed maximum output power of the amplifier (P,.). The power arriving at
the antenna and effectively radiated by it is P,y and is P reduced by the losses of the feeding cable. For easy
calculation of E and d, the effective isotropic power Pg ., is useful. Most antennas have a direction with
maximum radiation, i.e. in that direction they have a certain antenna gain G,q, compared to an isotropic radiator.
E and d of this maximum radiation can be easily calculated by means of P .p, which is obtained by multiplying
P, by the isotropic antenna gain G 44. d is the spatial distance from the antenna.

In case of an amateur radio station many antenna types (and resulting antenna gains) are possible. The
calculations for frequencies above 1,8 MHz in this table are done with an antenna gain of G = 2,15 dBi of a

1ISO
ra -Wavelengln dipole dantenna and dssulTiing a 105s5Iess TeedlIng CdbIe.

ligher gains are possible, but these (mostly rotatable) antenna types are normally mounted on antenna-tower:
0 m to 30 m above ground. Typical values for G g, of such antennas are between 2 dBi and 10 dBi. In thiScas¢
nly in the direction of the main beam of the antenna the full field strength will occur. In other directions the fiel
gtrength will be considerably reduced.

The same values for Pz, and therefore for £ and d in the beam direction for the strong amateuf station in th
ffightmost column could also be obtained with P = 500 W, a feeding cable attenuation of 1,5,dB“and a directiondl
ntenna with an isotropic antenna gain G,g, of 8,5 dBi. With the same P 5, the disturbing probability of such a
ntenna is much lower than that of an omnidirectional antenna, because the beamhWidth is limited in th{
horizontal and vertical plane.

94 To simplify the table the highest frequency for each column is used in the 'calculation of the distance. Fof
frequencies below 7 MHz the result may be incorrect because the calculations are done for far fiel
conditions.

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

In Australia.

In Australia; used with P =35 W,

For this frequency band no calculations are doné&torkeep 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-formodulated-radiation-disturbances
(in V/Im, r.m.s.)-and distance to source — 27 MHz CB band

Phenomena (sources)
€B mobile / portable CB fixed installation
Disturbance P =4 W (AM, FM) P =4W (AM, FM)
degree P =12 Wy, (SSB) P =12 Wy, (SSB)
and corres-
pbonding field Transmitter frequencies [MHz]
strength
26,560 to 27,991 26,560 to 27,991
Disturbance-level-and Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
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 radio station (fixed installation) many antenna types (and resulting antenna gains) are possible. The
calculations are done with an antenna gain of 0 dB (0 dBi) for a mobile transmitter and with 2,15 dB (0 dBd) for
a fixed station.
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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

7

Phenomena (sources)

i AM broadcasting
Disturbance

degree P =500 kW

and corres-

ponding field Transmitter frequencies [MHZz]

strength
0,150 to 30

Disturbaneceleveland Distance to source [m]

A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 16 500
y 1Vim 4 959
3 V/im 1650
4 10 VIim 430
4 30 V/m 378,5
(harsh) Case-by-case according to the situation

NOTE The distances are derived assuming an antenna gain of 2,15 dBi of\@ half wavelength dipole antenn
nd at the lowest frequency. The table provides data for the frequency range*0,150 MHz to 30 MHz for a 500 kV\
ransmitter. Other power levels (50 kW to 2 500 kW) and antenna types_(and resulting antenna gains) are als
ossible.

R
te

d
d
s

continuous and modulated disturbanceS>» The broadcast services caused by the digit

2.3.2 Radiated modulated disturbances aboyve 30 MHz

adiated electromagnetic fields from digital\‘equipment such as cellular phones, digit
levision broadcast, and wireless LANs, (local area networks) can be categorized

vidend after digital television transition are also categorized to this disturbance. Radiatg
sturbances of interest in 6.2.3.2-are classified into pulsed disturbances such as a spreg
ectrum and multi-carrier disturbances such as an OFDM (orthogonal frequency divisid
ultiplexing). A part of the modulation may be due to very frequent (several times per secon
fjustments of the transmit power or due to the use of time domain multiple access (TDMA
this last example the ,/modulated carrier is active in short bursts resulting in a 100 % A
hvelope repeated severaltimes per second. A modulated disturbance has both the pulse an
e oscillatory characteristics. A common factor is a continuous signal. Table 20 to Table J
ve information about various radiation sources and the connected range of disturbang
bgrees.

irther techfiical details about the various radiation sources are given in Annex B.

Pwas—=>Saa¥yo D
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Table 20 — Disturbance degrees, levels-formodulated radiation-disturbances (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 [MHz]
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
0,3 V/m 52;2-m 40,7 13 220 7 390 16500
2 1V/m 156 12,2 3 965 2216 4950
3 V/m 5:24,1 1322 739 1650
4 10 V/im +6%1,22 396,5 221,6 495
4 30 V/m 409 0,41 132,2 73,9 165
(harsh) Case-by-case according to the situation
INOTE 1 The distances for all fixed services are derived assuming an¢anténna gain of 2,15 dBi of a half ‘
vavelength dipole antenna and at the lowest frequency. The data provided in the table represent typical
analogue communication services. Different antenna types (and resulting antenna gains) are possible.
NOTE 2 The distances for the mobile service (walkie-talkie) are derived assuming an antenna gain of 0 dBi off
an isotropic antenna at the lowest frequency.

Table 21 — Disturbance degrees, levels-formodulated radiation-disturbances (in V/im, ‘
r.m.s.) and distance to source — Mobile and portable phones

Phenomena (sources)
GSM DCS1800 DECT CT-2 PDC PHS NADC IM[r-2000
TDD
P=2W P=4W P=025W | P=0,01 W P="0-8-W P=0,08W P=6W EFDD
(portable) ‘Pe:tazbwe’ P =028 w
Disturpance P=20W (Mobite) "
dedree (obile)
and corres- . .
ponding field Transmitter frequencies [MHZz]
strepgth 940 to 055
1710 1880 1895 1 90d
890 to 915 to to 864 to 868 429 to 825 to 845 to
1784 1960 te 1918 1 98d
e
Distance to source [m]
A (corjtrolled) Case-by-case according to the equipment requirements
1 \”2 AVATLS 104 A7 12 ')’Q 23 R’R 58 12
2 1V/m 31 14 3,5 0,7 99 2,0 16 3,5
3 3 V/m 10,5 4,7 1,2 0,23 33 0,66 5,7 1,2
4 10 V/Im 3,2 1,4 0,35 0,063 0,99 0,2 1,6 0,35
5 30 V/im 1,1 0,47 0,12 0,04 0,33 0,061 0,57 0,11
6 100 V/m 0,31 0,14 0,031 0,027 0,094 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
Dls(;urbance Transmitter frequencies [MHz]
egree
and corres- a b c d 450 to 470
ponding Tield 698 to 862
strength 790 to GQ
2300 tg%%«)o
3 409\t 600
(\\,\
Distance to source [m] <“(1/
A\ (controlled) Case-by-case according to the equipment requiremem'f/‘)
VA4
0,3 V/m 8,3 12 12 12(\\9 10
] 1Vim 2,5 35 35 ES 3,1
3 V/m 0,83 1,2 1,2 PRX 1
) 10 V/m 0,24 0,34 0,34 AL 034 0,29
k 30 V/im 0,073 0,1 0,11 (L’ 0,1 0,11
\Z
[ 100 V/m 0,044 0,047 0,045\\ 0,047 0,067
(harsh) Case-by-case ac@,rch‘r?g to the situation
INOTE 1

etermined yet because no international 5G
The standard for 5G will be released in

N

INOTE 2 The calculation of distances is done with thsés\kaximum power indicated for that type of source.

A
The output power, P, of each mobile or porta@Qllular is indicated by the maximum burst power
Vhich means the average power within the burst signal

INOTE 3 The frequency allocation and tran§®ing power of 5G (51" generation mobile networks) is nof
elopment projects, such as 3GPP, have officially been launched
early 2020s. In 5G, broadband of around 1 GHz and a frequenc

gllocation in the sub-millimeter band (e&. 20 GHz) are considered. This table can be used to estimate th¢
isturbance degrees of 5G cellular. \O

O
D
\<</C)

.

OQ‘

O
N

N

>



https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

IEC TR 61000-2-5:2017 RLV © IEC 2017 - 59 —

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 IX: 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 (uplink), 925 MHz to 960 MHz (downlink)
Band IX: 1 749,9 MHz to 1 784,9 (uplink), 1 844,9 MHz to 1 879,9 (downlink) A
Band XlI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink) \/

Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP, KR /S
Band Il: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), CA Central an QQ th
America

Band Ill: 1 710 MHz to 1 785 MHz (uplink), 1 805 MHz to 1 880 MHz (downlink), JP (plannea) K, KR, EU
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), KR

Band VII: 2 500 — 2 570 MHz (uplink), 2 620 MHz to 2 690 MHz (downlink), North e, HK, CN, CA,
Central and South America

Band VIII: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), JP, U, Central and South
America

Band X: 1 710 MHz to 1 770 MHz (uplink), 2 110 MHz to 2 170 MHz (dowptink); EC, PE, UY
Band XlI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 (downlink),JP
Band Xll: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downljnk),

Band Xlll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downtink), US (planned)
Band XIV: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz %ink),US (planned)
Band XVII: 704 MHz to 716 MHz (uplink), 734 MHz to 746 MHzégownlink), us

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

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

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 8 z (downlink), EU

Band XXI: 1 447,9 MHz to 1 462,9 MHz (uplink), MHz to 1 510,9 MHz (downlink),JP
Band XXIlI: 2 000 MHz to 2 020 MHz (uplink), 2 18 %‘Hz to 2 220 MHz (downlink),US

Band XXIV: 1 626,5 MHz to 1 660,5 MHz (upllnk)f\ 25 MHz to 1 559 MHz (downlink),US
Band XXV: 1 850 MHz to 1915 MHz (uplink), 1©®30 MHz to 1 995 MHz (downlink),US

Band XXVI: 814 MHz to 849 MHz (uplink), 8%&&2 to 894 MHz (downlink), US

Band XXVIII: 703 MHz to 748 MHz (uplin@ 8 MHz to 803 MHz (downlink), JP, AU, Central and South
America

Band XXXVIII: 2 570 MHz to 2 620 M plink/downlink), EU

Band XL: 2 300 MHz to 2 400 MHz %Xnk/downlmk AU, CN, IN

Band XLI: 2 496 MHz to 2 690 M uplink/downlink), US, CN

&
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Table 23 — Disturbance degrees, levelsformodulated radiation-disturbances (in V/im,
r.m.s.) and distance to source — Base stations

Phenomena (sources)

GSM DCS1800 DECT CT-2 PDC PHS NADC IMT-2000
TDD
P =320 P =200 P =0,25 P =0,25 (‘ERP) P=0,5 P =500 EFDD%
WERP WERP WERP WERP WERP WERP P=20
Disturbance WERP
degree i i
afd corres Transmitter frequencies [MHZz]
pondinlg field 810-826 1900
strength to
935 1805 1880 864 1477 1895 870 1 920
to to to to _ to to j
960 1880 1960 868 1 501 1918 89Q : t1010
2170
Distance to source [m]
A (corjtrolled) Case-by-case according to the equipment requirements
2 060 1630 57 57 0,3 81 2590 520
1 D,3 V/m
1130
620 490 17 17 4+ 25 770 155
2 1V/m
337
206 163 57 57 3 8,1 259 52
3 3 V/m
3
62 49 1,7 1,7 10 2,5 77 15,5
4 10 V/Im
34
21 16 0,57 0,57 30 0,81 26 5,1
5 30 V/im
14
6,2 4,9 0,17 0,17 100 0,24 7,7 1,5
6 100 V/m
34
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 means the averag¢ 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 calculated from Formula (B.4) in Ahnex B.
In pracjice the resulting field strength can be much lower due to the placement and high directivity of the tranpmitting

antenngs.
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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=10wW P=10w
Disturbance (maximum value)
degree Transmitter frequencies [MHz]
and corres- 5 5 p 3
ponding field 450 to 470
strength BYB 10 862
790 to 8
2 300 t&ﬁo
3 409‘t 00
Distance to source [m] '\\
O
A\ (controlled) Case-by-case according to the equipment requirements/ ‘(1/
0,3 V/m 2 304 515 515 364 0) ) 364
oV
y 1V/m 691 154 154 10%,\\)@ 109
3 V/m 230 51,5 51,5 ,\5‘@ 36
4 10 V/Im 69 15,4 15,4 0,9 10,9
P
] 30 V/m 23 5,15 5,15 &‘< 3,7 3,6
[ 100 V/m 6,9 1,54 1,54 //CD 1,09 1,08
(harsh) Case-by-case accordigg the situation

INOTE 1 The output power, P, of each base station is indicat%)b?the maximum burst power, which means thg
verage power within the burst signal. An absolute gain of ase-station antenna is assumed to be 16,0 dBi
For instance, the case where there is a base station inﬁ of of a building is assumed. The fields are als

alculated from Formula (B.4) in Annex B. In practice sulting field strength can be much lower due to th¢
placement and high directivity of the transmitting antg\ .

INOTE 2 The frequency allocation and trant power of 5G (5" generation mobile networks) is nojt
etermined yet because no international 5G de pment projects, such as 3GPP, have officially been launched
The standard for 5G will be released in th rly 2020s. In 5G, broadband of around 1 GHz and a frequenc
llocation of sub-millimeter band (e.g. z) are considered. At this moment, Table 23 can be used t
¢stimate the disturbance degrees of 5G bé e station.
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Band II: 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 (uplink), 925 MHz to 960 MHz (downlink)
Band IX: 1 749,9 MHz to 1 784,9 MHz (uplink), 1 844,9 MHz to 1 879,9 (downlink) A
Band XlI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink)

Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP, KR /S
Band II: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), CA Central an QQ th
America

Band Ill: 1 710 MHz to 1 785 MHz (uplink), 1 805 MHz to 1 880 MHz (downlink), JP (plannea) K, KR, EU
Band IV: 1 710 MHz to 1 785 MHz (uplink), 2 110 MHz to 2 155 MHz (downllnk) us

Band V: 824 MHz to 849 MHz (uplink), 869 MHz to 894 MHz (downlink), K ‘;,

Band VII: 2 500 MHz to 2 570 MHz (uplink), 2 620 MHz to 2 690 MHz (downllnk) N @
Central and South America

Band VIII: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), JP, U, Central and South
America

Band X: 1 710 MHz to 1 770 MHz (uplink), 2 110 MHz to 2 170 MHz (dowptink); EC, PE, UY

Band XlI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 (downlink), JP

Band XlI: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downljrk),

Band Xlll: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz (downtink), US (planned)

Band XIV: 777 MHz to 787 MHz (uplink), 746 MHz to 756 MHz& nk),US (planned)

urope, HK, CN, CA|

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 MHzAdownlink), JP

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

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 8 z (downlink), EU

Band XXI: 1 447,9 MHz to 1 462,9 MHz (uplink), 1 495)¢ MHz — 1 510,9 MHz (downlink), JP
Band XXIII: 2 000 MHz to 2 020 MHz (uplink), 2 18 z to 2 220 MHz (downlink), US
Band XXIV: 1 626,5 MHz to 1 660,5 MHz (uplink)ﬁ\ 25 MHz to 1 559 MHz (downlink), US
Band XXV: 1 850 MHz to 1 915 MHz (uplink), 1(®30 MHz to 1 995 MHz (downlink), US
Band XXVI: 814 MHz to 849 MHz (uplink), 8%&&2 to 894 MHz (downlink), US

Band XXVIII: 703 MHz to 748 MHz (uplin@ 8 MHz to 803 MHz (downlink), JP, AU, Central and South
America

Band XXXVIII: 2 570 MHz to 2 620 M plink/downlink), EU

Band XL: 2 300 MHz to 2 400 MHz %Xnk/downlmk AU, CN, IN

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

Phenomena (sources)
Tele-control (JP) Medical telemetry (JP) Wireless medical Medical telemetry
_ _ telemetry service (ISM)
_ P =10 mWgRp P =10 mWgRp (WMTS) (US)
Disturbance P =200 mMWgRrp
degree E=0,2V/mat3m
and a
corresponding
field strength Transmitter frequencies [MHzZ]
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
0,3 V/m 2,3 2,3 1,9 10
y 1V/m 0,69 0,69 0,58 2,9
3 V/m 0,21 0,21 0,18 1,1
4 10 V/Im 0,09 0,09 0,069 0,72
4 30 V/m 0,062 0,063 0,047 0,51
(harsh) Case-by-case according,to_the situation

q

NOTE Medical implant devices are not included. An absolute gaincof*teach antenna connecting with the item i
ssumed to be 2,14 dBi maximum. The fields are also calculated ftom Formula (B.4) in Annex B.

Transmitting power is converted from the electric field{strength 0,2 V/m at the distance of 3 m by usin
Formula (B.4) in the near-field condition as 11,5 m\W,/Each separation distance for each field-strength i
calculated using the transmitting power using also Rotmula (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)

Phenomena (sources)
Digital TV Digital TV Digital TV Digital TV Digital TV
broadcast broadcast broadcast broadcast broadcast
P =100 kWegp P =100 kWepp P =325 kWepp P =50 kWEgp(SW) P =10 kW p(DE)
Disturbance .
Countries
degree
andlporr‘gsl-J US?3 CA3 BR" | US? CA? BRP | US é CA? BR AU ¢, FR ¢, FI ¢, PT ¢, IE ¢, DE ¢,
JUllullly meTu ‘-” NL UK B bvv s || |\IU \
strength - - <3
Transmitter frequencies [MHz] A\
54 to 72 76 to 88 174 to 216 174 to 230 }%4@
202/@ /239/24
Distance to source [m] q/
A\ (controlled) Case-by-case according to the equipment requiremer}t‘sy.)’v
0,3 V/m 180 180 330 130 (\/ v 58
y 1Vim 55 55 99 }i@ 17
3 Vim 18 18 33 O™ 5,8
4 10 V/Im 5,4 5,4 9,9 & 3,9 17,3
1 30 V/m 1,7 1,7 3,2 /C) ) 1,3 5,8
¢ 100 V/m 0,66 0,56 0,96, \& 0,33 1,73
(harsh) Case-by-case acc rc@B to the situation

1l

f
i

ntenna installation height of the transmitting antenna assumed to be about 300 m. The fields are als
alculated from Formula (B.4) in Annex B. A directiv\%o —30° elevation is —30 dB smaller than that of thg
haximum value. The attenuation includes an atten abon caused by the cross-polarization and the radiatio
attern of the transmitting antenna. For example, aglthough the electric field is 100 V/m at the point located o
he boresight, the field at the observation point ;& 6 V/im.

NOTE For instance, the case where a set of transmittig@‘t%nnas is installed in a broadcasting tower. The

E

i

Transmission scheme of DTV: ATSC (A uﬁced Television Systems Committee)
Transmission scheme of DTV: ISDB-@ntegrated Services Digital Broadcasting — Terrestrial)
Transmission scheme of DTV: E‘)\’@' (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 kWERP P:SKWERP P =50 P =120 P =1000
kWERp(FI) kWEgRp(DE) kKWERP
Disturbance N
degree Countries
[T TOTTES™ JP D KR @ HK FRC FIC,IT® | IEC ESC PTG, US? CA?
bonding field DE ¢ DK S NL ¢
strength SWE NOC j\/
Transmitter frequencies [MHz] /\ -
q AL
470 to 710 470 to 752/806 470 to 470 to 862 %0 to 608,
830/790/854 4 ‘(1/614 to 698
Distance to source [m] ql'
v
A\ (controlled) Case-by-case according to the equipment requir?c@ﬁs
0.3 V/m 128 41 129 200 577
\'e)
y 1V/m 38 12 39 A 60 174
3 Vim 12,7 41 12,9 AS 20 57,7
4 10 V/Im 3,8 1,2 3,9 (/&.) 6 17,3
: 30 V/im 1,26 0,4 134 N 2 5,8
£
4 100 V/m 0,37 0,11 Q,3§) 0,59 1,73
(harsh) Case-by-cas&s)c;rding to the situation

N

INOTE For instance, the case where a set of transmilting antennas is installed in a broadcasting tower. Th¢
gntenna installation height of the transmitting ante is assumed to be about 300 m. The fields are als
alculated from Formula (B.4) in Annex B. A dirggfivity of —30° elevation is —30 dB smaller than that of thq
fhaximum value. The attenuation includes an nuation caused by the cross-polarization and the radiatio
pattern of the transmitting antenna. For example; although the electric field is 100 V/m at the point located o
the boresight, the field at the observationpé&xls 3,16 V/m.

K\
94 Transmission scheme of DTV: ATS ﬁdvanced Television Systems Committee)

8 Transmission scheme of DTV:\IEI)\B-T (Integrated Services Digital Broadcasting — Terrestrial)

Transmission scheme of P‘&CbVB-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)

alculated from Formula (B.4)

ntenna installation height of the transmitting antenna i
Y,
alue. The attenuation includes an attenuation causé&t%y

in Annex B. A directivit

&

assumed to be about 300 m. The fields are als
30° elevation is =30 dB smaller than that of maximun
the cross-polarization and the radiation pattern of th
fransmitting antenna. For example, although the e{gctric field is 100 V/m at the point located on the boresight
the field at the observation point is 3,16 V/m.

A\
@tennas is installed in a broadcasting tower. Thg

INOTE 2 An absolute gain of the transmitt\i@éntenna for DTV of Taiwan is assumed to be 12,25 dBi.

Digital TV Digital TV Digital TV Digital TV Digital TV
broadcast broadcast broadcast broadcast broadcast
P =48 kWERP P:SKWERP P =50 P =120 P =1000
Disturbance kWgRrp(FI) kWERp(DE) kWERP
degree .
and corres- Countries
a BR P UK ¢ SG ¢ | AU © | TW ¢ \
strength —
Transmitter frequencies [MHz] /)}/
470 to 608, 470 to 550, 494 to 790 520 to 610, 53%5(602
614 to 806 630 to 806 750 to 806 N
. A\
Distance to source [m] P ‘(.1/
A\ (controlled) Case-by-case according to the equipment requiremer?tfp
0,3 V/im 163 258 115 25§\ v 167
N\
] 1V/im 49 77 35 '\)\Q) 50
3 V/m 16,4 25,8 11,5 5,8 16,7
N
4 10 V/im 4,9 7,7 3,4 &( 7,7 5
4 30 V/m 1,63 2,58 1,15 /,C 2,58 1,67
[ 100 V/m 0,48 0,77 0,34;&\‘/ 0,77 0,49
(harsh) Case-by-case acggr@g‘; to the situation
INOTE 1 For instance, the case where a set of transmit

A
94 Transmission scheme of DTV: AT%ﬁdvanced Television Systems Committee)
8 Transmission scheme of DTV:{E’D%-T (Integrated Services Digital Broadcasting — Terrestrial)
Transmission scheme of P‘&CbVB-T (Digital Video Broadcasting — Terrestrial)
\J

The digital divi

tglevision transifti

B0 MHz (V.

-
-

refers to the spectrum which is released in the process of digitpl
. The digital dividend usually locates at frequency bands from 174 MHz o
and from 470 MHz to 862 MHz (UHF). In the case of Japan the frequengy
MHz to 108 MHz (VHF low-band) also is added. Current status of the digitpl

2
band fro
d viden@und the world is listed below.

Up{é/frequency band from 698 MHz to 806 MHz is divided up into A, B, C, D, and E block

L4

These frequency DIOCKS 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-formodulated radiation-disturbances (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 Countries
degree
and o _a = aa =
. Jr Uo o Uo o
corresponding
field strength Transmitter frequencies [MHz]
74,322;
806,125 to 72,75 462 to 467 216 151 154
809,75
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/im 2,3 16 17 5:%. 37
2 1V/m 0,69 4,7 5 ™7 11
3 V/m 0,22 1,5 1,7 0,54 3,7
4 10V/m 0,065 0,56 0,48 0,20 1.1
% 30V/m 0,041 0,38 0,14 0,14 0,34
(harsh) Case-by-case according to the situation
INOTE 1 Radio microphones, wireless telemetries, radio eonirol radio services, citizens band radio services|

EIRP) is Pg gp

personal wireless communications, cordless phones, and ©ther short range devices are categorized in the table]
However, wireless telemetries and citizens band radio sérvices are not treated here. Some frequencies of MURY
and FRS allocate for cordless phones. The fields arecalso calculated from Formula (B.4) in Annex B.

INOTE 2 The relationship between effective radiated power (ERP) and equivalent isotropic radiated powef
=164 xP__..
’ ERP

4 2 W is the transmitter power output; thel@antenna gain is 3,0 dBi.
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Table 30 — Disturbance degrees, levelsformodulated radiation-disturbances (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=05Wepp
P=10 P=05 mWepp E=0,1 P=10 P=05
mWerp Werp Werp mWerp Wegp
pisturbance COUTITIeS
degree
and EU EU EU EU EU EU EU
corresponding i i
field strength Transmitter frequencies [MHz]
40,66 34,995
to to
40,7 868 868,6 35,225 863 4465’(126 a 446,1
to to to- 4461093 7 to
433,05 870 869,7 40,665 865 | 446,2
b 5 b
to to
434,79 40,695
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment-requirements
0,3 V/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 V/m 0,66 1,7 0,37 0,98 0,23 1,7 1,7
4 10V/m 0,45 0,5 0,098 0,66 0,063 0,48 0,48
% 30V/m 0,32 0,16 0,046 0,47 0,04 0,14 0,14
(harsh) Case-hy-case according to the situation
INOTE SRD and PMR mean the short range~devices and the private mobile radio, respectively. Radi
microphones, wireless telemetries, radio controhradio services, citizens band radio services, personal wireles
ommunications, cordless phones, and other short range devices are categorized in the table. However
vireless telemetries and citizens band radio’services are not treated here. Some frequencies of PMR and digitdl
PMR allocate for cordless phones. The fields are also calculated from Formula (B.4) in Annex B.

The power values mentighed in Table 31 are a summary of all frequencies and the maximum
allowed output power of the transmitter given as Ppgp (peak envelope power) of all three IT[U
rggions. 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 |s
glven as PgrpA{equivalent isotropically radiated power). Possible losses from cablep
syitches andsmismatches are not considered to keep the model as simple as possible. The
caqlculated-fietd strength is only valid for the main beam of the antenna and is lower outside
tHis beam:

TheXdistances may vary in real situations because the typical antenna gain is different (up o
10 dB or more) and T0SSeS (e.g. irom cables) have 1o be taken Into account. These (mosily
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 31 — Disturbance degrees, levelsformodulated radiation-disturbances (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
Pggp = 2 500 W Perp ~ 2 500 W Pgp = 2 500 W

Transmitter frequencies [MHz]

10 000 to 10 500

Disturbance

degree 24 000 to 24 250
and 50 to 54
. 1240 to 1 300 47 000 to 47 2Q0
corresponding 144 to 148
field strength 2 300 to 2 450 75 500 to 81 500
219 to 220
3 300 to 3 500 122 25040123 000
420 to 450
5650 to 5 925 134 000,to 141 000
902 to 928
2411000 to 250 000
>275 000

Distance to source [m]

A\ (controlled) Case-by-case according to the equipment-requirements
0,3 V/m 905 905 905
y 1Vim 271 271 271
3 V/im 90,5 9045 90,5
4 10 VIim 27,1 27,1 27,1
k 30 V/m 9,05 9,05 9,05
(harsh) Case-by-case according to the situation

INOTE 1 The distances are derived assuming a“power of 1 500 W and an antenna gain of 2,15 dBi of a half
vavelength dipole antenna. Practical limitations ‘restrict the antenna gain for the lower frequency bands and thg
amplifier power for the higher frequency bands:

INOTE 2 The above mentioned power and frequency bands are a summary of all three ITU regions. The powef
¥ is (if not otherwise mentioned) thecallowed maximum output power of the amplifier. The power arriving at thg
antenna and radiated by it is P,y p@ndis P reduced by the losses of the feeding cable. For easy calculation of §
and d, the effective isotropic power Pgzp is useful. Most antennas have a direction with maximum radiation, i.€]
in that direction they have a sjgnificant antenna gain G, compared to an isotropic radiator. £ and d of thi
maximum radiation can be, easily calculated by means of Pgp, which is obtained by multiplying P, by the
isotropic antenna gain Gjgn.°d is the spatial distance from the antenna. A power P = 1 500 W fed into a dipolg
esults in an isotropic-effective radiated power of about P ~2 500 W.

EIRP

case of an amateur radio station at VHF, UHF, SHF and EHF many antenna—{and-resulting—antenna—gains)
pes are possible." Typical resulting antenna gains G, are between about 10 dBi and > 30 dBi. These (mostl
otatable) antenhas are normally mounted on antenna towers 10 m to 30 m above ground or on a roof. In thi
ase only(inythe direction of the main beam of the antenna the full field strength will occur. Even for slighf
eviatiopsyfrom the direction of maximum beam strength significant reductions of the antenna gain are observed

héssame values for Pg o, and therefore for £ and d in the beam direction for the amateur station in thi
xawiple could also be obtained with » = 100 W, a feeding cable attenuation of 2 dB and a directional antenn
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-formodulated radiation-disturbances (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 uUs UK
corresponding
field strength Transmitter frequencies [MHz]
276,012 5
to 439 to 466 169 900 138,455 and
283,987 5
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 370 230 370 740 230
b 1V/m 111 70 111 222 70
3V/m 37 23 37 74 23
4 10 V/Im 11 7 11 22 7
[ 30 V/m 3,7 2,3 3,7 7,4 2,3
[ 100 V/m 1,1 0,69 1,1 2,2 ,69
(harsh) Case-by-case agtording to the situation

INOTE The absolute gain of each base station antenna is"2)45 dBi, if a half wavelength dipole antenna is use
flor the base station. The fields are calculated from Formulay(B.4) in Annex B.

Table 33 — Disturbance degrees, levels-formodulated radiation-disturbanees (in V/im,

r.m.s.) and distance to source — Other RF items (1 of 6)

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

RTTT
P=8Wegp

Wideband data
transmission
systems and
HIPERLANSs

P=01 WERF’

Wideband data
transmission
systems and
HIPERLANS

P=0.2 WERP

Wideband data
transmission
systems and
HIPERLANS

P=1Werp

Non specific
short range
devices

P =0,025 Wegp

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 §
5,725 to 5,875

Distance to source [m]

\ (centrolled)

Case-by-case according to the equipment requirements

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, levelsformodulated radiation-disturbances (in V/im,
r.m.s.) and distance to source — Other RF items (2 of 6)

Disturbance

Phenomena (sources)

Wideband data

degree transmission svstems and Wideband data transmission Wideband data transmission
and HIPERL),IAN systems and HIPERLANs systems and HIPERLANs
corresponding s T inal T inal
field strength Terminal ermina ermina
P=01Wggp P=02Wegp P=1Wegp

- o it £ i Ol
rrafsiirer—requenctiesS|TorZ

2,400 t0 2,483 5

5,150 to 5,350

5,470 to 5,725

Distance to source [m]

A\ (controlled)

Case-by-case according to the equipment requirements

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

ferminals).

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

Table 35 — Disturbance degrees, levels-formodulated radiation-disturbanees (in V/im,
rms) and distance to source — Other RF items (3 of 6)

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

Fixed microwave. services
Pgrp =:592dBW

Vehicle-mounted field disturbance sensors
(vehicle radar system)

(3165kW) P =60 uW/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

0,3 V/m 10 200 135

y 1V/m 3080 45

3.V/m 1020 15

4 10'V/m 308 4,5

[ 30 \V/m 102 1.5
X (harsh) Case-by-case according to the situation
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Table 36 — Disturbance degrees, levels-formodulated radiation-disturbances (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 61010615
122 to 123 63 to 64
244 to 246

Distance to source [m]

A\ (controlled)

Case-by-case according to

the equipment requirements

0,3 V/m 5,75 X

2 1Vim 1,7 X

3 V/m 0,57 X

4 10 VIim 0,17 X

4 30 V/im 0,06 X
(harsh) Case-by-case according to the\situation

No power limitations, it has to be assessed case-by-case.

No power limits currently specified; however, this might changein the future.

Table 37 — Disturbance degrees, levelsfor-médulated radiation-disturbances (in V/im,
r.m.s.) and distance to source — Other RF items (5 of 6)

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

TETRA system
P =8Wggp

UwB

- b
P=0,11 mWggp

Transmitter frequencies

880-MHz to 921 MHz 2

3,1 GHz to 10,6 GHz,
22 GHz to 29 GHz

Distance to source [m]

A\ (controlled)

Case-by-case according to

the equipment requirements

0,3 V/m 66 0,25
y 1 Vdm 20 0,074
3\W/m 6,6 0,025
4 10 VIim 2 0,007 4
i 30 V/m 0.66 0,002 5
X (harsh) Case-by-case according to the situation
a8 See Table B.3.

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-formodulated radiation-disturbances (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
D'sggé‘z::“ PE;TFZ’::SE,SoddBBmm(m; P =500 mW,p © P =500 MW, ©
corresponding errp = 23,5 dBm (AV) °
fHoldstrongth 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
0,3 V/Im 324 129 129
y 1Vim 97 38,5 38,5
3 V/im 32,4 12,9 12,9
4 10 VIim 9,7 3,85 3,85
k 30 V/m 3,24 1,29 1,29
(harsh) Case-by-case according to-the'situation
Calculation done with 55 dBm.
8 Pulse radar only.
Calculation done for 20 dBi antenna gain.

2.3.3 Radio frequency identification (RFID) systems

6

Rpdio frequency identification (RFID) is*a.contactless identification technology. It operates |
géneration and propagation of electromagnetic waves. The purpose of an RFID system is

ehable data to be transmitted by\@ transponder, which is read by an RFID reader ar
processed according to the needs of a particular application. There are three ma
components of an RFID: an antenna, a transceiver and a transponder. The antenna enablg
communication between the jtransponder and the transceiver. RFID is extensively used

tracking and access applications and can work in ranges exceeding 30 m depending on th
frequency and type of transponder used.

RFID systems can-be classified in accordance with their frequency of operation, however th

and short range devices (SRD) frequency bands. RFID systems operate by a variety
coupling methods but the most common methods are inductive coupling for low frequen

frequency of useof an RFID system is restricted to the industrial, scientific and medical (ISM

b y
an internal power source (usually a battery) within the transponder to continuously power th
transponder and its RF communication circuitry. Table B.7 summarises the RFID technology.
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Table 39 — Disturbance degrees, levels-formodulated radiation-disturbances (in V/im,
r.m.s.) and distance to source — RFID and railway transponder systems

Phenomena (sources)
RFID @ RFID ® Railway RFID © RFID RFID © RFID
P P transpond Peoto P P P
Disturbance =1w =4w er system mW—E:RP (ante;nLgEm =4 WeRp =4 WgRp
degree Pesow = 6 dBi)
and
corresponding Transmitter frequencies [MHz]
figld cfrnngfh
Below 13,56 27 433 860 t0 960 | 2450 5 875
0,135
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 0,2 3,3 20 2,3 36 36,55 36,55
y 1Vim 0,11 1,6 6 0,69 11 1A 11
3 Vim 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
4 30 V/m 0,02 0,28 0,62 0,063 0,36 0,37 0,37
(harsh) Case-by-case according to.the'situation

INOTE 1 There may be different frequencies used for services."such as RFID in different countries. A
orresponding evaluation of the field strengths to be expected can e done according to the Formulae (B.6) an
B.7) (for further information on the frequency bands used see wwiv)ero.dk).

INOTE 2 The fields are calculated from Formula (B.6) in Anonex B in the cases of 135 kHz and 13,56 MHz RFID
and railway transponder systems. The fields are calculated from Formula (B.4) in Annex B in the cases of th¢
ther systems. The loop current is given by the input pewer into the loop antenna of an RFID reader. When thg
impedance of the loop antenna is matched to that ofithe driver circuit of the RFID (usually Z, = 50 Q), the loo

urrent, /, 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 case of
35 kHz and 13,56 MHz RFID, and railway tranSponder systems, respectively. The loop area, S, as shown i
Annex B is assumed as 1 mZ.

94 See ISO/IEC 18000-2.
i See ISO/IEC 18000-3.
See ISO/IEC 18000-7.
9 See ISO/IEC 18000-6.

See 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, levelsformodulated radiation-disturbances (in pJA/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
3 yA/m 16 600 5 300
y 10 pA/m 10 180 1,600
30 pA/m 7,2 60 530
4 100 yA/m 4,8 17 160
4 300 pA/m 3,3 5,2 53
¢ 1000 pA/m 2,2 2,7 16
(harsh) Case-by-case according to the‘situation

INOTE The fields are calculated from Formula (B.7) in Annex B. The loop;current is defined by the input powe
into the loop antenna of an RFID reader. When the impedance of the’ [cop antenna is matched to that of thd
river circuit of the RFID (usually Z, = 50 Q), the loop current 7, is obtained as / = (P/ Z;)/2. The values of th
urrent 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 loo
drea S, as shown in Annex B, is assumed as 1 m2.

94 See ISO/IEC 18000-2.
i See ISO/IEC 18000-3.

6J2.3.4 Magnetic fields from 9 kHz to 150 kHz

Magnetic fields are also generated" by sources operating at frequencies other than pow
frequencies (or harmonics ofxpower frequencies). The most typical application of sug
intentionally generated magnetic fields is in short range communication systems. Oth
applications include induction’heating.

Fopr intentional radiaters, the items tend to be short range communication systems
unidirectional and(bidirectional capability. In general, these systems are characterised by
transponder system and a base station both of which comprise an inductive loop. Dependir
on the system.and application, the transponder could be passive, a term used to describe tH
fgct that thestransponder does not contain a power source but obtains its operating power v
magnetie\.coupling between the base station and the transponder, or active where th
transponder has an integrated power source.

H H ! H ! £ 1 ) H
S IUIt LESLLI® A bUIIIIIIUIIIbatIUII Dybiclllb dit UscUu U)\tUIIbIVUIy UT SUpPpry  CUllaitt 1irartaytciiiT

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 sho

rt

duration, have an influence on the item because of their important instantaneous rate of rise.
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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.

F or-the—purpese are
which do not last for more than 200 ms, and which do not change polarity more than 10 timgs

fgr their duration (further information is given in Annex D).

of thi doectmant Hoeod radiatad dictarbhoano~nc
StRS—aeeHRents r.lulluuu oo tC U OTrotoTroaTrtcto

!n radiatad _dic |n-hnnnrs

Tttt O~ CTrotTouTioTT oY
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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
Disturbance Lightning strike to Disconnect switch °© Disconnect switch ¢ | conducting lightning
degree ground & P surges and
and switching
corresponding operations ©
rate of risg
Rise time [ns]
100 to 500 10 | 100 1000
Distance to source [m]
A (controlled) Case-by-case according to the equipment requirements

+ 394#944%4 o 30 3
d-m d d d
2 100 300 100 10
d d d d
3 300 1000 e 30
d d d d

4 bt 3000 1000 100
d d d d

5 3000 10-000 3000 300
d d d d
30 Vm' ns d J d d
! 100 V. m™" ns"’ d d d d
300V m' ns’ d d d d

4 1000V m" ns’ d d d d
3000 V m" ns’ d d d d

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

NOTE These phenomena inxole the coupling of a field into the equipment circuits. Therefore the derivative, of

fate of rise of the pulse, and‘the front duration are the significant attributes of the phenomenon. For this reason

o specific disturbance distances can be given here.

94 At adistance d greater than about 30 m.

8 The amplitude of-the disturbance degree depends on the distance and the steepness of the lightning strike.
The shielding\offered by metallic structures, buildings and terrain profile can be expected to be effective in
reducing‘the 'amplitude.

The_amplitude of the disturbance is very much dependent on the distance from the source. It also depends
onthe 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, levelsforpulsed-radiation-disturbances (in V/Im, Pk)

and distance to source — RADAR systems

7

Phenomena (sources)

Ground traffic control Ground traffic control Car-mounted RADAR
Disturbance (police) (airport) (adaptive cruise control)
degree a
and 500 mW (EIRPy,) 30 kW (EIRP,) 316 W (EIRPg,)

corresponding Transmitter frequency [GHz]

field strength

24,125 9,1 77

Distance to source [m]

A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/Im 40,7 3160 324
y 1Vim 12,2 948 97,0
3 Vim 4,07 316 32,4
4 10 V/im 1,22 94,8 9,70
k 30 V/m 0,41 31,6 3,24
(harsh) Case-by-case according to theijtuation

INOTE The RADAR systems in this table are examples of systems which can be found in traffic areas o
airports. In some situations higher levels or other frequencies-have-tobe-takenin-account can occur.

The power level (of 316 W EIRP,,,) used for the calculation is th& maximum level allowed according to
EN 301 091 V1.1.1 for this type of RADAR systems. The powerldevel of actual systems in use is much lower
(approx. 10 W EIRP, ).

7| Electrostatic discharge

71 General

Electrostatic discharge (ESD) occurs as a result of a charged person or object approachir
another person or object. The 'ESD receptor is first subjected to the electric field associatg
wjth the charge, then, when-dielectric breakdown occurs, there is a discharge with transie
clirrent of a complex nature that gives rise to a transient electromagnetic field. The ES
phenomenon is strongly dependent on ambient humidity, temperature, nature of surroundin
dielectrics, etc.

712 ESD currents

Table 43 shows the values of the rate of current rise associated with the air discharge, th
significant-attribute in producing disturbing fields. This table also shows the charge voltag
before discharge, a significant attribute in the potential for energy exchange, as well &

cuijrrent 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

Phenomena (sources)
Slow ESD Fast ESD
Rise time: 5ns Rise time: 0,3 ns
Duration: 15 ns Duration: 2 ns
Rate of occurrence: Single Rate of occurrence: Single
Disturbance degrees
rrequency or occurrence. rrequency or Occurrence.
Source: 100 Q to 500 Q P Source: 100 Q to 500 Q P
100 pF to 500 pF © 100 pF to 500 pF, °
Significant attribute
(A/ns) (kV) (A/ns) (kV)
A (controlled) Case-by-case according to the equipment requiremeénts
1 - - - <1
2 25 - 25 2
3 40 - 40 4
4 80 8 80 8
5 100 15 - -
6 - 30 - -
X (harsh) Case-by-cdse according 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 Fields produced by ESD currents

Table 44 shows the values of transient electric and magnetic fields gradients external to tH
rgceptor, measured at a distance of 0,1 m from the discharge. See Annex C for furth
information.

Table:44 — Disturbance degrees and levels for radiated field
gradients caused by ESD

e

%4
—

Level of radiated field gradients

Disturbance degrees
Vm'ns! Am'ns!

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

3 A A A y -~ E] e
henomena present always occur with the same disturbance level. Since the majority of the
nenomena described in Clauses 5, 6 and 7 are man-made, the existence of aj‘givgn

n
9

nenomenon and its associated disturbance level at a given location generally depends upd
ctors that include: the types and numbers of electrical and electronic equipment (includin
dio transmitting equipment) operated at and nearby the location.

T T T T

—
Q)

br the purpose of simplicity, it is useful to describe a minimal set of location classes that
ntain the phenomena and associated disturbance levels that are typi¢al of a large number
Ilocations. This document defines a minimal set of archetypical™location classes. The
ckground to this selection is presented in 8.2, and 8.3 to 8.5_describe each archetype
cation class.

o0 0mm

o

82 Location classes

Patterns of land use are noted to vary significantly between different regions of the world. The
observed differences are due largely to the combination of geographical, historical ard
cultural differences towards the concept of land_udse' regulation and its enforcement through
local legal frameworks.

One extreme pattern of land use is observed within those population centres that ha
developed with the concept of land useXregulation (and its associated enforcement throug
local legal frameworks) adopted from_the very outset. In this instance, the population centre
afe divided into a number of functiomally distinct, clearly delineated, separate sections (oftg
rgferred to as ‘zones’). A change™in land use occurs relatively infrequently, due to the tim
tgken to engage with the relevant’process embodied within the local legal framework.

® 3> »nw 0

The opposite extreme in"the pattern of land use is observed within population centres that
have developed without any application of the concept of land use regulation. In this instancg,
t?'Iere is no division.\of the centre into functionally distinct, clearly delineated, separate
se¢ctions; rather the centres are characterised by a largely ad hoc land use, with many diverge
functions being performed within the same area. In such a location, changes in land use occur
dlatively frequently, again in a largely ad hoc manner.

—

mewhere between these two extremes.

V\}any other patterns of land use are observed across the different regions of the world that fgll
s

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.

Residential A Commercial

N

Industrial

IEC

Figure 7 — Concept of location classes

Npte that Figure 7 can be interpreted in two ways:

1] As a spatial diagram, indicating the environments created, due to the specification and
delineation of separate areas as residential, commercial(@nd industrial.

Any location in the centres of these separate areas will therefore experience th
archetypical electromagnetic environments (areas™t, y and z on Figure 7). Howevd
locations at the boundary or boundaries between\these separated areas (areas u, v, w ar
x on Figure 7) will experience an electromagnetic environment that is a blend of tH
archetypical environments, containing phenomena from the adjacent archetypes.

® QO™ O

2] As a functional diagram, demonstrating.’how changes in the activities performed in |a

designated area (i.e. the area ‘functiofY) can lead to the location’s environment deviating
from the archetype through the introduction of electrical or electronic equipment (ard
hence of phenomena or a severity of phenomena) not associated with the archetypeg.
Examples include:

— The location and operation of a single/small number of ISM items within a residentigl
area (e.g. a community-health centre located within a residential area). In this instange
the residential electromagnetic archetype is perturbed by the electromagnetjc
phenomena associdted with the operation of ISM equipment. This gives rise to area|x
of Figure 7.

— The location_and operation of a single item of industrial machinery within a commercipl
area to, provide a specific service (e.g. a car wash located near tefor within a publjc
retail.area). In this instance, the commercial electromagnetic environment is perturbgd
by the™ electromagnetic phenomena associated with the operation of the industripl
maechinery. This gives rise to area w of Figure 7.

- \.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 thjs
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-nature—of
SOHO (definition—SmallOffice/Home Office)—activity 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
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use. These phenomena are in addition to any intrinsic phenomena associated with the road
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

the construction of domestic dwellings. The function of a domestic dwelling is to provide |a

Icl accordance with Figure 7, the residential location exists in an area of land designated\for
place for one or more people to live.

The domestic dwelling delivers a number of functions that may employ electrical'er electronjc
equipment. These functions include:

the provision of either heating or cooling (depending upon the prevailing énvironment);
—| the provision of light;

—| the provision of hot water for the purposes of maintaining personal hygiene.

The domestic dwelling also supports a number of activities that may employ electrical pr
electronic equipment. Such activities include:
| the storage and preparation of food;

¢ | the cleaning and drying of clothing;

e | the operation of IT equipment;

e | the consumption of broadcast or streamed\entertainment services.

Aldwelling can be a single, separate building (as in a detached house) or a separate sectign
of a larger building (as in an apartmentin an apartment block).

(%))

lbclause 8.3 considers the electromagnetic environment within a domestic dwelling. The
approach taken is to treat.thé individual dwelling as an item of electrical or electronjc
equipment. This allows the:dwelling to have the standard IEC ports.

8{3.2 Equipment typical to the residential location

Apy equipment within the residential location is connected to the internal low-voltage power
stipply network.via either transformer-based or switched mode power supplies.

The residential location is characterised by the ad hoc location of electrical and electronjc
equipment performed by the residents. Equipment items can therefore be placed very near tp/
i’ ,contact 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

Fnvironmental

Cighting: Fluorescent lighting, dimmer swiiches, LV transformers —
halogen lamps

Heating: Central heating system and electronic controller

Cleaning

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

HVAC and sanitation

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

Entertainment

TV broadcast receiver (terrestrial — analogue + digital)

Radio broadcast receiver (terrestrial — analogue + digital)
VCR/DVD/personal or digital video recorder (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 controlledtoys

PC
Wireless mousé/keyboards
I Home nétwork equipment
Home gateway, wireline/wireless items, PLT
Cameras/camera networks
becurity

Wireless gate/garage locks

[o]

telephony extension wiring;
coaxial distribution network.

3.3 Boundaries relevant for equipment operated at residential locations
The domestic dwelling has the following separate wireline infrastructure:

low-voltage\power supply distribution network;

Hencé 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;

e telephony extension wiring;

e coaxial distribution network;

e LAN cabling;

e water distribution network;
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room lighting units;

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

a JdltlllUlIt ill all dpdltlllcllt IU:UL;:’\), thc GIIL;;UDUIU pUIt ;D t;IU 'uuunu'cuy (VVd“b, L;U;:;Il\d alld ﬂU l)
tq the dwelling.

8)3.4 Interfaces and ports to residential locations

The domestic dwelling can possess a number of external ports that conpect interngl

R

infrastructure with external infrastructure as listed in the following antenna ports.

eception antennas:

internal coaxial distribution network that is connected to an external VHF broadcast radjo
reception antenna;

internal coaxial distribution network that is connected-to an external UHF terrestrip
broadcast TV reception antenna;

internal coaxial distribution network that is connected to an external coaxial distributign
network and ultimately (an) external CATV broadCast reception antenna(s);

internal coaxial distribution network that i9“connected to an external SHF satellife
broadcast TV reception antenna;

internal coaxial distribution network that is connected to an external xHF broadcast radjo
reception antenna.

foadcast antennas:

internal coaxial distribution (hetwork that is connected to an external licensed amatelir
radio antenna;

internal coaxial distribution network that is connected to an external licensed citizen[s
band (CB) antenna;

internal coaxial distribution network that is connected to an external satellite-basgd
internet access:

bwer ports:

internal’low-voltage power supply distribution wiring that is connected to an external low-
vaoltage AC power distribution network.

8.

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

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

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

b
Tartner tnan o Km

FM and TV transmitters 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.)®

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.)f

Portable communication X
systems with internal base-
station (hand«held
transceivers, mobile phones
i.e. CT,Cr2, 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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a8 This portion of the table presents contributors to the electromagnetic
environment within a location class that are located—externalte 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—interral—te inside the
location.

Tl pu | 1 ablatlo it | H L_E 4o o alla. lal b
o UtTdadrio wiltim uic Tauratcu OIUIIGI murnm e mranunciut
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.

H I faral o
ransScerversTrocartet—witT

8J4 Commercial/public location class
8J4.1 Description of commercial/public locations

Cpmmercial/public location is defined as the environment in areas ‘of the centre of a cit
offices, public transport systems (road/train/underground), and.modern business centrg
containing a concentration of office automation equipment (PCs, fax machines, photocopier
tdlephones, etc.). The following areas correspond to this environment:

—| retail outlets, for example shops, supermarkets;

—| business premises, for example offices, banks, data centres (server farms);
—| area of public entertainment, for example cinémas, public bars, dance halls;
—| places of worship (e.g. temples, churches, mosques, synagogues);

—| outdoor locations, for example petrol stations, car parks, amusement and sports centres.
8{4.2 Equipment and interferenceisources existent in commercial/public locations

Cpmmercial/public locations are characterised by a high density of varying items of equipme
installed and brought in by the*public. Generally, the items of equipment provide a service f
miany users and can be operated simultaneously, and some of these might act as an advers
rIerference source. The~electromagnetic environment in commercial/public locations is n

nstant but varies as a function of time depending on the functional use of the installation.
npn-exhaustive list of\equipment typically operated in a commercial/public location is given &
fdllows:

—| information\technology equipment: a variety of fixed and mobile information technolog
equipmentincluding but not limited to: mobile communication items, video informatid
display Jsystems, public address systems, audio frequency inductive loops, general
equipment, POS terminals, audio frequency information systems (i.e. help points);

n =

L2

T

—| <fransportation equipment: trams, buses, cars;

— lifts and escalators;

— 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/publ
network to the other network;

ic
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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.

Bpundaries of the commercial/public location with respect to the internal environmentiare as
fdllows:

separation by different power supplies;

deliberate spatial separation of items of equipment;

deliberate spatial separation of connection lines.

8/4.4 Interfaces and ports to commercial/public locations

Al commercial/public location boundaries there exists interfaces/ports through whigh
electromagnetic phenomena may propagate. In case of anlenclosure port such propagatign
cinsists of radiated electromagnetic fields whereas in the.€ase of an AC port the propagatign
consists of electromagnetic conducted disturbances.

Cpmmercial/public locations share boundaries with other such locations as well as with
dsidential and industrial locations. The interfaces shared with these external environments
are:

—

—| enclosure

—| AC port

—| DC port

—| signal port (including telecommunication port)
There are-equally also interfaces with equipment installed within the same commercial/publjc
lgcation. Such interface ports include:

e| enclosure

| AC port

| DC port

¢ | signahport (including telecommunication port)

o | €arth port (including both, functional and safety earth 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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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.

Table 47 — Attributes of various types of the commercial/public location class

Ports

Attributes

Commercial

Public/General

Public/Hospital

Public/Traffiic

External environment 2

Fnclosure

NC power
Signal

Amateur radio further than 20 m °
CB radio further than 20 m P

CB radio between 5 and 20 m
Broadcast transmitter operating
Eelow 1,6 MHz further than 5 km
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 ¢

Fnclosure

Paging systems f

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

Limited/controlled use of portable
communication systems.2

High concentration 6f,1SM
equipment (Group\I according to
CISPR 11) P

Proximity«to\low-power ISM
equipmeént (Group 2 according to
CISPR 1), typically less than

1 kW P

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

1 kw P

Proximity to LV and MV

Substations cfoser thah Zu m b

Proximity to HV substations
closer than 20 m

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

Eroximity to arc welders (mobile)

Proximity to arc welders closer
than 20 m ®
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AC power | AC cabling LV P X X X X

AC cabling MV P X X
AC bus bar systems ? X X

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

Switching of inductive or
capacitive loads

Possibility of high fault currents

High inrush loads

XX X X

DC power | DC distribution system X

Switching of inductive or
capacitive loads

High inrush loads
Signal Long lines (> 30m) ¢ X X X
Conduit runs likely X X

X X X X

*

Separation of different cable
categories by distance

Lightning exposure

Overvoltage / lighting protection

X X X X
X X X X

Earth Equipotential bonding system

Extensive ground mats, generally
well controlled X X

Possibility of large ground fault
currents X

This portion of the table presents contributors to the/electromagnetic environment within a location class th
are located-external-te outside the location.

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

This assumes a UTP connection from the*PSTN.

This portion of the table presents*centributors to the electromagnetic environment within a location class th
are located-internatte inside thélacation.

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

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

This includes: Ethernet, security systems.

in

in

8
8

5 Industrial location class

5.1 Description of industrial locations

Industrial Tocations can generally be described by the existence of an installation with one or
more of the following characteristics:

industrial and scientific equipment is operated;

a lot of items of equipment are installed and connected together and work simultaneously;

significant amount of electrical power is generated, transmitted and/or consumed,;
installation is supplied from a dedicated high or medium-voltage transformer;
installation follows guidelines (e.g. installation of equipment, maintenance, operations);

external influences are less dominant (because the disturbances are mostly produced by

equipment of the industrial location itself).
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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

n

dustrial installations where some of the electromagnetic phenomena appear in a less severe
gree, for example when installation conditions are maintained, preventing_\4n

plitude. This situation can be expressed and described by attributes specific to“Various
cations of the industrial location class (see 8.5.5).

dustrial locations exist-in-case for the following examples of installations: meétalworking, pu|p
nd paper, chemical plants, car production, power stations, substations.

5.2 Equipment and interference sources-existent present in industrial locations

dustrial installations are characterized by the fact that many-items of equipment afre
stalled together, are operated simultaneously, and some of thése items of equipment might
[t as a severe interference source. A non-exhaustive list of equipment typically operated |n
n industrial location is given as follows:

equipment which generates and/or uses locally radiofrequency for industrial, scientific pr
similar purposes

e general: laboratory equipment, scientific equipment, semiconductor converter
industrial electro-heating equipment with' operating frequencies less than or equal
9 kHz, machine tools, industrial _process measurement and control equipmen
semiconductor manufacturing equipment;

'—l-ouJ

U

o detailed: signal generators, nmieasuring receivers, frequency counters, flow meter
spectrum analysers, weighing machines, chemical analysis machines, electronj
microscopes, switched ~mode power supplies and semiconductor converter
semiconductor rectifiersf/inverters, resistance heating equipment with built-
semiconductor AC power controllers, arc furnaces and metal melting ovens, plasm
and glow dischange-heaters, X-ray diagnostic equipment, computerised tomograph
equipment, patient monitoring equipment, ultrasound diagnostic and theraj
equipment, ultrasound washing machines, regulating controls;

[

<< o357

equipment whieh generates and/or uses radiofrequency energy for the treatment pf
material, for_inspection/analysis or for similar purposes

e genéral: microwave-powered UV irradiating—apparatus equipment, microwave lighting
apparatus equipment, industrial induction heating equipment operating at frequencigs
above 9 kHz, induction cookers, dielectric heating equipment, industrial microwaye

heating equipment, electric welding equipment, electro-discharge machining (EDI\fI)

8.

eauinment:
gtHp-R-ehRt;

o detailed: metal melting, billet heating, component heating, soldering and brazing, arc
welding, arc stud welding, 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-wave
diathermy equipment, microwave therapy equipment, magnetic resonance imaging
(MRI), medical HF sterilizers, high frequency (HF) surgical equipment, crystal zone
refining.

5.3 Boundaries relevant for equipment operated at industrial locations

There are several types of boundaries which are relevant to be considered for equipment
used in industrial locations.
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Boundaries of the industrial location with respect to the external environment:

separation by spatial conditions such as fences or walls;

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

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

e

T
e
e
d
a

52

A

e
e

A

interfaces/ports through which electromagnetic phenomena propagate. In case of gn

TVITOTTITETTt to- WiTicharm itenm of equipmment S exposed at amr maustriattocatior:

ne other part of the resultant electromagnetic environment is made up by the items of
luipment in the installation itself. The operation of those items of equipment causgs
ectromagnetic disturbances to form a total disturbance level in the installation. Tthe levels pf
sturbances as well as their characteristics might be affected by the placement [of equipmept
nd its installation conditions.

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

separation by different power supplies;
deliberate spatial separation of items of equipment;

deliberate spatial separation of connection lines.

DTE Defining and deliberately introducing boundaries within an-industrial installation could be established py
roducing a zone concept.

5.4 Interfaces and ports to industrial locations

boundaries which are relevant for ‘equipment in industrial locations there exipt

nclosure port such propagation is done by electromagnetic fields, in case of the AC port, for
ample, the propagation is done by conducted phenomena (e.g. surges, harmonics).

5 in the case of boundaries;ythere exist interfaces/ports with respect to the externpl
nvironment

enclosure
AC port
signal port (including telecommunication port)

nd interfaces.ports between items of equipment within the industrial installation

enclosure
AC port

DC port

signal port (including telecommunication port)

earth port

8.5.5 Attributes of industrial locations

In addition to the more or less general characterization of industrial locations, attributes can
be used to conclude more quantitatively on the compatibility levels present at an industrial
location. Table 48 gives a list of attributes applicable to the industrial location class. The
description by means of attributes further allows to take into account specific aspects of
various locations of the industrial location class. Table 48 gives a list of attributes applicable
to

general industrial locations,
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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.

Table 48 — Attributes of various types of the industrial location class

Ports Attributes General Heavy Process Power

External environment 2

Enclosure Amateur radio further than 20 m ? X X X X

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

FM and TV transmitters further
than 1 km ° X X X X

Industrial area with limited access X X X

HV / MV substation close to
sensitive area X X X

Cellular communication systems
with remote base station further
than 200 m (hand-held

transceivers, e.g. GSM, WiMAX
etc.)® X X X X

Paging systems, base stations,
further than 100 m

Aviation RADAR further than 5 km !
AC power | Feeding MV- or HV-line ®

X X X X
X X X X
X X X X

Signal Telecommunication line ©

Internal environment-due to the
inside instalfation 9

Enclosure Paging systems:f X X X

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

Limited/controlled use of portable
commiunication systems ° X X

Presence of low power (< 100 mW)
items using ISM frequencies
according to CISPR 11° X

High concentration of ISM
equipment (Group 1 according to
b

olonn 440
CTOT T 1)

X
X
X
*

Proximity to 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 P X

Proximity to LV/MV substations
closer than 20 m P X X X

Proximity to arc welders (mobile)° X

Proximity to arc welders ? X
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Ports Attributes General Heavy Process Power

Proximity to HV substations ° X
Proximity of medium-voltage and

Digh-voltage lines closer than 20 m
Pipe heating systems ° X
AC power |AC cabling LV? X X X X
AC cabling MV P X X

AC bus-barsystems b X X

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

X x X X
x
x

Rectifier

Switching of inductive or capacitive
loads

x
x
x

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

xX X
xX 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 groundmmats, generally
well controlled

x
x

Metallic structures X X

Interconnected separate ground
mats X

lYarge ground loops X

Possibility of large ground fault
currents X X X

a8l This portion of the table presents contributors to the electromagnetic environment within a location class that
are tocated-externalte outside the location.

Hthe—stated—separatiomisfutfited;theradiatedfretd—strengthrwitrmotexceed-thecompatibitity tevetgiverin
Table A.1, otherwise the compatibility level needs to be adjusted.

¢ This assumes a UTP connection from the PSTN.

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

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

This 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.
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8.6 Types of power supply networks

7

Power supply networks—build are an essential part of electrical installations, beside the
electrical and electronic components, items of equipment,—apparatuses 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 supp

ly

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.

There are several types of power networks and they can be distinguished with respect to thg
egrthing arrangements (see |IEC 60364-4-44). In case of earthed systems, i.e. systems whid
afe connected at least at one network point to a local reference earth, mainly two\types
logw-voltage installations exist.

The first type is schematically shown in Figure 8 and is characterised by the’fact that neutr
(N) and protective conductor (PE) are combined together into only one~conductor, the PE
conductor. In this type of power system (TN-C system) operating currehts 'do not only use tH
butral conductor as return path, they use as a by-pass also all the_¢onductive components

n
th

by-pass arrangement depends on the ratio-between of its impedance related to that of th
PEN conductor. As a result common mode currents in the power cables as well as currents
tHe by-pass arrangement occur with the consequential,"generation of power frequend
myagnetic fields (radiated low frequency phenomena, see“5.2). Furthermore the situation ha
tq be taken into account that operating currents might flow in any circuits connected to tH
equipotential bonding system, such as the shields 6f signal cables (conducted low frequen
phenomena, see 5.1).

e grounding or equipotential bonding system. The extent of the éperational currents in thjs

ir
h
Df

Al
N
e
Df

< O n< SO
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PEN

Equipment 1

Equipment 2

IEC
Key
PEN conductor

-

Shielded interconnection cable
Metallic structure of the equipotential bonding system

Phase conductor

S W N

= voltage across the structure

Figure 8 — Situation for TN-C power installation systems

Ffom an EMC:point of view the second type of low-voltage installation should be preferred,
i.¢. the TN=S system. It is schematically shown in Figure 9 and here the neutral and protectiye
rth conductors are strictly separated except at one point were both are connected but onjy
once,(for example at the low-voltage transformer or at the switchgear board. This type pf
installation prevents operational current from flowing outside the phase and neutrpl
c . o]
effects such as significant low frequency conducted and radiated phenomena are to be
expected.
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Equipotential bonding

conductor, if necessary PE N L
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I q
i '\\\ Equipment 2
/
= X

IEC

Key

=N

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

Phase conductor

S W N

= voltage across the structure

Figure 9 — Situation for TN-S power installation systems

8]7  Alterations in electromagnetic environments

8]7.1 General

Thele€lectromagnetic environment at a location is likely to experience variations in ifs
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
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.
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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-
generation power grid that optimizes energy efficiency by adding new information and
communication technology (ICT) and controls to the existing power grid. In many locations
Smart Grid will likely provide bi-directional and real-time power-exchange information between
providers and consumers. During the development of Smart Grids, it is likely that existing
electromagnetic environments will be modified (this usually occurs when any new technology
is introduced). Many Smart Grid projects are deploying different types of communication
systems (e.q., PLT LAN GSM CDMA WiMax, etc) to control the power gr|d and other

S

DT disturbance
kD SL disturbance
RF disturbance
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ource: KSGA — Korea Smart Grid Associatioh)

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-
vﬂtage distribution @gtwork. On the other hand, technologies like PLT require a limitation pf
emissions in the_freguency range below 150 kHz to operate as intended. At the time of the
drafting of this do¢ument, there was an intensive discussion in CISPR on the introduction pf
emission limits\\n the frequency range below 150 kHz to regulate these demands. On the
ofher handTnew immunity test methods such as those in IEC 61000-4-19 have begn
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
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.
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8.8.2 REIN Repetitive electrical impulse noise

Repetitive electrical impulse noise (REIN) is the term given to a specific phenomenon that
creates 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 us and has a
repetition frequency equal to twice the fundamental frequency of the local power network.
Thus, where the fundamental frequency of the power network is 50 Hz, the REIN repetition
frequency is 100 Hz (i.e. 10 ms between the onset of each burst); where the fundamental
frequency of the power network is 60 Hz, the REIN repetition frequency is 120 Hz (i.e. 8,3 ms
between the onset of each burst).

The conducted disturbance level is highest on LV power distribution installationsy where |it
appears as both a common mode and differential mode disturbance. The hconductgd
disturbance is launched onto the LV power distribution installation by attached electricpl
and/or electronic equipment.

ne conducted disturbance level is lower on telephony distribution installations, where it agajn
bpears as a common mode and differential mode disturbance. For the telephony distributign
stallation, the disturbance level of the common mode disturbance.is higher than that of the
ferential mode. This pattern indicates that common mode disturbance is coupled onto the
n
e
n

o5 o -

tdlephony extension installation from adjacent sections of “the LV power distributig
installation; the differential mode disturbance arises as a résult of modal conversion of th
coupled common mode disturbance by the unbalance abaut earth of the telephony distributidg
installation.

Hence all items connected to the building’'s telephony distribution installation (i.e. voige
tdlephony items, data modems, fax machines, etc.) will experience a simultaneous comman
mjode and differential mode input conducted disturbance to the signal port.

The PSD of the differential mode cenducted disturbance on the telephony distributign
nistallation is as follows:

( -86dBm/Hz f <£316kHz

max{(+86 —80-lo MHz)10,316),-116 | dBm/Hz 316kHz < /' <750kHz
L 9y f(MHz) ),-116 ]

=

oisergiN(f) =
~116 dBm/Hz 750kHz < f <22MHz (2

~

\ max[(~116 —20-log;o(/(MHz)/2,2),-150] dBm/Hz [ > 22MHz

The PSD of the common mode conducted disturbance on the telephony distributign
nstallation 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.

8.8.3 SHINE 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.
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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 conducted disturbance level is lower on telephony distribution installations, where it again
appears as a common mode and differential mode disturbance. For the telephony distribution
installation, the disturbance degree of the common mode disturbance is higher than that of
the differential mode. This pattern indicates that common mode disturbance is coupled onto
the telephony extension installation from adjacent sections of the LV power distribution
installation; the differential mode disturbance arises as a result of modal conversion of \the
cpupled common mode disturbance by the unbalance about earth of the telephony distributign
installation.

Hence all items connected to the building’s telephony distribution installation’ (i.e. voige
tdlephony items, data modems, fax machines, etc.) will experience a simultaneous commqn
mode and differential mode input conducted disturbance to the signal port.

The PSD of the differential mode conducted disturbance on thetelephony distributign
installation is —86 dBm/Hz between 138 kHz to 7 MHz.

The PSD of the common mode conducted disturbance “on the telephony distributign
nstallation is —40 dBm/Hz in the frequency range from 150,kHz to 30 MHz.

The radiated disturbance is produced by the commaon mode current that is induced upon the
building’s LV power and telephony distribution installation. This common mode disturbance |s
free to propagate throughout the building’s distribution installation and along the externp
infrastructure connected to the building.

When considering disturbance voltages, the differential mode (or normal mode or
symmetrical) voltage is the voltage.@ccurring between two current-carrying conductors. The
cimmon mode (or asymmetrical) voltage is the average of the voltages of the considergd
conductors (at least two) and the chosen reference. This reference can be a safety earth wirg,
water pipe, an instrument;'rack, a chassis, etc. The asymmetrical voltage is measurgd
between one of the considered conductors and the chosen reference. The three types pf
vpltages are not independent. For example, in the case of two "hot" conductors and |a
rgference, 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, veltage. Hence, the phase angle-= between the asymmetrical voltages strongly
determines the“amplitudes of the differential and common mode voltages relative to the
asymmetrieal voltages.

8/9 Mitigation aspects
a

Ah important aspect of designing systems for electromagnetic compatibility is to recognize
that‘significant voltage differences can exist between the conductors of different systemg,
such as the power sysiem and a data nk sysiem. 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.

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.
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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
necessary 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 electromagnetic environment at a location of interest is a fact-onitsown per se and in
ost cases 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 detailgd
anifestation of electromagnetic phenomena depends on many parameters and cofditiong,
slich as the electromagnetic characteristics of equipment operating at a location of interest pr
tHe installation practice applied and in most cases those phenomena do not show ‘the same
characteristics as described in an EMC basic standard.

Hpwever, when immunity requirements are to be specified that reflect ¢he”stress due to gn
electromagnetic environment, it is in most cases not a practical approach to develop new

munity tests which consider the particular manifestation of electromagnetic phenomena at|a
location of interest. Such specific immunity tests would consider_a‘sSingle situation at a single
point in time only.

On the other hand, there are already a lot of standardized” jmmunity tests available, such 3s
tHose of IEC 61000-4 (all parts). In many cases-it-can-bé taken-advantage-of those EMC baslic
sfandards can be used when their immunity tests reflect the electromagnetic phenomena at|a
location of interest in a certain extent. This means~that such standardized tests can be usef,
either directly or partly modified, to conclude on€orfesponding immunity requirements. Henge
i many cases an approach might be followed\where the stress due to an electromagnetjc
environment is reflected by the application~of appropriate immunity standards. Table 49
provides an overview of the electromagnetic phenomena as compared to EMC basjc
sfandards.

NOTE The assessment of the exient to which a standardized immunity test reflects gn
electromagnetic phenomenon in(feal environment represents a crucial task and needs carefyl
eyaluation.

5 the various location classes are characterized by different electromagnetic phenomen
ifferent with respect'to their occurrence as well as different with respect to their disturbang
bgrees, different(immunity requirements result for equipment intended to be used at thos
rious location(classes and hence different sets of EMC basic standards may apply, als
ferent in theVapplied immunity test level. Special attention, however, should be paid to th
fgct of whether equipment is intended to be used at locations which are assigned to differen
lgcation 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 61000-2-2
IEC 61000-2-4
IEC 61000-2-12
Voltage frequency IEC 61000-4-28 5 5M.2.2 IEC 61000-2-2
variations
IEC 61000-2-4
IEC 61000-2-12
Hower Common mode voltages IEC 61000-4-16 6 5.1.3
sjuppl
ne?vsolf'ks Signalling voltage IEC 61000-4-13 7 5.1.4 EN 50065
0,1 kHz to 3 kHz
Induced LF IEC 61000-4-16 8 5.1.6 EN 50065
DC in AC networks None 5.1.7
Yignal and Induced LF IEC 61000-4-16 8 5.1.6
control (normal conditions)
dables
Induced LF
(fault conditions) IEC61000-4-16 8 5.1.6
UF - radiated
UF magnetic DC IEC 61900-4-8 9 5.2.1
fleld
° 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
harmQnics (» = IEC 61000-4-8
hatmonics) a
9 5.2.1
not power system
related IEC 61000-4-8
UF eleCtric DC lines 10 5.2.2
fleld
Rl [ap a4 7 40 L oo o TR
l\dllvvdy \ﬂv o TU,T IIL) LAY J.o .o LIl ™= I Y
61000-2-3
Power system 10 5.2.2
(50 Hz to 60 Hz)
HF-phenomena — conducted
Direct- PLT IEC-61000-4-6 None 11 6.1.2
conducted 61000-4-19
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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. See sub-
Phenomena Basic test S.ee table of clause in this Remark
standard this document
document
HF-conducted | 3 kHz to 95 kHz IEC 61000-4-19 7 5.1.4 EN 50065
; i
signatiing 95 kHz to 148,5 kHz IEC 61000-4-19 7 5.1.4 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 TEC 61000-4-5 T3 ©.1.4
Milliseconds IEC 61000-4-5 13 6.1.4
HF-conducted | High frequency IEC 61000-4-12 14 6.1.4
gscillatory
tlansients 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 radiated
Radiated CW | ISM Group 2 IEC 61000-4-3 16 6.2.2 CISPR 11
Radiated Mobile units IEC 61000-4-3 21, 22 6.2.3.2
modulated
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 {EC 61000-4-3 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)
RFIDArailway IEC 61000-4-3 39,40 6.2.3.3
trapsponder
Qther RF items IEC 61000-4-3 19,20 6.2.3.2
33 to 38
Amateur radio stations IEC 61000-4-3 17, 31 6.2.3.1
6.2.3.2
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 72173
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-may can be used.

@ 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;

O

the criticality of the different possible interferences.

Djfferent immunity characteristics might be appropriate for the different functions of a mul
fynction item. For instance, a safety-related function should have a higher immunity. level thgn
a| convenience-related function. Therefore, a more rigorous approach should take info
consideration the need for undisturbed operation of each function performed“by an item.
Hpwever, it would not be realistic to require this selective specification~of“immunity as |a
géneral requirement, because available data are generally insufficient ordmpfecise.

The choice of different immunity characteristics for different functions of the same item js
rglevant because of the statistical nature of an electromagnetic environment, an aspect pf
EMC which has been recently emphasized. It should be stressed that the proposed approagh
not only relevant for very complex systems having many different functions.

&

9J2 Uncertainties
9121 Uncertainties in the test situation

Immunity test levels are the levels to be considered in the test situation. A test level is the
magnitude of a quantity as measured in ‘a~well-defined method in a well-defined setup.
Hpwever, there are several kinds of uncertainties that can influence an immunity test (see fpr
example IEC 61000-4-3 or CISPR TR 16%4-1):

—| precision and calibration of instrumentation;
—| definition of the test setup;
—| definition of the setup of the equipment under test.

These uncertainties can be assessed by checking the reproducibility of a given test, when all
specifications in the_relevant standards are fulfilled. Depending on the type of measuremenpt
b¢ing made, such(uncertainties generally lie in the 1 dB to 6 dB range, according to the type
ol measurement(and the quality of the specification contained in the standard. Note that sonje
st setups and\test methods may be subject to higher uncertainties, however, standards and
ethods ofimeasurement are continuously being improved.

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
s}urces provided the emissions sources operate at a common frequencies and in the sanje

polarity (or where the unintentional emissions from the sources can be assumed «to he
identical). Where the emissions sources operate at different frequencies, common_ entissign
frequencies per polarity can be identified.

The superposition of the electromagnetic fields due to multiple emissions sources has the
potential to produce a system emissions level that is greater than the system~emissions linjit
(gs defined in an applicable product standard or generic standard). Such ‘a situation would
rgsult where the individual noise sources are not intentionally assembled together as |a
system but are installed in close proximity as individual systems. The peak of the resultant
eﬁctromagnetic field at the observation point would be a function ‘6f the individual emissions
amplitude and of the phase difference between the individual~emissions and an agreqd
rgference at the observation point. At the point of observation,*the peak emission amplitude
per frequency can be expressed mathematically as:

E;(t) = Eo; cos(a o) ()

where
—| E,#) is the instantaneous radiated emigsion level due to the ith radiated emission at time
t, at the point of observation,

—| Eg;(t) is the amplitude of the ith radiated emissions at the point of observation,

-| «, is the phase difference between the it" radiated emission and some agreed referenge
at the point of observation;

=1

estimating the peak emijssion, consideration of the propagation path and the influence pf
nysical boundaries on-the field strength need to be taken into account.

©

Where individual \;noise sources are intentionally assembled together as a system at |a
cation, the installer is bound by the local regulation to ensure that the installation compligs
wjth the relevant system emissions limit.

Q

9/4 Criticality criteria

Several levels of criticality can be considered that involve all the consequences of 4n
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
sfandards are not related to functional safety aspects and should therefore not be used™3s
performance criteria for safety related functions even if testing with increased testdevelp.
Therefore a specific performance criterion—FS DS is defined taking into account functiongl
safety aspects.

-—

D Disturbance levels of the various location classes

Ahnex A shows three tables that describe the disturbance levels to)be expected in the thrge
dcation classes. All the electromagnetic phenomena relevantdfor a location class afe
considered as well as the ports applicable to those phenomena. The description of the
disturbance levels is done by means of disturbance degrees.

I this document the maximum electromagnetic disturbance; obtainable at a particular locatign
of at a port of an item, is expressed in terms of distarbance levels. The disturbance levels
specified may therefore equate to that at which eaompatibility is assured (then representing
compatibility levels) or may exceed the level atvwhich compatibility is assured. Some of the
tgbles within this document, therefore specify eempatibility levels as disturbance levels; this |s
particularly true for tables dealing with low frequency conducted phenomena.

The entries showing the disturbancelevels should be read in such a way that gn
electromagnetic phenomenon is typically to be expected at the relevant port, and this with|a
typical maximum disturbance levelNindicated by the disturbance degree derived from the
tgbles in Clause 5.

Fpr 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 and qn
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 corresponding
'r:rmunity tests should have at least an immunity level of 10 V. The appropriate immunity tept

ethod can béderived from Table 49 which in this case is the immunity test according to-He |
IHC 61000-426.

The disturbance levels given in the tables in Annex A were derived on the basis of

—L _results of measurements (e.qg. 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.

Twwwﬂw i i as
ateur radio, paging systems, and CB are at least not normally located within the location pr

a
not closer than indicated in the tables in which the attributes of the location classés, afe
described. If, however, such transmitters are located at the location the disturbance“degrge
can be expected to increase, requiring that the compatibility level be re-assessed.
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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

T

DMA 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.

a

tHe modulation. The polarization is als

I addition to the information given in 6.2 regarding disturbance levels, disturbance degregs

tdchnical data concerning various types of radiation sources. Table B.7 lists the amateur radjo

o important where it is well defined, for instance for.the
eld produced by an antenna in its vicinity. These aspects are not accounted for in Annex.B.

nd related field strength levels the following tables (Table B.1 to Table B.6) provide some

frequencies 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 field
in MHz separation strength range ir
distance Vim @

ILF broadcast 0,014 t0 0,5 2 500 kW 2 km to 20 km 5,510 0,55
and maritime
AM broadcast 0,2t0 1,6 50 kW to_800 kW 0,5 km to 2 km 12,5t0 0,78
HF communications 1,6 to 30 10kwW 1 km to 20 km 0,7 to 0,04
including SW broadcasting
Fixed and mobile 29 to 40 50"W to 130 W 2 mto 200 m 40 to 0,25
ommutations 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 to .990 50 W to 130 W
Portable telephones 1 880.to 1 990 5W 1Tmto 100 m 15,6 to 1,56
ihcluding cordless phones 1 W (DECT) 0,5mto10 m 14 to 0,7

HF TV 48 to 68 100 kW to 320 kW 0,5 km to 2 km 8to1,11°

174 to 230
FM broadcast 88 to 108 100 kW 0,25 km to 1 km 8,9t022Pb
UHF TV 470 to 853 500 kW 0,5 km to 3 km 10t01,6 P
4 Calculated using the formula

E = 7—\‘PERF>
r
assuming that the transmitting antenna behaves as a half-wave dipole in free space and in the far field.

t The field cl‘rnngl‘hc indicated-are nnly praennf within tha bhaam width of thg franemiﬂing antenna-
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Table B.2 — Specifications of mobile and portable units

Parameter System name
s
GSM DCS DECT CT-2 PDGC PHS NADC IMT- IMT-
1800 2000 2000
TDD FDD
Transmitter 890 to 1710to | 1880 to 864 to 940— 1895 to 825 to 1900to | 1920 to
frequency 915 1784 1 960 868 986 1918 845 1920 1980
range and4
in MHz 42—
425
Access TDMA TDMA TDMA / FDMA / FOMA TDMA / TDMA CDAM / | CDAM
technique TDD TDD TDD TDMA TDMA
TDD TDD
Burst 217 Hz 217 Hz 100 Hz 500 Hz Sl 200 Hz 50 Hz N/A N/A
repetition
frequency
Duty cycle 1:8 1:8 1:24 1:12 3 1:8 1:3 Continu Continy
(also ous ous
1:48
and
1:12)
Maximum 0,8 W; 0,25 W; 0,25 W <10 mW | 9:8-W5 80 mW. <6 W 0,25 W 0,25 W
burst 2W; 1W; 4 2 W
power 5W; w
8 W;
20 W
Secondary 2 Hz 2 Hz None None None None None None
modulation (DTX) (DTX)
and and
0,16 Hz 0,16 Hz
to to
8,3 Hz 8,3 Hz
(multi- (multi-
frame) frame)
Beographic World- World- Europe Europe Japan us Europe Europe
al area wide wide
INOTE CT-3 is considered to be coveted by DECT.
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Table B.3 — Specifications of base stations

Parameter System name
s
GSM DCS DECT CT-2 PDC PHS NADC IMT- IMT-
1800 2000 2000
TDD FDD
Transmitter | 935 to 1805to | 1880 to 864 to 810— 1895 to 870 to 1900to | 2110 to
frequency 960 1 880 1960 868 826 1918 890 1920 2170
range and4
in MHz 47—
501
Access TDMA TDMA TDMA / FDMA / TDOMA TDMA / TDMA CDMA/ CDMAY/
technique TDD TDD TDD TDMA FDIMA
TDD FDD
Burst 217 Hz 217 Hz 100 Hz 500 Hz 50-Hz 200 Hz 50 Hz N/A N/A
repetition
frequency
Duty cycle 1:8 to 1:8 to 1:2 1:2 13— 1:8 1:3 to Continu | Continug
8:8 8:8 33 3:3 ous us
Maximum 2,5W 2,5Wto | 0,25W 0,25 W +W— 10 mW 500"W 20 W 20 W
burst to 320 200 W 96-W to 500
power w mW
Secondary 2 Hz 2 Hz None None None None None None
modulation (DTX) (DTX)
and and
0,16 Hz | 0,16 Hz
to to
8,3 Hz 8,3 Hz
(multi- (multi-
frame) frame)
Seographic | Worldw | Worldwi Europe EGrepe Japan us Europe Europe
al area ide de

INOTE CT-3 is considered to be covered by DECT,

Table B.4 — Specification of other typical RF items

Parameters System name

RTTT Wideband data Wideband data Wideband data Non specifig
transmission transmission transmission short range
system and system and system and devices
HIPERLANS HIPERLANSs HIPERLANS

Transmitter 5 795 to 5 815 2 400 to 2 483,5 5150 to 5 350 5470 to 5725 2 400 to
frequency 2 483,5
in MHz
Modulation None FHSS None None None
type
Maximum ERP 2Wor8w 100 mW and 200 mW mean 1 W mean 10 mW
spectrum power 25 mW
density Tmitation
Duty cycle No restrictions No restrictions No restrictions No restrictions No
restrictions
Channel 5 MHz or None None None None
spacing 10 MHz within
some
frequency
ranges
Geographical Worldwide Worldwide Worldwide Worldwide Worldwide

area

Table B.4 may be used as reference for Table 34 in 6.2.3.2.
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Table B.5 — Data regarding RFID technology

Frequency range

Coupling mode

Permitted field strength or
transmission power

Comments

< 135 kHz (LF) Inductive 72 dB(uA/m) Low frequency
3,155 MHz to 3,4 MHz 13,5 dB(pA/m) Used for electronics article
surveillance (EAS).
6,765 MHz to Inductive 42 dB(pA/m) Medium frequency
6,795 MHz
7.4 MHz to 8.8 MHz 9 dB(uA/m) Used for EAS
13,553 MHz to Inductive 60 dB(uA/m) Medium frequency:
13,567 MHz
26,957 MHz to Inductive 42 dB(pA/m) Medium frequency
27,283 MHz Note that 27,095 MHz is
reserved, for railway
applications in Europe
433 MHz Backscatter 10 mMWepp Ultrashigh frequency.
Medium frequency
865 MHz to 868 MHz 100 mWpp Ultra high frequency.
Used for RFID only
865,6 MHz to 2Wegrp Ultra high frequency.
867.6 MHz Used for RFID only
B65,6 MHz to 868 MHz Backscatter 500 mWggp Ultra high frequency.
902 MHz to 928 MHz Backscatter 4 Wi =p Ultra high frequency.
Spread Spectrum
2,4 GHz to 2,483 GHz Backscatter 4 Weirp Super high frequency.
Spread Spectrum
2,446 GHz to Backscatter 0,5 Wg gp outdoor Super high Frequency.
2,454 GHz 4 W gp indoor Used for RFID and
Automatic Vehicle
identification
5,725 GHz to Backscatter 4 W North America Super high frequency
5,875 GHz

500 mW Europe

ndicated field strength values refer t6 a distance of 10 m.

Table B.6'— Frequency allocations of TETRA system (in Europe)

Emergency systems Civil systems
Number Frequency pair (MHz) Number Frequency pair (MHz)
Band 1 Band 2 Band 1 Band 2
1 380 to 383 390 to 393 1 410 to 420 420 to 430
2 383 to 385 393 to 395 2 870 to 876 915 to 921
3 450 to 460 460 to 470
4 385 to 390 395 to 399,9

Table B.5 and Table B.6 may be used as references for Table 33 to Table 39 in 6.2.3.2.
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Table B.7 — Amateur radiofrequencies (ITU regions 1 to 3)

Frequency band Frequency unit Power (PEP) W
135,7 to 137,8 kHz 1 W ERP
1,800 to 2,000 MHz 1500
3,500 to 4,000 MHz 1500
5,330 5 MHz 50
5.366 5 MHz 50
53715 MHz 50
5403 5 MHz 50
7,000 to 7,300 MHz 1 500
10,100 to 10,1573 MHz 1 500
14,000 to 14,350 MHz 1 500
18,068 to 18,168 MHz 1 500
21,000 to 21,450 MHz 1 500
24,890 to 24,990 MHz 1 500
28 to 29,7 MHz 15600
50 to 54 MHz 1500
144 to 148 MHz 1500
219 to 220 MHz 1500
222 to 225 MHz 1500
420 to 450 MHz 1500
902 to 928 MHz 1500
1,240 to 1,300 GHz 1 500
2,300 to 2,450 GHz 1 500
3,300 to 3,500 GHz 1 500
5,650 to 5,925 GHz 1 500
10,00 to 10,50 GHz 1 500
24,00 to 24,25 GHz 1 500
47,00 to 47,20 GHz 1500
75,50 to 81,50 GHz 1500
122,25 to 123,00 GHz 1500
134,00 to (14,1,00 GHz 1500
241,00 t0.250,00 GHz 1500
>.275,00 GHz 1500
Fprmulae (B/A) to (B.9) give some technical background for the determination of field strength
levels in the various tables of 6.2, taking into account far- and near-field conditions. The
electriefields given in the tables of 6.2 are calculated by the following method considering the
near-field condition.

Near-field terms should also be assumed when distance d < A/2xn. A dipole antenna or dipole-
like antenna is used as the transmitting antenna for a cellular phone. The electric field
strength of a dipole antenna is given as

2 4
£ la 1_(Lj {L] | (B.1)
2Ad 2nd 2nd

where

no is the wave impedance of free space in ohm (Q),
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1 is the dipole current in ampere (A),
a is the length of dipole elements in meter (m),
A is the wavelength in meter (m).

When d > A/2xn in the far-field condition, the electric field in Formula (B.1) is obtained from:

g=Tle (B.2)

24d

Meanwhile, the electric field in the far-field condition is given as

. \J30PG, (.

B d

here

is the absolute gain of the antenna.

W
P is the input power (ERP) to the transmitting antenna in watt (W),
Ga

F

om Formulae (B.2) and (B.3), the electric field E in Formula(B.1) is rewritten as

d 2@td 2nd

LG .

4n24°3

ne distances in the tables in 6.2 are calculated with the gain, G, assumed to be 1,4
,15 dB) which is aniabsolute gain of a half-wavelength dipole antenna. Each electric field
calculated from Formula (B.4).

T
(4

The magnetic_fields given in Table 39 and Table 40 in 6.2.3.3 are calculated by the followir]
method considering the near-field condition.

For the frequencies below 135 kHz, at 13,56 MHz and at 27 MHz, the near-field condition

When d < A/2= in the near-field condition, the electric field £ in Formula (B.4) is obtained from:

. A?.J30PG, !

E=3
~

g

is

agslimed. The near-field threshold distance, d, is given as d < A/2m. A loop antenna is usg

d

as the transmitting antenna for an RFID transmitter at these frequencies. The electric and

magnetic fields of a loop antenna are given as

224 2nd

2
= omS 1{ 4 ) (B.6)

2 4
=" 1—[ 4 j +[ A j , (B.7)
224 2nd 2nd
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where

Mo is the wave impedance of free space in ohm (Q),

I is the loop current in ampere (A),

S is equal to nzSO, where n and S, are the number of turns and loop area in square
metres (m2), respectively

A is the wavelength in meter (m).

The distances, d, In the tabies In 0.2 are calcuiated with the parameter anda

When A > 27d , the electric and magnetic fields are derived from Formulae (B.6) and (B.7):

g o fS (B.8)
22d?

H= 4123 _ (B.9)
TC

The wave impedance is smaller than 120 = in the near-field Cendition. Formula (B.9) shows
tHat the magnetic field in near field is independent from wayelength (frequency).
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Annex C
(informative)

Review of the historical assignment of radiated disturbance degrees

C.1 General

Edition 1 of this document considered the five different radiated disturbance degrees that are

pfesenied I Table C.T. The disturbance degrees were obtained irom analysis of
probability, p, with which a piece of electronic equipment that was randomly located about
fixed broadcast antenna would experience a radiated electromagnetic field level equal-to

leiss than a given value, E| . Decade steps of probability values were taken and the’values

E| presented in Table C.1 were obtained.

Table C.1 — Radiated disturbance degrees defined in Edition-1

Disturbance EL
degree (V/m)
1 0,3
2 1
3 3
4 10
5 30

During the preparation of Edition 2 of this document, the analysis documented within Annex
of Edition 1 was reviewed. The conclusion-of*the review was that the formula used within th
Efition 1 to obtain the disturbance degrees presented in Table C.1 was incorrect. TH
corrected formulae are presented here\During the preparation of Edition 2 of this document,
w}s decided to retain the original, disturbance degrees for the purposes of historic
ntinuity.

C.2 Revised analysis.of radiated disturbance degrees

Cl2.1 Analysis

I

s a start, an idealised, isotropic transmitting antenna is assumed. The radiated electric fiel
E| about such_an-antenna may be described by the following formula:

J30P .

d

E =

e
a
DI
Df

o @ W

— —~

where

P is the total power radiated by the antenna,
d is the radial separation between the antenna and the point of observation.

Next an annulus centred on the idealised, isotropic transmitting antenna is considered, with

internal radius » and width, w. See Figure C.1.
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Idealised, isotropic transmitting antenna

=

IEC

Figure C.1 — Problem geometry

Al the outer boundary to the annulus, d=(r+w) and so E(d)=E(r+w), which’can also be writtg
as k£, .

Iffone considers that the point of observation may be situated.anywhere within the annulu
then it follows that:

r<d<(r+w) (C.

This in turn means that the radiated electric field within the annulus satisfies the followir
condition:

E, < E(d)<E; (C.

Sp, within the annulus, when d “satisfies the condition presented as Formula (C.2), th
rgdiated electric field level, varies between the limits presented as Formula (C.3)
a¢cordance with the formulacpresented as Formula (C.1).

The probability that the radiated electric field will not exceed a specified level, denoted as A
and written as p(ES E,_), may be written as follows (being obtained from the geometrn
arguments presented in C.2.2.2):

E2\E? - E2
E2E? - EZ

Af the inner boundary to the annulus, d=r and so E(d) = E(r), which can also beywritten as Ej.

g

—

Note that when E_ = E,, p(E < E;)=0. This means that at no point within the annulus will the

radiated electric field level be less than or equal to the radiated field level at the outer
boundary, E,; for the electric field to be less than this level, the point of interest will need to

be located outside the outer boundary.

Similarly, when E_ = E;, p(E < Ej)=1. This means that at all points within the annulus, the
radiated electric field level will be less than or equal to the radiated field level at the inner

boundary Ej.
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If both the values of E; and E, and the probability threshold are known, it is possible to

obtain values of E| associated with this known probability threshold using the following
expression:

Eo

E - (C.5)
- \/1+p(ESEL)(ﬂZ—1)
ﬂ=%‘i’ (X

Npw, if E; >> E,, then g— 0, meaning that (,32—1)—> —1. Hence it~is 'possible to wrife

n

brmula (C.5) as follows:

BL———fo .7

1/1—piES EL'

brmula (C.7) is to be compared with the formula presénted in Annex B of Edition 1:

M

Ep

ﬂp‘Eﬁ EL )

E =

(@)

2.2 Detailed derivations

O

2.2.1 General

Spbclause C.2.2 presents the detailed mathematical arguments mentioned in C.2.1.

Cl2.2.2 Derivation of Formula (C.4)

Itjcan be assumed that-the point of observation is randomly located within the annulus, that ig,
tHat the point of observation can be located at any point within the annulus and that all poings
afe equally likely.to occur. A result of this is that the value of d for the point of observation |s
similarly randemly located, that is, the separation between the point of observation and the
idealised, [isOtropic transmitting antenna may adopt any value within the range presented g3s
Formulay(€/2) and is equally likely to adopt any such value.

It|is<¥noted that an isotropic radiating antenna is assumed here. Hence, at a given distange
from the antenna 4, there exists a circular contour of length Zzd| along the length of which

the radiated electric field is at a constant level, E| .

It is also noted that as the distance d| increases, the associated electric field level E|,
decreases. Hence, the radiated electric field will not exceed a given level, i.e. E<E| , for as
long as d exists within the following range:

dy <d <(r+w) (C.8)
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i.e. as long as d exists between the value 4| and the outer edge of the annulus (located at

d=r+w).

Given that the location of our point, P, is noted to be randomly located within the area of the
annulus, the probability that the radiated electric field, £, will not exceed a given level, E| , is

the ratio of the area of the annulus that satisfies Formula (C.8) and the total area of the

annulus itself:

—1

p(EgEL)z ﬂk(r+w)‘ —-d )

r+w)4—df)
2

Gliven that, from Formula (C.2), it is possible to write:

wr (1)

d. = Z
L Eq £

—

is possible to rewrite Formula (C.9) as follows:
2 2
(7@) _( 7@)
Eo EL
2 2
WP (gVP
Eo Ei
(491) ~ 49Pj

2 2

Eo EL

S pE<fpp)=>=°2 =t /7
P 0 (491)_491))

E02 fzi2

49P£ ! 12j
Eo EL

orl 1]
Eo Ei

ELZ_EO
(20 By

P(E<E)=

S p(ESE)=

(e}

KEoEL )

S pESE)=7— >
Ei —Eo ]
Eoin2

<:>p(ESE|_)=

Eo EL

7
s 0[BT ]
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2( L2 2
o s = EAEE

BB -EY) =

Formula (C.10) therefore presents the relationship between the probability that the radiated
electric field will not exceed a given level, E| , with the value of E| and the constants E, and

E;.

Cc

-

€

2.2.3 Derivation of Formula (C.5)

hen the probability factor is known, the threshold electric field value, E; may be fouhd from
arranging Formula (C.10) as follows:

(E< )= EiZ(EL _Eoz)
PR ELz(Eiz_Eoz)

(£°-E.) (E’-ES)

<:>p(ESE'L) 2 = 2
Ei EL
2 2 2 2
i E E
<:>p(E:SE'L)[E‘_2_ 02]:(EL2_ OQJ
Ei E FL EL
2 2
@p(ESEL)[l—E°2j:(1—E°2]
i EL
Fiting
EO
=9 c.1
B E ( )
nen it is possible towwrite

= (1-8°) p(E< E ={1—E°2]

-\ wE<E
1\ 7T p =g m

)_(1_E°21—n
\ )

& (1-p) pE<E)+E5-1=0

L

2

oL 1 (1-p) pE< R

L
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2

<:>E—°2:1+(ﬁ2—1)p(EsEL)
EL
2
C:’ELZZ Eo

(B =1) p(E< £V

2

170

QEL:\/1+(/32_1)P(E5EL)

o pL= Eo (C.1)
2
JH (B -1)p(E< £
Gliven the expression for S presented earlier as Formula (C.11), it is passible to write
E, = pE;
Ahd hence to rewrite Formula (C.12) as follows:
PE; (C.18)

)
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Annex D
(informative)

Radiated pulsed disturbances

There is a wide variety of pulsed radiated disturbances, although in this document the interest
is on understanding the most common types. The primary causes of pulse radiated

disturbances include:

—[ Tightning discharges;
—| static electricity discharges;
—| on- and off-load switching in low-, medium- and high-voltage power networks;

—| RADAR.

lightning leader, followed by the sharp increase due to the return stroke. The return stroke
gsponsible for the derivative waveform shown in the right portion of Figure D.1 with
significantly shorter time scale. Figure D.2 is an example of an glectric field, and Figure D.3

—

Table 43, respectively, for additional level values).

Several typical pulsed waveforms are shown below. Figure D.1 is an example’of a measurg
electric field and its derivative for a lightning discharge at a distance of .30/m. Note that tH
electric field waveform includes the slow decreasing portion of the~field created by tH

tHe magnetic field at 0,1 m, both from a discharge of statiC “electricity (see Table 41 ar

Figure D.1 — Measured electric field and electric field derivative
from.a cloud-to-ground lightning strike measured at a distance of 30 m

Electric field £ 30 m dEldt 30 m
0 . 30 T T T T T
| 60 |- n
m
3
£ 20} . § 40
< AE A Egs <
- S 20
—40b { 4 S
0 M
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Figure D.2 — Measured electric field from an electrostatic. discharge
event at a distance of 0,1 m

Human/metal ESD, 5 kV, approximately 500 ps current, risetime, 0,1 m
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Figure D.3 — Measured magnetic field (two measurements) from an
electrostatic discharge event at a distance of 0,1 m

For switching events primarily found in power system substations, high intensity
electromagnetic pulsed fields are generated. While these fields decrease with range from the
switching location, they couple efficiently to cables in substations or industrial facilities near
industrial substations and create conducted transients that may impact control systems.
Figure D.4 is an example of a measured electric field from the reconnection of a disconnected

switch in a 500 kV substation.
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Figure D.4 — Measured electric field in kV/m-versus time in ps
in a 500 kV power substation

br RADAR systems, often found near airports oron-board ships, the electromagnetic fielg
oduced can be very high, mainly due to the’ High power involved. Table C.1 providg

rvice provided by the RADAR. Table C.2*provides the power levels, frequency bands ar
e types of modulations used by particular radars. These power levels can be used
stimate the electric and magnetic field Tevels that may exist as a function of range from ead
ADAR system (see for example Table 42).

ne most important parameters for pulses are: the amplitude, the derivative, the duration, th
nergy content, the repetitionlrate (number of pulses occurring in a given time frame), and th
te of occurrence (number of times that a particular phenomenon occurs per year). The latt
considered in the statistical approach.
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Table D.1 — Data regarding RADAR systems

Old band Band name Band name Frequency Type of service
name EU us
Germany
C L 0,5 GHz to 1 GHz Long distance air traffic control
D L/S 1 GHz to 2 GHz Long distance air traffic control
S E S 2 GHz to 3 GHz Medium range air traffic control
E S/C 3 GHzto 4 GHz Terminaltratiic-control
Long distance weather RADAR
C G C 4 GHz to 6 GHz Medium range air traffic control
X H X 6 GHz to 8 GHz Airborne weather RADAR
X I X/K 8 GHz to 10 GHz Short distance air traffic control
X J K 10 GHz to 12 GHz Ship / navy RADAR
Airborne surface map RADAR,
Ground traffic control (police)
Ku J K 12 GHz to 18 GHz Airbonne high resolution surface
mapping by RADAR
Ground traffic control (police)
J K 18 GHz to 20 GHz Not used because of high
K K 20 GHz to 27 GHz attenuation (water vapour)
Ka K/Q 27 GHz to40 GHz Airborne high resolution surface
mapping by RADAR
Runway traffic control (airport)
Ground traffic control (police)
L Q/VIW 40 GHz to 60 GHz Useq but not assigned to civil
services
M w 60 GHz to 100 GHz Car born RADAR (adaptive cruise

control)
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Table D.2—- Examples for civil RADAR systems

Band Frequency Power Modulation Type of service
(Peire)
0,9 GHz to 1,2 GHz 10 kW Pulse Flight navigation
(DME/TECAN)
D 2 MW Pulse "Selenia” ALE 3x5 L
Air traffic control (airport)
1,24 GHz to 1,4 GHz 10 kW - Pulse Air traffic control (ARSR)
2-5- MWL
1,250 GHz to 2,5 MW Pulse (2us, 3,50 Hz to SRE-M6/7
1,350 GHz 480 Hz)
1,250 GHz to 75 kW Pulse (0,6us, 12u, 250ps) SRE-M8
1,350 GHz
2,5 MW Pulse (2,1 us / 1 050 Hz) ASR-910
2,7 GHz to 2,9 GHz 22 kW Pulse (1 us, 55 us) ASR-12
E 2,7 GHz to 2,9 GHz 25 kW Pulse (1 us, 2,45 us) ASR-E
2,7 GHz to 2,9 GHz 15/ 28 kW Pulse (1 ps, 75 ps) STAR -2000
2,7 GHz to 2,9 GHz 24 kW Pulse (10 us, 100 ps, 800 Hz) ATCR-33S DPC
E 650 kW Pulse (0,85 us) ATC-Radar S-511
2,7 GHz to 2,9 GHz 25 kW Pulse (DASR) ASR-11
2,7 GHz to 2,9 GHz 1 MW Pulse (325 Hz to1,200 Hz) ASR-9
2,7 GHz to 3,4 GHz 500 kW Pulse Air traffic control (airport)
5,255 GHz to 50 kW Pulse Air born RADAR, weather
5,850 GHz RADAR
9,0 GHz to 9,2 GHz 10 kW Pulse Ground traffic control
(airport, PAR)
X 9,170 GHz, 30 kW Pulse (40 ns, 800 Hz to Scanter 2001
9,375 GHz, 8 000 Hz) Ground t‘raffic control
(airport)
9,410 GHz,
9,438 GHz,
9,490 GHz
9,3 GHz to 9,5 GHz 170 kW Pulse Ground traffic control
(airport); weather RADAR’;
pilot RADAR (ship)
9,37 GHz 17 kW Pulse (60 ns, 8192 Hz) NOVA 9004
Ground traffic control
(airport, PAR)
939 GHz Ground traffic control
10)525 GHz (police)
X 15,7 GHz to 16,7 GHz Pulse (40 ns) ASDE
Ground traffic control
(airport, PAR)
13,45 GHz Ground traffic control
{potice)
24,125 GHz 500 mW (0,5 Ground traffic control
mW + 30dB (police)
antenna
gain)
34,0 GHz to 34,3 GHz Ground traffic control
(police)
77 GHz 0,223 W to FM / CW Car borne RADAR (adaptive
316 W cruise control)
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Annex E
(informative)

Power line telecommunications (PLT)

Power line telecommunications (PLT), power line communications (PLC) and broadband over
power line (BPL) are different terms for the same type of systems used to deliver high speed
data services over existing electricity supply cables. The term PLT-will-be is used in this
document.

T
S

D

e PLT concept is similar to the DSL concept because the power cable is used\on |a
condary basis like the phone cables used by DSL.

e to the fact that power line cables are used to transmit h|gh frequency 3|gnal in th

Electricity supply cables are not designed, screened or balanced.for high frequency use-agd
eyen when buried below ground they can radiate sagn:f:cant emissions and have the potentipl
td—interfere—with—the reception—of radio—communication—services—including—short —wave
btoadecasts; by contrast, DSL is transmitted by telephene cables that are designed gs
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communication cables. The telephone cable is typicallyAtwist-paired and balanced. The L(
(
and, the LCL of power cables is much lower tha@fhat of the telephone cables, for examp

h
1
cablings to install the plugs for home electrigal appliances. The unbalance of the cablg
9

¢nducted emissions whijeh are very close to a PLT system, levels up to several Vpp could he

bngitudinal conversion loss) of the telephone cable, is“usually 60 dB or more. On the othg¢

-

b dB because the power cables in-house ustally have many branchings and unbalancg

enerates the common mode currents, and an“emission by the common mode currents raisg
e interference to the communicatiops®and broadcasting services in the short-wa
bquency band.

O »n v o 0

he radiated electromagnetic fields caused by PLT systems normally do not have the
btential to—disturb-thefunction—bf prevent equipment for household or industrial use from
operly functioning because-the field strength could be expected to be ~1 V/m. For

pected and have to be-taken into account. PLT systems may normally have a disturbange
ptential at the same, level as other electrical equipment that meets the requirements pf
oduct committees:

| T systemssare also used for communications at frequencies below 150 kHz, especially fpr
mart Gridi@pplications. In particular some countries are using PLT to communicate with thdir
lvanced\-metering infrastructure (AMI). In addition, some electric vehicle chargers and
hotoyoltaic power generation systems use PLT systems to control the systems and fo
change data. These PLT systems may create disturbances or may be disturbed themselvgs
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1) Europe

In Europe two different types of PLT systems are used:

Access PLT systems are used between an electricity substation and the PLT customers
connected to it. A typical 500 kVA substation can serve up to about 200 electricity users,
situated within a 200 m radius, with the potential PLT customer base being a small
percentage of these. To serve these customers with broadband internet access, each
PLT-enabled electricity substation shall be connected to an-}SP internet service provider
via a dedicated high capacity link.

In-house PLT systems are used for home networking purposes. All types of data (audio,
video, data) are transmitted between different users inside a house or flat. Different types
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of PLT systems (modem chipsets, modulation types, frequency bands) cannot be used in
close proximity due to the fact that at this-mement time no standardisation has been done
between different manufacturers.

2) US

In the US the situation is similar to Europe, but some access PLT networks are configured

di

fferently. This is because the electricity distribution network is largely based on medium-

voltage overhead lines with small capacity pole mounted transformers, each supplying a few
customers. This has led to the development of PLT equipment that operates over the MV
network.

3
p

a
Wi
4

In

g
of

rg

Japan. The Japanese radio law prohibits the use of PLT for direct access to the customer

same power poles.

Japan
bwer line telecommunications are used only for home networking (limitation of indoer use) jn
o]
oid adverse electromagnetic radiation. Most power distribution lines are laid|as overhegd
res in Japan. Communication lines and power distribution lines are oftenYinstalled on the
Korea
Korea, PLT is used for home networking and industrial systems< It is also used for smdrt
id applications. Korean law regulates the frequency range and the level of PLT to proteft

her communications and systems. It is strictly prohibited ;to use some of the frequengy
nges so as not to disturb national disaster/distress communications.
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Annex F
(informative)

Distributed generation

Distributed generation produces electric power at many diverse locations including close to
the load. Compared with the conventional power plants, distributed generators often use
photovoltaic generation systems, wind turbines, fuel cells, electrical energy storage systems,
etc. In order to maintain a stable voltage and frequency, they also use inverters and/or

converters. These often result in increased levels of harmonics and disturbances which nedd

tq

F
S-

gure F.1 shows an example of the voltages produced by an electrical enen{}\ storage
stem, and Figure F.2 shows an example of the voltage produced by a photov inverter

be considered.
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Figure F.1 — Example of db@lrbance voltages for electrical energy storage system
(140 kVA) in smt\)hﬂth the frequency range of 9 kHz to about 30 MHz
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Figure F.2 — Example of disturbance voltages from a photovoltaic inverter (21 kW)
in situ with the frequency range of 9 kHz to about 30 MHz

NOTE The sharp increases at 150 kHz in both figures is due to a change in the resolution bandwidth.
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Annex G
(informative)

Information on disturbance and compatibility levels available
in documents of the IEC 61000-2 series

Though this document is intended to give a comprehensive description of all relevant
electromagnetic phenomena to be expected in various types of electromagnetic environments,
it does not contain detailed information about all of those phenomena especially in the low

fr
IH
th

Wi
HPEM/HEMP on the other. Q
N

bquency range below 9 kHz. However, such information is available in other parts er

C 61000-2 series and this document makes use of that information by making reference

e IEC 61000-2 series or by copying the relevant data into this document. /\QS/S
N

bble G.1 gives an overview of documents of the IEC 61000-2 series which | with th
pscription of electromagnetic environments and describes the phenomena agd the frequengd
nges considered in those documents. As can be seen from the table, mo‘a}' ocuments de
th low frequency conducted phenomena on the one hand, and witQ't e phenomena

e
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e
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Table G.1 — Overview of the IEC 61000-2 series

IEC TR 61000-2-5:2017 RLV © IEC 2017

Publication Title and short description Electromagnetic Frequency
phenomena range
IEC TR 61000-2-1 Electromagnetic compatibility (EMC) — Part 2: | Conducted <10 kHz

Environment — Section 1: Description of the
environment — Electromagnetic environment
for low-frequency conducted disturbances
and signalling in public power supply
systems

disturbances:

° harmonics

e inter-harmonics

° voltage fluctuations

This report is concerned with conducted
disturbances in the frequency range up to 10 kHz
with an extension to higher frequencies for mains
signalling systems. Some general information on
sources of conducted phenomena is given and
some formulas for determining amplitudes of
those phenomena are presented.

voltage dips and
short supply
interruptions

voltage unbalance

mains signalling ¢ | I
(< 150 kHz) (Q

’
power frequeﬁb
variation Q

AN)

\D

IEC 61000-2-2 Electromagnetic compatibility (EMC) — Part 2- Conduc%ﬁ\ <9 kHz
2: Environment — Compatibility levels for low- | disturbanées:
frequency conducted disturbances and . rmonics
signalling in public low-voltage power supply &
systems e ) inter-harmonics
This standard gives compatibility levels for p ng/- voltage unbalance
low-voltage AC distribution systems having aQ f
nominal voltage up to 420 V, single-phasg or690 ° pOWetr_ requency
V, three-phase and a nominal frequen 50 Hz variation
or 60 Hz. Q e mains signalling

\\ (< 150 kHz)
PR\
NI

IEC TR 61000-2-3 | Electromagnetic compatibil@ MC) - Part 2: | Radiated phenomena
Environment — Section 3: scription of the
environment — Radiated, aiid non-network- Conducted phenomena,
frequency-related cosndilcted phenomena non-network-frequency

R related
Report about geners\&oncepts of
e sources, C ing mechanisms and
susceptofs.
e uni \Qs decibels
e _electromagnetic fields, antenna theory,
rona effects
CO intentional and unintentional radiators
@. )- electrostatic discharge
Q~ e power frequency fields
%O e switching transients
C) e examples of emission spectra of various
\Q/ types of equipment
IEC 61000-2-4 Electromagnetic compatibility (EMC) — Part 2- | Conducted <9 kHz

4: Environment — Compatibility levels in
industrial plants for low-frequency conducted
disturbances

This standard applies to low-voltage and
medium-voltage AC power supply at 50/60 Hz
associated with industrial and non-public
networks.

disturbances:

° harmonics

e inter-harmonics
e voltage fluctuations
voltage unbalance

mains signalling
(< 150 kHz)

power frequency
variation
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Publication Title and short description Electromagnetic Frequency
phenomena range
IEC TR 61000-2-6 | Electromagnetic compatibility (EMC) — Part 2: | Conducted < 9 kHz

Environment — Section 6: Assessment of the
emission levels in the power supply of
industrial plants as regards low-frequency
conducted disturbances

This report recommends procedures to assess
the disturbance levels produced by the emission
of the devices, equipment and systems installed

disturbances:

e harmonics

e inter-harmonics
e voltage fluctuations

e voltage unbalance

in non-public networks in industrial environment;
it applies to low and medium AC non-public \%
supply at 50/60 Hz. Q‘
IEC TR 61000-2-7 | Electromagnetic compatibility (EMC) — Part 2: | Low frequency magnetic E(\
Environment — Section 7: Low frequency fields
magnetic fields in various environments .(1,' ower
QD. frequency,
This report gives information about low ’
frequency magnetic fields to be expected in fl/ <10 kHz
various environments. Considered sources are
power supply systems (AC and DC), traction and '\QQ
welding systems.
G
IEC TR 61000-2-8 | Electromagnetic compatibility (EMC) — Part 2- | V dips and short
8: Environment — Voltage dips and short interruptions
interruptions on public electric power supply
systems with statistical measurement result«/
This report describes the electromagnetic $\
disturbance phenomena of voltage dips Qort
interruptions in terms of their sources,&ts,
remedial measures, methods of mea? ent,
and measurement results. It applies to. public
low-voltage power supply netwrgr\@
\{'\Q)
i o . .
IEC 61000-2-9 Electromagnetic compatibility (EMC) — Part 2: | Radiated pulsed fields 1TmHz<f<
Environment — Secti : Description of from high altitude 1 GHz
HEMP environmenA\ adiated disturbance nuclear detonations.
This part descri the radiated electromagnetic Variqtions due to
pulse fields s@nﬁi by a high-altitude nuclear Iaoncdatfgapsc;}r;ltlgsviirrtigd
detonati @ching the Earth’s surface. Three locations are provided.
specifig/pulses are provided in the time domain
for ciuiﬁﬁications to allow critical
infrastructures to define immunity requirements
uipment and systems.
IEC 61000-2-10 g)EIectromagnetic compatibility (EMC) — Part 2- | Conducted voltage and 1TmHz<f<
@ 10:Environment — Description of HEMP current pulses are 1 GHz
Q* environment — Conducted disturbance described for power
%O This part describes the conducted :lnnsetzlrzaﬁi:]r:llﬂt)? cables
C) electromagnetic pulse fields induced by the inside of installations
radiated fields from a high-altitude nuclear
\<</ detonation (described in IEC 61000-2-9) on and for external
metallic lines, such as data cables or power types.
lines, external and internal to installations, and
external antennas.
IEC 61000-2-11 Electromagnetic compatibility (EMC) — Part 2- | Classes are defined for 1 kHz < f <
11: Environment - Classification of HEMP both the radiated and 1 GHz

environments

This part describes the classification of the
HEMP radiated and conducted environments as
a function of the location of equipment either
external to or within different types of shielded
installations. The purpose of this classification is
to support the definition of immunity test levels

for equipment as a function of their location.

conducted pulsed HEMP
environment as a
function of the amount
of protection in an
installation. The
presence of lightning
protection is also
considered.
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Publication Title and short description Electromagnetic Frequency
phenomena range
IEC 61000-2-12 Electromagnetic compatibility (EMC) —Part 2- | Conducted <9 kHz

12: Environment — Compatibility levels for
low-frequency conducted disturbances and
signalling in public medium-voltage power

supply systems

This part is concerned with conducted

disturbances in the frequency range from 0 kHz .
to 9 kHz signalling systems. It gives compatibility

disturbances:

e  harmonics

e voltage fluctuations
e voltage unbalance

power frequency
variation

levels for public medium-voltage AC distribution
systems with a nominal voltage between 1 kV °

and 35 kV.

mains signalling
(< 3 kHz)

IEC 61000-2-13

Electromagnetic compatibility (EMC) — Part 2-

13: Environment — High-power

electromagnetic (HPEM) environments —

Radiated and conducted

This part describes the radiated and conducted
environments that could be created by any high
power electromagnetic field source (over 100
V/m) but with emphasis on the development of
electromagnetic weapons by those who wish to
create intentional electromagnetic interference
(IEMI). Different classes of wideband waveforms
are defined along with narrowband threats, and

with the consideration of the difficulty in
producing these types of threats.

/\Q

AY

Radiated and conducted
environments (which are(
narrowband or belon 1&1,
three separate .
wideband classe e
defined. The peak fields
are characte@ in
terms of t duct of
“distan eak field”,
whic a%/vs the
co Qevation of
di§&nce to an
installation as a major

arameter. Both coupled
fields and directly
injected voltages are
also considered.

GHz

B,QH; <y

p

N
S

IEC TR 61000-2-14

Electromagnetic compatibility (EMQ — Part 2-

Conducted

14: Environment — Overvoltages\§{| public disturbances:
electricity distribution netwo . overvoltages
This report gives informati @4 transients in e external and
low- and medium-voltage &Tc power supply internal
systems. $ overvoltages
A‘\Q) e long, short and very
short overvoltages
O
\{:\' e lightning and
. switching transients
Y ’
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTROMAGNETIC COMPATIBILITY (EMC) -

Part 2-5: Environment —

B i ti el ficat £ etect " . I
FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC)'is to promgte
international co-operation on all questions concerning standardization in the electrical and¢electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Teehnical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter, (referred to as “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interestg¢d
in the subject dealt with may participate in this preparatory work. Internatignaly governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closgly
with the International Organization for Standardization (ISO) in accordance(with conditions determined py
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an internationjal
consensus of opinion on the relevant subjects since each technigal _dommittee has representation from all
interested IEC National Committees.

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

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publicatiops
transparently to the maximum extent possible intheir national and regional publications. Any divergenge
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated|in
the latter.

IEC itself does not provide any attestationwof conformity. Independent certification bodies provide conformity
assessment services and, in some area§;;access to IEC marks of conformity. IEC is not responsible for apy
services carried out by independent cettification bodies.

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

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

Attention is drawn ‘te’the Normative references cited in this publication. Use of the referenced publications|is
indispensable forthe correct application of this publication.

Attention jsydrawn to the possibility that some of the elements of this IEC Publication may be the subject [of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

ne nrain task of IEC technical committees is to prepare International Standards. However,|a

d

chnical committee may propose the publication of a technical report when it has collectgd
| St

tarnf 2 diffarant kind fram that wwhich ic naremally nuhlichad Ac an Ilntarnatinng andard 'FJr
to—o—a-aHere e H oM ttHat— YW HeH—S o hary—PpubSHeaaSah—Hteriatona aaatcs—

example "state of the art".

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

It
w

forms Part 2-5 of IEC 61000. It has the status of a basic EMC publication in accordance
ith 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:

Enquiry draft Report on voting
77/525A/DTR 77/526/RVC

Full information on the voting for the approval of this technical report can be|found in th
rgport on voting indicated in the above table.

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

The reader's attention is drawn to the fact that Annex E lists some*“in-some-country” clausg
on differing practices regarding a particular electromagnetic phenomenon.

Al list of all parts in the IEC 61000 series, published undef, the general title Electromagnef
bmpatibility (EMC), can be found on the IEC website.

o

The committee has decided that the contents of this Jdocument will remain unchanged until th
sfability date indicated on the IEC website underhttp://webstore.iec.ch" in the data related
tHe specific document. At this date, the document will be

e| reconfirmed,

e | withdrawn,

replaced by a revised edition, ot

amended.

Albilingual version of this—publication may be issued at a later date.

e

S

ic

o

hat it contains colours which are considered to be useful for the correc
nderstanding of its contents. Users should therefore print this document using
¢olourprinter.

lMPORTANT = The 'colour inside' logo on the cover page of this publication indicatel
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ELECTROMAGNETIC COMPATIBILITY (EMC) -

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

1_ Scope

Khowledge of the electromagnetic environment that exists at locations where electrical ar
electronic equipment and systems are intended to be operated is an essential precondition

tHe process of achieving electromagnetic compatibility. This knowledge can be_obtained K
various approaches, including a site survey of an intended location, the technical~assessme
of the equipment and system, as well as the general literature.

This part of IEC 61000

phenomena,
—| classifies into various location classes and describes them by means of attributes,

—| provides background information on the different eleCtromagnetic phenomena that ma
exist within the environment and

—| compiles tables of compatibility levels for electramagnetic phenomena that are considers
to be relevant for those location classes.

This part of IEC 61000 is intended for guidance for those who are in charge of considerir]
and developing immunity requirements. It "also gives basic guidance for the selection
immunity levels. The data are applicable.t@‘any item of electrical or electronic equipment, su
system or system that operates in one_of‘the locations as considered in this document.

NOTE 1 This document considers relevant electromagnetic phenomena when describing and classifyi
elpctromagnetic environments (except (HEMP and HPEM which are covered in other IEC 61000-2 standards).
mpkes use of the specification of technologies, of published data and of results from measurements. Not

electromagnetic phenomena considered here are described in detail in this document, but rather in oth
dqcuments of the IEC 61000-2-series from which the relevant information and data are taken and used in th
dqcument. For more detailed‘\information about those phenomena the user is referred to this series. See al
Amnex F for an overview of the various parts of the IEC 61000-2 series.

NOTE 2 It is noted_that/immunity requirements and immunity levels determined for items of equipment which &
infended to be used\at)a certain location class are not inevitably bound to the electromagnetic environment prese
at|the location, but.also to requirements of the equipment itself and the application in which it is used (e.g. wh
taking into account requirements regarding availability, reliability or safety). These could lead to more stringe
requirements~with respect to immunity levels or with respect to applicable performance criteria. These levels ¢
also be established for more general purposes such as in generic and product standards, taking into accou
stptistical®and economic aspects as well as common experience in certain application fields.

NOTEV3 Electromagnetic phenomena in general show a broad range of parameters and characteristics and hen

—| introduces the concept of disturbance degrees and defines these for each electromagnetic

y
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cannot be related one-to-one to standardized iImmunity tests which basically reflect the impact of eleciromagne
phenomena by a well described test setup. Nonetheless, this document follows an approach to correla

ic
te

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 gener

ic

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 specif

ic

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)

IBC 61000-2-2, Electromagnetic compatibility (EMC) — Part 2-2: Environment — Compatibility
Ielvels for low-frequency conducted disturbances and signalling in public low-voltagé/power
stipply systems

HC TR 61000-2-3, Electromagnetic compatibility (EMC) — Part 2: Environment\~ Section B:
Description of the environment — Radiated and non-network-frequency-related conductgd
phenomena

IHC 61000-2-4, Electromagnetic compatibility (EMC) — Part 2-4: Environment — Compatibility
Ielvels in industrial plants for low-frequency conducted disturbances

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

IHC 61000-2-9, Electromagnetic compatibility (EMC) — Part 2: Environment — Section P:
Description of HEMP environment — Radiated djsturbance

IHC 61000-2-12, Electromagnetic compatibility (EMC) - Part 2-12: Environment
Cpmpatibility levels for low-frequency’conducted disturbances and signalling in public
medium-voltage power supply systems

IHC 61000-2-13, Electromagnetic\compatibility (EMC) — Part 2-13: Environment — High-power
electromagnetic (HPEM) environments — Radiated and conducted

IHC 61000-4-2, Electromagnetic compatibility (EMC) — Part 4-2: Testing and measuremept
tdchniques — Electrostatic discharge immunity test

IHC 61000-4-3, Electromagnetic compatibility (EMC) — Part 4-3: Testing and measuremept
tachniques —«Radiated, radio-frequency, electromagnetic field immunity test

IHC 61000-4-4, Electromagnetic compatibility (EMC) — Part 4-4: Testing and measuremept
tdchniques — Electrical fast transient/burst immunity test

C 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

IgC©1000-4-13, Eleciromagnetic compatibility (EMC) — Part 4-13. Testing and measurement
tdchniques — Harmonics and interharmonics including mains signalling at a.c. power port,~low
frequency immunity tests

IHC 61000-4-14, Electromagnetic compatibility (EMC) — Part 4-14: Testing and_measuremepnt
tdchniques — Voltage fluctuation immunity test for equipment with input current not exceeding
16 A per phase

IHC 61000-4-16:2015, Electromagnetic compatibility (EMC) - Part)4-16: Testing and
mleasurement techniques — Test for immunity to conducted, common’mode disturbances |n
the frequency range 0 Hz to 150 kHz

IHC 61000-4-18, Electromagnetic compatibility (EMC) — Part 4-18: Testing and measuremept
tdchniques — Damped oscillatory wave immunity test

IHC 61000-4-19, Electromagnetic compatibility (EMC) — Part 4-19: Testing and measuremeht
tdchniques — Test for immunity to conducted, differential mode disturbances and signalling |n
the frequency range 2 kHz to 150 kHz at a.c. power ports

IHC 61000-4-27, Electromagnetic compatibility (EMC) — Part 4-27: Testing and measuremet
tdchniques — Unbalance, immunity testufor equipment with input current not exceeding 16 |A
pér phase

IHC 61000-4-28, Electromagnetie,compatibility (EMC) — Part 4-28: Testing and measuremet

tdchniques — Variation of power-frequency, immunity test for equipment with input current npt
exceeding 16 A per phase

3| Terms, definitions and abbreviated terms

31 Terms and-definitions

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

I§0and 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.

343

brownout

rgduction or cutback in electric power, especially as a result of shortage, mechanicalAfailur,
of overuse by consumers

D

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

311.4
burst
sg¢quence of a limited number of distinct pulses or an oscillation of {imited duration

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

3/11.5

blrst (in TDMA)
signals transmitted by a terminal in the form of a“block of predetermined structure during|a
time interval allotted to the terminal by a TDMA protocol

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

311.6
characteristic impedance of a medium
whave impedance for a travelling wave in a specific medium

Note 1 to entry: The characteristic impedance of a homogeneous isotropic medium is given by 77y = ‘fﬁ ,
&

where

M is the permeabilitysof the homogeneous isotropic medium, and

g| is the permittivity of the homogeneous isotropic medium.

[SOURCE )IEC 60050-705:1995, 705-03-23, modified — the formula for characteristjc
impedance has been simplified.]

311.7
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;


https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

IEC TR 61000-2-5:2017 © |IEC 2017 -13 -

— 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

(glectromagnetic) compatibility level
specified electromagnetic disturbance level used as a reference level for co-ordination;'in- th
setting of emission and immunity limits

No¢te 1 to entry: By convention, the compatibility level is chosen so that there is only a small prabability that it w
bg exceeded by the actual disturbance level. However, electromagnetic compatibility is achieyed 'only if emissi
arld immunity levels are controlled such that, at each location, the disturbance level resulting, from the cumulati
erpissions is lower than the mmunity level for each device, equipment and system situated_at this same location.

No¢te 2 to entry: The compatibility level may be phenomenon, time or location dependent!

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

311.9

d|sturbance degree

siecified and quantified intensity within a range of disturbance levels corresponding to
particular electromagnetic phenomenon encountered-in‘the environment of interest

311.10

d{sturbance level

amount of magnitude of an electromagnetic disturbance, measured and evaluated in
srecified way

311.11
earth port
cable port other than signal, control or power port, intended for connection to earth

3{1.12

electric field

constituent of an eleecfromagnetic field which is characterized by the electric field strength
tggether with the-electric flux density D

—
fa)

JOURCE: JE€'60050-121:1998, 121-11-67]

311.13
electromagnetic compatibility

EMC

e

ill
n
e

E

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 is very important not to confuse the electromagnetic environment and the location itself.

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

3]1.16

electromagnetic field
field, determined by a set of four interrelated vector quantities, that characterizes, together
wjth the electric current density and the volumic electric charge, the glectric and magnetjc
onditions of a material medium or of vacuum

o

Note 1 to entry: The four interrelated vector quantities, which obey Maxwell Equations, are by convention:
o | the electric field strength, E,

e | the electric flux density, D,

e | the magnetic field strength, H,

e | the magnetic flux density, B.

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

311.17

(glectromagnetic) susceptibility
inability of a device, equipment or system to perform without degradation in the presence pf
an electromagnetic disturbance

Note 1 to entry: Susceptibility is aJack”of immunity.

[JOURCE: IEC 60050-161;1990, 161-01-21]

3]1.18
ehclosure port
physical boundary of the equipment, through or on which electromagnetic fields may impinge

3/11.19

far field
rggion-where the angular distribution of the electromagnetic field is independent of distange
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
|mmun|ty level

lavial _of o ~ibva

PXVIP-Y
cTVITCE,

degree\ pf

oA oo
xR R—ev e —e+—a grveTrT—T

equipment or system, for which it remains capable of operating at a required
performance

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

311.23

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

EXAMPLE Metalworking, pulp and paper, chemical plants, car production, farmbuilding, high-voltage (HV) aregs
of|airports.

Note 1 to entry: Industrial locations can generally be described by.thé, existence of an installation with one for
mpre of the following characteristics:

—| items of equipment installed and connected together and working simultaneously;

—| significant amount of electrical power is generated, transmitted and/or consumed;

—| frequent switching of heavy inductive or capacitive loads;

—| high currents and associated magnetic fields;

—| presence of industrial, high power scientific and‘medical (ISM) equipment (for example, welding machines).
The electromagnetic environment at an industrial location is predominantly produced by the equipment apd

inptallation present at the location. There _afe types of industrial locations where some of the electromagnefic
pHlenomena appear in a more severe degree'than in other installations.

No¢te 2 to entry: Industrial locations can be further distinguished, for example into general, process, heavy lor
pqwer industrial locations.

No¢te 3 to entry: The connectien between location and electromagnetic environment is given in 3.1.15.

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

3/1.24
infeed converter
self-commutated electronic power converter of all technologies, topologies, voltages and siz¢

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 form
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

aania

er

of

—
[ds)

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

w

1.27
cation (EMC)
position or site marked by distinguishing electromagnetic features

o

3/1.28
gcation class

electronic equipment in use, including installation conditions and€xternal influences

Note 1 to entry: See Annex A.

1.29

w voltage
v
se¢t of voltage levels used for the distribution of electricity and whose upper limit is general
agcepted to be 1 000 V AC

ra w

—
[da)

OURCE: IEC 60050-601:1985, 601-0126]

311.30

magnetic field

constituent of an electromagngtic field which is characterized by the magnetic field strength
tggether with the magnetic flux density B

—

JOURCE: IEC 600502121:1998, 121-11-69]

1.31
aximum burst power
aximum instantaneous power achieved during a burst

33«

3/1.32
medium voltage

s¢t of locations having a common property related to the types and density of electrical and

Iy

H

v
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


https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

IEC TR 61000-2-5:2017 © |IEC 2017 -17 -

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.

311.35

ppwer line telecommunications
PLT

use of existing in-building or network distribution power cabling as a metallic path for the
distribution of data

Note 1 to entry: Power line telecommunications is also known as broadband power line (BPL) and power lipe
cdmmunication (PLC).

3]1.36

ppwer port
port at which a conductor or cable carrying the primary electrical power needed for the
operation (functioning) of equipment or associated equipment is connected to the equipment

311.37

rgsidential location
location which exists as an area of land designatedfor the construction of domestic dwellingg,
and is characterized by the fact that equipmentiis‘directly connected to a low-voltage publlc
mjains network or connected to a dedicated DC.source which is intended to interface betwegn
tHe equipment and the low-voltage mains network

EXAMPLE Examples of residential locations are houses, apartments, and farm buildings used for living.
Ne¢te 1 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 (fs
inlan apartment in an apartment blocky,

No¢te 2 to entry: The connection between location and electromagnetic environment is given in 3.1.15.

[SOURCE: IEC 61000-6-1:2016, 3.8]

3/1.38

signal port

port at whichha conductor or cable intended to carry signals is connected to the equipment

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

311:39

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

7

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

va@riation of the r.m.s. or peak value between two conseculive levels sustained for definite b
unspecified durations

Note 1 to entry: Whether the r.m.s. or peak value is chosen depends upon the application, and which is us
should be specified.

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

bd

3]1.43

voltage dip

slidden reduction of the voltage at a particular point of an electricity* supply system below|a
sxecified dip threshold followed by its recovery after a brief interyal

Nete 1 to entry: Typically, a dip is associated with the occurrence and_termination of a short circuit or other
ejtreme current increase on the system or installations connected to it

Note 2 to entry: A voltage dip is a two-dimensional electromagnetic’ disturbance, the level of which is determing¢d

(e

y| both voltage and time (duration).

3]1.44

voltage fluctuation
s

p

briod between zero-crossings of the souftce voltage

3/11.45

wjave impedance
fgr a sinusoidal electromagnetic-wave, using complex notation, the quantity representing th
electric field at a point divided by the quantity representing the magnetic field at the sani
point

[SOURCE: IEC 60050-705:1995, 705-03-22]

3]1.46

Smart Grid
intelligent grid
electricspower system that utilizes information exchange and control technologies, distributg

g¢ries of changes of r.m.s. voltage evaluated as a single value for each successive half-

chputing and associated sensors and actuators, for purposes such as:

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

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 Abbreviated terms

AC alternating current

AIC active infeed converter
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AM amplitude modulation

AMN artificial mains network

ASD adjustable speed drive (also variable speed drive)

ATSC advanced television systems committee

AV average

AVE audio-visual equipment

BPL broadband over power line

CATV communal antenna TV

C citizen band

CPMA code division multiple access

CEPT Conférence Européenne des administrations des Postes et des
Télécommunications
European Conference of Postal and Telecommunications Administrations

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

CMA constant modulus algorithm

C cordless telephony

C|T-2 cordless telephone, second generation

C continuous wave

D direct current

DCCS digital cross connect system

DCS digital cellular system

DECT digital enhanced cordless telecommunications

DIrX discontinuous transmission

DVB-T digital video broadcasting — terrestrial

DVvD digital versatile dise

DVR digital video, recorder

EAS electronics article surveillance

EPM electrozdischarge machining

E|RP effective isotropic radiated power

EM electromagnetic

EMC electromagnetic compatibility

EN European Standard

ERC European Radiocommunications Committee

ERMES EUropean radio messaging system

ERP effective radiated power

ESD electrostatic discharge

ETSI European Telecommunications Standardisation Institute

EU European Union

EUT equipment under test

FCC Federal Communications Commission

FDD frequency division duplex

FDMA frequency division multiple access

FHSS 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
IHC International Electrotechnical Commission
iDEN integrated dispatch enhanced network
IHEE Institute of Electrical and Electronics Engineers
INIT international mobile telephone
I§DB-T integrated services digital broadcasting — terresfrial
I§M industrial, scientific and medical
I§0 International Organization for Standardization
IME information technology equipment
mu International Telecommunications Union
JP Japan
LAN local area network
LCL longitudinal conversion loss
LF low frequency
LPRS low power radio service
LTE long term evolution
LTE-A long term evolution advanced
RI magnetic resonance imaging (also nuclear magnetic resonance)
’V:j]URS multi=user radio service
N neutral
NADC North American digital cellular
OﬁDM orthogonal frequency division multiplexing
PLC 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

RFID radio frequency identification

r.m.s. root mean square

RITTT road traffic and transport telematics
SHF super high frequency

SHINE single high intensity noise event
SRD short range device

SNR signal to noise ratio

SBEB single side band

TPD 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 poipt
of the power distribution system (in AC systems, the earthed point pf
the power distribution system is normally the neutral point or, if |a
neutral point is not available, a phase conductor);

C means the neutral and protective functions are combined in a sing|e
conductor.

TN-S T means direct connection of one pole to earth,

N means direct electrical connection of the equipment to the earthed poipt
of the power distribution system (in AC systems, the earthed point pf
the—powerdistribution—system—is—normaly the neutral pointor—ifla
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

7

4| User's guide for this document

41 Approach

Classification of the electromagnetic environment is based on the classification or
description of the electromagnetic phenomena prevailing at typical locatiohs, not on existin
tdst specifications. However, given a choice among equal possibilities, harmonization wi
existing test specifications (if appropriate) will simplify the situation and promote easi
agceptance of the recommendations. The definition of electromagnetic environment in 3.1.1

dpcument to quantify the phenomena contributing to the elegtromagnetic environment and it

dpcument to describe the environment, as it is reserved. for specifying immunity test levels
other IEC publications.

Thus, the concept and term of electromagnetic phenomenon is the starting point for definir
tHe environment and selecting disturbance degrees in a classification document. Clauses 5,
and 7 of this document are the first step of the“process. Three basic categories of phenomer

discharge. In the first stage, attributes“of the phenomena (amplitudes, waveforms, sourg
impedance, frequency of occurrencegetc.) are defined generically, and the expected range
disturbance degrees established. Then, in the second stage, one single value from that rang
has been identified as most representative value for each phenomenon at a specific class
lgcation and set forth as the contpatibility level for that location class.

The process is illustrated-in Figure 1, showing how two sets of tables are used: a set of inp
tgbles that are phenomena-oriented and establish a range of disturbance degrees for a givg
phenomenon, andra“set of output tables that are location-oriented and propose a table f
eqach class, with(one value of compatibility level for each of the phenomena identified in tH
sét of input tables.

rgfers to “electromagnetic phenomena”. The term "disturbance(degree" (3.1.9) is used in thjs

independent of any consideration of test levels. The term’/severity level” is not used in thjs

have been identified: low-frequency phenemena, high-frequency phenomena and electrostatj
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INPUT OUTPUT
TABLES > TABLES
Phenomena oriented Location oriented

LF — » Conducted Specification of one value per

phenomenon and
interface port, with one
. table for each location class
Radiated

HF —

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

A = Controlled environment

= Natural environment

X = Harsh environment

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

IEC

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 carrylng S|gnals to or from the equipment or
contealli tha coiinmman t oan hao naoctad ot (1O dAata/oanntr |

Excapmn o
uuuuuuu-v e \4\.1\.Alr.llll\.rlll. Sa—pBe—cohheetea: hnuun:y:uu afe |||rJU|l.lvu|l.|.J (17 o Satar ot

lines, telecom lines, antenna cables, wired network lines, etc.

—| The earth port is the point where a cable intended for connection to earth for functional or
safety purposes can be connected.

—| The power port is the point where a conductor or cable is connected to the) equipmept
carrying the electrical power (AC or DC) needed for operation. The powerort can be both
input or output power port.

The significance of differentiating ports for conducted disturbances reflects the different typg
ol phenomena that can occur in power systems versus communication'systems, as well as tH
inmportance of earthing practices for each of the systems, as earth eften serves as a referenc
fgr the equipment. For the purposes of this classification, the\signal and control ports a
c’_Insidered similar and are therefore combined into the signal port. Users need to recogniz

tHat the values shown correspond to disturbances measured’ between the conductors of th
specific systems, in what is described as a differential mode, a common mode or §
agsymmetrical mode.

SO DOD®DD®n

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 final classification of environments into location classes and corresponding compatibility
lgvels is«discussed in Clause 8, with specific examples of location classes given in the tablgs
of Anpex A. In that respect three location classes have been identified in this document (sge
Flgure~ 7). The attributes of these location classes are based on the significapt
electromagnetic characteristics of a location rather than geographical or structural aspecis.
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.

3 . . ,

4

The electromagnetic environment in which electrical and electronic items are expected {o
operate without interference is very complex. For the purpose of this classification; thrge
categories of electromagnetic environment phenomena have been defined to describe 4§
disturbances:

—| electrostatic discharge (ESD) phenomena (conducted and radiated);
—| low-frequency phenomena (conducted and radiated, from any source €Xcept ESD);

high-frequency phenomena (conducted and radiated, from any source except ESD).

nis distinction is necessary in order to recognize that electromagnetic disturbances occur |n
particular medium. Formally, when dealing with the eleCttomagnetic environment, the
avelength A of the considered disturbance is the gauge for flong or large” and for “short ¢r
qnall”. An item is small or a line is short if the wavelength is much greater than ifs
mensions. Consequently, in that situation the frequeney is low, as the frequency is inversely
oportional to wavelength. An item is large or a linelis Tong if the wavelength is much smaller
an its dimensions. However, in the context of the present document and in accordance with
e IEC EMC approach, the term low frequency applies to frequencies up to and including
kHz; the term high frequency applies to frequencies above 9 kHz.

ows oo

jOY)

ectromagnetic radiation in different locations may be a result of intentional or unintention
diators and may include electromagnetic fields on frequencies from 0 Hz (static fields)
D0 GHz. Electromagnetic fields can be radiated from distant or close sources, hence th
opagation and coupling can begoverned by far-field or by near-field characteristics. TH
rgsulting field strength at a location is typically controlled by the radiated power, the distand
from the radiator and coupling effectiveness. The frequency is also an important factor
order to describe electromagnetic fields at a location.

T A3 Mm

S5 O® o d®Oo

Rpdiated disturbances* occur in the medium surrounding the equipment, while conductgd
disturbances occur_in various metallic media. The concept of ports as shown in Figure P,
through which, disturbances have an impact on the item, allows a distinction among the
fdllowing various media:

enclosure;

AC_power mains;

W N -

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.


https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

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

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
limi o thon the Ry oVOls —BHaGIRE-a-Fatg] " , o )

into account, for example, tolerances in the hardware properties of the items of equipment,
potential coupling mechanisms between items of equipment and statistical considerations.

A A v B RS 28 g€ A RV aan A S

Hence, setting emission limits in this way predominantly aims at the achievement pf
ectromagnetic compatibility. Such types of emission limits are not related” to CISPR
emission limits as for the specification of CISPR limits a different approach is‘applied.

()

CISPR limits are developed for protection of radio communications. They take into accoupt
aspects such as field strength signals needed for radio reception) or typical protectign
distances between radio receivers and potential interference sources (typically 10 m or 30 m).
They do not take into account the situation in very close proximity-of disturbance sources (as
this is not a typical situation for reliable radio reception) or ‘immunity issues as the CISPR
emission limits are normally far below (several magnitudes)typical immunity levels. In thjs
rgspect, emission limits derived from the disturbance levels.of this document and CISPR limits
afe not always correlated with each other. Consequently, the disturbance levels of thjs
document are in most cases not appropriate to derive-CISPR limits.

NOTE More detailed information about determining CISPR emission limits are given in CISPR TR 16-4-4.

4!5 Simplification of the electromagnetic environment database

t|is neither possible nor absolutely necessary to describe completely an electromagne
environment. Consequently, any, description is limited to certain properties of th
environment. The first step of-'a description should be the selection of appropria
electromagnetic properties coffesponding to the various phenomena that can crea
electromagnetic disturbances/Table 1 lists these phenomena. In this document, the bounda
between low frequency and.high frequency is generally understood as being 9 kHz; howeve
when addressing a type of/disturbance prevailing in one frequency range with a small overls
into the other range,«the boundary might be slightly shifted to keep the phenomenon with
one descriptive range:

ST < OO n O

Ah appropriaterselection is only valid if its purpose is also specified. Considering the many
ppssible ceupling mechanisms between an item and its electromagnetic environment, |it
bécomes ‘apparent that, in order to accurately assess the necessary level of immunity for any
itfm, more information than is available about the environment would be needed. Accuracy pf
e

ecfromagnetic environment descriptions is necessarily limited, as follows:

— 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)
\ oltace—intorruntionc Naono 5142 1 o\
Moltage-trterruption No# 4246}
Voltage unbalance 4 5.1.2.1d)
Voltage frequency 5 5.1.2.2
variations
Power supply networks | Common mode voltages 6 5:03
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 harménics 9 5.2.1
(n = harmonics)
not power systém 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/RLT 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
Directéconducted 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
tunintentional)
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
edteatand-biotogicat 25 6-2-3-2
telemetry items
Digital television 26, 27, 28 6.2.3.2
broadcast
Unlicensed radio services 29, 30 6.2(32
Paging services (base 32 6.273.2
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 17 6.2.3.1
3 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 72/7.3
High altitude Not consideredxin 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 seelEC 61000-2-13
(HPEM)
Tp assist equipment.designers and users in making appropriate choices in defining immunity
tgdst levels, the classification shows, for each phenomenon, only one compatibility level p

class of location The characterization of each phenomenon is presented in tabular form, fro
which a selection can be made. This approach gives a common base of reference fi
specifying immunity requirements for an item of equipment expected to be installed at vario|
locations,\and yet provides the appropriate degree of compromise between a conservati
oyerdesigh and a cost-conscious reduction of margins. The specification of theg
rgqdirements for specific equipment remains the field of product standards and, therefor

canhot 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\RQe
designed to be “immune” to this particular disturbance depends upon whether its effects,afe

h

h

tgmporary (for instance, a reduction of reception quality that might be acceptable, althoug
undesirable), or permanent and unacceptable (equipment damage or malfunction wi
upacceptable consequences).

flno special performance requirement is expected at a given location, which is the generpl
case, the procedure is reduced to:

selecting the appropriate location class from those defined in Clatise 8 and Annex A;
¢ | selecting the required immunity in accordance with the princigles stated in Clause 9.
ne purpose of this document is not to specify immunity, but,to allow product committees

T
miake a selection on a rational and informed basis, withedt specifying equipment immunit
tha shown in the Table 2 to Table 14 and Table X6 to Table 44 refer to well-know
e
c

S5~ 0

N4
-

ectromagnetic environment conditions, such as/low-frequency phenomena or, in oth
ses, only proposed as representative levels for elassification.

[3,]

Low-frequency electromagnetic phenomena

511 Conducted low-frequency phenomena
511.1 Harmonics of the fundamental power frequency
H

frmonic voltages of the fundamental power frequency exist on power supply networks. The
spurce is harmonic currents of the fundamental power frequency that are injected into the
power supply network by(aftached non-linear loads, where they are converted into voltages by
tHe network impedance:

The number of mon-linear loads that are utilised in residential, commercial and industripl
locations has increased significantly in recent years. There are two types of non-linear loads

—| The very large number of small capacity loads (i.e. each consuming less than 1 kW
mostly. Single-phase loads, that are found in the low-voltage power distribution networ
Such’loads typically have rectifier input and include items such as household appliance
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.

Ul A —

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)

NOTE 1 The definition of the THD recognises the fact that not all harmonic components will reach, their pegk
amplitude simultaneously.

NPTE 2 Harmonics up to and including the 40" harmonic are considered, in conformity with IEG 64000-3-2.
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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

Disturbance

Basic

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

degree

(IContfolled) Case-by-case according to the equipment requirements
1 5 333 3 2 a a a 3115|0302 (02| 2 1 0% ¢
2 8 6|5(35] 3 2 a a a 5115|0402 (02| 2 1 0,5 ¢
3 10 |8 (7|5 |45 4| b | P b le 252 (175 1 |3 15| 1 | 1

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

w =z

in

o =

Q0 _Z

w _zZ

Q

re met:

OTE 1 The disturbance degrees A, 1, 2, 3 and X correspond to the classes A ~1.J2, 3 and X defined in
FC 61000-2-4; see Clause 4.

o

OTE 2 Class 1 applies to protected supply networks and has compatibility_levels lower than those of publ
Lpply networks. It relates to the use of equipment that is very sensitive to disturbances in the power supply, f
stance the instrumentation of technological laboratories, some automation and protection equipment, som
bmputers, etc.

D =

)

OTE 3 Class 2 applies to low-voltage public supply networks. (s€e IEC 61000-2-2). It can also apply f
bmmercial and light industrial environments (small- and medium-size industrial plants, commercial buildings).

=

OTE 4 Class 3 applies to industrial environments. It has<higher compatibility levels than those of Class 2 fq
bme disturbance phenomena. For instance, this class would be considered when any of the following conditions

- a major part of the load is fed through power converters;
- welding machines are present;
- large motors are frequently started;

- loads vary rapidly.

=

OTE 5 Class X applies to an arbitrafily defined environment, for example, strongly disturbed industrial powe
Lpply networks (steel plants, power stations, etc.).

he above levels correspond\to those values that are not exceeded by 95 % of the 10 min mean r.m.s. valugs
uring each period of one,week under normal operating conditions (taken from EN 50160).

Q

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

bl = 4,5 x (17/n)— 075 (where n is the order of the harmonic component)
¢l =0,25x (@d/[r) + 0,25 (where x is the order of the harmonic component)
5112 Power supply network voltage amplitude and 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
egrees
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,
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.

Voltage dips last in most cases for less than 1 s. In areas supplied by overhead lines, th
number of voltage dips can reach several hundreds per yeat,"depending on the number
lightning strokes and other meteorological conditions if the area. In areas supplied K
underground power cables an individual user of electricity connected at LV may be subje
to voltage dips occurring at a rate that extends from around ten per year to about
hundred per year, depending on local conditions,

Short supply interruptions with durations ranging up to 180 s also occur. Most of them a
restored within 60 s. Interruptions lasting.moére than 180 s are no longer considered 3
EMC issue, but a blackout.

Voltage unbalance can be caused by asymmetrical loads or large single-phase loads suq
as traction systems or single-phase furnaces. Table 4 shows the disturbance degrees.
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a) — Voltage dip
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b) — Short supply interruption
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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 reclosu
(almost 70 ms to 1 000 ms);

switching of large loads, especially motors and capacitor banks.

re

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
Dizg‘;'rt;’;‘:e 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 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.

1.2.2 Frequency change

ore than 0,2 %. However, during network disturbances, the fundamental frequency of the

5

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

power network can vary by up to 4 % (see Table 5).

Table 5 — Disturbance degrees _and levels for power frequency variation

Basic standard
Disturbance }EC 61000-2-2, IEC 61000-2-4 and IEC 61000-2-12
degrees
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.

NOTE 2 For isolated power networks, +2 Hz applies.

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.


https://iecnorm.com/api/?name=91c5217c67e63d680fd59d7233d94d28

IEC TR 61000-2-5:2017 © |IEC 2017 - 35—

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.

Flgure 4 shows a typical configuration of the semiconductor converter in a PDS: a 3-phase’ AC
ne¢twork voltage is rectified to DC voltage by a diode-rectifier. For the purpose of simplifying
tHe explanation, the neutral point of the AC network is assumed to be grounded.'The D|C
voltage is further converted to a 3-phase AC voltage with adjustable frequency@nd amplitude
by a PWM inverter. The output voltage feeds an induction or synchronous motbor.

P 0 @]
T . —
ZE o O O

Figure 4 — Typical configuration of the converter in a PDS

Filgure 5 depicts an example of the voltage and current waveforms at each position in a PD
The AC network frequency is 50 HzxThe PDS output frequency is 25 Hz. A representative A
nput phase-to-phase voltage, acrepresentative AC input phase current, the DC voltage and
rgpresentative AC output phase current are shown in of Figure 5a). The AC input phag
clirrent includes large harmonic components, whereas the AC output current is controlled
bé almost sinusoidal. Figune 5b) indicates both the DC positive pole (P) voltage potential fro
the ground and that of the negative pole (N). The DC line potential from the ground fluctuate
al 150 Hz (50 x 3)-~Fhe DC differential voltage fluctuates at 300 Hz (50 x 6), though th
flhctuation is very-small. Figure 5c) displays the common mode (neutral) voltage of th
converter output,-which contains multiples of the PWM carrier frequency (5 kHz) component
The envelope of the common mode voltage follows the DC P and N potential voltages. It
tHe significant feature of PDS that the output common mode voltage is pulsating at the PW
carrier frequency although the output current gets almost sinusoidal.

s o0 w3000

Ohe.example of a measured PDS common mode voltage is introduced in Figure 6. The Figufe
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.

5

P
u

Table 6 — Disturbance degrees and levels for common mode voltages

sfandardization documents consider three types of systems:

Basic standard
Dizte‘;';ae’;‘:e IEC 61000-4-16
Disturbance levels
1 1V
Z IV
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, Apnex/B.

NOTE 2 Values in Vr.m.s.

1.4 Signalling voltages in power supply networks

bwer supply networks are designed for the transmission‘\of energy, but they can also 1
sed for the transmission of information by mains“\signalling systems. The releva

ripple control systems that are used by electri€a) utilities in public supply networks, in th
range of 100 Hz to 3 kHz, generally below §00 Hz, with signals up to 5 % of U, und
normal circumstances and up to 9 % of {/,,in*cases of resonance. These systems are use
in some countries in Europe and elsewhere;

power-line carrier systems used by<electrical utilities in public supply networks, in th
range 3 kHz to 95 kHz, with allowed signal levels up to 5 % of U,,. These signals a
strongly attenuated in the network’/(> 40 dB). These systems are used mainly in Europe,
the US and are developing elsewhere;

signalling systems for end-user premises (residential or industrial) in the range of 95 kH
to 148,5 kHz in Europe(IPU region 1), with allowed signal levels up to 0,6 % U, or 5 % U

levels between 2 mV-and 0,6 mV.

respectively. In the US and Japan the upper frequency is 500 kHz, with allowed signpl

sturbance degrees and levels for signalling voltages in power systems are given in Table 7.

z

N’
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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: 2t0 0,6
9%y d 5% U 06%U (mV, not %
Industrial 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.

he present. For this degree, in contrast with other tables, degree A is not a controlled environment. Furthermore
f disturbing over-spill from adjacent networks, it might be necessary to install.bloecking or absorbing circuits.

INOTE 2 Degree 1: for the range 0,1 kHz to 3 kHz, the values correspond*to normal injection levels in actug
installations. For the other ranges, the values indicate the maximum{allowed injection level measured on
:Ieference impedance. These values are only applied in ITU region.4¢ and other values might be used in ITU
egion 2 or 3.

NOTE 3 Degree X: normally the signals are more or less atténuated in the network. However, in certain case
f resonance the signals can be enhanced.

NOTE 1 Degree A: residual signals might exist, coupled from adjacent systems wheré\intentional signals mighft

gome types of installations might offer some degree of protection against this disturbance phenomenon. In cas¢

4 Network without signalling.
Emission level, near to the transmitter.
Special cases (resonances).

EN 50160:2010 (Figure 1 and Figure 2) gives information on possible levels of signaling voltages which ma

supply networks.

be present in public power supply netwerks. The values are valid for low-voltage and medium-voltage powef

5/1.5 Islanding supply networks

The term islanding describes the process whereby a power system is split into two or mo
ands. Islanding mainly occurs when either a deliberate emergency measure or an automat
otection/control_action is taken. If the scale of an islanding network is relatively small, i
pwer frequengy fluctuation and voltage fluctuation can be larger than usual.

T T &

Tp protect-installations like hospitals, server farms, shopping centres and warehouses durir]
‘black outs’ or ‘brown outs’, most of these installations have an independent backup syste
fgrtheir power supply. This is done by either a backup generator or a UPS. When the backd

systemrisimoperatiom, the ftuctuatiomim boththe power frequency and-the voltageamptitud
can be larger than the normal conditions specified in 5.1.2.

g
m
p
e

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

generator, photovoltaic power system or other power source;

— a 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.

Thable 8 describes induced common mode voltages. Differential mode voltages may alse oecur
and are strongly dependent on the type of cable, termination and earthing arrangementt

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 system 2
D'Zt“rba“"e IEC 61000-4-16 IEC 61000-4-16
egrees
Disturbance leyvels
15 Hz to 150 Hz to 1,5 kHz to 15 kHz to 50 Hz to 1 kHz
150 Hz © 1,5 kHz 15 kHZ® 150 kHz
A (controlled) Case-by-case accordingtorthe equipment requirements
1 1t0 0,1 0,1 0,1to1 1 100
2 3t00,3 0,3 0,3to3 3 300
3 10 to 1 1 1to 10 10 1000
4 30to3 3 3 to 30 30 3000°
X (harsh) Case-by-case according to the situation

NOTE ValuesinV, _

94 Values may be limited by ITUETyor other mandated mitigation methods.
May be limited by sparkover of clearances. On insulated ground circuits, higher voltages might occur.
The disturbance levels\decrease by 20 dB/decade.

The disturbance.levels increase by 20 dB/decade.

511.7 DC voltage in AC networks

DIC voltage 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 pf
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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2 Radiated low-frequency phenomena
21 Magnetic fields
agnetic fields in the power frequency range are produced by several types of sources:

nearby power cables and lines, in particular overhead power lines
stray fields from transformers
bus bar systems

7

T
at

w

Q

o0 0

switchgear installations

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

the case of power cables, magnetic fields might occur also due to common modé ‘current
epending on the type of the power supply system (e.g. in the case of TN-C' system

s¢e 8.6).

ne frequencies or frequency ranges to be considered depend on the typeof sources existin
the location under consideration and comprise:

DC

frequencies of railway traction system (e.g. DC, 16 2/3 Hz,/50*Hz, 60 Hz, ...)
fundamental frequency of power supply systems

harmonics occurring in a power system

frequencies not related to power systems

gnificant magnetic fields at harmonic frequencies appear only in special circumstances, f
ample in the presence of power electronicsystems.

pse-by-case consideration is required” in presence of particular nearby high pow
quipment (electrolysis, generators, ete.), within high power installations (switchyards, pow

lations, etc.) or for particular types<f equipment (magnetic resonance equipment, inductig

ating, etc.). Table 9 quantifies.the magnetic fields from various low-frequency sources.

g

DI

—

U\
=
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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

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

4 In addition to earth magnetic field of about 20 A/m to 60 A/m, depending on lécation, at 1 m above ground.

At 20 m from the track. The fields increase considerably the closer theygef to the tracks. 1 A/m at 20 m, 1 nj
above ground, corresponds to a locomotive of about 3 000 kW. Some types of railway track signallin
systems can also give rise to field strengths greater than level 1.

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

Where n is the order of the harmonic.

9 Where audio-frequency inductive loops are present, the long-term average field strength in the frequenc
range 100 Hz to 5 kHz may be 0,1 A/m (level 3), see }EC 60118-4.

Applicable also to railway systems with fundamental power frequencies other than 16,7 Hz.

a

2.2 Electric fields

S|gnificant electric fields appear in the vicinity of conductive structures that have a hig
vtltage with respect to ground-potential or with respect to other conductive structures. Typic
ituations are for examplexhigh-voltage overhead power lines or air-insulated substation
Cpnsidering a potential~impact by electric fields, cables are much less important thg
oyerhead lines due t&.the fact that both the metallic coating and the soil isolate the electn
field nearly totally.

The electric field strength increases proportionally to the nominal voltage of the high-voltag
onductorsi(The electric field strength at 1 m height above ground under typical high-voltag

0 k¥ bp to 750 kV.

E uipment that IS ToCated WItnin DUNdIings experiences much ower electric T1ield streng

c
oyerhead\lines ranges from a few kV/m to approximately 15 kV/m for voltage levels from
1

o> 78 =

h

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 01 01 n1b
2 1,0 0,3 <1,0°¢
3 10 1,0 <10¢
4 20 3,0 <20°¢
X (harsh) Case-by-case according to the situation

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

P Applicable also to railway systems with fundamental power frequencies other than 16,7 Hz.
P Residential environment, far from overhead lines.

°  Outdoor, below overhead lines up to 30 kV and indoor, below overhead lines up to 765 kV.
A Qutdoor, below overhead lines up to 400 kV.

° In HV stations up to 400 kV and below overhead lines up to 765 kY,

si
di
in

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

DTE 2 There is no basic immunity standard availablesthat reflects this kind of electromagnetic stress becau
pnificant low-frequency electric fields occur in some.specific situations and the amount of electromagne
sturbances coupled into equipment by this phenomenon is generally low so that in most cases no harm
erference is produced.

High-frequency electromagnetic phenomena

1 Conducted high-frequency phenomena
1.1 General

his type of disturbance-is generally considered as occurring within the set of conductors of
stem, either in thexpower supply (AC or DC) or the signal lines of the many types used
odern equipment—A frequent situation is when these systems are implemented by separa
ganizations or.different individuals, without consideration of voltage differences that mig
ccur between physically close conductors of different systems, hence the consideration
ound caupling path (or reference) is one of the media in which a disturbance can occur.

nese-disturbances can be divided into two major types, each characterized by a set

tributes, as follows:

be
ic
ul

a
n
e

Nt

Df

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

e energy potential _/

When a cable contains an imperfect external shield such as a braid, incident eleectfromagnet
figlds will induce voltages and currents (depending on loads) on the external shield relative
tHe ground (common mode coupling). Due to transfer impedance and admittance terms for
given cable, there can be leakage into the interior cable wiring, inducing voltages ar
Wirrents (depending on loads) between pairs of wires (differential mode -¢oupling). This simp

ectromagnetic emissions from the common mode currents.

Clause 6 provides a detailed table for each of the conducted disturbances (continuous
transient) listed in Table 1. Each table gives appropriate.degrees that will be selected for
definition of the environment at the various location classes.

1.2 Direct conducted CW phenomena
1.21 General

6
6
Epuipment exists that produces direct conducted CW phenomena as a result of its function
p
d

stinguished:

purposes, they act as:'potential interference sources for all the items of equipme

process.

¢| Unintentional_disturbance voltages due to functional principles of the equipment und
consideration,)for example, the voltages at the switching frequency and its integ
multiples dn'’case of power electronic devices (i.e. power supplies, power drive system
uninterruptable power supply, etc.).

The mechanisms behind the generation of those disturbances imply that they a

C

c
example describes the conversion process. It should be noted that differential mode signals
cTn also be converted to common mode signals in the reverse process, creating
e

inciple or intended function. Basically, two types of conducted disturbances can Qe
¢| Intentional signal voltages (used, for example, for mains signalling, such as PLC
communication. Although\/these voltages are intentionally generated for communicatign

connected to the same power supply network but are not part of the communicatign

ptedominantly of differential mode type as the disturbance source acts between the

O QOO

a

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
and 6.1.2.4).

3
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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;

nowaer—manaagemant—abilitvy (1 a  io tha tachnalanyy ‘alhaave o troncmittinas ~onco tontl
PoOVwWCT—THoaragerert uuuu.] (- To—trC—tCcoTrmmoTrogy ulvvu]u of trarrorHrta T rg—cotrrotar

even when there is no data payload to transfer — or can the technology cease transmissign
during such times and enter a low-power mode?);

<

—| the digital modulation scheme employed.

Ab PLT transmits information over lines that are designed only for power transfer and not for
information transfer, the technology has the potential to disturb all radiovservices in tHe
ng¢ighbourhood and in fact to cause a worldwide increase of the general background noise |n
this frequency range.

Generally the technology transmits over a frequency band between 1,606 5 MHz and
87,5 MHz.

Also, the technology has not yet reached the level of maturity associated with a set of opgn
interoperability requirements: hence the only items that can be expected to interoperate afe
those from the same manufacturer that employ exactly the same variant.

6)1.2.3 ‘In-home’

‘In-home’ PLT systems are designed to exploit a building’s existing LV power distributign
installation as a common data bus to enable the bi-directional transfer of digital data at ratgs
up to 1 200 Mb/s. This exploitation of existing building installation is a significant benefit, asjit
ayoids the invasive and disruptive inStallation of a purpose-built data transfer network and
a
t

lows individual items to be netwoefrked together within the same building. The data beirg
ransferred can originate from outside the building: PLT can therefore be used to distribufe
high-speed internet services delivered to the building via traditional UTP telephony cable, cp-
axial TV cables or optical fiore connection. The data being transferred can also originate from
wjthin the building: PLT(canh therefore be used to allow PCs to communicate with varioys
peripherals 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 power
sockets connegted to the LV power distribution installation.

PLT technology creates both a conducted and radiated disturbance to the Ilochl
electromagnetic environment.

oo

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 'Furc-l- conducted—disturbance—arises—as—a—resuit r\'F the I-ar\hnnlnn\lc- treatment r\'F the—HV
\Sa-as teH < gy

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
itlis 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 inducedqjupon the
btilding’s LV power and telephony distribution installations. This common mode disturbance |s
free to propagate throughout the building’s distribution installation and along)‘the externpl
infrastructure connected to the building.

the time of publication of this document, some proprietary techniques are under
evelopment to mitigate the impact of this radiated disturbance on broadcast reception. The
chniques involve the PLT technology attempting to detect the existence of radio servicgs
thin its immediate environment (by scanning the common mode _or differential mode signals
ptesent on the LV power distribution installation for carriers”displaying specific modulatign
s¢hemes) and dynamically adjust (‘notch’) its launched, PSD around the identified radjo
seérvices. At the time of publication of this document no distdrbance levels are available.

P

6]1.2.4 CW disturbances from infeed convertefrs and active infeed converters (AICs

Infeed converters and AICs are as part of theirdesign installed and connected between the
electric power supply AC and a secondary DC.side. They can be found everywhere in homg,
gsidential, small office and industry environments for feeding DC consumers, for examp
s¢reens, charging devices, communication”units, photovoltaic converters, etc. Typically tH
infeed converters are installed in voltage ‘networks with a nominal voltage of 690 V or below.

—

The design of infeed converters_and AICs is intended to avoid low frequency harmonics By
synthesizing sinusoidal AC currents. In order to achieve sinusoidal input currents the DC-link
vopltage is switched with a pulse frequency of normally between 300 Hz and 150 kHz. Thjs
syitching generates unintended emissions of noise on the AC side.

The amount of and tetal emissions are dependent on several factors:

o | design of thesconverter, especially of the filter design on the AC side
¢| load or po-load conditions of the connected DC side

o| the number of converters on a single branch of a power supply and the degree to whigh
theirremissions differ from each other by magnitude and phase angle

¢ | “"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.

variations can be caused by changing loads in the network. Especially, reactive pow
compensating capacitors may significantly change the resonances in the network when.thg
are switched on or off.

bwer drive systems can also be equipped with an AIC. The power rating of such”drives may
e quite high and thus their unintended emissions may be increased similarly:

o T

ne emissions of the infeed converters can result in a relatively\large bandwidth pf
sturbances affecting electric and electronic devices connected to.the same or adjacept
btworks. Because the main function of converters is to converfovoltages and frequencigs
sturbing effects may not be obvious to the user. Detailed infofmation about emissions from
bwer drive systems is given in IEC TS 62578. These data were used to conclude on the
vels of disturbances as given in Table 11.

To o> a—

Table 11 — Disturbance degrees and levels of direct CW voltages

Disturbance degree 9/kHz to 150 kHz
A (controlled) Case-by-casea@ccording 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 \V\alues are r.m.s.
NOTE 2 )The corresponding immunity test is given in IEC 61000-4-19.

1.2.5 Differential mode continuous wave

sturbances. However, due to unbalances in the equipment and propagation, common mode
sturbances 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.

6
The, disturbance sources described above predominantly generate differential mode
d
d

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
leingths greater than a sixth of the wavelength. Resonance effects occur when the diménsions
ol the loop approach a quarter wavelength and multiples thereof. Table 12 gives, values pf
induced voltages and corresponding values of common mode currents calculated by assumirg
a| characteristic impedance with respect to a ground reference of 150 Q¢(common mode
impedance of the mains can be much lower than 150 Q).

The degrees in Table 12 are for unmodulated conditions. Normally\eccurring disturbange
signals are amplitude modulated (typically less than 80 % modulation) or frequengy
modulated.

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

Disturbance degree 10 kHz to 150 kHz @
0,15 MHz to 150 MHz

\%4 mA

A (controlled) Casesby-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 r'm's.

NOTE 2 The freguency range from 10 kHz to 150 kHz is covered by IEC 61000-4-16, 150 kHz to 80 MHz is
overed by IEC"61000-4-6.

Q

38l Some VLF transmitters can induce considerably higher voltages in the 10 kHz to 150 kHz range.

6 4+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 accepted
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
dibb:ldlgcb (a:tiluuyil t:IUDG Illiyilt iIIVUiVU d IUI;Uf oCUUcCTILT Uf DUVUIG; Dillgic puibca), o143S
bursts associated with local low inductance load switching. Both involve very little enekgy
but are capable of producing serious interference or upset due to the extremely fast/rige
a
n

time of the event. The transient bursts have been associated with arcing phenomern
under the label of "showering arc" or "electrical fast transient" (EFT). Dielectric'breakdow
is also a source of similar high-frequency disturbances.

4) Coupled disturbances: Radiated waves can also be coupled into wiring systems and
propagate further into equipment; at a point of use far away from the lpoint of coupling,
these disturbances then appear as conducted disturbances, although their origin |s
radiated energy. These coupled disturbances include several transients induced by the
electromagnetic fields from a nearby (but not attached) cloud-to-ground lightning flasp,
which may contain 2 strokes to 20 strokes, and will contdin. energy in the kilohertz
megahertz frequency range. A second major source of these disturbances is due to th
coupling of radiated fields from disconnect switches in,power substations; these very fapt
rising fields induce an oscillatory voltage in cables at ftequencies as high as tens of MHZ

Fpr each waveshape selected as one of the pgssible representations of the transiept
environment, the peak open-circuit voltage and the “peak short-circuit current of the sourge
all be stated to provide a complete and meaningful description.

n

Occasionally, attempts are made to describe ‘(classify) transients in terms of "energy" to he
se¢lect the rating of a candidate surge.fprotective device. However, this concept can be

isleading oversimplification because\ the energy distribution among the circuit elemen
involved in a transient event depends’on the impedance of the source (including the AC mair
ne¢twork) as well as on the impedance of the surge protective device called upon to divert th
transient. There is no independent, meaningful, self-contained description of a transient
tdrms of energy alone. The energy delivered to the end equipment is the significant factor, bp
it|depends on the distribution between the source and the load (equipment or surge-divertin
protective device, or both)-

SO wnw n QT

Q ~

Table 13 and Table 14 are structured with three sets of time scale or frequency range fo
rgcognize these._diverse origins and provide a generic description of their significapt
aftributes. The\'disturbance degrees are expressed as open-circuit voltages, meaning the
voltage expected under typical light-load conditions, without any nearby surge protectiye
device._For phenomena that reflect the wiring geometry and coupling modes of the transiept
spurce, ,the voltages are shown in V, in a first approximation, independently of the system
voltage. For the switching transients (capacitor and fault clearing), the transients are directly
ptepe Re—SYy s a 5 e e A I e He
peak value of the power frequency voltage.
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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
m;:;r:';m 5Ths * Ths® TOrs © 0. Tms°
50 ns ¢ 50 ps @ 1000 ps ¢ 1msd
Bursts © Multiple © Multiple © Rare ¢
ms ms sf Single f
5009 1Qto10Q ¢ 20Qto 300 Q 9 0,2Qto20Q ¢
Disturbance levels
A (controlled) Case-by-case according to the equipment requirements
1 0,5 kV 1kV 0,5 kV None
2 1kV 2 kV kv 0,5 Ujeak
3 2 kV 4 kV 156 kV 1,0 Upgai
4 4 kV 8 kV 2 kV 2,0 Uyeak
X (harsh) Case-by-case according to the situation

Values shown are open-circuit peak voltages (that is, no larde loads connected at the time of occurrence, ng
any surge protective devices installed in the system) forn120 V to 690 V r.m.s. power systems. They refle
the external origin and the coupling mechanisms of thése transients, which are independent of the system
voltage. These are currents carried by the power conductors in the building, not the external lightning curreny;
a direct strike to the building may cause larger currents in the power conductors.

— =

Values shown are open-circuit voltages for transients occurring at the peak of power frequency sine wave
(Upeak), added to the power frequency voltage-
These transients which are internally genérated are essentially proportional to the system voltage.

Rise time. Initial rise time of the transient.
Duration. Full width at half maximum of the individual transient.
Rate of occurrence.

Duration of event. The, order of magnitude for the total duration of an event with multiple transients is
expressed in the unitsyshown.

Source impedance.
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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
impulsive disturbance @

Building response to
impulsive disturbance @

Capacitor switching °

Oscill

atory transients frequency

range

High frequency
0,5 MHz to 30 MHz

Medium frequency

5 kHz to 500 kHz

Low frequency

0.2 kHz to 5 kHz

—Bisturbanece-degrees

5ns to 50 ns ©
0,5nsto5 ps 9
Frequent ©

500Qt0300Qf

0,5us°©
20 ps 9
Occasional ©

100Qto500Qf

1,5 us©
3ms ¢
Infrequent ©

10 Q)to’50 O f

Disturbance levels

A (controlled)

Case-by-case according to the equipment

requirements

1

0,5 kV

1,0 kV

0,5U

peak
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,kV 3,0 Upeak
X (harsh) Case-by-case according to the situation

Values shown are open-circuit voltages (that is, no large loads-Connected at the time of occurrence, nor an
surge protective devices installed in the system) for 120-\/<to 690 V r.m.s. power systems. They reflect th
external origin and the coupling mechanisms of these~t{ransients, which are essentially independent of thg
system voltage.

Values shown are open-circuit voltages, for transiepts occurring at the peak of power-frequency sine wave
including the power-frequency voltage. These~transients, which are internally generated, are essentiall

proportional to the system voltage.

Rise time. Initial rise time of the first part_ofithe transient.

Duration. Full width at half maximum _of\the envelope of the transient.

Rate of occurrence.

Source impedance.

[=2)

2

6)2.1

Radiated high-frequency phenomena

General

The description of radiated electromagnetic environments is based on the evaluation of thrge
types of phenomena, each being a category of waveforms sharing some common time domajn
of frequency domain properties, as follows:

radiated (modulated) signal disturbances;
radiated (transient) pulsed disturbances.

radiated (continuous wave) oscillatory 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 transpondéer systems
41 Radiated pulsed disturbances
42 RADAR systems
I the past, electromagnetic fields were\predominantly generated by fixed transmitters, fopr
example by radio or TV broadcastingstransmitters. Recently, handheld, frequency-modulatgd
(M) transceivers for business, public safety, and amateur radio communications became|a
significant part of those RF applications. However, distribution was limited (e.g. by licenseg)
and in most cases the radiatinguantennas were outside buildings to get a high efficiency. The
sifuation changed once technology allowed manufacturing of compact wireless phones with
I weight and a reasonable price. Wireless services (DECT, landline telephones, mobile
phones, UMTS/WiFi/WiMAX/Bluetooth, baby monitors, etc.) have come into widespread usge
and acceptance. Recognizing the fact that equipment for these new technologies could haye

the antenna inside) buildings and be omnipresent at work, in the home and in publjc
transportation credtes a new situation for exposure of equipment to RF energy.

ith the pew digital technologies, the traditional modulation format of AM and FM has givgn
wpy to.pulse modulation. While overall time-averaged transmit power levels might ha
génerally decreased over time due to improved network density and migration of services, tH
aximum possible (peak pulse) power levels in other bands have increased significantl

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
mliodulated 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 equipment
Transmitter frequencies [MHZz]
Disturbance
degree 2 400 to 2 500
and corres- 5725 to 5 875
ponding field 6,765 to 6,795 2 40,66 to 40,70
strength 24 000 to 24 250
13,553 to 13,567 433,05 to.434,79 2
61 000 to 61 500 2@
26,957 to 27,283 902 to 928
122 000 to 123 000 2@
244 000 to 246 000 @
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/im ab a® d®
: 1V/m ab ab db
3 V/m ab ab db
4 10 V/m ae ab d®
] 30 V/m ab ab db
(harsh) Case-by-case according to the situation

g4 There are no limits for those frequencies and frequency bands for radiated disturbances (see CISPR 11).

ISM group"2-equipment (according to CISPR 11) is not limited in the power used for the operation an
therefore\there are no limits to be observed for radiated disturbances with regard to EMC. Hence it is nof
possible fo generally calculate distances d.

6 23— 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

IEC TR 61000-2-5:2017 © |IEC 2017

Phenomena (sources)

10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168

Amateur radio station Amateur radio station
1w 100 W a Amateur radio station
P = P =
ERP PEP
Pgipp ~ 164 W 2 P =1500 Wpgp
Pgigp =2 500 W @
(for 5 MHz band P = 50 W .) ©
Transmittaor ‘rnqllnhnine [I\III-I-;]
0,1357t0 0,135 8" 1,810 2,0 1,8t0 2,0
Disturbance 0,1357t0 0,137 8°¢ 3,5t04,0 3,5t04,0
degree 0,472 t0 0,479 ¢ 5,330 5; 5,366 5, 5,330 5;.5,366 5,
and corres- i .
. - 5,371 5; 5,403 5 5,3715;.6,403 5
pbonding field
strength 7,0t07,3 7,0 to 7,3

10,1 to 10,157 3
14,0 to 14,350
18,068 to 18,168

21,0 to 21,45 21,0 to 21,45
24,890 to 24,990 24,890 to 24,990
28,0 to 29/7 28,0 to 29,7

Distance to source [m]

A\ (controlled) Case-by-case according-{6,.the equipment requirements

0,3 V/m d® 233 905

y 1V/m da® 70 271
3 V/m d® 23 90,5

4 10 V/m da® 7 27,1
; 30 V/m d® 2,3 9,05

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

INOTE The above mentioned power-and frequency bands are a summary of all three ITU regions. The power |
i (if not otherwise mentioned)\the’allowed maximum output power of the amplifier (P,cp). The power arriving af
the antenna and effectively radiated by it is P,y and is P reduced by the losses of the feeding cable. For eas
alculation of E and d, the, effective isotropic power Pgp is useful. Most antennas have a direction wit
maximum radiation, i.eain that direction they have a certain antenna gain G,5, compared to an isotropic radiator
I and d of this maximunpr radiation can be easily calculated by means of Py s, Which is obtained by multiplyin

by the isotropic @ntenna gain G d is the spatial distance from the antenna.

ANT 1SO”

IIn case of an“amateur radio station many antenna types (and resulting antenna gains) are possible. Th¢
alculations.for-frequencies above 1,8 MHz in this table are done with an antenna gain of G g5 = 2,15 dBi of
half-wavelength dipole antenna and assuming a lossless feeding cable.

ligher.gains are possible, but these (mostly rotatable) antenna types are normally mounted on antenna tower:
O0\m.to 30 m above ground. Typical values for G g, of such antennas are between 2 dBi and 10 dBi. In this cas¢
my T thedirectiomrofthemaimbeamof theantenma thefultfretdstrengthwittoccor—rother directionsthefret
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.

4 |n Australia; used with P = 5 W

ERP

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,installation
Disturbance =4 W (AM, FM) P =AW (AM, FM)
degree =12 Wpp (SSB) P-=M2 W, (SSB)
and corres-
pbonding field Transmitter frequencies [MHZz]
strength
26,560 to 27,991 26,560 to 27,991
Distance to source [m]
A\ (controlled) Case-by-case according to the' equipment requirements
0,3 V/m 63,2 80,5
2 1V/m 18,9 24
3 V/m 6,32 8,1
4 10 V/Im 1,89 2,4
4 30 V/m 0,63 0,81
(harsh) Case-by-case according to the situation

9q

NOTE The above mentioned power‘and frequency bands are a summary of all three ITU regions. In case of
LB radio station (fixed installation) many antenna types (and resulting antenna gains) are possible. Thg

alculations are done with an antenna gain of 0 dB (0 dBi) for a mobile transmitter and with 2,15 dB (0 dBd) fof
fixed station.
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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
0,3 V/m 16 500
y 1Vim 4 959
3 V/im 1650
4 10 VIim 430
4 30 V/m 378,5
(harsh) Case-by-case according to the situation

9q

1
!

NOTE The distances are derived assuming an antenna gain of 2,15 dBi of\@ half wavelength dipole antenn
nd at the lowest frequency. The table provides data for the frequency range*0,150 MHz to 30 MHz for a 500 kV\
ransmitter. Other power levels (50 kW to 2 500 kW) and antenna types_(and resulting antenna gains) are als
ossible.

6

R
te

d
d
s

continuous and modulated disturbances> The broadcast services caused by the digit

2.3.2 Radiated modulated disturbances aboyve 30 MHz

pdiated electromagnetic fields from digital\*equipment such as cellular phones, digitp
levision broadcast, and wireless LANs, (local area networks) can be categorized

vidend after digital television transition are also categorized to this disturbance. Radiatg
sturbances of interest in 6.2.3.2-are classified into pulsed disturbances such as a spreg
ectrum and multi-carrier disturbances such as an OFDM (orthogonal frequency divisid
ultiplexing). A part of the modulation may be due to very frequent (several times per secon
ljustments of the transmit power or due to the use of time domain multiple access (TDMA
this last example the ,/modulated carrier is active in short bursts resulting in a 100 % A
nvelope repeated severaltimes per second. A modulated disturbance has both the pulse an
e oscillatory characteristics. A common factor is a continuous signal. Table 20 to Table J
ve information about various radiation sources and the connected range of disturbang
bgrees.

P vaoa<—-—>S5aoo¥o

irther techfical details about the various radiation sources are given in Annex B.
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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 [MHz]
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
0,3 V/m 40,7 13 220 7 390 16500
2 1V/m 12,2 3 965 2216 4)950
3 V/m 4,1 1322 739 1650
4 10 V/Im 1,22 396,5 221,6 495
4 30 V/im 0,41 132,2 73,9 165
(harsh) Case-by-case according to the situation

INOTE 1 The distances for all fixed services are derived assuming an¢anténna gain of 2,15 dBi of a half
vavelength dipole antenna and at the lowest frequency. The data provided in the table represent typicd|
analogue communication services. Different antenna types (and resulting antenna gains) are possible.

INOTE 2 The distances for the mobile service (walkie-talkie) are derived assuming an antenna gain of 0 dBi of
an isotropic antenna at the lowest frequency.

Table 21 - Disturbance degrees, levels+\(in V/m, r.m.s.) and distance to source -
Mobile and portable phones

Phenomena (sources)
GSM DCS1800, DECT CT-2 PHS NADC IMT-2000
TDD
P=2W P =4W P=025W | P=0,01W | P=0,08W P=6W EFDD;
Disdturbance (Ifft;é"vev) P=0,25W
egree (obile)
and corres-
ponding field Transmitter frequencies [MHz]
strength
1710 1880 1895 1900
890 to 915 to to 864 to 868 to 825 to 845 to
1784 1960 1918 1980
Distance to source [m]
\ (controlled) Case-by-case according to the equipment requirements
0,3 V/im 104 47 12 2,3 6,6 58 12
2 i 34 44 35 s 20 16 35
3 3 V/im 10,5 4,7 1,2 0,23 0,66 5,7 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 mwW = 251 mW = 251 mW =200 mW
Disturbance . .
degree Transmitter frequencies [MHz]
ding field 2 . . d A456-to479
°°“t ng t'he 698 to 862
streng 790 t0.862
2 300 to/2-400
3 400\to 3 600
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 8,3 12 12 12 10
y 1V/m 2,5 3,5 3,5 35 3,1
3 V/m 0,83 1,2 1,2 1,2 1
4 10 V/Im 0,24 0,34 0,34 0,34 0,29
4 30 V/m 0,073 0,1 0,11 0,1 0,11
4 100 V/m 0,044 0,047 0,045 0,047 0,067
(harsh) Case-by-case aecarding to the situation
INOTE 1 The output power, P, of each mobile or portable cellular is indicated by the maximum burst power

9q

Vhich 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 trafdsmitting power of 5G (5" generation mobile networks) is nof
etermined 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 frequenc
llocation in the sub-millimeter bande.g. 20 GHz) are considered. This table can be used to estimate th¢
isturbance 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 (uplink), 925 MHz to 960 MHz (downlink)
Band IX: 1 749,9 MHz to 1 784,9 (uplink), 1 844,9 MHz to 1 879,9 (downlink)
Band XI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink)

Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP, KR

Band Il: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), CA, Central and South
America

Band Ill: 1 710 MHz to 1 785 MHz (uplink), 1 805 MHz to 1 880 MHz (downlink), JP (planned),/HK, KR, EU
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), KR

Band VII: 2 500 — 2 570 MHz (uplink), 2 620 MHz to 2 690 MHz (downlink), North Eutope, HK, CN, CA,
Central and South America

Band VIIl: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), JP, KRw.EU, Central and South
America

Band X: 1 710 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 XII: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downljnk), US

Band Xlll: 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 MHz(downlink), JP

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

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 824, 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 XXIIl: 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),x1\625 MHz to 1 559 MHz (downlink),US

Band XXV: 1 850 MHz to 1 915 MHz (uplink), 1930 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)s 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 EFDD;
WERP WERP WERP WERP WERP WERP P=20
Disturbance WEeRp
degree . .
and-corres Transmitter frequencies [MHZz]
bonding field 1 900
strength to
935 1805 1880 864 1895 870 1920
to to to to to to
960 1880 1960 868 1918 890 2 t101°
2170
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 2 060 1630 57 57 81 2 590 520
2 1V/m 620 490 17 17 25 770 155
3 V/m 206 163 5,7 5,7 8,1 259 52
4 10 V/Im 62 49 1,7 1,7 2,5 77 15,5
4 30 V/m 21 16 0,57 0,57 0,81 26 5,1
4 100 V/m 6,2 4,9 0,17 0,17 0,24 7,7 1,5
(harsh) Case-by-case dccording to the situation

INOTE The output power, P, of each base station is indicated by the maximum burst power, which means th{
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 in a roof of a building is assumed. The fields are als
alculated from Formula (B.4) in Annex B. In pragtice the resulting field strength can be much lower due to th¢
placement and high directivity of the transmitting.antennas.
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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-
i ield a b ¢ d 450 to 470
strength 698 to 862
790 to 862
2 300 t¢,2.400
3 400,to'3 600
Distance to source [m]

A\ (controlled)

Case-by-case acc

ording to the equipment requirements

0,3 V/m 2 304 515 515 364 364
y 1Vim 691 154 154 109 109
3 V/im 230 51,5 51,5 36 36
4 10 V/im 69 15,4 15,4 10,9 10,9
4 30 V/m 23 5,15 5,15 3,7 3,6
4 100 V/m 6,9 1,54 1,54 1,09 1,08
(harsh) Case-by-case according to the situation
INOTE 1 The output power, P, of each base station is indicated by the maximum burst power, which means thg

q

!

q

(£

verage 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 als
alculated from Formula (B.4) in Annex B. In practice_the' resulting field strength can be much lower due to th¢
lacement and high directivity of the transmitting antennas.

NOTE 2 The frequency allocation and transmitting power of 5G (5" generation mobile networks) is noft
etermined 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 frequenc
llocation of sub-millimeter band (e.g..20- GHz) are considered. At this moment, Table 23 can be used t
stimate 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 (uplink), 925 MHz to 960 MHz (downlink)
Band IX: 1 749,9 MHz to 1 784,9 MHz (uplink), 1 844,9 MHz to 1 879,9 (downlink)
Band XI: 1 427,9 MHz to 1 447,9 MHz (uplink), 1 475,9 MHz to 1 495,9 MHz (downlink)

Band I: 1 920 MHz to 1 980 MHz (uplink), 2 110 MHz to 2 170 MHz (downlink), JP, KR

Band Il: 1 850 MHz to 1 910 MHz (uplink), 1 930 MHz to 1 990 MHz (downlink), CA, Central and South
America

Band Ill: 1 710 MHz to 1 785 MHz (uplink), 1 805 MHz to 1 880 MHz (downlink), JP (planned),'HK, KR, EU
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), KR

Band VII: 2 500 MHz to 2 570 MHz (uplink), 2 620 MHz to 2 690 MHz (downlink), Notth'Europe, HK, CN, CA,
Central and South America

Band VIIl: 880 MHz to 915 MHz (uplink), 925 MHz to 960 MHz (downlink), JP, KRw.EU, Central and South
America

Band X: 1 710 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 XII: 699 MHz to 716 MHz (uplink), 729 MHz to 746 MHz (downljnk), US

Band Xlll: 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 MHz(downlink), JP

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

Band XX: 832 MHz to 862 MHz (uplink), 791 MHz to 824, MHz (downlink), EU

Band XXI: 1 447,9 MHz to 1 462,9 MHz (uplink), 1 495,9 MHz — 1 510,9 MHz (downlink), JP

Band XXIIl: 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),x1\625 MHz to 1 559 MHz (downlink), US

Band XXV: 1 850 MHz to 1 915 MHz (uplink), 1©®30 MHz to 1 995 MHz (downlink), US

Band XXVI: 814 MHz to 849 MHz (uplink), 8569 MHz to 894 MHz (downlink), US

Band XXVIII: 703 MHz to 748 MHz (uplink)s 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

Medical telemetry
(ISM)

WMTS) (US
degree ( ) (US) P =200 MWERp
and - a
. E=0,2V/mat3m
correspondin
? f'el‘jh Transmitter frequencies [MHz]
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
0,3 V/m 2,3 2,3 1,9 10
y 1V/m 0,69 0,69 0,58 2,9
3 V/m 0,21 0,21 0,18 1,1
4 10 V/Im 0,09 0,09 0,069 0,72
4 30 V/im 0,062 0,063 0,047 0,51
(harsh) Case-by-case according to thedsituation

INOTE Medical implant devices are not included. An absolute gain of ,each antenna connecting with the item i$
assumed to be 2,14 dBi maximum. The fields are also calculated from"Formula (B.4) in Annex B.

g4 Transmitting power is converted from the electric field strength 0,2 V/m at the distance of 3 m by usin
Formula (B.4) in the near-field condition as 11,5 mW. Eagh separation distance for each field-strength i
calculated using the transmitting power using also Formdla)(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- Usa caaprbliyga cpa pRb usa CcA2 BR AUC FRC EIC PTC |EC DEC
bonding field b NL© DK S, SWE¢, IT¢ NO ¢
strength
Transmitter frequencies [MHz]
54 to 72 76 to 88 174 to 216 174 to 230 174 to
202/209/239/24
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 180 180 330 130 58
2 1V/m 55 55 99 38 17
3 V/m 18 18 33 13 5,8
4 10 V/Im 5,4 5,4 9,9 3,9 17,3
4 30 V/m 1,7 1,7 3,2 1,3 5,8
[ 100 V/m 0,66 0,56 0,96 0,33 1,73
(harsh) Case-by-case aecording to the situation

q

[

!
f

NOTE For instance, the case where a set of transmitting antennas is installed in a broadcasting tower. The
ntenna installation height of the transmitting antennalis assumed to be about 300 m. The fields are als
alculated from Formula (B.4) in Annex B. A directivity of —30° elevation is =30 dB smaller than that of thg
naximum value. The attenuation includes an attenuation caused by the cross-polarization and the radiatio
attern of the transmitting antenna. For examplg, ‘although the electric field is 100 V/m at the point located o
he boresight, the field at the observation pointis“3,16 V/m.

g

i

Transmission scheme of DTV: ATSC (Advanced Television Systems Committee)
Transmission scheme of DTV: ISDB3T (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
Dlsturba:ce Countries
and corres- JpP KR 2 HK FRCS FICIT¢ | IEC ES¢C PTC, us 2, CAZ2
bonding field DE ¢ DK S NL ¢
strength SWE NOC |
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 requirements
0,3 V/m 128 41 129 200 577
2 1V/m 38 12 39 60 174
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
4 30 V/im 1,26 0,4 1,8 2 5,8
[ 100 V/m 0,37 0,11 0,38 0,59 1,73
(harsh) Case-by-casetaccording to the situation

q

1

f
1

NOTE For instance, the case where a set of transmitting antennas is installed in a broadcasting tower. The
ntenna installation height of the transmitting antenna is assumed to be about 300 m. The fields are als
alculated from Formula (B.4) in Annex B. A ‘directivity of —30° elevation is —30 dB smaller than that of thg
naximum value. The attenuation includes an\attenuation caused by the cross-polarization and the radiatio
attern of the transmitting antenna. For example, although the electric field is 100 V/m at the point located o
he boresight, the field at the observation ‘point is 3,16 V/m.

E:

i

Transmission scheme of DTV: AT§E (Advanced Television Systems Committee)
Transmission scheme of DTV{ ISDB-T (Integrated Services Digital Broadcasting — Terrestrial)

Transmission scheme of DIV: 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)

IEC TR 61000-2-5:2017 © |IEC 2017

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 kWeRrp(F1) kWEeRp(DE) KWERrP
degree .
.. Countries
ponding field BR P UK ¢ SG ¢ AU © TW ©
strength
Transmitter frequencies [MHz]
470 to 608, 470 to 550, 494 to 790 520 to 610, 580 to 602
614 to 806 630 to 806 750 to 806
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/Im 163 258 115 258 167
y 1V/m 49 77 35 7 50
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
4 30 V/im 1,63 2,58 1,15 2,58 1,67
4 100 V/m 0,48 0,77 0,34 0,77 0,49
(harsh) Case-by-case according to the situation
NOTE 1 For instance, the case where a set of transmitting antennas is installed in a broadcasting tower. Thg
antenna installation height of the transmitting antennavis assumed to be about 300 m. The fields are als
alculated from Formula (B.4) in Annex B. A directivity,of —30° elevation is —30 dB smaller than that of maximun
alue. The attenuation includes an attenuation caused by the cross-polarization and the radiation pattern of th
fransmitting antenna. For example, although the‘electric field is 100 V/m at the point located on the boresight
the field at the observation point is 3,16 V/m.
INOTE 2 An absolute gain of the transmitting antenna for DTV of Taiwan is assumed to be 12,25 dBi.
g4 Transmission scheme of DTV: ATSC (Advanced Television Systems Committee)
8 Transmission scheme of DTV(ISDB-T (Integrated Services Digital Broadcasting — Terrestrial)
Transmission scheme of DTV: DVB-T (Digital Video Broadcasting — Terrestrial)

he digital dividend refers to the spectrum which is released in the process of digit
levision transition. The digital dividend usually locates at frequency bands from 174 MHz
280 MHz (VHF) and from 470 MHz to 862 MHz (UHF). In the case of Japan the frequeng
band from_90 MHz to 108 MHz (VHF low-band) also is added. Current status of the digit
dividendvaround the world is listed below.

Q ALY

US—Afrequency bandfronm 698z to 866 Mz s dividedupimto A, B, €, 5;

These frequency blocks are to be auctioned.

dlld

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
Forrespondin I gS HS HS HS
g field i _
strength Transmitter frequencies [MHz]
74,322;
806,125 to 72,75 462 to 467 216 151 154
809,75
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/im 2,3 16 17 5:%. 37
2 1V/m 0,69 4,7 5 ™7 11
3 V/m 0,22 1,5 1,7 0,54 3,7
4 10V/m 0,065 0,56 0,48 0,20 1.1
% 30V/m 0,041 0,38 0,14 0,14 0,34
(harsh) Case-by-case according to the situation
INOTE 1 Radio microphones, wireless telemetries, radio eonirol radio services, citizens band radio services|

!

9q

EIRP) is Pg gp

= 1,64  Pppp.

ersonal wireless communications, cordless phones, and ©ther short range devices are categorized in the table]
However, wireless telemetries and citizens band radio sérvices are not treated here. Some frequencies of MURY
nd FRS allocate for cordless phones. The fields arecalso calculated from Formula (B.4) in Annex B.

NOTE 2 The relationship between effective radiated power (ERP) and equivalent isotropic radiated powef

g

2 W is the transmitter power output; thel@ntenna 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 mWerp E=011 P=10 P=05
mWerp Werp Werp mMWerp Wegp
pisturbance COUMtries
degree
and EU EU EU EU EU EU EU
corresponding i i
field strength Transmitter frequencies [MHz]
40,66 34,995
to to
407 868 868,6 35,225 863 aeRd 446,1
to to to- 4461093 7 to
433,05 870 869,7 40,665 865 | 446,2
to to o
434,79 40,695
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment-requirements
0,3 V/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 V/m 0,66 1,7 0,37 0,98 0,23 1,7 1,7
4 10V/m 0,45 0,5 0,098 0,66 0,063 0,48 0,48
% 30V/m 0,32 0,16 0,046 0,47 0,04 0,14 0,14
(harsh) Case-hy-case according to the situation
INOTE SRD and PMR mean the short range~devices and the private mobile radio, respectively. Radi
microphones, wireless telemetries, radio controhradio services, citizens band radio services, personal wireles
ommunications, cordless phones, and other short range devices are categorized in the table. However
vireless telemetries and citizens band radio’services are not treated here. Some frequencies of PMR and digitd
PMR allocate for cordless phones. The fields are also calculated from Formula (B.4) in Annex B.

The power values mentiohed in Table 31 are a summary of all frequencies and the maximum
allowed output power of the transmitter given as Ppgp (peak envelope power) of all three IT[U
rggions. 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 |s
given as Pgjrp--(equivalent isotropically radiated power). Possible losses from cablep,
syitches andsmismatches are not considered to keep the model as simple as possible. The
calculated-field strength is only valid for the main beam of the antenna and is lower outside
tHis beam:

Thedistances may vary in real situations because the typical antenna gain is different (up o
10 dB or more) and ToSSes (e.g. irom cables) have 10 be taken Into accouni. 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 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 #2500 W Pgirp = 2500 W Pgirp #2500 W

Transmitter frequencies [MHz]

10 000 to 10 500

Disturbance

degree 24 000 to 24 250
and 50 to 54
. 1240 to 1 300 47 000 to 47 200
corresponding 144 to 148
field strength 2 300 to 2 450 75 500 to 81 500
219 to 220
3 300 to 3 500 122 2500123 000
420 to 450
5650 to 5 925 134 000,to 141 000
902 to 928
2411000 to 250 000
>275 000

Distance to source [m]

A\ (controlled) Case-by-case according to the equipment-requirements
0,3 V/m 905 905 905
y 1Vim 271 271 271
3 V/im 90,5 9045 90,5
4 10 VIim 27,1 27,1 27,1
k 30 V/m 9,05 9,05 9,05
(harsh) Case-by-case according to the situation

INOTE 1 The distances are derived assuming a“power of 1 500 W and an antenna gain of 2,15 dBi of a half
vavelength dipole antenna. Practical limitations ‘restrict the antenna gain for the lower frequency bands and thg
amplifier power for the higher frequency bands:

INOTE 2 The above mentioned power and frequency bands are a summary of all three ITU regions. The powef
¥ is (if not otherwise mentioned) thecallowed maximum output power of the amplifier. The power arriving at thg
antenna and radiated by it is P,y p@ndis P reduced by the losses of the feeding cable. For easy calculation of §
and d, the effective isotropic power Pgzp is useful. Most antennas have a direction with maximum radiation, i.€]
in that direction they have a significant antenna gain G,g, compared to an isotropic radiator. £ and d of thi
maximum radiation can be, easily calculated by means of Pgzp, which is obtained by multiplying P, by the
isotropic antenna gain Gjgn.°d is the spatial distance from the antenna. A power P = 1 500 W fed into a dipolg
flesults in an isotropic-effective radiated power of about Pgqn ~ 2 500 W.

IIh case of an amateur radio station at VHF, UHF, SHF and EHF many antenna types are possible. Typicd
flesulting antenpa“gains G g, are between about 10 dBi and > 30 dBi. These (mostly rotatable) antennas ar¢
normally modnted on antenna towers 10 m to 30 m above ground or on a roof. In this case only in the directio
f the maih beam of the antenna the full field strength will occur. Even for slight deviations from the direction of
maximumibeam strength significant reductions of the antenna gain are observed.

Thessame values for Pgzp and therefore for £ and d in the beam direction for the amateur station in thi
xample could also be obtained with P = 100 W, a feeding cable attenuation of 2 dB and a directional antenn
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 uUs UK
corresponding
field strength Transmitter frequencies [MHz]
276,012 5
to 439 to 466 169 900 138,455 and
283,987 5
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 370 230 370 740 230
b 1V/m 111 70 111 222 70
3V/m 37 23 37 74 23
4 10 V/Im 11 7 11 22 7
[ 30 V/m 3,7 2,3 3,7 7,4 2,3
¢ 100 V/m 1,1 0,69 1,1 2,2 ,69
(harsh) Case-by-case agtording to the situation

INOTE The absolute gain of each base station antenna is"2)45 dBi, if a half wavelength dipole antenna is use
flor the base station. The fields are calculated from Formulay(B.4) in Annex B.

Other RF items (1 of 6)

Table 33 — Disturbance degrees, levels (in V/im, r.m.s.) and distance to source —

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

RTTT
P=8Wegp

Wideband data
transmission
systems and
HIPERLANSs

P=01 WERF’

Wideband data
transmission
systems and
HIPERLANS

P=0.2 WERP

Wideband data
transmission
systems and
HIPERLANS

P=1Werp

Non specific
short range
devices

P =0,025 Wegp

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 §
5,725 to 5,875

Distance to source [m]

\ (centrolled)

Case-by-case according to the equipment requirements

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 {GHzZ]

2,400 to 2,483 5

5,150 to 5,350

5,470 to 5,725

Distance to source [m]

A\ (controlled)

Case-by-case according to the equipment requirements

0,3 V/m 7,4 10 23
y 1V/m 2,2 3 7
3 Vim 0,74 1 2,3
4 10 V/Im 0,22 0,3 0,7
k 30 V/Im 0,074 0,1 0,23
(harsh) Case-by-case according to_thessituation

ferminals).

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

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

Other RF items (3 of 6)

Disturbance
degree
and
corresponding
field strength

Phenomena (sources)

Fixed microwaveiservices
P =55-dBW

EIRP
(316°kW)

Vehicle-mounted field disturbance sensors
(vehicle radar system)

P =60 pW/cm? at 3 m

Transmitter frequencies [GHz]

92 to 95

46,7 to 46,9
76to 77

Distance to source [m]

A\ (controlled)

Case-by-case according to the equipment requirements

0,3 V/m 10 200 135
y 1 Vi 3 080 45
3-Vm 1020 15
4 10 Vim 308 4,5
oU V/im vz o

X (harsh) 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 61010615
122 to 123 63 to 64
244 to 246
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 5,75 X
2 1V/m 1,7 X
3 V/m 0,57 X
4 10 V/Im 0,17 X
4 30 V/im 0,06 X
(harsh) Case-by-case according to the\situation

94 No power limitations, it has to be assessed case-by-case.

No power limits currently specified; however, this might changein the 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 uwaB
Disturbance P = 8.W P=0,11 mW b
degree ERP EIRP
and Transmitter frequencies
corresponding
field strength 380-MHz to 921 MHz 3.1 GHz 10 10,6 GHz,
22 GHz to 29 GHz
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 66 0,25
2 1 Vdm 20 0,074
3WV/m 6,6 0,025
4 10 V/Im 2 0,007 4
4 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
D's;:;?j::ce PE;T:;SE?Odc?Bmm(F/f\))a P =500 mW,p © P =500 MW, ©
corresgonding eirp = 23,5 dBm (AV) ’
fiold-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
0,3 V/Im 324 129 129
y 1Vim 97 38,5 38,5
3 V/im 32,4 12,9 12,9
4 10 VIim 9,7 3,85 3,85
k 30 V/m 3,24 1,29 1,29
(harsh) Case-by-case according to-the'situation
Calculation done with 55 dBm.
8 Pulse radar only.
Calculation done for 20 dBi antenna gain.

2.3.3 Radio frequency identification (RFID) systems

6

Rpdio frequency identification (RFID) is*a.contactless identification technology. It operates |
géneration and propagation of electromagnetic waves. The purpose of an RFID system is

ehable data to be transmitted by\@ transponder, which is read by an RFID reader ar
p
c

c

mponents of an RFID: an antenna, a transceiver and a transponder. The antenna enable
mmunication between the jtransponder and the transceiver. RFID is extensively used

tracking and access applications and can work in ranges exceeding 30 m depending on th
frequency and type of transponder used.

RFID systems can-be classified in accordance with their frequency of operation, however th

and short range devices (SRD) frequency bands. RFID systems operate by a variety
upling methods but the most common methods are inductive coupling for low frequen

ocessed according to the needs of a particular application. There are three maj

frequency of useof an RFID system is restricted to the industrial, scientific and medical (ISM

tr v W W v y US

O S nw 3 A0

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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Disturbance degrees, levels (in V/m, r.m.s.) and distance to source —
RFID and railway transponder systems

Disturbance
degree
and

corresponding
field efrnngfh

Phenomena (sources)

RFID @ RFID b Railway RFID ¢ RFID d RFID € RFID
transpond
P=1w P=aw er system P=10 P=1w. P=4Wggp P=4Wggp
mWERP (antenna gain
P-2w =6 dBi)

Transmitter frequencies [MHz]

Do oy 13,56 27 433 860 t0 960 | 2450 5 875
Distance to source [m]
A\ (controlled) Case-by-case according to the equipment requirements
0,3 V/m 0,2 3,3 20 2,3 36 36,55 36,55
y 1Vim 0,11 1,6 6 0,69 11 1A 11
3 Vim 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
4 30 V/m 0,02 0,28 0,62 0,063 0,36 0,37 0,37
(harsh) Case-by-case according to.the'situation

INOTE 1 There may be different frequencies used for services*such as RFID in different countries. A
orresponding evaluation of the field strengths to be expected can e done according to the Formulae (B.6) an
B.7) (for further information on the frequency bands used see wwiv)ero.dk).

INOTE 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 from Formula (B.4) in Annex B in the cases of th¢
ther systems. The loop current is given by the input pewer into the loop antenna of an RFID reader. When thg
impedance of the loop antenna is matched to that ofithe driver circuit of the RFID (usually Z;, = 50 Q), the loo

urrent, /, 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 case of
35 kHz and 13,56 MHz RFID, and railway tranSponder systems, respectively. The loop area, S, as shown i
Annex B is assumed as 1 mZ.

94 See ISO/IEC 18000-2.
i See ISO/IEC 18000-3.
See ISO/IEC 18000-7.
9 See ISO/IEC 18000-6.
See ISO/IEC 18000-4; the power level is specified by EIRP, an antenna gain of 0 dBi is assumed.

ne 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
3 yA/m 16 600 5 300
y 10 pA/m 10 180 1,600
30 pA/m 7,2 60 530
4 100 yA/m 4,8 17 160
4 300 pA/m 3,3 5,2 53
¢ 1000 pA/m 2,2 2,7 16
(harsh) Case-by-case according to the‘situation

INOTE The fields are calculated from Formula (B.7) in Annex B. The loop;current is defined by the input powe
into the loop antenna of an RFID reader. When the impedance of the’ [cop antenna is matched to that of thd
river circuit of the RFID (usually Z, = 50 Q), the loop current J, is obtained as / = (P/ Z;)/2. The values of th
urrent 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 loo
drea S, as shown in Annex B, is assumed as 1 m2.

94 See ISO/IEC 18000-2.
i See ISO/IEC 18000-3.

6J2.3.4 Magnetic fields from 9 kHz to 150 kHz

Magnetic fields are also generated" by sources operating at frequencies other than pow
frequencies (or harmonics ofxpower frequencies). The most typical application of sug
intentionally generated magnetic fields is in short range communication systems. Oth
applications include induction’heating.

Fopr intentional radiaters, the items tend to be short range communication systems
unidirectional and(bidirectional capability. In general, these systems are characterised by
transponder system and a base station both of which comprise an inductive loop. Dependir
on the system.and application, the transponder could be passive, a term used to describe tH
fgct that thestransponder does not contain a power source but obtains its operating power v
magnetie\.coupling between the base station and the transponder, or active where th
transponder has an integrated power source.

H H ! H ! £ 1 ) H
S IUIt LESLLI® A bUIIIIIIUIIIbatIUII Dybiclllb dit UscUu U)\tUIIbIVUIy U SUpPpTry  CUllaitt 1irariayciimtc

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 sho

rt

duration, have an influence on the item because of their important instantaneous rate of rise.
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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.

F er-the—purpese—efthis—decument—pulsedradiated-disturbances—are-theradiated-disturbanegs
which do not last for more than 200 ms, and which do not change polarity more than 10 timgs

fgr 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
Disturbance Lightning strike to Disconnect switch °© Disconnect(switch ¢ | conducting lightning
degree ground &P surges and
and switching
corresponding operations ©
rate of rise
Rise time [nS]
100 to 500 10 | 100 1000
Distance to source [m]
\ (controlled) Case-by-case according to the equipment requirements
30 Vm'ns'! d g d d
2 100V m'nsT d d d d
300V m' ns’ d d d d
4 1000V m' ns" d d d d
% 3000V m"ns d d d d
(harsh) Case-by-case according to the situation

INOTE These phenomena involve the coupling of a field into the equipment circuits. Therefore the derivative, of
fate of rise of the pulse, and the front duration are the significant attributes of the phenomenon. For this reason
o specific disturbance distances can be given here.

94 At a distance d.greater than about 30 m.

8 The amplitude.of the disturbance degree depends on the distance and the steepness of the lightning strike.

The shielding offered by metallic structures, buildings and terrain profile can be expected to be effective in
reducingithe amplitude.

The“amplitude of the disturbance is very much dependent on the distance from the source. It also depends
on.the 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

.............

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
0,3 V/m 40,7 3160 324
y 1V/m 12,2 948 97,0
3 V/m 4,07 316 32,4
4 10 V/Im 1,22 94,8 9,70
4 30 V/m 0,41 31,6 3,24
(harsh) Case-by-case according to the situation

INOTE The RADAR systems in this table are examples of systems which can be found in traffic areas o
airports. In some situations higher levels or other frequencies can occur,

1 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 power.ldevel of actual systems in use is much lower
(approx. 10 W EIRPy, ).

7| Electrostatic discharge

71 General

Electrostatic discharge (ESD) occurs as a result of a charged person or object approachir
another person or object. The 'ESD receptor is first subjected to the electric field associatg
wjth the charge, then, when-dielectric breakdown occurs, there is a discharge with transie
clirrent of a complex nature that gives rise to a transient electromagnetic field. The ES
phenomenon is strongly dependent on ambient humidity, temperature, nature of surroundin
dielectrics, etc.

712 ESD currents

Table 43 shows the values of the rate of current rise associated with the air discharge, th
significant-attribute in producing disturbing fields. This table also shows the charge voltagd
before discharge, a significant attribute in the potential for energy exchange, as well &

cuijrrent 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

Phenomena (sources)
Slow ESD Fast ESD
Rise time: 5ns Rise time: 0,3 ns
Duration: 15 ns Duration: 2 ns
Rate of occurrence: Single Rate of occurrence: Single
Disturbance degrees
rrequency or occurrence. rrequency or Occurrence.
Source: 100 Q to 500 Q P Source: 100 Q to 500 Q P
100 pF to 500 pF © 100 pF to 500 pF, °
Significant attribute
(A/ns) (kV) (A/ns) (kV)
A (controlled) Case-by-case according to the equipment requiremeénts
1 - - - <1
2 25 - 25 2
3 40 - 40 4
4 80 8 80 8
5 100 15 - -
6 - 30 - -
X (harsh) Case-by-cdse according 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.

information.

7)]3 Fields produced by ESD currents

Table 44 shows the values of transient electric and magnetic fields gradients external to the
rgceptor, measured at a distance of 0,1 m from the discharge. See Annex C for furth

Table:44 — Disturbance degrees and levels for radiated field

%4
—

gradients caused by ESD

Disturbance degrees

Level of radiated field gradients

Vm'ns! Am'ns!

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

3 - - A Ty e
henomena present always occur with the same disturbance level. Since the majority of the
nenomena described in Clauses 5, 6 and 7 are man-made, the existence of aj‘givgn

n
9

nenomenon and its associated disturbance level at a given location generally depends upd
ctors that include: the types and numbers of electrical and electronic equipment (includin
dio transmitting equipment) operated at and nearby the location.

T T T T

—
Q)

br the purpose of simplicity, it is useful to describe a minimal set of location classes that
ntain the phenomena and associated disturbance levels that are typi¢al of a large number
Ilocations. This document defines a minimal set of archetypical™location classes. The
ckground to this selection is presented in 8.2, and 8.3 to 8.5_describe each archetype
cation class.

o0 0

o

82 Location classes

Patterns of land use are noted to vary significantly between different regions of the world. The
observed differences are due largely to the combination of geographical, historical ard
cultural differences towards the concept of land_udse' regulation and its enforcement through
local legal frameworks.

One extreme pattern of land use is observed within those population centres that ha
developed with the concept of land useXregulation (and its associated enforcement throug
local legal frameworks) adopted from_the very outset. In this instance, the population centre
afe divided into a number of functiomally distinct, clearly delineated, separate sections (oftg
rgferred to as ‘zones’). A change™in land use occurs relatively infrequently, due to the tim
tgken to engage with the relevant’process embodied within the local legal framework.

® > nw 0

The opposite extreme in"the pattern of land use is observed within population centres that
have developed without any application of the concept of land use regulation. In this instancg,
t?'Iere is no division.\of the centre into functionally distinct, clearly delineated, separate
se¢ctions; rather the centres are characterised by a largely ad hoc land use, with many diverge
functions being performed within the same area. In such a location, changes in land use occur
glatively frequently, again in a largely ad hoc manner.

—

mewhere between these two extremes.

V\}any other patterns of land use are observed across the different regions of the world that fgll
s

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.

Residential Commercial

Industrial

IEC
Figure 7 — Concept of location classes

pte that Figure 7 can be interpreted in two ways:

As a spatial diagram, indicating the environments created, due to the specification ar
delineation of separate areas as residential, commercial(@nd industrial.

Any location in the centres of these separate aredas will therefore experience th
archetypical electromagnetic environments (areas™t, y and z on Figure 7). Howevd
locations at the boundary or boundaries between\these separated areas (areas u, v, w ar
x on Figure 7) will experience an electromagnetic environment that is a blend of tH
archetypical environments, containing phenomena from the adjacent archetypes.

As a functional diagram, demonstrating.-how changes in the activities performed in
designated area (i.e. the area ‘functiofy) can lead to the location’s environment deviatin
from the archetype through the introduction of electrical or electronic equipment (arn
hence of phenomena or a severity of phenomena) not associated with the archetyp
Examples include:

— The location and operation of a single/small number of ISM items within a residenti
area (e.g. a community-health centre located within a residential area). In this instang

phenomena associdted with the operation of ISM equipment. This gives rise to area
of Figure 7.

— The location_and operation of a single item of industrial machinery within a commerci
area).“In*this instance, the commercial electromagnetic environment is perturbed |

the~electromagnetic phenomena associated with the operation of the industri
maechinery. This gives rise to area w of Figure 7.

the residential electromagnetic archetype is perturbed by the electromagnetjc

area to provide a specific service (e.g. a car wash located near or within a public retgil

d

Q™ O

X

A

y
A

h

- \.The entirely ad hoc location of electrical and electronic equipment at a given area wi

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

instance, the electromagnetic environment will contain phenomena and severity leve
associated with all three archetypes. This gives rise to area v of Figure 7.

Is

— The location and operation of telecommunications, office and IT equipment means that

low levels of administrative/service industry activity may be performed within domest

ic

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

It

8.
8.

T

of

8
A

electronic equipment. Such activities include:

slipply network viareither transformer-based or switched mode power supplies.

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

3 Residential location class

3.1 Description of residential locations

ace for one or more people to live.

ne domestic dwelling delivers a number of functions that may employ electrical orelectronjc
quipment. These functions include:

the provision of either heating or cooling (depending upon the prevailing-environment);
the provision of light;
the provision of hot water for the purposes of maintaining personal*hygiene.

ne domestic dwelling also supports a number of activities that may employ electrical ¢r

the storage and preparation of food;
the cleaning and drying of clothing;
the operation of IT equipment;

the consumption of broadcast or streamed €ntertainment services.

dwelling can be a single, separate building (as in a detached house) or a separate sectign
a larger building (as in an apartment in\an apartment block).

Libclause 8.3 considers the electromagnetic environment within a domestic dwelling. The
pbproach taken is to treat the-individual dwelling as an item of electrical or electronjc
quipment. This allows the dwelling to have the standard IEC ports.

3.2 Equipment typical to the residential location

hy equipment within*the residential location is connected to the internal low-voltage power

ne residential location is characterised by the ad hoc location of electrical and electronjc
huipment performed by the residents. Equipment items can therefore be placed very near to
in contact with one another in certain high density locations. These locations include:

H
si

A

the home office desk, with PC located on/below the desk; VDU, speakers, printer, wirelegs

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.

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

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

Storage: Refrigeration and/or freezing

Preparation: Microwave oven, electric oven, electric hob, electric

Food preparation/storage 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 transtormers —

Environmental halogen lamps

Heating: Central heating system and electronic controller

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

Fleaning polisher, dishwasher

Power shower, electronic toilet, stair lift, tanning booths electric blanket

HVAC and sanitation ) )
medical equipment

TV broadcast receiver (terrestrial — analogue + digital)

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

Games consoles (networked and non-networked)
Electronic toys/cybertoys

Remote controlledtoys

PC
Wireless mousé/keyboards
I Home nétwork equipment
Home gateway, wireline/wireless items, PLT
Cameras/camera networks
becurity

Wireless gate/garage locks

[o]

3.3 Boundaries relevant for equipment operated at residential locations

The domestic dwelling has the following separate wireline infrastructure:

low-voltage\power supply distribution network;

telephony extension wiring;
coaxial distribution network.

Hencé 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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room lighting units;

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

a Jaltlllcllt ;II all dpaltlllcllt b:ublr\), thc UIIb:UDuIU }JUIt ;b thc qulldaly (VVCI“D, bc;“lly dllcll ﬂU )
td the dwelling.

8)3.4 Interfaces and ports to residential locations

The domestic dwelling can possess a number of external ports that connect internpl

R

infrastructure with external infrastructure as listed in the following antenna ports.

pception antennas:

reception antenna;

internal coaxial distribution network that is connected-to an external UHF terrestri
broadcast TV reception antenna;

internal coaxial distribution network that is connected to an external coaxial distributid
network and ultimately (an) external CATV broad¢ast reception antenna(s);

internal coaxial distribution network that i9“connected to an external SHF satelli
broadcast TV reception antenna;

internal coaxial distribution network that is connected to an external xHF broadcast rad
reception antenna.

foadcast antennas:

internal coaxial distribution network that is connected to an external licensed amate
radio antenna;

internal coaxial distribution network that is connected to an external licensed citizen
band (CB) antenna;

internal coaxialSdistribution network that is connected to an external satellite-base
internet access.

bwer ports:

internal’low-voltage power supply distribution wiring that is connected to an external loy
valtage AC power distribution network.

internal coaxial distribution network that is connected to an external VHF broadcast radjo

n

e

(0]

S

8.

anal norts:
) 14 -

internal telephony extension wiring that is connected to an external wireline

telecommunications network;

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

network.

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
TOTthET tham 5 ki ®
FM and TV transmitters 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
5km?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.)f
Portable communication X
systems with internal base-
station (hand«held
transceivers, mobile phones
i.e. CT,Cr2, 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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a8 This portion of the table presents contributors to the electromagnetic
environment within a location class that are located outside the location.

b 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.

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

$—TNIS deals with the radiated signal from both: the handheld transcelvers and the
base stations located within the location class.

h This includes: Ethernet, security systems.

[o]

4 Commercial/public location class
8J4.1 Description of commercial/public locations

Cpmmercial/public location is defined as the environment in areas .of the centre of a cit
offices, public transport systems (road/train/underground), and modern business centrg
containing a concentration of office automation equipment (PCs, fax machines, photocopier
tdlephones, etc.). The following areas correspond to this environment:

—| retail outlets, for example shops, supermarkets;

—| business premises, for example offices, banks, data ‘centres (server farms);

—| area of public entertainment, for example cinemas, public bars, dance halls;

—| places of worship (e.g. temples, churches, mosques, synagogues);

—| outdoor locations, for example petrol stations, car parks, amusement and sports centres.

8{4.2 Equipment and interference sources existent in commercial/public locations
Cpmmercial/public locations are characterised by a high density of varying items of equipme

stalled and brought in by the public. Generally, the items of equipment provide a service f
r’r:i:any users and can be operatedysimultaneously, and some of these might act as an advers

=

erference source. The elegtromagnetic environment in commercial/public locations is n
nstant but varies as a function of time depending on the functional use of the installation.
bn-exhaustive list of equipment typically operated in a commercial/public location is given &
fdllows:

S50

—| information technology equipment: a variety of fixed and mobile information technolog
equipment . including but not limited to: mobile communication items, video informatid
display systems, public address systems, audio frequency inductive loops, general
equipment, POS terminals, audio frequency information systems (i.e. help points);

—| transportation equipment: trams, buses, cars;
—| Jifts"and escalators;

ya

T

— 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
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/publ
network to the other network;

in

ic
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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.

Bpundaries of the commercial/public location with respect to the internal environmentiare 3as
fdllows:

separation by different power supplies;

deliberate spatial separation of items of equipment;

deliberate spatial separation of connection lines.

4.4 Interfaces and ports to commercial/public locations

8

Al commercial/public location boundaries there exists interfaces/ports through whigh
electromagnetic phenomena may propagate. In case of anlenclosure port such propagatign
consists of radiated electromagnetic fields whereas in the €ase of an AC port the propagatign
consists of electromagnetic conducted disturbances.

Cpmmercial/public locations share boundaries with other such locations as well as with
gsidential and industrial locations. The interfaces shared with these external environments
are:

—

—| enclosure

—| AC port

—| DC port

—| signal port (including telecommunication port)

-

There are also interfaces-with equipment installed within the same commercial/public locatio
Shch interface ports include:

e| enclosure

o AC port

o DC port

¢| signakport (including telecommunication port)

e | garth port (including both, functional and safety earth 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

NC power
Signal

below 1 6 MHz further than 5 km.
3 T

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 ¢

Fnclosure

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 to
CISPR 11), typically less than

1 kw P

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

1 kw b

Proximity to LV. and MV
substations.closer than 20 m P

Proximity“to HV substations
closerthan 20 m °

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

Eroximity to arc welders (mobile)

AC power

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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