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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -
RADIO-FREQUENCY DISTURBANCE CHARACTERISTICS -
LIMITS AND METHODS OF MEASUREMENT

EOREWORD
LI L= A

1) The
all

T\ vV LI Y =4

International Electrotechnical Commission (IEC) is a worldwide organization for standardization co
hational electrotechnical committees (IEC National Committees). The object of IEC “Nis™to

integnational co-operation on all questions concerning standardization in the electrical and electronic fi

this
Tech
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in t
govg
with
agre

2) The
cong

end and in addition to other activities, IEC publishes International Standards, Technical Specif
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter)referred to
ication(s)”). Their preparation is entrusted to technical committees; any IEC Natigrnial“Committee in
e subject dealt with may participate in this preparatory work. International, governmental a
rnmental organizations liaising with the IEC also participate in this preparation. IEC collaborates
the International Organization for Standardization (ISO) in accordanceyWith conditions determ
ement between the two organizations.

ensus of opinion on the relevant subjects since each technical.committee has representation

intefested IEC National Committees.

3) IEC
Con
Pub
misi

4) In o
tran
betw
the |

5) IEC
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6) All u

7) Nol
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8) Atte
indis
9) Atte
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Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are ptade to ensure that the technical conten
ications is accurate, IEC cannot be held responsible _for the way in which they are used or
hterpretation by any end user.

Fder to promote international uniformity, IEC National Committees undertake to apply IEC Pub
parently to the maximum extent possible intheir national and regional publications. Any div|
een any IEC Publication and the corresponding national or regional publication shall be clearly indi
atter.

itself does not provide any attestation.of*conformity. Independent certification bodies provide co|
ssment services and, in some areas;~access to IEC marks of conformity. IEC is not responsible
ces carried out by independent certification bodies.

sers should ensure that they havesthe latest edition of this publication.

ability shall attach to IEC or.ifs directors, employees, servants or agents including individual exp
bers of its technical committees and IEC National Committees for any personal injury, property da
r damage of any nature,‘whatsoever, whether direct or indirect, or for costs (including legal fe
nses arising out of the publication, use of, or reliance upon, this IEC Publication or any ot
ications.

htion is drawneto“the Normative references cited in this publication. Use of the referenced public
pensable fof the correct application of this publication.

htion is drawn to the possibility that some of the elements of this IEC Publication may be the sU
Int rights, TEC shall not be held responsible for identifying any or all such patent rights.

mprising
pbromote
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cations,
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closely
ined by

formal decisions or agreements of IEC on technical matters express{as‘nearly as possible, an intefqnational

from all

National
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for any

ications
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for any
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bject of

This redline version of the official [EC Standard allows the user to identify the changes
made to the previous edition. A vertical bar appears in the margin wherever a change
has been made. Additions are in green text, deletions are in strikethrough red text.
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International Standard CISPR 11 has been prepared by CISPR Subcommittee B: Interference
relating to industrial, scientific and medical radio-frequency apparatus, to other (heavy)
industrial equipment, to overhead power lines, to high voltage equipment and to electric
traction.

This sixth edition cancels and replaces the fifth edition published in 2009 and its
Amendment 1 published in 2010. It constitutes a technical revision.

It introduces and permits type testing on components of power electronic equipment, systems
and installations. Its emission limits apply now to low voltage (LV) a.c. and d.c. power ports,
irrespective of the direction of power transmission. Several limits were adapted to the
practidal test conditions found at test sites. They are also applicable now to power elektronic
ISM RF equipment used for wireless power transfer (WPT), for instant power supp|ly and
charging purposes. The limits in the range 1 GHz to 18 GHz apply now <te-"C\-type
disturdances and to fluctuating disturbances in a similar, uniform and technologyyneutral way.
For these measurements, two alternative methods of measurement are “availablg, the
traditignal log-AV method and the new APD method.

For measurements at LV d.c. power ports of power electroni¢lequipment, a modern
implementation of the 150 Q Delta-network specified in CISPR 16-1-2 has been| made
available.

This International Standard CISPR 11 has the status of,a‘Product Family EMC standard in
accordance with IEC Guide 107, Electromagnetic compatibility — Guide to the drafting of
electrgmagnetic compatibility publications (2014).

The tekt of this standard is based on the following~documents:

FDIS Report on voting
CISPR/B/628/FDIS CISPR/B/631/RVD

Full information on the voting forsthe approval of this standard can be found in the repgort on
voting findicated in the above table!

This publication has been_drafted in accordance with the ISO/IEC Directives, Part 2.

The committee has, decided that the contents of this publication will remain unchanged until
the stability dateSindicated on the IEC website under "http://webstore.iec.ch"” in the data
related to the specific publication. At this date, the publication will be

* redonfirmed,

thdrawn,

* replaced by a revised edition, or
+ amended.

® W

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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The main content of this standard is based on CISPR Recommendation No. 39/2 given below:

RECOMMENDATION No. 39/2

Limits and methods of measurement of electromagnetic disturbance characteristics
of industrial, scientific and medical (ISM) radio-frequency equipment

The CISPR

CONSIDERING

a) thpt ISM RF equipment is an important source of disturbance;
b) that methods of measuring such disturbances have been prescribed by the CISPR;

c) thpt certain frequencies are designated by the International Telecommumication|Union
(ITU) for unrestricted radiation from ISM equipment,

RECOMMENDS

that the latest edition of CISPR 11 be used for the applicationof-limits and methpds of
measurement of ISM equipment.
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INTRODUCTION

This CISPR publication contains, amongst common requirements for the control of RF
disturbances from equipment intended for use in industrial, scientific, and medical—{(ISM) |
electrical applications, specific requirements for the control of RF disturbances caused by ISM
RF applications in the meaning of the definition of the International Telecommunication Union
(ITU), see also Definition 3.13 in this International Standard. CISPR and ITU share their
responsibility for the protection of radio services in respect of the use of ISM RF applications.

The CISPR is concerned with the control of RF disturbances from ISM RF applications by
means of an assessment of these disturbances either at a standardised test site or, for an
individ cati i teat

Consepuently, this CISPR Publication covers requirements for conformity assessment
equipment assessed by means of type tests at standardised test sites or of “indjvidual
equipment under in situ conditions.

The ITU is concerned with the control of RF disturbances from ISM RF .applications |during
norma| operation and use of the respective equipment at its place" of operation (see
Definitjon 1.15 in the ITU Radio Regulations). There, use of radio-frequency e¢nergy
decoupled from the ISM RF application by radiation, induction{or capacitive coupling is
restricted to the location of that individual application.

This CISPR publication contains, in 6.3, the essential)emission requirements for an
assesgment of RF disturbances from ISM RF applications at standardised test sites.|These
requirgments allow for type testing of ISM RF applications operated at frequencies| up to
18 GHE. It further contains, in 6.4, the essential “emission requirements for an [in situ
assesgment of RF disturbances from individual ISM)YRF applications in the frequency range up
to-148 1 GHz. All requirements were established»in close collaboration with the ITU ang enjoy |
approval of the ITU.

HoweVer, for operation and use of several types of ISM RF applications the manufaturer,
installer and/or customer should be aware of additional national provisions regarding possible
licensing and particular protection ,needs of local radio services and applications. Depgnding
on the country concerned, such* additional provisions may apply to individual ISM RF
applications operated at frequencies outsides designated ISM bands (see Table 1). They also
may apply to ISM RF applications operated at frequencies above 18 GHz. For the lattér type
of applications, local protection of radio services and appliances requires an accomplighment
of thel conformity assessment by application of the relevant national provisions |in the
frequehcy range above 18 GHz in accordance with vested interests of the ITU and nptional
administrations. .Fhese additional national provisions may apply to spurious emigsions,
emissipns appeafing at harmonics of the operation frequency, and to wanted emissions| at the
operatjon frequency allocated outside a designated ISM band in the frequency range|above
18 GHE.

Recommendations of CISPR for the protection of radio services in particular areas are found
in Annex E of this International Standard.

Definition 1.15 of the ITU Radio Regulations reads as follows:

1.15 industrial, scientific and medical (ISM) applications (of radio frequency energy):
Operation of equipment or appliances designed to generate and use locally radio frequency
energy for industrial, scientific, medical, domestic or similar purposes, excluding applications
in the field of telecommunications.

[ITU Radio Regulations Volume 1: 2012 — Chapter |, Definition 1.15]
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INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -
RADIO-FREQUENCY DISTURBANCE CHARACTERISTICS -
LIMITS AND METHODS OF MEASUREMENT

1 Scope

This International Standard applies to industrial, scientific and medical electrical equ

operating in the frequency range Q Hz to 400 GHz and to domestic and similar appliances

designed to generate and/or use locally radio-frequency energy.

This s

the frq

freque

For IS

(see O

ncy ranges where limits are specified in Clause 6.

M RF applications in the meaning of the definition found in the ITU Radio Regu

disturjances in the frequency range of 9 kHz to 18 GHz.

NOTE

Requin

freque

Emission requirements for induction cooking appliances are specifigd in CISPR 14-1 [1]1.

hcies within the ISM frequency bands defined by the ITU Radio Regulatio

contaimed in this standard.

Equipment covered by other CISPR product and product family emission standar

exclud

ed from the scope of this standard.

2 Normative references

The fo

are ing

undatgd references, the\:latest edition of the referenced document (includin
amendments) applies,

CISPR
appard
Measu
CISPR
CISPR

ring apparatus
16-1-1:2010/AMD 1:26066 2010
16-1-1:2010/AMD 2:20067 2014

ipment

andard covers emission requirements related to radio-frequency (RF) disturbarces in
pquency range of 9 kHz to 400 GHz. Measurements need only be.performed in

Jations

efinition 3.13), this standard covers emission requirements{related to radio-frequency

ements for ISM RF lighting—apparatus equipment and UV irradiators operaling at

NS are

s are

lowing documents, in whole or in part, are normatively referenced in this documgnt and
ispensable for its application. For dated references, only the edition cited appligs. For

J any

16-1-1:2096* 2010, Specification for radio disturbance and immunity megsuring
tus and methods — Part 1-1: Radio disturbance and immunity measuring appanatus —

CISPR 16-1-2:2003 2014, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 1-2: Radio disturbance and immunity measuring apparatus —
Anecillary—equipment —Conducted-disturbances Coupling devices for conducted disturbance
measurements

Amendment 1-(2004)
Amendment 2-(2006)

CISPR 16-1-4:200# 2010, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 1-4: Radio disturbance and immunity measuring apparatus —

1 Figu

res in square brackets refer to the Bibliography.
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Ancillary-equipment —Radiated-disturbanees Antennas and test sites for radiated disturbance

measurements
CISPR 16-1-4:2010/AMD 1:2007 2012

Amendment 2(2008)

CISPR 16-2-1:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements

CISPR 16-2-3:2006 2010, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 2-3: Methods of measurement of disturbances and immunity —
Radiated-distrbance—neastrorronts
CISPHR 16-2-3:2010/AMD 1:2010
CISPHR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2003 2011, Specification for radio disturbance and immuhity megsuring
appargtus and methods — Part 4-2: Uncertainties, statistics and limit modelling —Unegrtainty
in-EME-measurements Measuring instrumentation uncertainty
CISPHR 16-4-2:2011/AMD 1:2014

IEC 60050-161:1990, International Electrotechnical Vocabulaty (IEV) — Chapter 161:
Electromagnetic compatibility

Amendment1-{(1990)

Amendment 2-(1998)

IEC 6(3601-1-2:2007 2014, Medical electrical equipment — Part 1-2: General requirements for
basic pafety and essential performance — Collateral standard: Electromagnetic—compqtibility
disturances — Requirements and tests

IEC 6(3601-2-2:2009, Medical electrical equipment — Part 2-2: Particular requirements for the
basic [safety and essential performance” of high frequency surgical equipment ang high
frequepcy surgical accessories

IEC 6(974-10:2007 2014, Arc~welding equipment — Part 10: Electromagnetic compatibility
(EMC)|requirements

IEC 61307:2006 2011,( Industrial microwave heating installations — Test methods for the
determination of powerjoutput

IEC 64135-2:2007, Resistance welding equipment — Part 2: Electromagnetic compatibility
(EMC)|requiréments

ITU RadioRegulations (2008 2012), Radio regulations, Volume 3 — Resolutions and
recommendations, Resolution no. 63 (available at hitp://www.itu.int/pub/R-REG-RR-2012)

3 Terms and definitions

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

3.1

a.c. mains power port

port used to connect to a public low voltage a.c. mains power distribution network or other low
voltage a.c. mains installation
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3.2

arc welding equipment

equipment for applying current and voltage and having the required characteristics suitable
for arc welding and allied processes

3.3
artificial mains network

AMN

network that provides a defined impedance to the EUT at radio frequencies, couples the
disturbance voltage to the measuring receiver and decouples the test circuit from the supply
mains

Note 1 fo entry: There are two basic types of AMN, the V-network (V-AMN) which couples the{Jdnsymmetrical
voltaged, and the Delta-network which couples the symmetric and the asymmetric voltages separately.

Note 2 o entry: The terms line impedance stabilization network (LISN) and V-AMN are used\interchangeably.

3.4
boundary of the equipment under test
imaginary straight line periphery describing a simple geometric gonfiguration encompfassing
the equipment under test

NOTE 1fto entry: All interconnecting cables are included within this boundary.

3.5
component
produdt which serves a specific function or functipnsvand which is intended for use in afhigher
order gassembled equipment or system

3.6
d.c. antificial network
artific|al d.c. network
DC-AN
artificipl network that provides . gdefined termination to the EUT’s d.c. power port undpr test
while @lso providing the neces$ary decoupling from conducted disturbances originating from
the laoratory d.c. power source or from the load

3.7
d.c. power port
port uged to conneet to a low voltage d.c. power generating system or energy storagg, or to
anothgr sourcefpad

Note 1 fo entry) Such a system may be for example a photovoltaic or a fuel cell power generating system| or also
a battery:

3.8

electro-discharge machining (EDM) equipment

EDM equipment

all the necessary units for the spark erosion process including the machine tool, the
generator, control circuits, the working fluid container and integral devices

3.9

{electromagnetic) radiation

1) phenomenon by which energy in the form of electromagnetic waves emanates from
a source into space

2) energy transferred through space in the form of electromagnetic waves

Note 1 to entry: By extension, the term "electromagnetic radiation" sometimes also covers induction phenomena.
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[SOURCE: IEC 60050-161:1990, 161-01-10]

3.10

equipment for resistance welding and allied processes

all equipment associated with carrying out the processes of resistance welding or allied
processes consisting of e.g. power source, electrodes, tooling and associated control
equipment, which may be a separate unit or part of a complex machine

3.11
grid connected power converter
GCPC

—mains

3.12
high gower electronic system and equipment
one of more semiconductor power converters with a combined rated power greatdr than
75 kVA\, or an equipment containing such converters

Note 1 fo entry: Examples of such high power electronic equipment are semigonductor power convefters for
applicatjon in UPS (Uninterruptible Power Systems) and PDS (Power Drive Systems).

3.13
indusfrial, scientific and medical (ISM) applications (of radio frequency energy)
ISM applications (of radio frequency energy)

operatjon of equipment or appliances designed to génerate and use locally radio frequency
energy for industrial, scientific, medical, domestic or similar purposes, excluding appli¢ations
in the tield of telecommunications

Note 1 fo entry: Typical applications are the production of physical, biological, or chemical effects such as
heating] ionisation of gases, mechanical vibrations, hair removal, acceleration of charged particles.[A non-
exhaustjve list of examples is given in Annex A.

[SOURCE: ITU Radio Regulations Vaolume 1:2004 2012 —Asticles Chapter |, Definition 1.15]

3.14
ISM RF equipment and appliances
equipment or appliances_@esigned to generate and/or use locally radio-frequency energy for
industrial, scientific, medical, domestic or similar purposes, excluding applications in the field
of telgcommunicationsj and information technology and other applications covered by other
CISPR publications

Note 1 {o entry: (The abbreviation “ISM RF” is used throughout this standard for such equipment or appliances
only.

3.15
low voltage

Lv

a set of voltage levels used for the distribution of electricity and whose upper limit is generally
accepted to be 1 000 V a.cor 1 500 Vd.c..

[SOURCE: IEC 60050-601:1985, 601-01-26, modified — addition of the words "or 1 500 V
d.c.”]

3.16

photovoltaic power generating system

electric power generating system which uses the photovoltaic effect to convert solar power
into electricity
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small size equipment
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equipment, either positioned on a table top or standing on the floor which, including its cables
fits in an imaginary cylindrical test volume of 1,2 m in diameter and 1,5 m height (to ground

plane)

3.18
spark erosion

removal of material in a dielectric working fluid by electro-discharges, which are separated in
time and randomly distributed in space, between two electrically conductive electrodes (the
tool electrode and the work piece electrode), and where the energy in the discharge is

controlled

3.19
type t¢st

test off one or more devices made to a certain design to show that the design meets

specifications

Note 1 fo entry: Recognition of a type test as type approval may depend on national or regional regulat

H.2 in Annex H.

4 Frequencies designated for ISM use

Certain frequencies are designated by the Internationalk Telecommunication Union (IT
use asg fundamental frequencies for ISM RF applications (see also Definition 3.13).
frequepcies are listed in Table 1.

NOTE |In individual countries different or additional frequencies-may can be designated for use by ISM-eq

RF appl|cations.

for use as fundamental ISM frequencies

Table 1 - Frequencies in the radio-frequency (RF) range designated by ITU

certain

on, see

U) for

These

ipment

Centre frequency

Frequency range

Maximum radiation

Number of appro
footnote to the ta

briate
ble of

s h frequency allocat|on of
limit .
MHz MHz the ITU Radi¢
Regulations §
6,780 6,765 — 6,795 Under consideration 5.138
13,560 13,553 — 13,567 Unrestricted 5.150
27,120 26,957 — 27,283 Unrestricted 5.150
40,680 40,66 — 40,70 Unrestricted 5.150
433,920 433,05 - 434,79 Under consideration 5.138 in Region 1, pxcept
countries mentioned in
5 280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 5725 -5875 Unrestricted 5.150
24 125 24 000 — 24 250 Unrestricted 5.150
61 250 61 000 — 61 500 Under consideration 5.138
122 500 122 000 - 123 000 Under consideration 5.138
245 000 244 000 — 246 000 Under consideration 5.138

2 Resolution No. 63 of the ITU Radio Regulations applies.

disturbance in this standard apply.

The term “unrestricted” applies to the fundamental and all other frequency components falling within the
designated band. Outside of ITU designated ISM bands the limits for the disturbance voltage and radiation
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5 CI

5.1

assification of-ISM equipment

Separation into groups

In order to simplify identification of the relevant limits, equipment in the scope of this standard
is categorized into two groups, i.e. into group 1 and group 2.

Group 1 equipment: group 1 contains all equipment in the scope of this standard which is not
classified as group 2 equipment.

Group 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency energy

in the [frequency Tange 9 kHz to 400 GHz 15 imtentionatty generated—and used or only used
locally} in the form of electromagnetic radiation, inductive and/or capacitive coupling, for the
treatment of material, for inspection/analysis purposes, or for transfer of elecitomggnetic
energy.

NOTE [See Annex A for examples of the separation of equipment into group 1 or 2.

5.2 PDivision into classes

In accprdance with the intended use of equipment in the electgpfhagnetic environment, this
standdrd defines two classes of equipment, namely class A angd-Class B.

Class A equipment is equipment suitable for use in allZestablishments locations othgr than
domegtie those allocated in residential environments @nd those directly connected to| a low
voltage¢ power supply network which supplies buildings used for domestic purposes.

Class A equipment shall meet class A limits.

tr-thetease—of Arc welding equipment which contains arc striking or stabilizing deviceg-erin
the—efise—of and stand-alone arc striking or stabilizing devices for arc welding;—the
manufpeturer—shall-inform—the—userthat - such—equipment—is shall be classified as glass A
equipment.

Class B equipment is equipment” suitable for use in—demestic—establishments locatipns in
residential environments and-ih establishments directly connected to a low voltage |[power
supplyl network which supplies buildings used for domestic purposes.

Class B equipment shall meet class B limits.

5.3 |[nformation Documentation for the user

The manufacturer and/or supplier of+SM equipment shall ensure that the user is informed
about |the'class and group of the equipment, either by labelling or by the accomppnying
dOCU Ulltdtiull. :II buth LAdoTo thC IllallufabtulCIIIOUPP=;UI aha” U)\[J:d;ll thc IIICdII;IIy Uf bUth the

class and the group in the documentation accompanying the equipment.

The documentation accompanying the equipment shall contain details of any precautions to
be observed by the purchaser or user to ensure that regular operation and use of the
equipment in the field does not cause harmful radio frequency interference (RFI). In the
framework of this standard, these details concern information about:

e the possibility of radio frequency interference originating from operation of class A
equipment in certain environments,

e special precautions to be observed when connecting class A equipment to a low voltage
power supply network, see Footnote a and b in Table 2, Footnote b in Table 3 and
Footnote a in Table 6, respectively,

e measures which can be taken at installation level to reduce emissions from installed

cla

ss A equipment, see Footnote b in Table 2 and Footnote a in Table 8.
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For class A equipment, the instructions for use accompanying the product shall contain the
following text:

Caution: This equipment is not intended for use in residential environments and may not
provide adequate protection to radio reception in such environments.

6 Limits of electromagnetic disturbances

6.1 General

For measurements at standardized test sites, the requirements specified hereafter constitute
the requirements for type tests

Class A equipment may be measured either on a test site or in situ as prefemred py the
manufacturer.

NOTE 1| Due to size, complexity or operating conditions some equipment may have to‘be~measured ip situ in
order to|show compliance with the radiation disturbance limits specified herein.

Class B equipment shall be measured on a test site.

NOTE 2 The limits have been determined on a probabilistic basis taking into account the likelihood of
interfergnce. In cases of interference, additional provisions may have to-be-reqtired be applied.

The lower limit shall apply at all transition frequencies.

Measuring apparatus and methods of measurement are specified in Clauses 7, 8 and 9.

6.2 |Group 1 equipment measured on' a test site

6.2.1 Limits-of-terminal-disturbance-voltage for conducted disturbances
6.2.1.1 General

The equipment under test:shall meet either:

a) both the average limit specified for measurements with an average detector and the|quasi-
peak limit spegified for measurements with a quasi-peak detector (see 7.3); or

b) thg averagé limit when using a quasi-peak detector (see 7.3).

The litpits for the LV d.c. power port specified hereafter apply only to grid connected|power
conveltols”(GCPCs) intended for assembly into photovoltaic power generating systems.

6.2.1.2 Frequency range 9 kHz to 150 kHz
For-group-1-equipment—no-limits—apply-in-thisfrequency-range- In the frequency range 9 kHz

to 150 kHz limits are not specified.

6.2.1.3 Frequency range 150 kHz to 30 MHz

Limits for-mains-—terminal the disturbance voltage at low voltage a.c. mains power ports in the
frequency range 150 kHz to 30 MHz for equipment measured on a test site using the
50 Q/50 uH CISPR artificial mains network (V-AMN) or the CISPR voltage probe (see 7.3.3
and Figure 1) are given in Tables 2 and 4.

Limits for conducted disturbances at low voltage d.c. power ports in the frequency range
150 kHz to 30 MHz for equipment measured on a test site using the 150 Q CISPR network
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(DC-AN) (see 7.3.2.3 and Annex 1) or the current probe (see CISPR 16-1-2) are given in
Table 3 and 5.

Table 2 —Mains-terminal Disturbance voltage limits for class A group 1 equipment
measured on a test site (a.c. mains power port)

NOTE

NOTE
(IT) ind
power

NOTE
approx
approx

P For class A equipment intended to be connected solely to isglated neutral or high impedance eart

Rated-input power of Rated-input power of High power electronic
<20 kVA € > 20 kVA and < 75 kVA 2 € systems and equipment,
Rated power of
F
requency range > 75 KVA b
MHz
Quasi-peak Average Quasi-peak Average Quasi-peak Average
AD(;\I) AD(;\/) AD(;'.V\I) AD(;'.V\I) AD(;\I) dB HV)
0,15 - 0,50 79 66 100 90 130 1R0
0,50 - 5 73 60 86 76 125 mns
90 80
E _ 30 73 60 decreasing linearly with s 105
logarithm of frequency to
73 60
At the fransition frequency, the more stringent limit shall apply.

hed

ustrial power distribution networks (see IEC 60364-1) the limifs for-greup2 equipment with a rated-frput

75 kVA-in-Table-6-can may be applied, regardless of its actual rated power.

A rated input or output power—consumption of 20.kVA corresponds for example to a cur
mately 29 A per phase in case of 400V three-ptiase power supply networks, and to a cur
mately 58 A per phase in case of 200 V three phagg, power supply networks.

rent of
rent of

a Thq
to
pow
limi
me
indi
gen

b Thd
75

se limits apply to equipment with a rated-irput power > 20 kVA and intended to be-pewered-by cornected
h dedicated power transformer or generatary and which is not connected to low voltage (LV) overhead

er lines. For equipment not intended to he‘powered-by connected to a user specific power transfor

ner the

ts for <20 kVA apply. The manufacturer, and/or supplier shall provide information on instpllation

hsures that can be used to reduce’emissions from the installed equipment. In particular it s
cated that this equipment is intended to be-pewered-by connected to a dedicated power transfo
erator and not-by to LV overhead.power lines.

se limits apply only to highvpower electronic systems and equipment with a rated power great
VA when intended to beninstalled as follows:

installation is suppliedyfrom a dedicated power transformer or generator, and which is not conne
Low Voltage (LV) ©verhead power lines,

installation isephySically separated from residential environments by distance greater than 30 m
structure whighacts as a barrier to radiated phenomena,

the manufacturer and/or supplier shall indicate that this equipment meets the disturbance voltag
for high\power electronic systems and equipment of rated input power > 75 kVA and provide info

hall be
mer or

br than

cted to

br by a

B limits
mation

on/installation measures to be applied by the installer. In particular, it shall be indicated tHat this

eguigment is intended to be used in an installation which is powered by a dedicated power transfo

mer or

generator and not by LV overnead power lines.

€ Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.
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Table 3 — Limits for conducted disturbances of class A group 1 equipment
measured on a test site (d.c. power port)

CISPR 11:2015 RLV © IEC 2015

Rated power of Rated power of Rated power of
<20 kVA @ >20 kVAto < 75 kVA @ b > 75 kVA @ P

Frequency
range Voltage limits Voltage limits Current limits Voltage limits Current limits
MHz QP AV QP AV QP AV QP AV QP AV

dB(uV) | dB(nV) | dB(uV) [ dB(uV) [ dB(uA) | dB(pA) | dB(uV) | dB(uV) | dB(nA) | dB(pA)
0,15 97 84 116 106 72 62 132 122 88 78
to to to to to to to to to to to
5 89 76 106 96 62 52 122 112 78 68
5 106 96 62 52 122 112 8 68
to 89 76 to to to to to to {o to
30 89 76 45 32 105 92 61 48

In certgin frequency ranges, the limits in this table decrease linearly with logarithm of frequency.

a8 Selpction of the appropriate set of limits shall be based on the rated a.c. poweré&tated by the manufactfirer.

b Thdse limits apply to equipment with a rated power > 20 kVA and intéhded to be installed in & large
phdtovoltaic power generating system by a professional. In the mapual®accompanying the prodyct, the
mahufacturer, and/or supplier shall provide information on mitigation, measures that can be used to |reduce
emissions from the installed equipment, with the goal of preventing harmful interference to radio reception in
a d|stance of 30 m from the installation. In particular it shall be indjcated that this equipment can be edquipped
withh additional filtering and that installation is physically separated from residential environments by d|stance
grepter than 30 m. The installer is invited to check the ¢Mitigated installation against CISPR 11| in-situ
megsurements as indicated in clause 6.4 of this standard.

Table-3 4 —Mains-terminal Disturbance voltage limits for class B group 1 equipment
measured on a test-Site (a.c. mains power port)
Frequency range Quasi-peak Average
MHz dB(uV) dB(uVv)
66 56
Decreasing linearly with logarithm Decreasing linearly with logafithm
0,15 -10,50
of frequency to of frequency to
56 46
0,50-5 56 46
5-30 60 50

At the

transition(frequency, the more stringent limit shall apply.

For di

Table 2 or Tab

=Talafals

le 4 can be relaxed by 20 dB.

Table 5 — Disturbance voltage limits for class B group 1 equipment
measured on a test site (d.c. power port)

Frequency range Quasi-peak Average
MHz dB(uV) dB(nV)
84 74
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
74 64
0,50 — 30 74 64
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6.2.2 Limits of electromagnetic radiation disturbance
6.2.2.1 General

The equipment under test shall meet the quasi-peak limits when using a quasi-peak detector.

6.2.2.2 Frequency range 9 kHz to 150 kHz
For-groupt-equipmentno-timitsapply In the frequency range 9 kHz to 150 kHz, limits are not

specified.

6.2.2.3 Frequency range 150 kHz to 1 GHz
Forgrpup-t-equipment—no-timits—apply In the frequency range 150 kHz to 30 MHz, Timjits are

not spegcified.

In the |[frequency range above 30 MHz the limits refer to the electric field stkength component
of the plectromagnetic radiation disturbance.

The elpectromagnetic radiation disturbance limits for the frequency range 30 MHz to 1 GHz for
groupfl, classes A and B equipment are specified in Table 6 and 7, respegtively.
Reconmmendations for the protection of specific safety-related” radio services are| given
in Annex E and Table E.1.

On a test site, class A equipment can be measured at)a nominal distance of 3 m, 1D m or
30 m (see information in Table 6), and class B equipment at a nominal distance of 3 m, or
10 m (see information in Table 7). A measuring distance less than 10 m is allowed oply for
equipment which complies with the definition for_snrall size equipment given in 3.17.

Table-4 6 — Electromagnetic radiation disturbance limits
for class A group 1 equipment measured on a test site

10 m measuting distance 3 m measuring distance P
rated-fhput power of rated power of
Frequency range
<20 kVAC >20 kVA & ¢ <20 kVA ¢ >20 kVA {- ©
MHz
Quasi-peak Quasi-peak Quasi-peak Quasi-pepk
dB(uV/m) dB(uV/m) dB(uV/m) dB(uV/n)
3p - 230 40 50 50 60
230 - 1 000 47 50 57 60

On a tept site,class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. In case of
measurgmerits jat a separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall|be
used to|normalize the measured data to the specified distance for determining compliance.

At the transition frequency, the more stringent limit shall apply.

2 These limits apply to equipment with a rated-input power of > 20 kVA and intended to be used at locations
where there is a distance greater than 30 m between the equipment and third party sensitive radio
communications. The manufacturer shall indicate in the technical documentation that this equipment is

The 3 m separation distance applies only to small size equipment meeting the size criterion defined in 3.17.

Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.
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Table-5 7 — Electromagnetic radiation disturbance limits
for class B group 1 equipment measured on a test site

10 m measuring distance 3 m measuring distance 2
Frequency range Quasi-peak Quasi-peak
MHz dB(uV/m) dB(uV/m)
30 — 230 30 40
230 -1 000 37 47
On a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m.-An-inverse
nrnnnrf nalnh: fat\fnr nf 20 AR ner rlcuv;rln choll hn ||enr4 to nnrmaln-ln Hna mnaenrad data to fho onnt\lflnd Hu tance
PTropPeT 14 Al i o
for-detekmining-compliance-
for-detefminin g-complian

At the tfansition frequency, the more stringent limit shall apply.

2 The|3 m separation distance applies only to small size equipment meeting the size criterion ldefined in 3.17.

For medical electrical equipment intended to be permanently installed in shielded locptions,
further provisions with regard to the measurement arrangement and)lead conditions arg found
in IEC|60601-1-2.

6.2.2.4 Frequency range 1 GHz to 18 GHz
Forgrpup-t-equipmentno-timitsapply In the frequency.range 1 GHz to 18 GHz, limits are not

specified.

6.2.2.5 Frequency range 18 GHz to 400 GHz
For-grpup—t-equipmentno-timits—apply In the frequency range 18 GHz to 400 GHz, limjits are

not spegcified.

6.3 |Group 2 equipment measured on a test site

6.3.1 Limits-of-terminal-disturbance-voltage for conducted disturbances
6.3.1.1 General

The equipment undertest shall meet either:

a) both the average limit specified for measurements with an average detector and the|quasi-
pegk limit specified for measurements with a quasi-peak detector (see 7.3); or

b) thg average limit when using a quasi-peak detector (see 7.3).

6.3.1.2 " Frequency range 9 kHz to 150 kHz

In the frequency range 9 kHz to 150 kHz limits—for-mains—terminal-disturbance-voltages—apply
to-induction-cookingappliances-only—seeTable-8 are not specified.

6.3.1.3 Frequency range 150 kHz to 30 MHz

Limits for-mains-terminal the disturbance voltage at low voltage a.c. mains power ports in the
frequency range 150 kHz to 30 MHz for equipment measured on a test site using the
50 Q/50 uH CISPR artificial mains network (V-AMN) or the CISPR voltage probe (see 7.3.3
and Figure 1) are given in Tables 8 and 9, except for the ITU designated frequency bands
listed in Table 1 where no limits apply.

For electric welding equipment the limits of Table 8 or 9 apply in active mode of operation. In
stand-by (or idle) mode, the limits of Table 2 or 4 apply.
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For ISM RF lighting devices operating in dedicated ISM frequency bands (defined by the ITU
in Table 1) the limits of Table 9 apply.

Table-6 8 —Mains-terminal Disturbance voltage limits for class A group 2 equipment
measured on a test site (a.c. mains power port)

Rated-input power of Rated-input power of
Frequency range <75kVAP >75kVA 2P
MHz Quasi-peak Average Quasi-peak Average
dB(nV) dB(uV) dB(uV) dB(uV)
0,15 - 0,50 100 90 130 120
g,50 -5 86 76 125 115
90 80
5 _ 30 decreasing Ifireeqaurgzv;trologarithm of 115 105
73 60
At the fransition frequency, the more stringent limit shall apply.

utral
for

b Sel

NOTER For class A equipment with a rated power < 75 kVA intended to be connected solely to isolated ng

or high|impedance earthed (IT) industrial power distribution netwarks (see IEC 60364-1) the limits defined

group 2 equipment with a rated-irput power > 75 kVA-ean may. ke applied.

a8 Thg manufacturer and/or supplier shall provide information on installation measures that can be |
redlice emissions from the installed equipment.

ection of the appropriate set of limits shall betbased on the rated a.c. power stated by the manufact

sed to

yrer.

rent of ‘

NOTE JA rated input or output power-econsumption of 75 kVA corresponds for example to a cu
approximately 108 A per phase in case.of 400V three phase power supply networks and to a cufrent of
approxifately 216 A per phase in case\0f 200 V three phase power supply networks.
High-ftequency (HF) surgical equipment shall meet the limits of Table 2 or 4 specifled for
group [ equipment, in~stand-by mode of operation. For high-frequency (HF) sprgical
equipment operating @t,ffequencies outside designated ISM bands (see Table 1), these limits
also apply at the operating frequency and inside the designated frequency bands. The felated
measurements shall be performed in a test arrangement in accordance with IEC 60601-P-2.
Table-7 9 =-Mains-terminal Disturbance voltage limits for class B group 2 equipment
measured on a test site (a.c. mains power port)
Frequency range Quasi-peak Average
MHz dB(nV) dB(pV)
66 56
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
56 46
0,50-5 56 46
5-30 60 50
At the transition frequency, the more stringent limit shall apply.
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Crocioonle Average Ceasiosenl
4BtV 4B\ 4B\
110 - 122
90 Ll
I L C S
Lobbn O b R — with-logarithm-of —
frequency to frequency to
80 92
66 56 2 62
0.1485—0.5 Decreasing linea E’ Decreasingtinea R Decreasingtinea R Babgedasing ot
freguency-to frequency-to frequency to frequency-fo
56 46 62 52
45-5 56 46 56 46
b — 30 60 50 60 50

6.3.2 Limits of electromagnetic radiation disturbance
6.3.2.1 General

The equipment under test shall meet the limits when using a measuring instrument |with a
peak, fluasi-peak or average detector as indicated in the appropriate table.

Up to |30 MHz the limits refer to theymagnetic component of the electromagnetic rafiation
disturjance. Above 30 MHz the limits refer to the electric field strength component |of the
electrgmagnetic radiation disturbance.

6.3.2.2 Frequency range‘9 kHz to 150 kHz

In the frequency range 9°kHz to 150 kHz limits-apply-te-induction-cooking-appliancesonly,—see
Tableg12-and-43 ate.hot specified.

6.3.2.3 Frequency range 150 kHz to 1 GHz

Except for-the designated frequency range listed in Table 1, the electromagnetic rafiation
disturhance limits for the frequency range 150 kHz to 1 GHz for group 2 class A equ|pment
are specified in Table 10; and for group 2 class B equipment in Table 12.

The limits in Tables 10 and 12 apply to all electromagnetic disturbances at all frequencies not
exempted according to Table 1 Footnote b).

For class A resistance welding equipment the limits of Table 10 apply in the frequency range
30 MHz to 1 GHz in active mode of operation. In stand-by (or idle) mode, the limits of Table 6
apply. For class B resistance welding equipment the limits of Table 12 apply in active mode of
operation. In stand-by (or idle) mode, the limits of Table 7 apply.

For class A arc welding equipment the limits of Table 11 apply in active mode of operation. In
stand-by (or idle) mode, the limits of Table 6 apply. For class B arc welding equipment the
limits of Table 7 apply in active mode of operation and in stand-by (or idle) mode.
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For class A EDM equipment, the limits of Table 11 apply.

For ISM RF lighting devices operating in dedicated ISM frequency bands (defined by the ITU
in Table 1) the limits of Table 12 apply.

For high-frequency (HF) surgical equipment, the limits of Table 6 or 7 apply. High-frequency
(HF) surgical equipment shall meet the respective limits when tested in stand-by mode of

operatfon.

Recommendations for the protection of specific safety services are given in Armex|E and
Table E.1.

On a fest site, class A equipment can be measured at a nominal distanc€ of 3 m, 1D m or
30 m, and class B equipment at a nominal distance of 3 m or 10 m (see'Tables 10 and 12).

In the frequency range 30 MHz to 1 GHz, a measuring distance |€s$ than 10 m is allowgd only
for eqyipment which complies with the definition given in 3.17.
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Table-9 10 — Electromagnetic radiation disturbance limits
for class A group 2 equipment measured on a test site

Limits for a measuring distance D in m
On a test site D =30 m On a test site D =10 m On a test site D=3 m
Frequency from the equipment from the equipment from the equipment 2
range Electric field | Magnetic | Electric field | Magnetic | Electric field | Magnetic
MHz field field field
Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak
dB(pnV/m) dB(pA/m) dB(pV/m) dB(pA/m) dB(uV/m) dB(pA/m)
0,15=049 - 335 - 575 - 82
0,49 - 1,705 - 23,5 - 47,5 - 712
1,705 — 2,194 - 28,5 - 52,5 - 7
2,194 - 3,95 - 23,5 - 43,5 - q8
43,5
decrgasing
T I A IR RIS R
frequgncy to
28,5
1-20 - 8,5 - 18,5 - 28,5
20 - 30 - -1,5 - 8,5 - 18,5
0-47 58 - 68 - 78 -
47 - 53,91 40 - 50 - 60 -
53,91 — 54,56 40 - 50 - 60 -
54,56 — 68 40 - 50 - 60 -
68|- 80,872 53 - 63 - 73 -
80,872 — 81,848 68 £ 78 - 88 -
81)848 — 87 53 - 63 - 73 -
87 1 134,786 50 - 60 - 70 -
134,786 — 136,414 60 - 70 - 80 -
136414 — 156 50 - 60 - 70 -
196 — 174 64 - 74 - 84 -
174 — 188,7 40 - 50 - 60 -
188,71 — 190,979 50 - 60 - 70 -
190J979 < 230 40 - 50 - 60 -
2301400 50 - 60 - 70 -
400 - 470 53 - 63 - 73 -
470 - 1 000 50 - 60 - 70 -

NOTE On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m.
A measuring distance less than 10 m is allowed only for equipment which complies with the definition given in
3.17.

At the transition frequency, the more stringent limit shall apply.

a8 In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.
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Table-40 11 — Electromagnetic radiation disturbance limits
for class A EDM and arc welding equipment measured on a test site

Limits for a measuring distance-ef 18 D in m

Frequency range Quasi-peak
MHz BV my)
D=10 m D=3m?2
Quasi-peak Quasi-peak
dB(uV/m) dB(uV/m)
30 — 230 80 90
Decreasing linearly with logarithm of Decreasing linearly with logarithm of
frequency to frequency to
60 70
230 -1 000 60 70
On a t¢st site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30,m. In case of
measurements at a separation distance of 30 m, an inverse proportionality factor of 20,dB.per decade shall be
used tp normalize the measured data to the specified distance for determining compliante.
a8 The¢ 3 m separation distance applies only to small size equipment meeting thé€ size criterion defined in 3.17.
Table-41 12 — Electromagnetic radiation disturbance limits
for class B group 2 equipment measufred on a test site
Limits for a measuring distance D in m
Electric field Magnetic field
F p
requpncy range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | Quasi-peak | Average 2 Quasi-peak
dB(pV/m) dB(uV/m) dB(pA/m)
39
o5 - 30 _ M _ _ Decrea}sing linearly with the
logarithm of frequency| to
3
30 { 80,872 30 25 40 35 -
80,872 — 81,848 50 45 60 55 -
81,848 — 134,786 30 25 40 35 -
134,786 — 136,444 50 45 60 55 -
136,414 £230 30 25 40 35 -
230 =~ 000 37 32 47 42 -

On a test site, class B equment can be measured at a nominal dlstance of 3 m or 10 m. erthe#equenewwqge

- In the frequency range 30 MHz to 1 GHz a measurlng
distance less than 10 m is allowed only for equipment WhICh complies with the definition given in 3.17.

At the transition frequency, the more stringent limit-shall should apply.

a

The average limits apply to magnetron driven equipment and microwave ovens only.

If magnetron

driven

equipment or microwave ovens exceed the quasi-peak limit at certain frequencies, then the measurement
shall be repeated at these frequencies with the average detector and the average limits specified in this table

apply.

meeting the size criterion defined in 3.17.

In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
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6.3.2.4 " Frequency range 1 GHz to 18 GHz

The limits in the frequency range 1 GHz to 18 GHz apply only to group 2 equipment operating
at frequencies above 400 MHz. The limits specified in the Tables 13 to 15 apply only to
RF disturbances appearing outside designated ISM bands as listed in Table 1.

The electromagnetic radiation disturbance limits for the frequency range 1 GHz to 18 GHz are
specified in Tables 13 to 15. The equipment shall meet either the limits of Table 13, or at least
the limits of Table 14 or Table 15-and-16 (see decision tree in 9.4.1, Figure 12).

ISM RF lighting devices operating in dedicated ISM frequency bands (defined by the ITU in
Table 1) shall either meet the class B limits of Table 13 or at least the limits of-beth-Tables15
anrd-16 Table 14.

For microwave-powered UV irradiators, the limits specified in Table 13 apply.
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Recommendations for the protection of specific safety services are given in Annex E and
Table E.1.

Table-14 13 — Electromagnetic radiation disturbance peak limits for

group 2 equipment-producing CW-type-disturbances
and operating at frequencies above 400 MHz

Limits for a measurement distance of 3 m
F
requency range Peak
GHz
dB(uV/m)
1-18 Class A Class B
Within harmonic frequency bands 82@ 70
Outside harmonic frequency 70 70
bands
11,7 - 12,7 730 %3P

Peak measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth (\/BW) higher thanj or
equal tp 1 MHz. The recommended VBW is 3 MHz.

NOTE [ In this table, “harmonic frequency bands” means the frequency bands which‘are multiples of the ISM
bands fllocated above 1 GHz.

a8 At the upper and lower edge frequency of harmonic frequency bands, the more stringent limit of 70 dB(V/m)
applies.

b In the satellite radio broadcasting band, the measured disturbancé valles shall not exceed 73 dB(uV/m|).
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CISPR 11:2015 RLV © IEC 2015

limits for class B group 2 equipment producing fluctuating disturbances other than CW

and operating at frequencies above 400 MHz

Frequency range Limits for a measuring distance of 3 m
Peak
GHz dB(uV/m)
1-2,4 60

2,5-5,725 60

5,875 -18 60
Weighted measurements shall be performed with a resolution bandwidth of 1 MHz and a video bandwidth df
10 Hz.
R R R e e e s TR R
the highest emission-in-the 1005 MHz —2 395 MHz range and the highest peak emission-in-the 2 505 MHz{to
e L e s e e R RO e R e

dfarm AL nan 2 h a a

To che
followin

a) 1

b) 25
c) 61
d) 84
e) 11
f)
9)

At sub-
span o
respec

13
15

*

In d
the
me
freg

NOTE

Lk conformance with the limits of this table, weighted measurements shall be pegformed in all of the
g frequency ranges, in which the limit of Table 13 was exceeded during the peak®measurement:

05 MHz — 2 395 MHz (1 000 MHz — 2 400 MHz)*;

05 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
25 MHz - 8 575 MHz;

75 MHz — 11 025 MHz;

D25 MHz — 13 475 MHz;

175 MHz — 15 925 MHz;

D25 MHz — 17 995 MHz*.

ranges where the limit of Table 13 was exceeded, a weighted measurement shall be performed with
10 MHz around the centre frequency adjuéted to the frequency of the highest disturbance level in t
ive sub-range.

ases where the frequency of highestemission during peak measurement is found closer than 5 MH
frequency edges 1 GHz, 2,4 GHz, 2,5 GHz, 5,72 GHz, 5,88 GHz or 18 GHz, the span for w
hsurements shall remain 10 MHz)but in such case the centre frequency shall be adjusted so t
uency edges are not exceeded.

See annex B for furthemguidance on the use of the spectrum analyser.

Hz from
pighted
hat the

[able 15 Electromagnetic radiation disturbance APD level corresponding t¢

107! limits(Tor class B group 2 equipment operating at frequencies above 400 MHz
Frequency range Limits for a measurement distance of 3 m
APD level corresponding to 10~"
GHz dB(uV/m)
1-24 70
2,56 -5,725 70
5,875 - 18 70

APD measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth higher than or equal to

1 MHz

NOTE An APD level corresponding to 10" means that the amplitude of the disturbance exceeds the specified
level during the observation time with a probability of 10 %.
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6.4 Group 1 and group 2 class A equipment measured in situ

6.4.1 Limits-ef-terminal-disturbance-voltage for conducted disturbances

Under in situ conditions, an assessment of conducted disturbances is not required.

6.4.2 Limits of electromagnetic radiation disturbance

The limits given in Table 16 apply to class A group 1 equipment and the limits given in
Table 17 apply to class A group 2 equipment.

Table-17 16 — Electromagnetic radiation disturbance limits for
class A group 1 equipment measured in situ

Limits with measuring distance 30 m from the outer face of the
exterior wall of the building in which the equipment-is situated
Frequency range Electric field Maghetic field
MHz Quasi-peak Quasi-peak ?
dB(uV/m) dB(uA/m)
0,15 - 0,49 - 13,5
0,49 — 3,95 - 3,5
3,95 -20 - -11,5
20-30 - -21,5
30 - 230 30 -
230 -1 000 37 -

At the fransition frequency, the more stringent limit shall apply.

If local|conditions do not allow for measurements at 30im, then a larger distance can be used. In this case] an
inversg proportionality factor of 20 dB per decade shall be used to normalize the measured data to the spegified
distande for determining compliance.

a8 Thgse limits apply in addition to the limits_in the frequency range 30 MHz to 1 GHz to radiated disturpances
oridinating from the operation frequen€y~and its harmonics appearing in the frequency range 150[kHz to
30 MHz, caused by the installed class!A group 1 equipment with a rated-irput power exceeding 20 kVA| In the
event that the ambient noise level €xceeds the above limits, the emissions of the EUT shall not incregse this
noise floor by more than 3 dB.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

-32 - CISPR 11:2015 RLV © IEC 2015

Table-18 17 — Electromagnetic radiation disturbance limits for
class A group 2 equipment measured in situ

Limits for a measuring distance of D in m
Frequency from the exterior wall of the building
range Electric field Magnetic field
MHz Quasi-peak Quasi-peak
dB(pV/m) dB(pA/m)
0,15 - 0,49 - 23,5
0,49 — 1,705 - 13,5
1,705 = Z, 194 = 8,5
2[194 - 3,95 - 13,5
3,95 — 20 - -1,5
20 - 30 - -11,:5
30 — 47 48 -
47 — 53,91 30 -
53,91 - 54,56 30 -
%4,56 — 68 30 -
6B — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 -
134]1786-136,414 50 -
136,414 — 156 40 -
56 — 174 54 -
174 — 188,7 30 -
188,7 — 190,979 40 -
190,979 — 230 30 -
P30 — 400 40 -
100 — 470 43 _
470 - 1000 40 -
At the fransition frequency,.the more stringent limit shall apply.
For grpup 2<equipment measured in situ, the measuring distance D from the exterior wall of

the bdilding)in which the equipment is situated equals (30 + x/a) m or 100 m whichever is
smaller\provided that the measuring distance D is within the boundary of the premisesTIn the
case where the calculated distance D is beyond the boundary of the premises, the measuring
distance D equals x or 30 m, whichever is longer.

For the calculation of the above values:

| x is the nearest distance between the—outside exterior wall of the building in which the
equipment is situated and the boundary of the user’s premises in each measuring
direction;

a = 2,5 for frequencies lower than 1 MHz;
a = 4,5 for frequencies equal to or higher than 1 MHz.
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7 Measurement requirements

7.1 General

The requirements specified in this clause, together with the limits specified in Clause 6,
constitute the essential EMC requirements of this standard. For measurements at test sites
(see Clause 8), verification of compliance of a given type of equipment with these essential
EMC requirements qualifies as type test.

Requirements which relate to measurements at such test sites are type test requirements. A
type test may be recognized as type approval if the conditions for the statistical assessment

3 t It ra 1o A H b d
of megswrementrasulis SFSGOFEHIGoARR8Xx—Ta8-0RS8-ea-

Class A equipment may be measured either on a test site or in situ as determiined py the
manufacturer. Class B equipment shall be measured on a test site.

Specif|c requirements for making measurements on a test site are given in,Clauses 8 jand 9,
for making measurements in situ in Clause 10.

The requirements of the present clause are to be met for both, test site and/or |in situ
measurements.

Measurements need only be performed in frequency ranges where limits are specified in

D
D
[0N

Companents or subassemblies for higher ekder equipment or systems which are intended to
be asgembled at their respective place :ditsoperation only can also be tested according|to the
requiregments of this standard. For testihg purposes in the framework of this standard, such
companents or subassemblies shalkpe regarded as stand-alone equipment. Compongnts or
subasgemblies for which compliaifce with the relevant requirements cannot be showr| when
measured at a test site can also\be assessed in situ when being installed into the highe[ order
systeny, in which case the provisions of 6.4 shall apply.

NOTE 1| The environments{encompassed in this standard are residential, commercial or industrial envirpnments
as descfibed in IEC 6100Q-2+5 [11]2. Adherence of equipment to the requirements of this standard will allow for its
operatidn and use in th&€se environments without resulting in an increased risk of RFIl. There may also ex|st other
IEC profluct standards ‘Which allow for compliance testing of components or subassemblies of higher order pystems
but whigh encompass$, other environments than those specified in IEC 61000-2-5 [11]. Choice of this standald or the
other appropriatenlEC product standard for compliance testing of components or subassemblies is up to the
manufagturers

NOTE 2| "Examples for such components include, but are not limited to power converters used for digtributed
generation and supply of electric energy into LV _a.c. mains Networks or instaliations or, by means of their own
dedicated transformer, into MV power distribution networks, but also power electric subassemblies intended for
supply of higher order systems with power from LV a.c. mains networks.

7.2 Ambient noise

A test site for type testing shall allow emissions from the equipment under test to be
distinguished from ambient noise. The suitability in this respect can be determined by
measuring the ambient noise levels with the equipment under test inoperative and ensuring
that the ambient noise levels are at least 6 dB below the limits specified in 6.2 or 6.3, as
appropriate for the measurement being carried out. Further information on compliance testing
in the presence of ambient noise is found in CISPR 16-2-1:2014, 6.2.2 and CISPR 16-2-
3:2010, 6.2.2.

2 Figures in square brackets refer to the Bibliography.
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It is not necessary to reduce the ambient noise level to 6 dB below the specified limit where
the combination of the ambient noise plus the emission from the equipment under test does
not exceed the specified limit. Under these conditions; the equipment under test is considered
to satisfy the specified limit.

When carrying out measurements—on—mains—terminal—disturbance—voltage of conducted

RF disturbances, local radio transmissions may increase the ambient noise level at some
frequencies. A suitable radio-frequency filter may be inserted between the artificial-mains
network (V-AMN and/or DC-AN) and the respective laboratory a.c. mains supply or d.c. power
source, or measurements may be performed in a shielded enclosure. The components
forming the radio-frequency filter should be enclosed in a metallic screen directly connected
to the reference-earth ground of the measuring system. The requirements for the impedance
of the|artificial-mains network shall be satisfied at the frequency of measurement when the

radio-frequency filter is connected.

If, when measuring-the—electromagneticradiation-disturbance radiated RF distdrbances, the

6 dB ambient noise conditions cannot be met, then the antenna may be located at a distance
closer|to the equipment under test than specified in Clause 6 (see 8.3.4)..Further adyice on
measurement conditions in presence of high level ambient noise is found.in Annex C.

7.3 |Measuring equipment
7.3.1 Measuring instruments

Receijers with quasi-peak detectors shall be in accordance with CISPR 16-1-1. Regeivers
with ayerage detectors shall be in accordance with CISPR 16-1-1.

NOTE 1] Both detectors-may can be incorporated in a single\receiver and measurements carried out by alternately
using the quasi-peak detector and the average detector.

NOTE 2| The average detector in CISPR 16-1-1Js commonly referred to as “CISPR-Average”. Th|s is to
emphas|ze that the average detector used in a CISPR receiver obtains a measurement result that is equivalent to
the peak reading of a meter with a time constanf'@s defined in CISPR 16-1-1.

The measuring receiver used shall be operated in such a way that a variation in frequgncy of
the digturbance being measured does not affect the results.

NOTE 3] Measuring instruments_having other detector characteristics-may can be used provided the measfirement
of the gisturbance values can.Pe proved to be the same. Attention is drawn to the convenience of Jusing a
panoramic receiver or a spectfum analyzer, particularly if the working frequency of the equipment unfer test
changeg appreciably during the work cycle.

To avqid the possibility of the measuring instrument incorrectly indicating non-complian¢e with
the limits, the (measuring receiver shall not be tuned closer to the edge of one of the|bands
designated_forISM use than the frequency at which its 6 dB bandwidth point aligns with the
edge df the.designated band.

NOoTE-3 When making measurements on high power equipment, care should be taken to
ensure that screening and the spurious response rejection characteristics of the measuring
receiver are adequate.

For measurements at frequencies above 1 GHz, a spectrum analyser with characteristics as
defined in CISPR 16-1-1 shall be used.

NOTE4 Precautions which-sheuld can be taken in the use of a spectrum analyzer are given in
Annex B.
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7.3.2

Artificial-mains network (AN)

7.3.21 General

The artificial network (AN) is required to provide a defined termination impedance for the
EUT’s a.c. mains power port or d.c. power port under test at radio frequencies—across—the
mains-supply at the point of measurement. The AN will also provide isolation of the equipment

under

test from ambient noise on the respective a.c. or d.c power lines.

7.3.2.2 Artificial mains network (AMN)

Measurement of the-mains—terminal disturbance voltage at low voltage a.c. mains power ports

shall b

7.3.2.3 Artificial d.c. network (DC-AN)

Measu

using fhe 150 Q artificial mains Delta-network specified in 4.7 of CISPR 16-1-2:2014 (s4
CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. network spegified in Annex |
standdqrd. For simplified wording, any of these networks intended foruse with measurg

at low

7.3.3

The vqltage probe shown in Figure 1 shall be used whenthe artificial mains network (V
cannol be used. The probe is connected sequentially\between each line and the ref

earth
capaci
1500
which
either

requirgments specified in CISPR 16-1-2:2014, Clause 5.

rement of the disturbance voltage at low voltage d.c. power ports shall be made

voltage d.c. power ports is further on denoted as DC-AN.

Voltage probe

chosen (metal plate, metal tube). The probe.consists mainly of a—blecking decq
for and a resistor such that the total resistance between the line and earth is a
). The effect on the accuracy of measurement of the capacitor or any other

less than 1 dB or allowed for inJdcalibration. The voltage probe shall me

either
e also
of this
ments

-AMN)
brence
upling
t least
device

may be used to protect the measuring ‘receiver against dangerous currents shall be

et the

Mains supply
¢ == Xx,<<15000
(1500 - R) Q
|
X1 >> R R / Measuring set

IEC

Figure-4 1 — Circuit for disturbance voltage measurements on mains supply-{see 7.3-3}
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7.3.4 Antennas
7.3.4.1 Frequency range below 30 MHz

In the frequency range below 30 MHz the antenna shall be a loop as specified in CISPR 16-1-
4. The antenna shall be supported in the vertical plane and be rotatable about a vertical axis.
The lowest point of the loop shall be 1 m above ground level.

7.3.4.2 Frequency range from 30 MHz to 1 GHz

In the frequency range from 30 MHz to 1 GHz the antenna used shall be as specified in
CISPR 16-1-4. Measurements shall be made for both horizontal and vertical polarization. The
nearegtpoint of the antenna to the ground shall be not 1ess than 0,2 m.

For me¢asurements on a test site the centre of the antenna shall be varied between 1|m and
4 m hdight for maximum indication at each test frequency.

For mpasurements in situ the centre of the antenna shall be fixed at\(2;0 +£0,2) m |height
above [the ground.

NOTE [Other antennas-may can be used provided the results can be shown to be,within +2 dB of the resulfs which
would hive been obtained using a balanced dipole antenna.

7.3.4.3 Frequency range above 1 GHz

For measurements at frequencies above 1 GHz, the~antenna used shall be as specified in
CISPR 16-1-4.

7.3.5 | Artificial hand

In order to simulate the influence of thevuser’s hand, application of the artificial hand is
required for hand-held equipment during-the mains disturbance voltage measurement.

The artificial hand consists of metal foil which is connected to one terminal (terminal M) of an
RC elpment consisting of a .capacitor of 220 pF + 20 % in series with a resistance of
510 Q|+ 10 % (see Figure 2);(the other terminal of the RC element shall be connected|to the
referemce ground of the ymeasuring system (see CISPR 16-1-2). The RC element [of the
artificigl hand may be incoerporated in the housing of the artificial mains network.

M

220 pF £ 20 %

510 Q2 +£10 %

IEC

Figure-6 2 — Artificial hand, RC element(see 73-5)

7.4 Frequency measurement

For equipment which is intended to operate with a fundamental frequency in one of the
designated bands listed in Table 1, the frequency shall be checked with measuring equipment
having an inherent error of measurement not greater than 1/10 of the permissible tolerance
for the mid-band frequency of the designated band. The frequency shall be measured over all
the load range from the lowest power normally used up to the maximum.
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7.5 Configuration of equipment under test

7.5.1

General

Consistent with typical applications of the equipment under test, the level of the disturbance
shall be maximized by varying the configuration of the equipment. An example of a typical

setup
Figure

for measurements of radiated disturbances from a table-top EUT is provided in
3. The measurement arrangement shall be typical of normal installation practice and

centred to the turntable’s vertical axis.

NOTE 1
on the

The extent to which this subclause is applicable to the measurement of an installation in situ will depend
flexibility inherent in each particular installation. The provisions of this subclause apply to in situ

measurements in so far as a 'nqrfimllnr installation allows for the Ir'\r'\eifir\n of cables to he varied and different units

within t
moved V

e installation to be operated independently, the extent to which the position of the installation| can be
vithin the premises, etc.

For me¢asurement of radiated disturbances with a separation distance of 3 m tkie assegsment

of the
intercg

radiation from the cabling of the EUT shall be restricted to thqQse fractipns of
nnecting cables (see 7.5.2) and mains cables (see 7.5.3) which @frg” within the test

volum¢ of 1,2 m diameter times 1,5 m height above ground. Peripheral'equipment nof fittin
T g g 9

into th
enviro

NOTE 2
exampld
gives fu

e test volume shall be excluded from the measurements or,decoupled from the test
hment.

Restriction of radiation assessment to the cable fractions inside(the test volume can be achig¢ved for
by application of CMADs at the cables at the position where théy leave the test volume. CISPR 16-2-3
Fther guidance on the application of CMADs.
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Cable leaving the test volume run
vertically down towards the floor within
the test volume of (1,2 = 0,1) m diameter
times (1,5 = 0,1) m height. Restriction of
radiation to the cable fractions inside the
test volume is achieved by using e.g. a
CMAD at the position where they leaves

the volume. \

- 38 - CISPR 11:

B: excess cable length bundle
between 30 cm and 40 cm
in length

<

2015 RLV © IEC 2015

Antenna reference

D: Spacing between point
the enclosures Cable bundles should be arranged
should be20,1 m in the middle of the cable.
Peripheral I 4 v
Peripheral only 2 euT EUT2 1
in test vglume R Sections of interconnecting cables
if cable Z hanging over the table are spaced at
Ca[‘“‘: bet ’/'\5"// a distance of 0,4 m above the ground
extended to
lane.
run out df test ’ P
volume (p.g.
peripheral 2).
Test volume for
small equipment
B L: (3,0 £ 0,ym
(1,201 m
D - L = measuring distance
IEC
Figure 3a — Top view
L (1,2£0,1) m ), L:(30x0,1)m Antenna
< ¢ p) refergence
| point
Aa— [ ——————————%= _:_____________: L = measuring distance
| B: excess cable length : D: Spacing between !
| bundle between 30.€m i the enclosures :
| and40cm : should be 20,1 m |
Cable bundles are I inlength. ; I
arranged in the middle | . ; . D . 1
of the cable. : ’ y\\ i ~ “1 |
1 & A EUTH1 !
> i EUT2 : A positioning tablg in
E Peripheral : accordance CISPR 16-1-4.
= 2 /T i C /
=) A [ T
+ T 1
0, I ! |
T : : | L cables leaving the test volume
Peripherpl only in test c | // i
volume if cable = 1 i |
cannot be extended-to S : : |
run out ¢f testivolume o i g L |
(e.g. periphéral 2). ;ﬁ : . I‘O 11 : Mains |
Sl L U cable | CMAD: common-mode
1 0 J absorption device
| CMAD A CMAD |
1
Groundplane
IEC

Figure 3b — Side view

Figure 3 — Example for a typical cable arrangement for measurements of
radiated disturbances in 3 m separation distance, Table-top EUT

An example of a typical unified test set up for floor standing equipment suitable for
measurement of conducted as well as radiated disturbances is shown in Figure 4. Further
examples of typical arrangements of the EUT and associated peripherals are given in

CISPR 16-2-3 and CISPR 16-2-1.
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0,8m +-p, e AE
+
< To power ',,,,;m TN | 3
\ supply / "‘ N
AE : )

= interconnecting cables

AMN

CMAD Special earthing
terminal

IEC

Figure 4 — Example for a typical test set up“for measurement of conducted
and/or radiated disturbances from afloor standing EUT, 3D view

The cqgnfiguration of the equipment under test(shall be precisely-neted documented in the test
report.

7.5.2 Interconnecting cables

This dubclause applies to equiptiient in which there are interconnecting cables bgtween
various parts of the equipment, or systems where a number of-equipments components are
intercgnnected.

NOTE 1 The observation_of all provisions in this subclause permits the application of the results of an evjaluation
to a number of system configurations using the same types of equipment and cables as tested, but no othgr, each
system ponfiguration being in effect a subsystem of the one evaluated.

Intercgnnecting ‘cables shall be of the type and length specified in the individual equ|pment
requirementsIf the length can be varied, the length shall be selected to produce maximum
emissipn/wheéen performing field strength measurements.

If shielded or special cables are used during the tests then the use of such cables shall be
specified in the instruction manual.

The connection of signal leads, except for the leads supplied by the manufacturer, is not
required during radio-frequency emission measurements for portable test and measurement
apparatus, group 1, or those intended for use in laboratories and operated by competent
persons. Examples are signal generators, network and logic analysers, and spectrum
analysers.

- Excess lengths of cables shall be bundled
at the approximate centre of the cable with bundles of 30 cm to 40 cm in length. If it is
impracticable to do so the disposition of the excess cable shall be noted precisely in the
test report.
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Where there are multiple interface ports all of the same type, connecting a cable to just one of
that type of port is sufficient provided that it can be shown that the additional cables would not
significantly affect the results.

Any set of results shall be accompanied by a complete description of the cable and equipment
orientation so that results can be repeated. If there are conditions of use, those conditions
shall be specified, documented and included in the instructions for use.

If a given type of equipment can perform separately any one of a number of functions then the
equipment shall be tested while performing each of these functions. For systems which may

include a number of different—equipments components, one of each type of-—egquipment

ctam r\r\nflnnrﬂhnn ehdll hr\ |nr\|||r4nrl |n +hn n\lnln Ion
Ste oo oo oot .

Comp nnn+ \uhnnh |c- |nn|udr\r4 |n thc ST]
A system which contains a number of identical-egquipments components, buf-hHag been

evaluzﬁed using only one of those—egquipments components, does not require Ffurther
evaludtion if the initial evaluation was satisfactory.

NOTE 2] This is-permissible possible because it has been found that in practice emissions from identical modules
are not pdditive.

When |equipment is being evaluated which interacts with other gquipment to form a gystem
then the evaluation may be carried out using either additional equipment to represent the total
system or with the use of simulators. In either method care shall be taken to ensure that the
equipment under test is evaluated with the effects of the'rest of the system or simylators
satisfyjng the ambient noise conditions specified in 7.2~Any simulator used in lieu of|actual
equipment shall properly represent the electricalCand in some cases the mechanical
charaqteristics of the interface, especially with ~respect to radio-frequency signals and
impedances, as well as cable configuration and types.

NOTE 3| This procedure is required to-permit facilitate'the evaluation of equipment which will be combined with
other equipment from different manufacturers to formia system.

7.5.3 Connection to the electricity supply network on a test site
7.5.3.1 Connection to the labaratory a.c. mains network
7.5.3.1.1 General

Wherel necessary the mains power from the laboratory's electricity power supply network shall
be proyided through the-artificial mains network (AMN) specified in 7.3.2.2.

For copnection_to<the AMN or to the test site's electricity supply network, appropriate Igngths
of majns cables shall be used. If the manufacturer's installation instructions spgcify a
particylar typ€ of mains cable for use with the EUT, connection to the AMN or to the tesf site's
electri¢ity supply network shall be made with that cable type.

Mains power at the nominal voltage shall be supplied.

7.5.3.1.2 Connection to the laboratory a.c. mains network for measurement of
conducted disturbances and for radiated disturbances in the range up to
30 MHz

When performing measurements on a test site, the-\-netwerk artificial mains network (V-
AMN) specified in 7.3.2.2 is to be used whenever possible. The enclosure of the-\\-retwork V-
AMN shall be located so that its closest surface is no less than 0,8 m from the nearest
boundary of the equipment under test.

Where a flexible mains cord is provided by the manufacturer this shall be 1 m long or, if in
excess of 1 m, the excess cable shall be folded to and forth to form a bundle not exceeding
0,4 m in length.
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Mai : od.

Where a mains cable is specified in the manufacturer's installation instructions a 1 m length
of the type specified shall be connected between the test unit and the-\/-nebwork AMN.

Earth connections, where required for safety purposes, shall be connected to the reference
“earth” point of the\-network AMN and where not otherwise provided or specified by the
manufacturer shall be 1 m long and run parallel to the mains connection at a distance of not
more than 0,1 m.

Other earth connections (e.g. for EMC purposes) either specified or supplied by the
manufacturer for connection to the same terminat as the safety earth connection shaif glso be
connected to the reference earth of the-\.-network AMN.

Ancilldry low voltage a.c. mains ports shall be connected to the laboratory a.c,'Mains network
via on¢ or more separate artificial mains networks (V-AMN) as specified in 7(3,2.2.

Where| the equipment under test is a system comprising more than one*unit, each unit having
its owh power cord, the point of connection for the-\/-retwork AMN~s determined frgm the
followihg rules:

a) eath mains cable which is terminated in a mains supply plug of a standard design (e.g.,
IEC 60083) shall be tested separately;

b) mgins cables or terminals which are not specified by\the manufacturer to be conne¢ted to
anpther unit in the system for the purposes of<supplying mains power shall be |tested
separately;

c) mélins cables or terminals which are specified by the manufacturer to be connegted to
another unit in the system for the purposgs of supplying mains power shall be conhected
to that unit, and the mains cables or terminals of that unit are connected to the-\-nptwork
AMN;

d) where a special connection is specified, the necessary hardware to effect the connection
shall be used during the evaluation of the equipment under test.

7.5.3.1.3 Connection to thelaboratory a.c. mains network for measurement of
radiated disturbances in the range 30 MHz to 18 GHz

Connelction to the labofatory's electricity supply network may be provided with or withgut the
use of an AMN allacated inside the test environment, see Figure 4. For measufement
arrangements not<ineluding an AMN, grounding and earthing of the EUT shall be guaranteed
by adherence tofth€ principles set outin 7.5.3.1.2 as far as possible.

If the meaSurement arrangement does not include an AMN, then excessive lengths of| mains
cables| dd,not need to be bundled and allocated inside the test volume. They mlay be
accommodated—someptace—ottside—the—test—votume—or—testenviromment—For—decoupling of
radiation from these excessive cable lengths it is however recommended to carefully
terminate these mains cables at the location where they leave the test volume. For this
decoupling use of CMADs is recommended. For measurements with a separation distance of
3 m this decoupling is mandatory, see 7.5.1.

7.5.3.2 Connection to the laboratory d.c. power supply or other d.c. power source

When performing measurements on a test site, the 150 Q artificial d.c. network (DC-AN)
specified in 7.3.2.3 is to be used whenever possible. The enclosure of the DC-AN shall be
located so that its closest surface is 0,8 m from the nearest boundary of the equipment under
test.

Where the DC-AN is used as voltage probe, the EUT’s d.c. power port under test shall be
decoupled from the d.c. power source by means of suitable common mode decoupling
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devices such as ferrite tubes, CMADs or a CDN as specified in 6.2.4 of IEC 61000-4-6:2013
which are to be clamped at or to be inserted in the d.c. power cable connecting the d.c. power
source with the measurement arrangement for the EUT, see also Figure 7, 8 and 9 in
8.2.2.2.3. If a CDN according to IEC 61000-4-6 is used for decoupling purposes, its RF power
input port shall not be terminated with a 50 Q resistive load.

Connection is to be made to a suitable d.c. power source. The d.c. output voltage of this
power source shall be adjustable to provide a voltage level within the rated operation range
for the respective type of EUT.

NOTE 1 For supply of the EUT's d.c. power port under test, a dedicated laboratory d.c. power source, appropriate
(sets of) batteries or also other d.c. energy sources such as e. g. fuel cell modules can be used, provided that they
allow fof continuous and stable voltage, current, etc. necessary for power converters under rated output,operating
conditiops, throughout the measurement. \/

Care ghould be taken when selecting the laboratory d.c. power source and in ng it in the
measurement arrangement. It is recommended to select and install only ; a d.c.|power

sourcq which provides for a good galvanic insulation and also sufficient RF oupling ¢f both
d.c. ppower terminals from the laboratory reference ground plane.r\[n ernal decqupling
capacitors at the d.c. power source's terminals used for internal sup réssion of asymmjetrical
disturdances may provide an unwanted bypass for the commo de 150 Q termjnation
impedance of the DC-AN used for the measurements. This may e saturation effectq in the
mitigafion filter of the power converter under test, in particular, e operation frequengy (i.e.
the switching frequency) of the power converter and |t rmonics, which are disually
allocated in the range from 2 kHz to some 20 kHz. Sayéh@ed mitigation filters do hgwever
lead tq incorrect and invalid measurement results, sin e power converter is not operated
as int¢nded, during the measurements. For guida on prevention of saturation gffects
caused by the configuration of the test site, see |nf tion in Annex K.

Where| a particular type of d.c. power cabl%@ specified in the manufacturer's instgllation
instrugtions, this shall be used during teshg

For testing, a cable length as short aS}ossible shall be connected between the equ|pment
under fest and the DC-AN respectm&@e proximity of the boundary conditions defined apove.

Whereg| the equipment under?} has more than one d.c. power port of the same type, the
numbdr of d.c. power ports needed to operate the equipment at its rated power shall be
conne¢ted to the DC-AN the measurements. All other d.c. power ports shall be ternfinated
with & suitable 15(;& mmon mode termination impedance. Multiple ports galvgnically

conne¢ted in parall such as bus bars or strips for connection to multiple cables) are
considered to re 'nt one single port only.

NOTE 2| For other terminations, any suitable device can be used. This includes e.g. use of furthdr 150 Q

networkp acgording to CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q doupling/

decoupl n% ces (CDN) as defined in IEC 61000-4-6.
AN

Ancillary d.c. power ports shall be connected to an appropriate separate laboratory d.c. power
source or battery, via a suitable 150 Q common mode termination impedance.

NOTE 3 If a separate mains-connected laboratory d.c. power source is used, then it can be appropriate to also
insert another EMI filter in the connection to that power source. Diagrams showing suitable setups for the test site
are found in Annex J.

7.6 Load conditions of equipment under test
7.6.1 General

Load conditions of the equipment under test are specified in this subclause. Equipment not
covered by this subclause are to be operated so as to maximize the-interference disturbance
generated while still conforming with normal operating procedures as provided in the
operating manual of the equipment.
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7.6.2 Medical equipment
7.6.2.1 Therapeutic equipment using frequencies from 0,15 MHz to-300 400 MHz

All measurements shall be made under operating conditions as provided for in the operating
manual of the equipment. The output circuit to be used to load the equipment depends on the
nature of the electrodes with which it is to be used.

For equipment of the capacitive type, a dummy load shall be used for the measurements. The
general arrangement is shown in Figure 5. The dummy load shall be substantially resistive
and capable of absorbing the rated maximum output power of the equipment.

The two terminals of the dummy load shall be at opposite ends of the load and each ‘tgrminal
shall he joined directly to a circular flat metal plate having a diameter of 170 mm_£10 mm.
Measurements shall be made with each of the output cables and capacitivel eledtrodes
suppliegd with the equipment. The capacitive electrodes are to be disposed parallel [to the
circular metal plates at the ends of the dummy load, the spacing between them being adjusted
to produce the appropriate power dissipation in the dummy load.

Elevation ;@ Elevation
L
E
/.i.
Plane L Plane
Ry
HorizontalNead Vertical load

IEC

E = elg¢ctrode arms and cables

L = dummy load

Figure-3 5 — Disposition of medical (capacitive type) and dummy load-(see 76-4-1)

Measurements shall be made with the dummy load both horizontal and vertical (see Figure 5).
In eadh _case, the equipment, together with the output cables, capacitive electrodgs and
dummy load, shall be rotated around its vertical axis during measurements of electromggnetic
radiation disturbance in order that the maximum value can be measured.

NOTE The following arrangement of lamps has been found suitable for testing many types of equipment in the
power range tested:

a) nominal output power 100 W to 300 W:

four lamps 110 V/60 W in parallel, or five lamps 125 V/60 W in parallel;
b) nominal output power 300 W to 500 W:

four lamps 125 V/100 W in parallel, or five lamps 150 V/100 W in parallel.

For equipment of the inductive type, measurements shall be made using the cables and coils
supplied with the equipment for the treatment of the patient. The test load shall consist of
a vertical tubular container of insulating material, having a diameter of 10 cm, filled to a height
of 50 cm with a solution consisting of 9 g of sodium chloride to 1 litre of distilled water.
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The container shall be placed within the coil with the axis of the container coincident with the
axis of the coil. The centres of the coil and the liquid load shall also coincide.

Measurements shall be made at both maximum and half-maximum power and, where the
output circuit can be tuned, it shall be tuned to resonance with the fundamental frequency of

the-apparatus equipment.

All measurements shall be made under all operating conditions as provided in the operating
manual of the equipment.

7.6.2.2 UHF and microwave therapeutic equipment using frequencies
—_above 300 400 MHZ

Measurements shall be made-initiathy with the output circuit of the equipment connected to a
non-radiating resistive load-resister having the same value as the characteristi¢,impedgnce of
the cable used to supply the equipment load.

7.6.2.3 Ultrasonic therapy equipment

Measurements shall be made with the’transducer connected to the generator. The trangducer
shall He dipped in a non-metallic:¢container having a diameter of about 10 cm and fillgd with
distilled water.

Measurement shall be made at both maximum and half-maximum power and, where the
output| circuit can bel tuned, it shall be tuned to resonance and then detuned. The
specifications in the opérating manual of the equipment are to be considered.

NOTE [Fhe—measurement—of It is recommended to measure the maximum output |of the
equipment-shabld-be-made in accordance with the method published in IEC 61689 or ysing a
derivedl arrangement, if necessary.

7.6.3 Industrial equipment

The load used when industrial equipment is tested may be either the load used in service or
an equivalent device.

Where means for connecting auxiliary services such as water, gas, air, etc. are provided,
connection of these services to the equipment under test shall be made by insulating tubing
not less than 3 m long. When testing with the load used in service, the electrodes and cables
shall be disposed in the manner of their normal use. Measurements shall be made at both
maximum output power and at half-maximum output power. Equipment which will normally
operate at zero or very low output power shall also be tested in these conditions.

Industrial induction heating and dielectric heating equipment should be tested in a
configuration and with a load that is equivalent to actual or intended use. Where the
equipment may be configured for a variety of loads or the load is not available, the load as


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 RLV © IEC 2015 - 45—

specified in IEC 61922 for induction heating and IEC 61308 for dielectric heating equipment
may be used. Industrial resistance heating equipment shall be tested with or without the
charge, as specified by the manufacturer.

NOTE A circulating water load has been found suitable for many types of dielectric heating equipment.

Industrial microwave heating equipment shall conform to the limits of radiation in Clause 6
when loaded according to IEC 61307 or with a load used in practice. The load shall be varied
as required to produce maximum power transfer, frequency variation or harmonic variation
depending on the characteristics under examination.

7.6.4 Scientific, laboratory and measuring equipment

Scient|fic equipment shall be tested under normal operating conditions. Laboratofy and
measuring equipment shall be operated as intended. Any RF output ports shall be~ernfinated
in a matching non-radiating load.

7.6.5 Microwave cooking appliances

Microwave cooking appliances shall-conform-to-the limits-of radiationdn-Clause 6,-whenitested
be opgrated with all normal components such as shelves in place,.@nd with a load of 1 | of tap
water [nitially at 20 °C + 5 °C placed at the centre of the load-carrying surface provided|by the
manufacturer.

The water container shall be a cylindrical container~of borosilicate glass of an external
diamefer of 190 mm + 5 mm and a height of 90 mm +& mim, see also IEC 60705.

Eor ndak measurements above +=26GHz (Tabhle 14 or Table 15) measurements shall hal made
opPpeaMmeasStremetS avo Ve sz a6 14— OoF—abe1o 5MeasStremMetS—Sia—o e MaGe
wit tHhe azimu of thae ElUT/9¥vina everv 30° (cstartina nosition nernendicilar to t front
wi—tHeaZidthn—or— e e=o 1+ ~aryiRgeveryso—(SartiigpPostHoRperpenaicuiar—totheHOoRt
door) 1At each of thase 12 naditions 3 maximum-hold - shall he made for 3 neriod of 20 <
GOOoH A t+—EeaCH— o eSS L PCSHORAS T aa A HM-RO G Sahr—PeRaCe o a3 PeHOG O £L£o-S5-
Then lat the nositionwhete the maximum-—occurred—a maximum - -hold for g pneriod-ofl 2 min
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h e a a a a a mi ag ble /

Detailed information on the measurement procedure to be used in the frequency range above
1 GHz is found in 9.4.

7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz

Other equipment shall conform to the limits of radiation in Clause 6 when tested with a dummy
load consisting of a quantity of tap water in a non-conductive container. The size and shape
of the container, its position in the equipment and the quantity of water contained therein shall
be varied as required to produce maximum power transfer, frequency variation or harmonic
radiation depending on the characteristics under examination.
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NOTE

For arc welding equipment

N

equipment with a conventional load. Arc striking and stabilising devices shall be switched-eff
on during the emission measurements. The load conditions and the test configuration for arc

welding equipment are specified in IEC 60974-10.

For resistance welding equipment, the welding operation during the test is simulated by short-
circuiting the welding circuit. The load conditions and the test configuration for resistance

-2.

welding equipment are specified in IEC 62135

The start of the measurements according to this standard shall be delayed by up to 5 s after

the welding equipment under test has been taken into operation.
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7.6.8 ISM RF lighting equipment

ISM RF lighting equipment shall conform to the limits in 6.3 when tested as delivered by the
manufacturer under normal operating conditions. In case of ISM RF lighting equipment, the
EUT shall be operated until the magnetron oscillating frequency is stabilized. The start of any
measurement according to this standard shall hence be delayed by at least 15 min.

7.6.9 Medium voltage (MV) and high voltage (HV) switchgear

For equipment used in medium or high voltage switchgear, the start of any measurements
according to this standard shall be delayed until switching actions related to the main or
primary circuit are finished (e.g. switching actions of breakers or disconnectors).

Q}/

7.6.10/1 Connection to the laboratory a.c. mains or similar load ,\V,)

7.6.10| Grid connected power converters

The power converter under test shall be connected to the laboratory a.cﬂnains network via
the aftificial mains network (V-AMN) specified in 7.3.2.2, whene)\é\’possible. I such
conne¢tion is not possible or not intended, then the power conyerter under test dan be
connec¢ted to an appropriate resistive load and the laboratory a.cqg;ins network in parallel,
via thd artificial mains network (V-AMN) specified in 7.3.2.2. \%

Connelction to an appropriate resistive load is also recomméded for power converters|solely
intendgd for use in island low voltage a.c. mains installations which are not connected to an
other public low voltage a.c. mains power distrib network. For advice, conslit the
installation instructions of the manufacturer. \\
O

Alternatively the a.c. supply power for the lah ory d.c. power source can be taken from the
a.c. otput lines of the GCPC via the V-AMN*without connecting the resistive load. The |output
a.c. pdwer of the GCPC will be used to s&ntribute to the required d.c. input power fpr that
GCPC]J thus the resistive load is not nece$$ary in this case, see Figure J.1 in Annex J.

For sujtable test site configuratior@,}s’ee Annex J.

N
7.6.10{2 Connection to angt’ner appropriate load

For pdwer converters j ded to be supplied from a.c. power sources, the d.c. power port
under fest shall be ¢ cted to a suitable resistive load or other adequate energy storgge via
an 15Q Q artificial network (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to an
approgriate Ioa@ﬁn the rated operational range for the respective type of EUT.

O

NOTE [An e@ e of a type of GCPC intended to be supplied from an a.c. power source is a power cpnverter
intendeq f embly into an off-board charging station for electric vehicles (EV).

7.7 ecording of test-site measurement results
7.71 General

Any results obtained from measurements of conducted and/or radiated radio-frequency
disturbances shall be recorded in the test report. If the results are not recorded in a
continuous way and/or in graphical form over the frequency range observed, then the
minimum requirements to the recordings set out in 7.7.2 and 7.7.3 shall apply.

The test report shall contain a statement underlining that the measurement instrumentation
uncertainty (MIU)-as—specified—in was determined according to CISPR 16-4-2 and was also
considered when determining compliance with the limits for the tested individual equipment or
the number of items in the sample of series-produced equipment.
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The test report may include the numerical values of the MIU which the test laboratory has
determined for each test performed. If the uncertainty budgets specified in CISPR 16-4-2 are
exceeded, then the test report shall include the numerical values of the MIU of the test
instrumentation actually used.

7.7.2 Conducted emissions

Of those conducted emissions above (L —20 dB), where L is the limit level in logarithmic
units, the record shall include at least the disturbance levels and the frequencies of the six
highest disturbances in each observed frequency range from each mains port belonging to the
EUT. The record shall also include an indication upon which conductor of the mains port
carried the observed disturbance(s).

7.7.3 Radiated emissions

Of thope radiated emissions above (L — 10 dB), where L is the limit level in logarithmiqd units,
the reg¢ord shall include at least the disturbance levels and the frequencies 'of the six highest
disturjances in each observed frequency range. The record shall inclide the aptenna
polarization, antenna height and turntable rotation position if applicable for each reported
disturjance. In case of test site measurements, the measurement distance actually selected
and uged (see 6.2.2-er and 6.3.2;+respectively) shall also be recorded’in the test report.

8 Special provisions for test site measurements (9-kHz to 1 GHz)

8.1 Ground planes

A grouynd plane shall be used when making measurements on a test site. The relationship of
o .

0,;8-m-pbove-the-ground-plane. Except afdthe manufacturer’s intended grounding locatlons, a
floor qtanding EUT shall be insulated~from the ground plane by a dielectric material with
thickngss of up to 15 cm. Direct connection to earth (i.e. to the ground plane) shall be dpne

a) either according to the manvifacturer's instructions,

b) or,|if the equipment under test is fitted with a special earthing terminal, then this tgrminal
shall be connected te-garth (i.e. be bonded to the ground plane) with a lead as short as
pogsible, see alsokigure 4.

A groynd plane shall’ be used for radiation measurement and the measurement of-tdrminal
disturdance voltages. The requirements for the radiation test site are given in 8.3 and, for the
ground plane‘fer'the measurement of-terminal conducted disturbances-veltage, in 8.2.

are-not
oot

NOTE IFaorfthe laraer commercial-microwave ovens—itis necessarvto-ensure thatthe measurement resuylt
NOHE—[FORREe T ¥ HRefrca+Heroway VeRS,HHSHh SSary-to-ensurethattne-measurementresuit

affectedlbvrnear fiold aoffacts CISPR 16823 should ha consultad for auidance
7 =)

8.2 Measurement of-mains-terminal-disturbancevoltage conducted disturbances
8.2.1 General

For the EUT's earthing and grounding conditions as well as connection to the laboratory's
electricity supply network see 7.5.3.

The measurement of-the—mains—terminal-disturbance—voltage conducted disturbances—may

shall be carried out using one of the following three options:
a) on the radiation test site with the equipment under test having the same configuration as
used during the radiation measurement;

b) above a metal ground plane which shall extend at least 0,5 m beyond the boundary of the
equipment under test and have a minimum size of 2 m x 2 m; or
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c) within a screened room. Either the floor or one wall of the screened room shall act as the
ground plane.

Option a) shall be used where the test site contains a metal ground plane. In options b) and c)
the test unit, if non-floor-standing, shall be placed 0,4 m from the ground plane. Floor-
standing test units shall be placed on the ground plane, the point(s) of contact being insulated
from the ground plane but otherwise consistent with normal use. All test units shall be at least
0,8 m from any other metal surface.

The reference ground-plane terminals of the artificial networks (V-AMNs and DC-ANs) used
during the measurements shall be connected to the reference-earth-terminal-of-the \V-network
ground plane with a conductor as short as possible.

The ppwer and signal cables shall be oriented in relation to the ground plane jgs\a manner
equivalent to actual use and precautions taken with the layout of the cables to<“ensufe that
spurious effects do not occur.

When [the equipment under test is fitted with a special earthing tefminal, this shall be
conne¢ted to earth with a lead as short as possible.-When-no-—earthing-terminal-isfittgd,—the
Equipment without earthing terminal shall be tested as normally cennéected, i.e. any earthing
being pbtained through the mains supply.

8.2.2 Measurements on grid connected power convertérs
8.2.2.1 Measurement of the disturbance voltage atya.c. power ports

The disturbance voltage at the low voltage a.c. pdWwer port of the power converter shall be
measured using the usual method of measurement for disturbance voltages at a.c.|mains
ports, pee also CISPR 16-2-1.

The digturbance voltage at the ancillary. low voltage a.c. power port of the power convagrter, if
applicable, shall be measured using the* usual method of measurement for voltages pat a.c.
mains [ports, see also CISPR 16-2-1x

For power converters which cannot be measured with the V-network (V-AMN), the distufbance
voItagI at the low voltage a.C”’mains power port can be measured with the high-impgdance
voltageé probe according.to. CISPR 16-1-2:2014, Clause 5. In this case, the laboratofy a.c.
power|source shall be €dnnected directly to the a.c. power port under test. For conditjons of
use of|the high-impedance voltage probe, see 7.3.3.

Likewise, for measurements on power converters with a rated throughput power > 20 kVA, a
V-network (M*ANN) can be used as a voltage probe as specified in 7.4.4.3 of CISPR 16-2-
1:2014. THe jaboratory a.c. power source shall be connected to the a.c. power port under test
via an|inductance of 30 uH to 50 uH. The inductance may be realized by a choke, a|power
cable fengthof 50T, or an isotation transformer. A suitable measurement arrangement is
shown in Figure 8 and 9.

Compliance with the requirements of this standard can be shown in verifying that the limits of
the disturbance voltage at a.c. mains power ports specified in Table 2 or in Table 4 are met.

8.2.2.2 Measurement of the disturbance voltage at d.c. power ports
8.2.2.2.1 General

Measurements at d.c. power ports only need to be performed on GCPCs intended for
assembly into photovoltaic power generating systems.

Unless any specific operating condition is specified by the manufacturer, the input conditions
for the EUT shall be adjusted resulting in maximum disturbance voltage levels.
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NOTE The operating conditions, as defined by the manufacturer, are chosen to represent the worst case
emissions.

Power converters with a rated throughput power > 20 kVA shall be measured while they are
operated at an operational point for which feeding to the grid or providing output power to
another appropriate load is possible. The d.c. input voltage shall be within the rated operation
range.

Where the power converter is intended for connection to more than one d.c. power string and
consequently is furnished with more than one d.c. power port, measurements of the
disturbance voltage shall be performed in sequence at each of these ports. All other d.c.
power ports not used during the respective measurement shall be terminated with a suitable
150 Q fTTerti i ; 5372 i nically
conne¢ted in parallel (such as bus bars or strips for connection to multiple ¢
considered to represent one single port only. Q}’

e,

The disturbance voltage at the d.c. power port of the power converter s@l be measured
using the usual method of measurement for disturbance voltages at a.c’.\.ﬁlams power| ports,
see al$o CISPR 16-2-1. This implies the following: N :

e WHere unsymmetrical mode (UM) disturbance voltages are meQ ed, compliance with the
limjts shall be verified for both measured unsymmetrical dist nce voltage levels, j.e. for
the voltage levels measured from the plus terminal (pole(ty reference ground anfl from
thg minus terminal (pole) to reference ground. o

e WHere common mode (CM) and differential nﬁgé (DM) disturbance voltaggs are

mejasured, compliance with the limits shall be v? d for measured disturbance yJoltage
levgls of both modes, i.e. for the level of the c on mode (CM) disturbance voltage as
well as for the level of the differential mode (D@ disturbance voltage.

If the PDC-AN according to Annex | allows fon\‘@%asurement of UM, DM and CM disturbpnces,
then it|is sufficient to verify compliance wi@the limits either for UM disturbances (Method A),
or forl CM and DM disturbances (M @d B). The choice of the method used fpr the
measurement is left to the discretion e user of this standard.
b\

If the ipstallation instructions a panying the power converter contains information that the
d.c. pgwer port is solely inten for connection to

e a battery or other kin@f local d.c. power source and/or;

o if the power convi& and a battery or other kind of local d.c. power source is intenged for
incprporation i@ igher order final equipment (comprising of one or more enclosures);

then this port @?Be exempted from the measurement.

8.2.2.2. C)Measurement rocedure 1
1 :

8.2.2.2.2.1 General

The DC-AN is used as standardized 150 Q common mode termination of the EUT and as
decoupling network to the laboratory d.c. power source. A typical measurement arrangement
is shown in Figure 6.
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Figure 6 — Typical arrangement for measurement of conducted disturbancej
LV d.c. power ports with the DC-AN used as termination and decoupling uniit
to the laboratory d.c. power source

ance with the requirements of CISPR 11 can be shown in verifying that the linpits for

basurements on power converters with~a rated throughput power > 20 kVA, a PC-AN
used as voltage probe. For an adequate decoupling of the EUT from the d.c.|power
, the laboratory d.c. power soureg*shall be connected to the d.c. power port under test
ommon mode inductance of 90 uH to 150 uH. The common mode inductance may be
d by ferrite tubes, commonmnmode absorbing devices, or a CDN as specified in 6]2.4 of
000-4-6:2013. Since a GBN according to IEC 61000-4-6 is used only as a decqupling

network, its RF power input perf shall not be terminated with a 50 Q resistive load as shjpwn in

Figure
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It is up to the opepator of the laboratory to ensure that the measurement results obtained with such
ment arrangemen{S are not obstructed or invalidated by dominating disturbances from the laporatory
er source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power source| But be
pt to apply~{8o heavy additional common mode capacitive loading to the EUT. Further guidance on [suitable
ng of theNaboratory d.c. power source from the measuring arrangement can be found in Annex K.
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Figure 7 — Typical arrangement for measurement of conducted disturbances at
LV d.c. power ports with the DC-AN used as termination and voltage probe
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8.2.2.2.3.2 Measurement of the common mode (CM) disturbance voltage

Measurements of the disturbance voltage at the d.c. power port shall be carried out with the
DC-AN used as voltage probe, see Figure 7, 8 and 9.

With the DC-AN, the common mode disturbance voltage at the d.c. power port of the power
converter shall be measured.

8.2.2.2.3.3 Measurement of the common mode (CM) disturbance current

The common mode disturbance current at the d.c. power cable leading to the laboratory
d.c. power source shall be measured using a current probe according to R 16-1-

hall be taken in order not to alter the termination conditions of theAEUT| when
ing measurements with the current probe. The current probe shall,be located a
maximum of 30 cm away from the DC-AN. The current probe shall also be\in placg when
ing measurements of the CM disturbance voltage. A suitable measufement
ment is shown in Figure 8 and 9.

Ferrites/

AC mains Isolation .

,» CMAD/
(grid) __ transformer AC output Dc:input<_.i.‘%\1I
D e D=

P AMN Current probe DC-AN
| As a voltage probe 77;!77
Isolation
transformer As a voltage probe_‘

_@ DC power
source -
77Jm Current flow
1EQ

NOTE [x’ and ‘y’ denote(the spacing between the current probe and the DC-AN, and the DC-AN and the ferrite
tube(s) | CMAD / CDN, fespectively. Spacing x is < 0,3 m and y is 0,1 m.

Figure 8 — Typical arrangement for measurement of conducted
disturbances at LV d.c. power ports with the DC-AN used as voltage
probe and with a current probe — 2D diagram
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Figune 9 — Typical arrangement for measurement®©@f‘¢onducted disturbances at LY d.c.
power ports with a DC-AN used as voltage proberand with a current probe — 3D diagram

8.2.2.3.3.4 Compliance criteria

For mg¢asurements according to Figure 8;¢ompliance with the limits shall be verified for the
measured common mode disturbance woltage and the measured common mode distufbance
currenf. The EUT meets the requirenrents of CISPR 11 if it can be shown that it meefs both
the limlits of the disturbance voltage and the disturbance current specified in Table 3.

8.2.3 Handheld equipment.which are normally operated without an earth conne¢tion

For this equipment additional measurements shall be made using the artificial hand degcribed
in 7.3.p.

The artificial hand-shall be applied only on handles and grips and those parts of the appliance
specified as such by the manufacturer. Failing the manufacturer's specification the artificial
hand shall be applied in the following way.

} shat—be—wtapped
etachable, supplied with

The gerneral-prineiple—in—applyingthe—artificial hand—is—that-the—meta
around all handles (one artificial hand per handle), both fixed and d
the equipment.

Metalwork which is covered with paint or lacquer is considered as exposed metalwork and
shall be directly connected to the terminal M of the RC element.

When the casing of the equipment is entirely of metal, no metal foil is needed, but the
terminal M of the RC element shall be connected directly to the body of the equipment.

When the casing of the equipment is of insulating material, a metal foil shall be wrapped
around the handles.

When the casing of the equipment is partly metal and partly insulating materials, and has
insulating handles, a metal foil shall be wrapped around the handles.
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8.3 Radiation test site for 9 kHz to 1 GHz
8.3.1 General

The radiation test site-forlSM-equipment shall be flat, free of overhead wires and nearby
reflecting structures, sufficiently large to permit adequate separation between the antenna,
test unit and reflecting structures.

A radiation test site which meets the criteria is within the perimeter of an ellipse having a
major axis equal to twice the distance between the foci and a minor axis equal to the square
root of three times of this distance. The equipment under test and the measuring equipment
are placed at each of the foci respectively. The path length of any ray reflected from an object
on the[ perimeter of this radiation fest site will be twice the Tength of the direct path]length
betweg¢n the foci. This radiation test site is depicted in Figure 10.

Major diameter = 2F

7 Minor diameter = V3F .
/I \\
/ \
7 \
1 \
) \
I / F \
] 7/ 1
\ 1
\ Antenna Test unit /
\ ’,
AN Boundary of area defined by /
N . d
S an ellipse. Volume above earth L7
“~_ to be free of reflecting objects! L7
_______________________ B IEC

‘ NOTE [hecharacteristics—ofthetestsiteare deseribed-in—8-3- For the values of F (measuring distarce) see
Clause 6.

Figure-1 10 — Test site

For the 10 m test site,)the natural ground plane shall be augmented with a ground plane of
metal which shall extend at least 1 m beyond the boundary of the equipment under test|at one
end and at least’4"m beyond the measurement antenna and its supporting structure|at the
other gnd (see JFigure 11). The ground plane shall have no voids or gaps other than any
perforations which do not exceed 0,1 A at 1 GHz (about 30 mm).

IEC

D = (d+ 2) m, where d is the maximum test unit dimension
W = (a+ 1) m, where a is the maximum dimension of the antenna
L =-10-m measuring distance in metres

Figure-2 11 — Minimum size of metal ground plane
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8.3.2

— 55 —

Validation of the radiation test site (9 kHz to 1 GHz)

Test sites shall be validated according to CISPR 16-1-4 in the frequency ranges where the
standard defines requirements.

8.3.3

Disposition of equipment under test (9 kHz to 1 GHz)

For the EUT's earthing and grounding conditions as well as connection to the laboratory's
electricity supply network see 7.5.3.1 or 7.5.3.2.

If it is possible to do so, the equipment under test shall be placed on a turntable. The

separa
horizo

tion between the equipment under test and the measuring antenna shall

e the

ntal distance between the reference point of the measuring antenna and the\n

earest

part of|the boundary of the equipment under test in one rotation.

8.3.4 Radiation measurements (9 kHz to 1 GHz)

The separation distance between the antenna and the equipment under’test shall |be as
specified in Clause 6. If the field strength measurement at a certain“frequency canpot be
made | at the specified distances because of high ambient.{neise levels (sepe 7.2),
measurements at this frequency may be made at a closer distanCe but not less thah 3 m.
When | this is done, the test report shall record the distance actually used and the
circumstances of the measurement. ieptesi—s&e—measwementsqn—the—#equeneyw
Sl 2= an lnore s secoorionallhe foslor D0 desop coende cnall boowpocl Lo
mernepEo—tho—roaournedate Lo e spec:.ied distanse e e e
e B e R e e E L e e
field-effects. Fortest site measurements-in-the frequency range below 30-MHz the conversion
factordeviates from-20-dB per decade-In-thiscase,the appropriate-limits-set out-in-Tlable 9
For equipment under test located on a tutntable, the turntable shall be rotated fully [with a
measurement antenna oriented for both” horizontal and vertical polarization. The highest
recorded level of the electromagnetic radiation disturbance at each frequency sHall be
recorded.

For equipment under test net’/located on a turntable the measurement antenna shall be
positioned at various points_in azimuth for both horizontal and vertical polarization. Carpe shall
be taken that measurements be taken in the directions of maximum radiation and the highest
level at each frequency,be recorded.

NOTE |At each azifmuthal position of the measurement antenna the radiation test site requirements spefified in
8.3.1-shpuld-be afe met.

8.4 |Alternative radiation test sites for the frequency range 30 MHz to 1 GHz
Measurementsmay be—corductedperformed—onm radiation—testsites—which—do ot +ave the

physical characteristics described in 8.3. Evidence shall be obtained to show that such
alternative sites will yield valid results. An alternative radiation test site in the frequency range
30 MHz to 1 GHz is acceptable if the horizontal and vertical site attenuation measurements
made as per 5.2.6 of CISPR 16-1-4:2010/AMD 1:2012 are within =4 dB of the theoretical site
attenuation as given in Tables 1 or 2 of CISPR 16-1-4:2010/AMD 1:2012.

Alternative radiation test sites shall allow for, and be validated for, the measurement distance
in the frequency range 30 MHz to 1 GHz specified elsewhere in Clause 6 and/or Clause 8 of
this standard.
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9 Radiation measurements: 1 GHz to 18 GHz

9.1

Test arrangement

The equipment under test shall be placed on a turntable at a suitable height. Power at the
nominal normal voltage shall be supplied. For the EUT's earthing and grounding conditions as
well as connection to the laboratory's electricity supply network see 7.5.3.

9.2

Receiving antenna

The measurements shall be made with a directive antenna of small aperture capable of
diated

making separate measurements of the vertical and horizontal components of the ra

field. The height above the ground of the centre line of the antenna shall be the same

height

of the approximate radiation centre of the equipment under test. The distance bg

the regeiving antenna and the EUT shall be 3 m.

9.3

Validation and calibration of test site

Test sites shall be validated according to CISPR 16-1-4.

Test cli
S5t

as the
tween

measy

9.4 Measuring procedure

9.4.1

The m
shall n

consu
subse
under
test is

General

basurements shall take place in free-space conditions, i.e. the reflections on the
ot influence the measurements, see CISPR 16-1-4.

ed for guidance. Measurements shall be made with the antenna in both horizonf
uently vertical polarization:tn both cases, the turntable with the-appliance equ
test shall be rotated. It ,shall be ascertained that, when the-apparatus equipment
switched off, the level 'of background noise is at least 10 dB below the referenc

The gleneral measuring procedure above 1 GHz specified in CISPR 16-2-3 should be
[

since ¢therwise the reading.may be significantly affected.

jround

al and
pment
under
B limit,

Pag
e+

-

A aiah

(]

ch
St

P

o}

n

A flow

chart showing the measurement procedure is shown in Figure 12.
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Preliminary peak measurement (9.4.3)
(20 s, every 30 °)

i

Final peak measurement (9.4.4.1)
(Table 13, 120 s)

Peak < Table 13
limits?

Final APD weighting (9.4.4.2.3)
R (Table 15)
Choice of the user of the standard at two spot frequencies f
and f; = 5 MHz
l where Peak > TablenI3 limits

Final Log-AV weighting (9.4.4.2.2)
(Table 14, VBW = 10 Hz)
at frequencies
where Peak > Table 13 limits

Yes 10" Value
< Table 15

limits?

Peak < Table 14
limits?

y

Figure-5 12 — Decision tree for the measurement of emissions from 1 GHz to 18

9.4.2

For m
measu

For all

During
power

Some
long ti

1

of-class-B; group 2-ISM equipment'operating at frequencies above 400 MHz

Operating conditions of the EUT

crowave ovens, a warm-gp--period of at least 5 min shall be performed befd
rement.

measurements théswstarting phase of the EUT (a few seconds) is to be ignored.

the measuremeénts, the microwave oven under test is operated at maximum mic
setting.

micrewave ovens automatically turn to an intermittent operation mode if operate
me at’their highest microwave power setting. In such cases the measurement s

| Fail I | Pags | | Fail I

re the

owave

0 for a
hall be

stopp

d™or a while to allow cooling down until the microwave oven is able to operat

max power setting without intermittence.

at its

During the measurement, the water load should be exchanged to cold water before it starts to
boil. For load conditions of microwave ovens during the measurements see also 7.6.5.

9.4.3

Preliminary measurement

The preliminary measurement comprises of a series of measurements with the peak detector.
Peak measurements in the frequency range above 1 GHz (see Table 13) shall be the result of
a maximum hold measurement with the spectrum analyzer. The purpose of the preliminary
measurement is to identify the position (azimuth) of the EUT in relation to the measuring
antenna which results in maximum emissions for each frequency identified.
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To find the direction of the maximum emission, peak measurements in the range above 1 GHz
shall be made with the azimuth of the EUT varying every 30° (starting position perpendicular
to the front surface plane of the EUT, e.g. in a position perpendicular to the front door, in case
of microwave ovens). At each of these 12 positions, a measurement in maximum-hold mode
shall be made for a period of at least 20 s. Then, at the azimuth position of the EUT where the
maximum emission occurred, the final measurement shall be performed.

9.4.4 Final measurement
9.4.4.1 Peak measurement

Peak measurements shall be performed over the whole frequency range 1 GHz to 2,4 GHz
and 25 GHz 1o 18 GHz with the EUT positioned as identified during the preliminary
measurement. At this azimuth position, a maximum hold measurement for a perioc&i{ t least
2 min |shall be made for both polarizations, i.e. with the antenna oriented su@e siyely in
horizoptal and in vertical polarization. '\Q.)
Q

The ohtained measurement result(s) shall be compared to the peak limit ‘{&'Table 13)

N
If the EUT passes the peak measurement, then the final test resuthQﬁASS, see Figure|12.

If the EUT does not pass the peak measurement in the satelli@}adio broadcasting frequency
range [11,7 GHz to 12,7 GHz, then the final test result is FAI&\see Figure 12.

9.4.4.4 Weighted measurement QQ<<
9.4.4.31  General 3>

b

In casfes where readings obtained during k@@beak measurement in the ranges 1 GHz to
11,7 QHz and 12,7 GHz to 18 GHz exceed the'limits specified in Table 13 an additionalfseries
of medsurements with a weighting functig@ all be performed.

For demonstration of the fluctuatin@nature of a disturbance, two alternative methdds for

weighted measurements are avai&ble, see also decision tree in Figure 12.
N

In any situation where it is hecessary to re-test the equipment, the measuring method

originglly chosen shall b@sed in order to ensure consistency of the results.

9.4.4.2.2 Log- Vgaeighting according to Table 14

Weighted meﬁéments with the Log-AV method (see Table 14) shall be performed|at the
azimuth po of the EUT where the maximum peak emission occurred during the
prelimina easurement. A minimum of 5 consecutive sweeps in max-hold mode shall be
perfor

These weighted measurements shall be performed with the spectrum analyzer in logarithmic
display mode (using the logarithmic amplifier, not a mathematical unit conversion of the
displayed values).

NOTE A video bandwidth of 10 Hz together with logarithmic—valses amplification provides a level closer to the
average level of the measured signal in logarithmic values. This result is lower than the average level that would
be obtained in linear mode.

In preparation of the final measurement, the whole frequency range shall be divided into
7 sub-ranges from 1 GHz to 18 GHz according to Table 18.

For every sub-range where the EUT did not meet the limits of Table 13 identify the frequency
of the highest emission level from the peak measurements. These frequencies are the centre
frequencies to be used for the series of weighted measurements.
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Table 18 — Frequency sub-ranges to be used for weighted measurements

Measu
where
the prd

Comp4

If the
final tg

9.4.4.3

As an
the az
found
followi

where
range
17 995

Comp4

Harmonics of 2,45 GHz, Frequency sub-ranges

Order no. GHz

Not defined 1,005 to 2,395
2 2,505 to 6,125 2
3 6,125 to 8,575
4 8,575 to 11,025
5 11,025 to 13,475
8. 1’2’A7R io. 1‘-'\’0')1-'\
7 15,925 to 17,995 A

@ Measurements in the ISM band 5,720 GHz to 5,880 GHz are excluded, see ~\/
Table 1. R

>
rements with the Log-AV weighting function shall be perfornf&ttj\]n the sub-
the EUT did not meet the limits of Table 13 around the cent Qf-:equencies ident
vious step, within a frequency span of 10 MHz. é&
O
re the measurement results to the limits of Table 14. S\
FUT passes the measurement with the Log-AV @fﬁqhting function (Table 14), th
st result is PASS, see Figure 12. Q
A\

S

.3 APD weighting according to Taqg; 5

"N
plternative t0 9.4.4.2.2, an APD mea s?ément for a period of 30 s shall be perfor
muth of the EUT and the polariza@:)f the antenna where the maximum emissig
during the preliminary peak measurements. Measurements shall be made

ng 6 frequencies (see Figure &Q;
ST \\0 Js2;
fs1+~ Hz, f52+ 5 MHz,
5 MHz, fso— 5 MHz,

fs1 is the fr qgéncy with the highest peak emission in the 1005 MHz to 2 39
and fgo '\&he frequency with the highest peak emission in the 2505 M
MHz ra@ (but outside the band 5720 MHz to 5 880 MHz).

anges
fied in

en the

med at
n was
at the

5 MHz
Hz to

r(égé measurement results to the limits of Table 15.
N

If the EUT passes the measurement with the APD weighting function (Table 15), then the final
test result is PASS, see Figure 12.

10 Measurement in situ

For equipment which is not tested on a radiation test site, measurements shall be made after
the equipment has been installed on the user's premises. Measurements shall be made from
the exterior wall outside the building in which the equipment is situated at the distance

specifi

edin 6.4.
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The number of measurements made in azimuth shall be as great as reasonably practical, but
there shall be at least four measurements in orthogonal directions, and measurements in the

performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further advice for
direction of any existing radio systems which may be adversely affected.

Measurements in situ at the place of operation of the equipment to be assessed shall be
in situ measurements is also found in CISPR TR 16-2-5 [2] 3.

is necessary to ensure that the

it

measurement results are not affected by near field effects. CISPR 16-2-3 should be consulted

for guidance.

larger commercial microwave ovens
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, the
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a 3 4 5 6 7 8 9 10 14 12
P 204 169 152 142 135 130 127 1.24 121 120
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oo+

pasurement uncertainty \s'Q@

pining compliance with the limits; %ﬁls standard shall be based on the results

Detern of the
complignce measurements, taking “Ato account the considerations on measufement
instrumentation uncertainty. \,O

OF

Ny
Wrorgl

S

Where| guidance for C?calculation of the instrumentation uncertainty of a measurement is
specified in CIS -4-2 this shall be followed, and for these measuremenis the
determination o pliance with the limits in this standard shall take into consideration the
measurement rumentation uncertainty in accordance with CISPR 16-4-2. Calculatijons to
determine measurement result and any adjustment of the test result required when the
test la

be incl

DO y uncertainty is larger than the value for Uggpr given in CISPR 16-4-2 shTII also

in the test report.

NoTE For in situ measurements, the contribution of uncertainty due to the site itself is

exclud

ed from the uncertainty calculation.

NOTE When performing measurements at distances less than 10 m, higher measurement uncertainties may have
to be taken into account.

de—lemesone Hleseebote
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Annex A
(informative)

Examples of equipment classification

Many—tSM types of equipment in the scope of this standard contain two or more types of
interference sources, for example an induction heater might incorporate semiconductor
rectifiers in addition to its heating coil. For testing purposes the equipment is to be defined in
terms of the purpose for which it was designed. For example, the induction heater
incorporating semiconductor rectifiers is to be tested as an induction heater (with all
disturbances meeting the prescribed limits whatever the source of disturbance) and is not to
be tested as if it were a semiconductor power supply.

The stpndard gives general definitions of group 1 and group 2-tSM equipment and for [official
purpoges the group to which a particular piece of apparatus belongs shall be identified from
these definitions. It will, however, be helpful to users of the standard to have.a comprehjensive
list of fypes of apparatus which have been identified as belonging to a particular group. This
will aldo help in developing the specification where variations in test proecedures may be found
by experience to be necessary in dealing with specific types of apparatus.

The fo|lowing lists of group 1 and group 2 equipment are not exhaUstive.
Group|1

Group|1 equipment: group 1 contains all equipment.inithe scope of this standard which| is not
classifjed as group 2 equipment.

General: Laboratory equipment
Medical electrical equipment

Scientific equipment

Semiconductor converters

Industrial electroheatifng equipment with operating frequencies less than
or equal to 9 kHz

Machine toals

Industrial process measurement and control equipment

Semijconductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow meters,
spectrum analysers, weighing machines, chemical analysis machines, eleftronic
microscopes, switched mode power supplies and semiconductor conyerters
(when not incorporated in an equipment), semiconductor rectifiers/inverters, grid
cofrectedpower—converters{(GEP G —resistanee-heating—equipmentwith—obuilt-in
semiconductor AC power controllers, arc furnaces and metal melting ovens,
plasma and glow discharge heaters, X-ray diagnostic equipment, computerised
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

Group 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency energy
in the frequency range 9 kHz to 400 GHz is intentionally generated and used or only used
locally, in the form of electromagnetic radiation, inductive and/or capacitive coupling, for the
treatment of material, for inspection/analysis purposes, or for transfer of electromagnetic
energy.
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General:

Microwave-powered UV irradiating apparatus
Microwave lighting apparatus

Industrial induction heating equipment operating at frequencies above 9 kHz

Inductioncockers

Inductive power transfer / charging equipment 2
Dielectric heating equipment
Industrial microwave heating equipment

Microwave ovens

Detailg

pd:

Medical-elestrical-equipment

Electric welding equipment

Electro-discharge machining (EDM) equipment
Demonstration models for education and training

2 Inductive or capacitive power transfer apparatus normally subject to GISPR 11, but forn]

of equipment subject to other CISPR standards is excluded from thexscope of CISPR 11[.

Metal melting, billet heating, component heating, soldering and brazin
welding, arc stud welding, resistance welding, spat welding, tube w
industrial laser oscillator exited by high-frequeihcy discharge, wood

ing part

g, arc
elding,
gluing,

plastic welding, plastic preheating, food processing; biscuit baking, food thawing,

paper drying, textile treatment, adhesive curing) material preheating, shor
diathermy equipment, microwave therapy equipment, magnetic resd
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equi
crystal zone refining, demonstration models of high-voltage Tesla transfo
belt generators, etc.

[-wave
nance
bment,
rmers,
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Annex B
(informative)

Precautions to be taken in the use
of a spectrum analyzer (see 7.3.1)

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
directly to a broadband mixer, where it is heterodyned to a suitable intermediate frequency.
Microwave spectrum analyzers are obtainable with tracking radio-frequency pre-selectors
which automatically follow the frequency being scanned by the receiver. These analyzers
overcome to a considerable degree the disadvantages of attempting to measure the
amplitlﬂdes of harmonic and spurious emissions with an instrument which can generate such

components in its input circuits.

In orde¢r to protect the input circuits of the spectrum analyzer from damage when megsuring
weak disturbance signals in the presence of a strong signal, a filter should-be provided| in the
input tp give at least 30 dB of attenuation at the frequency of the strong.signal. A number of
such filters may be required to deal with different operating frequencies.

Many microwave spectrum analyzers employ harmonics of the loCal*oscillator to cover Various
portions of the tuning range. Without radio-frequency pre-selection, such analyzers may
display spurious and harmonic signals. It thus becomes difficult to determine whefther a
displayed signal is actually at the indicated frequency, or s generated within the instrument.

Many ¢vens, medical diathermy equipment and other microwave ISM-apparatus RF equ[pment
receive their input power from rectified a.c. but unfiltered energy sources. Consequently, their
emissipns are simultaneously modulated in amplitude and frequency. Additional AM and FM
are calised by the movement of stirring device$\used in ovens.

These|emissions have spectral line components as close together as 1 Hz (due to modjlation
by the|oven stirring device), and 50 Hz or 60 Hz (due to the modulation at mains freqyency).
Considering that the carrier frequency is generally rather unstable, distinguishing| these
spectral line components is not feasible. Rather, it is the practice to display the envelope of
the trde spectrum by employing* an analyzer bandwidth which is larger than the frequency
intervgl between spectral conponents (but as a rule small in relation to the width [of the
spectral envelope).

When [the analyzeribandwidth is wide enough to contain a number of adjacent spectra| lines,
the infdicated peak: value increases with bandwidth up to the point where the analyzer
bandwijdth is comparable to the width of the spectrum of the signal. It is essential, thefefore,
to obtpin agreement to use a specified bandwidth in order to compare the ampjitudes
displayed by different analyzers when measuring emissions typical of present heating and
therapputic devices.

It has been indicated that many oven emissions are modulated at a rate as low as 1 Hz. It has
been observed that the displayed spectral envelopes of such emissions are irregular,
appearing to vary from scan to scan, unless the number of scans per second is low compared
with this lowest frequency component of the modulation.

A suitable rate for investigation of the emission may require 10 s or more to accomplish one
scan. Such low scanning rates are not suitable for visual observation unless suitable storage
is employed, such as that provided by a storage-type cathode ray tube, a photograph, or a
chart recording device. Some attempts have been made to increase the useful scanning
frequency by removing or stopping the stirring devices in the oven. However, this may be
considered unsatisfactory because the amplitude, frequency and shape of the spectrum are
found to vary with the position of the stirrers.
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Annex C
(normative)

Measurement of electromagnetic radiation disturbance
in the presence of signals from radio transmitters

For equipment under test having a stable operating frequency so that reading of the CISPR
quasi-peak measuring receiver does not vary more than +0,5 dB during measurement, the
electric field strength of the electromagnetic radiation disturbance can be calculated
sufficiently accurately from the expression:

11_ 11 11
Eg'=EM - E

Eq is|the electromagnetic radiation disturbance (nV/m);
E, is|the measured value of electric field strength (uV/m),

E, is|the electric field strength of the radio transmitter signal (uV/m)«

The formula has been found to be valid when unwanted signals-are from AM or FM sound and
televisjon transmitters having a total amplitude up to. twice the amplitude o¢f the
electrgmagnetic radiation disturbance which is to be measured.

It is advisable to restrict the use of the formula to cdases where it is not possible to avoid the
disturing effect of radio transmitters. If the frequency of the electromagnetic ragliation
disturbance is unstable then a panoramic receiver"or spectrum analyzer should be used, and
the formula is not applicable.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 66 — CISPR 11:2015 RLV © IEC 2015

Annex D
(informative)

Propagation of interference from industrial radio-frequency
equipment at frequencies between 30 MHz and 300 MHz

For industrial radio-frequency equipment which is situated on or near ground level, the
attenuation of the field with distance from source, at a height of between 1 m and 4 m above
ground, depends on the ground and on the nature of the terrain. A model for electric field
propagation above plane-earth in the region from 1 m to 10 km from the source is described

in [15]

Althou
attenu

coeffidient can be taken for the frequency range 30 MHz to 300 MHz.

As grqund irregularity and clutter increase, the electromagnetic fields~are will be re

becau

scattel

from t
built-u

averade value of n=2,2 can be used for approximate estimations. Large deviati
measured values of field strengths from those’ predicted from the average

streng

appro¥imately log-normal distribution. The polarization of the field cannot be predicted.
resulty are in agreement with measurements inn@’number of countries.

The sdreening effect of buildings on the-radiation is a very variable quantity, depending

materi
withou
radiati

Gener
more t

4 Figu

4-

gh the influence of the nature of the ground, and of the obstacles on it, on‘the
htion of the electromagnetic wave increases with frequency, an average“atter]

te of shadowing, absorption (including attenuation caused by buildings and veget

b urban areas. It seems from the different measurements for all kinds of terrain

h/distance law occur, with standard deviations of up to about 10 dB

[ windows, the attenuation depends on their thickness relative to the wavelength
bn and an increase in attenuation with frequency may be expected.

blly, however, it is considered unwise to expect buildings to give protection of
han 10 dB.

actual
uation

duced
ation),

ing, divergence and defocusing of the diffracted waves [16}.)The attenuation can then
be degcribed only on a statistical basis. For distances from the source greater than 30
expecﬂ‘ed or median field strength at a defined height varies as /D" where D is the di

m, the
stance

e source, and » varies from about 1,3 for open country areas to about 2,8 for :I\eavily

hat an
bns of

field
in an
These

on the

hl of the buildings, the wall thickness and the amount of window space. For solig walls

of the

much

res in square brackets refer to the Bibliography.
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Annex E
(informative)

Recommendations of CISPR for protection
of certain radio services in particular areas

Introduction General

The ITU develops usage provisions aiming at the efficient use of the radio frequency spectrum
and local control of radiated RF disturbances at the place of operation of individual

ISM R
industi
Internd
the og
"partic
regard
may d
conditi

E.2

ISM R

- applications. The respective provisions of the ITU relating to usual residential
ial environments are recognised by CISPR and incorporated into the main body
tional Standard. Apart from these provisions, additional ITU provisions may ap|
eration and use of individual ISM RF applications in particular envirohments,
ular areas", which are not addressed in the main body of this standard. The

5 these ITU provisions and their national derivatives as recommendations sinc
nly apply to individual ISM RF applications used in particular areas under

ons.

Recommendations for protection of safety-relatéd radio services

- equipment should be designed to avoid fundaméntal operations or radiation o

and/or
of this
ply for
i.e. in
CISPR
e they
in situ

f high-

level spurious and harmonic signals in bands used fof\safety-related radio services. A list of

these

NOTE
may car

pands is provided in Annex F.

be required to meet the limits specified in Table(E.1.

For the protection of specific safety-related radigrservices, in particular areas, an individual insftallation

Table| E.1 — Limits for electromagnetic radiation disturbances for in situ measurements

to protect specific safety-related radio services in particular areas

Measuring distance D from the outef face
Limits of the exterior wall-of outside the bdilding
in which the equipment is situated
Frequency range
Electric field Magnetic field
MHz Distance D
Quasi-peak Quasi-peak
m
dB(uV/m) dB(pnA/m)
0,483 5 - 0,526 5 - 13,5 30
74,6 — 7534 30 - 10
108(— 137 30 - 10
242,95 - 243,05 37 - 10
328,6 — 335,4 37 - 10
960 — 1 215 37 - 10

E.3

Recommendations for protection of specific sensitive radio services

For the protection of specific sensitive radio services, in particular areas, it is recommended
to avoid fundamental operations or the radiation of high level harmonic signals in the bands.
Some examples of these bands are listed for information in Annex G.

NOTE For the protection of specific sensitive services, in particular areas, national authorities-may can request
additional suppression measures or designated separation zones for cases where harmful interference may occur.
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Annex F
(informative)

Frequency bands allocated for safety-related radio services

CISPR 11:2015 RLV © IEC 2015

Fresll:'ezncy Allocation/use
0,010 - 0,014 Radionavigation (Omega on board ships and aircraft only)
0,090 - 0,11 Radionavigation (LORAN-C and DECCA)
0,283 5-10,526 5 Aeronautical radionavigation (non-directional beacons)
0,489 - 0,519 Maritime safety information (coastal areas and shipboard only)
1,62 = ‘I,GG RG\J‘;UIIGV;HG“UII \LURA?‘I"A IUH;UII 3 UII:y, budbtd: arcds dllu‘ UTT ILJUGIU‘ D:I;pb Ull:y
2,113 5-2,190 5 Mobile distress frequency
2,09Q 55 - 2,091 05 Emergency position indicating radio beacon (EPIRB)

3,021 5-3,027 5
4,12 - 4,210 5
5,678 5-5,684 5
6,12 - 6,314
8,088 — 8,417
12,287 - 12,579 5
16,417 — 16,807
19168 — 19,681
22,3155 -22,376 5
29,1 - 26,101
14,6 — 75,4
08 — 137

156, — 156,837 5

242,9 — 243,1
348,6 — 335,4
399,9 — 400,05
406 — 406,1
960 — 1 238
1800 - 1350
1544 — 1545
1545 - 1559
1$559-1610
16[10-1625,5

1645,5 - 1646,5

1646,5 - 1 66055

Aeronautic mobile (search and rescue operations)

Mobile distress frequency

Aeronautic mobile (search and rescue operations)

Mobile distress frequency

Mobile distress frequency

Mobile distress frequency

Mobile distress frequency

Maritime safety information (coastal areas and shipbeard only)
Maritime safety information (coastal areas and shipboard only)
Maritime safety information (coastal areas and(shipboard only)
Aeronautical radionavigation (marker beacons)

Aeronautical radionavigation (108 MHzto\118 MHz VOR, 121,4 MHz to 123,5 MH
distress frequency SARSAT uplink, 118{MHz to 137 MHz air traffic control)

Maritime mobile distress frequency.

Search and rescue (SARSAT uplink)

Aeronautical radionavigation«(kS glideslope indicator)
Radionavigation satellite

Search and rescue (emergency position-indicating radio beacon (EPIRB), SARSA
uplink)

Aeronautical radiopayvigation (TACAN), air traffic control beacons

Aeronautical radionavigation (long range air search radars)

Distress frequency-SARSAT downlink (1530 MHz to 1544 MHz mobile satellite
downlink may.'be pre-empted for distress purposes)

Aeronautical mobile satellite (R)

Aeronautical radionavigation (GPS)

Aeronautical radionavigation (radio altimeters)

Distress frequency-uplink (1626,5 MHz to 1645,5 MHz mobile satellite uplink ma
pre-empted for distress purposes)

Aeronautical mobile satellite (R)

y be

2 Y00 -2 900 Aeronautical radionavigation (terminal air traffic control radars)

2 900 —-3100 Aeronautical radionavigation (radar beacons — coastal areas and shipboard only)
4 P00 ~4400 Aeronautical radionavigation (altimeters)

5000.= 5 250 Aeronautical radionavigation (microwave landing systems)

5350 - 5 460 Aeronautical radionavigation (airborne radars and beacons)

5600 - 5 650 Terminal Doppler weather radar — wind shear

9 000 -9 200 Aeronautical radionavigation (precision approach radars)

9 200 - 9 500 Radar transponders for maritime search and rescue. Maritime radar beacons and

13 250 — 13 400

radionavigation radars. Airborne weather and ground mapping radar for airborne
radionavigation, particularly under poor visibility conditions

Aeronautical radionavigation (Doppler navigation radars)
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Annex G
(informative)

Frequency Allocation/Use
MHz
0,1357 -0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
50 — 400 Amateur Radio Service
q,25 - 5,45 Amateur Radio Service
71,00 — 7,30 Amateur Radio Service
10,00 - 10,150 Amateur Radio Service
13,36 - 13,41 Radio astronomy
14,00 — 14,35 Amateur Radio Service
18,p68 — 18,168 Amateur Radio Service
21,00 — 21,45 Amateur Radio Service
2489 — 24,99 Amateur Radio Service
25,5 - 25,67 Radio astronomy
28,00 — 29,7 Amateur Radio Service
29,3 - 29,55 Satellite downlink (Amateur Radio Satellite<Service)
37,5 - 38,25 Radio astronomy
50 — 54 Amateur Radio Service
70,0 - 70,5 Amateur Radio Service
73 - 74,6 Radio astronomy
37 - 138 Satellite downlink
44 — 146 Amateur Radio Service
185,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigation satellite downlink
P40 — 285 Satellite downhink
3p2 - 328,6 Radio astfonemy
400,05 - 400,15 Standard frequency and time signal
400,15 - 402 Satellite downlink
102 - 406 Satellite uplink 402,5 MHz
406,1 - 410 Radio astronomy
130 — 440 Amateur Radio Service
135 — 438 Satellite downlink (Amateur Radio Satellite Service)
08 + 614 Radio astronomy
1 15521 240 Satellite downlink
1240 -1 300 Amateur Radio Service
1260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1710 1 660 MHz to 1 668,4 MHz: Radio astronomy
1 668,4 MHz to 1 670 MHz: Radio astronomy and radiosonde
1 670 MHz to 1 710 MHz: Satellite downlink and radiosonde
1718,8 -1 7222 Radio astronomy
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Frequency bands allocated for sensitive radio services (/ist continued)

Frequency Allocation/Use
MHz
2 200 -2 300 Satellite downlink
2 320 - 2 450 Amateur Radio Service
2 310 - 2 390 Aeronautical flight test telemetry
2 655 -2 900 2 655 MHz to 2 690 MHz: Radio astronomy and satellite downlink
2 690 MHz to 2 700 MHz: Radio astronomy
3 260 - 3 267 Spectral line observations (radio astronomy)
3 332 -3 339 Spectral line observations (radio astronomy)
3 345,8 - 3 358 Spectral line observations (radio astronomy)
3 $00 - 3 475 Amateur Radio Service
3 400 -3 410 Satellite downlink
3 600 -4 200 Satellite downlink
4 00 - 5 250 4 500 MHz to 4 800 MHz: Satellite downlink

4 800 MHz to 5 000 MHz: Radio astronomy
5 000 MHz to 5 250 MHz: Aeronautical radionavigation

5 50 - 5 950 Amateur Radio Service
7 250 -7 750 Satellite downlink
8 P25 - 8 500 Satellite downlink

10 P00 — 10 500 Amateur Radio Service

104/ 50 - 10 500 Satellite downlink

10 600 - 12 700 10,6 - 10,7 GHz: Radio astronomy

10,7 - 12,2 GHz: Satellite downlink

12,2 — 12,7 GHz: Direct broadcast satellite
14 470 - 14 500 Spectral line observations (radio astronomy)
15 B50 - 15 400 Radio astronomy

17 700 - 21 400 Satellite downlink

21 400 - 22 000 Broadcast satellite((Region 1 and Region 2)
22 910 - 23 120 22,01 GHz to 22,5 GHz: Radio astronomy

22,5 GHz t0~23,0 GHz: Broadcast satellite (Region 1) (22,81 GHz to 22,86 GHz i$ also
radio astrenomy)

23,0 GHZ to 23,07 GHz: Fixed/intersatellite/mobile (used to fill in the gap betwee
frequency bands)

23,07 GHz to 23,12 GHz: Radio astronomy

=]

23 600 - 24 000 Radio astronomy

24 900 - 24 500 Amateur Radio Service

31 200 - 318800 Radio astronomy

36 430, 36°500 Radio astronomy

38 $00<>740 000 Radio astronomy

above 400 GHz Numerous bands above 400 GHz are designated for radio astronomy, satellite

downlink, etc.
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Annex H
(informative)

Statistical assessment of series produced equipment
against the requirements of CISPR standards

H.1 Significance of a CISPR limit

A CISPR limit is a limit which is recommended to national authorities for incorporation in

national standards, relevant legal regulations and official specifications. is also
recommended that international organizations use these limits. The significance of g limits
for typge approved appliances shall be that on a statistical basis at least 80 % of mass-

produded appliances comply with the limits with at least 80 % confidence. 03

The apssessment of conformity of equipment tested on a test site Qtu% be based on
measurement results obtained in accordance with the specificatio f Clause ¥. For
equipment in series production, there shall be 80 % confidence that at least 80 % of
manufactured items comply with the limits given (compliance crit ), see CISPR 16-4-3.
Statistjcal assessment procedures providing such a confidence el are specified in|H.3.1,
H.3.2 and H.3.3. (.)\

CISPR 16-4-3, the user of this standard can be invited to show ence that the compliance criterion|set out

NOTE [When applying another statistical assessment procedure than on those referred to above or spdcified in
above ig also met when applying this other method. Qé

Measurement results obtained for an equipment@esured in its place of use and ndt on a
test sife shall be regarded as relating to that | [lation only, and shall not be condidered
represgentative of any other installation and saeﬁall not be used for the purpose of a statistical

assesgment. $
R\
H.2 |Type tests
yp \O
As a rule, the positive result type test on a given appliance according to the respective

CISPR standard will be recog ed as approval of the type if the type test was performefd

H.2.1 | either on a san@§of appliances of the type using one of the statistical methjods of
evaluation in accordaﬁge with H.3,

.

H.2.2 | or, for plicities sake, on one appliance only. In this case subsequent tedts are
necessgary f ime to time on appliances taken at random from the production line.

NOTE Rﬂ&gnition of a type test made on only one appliance of series-produced equipment as type apprdval may
depend ‘o matiomator Tegiomat regutatiomr—Natiomat or regiomatauthorities ey ety o differentquatity assurance
systems to be maintained by the manufacturer. Consult respective national or regional regulations.

H.3 Statistical assessment of series produced equipment

H.3.1 Assessment based on a general margin to the limit
The assessment is positive when the measured values from all items of the sample are under

the limit L, and the margin to that limit is not smaller than the general margin given in
Table H.1 below.

Table H.1 — General margin to the limit for statistical evaluation

Sample size (n) 3 4 5 6
General margin to the limit (dB) 3,8 2,5 1,5 0,7
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This method can be used to get a quick final pass-decision. If the conditions are not fulfilled,
this does not yet mean that a product is non-compliant. To determine non-compliance, the
measured results shall be evaluated by one of the methods in H.3.2. (use of non-central -
distribution) or H.3.3 (use of binomial distribution).

NOTE

The newly introduced method in this subclause is based on CISPR 16-4-3.

The values in Table H.1 have been calculated with the following methodology: Compliance is given, when

where

xmax

Smax

L i

The qugntities x, L and omax are expressed in logarithmic terms while ke , as an ordinar)\lt}ct.or, is given in
numericpl value, see table in this NOTE. 0~

if the coefficient from the table below, depending on the sample size; 2\,

dalculated as 2 times the expected standard deviation; r\

xmax + kE O-max SL

5 the highest (worse) measured value of all items in the sample; A

5 a conservative value for the expected maximum standard deviation in a product gr%p, and

5 the limit specified in this standard. (19

vhich is

hbsolute

Sampl

N

b size (n) 3 4 O<\<' 5 ¢

.. =
Coeffidient k; 0,63 040 N 0,24 0,

CISPR

radiated disturbances, measured on equipment in the scope of this standard, the same value for o, h

assume
6,0 dB
higher t
used.

H.3.2
H.3.2.

The m
12 pie

five pigces of equipment@’not available a sample of three or four may be used.

NOTE

all identjcal units and $ or the variations that can be expected to arise due to quantity production tech

Compl

where

o

6-4-3 recommends a value o,,, = 6,0 dB for both the di :@: nce voltage and the disturbance po

H. The values for the general margin to the limit in le H.1 above are a simple multiplicatior
ith the coefficient k. In Table H.1 values are given for a sample size up to n = 6 because for
he method given in H.3.3 can be applied, where @e binomial distribution without an additional nj

&
Assessment based on the nqr@%ntral t-distribution
Q\
xO
feasurements shall be p fa‘TT]ed on a sample of not less than five and not mor
Les of equipment of th pe in series production, but if in exceptional circums

Normal procedure

[The assessment @;@on a sample of the measurement results obtained for a sample of size n rg

ance ise)@"reved when the following relationship is met:

D

ver. For
hs been
of this
n=7or
argin is

e than
fances

lates to
hiques.

\<</C) )?+kSn <L

X is the arithmetic mean value of the disturbance levels of n items of equipment in the
sample;

Sy is the standard deviation of the sample where

Sr% = 11XZ(X—)?)2

n—

is the disturbance level of an individual equipment;

L is the permitted limit;

k is the factor derived from tables of the non-central s-distribution which ensures with 80 %
confidence that 80 % or more of the production is below the limit. Values of £ as a function
of n are given in Table H.2.
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X, Xand L are expressed logarithmically: dB(uV), dB(uV/m) or dB(pW).

Sy is expressed in logarithmic term, i.e. in dB.

Table H.2 — The non-central z-distribution factor £ as a function of the sample size n

n 3 4 5 6 7 8 9 10 11 12
k 2,04 1,69 1,52 1,42 1,35 1,30 1,27 1,24 1,21 1,20

H.3.2.2 Extended procedure

When |applying the procedure as in H.3.2.1 a given sample of equipment whi A( auses
fluctudting disturbances may fail to meet the compliance criterion. In such cases ex{ended
assesgment procedure defined in this clause can be used. N

Q
The sfatistical assessment shall be carried out separately for the;\fglf'owing frequency

subrarlges: N
QQ*

Condulcted disturbances: a) 150 kHz to 500 kHz%

N\
b) 500 kHz to 5 Ml;l\z()
c) 5MHz to 30<2/|Q

Radiated disturbances below 1 GHz: a) 30 MH Q%O MHz

b) 230@2 to 500 MHz

c @MHz to 1 000 MHz
'

Radiated disturbances above 1 GHz: .\@)$1,0 GHz to 4,5 GHz
Ab) 4,5 GHz to 18 GHz
xO

NOTE [For group 2 equipment, there-iiay be no need to fully or continuously cover the frequency supranges
defined jabove, see respective infor \1 in 6.3.2.4, Table 13.

Compljance of the sampl@e judged from the following modified relationship:

@)
@Q X+kS, <0

The vglue ofé@pends on the sample size »n and is stated in Table H.2 above.

For derto@flnation of compliance, the standard deviation formula as in H.3.2.1 shall be used:

» 1 )
Sn _}’I—IXZ(X X)

where

X is the arithmetic mean value of the disturbance levels of n items of equipment in the
sample;

X is the margin of the disturbance level of an individual item of equipment to the respective
limit. X is to be determined as follows: for each of the defined frequency ranges, the
margins between the measured values (readings) and the limit are defined. The resulting
margin X is negative where the measured value is below the limit, and positive, where it is
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higher than the limit. For the »th individual item of the sample, X, is the value of the margin
at the frequency where the margin curve shows its maximum.

NOTE If all measured values are below the limit, X, is the smallest margin to the limit. If some of the measured
values are above the limit, X is the largest margin by which the limit is exceeded.

X, X and S, are expressed logarithmically, i. e. in dB.

If all measured values are below the limit and the statistical assessment failed only due to a
high standard deviation, it shall be investigated whether this high standard deviation has been

unjustifiably caused by a maximum of X|, at the borderline between two frequency subranges.
In this case the assessment can bhe done nr‘r‘nrrling to H 33

NOTE [The Figure H.1 below illustrates the possible difficulties if a maximum of the measured dist Me> occurs
near th¢ borderline between two frequency sub-ranges. "U " is the measured disturbance vopltage; "/ is the
frequengy. Here two units with different characteristics out of a sample are shown. For broadba&? isturbamces the
value of the maximum as well as the frequency of the maximum can change from unit‘(a?‘ it, differepces as

betweer| unit 1 and unit 2 in a sample are typical. An average value and standard deviat s calculatef for all
units (of which two are shown) for each subrange. In this example the calculated standard\de iation is much higher
for subrpnge 1 than subrange 2 (e.g. consider how different the values of X, and X. &e at the borderling). Even
though {he average for subrange 1 is much lower than subrange 2, after taking int@sideration the high palue of
S, multiplied by the factor out of Table H.2, in rare cases this could lead to the s set failing the givenl|criteria.

Since this is simply a consequence of the way in which the frequency subrang e been defined, no stafistically
meaningful conclusion can be drawn regarding compliance. C)
A Frequency Freque&
. subrange . SUan .
U ' 1 . :

.————d—— —-— -
- : Q Cimit =

S

Unit 2

.
.
.
-
.
.

i

Unit 1

nmnm
...

Rl R ERRRRRRRRRRRRRRR NN
A 4

sahanaahhassnannnnnunnns

C)\\ IEC

@Jre H.1 — An example of possible difficulties

H.3.3 Asses@ﬂ based on the binomial distribution

Compljanc @Judged from the condition that the number of appliances with a distutbance
level aﬁg/ e appropriate limit may not exceed a number of ¢ in a sample of total size(n, see
Table HY

Table H.3 — Application of the binomial distribution

Sample size (n) 7 14 20 26 32

Number of samples ¢ exceeding the limit L 0 1 2 3 4

H.3.4 Equipment produced on an individual basis

All equipment not produced in series shall be tested on an individual basis. Each individual
item of equipment is required to meet the limits when measured by the methods specified.
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Annex |
(normative)

Artificial Network (AN) for the assessment of disturbance
voltages at d.c. power ports of semiconductor power converters

1.1 General information and purpose

The artificial network for the assessment of disturbance voltages at d.c. power ports (DC-AN)
provides a defined common mode (CM) 150 Q termination impedance for the d.c. power port
of the|power converter under test during measurements of conducted RF disturbances at
standdqrdized test sites. It is constructed to provide, in the intended frequency eﬁ%a from
150 kHz to 30 MHz, well defined termination impedances for symmetric (or dlffer | mode —
DM) a$ well as asymmetric (or common mode — CM) disturbance component§\ he values of
these fermination impedances are specified in Clause |.4. (l/

Furthef, the DC-AN is furnished with a decoupling network (i.e. an, bfilter) sudh that

sufficignt decoupling is provided between its EUT port and its AE p |n order to prevent RF
disturjances from the laboratory d.c. power source to affect alned measuring results.
Having asymmetric decoupling capacitors with some 100 nF out 1 uF capacitande only

the copstruction of that filter prevents, in most cases, saturalqg ffects in mitigation filtgrs the
power| converters may be furnished with and this way(provides for valid, reliable and

repeatpble measurement results. Q
\\Q
.2 |Structures for a DC-AN ;\Q
7
1.2.1 AN suitable for measurement of @ymmetrical mode (UM) disturbances
Similay to the V-AMN, the AN shall w for measurement of the unsymmetrical| mode

disturance voltage level at a singlei‘gsr inal (or conductor or pole, respectively) of the|EUT's
d.c. pgwer port under test, relativ laboratory reference ground. An appropriate AN(would
hence|be e.g. a pseudo V-AN,. d of delta network. For layout and design, the pripciples
set ouf in CISPR 16-1-2 sha(‘}} observed. A circuit diagram of a suitable Delta-network is
found |n Figure I.1. .

-

NOTE |[Due to constrain @design of true V-ANs for a certain defined ratio of the DM to CM termination
impedarjce, construction c{g pseudo V-AN may require use of a third shunting resistor connecting to the twp power
terminalls of the EUT orh.of the AN. Such shunting resistors as R, in Figure I.1 or R, in Figure .4 do not hlave any
impact pn the req M and CM termination impedances and provide for these termination impedanges also
during measurem f UM disturbance voltages. For calculation of the termination impedance for UM disturbance
voltageg the o-star conversion formula for resistor networks can be used. Further, these terfination
impedarjces also be measured directly at the EUT power terminals of the AN in relation to common gfound in
using ah priate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasops only.
UM distpr ce voltages can also easily be measured with Delta-ANs when they are furnished with regpective
measuring poris.

1.2.2 AN suitable for measurement of common mode (CM) and differential mode
(DM) disturbances

A Delta-AN shall allow for measurement of the symmetric (or differential mode — DM)
disturbance voltage level between (any) two terminals different from those at ground potential
(or conductors or poles, respectively) of the EUT's d.c. power port under test. It shall further
allow for measurement of the asymmetric (or common mode — CM) disturbance voltage level
at the virtual common HF junction of two (or more) terminals (or conductors or poles,
respectively) of the EUT’s d.c. power port under test, relative to laboratory reference ground.
For layout and design, the principles set out in CISPR 16-1-2 shall be observed. An example
of a suitable Delta-network is found e.g. in CISPR 16-1-2:2014, Clause A.6 Figure A.2. This
figure is also replicated in Figure I.2.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 76— CISPR 11:2015 RLV © IEC 2015

1.2.3 AN suitable for measurement of UM, CM and DM disturbances

As an option the Delta-AN may also provide for the measurement of the unsymmetrical mode
disturbance voltage level at a single terminal (or conductor or pole, respectively) of the EUT's
d.c. power port, relative to laboratory reference ground, just like a V-network. For layout and
design, the principles set out in CISPR 16-1-2 shall be observed. Examples for practical
implementations of combined pseudo V- and Delta-ANs of several manufacturers are given in
Figure 1.3 to Figure 1.5.

1.3 Employment of DC-ANs for compliance measurements

1.3.1 General Q

For thg measurements, pseudo V-ANs as well as Delta-ANs meeting the requir tg in 1.4
can bg used. Other artificial networks specified in CISPR 16-1-2 can also be uQ?d if providing
an asyymmetric or common mode (CM) 150 Q termination for the port under, to labgratory
reference ground, and if being furnished with an appropriate low CN cking capacity
decoupling LC-filter. '\'\’

NOTE [Presently the 150 Q artificial mains V-network specified in CISPR 16- QO~14 4.5 cannot be ysed for
measur¢ments of conducted disturbances at LV d.c. power ports, since proVidi a common mode terfnination
impedarce of 75 Q only. Such a V-network does not meet the most ess \ technical parameter spegified in
Table I.] Pos. 3, i.e. the value of 150 Q, for the common mode terminatio imdance. Negotiations in defiphition of
systemdtic corrections for measurement results obtained in use of such n&orks have not been started yet

Select|on of the type of AN is left to the user of thisard. Each type of AN proviges for
measurement results which have the same confiden®é Tevel as results obtained when using
the esfablished V-network. Information on aspeciﬁ measurement uncertainty in respect of
artificipl mains networks (AMN) is found in CIS 6-4-2:2011, Clause 4. This informgtion is
also valid when employing DC-ANs which cowg with the specification in 1.4.

If a combined AN is used, then it ices to just apply it either for measurement of
unsymmetrical mode (UM), or for meastirement of both, common mode (CD) and diffdrential
mode (DM) disturbances. \,O

O
In any|case the assessment Nhe RFI potential of a given port under test in the frequency
range |150 kHz to 30 MHz “is only completed, if measurement results were obtaindd and
recorded either for the t omposite unsymmetrical mode (UM) disturbance components,| or for
both, {he asymmetric @common mode (CM) and the symmetric or differential mode (DM)
disturdance comp§‘ as well.

1.3.2 Psen@\‘l-AN
In the |ps @V-network an assessment of these components is only possible in comb|nation
as co ite unsymmetrical mode (UM) disturbance voltages, the level of which gan be
differe i i i i of the

EUT to common ground. These are the “classical” terminal disturbance voltages which can be
compared with the established limits directly and which hence constitute the established EMC
requirements, for example for a.c. mains ports.

Compliance with the limits is verified only where both measured unsymmetrical mode (UM)
disturbance voltage levels are equal to or less than the respective limit.

1.3.3 Delta-AN

In the Delta-network asymmetric or common mode (CM) and symmetric or differential mode
(DM) disturbance components can be measured and assessed separately, for each port under
test.


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 RLV © IEC 2015 -77 -

Compliance with the limits is verified only where both, the measured common mode (CM)
disturbance voltage level and the measured differential mode (DM) disturbance voltage level
are equal to or less than the respective limit.

1.4 Normative technical requirements for the DC-AN

1.4.1 Parameters and associated tolerances in the range 150 kHz to 30 MHz

Table 1.1 — Parameters and associated tolerances in the range 150 kHz to 30 MHz

Pos. Description of the parameter Nominal value and tolerance

1 ype of the DC-AN Delta-network suitable for measurements%}ne d.c.

power string or port (plus pole, minus pek/a
reference ground)

2 Calibrated frequency range 150 kHz to 30 MHz (measuremen){@ge
3 CM termination impedance at the EUT port, (150 + 30)Q (1>)
nagnitude N -
4 CM termination impedance at the EUT port, phase (0 £ 40)° ™
5 DM termination impedance at the EUT port, (150 + 30)Q Q\
nagnitude %

o~
N

6 DM termination impedance at the EUT port, phase (0 £40)° g\v

7 | ongitudinal conversion loss (LCL) at the EUT port @ | > 26 dB y%?metrical 150 Q system)
(mea@% according to CISPR 16-1-2)
- - YV
8 CM insertion loss AE port — EUT port 2\,&6&18 (asymmetrical 50 Q system)
9 DM insertion loss AE port — EUT port &@30 dB (symmetrical 150 Q system)

@ . .
Nodis 40 dB, with external capacitor

—
10 | Discharge resistors for decoupling capacitor the [>1,5MQ
.c. current path

@ Thg LCL of the AN should be significantl@ﬁ\\;er than the internal LCL of the EUT. During the measurefent of
unsymmetrical disturbance voltages only disturbance components from internal mode conversion DM t¢ CM in

the]EUT need to be assessed. The istical mean value of the LCL of installed PV generators has flready
begn taken into account when detq\ﬁ)ning the limits for the DC power input port of GCPCs.

o~

O

.

NOTE [The parameters in T@1 have been derived in developing modern implementations of the 150 ) CISPR
network| described in ClI 6-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for
photovoltaic power generating systems.

Measuring por
appeafing w
galvanFc

all be protected from low frequency components of voltage tramsients
switching the laboratory d.c. power source on and off. Furthermore, secure
ection shall be guaranteed to the AN's ground in order to drain trgnsient
rrents through the coupling capacitors when switching the laboratory sourcg off.

discha

Decoupling capacitors in the d.c. current path shall be bypassed with high resistance
discharge resistors, see position 10.
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1.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz
Table 1.2 — Parameters and associated tolerances in the range 9 kHz to 150 kHz
Pos. Description of the parameter Nominal values and tolerances
2 Extended frequency range 9 kHz — 150 kHz
(includes the operation frequency of GCPCs)
3 CM termination impedance at the EUT port, > 10 Q (AE port open)
magnitude
4 CM termination impedance at the EUT port, phase not specified
5 DM termination impedance at the EUT port, > 1 Q (AE port open)
TTagTitode
6 DM termination impedance at the EUT port, phase not specified
7 ongitudinal conversion loss (LCL) at the EUT port | > 26 dB, in the range 10 kHz to 150 kHz
(symmetrical 150 Q system)
(measured according to CISPR(16-1-2)
8 ICM insertion loss of AE port to EUT port > 20 dB at 150 kHz (asymmetrical 50 Q system)
decreasing with decreasing frequency with
40 dB/decade
9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz
> 40 dB with ekternal capacitor
(symmetricalyt50 Q system), decreasing with
decreasing frequency with 40 dB/decade
NOTE [The parameters in Table 1.2 have been derived in devéldoping modern implementations of the 150 () CISPR
network| described in CISPR 16-1-2 for use with measurenents at low voltage d.c. power ports of GCPCs for
photovojtaic power generating systems.
1.5 Examples of practical implemgntations of DC-ANs

S A i L, L. | A
5 o T— bearralll 7 O
S i u |
E ! |G
® ! C, .-
5 | == ! dh-’
- ! |
© | 47nF -]
5 | 5
5 ' S |5
o | i L I E
2 = | 330nF |2
% LS " | £
™ T |
S I |47nF s
[ I |
o ! |
S | !
> o —°
> B \ | | B
o 1
Reference Ground

DC-AN with Zoy =150 Q, Zp =100 Q. T1, T2 and T3 all terminated with 50 Q.

Unsymmetrical voltage signals (-20 dB) available at T1 and T2.

Common mode voltage signal (-20 dB ... -24 dB depending on R ;) available at T3.

90002 <R; <1 500 depending on the losses in the reactive el 1ts in the realised

circuit to match the required impedance tolerance over the whole frequency range.

IEC

NOTE Measuring port T3 can be used for measurement of asymmetric or common mode (CM) disturbance
components.

Figure 1.1 — Practical implementation of a 150 Q DC-AN
suitable for measurement of UM disturbances (Example)


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 RLV © IEC 2015 -79 -

i
L L G Ry
]
=C Hn
| 2
—f———— o P
Additional
filter sections| == ¢ A,
I |if required
[
S| = L
F & Ay
|
L -
Measuring apparatus 4 0 e c 3
o(L
P is the connection for apparatus under test '\ .
1 for the symmetrical component '\

2 for the asymmetrical component

Q~ IEC
Figure 1.2 — Practical implementation of a 15§§ DC-AN
suitable for measurement of CM and D ﬁ,s urbances
(Example, see also Figure A.2 in CISPR16-1-2:2014)

é /)O ArgUT
Switch position: S\Q\\

1 V shape A

2 Vshape B
3 me
4 Dalta (DM)

A
0 $ e
N :

465 REC
N _-t'l'n ’\'O
s . L3 \& i
2 o Ca | F GND
@ = == TR1 o
g ‘9'_‘ 330n ﬁ z

ch @. :

I e 8
B C)
o)

Q/ L2 B-EUT
AN — O

TEC

NOTE Mode 1 and mode 2 represent employment of the artificial network for measurement of unsymmetrical
mode (UM) or "terminal" disturbance voltages.

Figure 1.3 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 1)
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A-PV-GENERATOR AEUT
S1 position: _LC6
1-A (mode A)
2 - B (mode B)
c1
= L I 3-CM (common mode)
44nF
4 - DM (differential mode)
[
1 _L2 2 4
=3 P — 2o g BNC_OUT
By s - o
GND 220nF air coil 6 B4 o
c1 1 C
c2
o g:;
Lca &5y ol
51| 51| 51
T | I = 0°
44nF L3
R4 [R5 |R6
=5
GND
B-PV-GENERATOR BEUT

IEC

NOTE [Mode A and mode B represent employment of the artificial network for{measurement of unsymjmetrical
mode (M) or "terminal” disturbance voltages.

Figure 1.4 — Practical implementation of a 150.0.DC-AN suitable for
measurement of UM, or CM and DM distdrbances (Example 2)

_)- 700:H 330uH _)-

POWER
INPUT : QUTPUT

IEC

NOTE Mode 1 and mode 2 represent employment of the artificial network as pseudo V-network, i.e. for
measurement of unsymmetrical or "terminal" disturbance voltages. In use as pseudo V-network, i.e. in mode 1 or
mode 2 the DM termination impedance is 100 Q. In use as Delta-network, i.e. in mode 3 and mode 4, the DM
termination impedance is 150 Q.

Figure 1.5 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 3)
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J.1

Annex J
(informative)

Measurements on Grid Connected Power Converters (GCPC) —

Setups for an effective test site configuration

General information and purpose

For measurement of disturbance terminal voltages on grid connected power converters
(GCPQC) intended for supply of electric energy into AC mains grids and similar AC mains

install
necess
labora

bpriate

tions (see Definition 3.11), connection to an appropriate laboratory DC power ;ubply is

ary on the DC input side of the GCPC, while connection to another

ory AC

power source or AC mains grid is necessary on the AC output side@e.

N
The DL power is fed into the DC input power ports of the GCPC, and n nsumed|in the
and so almost completely converted to AC power and output to the AC side. If fhe AC

GCPC
power

output from the GCPC is not consumed by a resistive load etc.Nhe AC power g¢urrent

can rejersely be carried into the laboratory AC power source, and the equipment may be

damag

ed. In addition, there are some countries where reverse er flow into the AC|mains

is restficted or prohibited by national law and regulations. Th e global setup of tTe test

site uq
even 4
test (E

J.2

J.2.1

The m
test si
GCPC
used i
into D
from th
that thi
load is

sourcqg.

A

uT).

ed for

Setup of the test site \\\}\

Block diagram of test site \‘,Q

asure

e having a configuration as sh

is con

N the measurement arran ent. The laboratory DC power supply converts AC|power
C power, and it is sup

nable simplification of the test arrangement and con
Examples of suitable setups for the test site%

the measurements needs attention, and a pr%J and appropriate setup may
ration for the equipment] under
described below.

R

7

in Figure J.1/J.2. For this setup, the AC outpuf of the

ment arrangement and cosf?guration for the EUT can be simplified by ude of a
nected to the AC input>of the laboratory DC power supply through the Y-AMN

to the DC input of the GCPC. Thus, the current cirgulates

e AC output to the DC mput of the GCPC. The advantages of this site configuration are

not re

C mains

e DC power supp onsumes the AC output power of the GCPC, and so a rdsistive

quired to vent AC power currents from flowing into the laboratory AC|power

o

— AC current

(grid)

§I%boratory EMI flow

I
i

&

. AC power l_ filter _*| Resistive load |AC output| sopg &C input

source (optional) (EUT)
I TLED T

rTToTTTTTTT Y
L Trans-
+ former

AC input II i (optional)

Change in
DC power electrical
supply system — Reference ground
DC output | = EMI
— | filter —
I DC current flow

IEC

Figure J.1 — Setup of the test site (Case 1) — 2D diagram
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NOTE

Conse
the teg
source
specifi
into th

J.2.2

31“*Resis,tjvé/
| Load

(optional)

/ \\\‘\
Laboratory B ’ o

Transformer’
(optiopal)

AC power source ’
pzﬁge in electrical system
S, //
éwer supply
i 5inp ]
LY

T
o

5 R

EMI-filter D’c cable

The distances defined as ‘x’ and ‘y’ ?Q'Qe diagram refer to those as detailed in CISPR 16-2-1:2014,

Figure J.2 —é{ﬁ-&p of the test site (Case 1) — 3D diagram

quently the labora AC power source needs to provide only the total power log
t arrangement, <@: the measurements are started. Because the laboratory AC

is used, its @9 voltage and frequency can easily be adjusted conforming
cations for *AC output side of the GCPC. Reverse AC power current does n
b AC po ource, and so it cannot be damaged.

IEC

7.4.1.

ses in
power
to the
bt flow

The la

&%ower supply

hobtatarv'e NC noawwar cinnlv ohall hava ananiah ~Avidniit navar 0 Anarats tha (D
Y-S o P OWe—St o t—POWe tetHe—oo

N

Botatory B ppty-sh e ve-ereugh-ouipy

werto-opera } RE at its

B
rated AC output power. In addition, a control for adjusting properly its DC output voltage is
necessary. In case of the test site setup as shown in Figure J.1/J.2, the electrical system of
AC input to the DC power supply shall match with that of the AC output of the GCPC.

J.2.3

AC power source

The laboratory's AC power source shall be of the CVCF-type such that it can adjust to the
nominal AC output power voltage and frequency of the GCPC under test. In case of the setup
as shown in Figure J.1/J.2, its power is only just enough to supply the total power losses in
the test arrangement, and so a larger power is unnecessary.
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J.2.4

Other components

In many cases the DC power supply itself is provided with filters on the input and output side.
As shown in Figure J.1/J.2, additional EMI filters can be placed on the input and output side

of the

DC power supply to mitigate conducted disturbances which are generated.

In case the electrical systems of the AC output of the GCPC, the AC input of the DC power
supply and the output of the AC power source do not accord like single phase-three-wire, or
phase-two-wire system, a proper transformer shall be inserted as shown in
Figure J.1/J.2 to appropriately convert the electrical systems.

single

J.3

J.3.1

Other test setups

3

Configuration comprising laboratory AC power source and resist% \a/d

On thg other hand, there are some cases where each electrical system c@%t basic

match

e AC output

GCPC| cannot directly be connected to the AC input of the DC pewer supply as sh
Figure|J.1/J.2. In this case, another resistive load is connected in{parallel with the lab
AC pojer source as shown in Figure J.3/J.4 and the AC powe@ the GCPC (EUT) s
consuined by that resistive load. As a result, the resistive Io%o(prevents the AC output

curren

I of the GCPC from flowing reversely into the labo ry AC power source, if

blly be

é&d such as three-phase input of the DC power supply with a singlg;gbrase AC output of
the GCPC (EUT), etc. (there is also the reverse case). In such casesyt

of the
bwn in
bratory
hall be
power
it has

enough power to exceed the maximum AC output power Qt e GCPC.
AQ mains
grid) AC current \\
Laboratory EMI ro&b 0
‘r\, AC power filter 7 AC output DC input
source \Q GCPC  |e—
uE \$\ T
e
(O | Resistive | <
\b\ load -— ’—l
O
AC mlains (grid) . ~— Reference ground
(optional) ‘
™=,
- DC power{ [ EMI
A it Cf — filt —
| AC sup:pl Yo ilter

E output | DC current flow
input N

D
&

Figure J.3 — Setup of the test site (Case 2) — 2D diagram

IEC
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Resistive ~p

load )

EMI-filter

Laboratory b
. AC power source

AC mai ‘
'(gﬁd}%”‘ output -

AC mains{grid) ik

(optional) /g’f' Q QQ
N

NOTE |The distances defined as ‘x” and y" in the diagram(@efer to those as detailed in CISPR 16-2-1:2014,7.4.1.

DC power su pp\.\{,’,‘;
: -iﬁput

- Oytput
5 T o

Figure J.4 — Setup of th%‘t}st site (Case 2) — 3D diagram
)
N

J.3.2 Configuration in case of sr\gye se power flow to the AC mains

This $etup example shows .t@s‘ case where the laboratory AC power sourcq (see
Figure|J.3/J.4) is not connect@}‘o the AC output side of the GCPC.

.

In cas¢ the AC output %bt@ GCPC is connected to the AC mains through a filter as shpwn in
Figure|J.5/J.6, the A put current of the GCPC flows to the AC mains, and therefofe it is
not required to congeet the resistive load as shown in the previous setup, Case 2. But|in this
case, there is a dvantage that the AC power voltage and frequency cannot be adjusted
conforming to specifications of the AC output side of the GCPC.

\<</O
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AC mains
(grid) . AC current
flow
EMI = AC output | 5cpc DC input
i e —
- l_ (EUT)

@ filter
L

Reference ground

AC mains (grid) —
(qpsionah)
TN DC power EMI |
W N1 supply —| filter ! —
~~=" aAC DC DC current flow
output |
IEC

input i .

Figure J.5 — Setup of the test site (Case 3) — 2D diagram

EMI-filter

EMI-filter Dc cabl

DC power supply

AC mains(grid)
(optional)

NOTE The distances defined as ‘x’ and ‘y’ in the diagram refer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.6 — Setup of the test site (Case 3) — 3D diagram
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Annex K
(informative)

Test site configuration and instrumentation — Guidance on prevention
of saturation effects in mitigation filters of transformer-less power

K.1

Most
couplg
(150 k
(CM) i
about
coinciq
mode
distury
filters

performance degradation of the filters in the measuring frequen

Perfor
record
the red

It shal
operat
site co
type te

As a
suitabl

the arfificial network (AN) e.g. from,influences of the laboratory d.c. power source at {

port of]
termin
at the
effects
freque
150 kH

Consid
supply|
and c
charag

converters during type tests according to this standard

General information and purpose

vpes of power converters use operation or switching frequencies in the rang

of a

of 100 Hz up to 25 kHz. The measurement results obtained in the range (m
Hz to 30 MHz) are sometimes seriously invalidated by the effective total co n
mpedance of the whole d.c. power supply chain in the test environment | Q;S}?
500 Hz to 150 kHz. If the operation frequency of the power conve&zﬁ undg
es with the frequency of the series resonance dip(s) in the effe total cd
(CM) impedance in the whole laboratory d.c. power supply in, excessi
ance currents may appear at the operation frequency and may saturate the built-
(as e.g. common mode chokes) in the EUT. Consequen(%. it will cause g
a

mance degradation of the filters means that excessive disturbance levels
bd causing the power converter under test eventuallys{ AIL proving compliand
uirements specified in this standard. << @)

be said that such mode of operation of power Q/erters prominently deviates fr
on conditions in normal use. Hence additions‘\\c untermeasures should be taken
nfiguration level in order to operate the poﬁ@\' converters as intended in normal
sts according to this standard. (%)

)
matter of course, CM decouplingﬁpacitors shall be employed, in conjunctio
e series inductors, as LP-filters dgcouple the termination impedance at the EUT

this AN. The specifications\@‘ he DC-AN as in Annex | Table I.2 guarantee that {
htion impedance at the k@ port of the AN remains at least at values of 10 Q or
series resonance of itsﬁp ernal LC LP decoupling filter. This will prevent the sat
mentioned above in" most of the practical testing cases. For the magnitude-V
hcy characteristi the CM termination impedance of the AN in the range 9
z, consult the ifications provided by the manufacturer.

.

ering no itigation of common mode RF currents in the whole laboratory d.c.
chain e test site, this mitigation and involved additional CM decoupling cap

t ics of the built-in LC LP decoupling filter of the AN, and may cause freg

hterest
mode

ange of

br test
mmon
e CM
in EMI
erious

ge 150 kHz to 30 MHz.

Will be
e with

bm the
at test
ise, in

n with
port of
he AE
he CM
more,
iration
ersus-
kHz to

power
acitors
th the
uency

shifts

)% ode chokes (as e.g. in the EMI filters at the site) may interact w

bi\Me series resonance dip(s) of the effective total common mode (CM) impe

dance

experienced at the EUT port of this AN.

It is hence strongly recommended to adjust the magnitude-versus-frequency characteristics of
the total effective CM termination impedance at the EUT port of the AN to the conditions
needed for the given type of power converter under test. Such adjustments can be made by
variation of the value of the CM blocking capacitance in the laboratory's d.c. power supply
chain and/or by insert of additional series inductors or common mode chokes. This annex

describes possible countermeasures to avoid saturation effects due

to unfortunate

characteristics of the test site instrumentation used in the laboratory d.c. power supply chain.
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dam

Attention is drawn to the user of such test setups in regard of hazardous voltages due to
high earth leakage currents. Advice should be sought from duly qualified personnel
before switching on the laboratory's system power sources to ensure that injury or

age is not caused to test personnel or equipment.

K.2 Recommendations for avoidance of saturation effects in the range 9 kHz
to 150 kHz

If excgssive Tevels of disturbance are observed during measurements of conducCipd RF

disturjances at LV d.c. power ports of power converters in the range 150 kHz to 3 v, then

this mpy be caused by saturation effects appearing at the operation frequenc the EUT

allocated someplace in the range below 150 kHz. To avoid such conditions it i’s\@comrr ended

to observe the guidance given below. Q

1) Fof measurements at LV d.c. power ports of power converters us'e\"énly ANs complying
with the technical requirements of the 150 Q artificial mains Delta-network according to

4.4

2) Apply good test site engineering and check whether the w s@measuring instrume
(DC-AN excluded) and test site configuration are suitable\fdr use with measurem¢

of CISPR 16-1-2:2014, or according to Annex | of this stan .

htation

nts on

poer electronics operated in switching mode conditions at operating frequencies
(fundamental frequencies) allocated in the range <below 150 kHz. Depending ¢n the

implemented technology and nominal power t@@ghput, power converters ma

y use
up to

ferrite

furfJdamental or switching mode frequencies in\h range from a couple of 100 Hz
abput 150 kHz. s\\\}

3) Whenever possible insert additional commaf@ymode (CM) absorbing devices such as
tuhes, CMADs or also 150 Q CDNs ac ing to IEC 61000-4-6, between the AE port of

the

this purpose an extended length of d.c. power supply cable can be used too. In
form it introduces an additional @coupling inductor (i.e. a common mode choke)

se
of

4) Avpid coincidence of t

tes
d.g

usgd in the installation of the OATS or SAC, and the AN. The frequency of the resg

dig
ca
ca
lah
ca

ies to the laboratory's co mode current circuit. In any case, check the eff

‘fundamental or operating frequency of the power converter
of the series resonance dip in the CM impedance of the
ain consisting of the laboratory d.c. power source, the EMI

t with the frequ
. power suppl

in the @NM>impedance of the power supply chain can be shifted by changi
bacitange of the effective CM decoupling capacitor. Addition of external CM decq
haci is recommended at the interface between the AE port of the AN a
oé%v‘y d.c. power supply port allocated in the test environment. Be aware that a
pacitors with different capacitances may be needed if the testing business con

AN and the laboratory d.c. powe pply port allocated in the test environment. For

coiled
put in
ciency

the added common mode(rejection devices, since for most of them you will npt find
specifications of technical(Characteristics in the range below 30 MHz.

under
whole
filters
nance
hg the
upling
nd the
line of
prises

power converters implementing various technologies, power throughput classes and the
like. Remember that the operation frequency may be allocated someplace between a
couple of 100 Hz up to about 150 kHz.

K.3

K.3.1

Detailed advice

General

The following descriptions are found for a decoupling circuit of the DC-AN in Clause I.1:

“Further, the DC-AN is furnished with a decoupling network (i.e. an LC-filter) such that
sufficient decoupling is provided between its EUT port and its AE port, in order to prevent RF
disturbances from the laboratory d.c. power source to affect obtained measuring results.
Having asymmetric decoupling capacitors with some 100 nF to about 1 uF capacitance only,
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the construction of that filter prevents, in most cases, saturation effects in mitigation filters the
power converters under test may be furnished with, and this way provides for valid, reliable
and repeatable measurement results.”

However, if the laboratory d.c. power source is applied in measurement of RF disturbances as
shown in Figure K.1, the CM RF current caused by the EUT does not only flow through the
decoupling capacitors composing the decoupling circuit of the DC-AN, but also through the
decoupling capacitors the laboratory d.c. power source and the EMI filter of the test site are
furnished with. In addition, in almost all cases the capacitance of the decoupling capacitors
such equipment is furnished with may be much larger than 100 nF.

An ob|
effecti
increa

GCPC

d.c. pgwer s

This d
counte
interfa

Ce in

e RF CM current at the operation fr

ecoupling loss can be incr

DC power source EMI filter DC-AN (EUT) AMN A

T o7 Sl T <=

' » ” ’ ”
E_l-l _t)+l t) T(t)+T° () +17(t)

C)\ IEC

Figure K.1 — Flow of the co & mode RF
current at test site conf| ion level

upply port allocated in the te vironment.

Q\

between the AE of the DC-AN and the laboratory d.c. power supp

allocafed in the test environmént (countermeasure for shifting the frequency of the
resongnce d

K.3.2

If some sw%’QEMI clamp devices etc. which attenuate the common mode RF cur

9 kHz

supply|
decou

~ 15

1

ip in the CM termination impedance at the EUT port of the DC-AN).

Insert of s@s inductors (or common mode chokes) in the laboratory's d|
power s@ply chain

z are inserted between the AE port of the DC-AN and the laboratory d.c.
llocated in the test environment as shown in Figure K.2, the capacitances
capacitors the d.c. power source and EMI filter are equipped with g

vious countermeasure for prevention of“ﬁ%se additional contributions to th¢ total
Q%%ncy of the power converter under tegt is to
ke the CM decoupling loss in betwes’f\.t e AE port of the DC-AN and the lab

bratory

d by insert of additional series inductors (pre¢ferred
rmeasure) and/or by g@{ayment of additional CM decoupling capacitors

At the

y port
series

C.

Fent in
power
of the
an be

neglected. For such additional decoupling, extended lengths of d.c. power cable could be
used too, if arranged to forming an air coil.
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GCPC
DC power source EMI filter DC-AN (EUT) AMN

L AC mains

i B T B e e
{8 i s | 5 I]‘J@
|

I(t)

IEC

Figure K.2 — Blocking of flow of common mode RF current Q

by insert of series inductors Q}/
ATTENTION - Proper equipment such as EMI clamp devices which attenugfte the
commén mode RF current in the range 9 kHz to 150 kHz may not be| ilable frgm the

market. Preferred measure should hence be insertion of series inductivi&és:

As mentioned above, because the effective magnitude of gzitance of decqupling
capacitors of all the laboratory measuring systems including th %.)oratory d.c. power psource
may use saturation effects in mitigation filters the tran ﬁaner-less power converter is
equipped with, it is necessary to use laboratory d.c. poweéources and EMI filters w|th low
capacitance common mode decoupling capacitors only,Observe however that use [of CM
decoupling capacitors with low capacitance only also reduce suppression jof RF
disturdances generated by the Ilaboratory d.c. wer source. If extremely large RF
disturjances occur during type tests on transforrq;@}?ess power converters which are thought
to be gaused by saturation of the built-in mitigatioh filters, then it should be considered|to use
batterips as d.c. power source. \~'Q

K.3.3 | Employment of additional copiinon mode decoupling capacitors at the

interface between the AE o‘ét of the DC-AN and the laboratory d.c. power
supply port allocated in: test environment
For an increase of the decouphhg loss between the laboratory d.c. power supply chafin and
the mlasurement arrangement additional CM decoupling capacitors can be conpected
betweg¢n the AE port (i.e@e’ decoupling circuit) of the DC-AN and the laboratory d.c.|power
supply|port aIIocatediCr‘)QD test environment as shown in Figure K.3.

@‘ o kAdditional
ocking capacitors
Lry 9 cap GCPC

Q wer supply EMI filter J DC-AN (EUT) AMN
-—

ST AEE T BT

IEC

Figure K.3 — Blocking of flow of common mode RF current
by employment of additional CM decoupling capacitors

The effect of such a countermeasure is that it shifts the series resonance dip in the
magnitude-versus-frequency characteristics of the CM termination impedance at the EUT port
of the DC-AN to lower frequencies, this way avoiding possible coincidences in frequency of
that resonance dip and the operation or fundamental frequency of the power converter under
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test. If the operation frequency does not coincide with that series resonance frequency,
saturation effects in the EUT can be avoided. It is quite obvious that such a countermeasure
shall be carefully adjusted to the given type of power converter, due to the wide range of
possibly involved operation frequencies. Individual adjustment of the additional CM blocking
capacitance may be necessary in most cases.

K.4 Background information

We studied the methods of solving the saturation problem on the assumption that not a
battery, but a laboratory d.c. power supply is used for measurements at transformer-less
power converters. Figure K.4 shows an example of common mode impedance characteristics
for a QC-AN according to Table I.2. As shown in Figure K.4, it proves that there is a reponant
point ih the proximity of 20 kHz and the common mode impedance remarkably deq/ ses at
this reponant frequency.

(@)

A DC-AN common mode impedance characteristics QQ
500 L

400 \ 0<2~
\ <
350 \ c}\
O A ] HE
\ N
250 || ||
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200 1| \ |
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150 | \ \/"“\% | =

100 : : / s
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0,001 0,01 ‘. 0,1 1 10
~Q&onant Frequency (MHz)
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Figure K. M termination impedance at the EUT port of a DC-AN —
Malgnitude-ve@ requency characteristic in the range 3 kHz to 30 MHz, Example

The shturati ()QDFmitigation filters the power converter is furnished with, that currently
becomles a&blem, occurs because a large common mode current flows in case the refonant
frequep 0 kHz) coincides with the operating frequency of the power converter [EUT).
Howeve$\y<{ﬁe resonant frequency is practically determined not only by the DC-AN, but dlso by
the common mode impedance characteristics of all of the instrumentation used in the whole
laboratory d.c. power supply chain including the d.c. power source, installed EMI filters and
the like.

In case the effective resonant frequency caused by all of the laboratory measuring
instrumentation coincides with the operating frequency of the power converter and so large
common mode current flows, or in case it is necessary to confirm whether such conditions
actually occur, the resonant frequency can be detuned from the operating frequency of the
power converter by changing the capacitance of decoupling capacitors of the decoupling
circuit of the DC-AN or adding the capacitance of decoupling capacitors as shown in
Figure K.5 and so changing the resonant frequency, that is to say, the resonant point can be
shifted as shown in Figure K.6. As a result, the common mode current can be reduced at the
operating frequency of the power converter by avoiding saturation effects.
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serv|ces carried out by independent certification bodies.

6) All users should ensure that they havesthe latest edition of this publication.

7) No l|ability shall attach to IEC or_ifs directors, employees, servants or agents including individual expgrts and
menjbers of its technical committees and IEC National Committees for any personal injury, property damage or
othef damage of any nature,‘whatsoever, whether direct or indirect, or for costs (including legal fees) and
expgnses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Atteption is drawn«tothe Normative references cited in this publication. Use of the referenced publications is
indigpensable fof the correct application of this publication.

9) Atteption is drawn to the possibility that some of the elements of this IEC Publication may be the sybject of
patent rights,_ TEC shall not be held responsible for identifying any or all such patent rights.

Interngtiomal Standard CISPR 11 has been prepared by CISPR Subcommittee B: Interference
relating to industrial, scientific and medical radio-frequency apparatus, to other (heavy)
industrial equipment, to overhead power lines, to high voltage equipment and to electric
traction.

This sixth edition cancels and replaces the fifth edition published in 2009 and its
Amendment 1 published in 2010. It constitutes a technical revision.

It introduces and permits type testing on components of power electronic equipment, systems
and installations. Its emission limits apply now to low voltage (LV) a.c. and d.c. power ports,
irrespective of the direction of power transmission. Several limits were adapted to the
practical test conditions found at test sites. They are also applicable now to power electronic
ISM RF equipment used for wireless power transfer (WPT), for instant power supply and
charging purposes. The limits in the range 1 GHz to 18 GHz apply now to CW-type
disturbances and to fluctuating disturbances in a similar, uniform and technology-neutral way.
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For these measurements, two alternative methods of measurement are available, the
traditional log-AV method and the new APD method.

For measurements at LV d.c. power ports of power electronic equipment, a modern
implementation of the 150 Q Delta-network specified in CISPR 16-1-2 has been made
available.

This International Standard CISPR 11 has the status of a Product Family EMC standard in
accordance with IEC Guide 107, Electromagnetic compatibility — Guide to the drafting of
electromagnetic compatibility publications (2014).

The tektof this standard 1S based on the Tollowing documents.

FDIS Report on voting
CISPR/B/628/FDIS CISPR/B/631/RVD

Full information on the voting for the approval of this standard can be;found in the report on
voting lindicated in the above table.

This plblication has been drafted in accordance with the ISO/IE€ Directives, Part 2.

The cgmmittee has decided that the contents of this publiéation will remain unchanged until
the stability date indicated on the IEC website under Chttp://webstore.iec.ch" in th¢ data
related to the specific publication. At this date, the publication will be

* redonfirmed,

thdrawn,

* reglaced by a revised edition, or
* amlended.

° W

IMPORTANT - The 'colour inside’' logo on the cover page of this publication indjcates
that |it contains colours which are considered to be useful for the cprrect
undenstanding of its contents. Users should therefore print this document uging a
colour printer.
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The main content of this standard is based on CISPR Recommendation No. 39/2 given below:
RECOMMENDATION No. 39/2

Limits and methods of measurement of electromagnetic disturbance characteristics
of industrial, scientific and medical (ISM) radio-frequency equipment

The CISPR

CONSIDERING

a) thpt ISM RF equipment is an important source of disturbance;
b) that methods of measuring such disturbances have been prescribed by the CISPR;

c) thpt certain frequencies are designated by the International Telecommyuication|Union
(ITU) for unrestricted radiation from ISM equipment,

RECOMMENDS

that the latest edition of CISPR 11 be used for the applicationof-limits and methpds of
measurement of ISM equipment.
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INTRODUCTION

This CISPR publication contains, amongst common requirements for the control of RF
disturbances from equipment intended for use in industrial, scientific, and medical electrical
applications, specific requirements for the control of RF disturbances caused by ISM RF
applications in the meaning of the definition of the International Telecommunication Union
(ITU), see also Definition 3.13 in this International Standard. CISPR and ITU share their
responsibility for the protection of radio services in respect of the use of ISM RF applications.

The CISPR is concerned with the control of RF disturbances from ISM RF applications by
means of an assessment of these disturbances either at a standardised test site or, for an
individgattSttRFappticatiomwhichcammot betested—atsuch=asite;atits ptaceof opgration.
Consepuently, this CISPR Publication covers requirements for conformity assessment.of both,
equipment assessed by means of type tests at standardised test sites or of “indjvidual
equipment under in situ conditions.

The ITU is concerned with the control of RF disturbances from ISM RF.applications |during
norma| operation and use of the respective equipment at its place of operation (see
Definitjon 1.15 in the ITU Radio Regulations). There, use ofradio-frequency energy
decoupled from the ISM RF application by radiation, induction{or capacitive coupling is
restricted to the location of that individual application.

This CISPR publication contains, in 6.3, the essential’)emission requirements for an
assesgment of RF disturbances from ISM RF applications at standardised test sites. |These
requirgments allow for type testing of ISM RF applications operated at frequencies| up to
18 GHEg. It further contains, in 6.4, the essential “‘emission requirements for an |in situ
assesgment of RF disturbances from individual ISM)RF applications in the frequency range up
to 1 GHz. All requirements were established in, close collaboration with the ITU and enjoy
approyal of the ITU.

HoweVer, for operation and use of several types of ISM RF applications the manufaturer,
installer and/or customer should be aware of additional national provisions regarding pgssible
licensing and particular protection needs of local radio services and applications. Depgnding
on the country concerned, such* additional provisions may apply to individual ISM RF
applications operated at frequencies outsides designated ISM bands (see Table 1). They also
may apply to ISM RF applications operated at frequencies above 18 GHz. For the latter type
of appl|ications, local protection of radio services and appliances requires an accomplighment
of thel conformity assessment by application of the relevant national provisions [in the
frequehcy range above 18 GHz in accordance with vested interests of the ITU and nptional
administrations. ,Fhese additional national provisions may apply to spurious emigsions,
emissipns appeafing at harmonics of the operation frequency, and to wanted emissions| at the
operatjon frequency allocated outside a designated ISM band in the frequency range|above
18 GHg.

Recommendations of CISPR for the protection of radio services in particular areas are found
in Annex E of this International Standard.

Definition 1.15 of the ITU Radio Regulations reads as follows:

1.15 industrial, scientific and medical (ISM) applications (of radio frequency energy):
Operation of equipment or appliances designed to generate and use locally radio frequency
energy for industrial, scientific, medical, domestic or similar purposes, excluding applications
in the field of telecommunications.

[ITU Radio Regulations Volume 1: 2012 — Chapter [, Definition 1.15]
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INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -
RADIO-FREQUENCY DISTURBANCE CHARACTERISTICS -
LIMITS AND METHODS OF MEASUREMENT

1 Scope

This International Standard applies to industrial, scientific and medical electrical equipment

operating in the frequency range Q Hz to 400 GHz and to domestic and similar appliances

designled to generate and/or use locally radio-frequency energy.

This s

the frq

freque

For IS

NOTE

andard covers emission requirements related to radio-frequency (RF) disturban

ncy ranges where limits are specified in Clause 6.

Emission requirements for induction cooking appliances are specified in CISPR 14-1 [1]1.

ces in

pquency range of 9 kHz to 400 GHz. Measurements need only be.performed in

M RF applications in the meaning of the definition found in the ITU Radio Regujations
(see Definition 3.13), this standard covers emission requirements(related to radio-freg
disturjances in the frequency range of 9 kHz to 18 GHz.

uency

Requirements for ISM RF lighting equipment and UM jirradiators operating at frequencies

within

standdrd.

Equipment covered by other CISPR product and product family emission standar

exclud

2 Normative references

The fo

are indispensable for its application. For dated references, only the edition cited applig
undatgd references, the\:latest edition of the referenced document (includin
amendments) applies.

CISPR 16-1-1:2010;" Specification for radio disturbance and immunity measuring app

and m

appargtus
CISPR 16+1-1:2010/AMD 1:2010
CISPR 16-1-1:2010/AMD 2:2014

the ISM frequency bands defined by the ITU Radio Regulations are contained

ed from the scope of this standard.

lowing documents, in whole or in part, are normatively referenced in this docume

ethods #Part 1-1: Radio disturbance and immunity measuring apparatus — Mea

in this

is are

nt and
bs. For

j any

aratus
suring

CISPR 16-1-2:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-2: Radio disturbance and immunity measuring apparatus — Coupling

device

s for conducted disturbance measurements

CISPR 16-1-4:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 1-4: Radio disturbance and immunity measuring apparatus — Antennas
and test sites for radiated disturbance measurements
CISPR 16-1-4:2010/AMD 1:2012

1 Figu

res in square brackets refer to the Bibliography.
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CISPR 16-2-1:2014, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-1: Methods of measurement of disturbances and immunity — Conducted
disturbance measurements

CISPR 16-2-3:2010, Specification for radio disturbance and immunity measuring apparatus
and methods — Part 2-3: Methods of measurement of disturbances and immunity — Radiated
disturbance measurements

CISPR 16-2-3:2010/AMD 1:2010

CISPR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2011, Specification for radio disturbance and immunity measuring apparatus
and methods Part4-2-Unceortaintios—statistics—and—Hmit—modeting Megsuring
instrumentation uncertainty

CISPR 16-4-2:2011/AMD 1:2014

IEC 60J050-161:1990, International Electrotechnical Vocabulary (IEV) ~—~ Chapter 161:
Electroamagnetic compatibility

IEC 6Q0601-1-2:2014, Medical electrical equipment — Part 1-2: General_requirements fof basic
safety| and essential performance — Collateral standard: Electfomagnetic disturbances -
Requinements and tests

IEC 60601-2-2:2009, Medical electrical equipment — Part 2¢2: Particular requirements for the
basic |safety and essential performance of high frequéncy surgical equipment and high
frequehcy surgical accessories

IEC 6Q974-10:2014, Arc welding equipment — Part 10: Electromagnetic compatibility (EMC)
requirgments

IEC 61307:2011, Industrial microwave ¢heating installations — Test methods for the
determination of power output

IEC 62135-2:2007, Resistance, welding equipment — Part 2: Electromagnetic compatibility
(EMC)|requirements

ITU Radio Regulations (2042), Radio regulations, @ Volume 3 —  Resolutions| and
recomnendations, Resolution no. 63 (available at http://www.itu.int/pub/R-REG-RR-201p)

3 Terms anddefinitions

For th¢ purposes of this document, the terms and definitions given in IEC 60050-161, as well
as thelfellowing, apply.

3.1

a.c. mains power port

port used to connect to a public low voltage a.c. mains power distribution network or other low
voltage a.c. mains installation

3.2

arc welding equipment

equipment for applying current and voltage and having the required characteristics suitable
for arc welding and allied processes
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3.3

artificial mains network

AMN

network that provides a defined impedance to the EUT at radio frequencies, couples the
disturbance voltage to the measuring receiver and decouples the test circuit from the supply

mains

Note 1 to entry: There are two basic types of AMN, the V-network (V-AMN) which couples the unsymmetrical
voltages, and the Delta-network which couples the symmetric and the asymmetric voltages separately.

Note 2 to entry:

The terms line impedance stabilization network (LISN) and V-AMN are used interchangeably.

3.4

boundary of the equipment under test

imaginjary straight line periphery describing a simple geometric configuration encemppassing
the equipment under test

Note 1 tp entry: All interconnecting cables are included within this boundary.

3.5

component

produgt which serves a specific function or functions and which is-intended for use in a|higher
order assembled equipment or system

3.6

d.c. antificial network

artificjal d.c. network

DC-AN

artificial network that provides defined termination’to the EUT’s d.c. power port undgr test
while @lso providing the necessary decoupling@rom conducted disturbances originating from

the laQ

3.7

oratory d.c. power source or from the lead

d.c. power port

port ug
anothsg

Note 1 {

a battery.

3.8
electrq

ted to connect to a low voltage d.c. power generating system or energy storage
r source/load

o entry: Such a systeninmay be for example a photovoltaic or a fuel cell power generating system

p-dischargesmachining (EDM) equipment

EDM equipment

all thd
geners

tor,(control circuits, the working fluid container and integral devices

, or to

or also

necessary units for the spark erosion process including the machine tool, the

3.9

electromagnetic radiation
1) phenomenon by which energy in the form of electromagnetic waves emanates from a

sou

2) ene

Note 1t

rce into space

rgy transferred through space in the form of electromagnetic waves

o entry: By extension, the term "electromagnetic radiation" sometimes also covers induction phenomena.

[SOURCE: IEC 60050-161:1990, 161-01-10]
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3.10

equipment for resistance welding and allied processes

all equipment associated with carrying out the processes of resistance welding or allied
processes consisting of e.g. power source, electrodes, tooling and associated control
equipment, which may be a separate unit or part of a complex machine

3.11

grid connected power converter

GCPC

power converter connected to an a.c. mains power distribution network or other a.c. mains
installation and used in a power generating system

3.12
high power electronic system and equipment
one of more semiconductor power converters with a combined rated power greater than
75 kVA, or an equipment containing such converters

Note 1 fo entry: Examples of such high power electronic equipment are semiconductor power converters for
applicatjon in UPS (Uninterruptible Power Systems) and PDS (Power Drive Systems).

3.13
indusfrial, scientific and medical (ISM) applications (of radio.frequency energy)
ISM applications (of radio frequency energy)

operatjon of equipment or appliances designed to generateyand use locally radio frequency
energy for industrial, scientific, medical, domestic or simiifar purposes, excluding appli¢ations
in the field of telecommunications

Note 1 fo entry: Typical applications are the production%ofrphysical, biological, or chemical effects such as
heating,| ionisation of gases, mechanical vibrations, hair, removal, acceleration of charged particles.|A non-
exhaust|ve list of examples is given in Annex A.

[SOURCE: ITU Radio Regulations Volumeé-1: 2012 — Chapter I, Definition 1.15]

3.14
ISM RF equipment and appliances
equipment or appliances designed to generate and/or use locally radio-frequency enefgy for
industtial, scientific, medical, '‘domestic or similar purposes, excluding applications in the field
of telgcommunications and, information technology and other applications covered by other
CISPR publications

Note 2 {o entry: Thegabbreviation “ISM RF” is used throughout this standard for such equipment or appliances
only.

3.15
low vqltage
LV
a set of voltage Tevels used for the distribution of electricity and whose upper Tlimit is generally
accepted to be 1 000 V a.c. or 1 500 V d.c.

[SOURCE: IEC 60050-601:1985, 601-01-26, modified — addition of the words "or 1 500 V
d.c.”]

3.16

photovoltaic power generating system

electric power generating system which uses the photovoltaic effect to convert solar power
into electricity
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3.17

small size equipment

equipment, either positioned on a table top or standing on the floor which, including its cables
fits in an imaginary cylindrical test volume of 1,2 m in diameter and 1,5 m height (to ground
plane)

3.18

spark erosion

removal of material in a dielectric working fluid by electro-discharges, which are separated in
time and randomly distributed in space, between two electrically conductive electrodes (the
tool electrode and the work piece electrode), and where the energy in the discharge is
controlled

3.19
type test
test oflone or more devices made to a certain design to show that the design ‘meets ¢ertain
specifications

Note 1 fo entry: Recognition of a type test as type approval may depend on national or regional regulatjon, see
H.2 in Annex H.

4 Frequencies designated for ISM use

Certain frequencies are designated by the Internationak Telecommunication Union (ITU) for
use as fundamental frequencies for ISM RF applications (see also Definition 3.13). [These
frequepcies are listed in Table 1.

NOTE |[In individual countries different or additional frequencies can be designated for use by ISM RF
applicat|ons.

Table 1 - Frequencies in the radio-frequency (RF) range designated by ITU
for use as fundamental ISM frequencies

Number of appropriate
Centre frequency Frequency range Maximum radiation footnote to the taple of
limit b frequency allocat|on of
MHz MHz the ITU Radi¢
Regulations §
6,780 6,765 — 6,795 Under consideration 5.138
13,560 13,553 — 13,567 Unrestricted 5.150
27,120 26,957 — 27,283 Unrestricted 5.150
40,680 40,66 — 40,70 Unrestricted 5.150
433,920 433,05 - 434,79 Under consideration 5.138 in Region 1, gxcept
countries mentionged in
5 280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 5725 -5875 Unrestricted 5.150
24 125 24 000 — 24 250 Unrestricted 5.150
61 250 61 000 — 61 500 Under consideration 5.138
122 500 122 000 - 123 000 Under consideration 5.138
245 000 244 000 — 246 000 Under consideration 5.138

2 Resolution No. 63 of the ITU Radio Regulations applies.

The term “unrestricted” applies to the fundamental and all other frequency components falling within the
designated band. Outside of ITU designated ISM bands the limits for the disturbance voltage and radiation
disturbance in this standard apply.
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5 Classification of equipment

5.1 Separation into groups

In order to simplify identification of the relevant limits, equipment in the scope of this standard
is categorized into two groups, i.e. into group 1 and group 2.

Group 1 equipment: group 1 contains all equipment in the scope of this standard which is not
classified as group 2 equipment.

Group 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency energy
in the [frequency Tange 9 kHz 1o 400 Gz s mtentionatty generatedand used or onty used
locally} in the form of electromagnetic radiation, inductive and/or capacitive couplings for the
treatmgent of material, for inspection/analysis purposes, or for transfer of electromagnetic
energy.

NOTE [See Annex A for examples of the separation of equipment into group 1 or 2.
5.2 Pivision into classes

In accprdance with the intended use of equipment in the electromagnetic environment, this
standqrd defines two classes of equipment, namely class A and-class B.

Class A equipment is equipment suitable for use in all lo¢ations other than those allocated in
resideptial environments and those directly connected 40ya low voltage power supply network
which pupplies buildings used for domestic purposes.

Class A equipment shall meet class A limits.

Arc weglding equipment which contains arcistriking or stabilizing devices and stand-algne arc
striking or stabilizing devices for arc welding shall be classified as class A equipment.

Class B equipment is equipment suitable for use in locations in residential environments and
in establishments directly connected to a low voltage power supply network which sypplies
buildings used for domestic purposes.

Class B equipment shal"meet class B limits.

5.3 Documentation for the user

The mianufacturer and/or supplier of equipment shall ensure that the user is informed| about
the class and group of the equipment, either by labelling or by the accomppnying
documlentation. In both cases the manufacturer/supplier shall explain the meaning of both the
class and the group in the documentation accompanying the equipment

The documentation accompanying the equipment shall contain details of any precautions to
be observed by the purchaser or user to ensure that regular operation and use of the
equipment in the field does not cause harmful radio frequency interference (RFI). In the
framework of this standard, these details concern information about:

o the possibility of radio frequency interference originating from operation of class A
equipment in certain environments,

e special precautions to be observed when connecting class A equipment to a low voltage
power supply network, see Footnote a and b in Table 2, Footnote b in Table 3 and
Footnote a in Table 6, respectively,

e measures which can be taken at installation level to reduce emissions from installed
class A equipment, see Footnote b in Table 2 and Footnote a in Table 8.
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For class A equipment, the instructions for use accompanying the product shall contain the
following text:

Caution: This equipment is not intended for use in residential environments and may not
provide adequate protection to radio reception in such environments.

6 Limits of electromagnetic disturbances

6.1 General

For measurements at standardized test sites, the requirements specified hereafter constitute
the requirements for typp tests

Class A equipment may be measured either on a test site or in situ as prefenred py the
manufacturer.

NOTE 1| Due to size, complexity or operating conditions some equipment may have to‘be measured ip situ in
order to|show compliance with the radiation disturbance limits specified herein.

Class B equipment shall be measured on a test site.

NOTE 2] The limits have been determined on a probabilistic basis taking into account the likelihood of
interfergnce. In cases of interference, additional provisions may have to be applied.

The lower limit shall apply at all transition frequencies.
Measuring apparatus and methods of measurementiare specified in Clauses 7, 8 and 9.

6.2 |Group 1 equipment measured on a testsite
6.2.1 Limits for conducted disturbances
6.2.1.1 General

The equipment under test shall meet either:

a) both the average limit specified for measurements with an average detector and the|quasi-
peak limit specified far'measurements with a quasi-peak detector (see 7.3); or

b) the average limit when using a quasi-peak detector (see 7.3).

The limits for the*V d.c. power port specified hereafter apply only to grid connected|power
conveltors (GCRCS) intended for assembly into photovoltaic power generating systems.

6.2.1.2 Frequency range 9 kHz to 150 kHz

In the frequency range 9 KAz to 50 kHAZtimitsare not specified.

6.2.1.3 Frequency range 150 kHz to 30 MHz

Limits for the disturbance voltage at low voltage a.c. mains power ports in the frequency
range 150 kHz to 30 MHz for equipment measured on a test site using the 50 /50 uH CISPR
artificial mains network (V-AMN) or the CISPR voltage probe (see 7.3.3 and Figure 1) are
given in Tables 2 and 4.

Limits for conducted disturbances at low voltage d.c. power ports in the frequency range
150 kHz to 30 MHz for equipment measured on a test site using the 150 Q CISPR network
(DC-AN) (see 7.3.2.3 and Annex |) or the current probe (see CISPR 16-1-2) are given in
Table 3 and 5.
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Rated power of Rated power of High power electronic
<20 kVA ¢ >20 kVAand < 75 kVA 2 € systems and equipment,
Rated power of
Frequency range > 75 KVA b ¢
MHz - - -
Quasi-peak Average Quasi-peak Average Quasi-peak Average
dB(nV) dB(nV) dB(uV) dB(uV) dB(uV) dB(uV)
0,15 - 0,50 79 66 100 90 130 120
0,50 -5 73 60 86 76 125 115
90 80
L _ 30 73 60 decr_easing linearly with 115 1bs
logarithm of frequency to
73 60

At the {

For claps A equipment intended to be connected solely to isolated neutral or high impedance earthed (IT)
al power distribution networks (see IEC 60364-1) the limits for equipment with-a rated power > 75 kNVA

industr
may beg

NOTE
phase
case of

ransition frequency, the more stringent limit shall apply.

applied, regardless of its actual rated power.

200 V three phase power supply networks.

A rated input or output power of 20 kVA corresponds for example to"a\current of approximately 29 A per
n case of 400 V three-phase power supply networks, and to a curcent’of approximately 58 A per phase in

8 Thg
pow
equ
Thsg
red
intg

b The
75

€ Sel

ipment not intended to be connected to a user specific.power transformer the limits for < 20 kVA
manufacturer, and/or supplier shall provide information on installation measures that can be {
lice emissions from the installed equipment. In particular it shall be indicated that this equipr
nded to be connected to a dedicated power transformer or generator and not to LV overhead power

VA when intended to be installed as follows:

installation is supplied from a dedicated“power transformer or generator, and which is not conne]
Low Voltage (LV) overhead power lines),

installation is physically separated from residential environments by distance greater than 30 m
structure which acts as a barriersto radiated phenomena,

the manufacturer and/or supplier shall indicate that this equipment meets the disturbance voltag
for high power electronic systems and equipment of rated input power > 75 kVA and provide info
on installation meaSures to be applied by the installer. In particular, it shall be indicated tH
equipment is intefded’to be used in an installation which is powered by a dedicated power transfo
generator and not by LV overhead power lines.

ection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufact

se limits apply to equipment with a rated power > 20 kVA{and intended to be connected to a deficated
er transformer or generator, and which is not connected to”low voltage (LV) overhead power lings. For

apply.

sed to
hent is
lines.

se limits apply only to high power electronic systems and equipment with a rated power greater than

cted to

br by a

B limits
mation
at this
mer or

yrer.
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Table 3 — Limits for conducted disturbances of class A group 1 equipment
measured on a test site (d.c. power port)

Rated power of Rated power of Rated power of
<20 kVA @ >20 kVAto < 75 kVA @ b >75kVA @ P
Frequency
range Voltage limits Voltage limits Current limits Voltage limits Current limits
MHz QP AV QP AV QP AV QP AV QP AV
dB(uV) | dB(uV) | dB(nV) | dB(uV) | dB(pA) [ dB(pA) | dB(uV) | dB(nV) [ dB(nA) | dB(uA)
0,15 97 84 116 106 72 62 132 122 88 78
to to to to to to to to to to to
5 89 76 106 96 62 52 122 112 78 68
5 106 96 62 52 122 112 78 68
to 89 76 to to to to to to to to
30 89 76 45 32 105 92 61 48

In certain frequency ranges, the limits in this table decrease linearly with logarithm of frequency.
a8 Selpction of the appropriate set of limits shall be based on the rated a.c. power stated by the manufactirer.

b Thdse limits apply to equipment with a rated power > 20 kVA and intended to be installed in & large
phdtovoltaic power generating system by a professional. In the manual_accompanying the proddct, the
mahnufacturer, and/or supplier shall provide information on mitigation measures that can be used to |reduce
emissions from the installed equipment, with the goal of preventing harmful interference to radio reception in
a distance of 30 m from the installation. In particular it shall be indicated that this equipment can be equipped
with additional filtering and that installation is physically separated from residential environments by djstance
grepter than 30 m. The installer is invited to check the mitigated installation against CISPR 11| in-situ
meg@surements as indicated in clause 6.4 of this standard.

Table 4 — Disturbance voltage limits for class B group 1 equipment
measured on a test site (a.c. mains power port)

Frequency range Quasi-peak Average
MHz dB(uV) dB(nV)
66 56
Decreasing linearly with logarithm Decreasing linearly with logafithm
0,15 - 0,50
of frequency to of frequency to
56
0,50 -5 56 46
5-30 60 50

At the transition frequency, the more stringent limit shall apply.

For diagnostic X-ray generators operating in intermittent mode the quasi-peak limits of
Table 2 or Table 4 can be relaxed by 20 dB.

Table 5 — Disturbance voltage limits for class B group 1 equipment
measured on a test site (d.c. power port)

Frequency range Quasi-peak Average
MHz dB(nV) dB(nV)
84 74
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
74 64
0,50 — 30 74 64
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The equipment under test shall meet the quasi-peak limits when using a quasi-peak detector.

6.2.2.2

Frequency range 9 kHz to 150 kHz

In the frequency range 9 kHz to 150 kHz limits are not specified.

6.2.2.3 Frequency range 150 kHz to 1 GHz
In the frequency range 150 kHz to 30 MHz limits are not specified.
In the ffrequency range above 30 MHz the limits refer to the electric field strength{Component
of the plectromagnetic radiation disturbance.
The elpctromagnetic radiation disturbance limits for the frequency ranger30"MHz to 1 GHz for
group i, classes A and B equipment are specified in Table 6 "and 7, respegtively.
Recommendations for the protection of specific safety-related fadio services are| given
in Annex E and Table E.1.
On a {est site, class A equipment can be measured at a nominal distance of 3 m, 1D m or
30 m (see information in Table 6), and class B equipmenhtat a nominal distance of 3 m, or
10 m (see information in Table 7). A measuring distance*less than 10 m is allowed oply for
equipment which complies with the definition for smallsize equipment given in 3.17.
Table 6 — Electromagnetic radiation disturbance limits
for class A group 1 equipment measured on a test site
10 m measuring-distance 3 m measuring distance b
rated power of rated power of
Frequency range
<20 kVAC >20 kVA 3 ¢ <20 kVAC >20kVA{: ¢
MHz
Quasi-peak Quasi-peak Quasi-peak Quasi-pepk
dB(uV/m) dB(uV/m) dB(uV/m) dB(puVv/m)
3p — 230 40 50 50 60
239 - 1 000 47 50 57 60

On a tes$t site, class/A‘equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. In case of
measurgments at,aSeparation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall|be
used to|normalize.the measured data to the specified distance for determining compliance.
At the transition frequency, the more stringent limit shall apply.
2 Thege\limits apply to equipment with a rated power of > 20 kVA and intended to be used at location$ where

there is a distance greater than 30 m between the equipment and third party sensitive radio communications.
The manufacturer shall indicate in the technical documentation that this equipment is intended to be used at
locations where the separation distance to third party sensitive radio services is > 30 m. If these conditions are
not met, then the limits for < 20 kVA apply.

The 3 m separation distance applies only to small size equipment meeting the size criterion defined in 3.17.

¢ Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.
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Table 7 — Electromagnetic radiation disturbance limits
for class B group 1 equipment measured on a test site

10 m measuring distance 3 m measuring distance 2
Frequency range
Quasi-peak Quasi-peak
MHz
dB(uV/m) dB(uV/m)
30 - 230 30 40
230 -1 000 37 47

On a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m.

At the transition frequency, the more stringent limit shall apply.

@ The|3 m separation distance applies only to small size equipment meeting the size criterion defined«in\3.17.

For medical electrical equipment intended to be permanently installed in shielded locptions,
further provisions with regard to the measurement arrangement and load conditions areg found
in IEC|60601-1-2.

6.2.2.4 Frequency range 1 GHz to 18 GHz

In the frequency range 1 GHz to 18 GHz limits are not specified.

6.2.2.5 Frequency range 18 GHz to 400 GHz

In the frequency range 18 GHz to 400 GHz limits are_not specified.

6.3 |Group 2 equipment measured on a test’site
6.3.1 Limits for conducted disturbances
6.3.1.1 General

The equipment under test shall meet either:

a) both the average limit specified for measurements with an average detector and the|quasi-
pegk limit specified forimeasurements with a quasi-peak detector (see 7.3); or

b) thg average limit when using a quasi-peak detector (see 7.3).
6.3.1.2 Frequency range 9 kHz to 150 kHz

In the frequency)range 9 kHz to 150 kHz limits are not specified.

6.3.1.3 Frequency range 150 kHz to 30 MHz

Limits for the disturbance voltage at low voltage a.c. mains power ports in the frequency
range 150 kHz to 30 MHz for equipment measured on a test site using the 50 /50 uH CISPR
artificial mains network (V-AMN) or the CISPR voltage probe (see 7.3.3 and Figure 1) are
given in Tables 8 and 9, except for the ITU designated frequency bands listed in Table 1
where no limits apply.

For electric welding equipment the limits of Table 8 or 9 apply in active mode of operation. In
stand-by (or idle) mode, the limits of Table 2 or 4 apply.

For ISM RF lighting devices operating in dedicated ISM frequency bands (defined by the ITU
in Table 1) the limits of Table 9 apply.
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Table 8 — Disturbance voltage limits for class A group 2 equipment
measured on a test site (a.c. mains power port)

Rated power of Rated power of
Frequency range <75kVA®P >75kVA 2P
MHz Quasi-peak Average Quasi-peak Average
dB(uV) dB(uV) dB(nV) dB(nV)
0,15 - 0,50 100 90 130 120
0,50 -5 86 76 125 115
90 80
= _ 30 decreasing Ifirnezauréﬁzv;tthologarithm of 115 105
73 60

At the fransition frequency, the more stringent limit shall apply.

For claps A equipment with a rated power < 75 kVA intended to be connected solely to isolated neutral or Righ
impedgnce earthed (IT) industrial power distribution networks (see IEC 60364-1) the limits, defined for groulp 2
equipment with a rated power > 75 kVA may be applied.

28 Thg manufacturer and/or supplier shall provide information on installation{measures that can be ysed to
redlice emissions from the installed equipment.

b Selpction of the appropriate set of limits shall be based on the rated a,c\power stated by the manufact{irer.

NOTE [A rated input or output power of 75 kVA corresponds forsexample to a current of approximately 108 A per
phase im case of 400 V three phase power supply networks and to a current of approximately 216 A per phase in
case of P00 V three phase power supply networks.

High-ftequency (HF) surgical equipment shall\meet the limits of Table 2 or 4 specifled for
group I equipment, in stand-by mode of‘“operation. For high-frequency (HF) sprgical
equipment operating at frequencies outside'designated ISM bands (see Table 1), these limits
also apply at the operating frequency and-inside the designated frequency bands. The related
measurements shall be performed in @ytest arrangement in accordance with IEC 60601-P-2.

Table 9 — Disturbance voltage limits for class B group 2 equipment
measured on a test site (a.c. mains power port)

Frequency range Quasi-peak Average

MHz dB(nV) dB(nV)
66 56

Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 -)0,50
of frequency to of frequency to

56 46
0,50 -5 56 46
5-30 60 50

At the transition frequency, the more stringent limit shall apply.

6.3.2 Limits of electromagnetic radiation disturbance
6.3.2.1 General

The equipment under test shall meet the limits when using a measuring instrument with a
peak, quasi-peak or average detector as indicated in the appropriate table.

Up to 30 MHz the limits refer to the magnetic component of the electromagnetic radiation
disturbance. Above 30 MHz the limits refer to the electric field strength component of the
electromagnetic radiation disturbance.
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6.3.2.2 Frequency range 9 kHz to 150 kHz

In the frequency range 9 kHz to 150 kHz limits are not specified.

6.3.2.3 Frequency range 150 kHz to 1 GHz

Except for the designated frequency range listed in Table 1, the electromagnetic radiation
disturbance limits for the frequency range 150 kHz to 1 GHz for group 2 class A equipment
are specified in Table 10; and for group 2 class B equipment in Table 12.

The limits in Tables 10 and 12 apply to all electromagnetic disturbances at all frequencies not
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Table 10 — Electromagnetic radiation disturbance limits
for class A group 2 equipment measured on a test site

Limits for a measuring distance D in m
On a test site D =30 m On a test site D =10 m On a test site D=3 m
Frequency from the equipment from the equipment from the equipment 2
range Electric field | Magnetic | Electric field | Magnetic | Electric field | Magnetic
MHz field field field
Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak
dB(uV/m) dB(uA/m) dB(uV/m) dB(pA/m) dB(uV/m) dB(pA/m)
0,15—6:49 3355 575 §2
0,49 - 1,705 - 23,5 - 47,5 - 72
1,705 — 2,194 - 28,5 - 52,5 - 717
2,194 - 3,95 - 23,5 - 43,5 - g8
43,5
decrgasing
- - S
frequgncy to
28,5
1-20 - 8,5 - 18,5 - 28,5
20 - 30 - -1,5 - 8,5 - 14,5
0-47 58 - 68 - 78 -
47 - 53,91 40 - 50 - 60 -
53,91 — 54,56 40 - 50 - 60 -
54,56 — 68 40 - 50 - 60 -
68|- 80,872 53 - 63 - 73 -
80,872 — 81,848 68 - 78 - 88 -
81)848 — 87 53 - 63 - 73 -
87 1 134,786 50 - 60 - 70 -
134,786 — 136,414 60 - 70 - 80 -
136414 — 156 50 - 60 - 70 -
1%6 — 174 64 - 74 - 84 -
174 — 188,7 40 - 50 - 60 -
188,71 — 190,979 50 - 60 - 70 -
190979 ~230 40 - 50 - 60 -
23057400 50 - 60 - 70 -
400 =470 53 = 53 = 73 -
470 - 1 000 50 - 60 - 70 -

On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. A measuring
distance less than 10 m is allowed only for equipment which complies with the definition given in 3.17.

At the transition frequency, the more stringent limit shall apply.

2 In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.
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Table 11 — Electromagnetic radiation disturbance limits
for class A EDM and arc welding equipment measured on a test site

Limits for a measuring distance D in m
Frequency range D=10m D=3m?
MHz Quasi-peak Quasi-peak
dB(puV/m) dB(pV/m)
80 90
30 — 230 Decreasing linearly with logarithm of Decreasing linearly with logarithm of
frequency to frequency to
60 70
230 — 1 000 60 70

On a t¢st site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m.dn_case of
measurements at a separation distance of 30 m, an inverse proportionality factor of 20 dB perldeecade sha|l be
used tp normalize the measured data to the specified distance for determining compliance.

a8 The 3 m separation distance applies only to small size equipment meeting the size ctiterion defined in 3.17.

Table 12 — Electromagnetic radiation disturbance limits
for class B group 2 equipment measured on a test site

Limits for a measuring distance D in m
Electric field Magnetic field
Frequgncy range D=10m pDeamb D=3m
MHz
Quasi-peak | Average ? | Quasi-peak | Average 2 Quasi-peak

dB(nV/m) dB(uV/m) dB(pA/m)

39
: - - - | Ppsreasing ineary v e

3
30 { 80,872 30 25 40 35 -
80,87 — 81,848 50 45 60 55 -
81,848 — 134,786 30 25 40 35 -
134,786 — 136,414 50 45 60 55 -
136,414 — 230 30 25 40 35 -
230 -1 000 37 32 47 42 -

On a tgst site, Jclass B equipment can be measured at a nominal distance of 3 m or 10 m. In the frequency fange

30 MHz t0{,GHz, a measuring distance less than 10 m is allowed only for equipment which complies with the
definitibr gi\lnn 347,

At the transition frequency, the more stringent limit should apply.

a8 The average limits apply to magnetron driven equipment and microwave ovens only. If magnetron driven
equipment or microwave ovens exceed the quasi-peak limit at certain frequencies, then the measurement
shall be repeated at these frequencies with the average detector and the average limits specified in this table
apply.

In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.

6.3.2.4 Frequency range 1 GHz to 18 GHz

The limits in the frequency range 1 GHz to 18 GHz apply only to group 2 equipment operating
at frequencies above 400 MHz. The limits specified in the Tables 13 to 15 apply only to
RF disturbances appearing outside designated ISM bands as listed in Table 1.
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The electromagnetic radiation disturbance limits for the frequency range 1 GHz to 18 GHz are
specified in Tables 13 to 15. The equipment shall meet either the limits of Table 13, or at least
the limits of Table 14 or Table 15 (see decision tree in 9.4.1, Figure 12).

ISM RF lighting devices operating in dedicated ISM frequency bands (defined by the ITU in
Table 1) shall either meet the class B limits of Table 13 or at least the limits of Table 14.

For microwave-powered UV irradiators, the limits specified in Table 13 apply.

Recommendations for the protection of specific safety services are given in Annex E and
Table E.1.

Table 13 — Electromagnetic radiation disturbance peak limits for
group 2 equipment operating at frequencies above 400 MHz

Limits for a measurement distance of(3'm
F
requency range Peak
GHz
dB(uV/m)
1-18 Class A Class B
Within harmonic frequency bands 82+@ 70
Outside harmonic frequency 70 70
bands
11,7 -12,7 730 73°b

Peak measurements with a resolution bandwidth of 1 MHz and\a, video signal bandwidth (VBW) higher thar or
equal tp 1 MHz. The recommended VBW is 3 MHz.

NOTE | In this table, “harmonic frequency bands” means.the frequency bands which are multiples of the ISM
bands fllocated above 1 GHz.

a8 At the upper and lower edge frequency of harmonic frequency bands, the more stringent limit of 70 dB(kV/m)
applies.

b In the satellite radio broadcasting band, the measured disturbance values shall not exceed 73 dB(uV/m)).
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Table 14 — Electromagnetic radiation disturbance weighted limits for
group 2 equipment operating at frequencies above 400 MHz

Frequency range Limits for a measuring distance of 3 m
Peak
GHz dB(uV/m)
1-24 60
2,5-5,725 60
5,875 - 18 60

10 Hz.

Weighted measurements shall be performed with a resolution bandwidth of 1 MHz and a video bandwidth of

To che
followin

a) 14
b) 25
c) 61
d) 84
e) 11
f) 13
g) 15

At sub-
span o
respec

*

In g
the
me
fred

Lk conformance with the limits of this table, weighted measurements shall be performed in all of the
g frequency ranges, in which the limit of Table 13 was exceeded during the peak measurement:

05 MHz - 2 395 MHz (1 000 MHz — 2 400 MHz)*;

05 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
25 MHz - 8 575 MHz;

75 MHz — 11 025 MHz;

D25 MHz — 13 475 MHz;

75 MHz — 15 925 MHz;

D25 MHz — 17 995 MHz*.

ranges where the limit of Table 13 was exceeded, a weighted neasurement shall be performed with
10 MHz around the centre frequency adjusted to the frequency of the highest disturbance level in t
ive sub-range.

ases where the frequency of highest emission during*peak measurement is found closer than 5 MH
frequency edges 1 GHz, 2,4 GHz, 2,5 GHz, 5372 GHz, 5,88 GHz or 18 GHz, the span for w
hsurements shall remain 10 MHz but in such 'case the centre frequency shall be adjusted so t
uency edges are not exceeded.

z from
pighted
hat the

NOTE | See annex B for further guidance on the\use of the spectrum analyser.
Table 15 — Electromagpnetic radiation disturbance APD level corresponding to
101 limits for class B group 2 equipment operating at frequencies above 400 MHz
Frequencyrange Limits for a measurement distance of 3 m
APD level corresponding to 10~"
GHz dB(pnV/m)
1-24 70
2,56 -5,725 70
5,875 - 18 70

level d

uring the observation time with a probability of 10 %.

APD measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth higher than or equal to
1 MHz.

NOTE An APD level corresponding to 101 means that the amplitude of the disturbance exceeds the specified

6.4
6.4.1
Under

Group 1 and group 2 class A equipment measured in situ
Limits for conducted disturbances

in situ conditions, an assessment of conducted disturbances is not required.
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6.4.2 Limits of electromagnetic radiation disturbance

The limits given in Table 16 apply to class A group 1 equipment and the limits given in
Table 17 apply to class A group 2 equipment.

Table 16 — Electromagnetic radiation disturbance limits for
class A group 1 equipment measured in situ

Limits with measuring distance 30 m from the outer face of the
exterior wall of the building in which the equipment is situated
Frequency range Electric field Magnetic field
MHz Quastpeak Quasi-peak 2
dB(uV/m) dB(nA/m)
0,15 - 0,49 - 13,5
0,49 - 3,95 - 38
3,95 -20 - ~11,5
20 - 30 - -21,5
30 - 230 30 -
230 - 1000 37 -

At the fransition frequency, the more stringent limit shall apply.

If local|conditions do not allow for measurements at 30 m, then a larger distance can be used. In this casef an
inversg proportionality factor of 20 dB per decade shall be used to ndunalize the measured data to the spekified
distande for determining compliance.

a8 Thgse limits apply in addition to the limits in the frequenceinrange 30 MHz to 1 GHz to radiated disturpances
oridinating from the operation frequency and its harmanics appearing in the frequency range 150|kHz to
30 MHz, caused by the installed class A group 1 equipment with a rated power exceeding 20 kVA.| In the
evelnt that the ambient noise level exceeds the aboyedimits, the emissions of the EUT shall not incredse this
noige floor by more than 3 dB.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 © IEC 2015 - 29 -

Table 17 — Electromagnetic radiation disturbance limits for
class A group 2 equipment measured in situ

Limits for a measuring distance of D in m
Frequency from the exterior wall of the building
range Electric field Magnetic field
MHz Quasi-peak Quasi-peak
dB(uV/m) dB(pA/m)
0,15 - 0,49 - 23,5
0,49 — 1,705 - 13,5
1,705 — 2,194 - 18.5
2194 - 3,95 - 13,5
3,95 — 20 - -1,5
20 - 30 - -11,5
30 - 47 48 N
47 - 53,91 30 .
53,91 — 54,56 30 -
54,56 — 68 30 -
6p — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 -
134|786-136,414 50 -
136,414 — 156 40 _
56 — 174 54 -
174 — 188,7 30 -
184,7 — 190,979 40 -
190,979 — 230 30 -
D30 — 400 40 -
100 — 470 43 _
470 — 1000 40 -
At the fransition frequency, the more stringent limit shall apply.
For grpup 2_eguipment measured in situ, the measuring distance D from the exterior wall of
the bdilding ,in which the equipment is situated equals (30 + x/a) m or 100 m whichever is
smaller, provided that the measuring distance D is within the boundary of the premises|In the
case where—the dHated-distance—-B-is—beyond , i5€ isuring

distance D equals x or 30 m, whichever is longer.

For the calculation of the above values:

x is the nearest distance between the exterior wall of the building in which the equipment is
situated and the boundary of the user’s premises in each measuring direction;

a = 2,5 for frequencies lower than 1 MHz;

a = 4,5 for frequencies equal to or higher than 1 MHz.
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7 Measurement requirements

7.1 General

The requirements specified in this clause, together with the limits specified in Clause 6,
constitute the essential EMC requirements of this standard. For measurements at test sites
(see Clause 8), verification of compliance of a given type of equipment with these essential
EMC requirements qualifies as type test.

Requirements which relate to measurements at such test sites are type test requirements. A
type test may be recognized as type approval if the conditions for the statistical assessment

Of measurerment restlte accordinata Annax H arg ahecgrvgd
HH-eR-e+He8sSHHts—a FeH G0 RRex—rrat DSB8

Class A equipment may be measured either on a test site or in situ as determiined py the
manufacturer. Class B equipment shall be measured on a test site.

Specif|c requirements for making measurements on a test site are given in,Clauses 8 jand 9,
for making measurements in situ in Clause 10.

The requirements of the present clause are to be met for both, test site and/or |in situ
measurements.

Measurements need only be performed in frequency ranges where limits are specified in
Clausg 6.

Compgnents or subassemblies for higher order eguipment or systems which are intended to
be asgembled at their respective place of operation only can also be tested according|to the
requirements of this standard. For testing purposes in the framework of this standard, such
compdnents or subassemblies shall be regarded as stand-alone equipment. Compongnts or
subasgemblies for which compliance withy;the relevant requirements cannot be showr when
measured at a test site can also be assessed in situ when being installed into the highef order
system, in which case the provisions ©f 6.4 shall apply.

NOTE 1| The environments encompassed in this standard are residential, commercial or industrial envirpnments
as descfibed in IEC 61000-2-5 [11]2. Adherence of equipment to the requirements of this standard will allow for its
operatign and use in these environments without resulting in an increased risk of RFI. There may also ex{st other
IEC profluct standards which allow for compliance testing of components or subassemblies of higher order pystems
but whigh encompass other énvironments than those specified in IEC 61000-2-5 [11]. Choice of this standafd or the
other appropriate IEC product standard for compliance testing of components or subassemblies is up to the
manufagturer.

NOTE 2| Examples for such components include, but are not limited to power converters used for didtributed
generatlon and supply of electric energy into LV a.c. mains networks or installations or, by means of tHeir own
dedicated transformer, into MV power distribution networks, but also power electric subassemblies intepded for
supply af higher order systems with power from LV a.c. mains networks.

7.2 Ambient noise

A test site for type testing shall allow emissions from the equipment under test to be
distinguished from ambient noise. The suitability in this respect can be determined by
measuring the ambient noise levels with the equipment under test inoperative and ensuring
that the ambient noise levels are at least 6 dB below the limits specified in 6.2 or 6.3, as
appropriate for the measurement being carried out. Further information on compliance testing
in the presence of ambient noise is found in CISPR 16-2-1:2014, 6.2.2 and CISPR 16-2-
3:2010, 6.2.2.

It is not necessary to reduce the ambient noise level to 6 dB below the specified limit where
the combination of the ambient noise plus the emission from the equipment under test does

2 Figures in square brackets refer to the Bibliography.
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not exceed the specified limit. Under these conditions the equipment under test is considered
to satisfy the specified limit.

When carrying out measurements of conducted RF disturbances, local radio transmissions
may increase the ambient noise level at some frequencies. A suitable radio-frequency filter
may be inserted between the artificial network (V-AMN and/or DC-AN) and the respective
laboratory a.c. mains supply or d.c. power source, or measurements may be performed in a
shielded enclosure. The components forming the radio-frequency filter should be enclosed in
a metallic screen directly connected to the reference ground of the measuring system. The
requirements for the impedance of the artificial network shall be satisfied at the frequency of
measurement when the radio-frequency filter is connected.

If, when measuring radiated RF disturbances, the 6 dB ambient noise conditions canhot be
met, then the antenna may be located at a distance closer to the equipment under test than
specified in Clause 6 (see 8.3.4). Further advice on measurement conditions in presence of
high lgvel ambient noise is found in Annex C.

7.3 Measuring equipment
7.3.1 Measuring instruments

Receijers with quasi-peak detectors shall be in accordance with CISPR 16-1-1. Regeivers
with ayerage detectors shall be in accordance with CISPR 16:1+1.

NOTE 1| Both detectors can be incorporated in a single receiver’and measurements carried out by alternately
using the quasi-peak detector and the average detector.

NOTE 2| The average detector in CISPR 16-1-1 is commenly referred to as “CISPR-Average”. Th|s is to
emphasjze that the average detector used in a CISPR receiver obtains a measurement result that is equiyalent to
the peak reading of a meter with a time constant as defined-in CISPR 16-1-1.

The measuring receiver used shall be opefated in such a way that a variation in frequgncy of
the digturbance being measured does notaffect the results.

NOTE 3| Measuring instruments having -othet detector characteristics can be used provided the measurgment of
the distyirbance values can be proved to be the same. Attention is drawn to the convenience of using a panoramic
receiver or a spectrum analyzer, particularly if the working frequency of the equipment under test ¢hanges
appreciably during the work cycle.

To avqid the possibility,efithe measuring instrument incorrectly indicating non-complian¢e with
the limits, the measuring receiver shall not be tuned closer to the edge of one of the|bands
designfated for ISMtuse than the frequency at which its 6 dB bandwidth point aligns with the
edge df the designated band.

When [making measurements on high power equipment, care should be taken to ensufe that
screening-and the spurious response rejection characteristics of the measuring receiyer are
adequate

For measurements at frequencies above 1 GHz, a spectrum analyser with characteristics as
defined in CISPR 16-1-1 shall be used.

Precautions which can be taken in the use of a spectrum analyzer are given in Annex B.

7.3.2 Artificial network (AN)
7.3.2.1 General

The artificial network (AN) is required to provide a defined termination impedance for the
EUT’s a.c. mains power port or d.c. power port under test at radio frequencies at the point of
measurement. The AN will also provide isolation of the equipment under test from ambient
noise on the respective a.c. or d.c. power lines.
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7.3.2.2 Artificial mains network (AMN)

Measurement of the disturbance voltage at low voltage a.c. mains power ports shall be made
using an artificial mains network (V-AMN) as specified in CISPR 16-1-2.

7.3.2.3 Artificial d.c. network (DC-AN)

Measurement of the disturbance voltage at low voltage d.c. power ports shall be made either
using the 150 Q artificial mains Delta-network specified in 4.7 of CISPR 16-1-2:2014 (see also
CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. network specified in Annex | of this
standard. For simplified wording, any of these networks intended for use with measurements
at low voltage d.c. power ports is further on denoted as DC-AN.

7.3.3 Voltage probe

The vgltage probe shown in Figure 1 shall be used when the artificial mains network (VFAMN)
cannof be used. The probe is connected sequentially between each line_and' the reference
earth ¢hosen (metal plate, metal tube). The probe consists mainly of a decoupling capacitor
and a [resistor such that the total resistance between the line and earth is at least 1 p00 Q.
The effect on the accuracy of measurement of the capacitor or any other device which may be
used tp protect the measuring receiver against dangerous currents shall be either lesls than
1 dB o allowed for in calibration. The voltage probe shall meet\thé requirements specified in
CISPR 16-1-2:2014, Clause 5.

Mains supply
C == X, <<1500Q
(1 500 — R) Q
|
Xy >> R R / Measuring set

|
R P,

IEC

Figure 1 — Circuit for disturbance voltage measurements on mains supply

7.3.4 Antennas
7.3.41 Frequency range below 30 MHz

In the frequency range below 30 MHz the antenna shall be a loop as specified in CISPR 16-1-
4. The antenna shall be supported in the vertical plane and be rotatable about a vertical axis.
The lowest point of the loop shall be 1 m above ground level.
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7.3.4.2 Frequency range from 30 MHz to 1 GHz

In the frequency range from 30 MHz to 1 GHz the antenna used shall be as specified in
CISPR 16-1-4. Measurements shall be made for both horizontal and vertical polarization. The
nearest point of the antenna to the ground shall be not less than 0,2 m.

For measurements on a test site the centre of the antenna shall be varied between 1 m and
4 m height for maximum indication at each test frequency.

For measurements in situ the centre of the antenna shall be fixed at (2,0 £0,2) m height
above the ground.

NOTE [Other antennas can be used provided the results can be shown to be within £2 dB of the resuljs which
would have been obtained using a balanced dipole antenna.

7.3.4.3 Frequency range above 1 GHz

For measurements at frequencies above 1 GHz, the antenna used shall be as specified in
CISPR 16-1-4.

7.3.5 Artificial hand

In order to simulate the influence of the user’s hand, application of the artificial hand is
required for hand-held equipment during the mains disturbance voltage measurement.

The artificial hand consists of metal foil which is connected to one terminal (terminal M) of an
RC elpment consisting of a capacitor of 220 pFx+ 20 % in series with a resistance of
510 Q|+ 10 % (see Figure 2); the other terminal 6f-the RC element shall be connected|to the
reference ground of the measuring system {see CISPR 16-1-2). The RC element [of the
artificial hand may be incorporated in the housing of the artificial mains network.

M

220 pF + 20 %

? 510Q+10 %
= IE

Figure 2 — Artificial hand, RC element

c

7.4 Frequeney-measurement

For equipment which is intended to operate with a fundamental frequency in one of the
designated bands listed in Table 1, the frequency shall be checked with measuring equipment
having an inherent error of measurement not greater than 1/10 of the permissible tolerance
for the mid-band frequency of the designated band. The frequency shall be measured over all
the load range from the lowest power normally used up to the maximum.

7.5 Configuration of equipment under test
7.5.1 General

Consistent with typical applications of the equipment under test, the level of the disturbance
shall be maximized by varying the configuration of the equipment. An example of a typical
setup for measurements of radiated disturbances from a table-top EUT is provided in
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Figure 3. The measurement arrangement shall be typical of normal installation practice and
centred to the turntable’s vertical axis.

NOTE 1 The extent to which this subclause is applicable to the measurement of an installation in situ will depend
on the flexibility inherent in each particular installation. The provisions of this subclause apply to in situ
measurements in so far as a particular installation allows for the position of cables to be varied and different units
within the installation to be operated independently, the extent to which the position of the installation can be
moved within the premises, etc.

For measurement of radiated disturbances with a separation distance of 3 m the assessment
of the radiation from the cabling of the EUT shall be restricted to those fractions of
interconnecting cables (see 7.5.2) and mains cables (see 7.5.3) which are within the test
volume of 1,2 m diameter times 1,5 m height above ground. Peripheral equipment not fitting
into thle test volume shall be excluded from the measurements or decoupled fromithe test
environment.

NOTE 2| Restriction of radiation assessment to the cable fractions inside the test volume can.be achig¢ved for
examplg by application of CMADs at the cables at the position where they leave the test volume. CISPR 16-2-3
gives fufther guidance on the application of CMADs.

Cable leaving the test volume run
vgrtically down towards the floor within

thle test volume of (1,2 = 0,1) m diameter
times (1,5 = 0,1) m height. Restriction of
radiation to the cable fractions inside the

tept volume is achieved by using e.g. a B: excess cable length bundle
CMAD at the position where they leaves between 30 cm and 40 cm
thle volume. in length
\ @
Antenna rgference
D: Spafing between point
the pnclosures D Cable bundles should be arranged
sholld be 20,1 m |‘" in thelmiddle of the cable.
Peripheral I
Peripherpl only 2] EUT1 EUT2
n test vglume . / N D Sections of interconnecting cables
if cable 4 N hanging over the table are spaced at
cannot be NG / a distance of 0,4 m above the ground
extended to plane.
7/

run out gf test
volume (p.g.
peripheral 2).

Test volume for
small'equipment

L:(3,0 £0,1)m

(1,2+0,1)m

A
A4

L = measuring distance

IEC

Figure 3a — Top view
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Figure 3b — Side view

Figure 3 — Example for a typical cable arrangement for measurements of
radiated disturbances in 3 m separation distance, Table-top EUT

An exlample of a typical unified test set.up for floor standing equipment suitable for
measurement of conducted as well as radiated disturbances is shown in Figure 4. Further
examples of typical arrangements of-the EUT and associated peripherals are giyen in
CISPR 16-2-3 and CISPR 16-2-1.
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AE
To power .
supply / ) N
/r »

interconnecting cables

CMAD Special earthing
terminal

IEC

Figure 4 — Example for a typical test set up“for measurement of conducted
and/or radiated disturbances from a-floor standing EUT, 3D view

The cepnfiguration of the equipment under \test shall be precisely documented in the test
report.

7.5.2 Interconnecting cables

This dubclause applies to equipment in which there are interconnecting cables bgtween
various parts of the equipment, or systems where a number of componenfs are
intercgnnected.

NOTE 1] The observation_of all provisions in this subclause permits the application of the results of an evaluation
to a number of system configurations using the same types of equipment and cables as tested, but no other, each
system ponfiguration being in effect a subsystem of the one evaluated.

Intercqnnecting ‘cables shall be of the type and length specified in the individual equ|pment
requirgments=If the length can be varied, the length shall be selected to produce maximum
emissipn/when performing field strength measurements.

If shielded or special cables are used during the tests then the use of such cables shall be
specified in the instruction manual.

The connection of signal leads, except for the leads supplied by the manufacturer, is not
required during radio-frequency emission measurements for portable test and measurement
apparatus, group 1, or those intended for use in laboratories and operated by competent
persons. Examples are signal generators, network and logic analysers, and spectrum
analysers.

Excess lengths of cables shall be bundled at the approximate centre of the cable with bundles
of 30 cm to 40 cm in length. If it is impracticable to do so the disposition of the excess cable
shall be noted precisely in the test report.
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Where there are multiple interface ports all of the same type, connecting a cable to just one of
that type of port is sufficient provided that it can be shown that the additional cables would not
significantly affect the results.

Any set of results shall be accompanied by a complete description of the cable and equipment
orientation so that results can be repeated. If there are conditions of use, those conditions
shall be specified, documented and included in the instructions for use.

If a given type of equipment can perform separately any one of a number of functions then the
equipment shall be tested while performing each of these functions. For systems which may
include a number of different components, one of each type of component which is included in

the S tam confiauration chall bha inclidad in tha avaliiatin~
ystem—configuration-shall-be-ncludedinthe-evaluation-

A system which contains a number of identical components, but has been evaluated using
only one of those components, does not require further evaluation if the initial évaluation was
satisfalctory.

NOTE 2| This is possible because it has been found that in practice emissions from_identical modules|are not
additive

When |lequipment is being evaluated which interacts with other gquipment to form a gystem
then the evaluation may be carried out using either additional equipment to represent the total
system or with the use of simulators. In either method care shall be taken to ensure that the
equipment under test is evaluated with the effects of the'rest of the system or simylators
satisfyjng the ambient noise conditions specified in 7.2~Any simulator used in lieu of|actual
equipment shall properly represent the electricalCand in some cases the mechanical
charaqteristics of the interface, especially with~respect to radio-frequency signals and
impedances, as well as cable configuration and types.

NOTE 3 This procedure is required to facilitate the evaluation of equipment which will be combined with other
equipment from different manufacturers to form a system.

7.5.3 Connection to the electricity supply network on a test site
7.5.3.1 Connection to the labaoratory a.c. mains network
7.5.3.1.1 General

Wherel necessary the mains power from the laboratory's electricity power supply network shall
be proyided through the-artificial mains network (AMN) specified in 7.3.2.2.

For connection_to<the AMN or to the test site's electricity supply network, appropriate lengths
of majns cables shall be used. If the manufacturer's installation instructions spgcify a
particylar type of mains cable for use with the EUT, connection to the AMN or to the tesf site's
electri¢ity supply network shall be made with that cable type.

Mains power at the nominal voltage shall be supplied.

7.5.3.1.2 Connection to the laboratory a.c. mains network for measurement of
conducted disturbances and for radiated disturbances in the range up to
30 MHz

When performing measurements on a test site, the artificial mains network (V-AMN) specified
in 7.3.2.2 is to be used whenever possible. The enclosure of the V-AMN shall be located so
that its closest surface is no less than 0,8 m from the nearest boundary of the equipment
under test.

Where a flexible mains cord is provided by the manufacturer this shall be 1 m long or, if in
excess of 1 m, the excess cable shall be folded to and forth to form a bundle not exceeding
0,4 m in length.


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 38 - CISPR 11:2015 © IEC 2015

Where a mains cable is specified in the manufacturer's installation instructions a 1 m length
of the type specified shall be connected between the test unit and the AMN.

Earth connections, where required for safety purposes, shall be connected to the reference
“earth” point of the AMN and where not otherwise provided or specified by the manufacturer
shall be 1 m long and run parallel to the mains connection at a distance of not more than
0,1 m.

Other earth connections (e.g. for EMC purposes) either specified or supplied by the
manufacturer for connection to the same terminal as the safety earth connection shall also be
connected to the reference earth of the AMN.

AnciIIer low voltage a.c. mains ports shall be connected to the laboratory a.c. mains-network
via ong¢ or more separate artificial mains networks (V-AMN) as specified in 7.3.2.2]

Where| the equipment under test is a system comprising more than one unit{each unit having
its owh power cord, the point of connection for the AMN is determined from the following
rules:

a) eagh mains cable which is terminated in a mains supply plug<fa standard design (e.g.,
IEC 60083) shall be tested separately;

b) mgins cables or terminals which are not specified by theimanufacturer to be conne¢ted to
anpther unit in the system for the purposes of supplying mains power shall be |tested
separately;

c) mdins cables or terminals which are specified by the manufacturer to be connegted to
another unit in the system for the purposes of supplying mains power shall be conhected
to that unit, and the mains cables or terminals™of that unit are connected to the AMN

d) whlere a special connection is specified, the necessary hardware to effect the connection
shall be used during the evaluation of the equipment under test.

7.5.3.1.3 Connection to the laboratory a.c. mains network for measurement of
radiated disturbances'in the range 30 MHz to 18 GHz

Connegtion to the laboratory's.electricity supply network may be provided with or withgut the
use of an AMN allocated inside the test environment, see Figure 4. For measufement
arrangements not including_ an AMN, grounding and earthing of the EUT shall be guaranteed
by adherence to the prineiples set out in 7.5.3.1.2 as far as possible.

If the measurementiarrangement does not include an AMN, then excessive lengths of|mains
cables| do not_feed to be bundled and allocated inside the test volume. They may be
accommodated_someplace outside the test volume or test environment. For decoupling of
radiatipn from these excessive cable lengths it is however recommended to cgrefully
terminpte these mains cables at the location where they leave the test volume. For this
decoupling use of CMADs is recommended For measurements with a separation distance of

3 m this decoupling is mandatory, see 7.5.1.

7.5.3.2 Connection to the laboratory d.c. power supply or other d.c. power source

When performing measurements on a test site, the 150 Q artificial d.c. network (DC-AN)
specified in 7.3.2.3 is to be used whenever possible. The enclosure of the DC-AN shall be
located so that its closest surface is 0,8 m from the nearest boundary of the equipment under
test.

Where the DC-AN is used as voltage probe, the EUT’s d.c. power port under test shall be
decoupled from the d.c. power source by means of suitable common mode decoupling
devices such as ferrite tubes, CMADs or a CDN as specified in 6.2.4 of IEC 61000-4-6:2013
which are to be clamped at or to be inserted in the d.c. power cable connecting the d.c. power
source with the measurement arrangement for the EUT, see also Figure7, 8 and 9 in
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8.2.2.2.3. If a CDN according to IEC 61000-4-6 is used for decoupling purposes, its RF power
input port shall not be terminated with a 50 Q resistive load.

Connection is to be made to a suitable d.c. power source. The d.c. output voltage of this
power source shall be adjustable to provide a voltage level within the rated operation range
for the respective type of EUT.

NOTE 1 For supply of the EUT's d.c. power port under test, a dedicated laboratory d.c. power source, appropriate
(sets of) batteries or also other d.c. energy sources such as e. g. fuel cell modules can be used, provided that they
allow for continuous and stable voltage, current, etc. necessary for power converters under rated output operating
conditions, throughout the measurement.

Car her—seleetirgthetaboratory—de—poeowersotree—and—instating in the
measurement arrangement. It is recommended to select and install only such a dwc\ [power
sourcd which provides for a good galvanic insulation and also sufficient RF decoupling ¢f both

d.c. power terminals from the laboratory reference ground plane. Interpal“~decqupling
capacitors at the d.c. power source's terminals used for internal suppression 'ef-asymmetrical
disturdances may provide an unwanted bypass for the common modecr 160 Q termjnation
impedance of the DC-AN used for the measurements. This may cause saturation effectq in the
mitigafion filter of the power converter under test, in particular at the operation frequengy (i.e.
the switching frequency) of the power converter and its harmoénics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Saturated mitigation filters do hgwever
lead tq incorrect and invalid measurement results, since the power converter is not operated
as intgnded, during the measurements. For guidance on ¢prevention of saturation gffects
caused by the configuration of the test site, see information in Annex K.

Where| a particular type of d.c. power cable is spécified in the manufacturer's instgllation
instrugtions, this shall be used during testing.

For testing, a cable length as short as possiblé shall be connected between the equ{pment
under fest and the DC-AN respecting the proximity of the boundary conditions defined apove.

Wherel the equipment under test has. more than one d.c. power port of the same type, the
numbdr of d.c. power ports needed-1o operate the equipment at its rated power shall be
conne¢ted to the DC-AN for the measurements. All other d.c. power ports shall be terminated
with g suitable 150 Q comnmion® mode termination impedance. Multiple ports galvdnically
conne¢ted in parallel (such as bus bars or strips for connection to multiple cablegs) are
considered to represent enée single port only.

NOTE 2| For these other‘terminations, any suitable device can be used. This includes e.g. use of furthdr 150 Q
networkp according te~CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q coupling/
decoupl|ng devices {GBN) as defined in IEC 61000-4-6.

Ancilldry d,ci;power ports shall be connected to an appropriate separate laboratory d.c.|power
source or battery, via a suitable 150 Q common mode termination impedance.

NOTE 3 If a separate mains-connected laboratory d.c. power source is used, then it can be appropriate to also
insert another EMI filter in the connection to that power source. Diagrams showing suitable setups for the test site
are found in Annex J.

7.6 Load conditions of equipment under test
7.6.1 General

Load conditions of the equipment under test are specified in this subclause. Equipment not
covered by this subclause are to be operated so as to maximize the disturbance generated
while still conforming with normal operating procedures as provided in the operating manual
of the equipment.
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7.6.2 Medical equipment
7.6.2.1 Therapeutic equipment using frequencies from 0,15 MHz to 400 MHz

All measurements shall be made under operating conditions as provided for in the operating
manual of the equipment. The output circuit to be used to load the equipment depends on the
nature of the electrodes with which it is to be used.

For equipment of the capacitive type, a dummy load shall be used for the measurements. The
general arrangement is shown in Figure 5. The dummy load shall be substantially resistive
and capable of absorbing the rated maximum output power of the equipment.

The two terminals of the dummy load shall be at opposite ends of the load and each ‘tgrminal
shall he joined directly to a circular flat metal plate having a diameter of 170 mm_£10 mm.
Measurements shall be made with each of the output cables and capacitivel eledtrodes
supplied with the equipment. The capacitive electrodes are to be disposed parallel |to the
circular metal plates at the ends of the dummy load, the spacing between thém being adjusted
to produce the appropriate power dissipation in the dummy load.

Elevation ;@ Elevation
L
E
/.i.
Plane L Plane
e
Horizontal load Vertical load

IEC

E = elg¢ctrode arms and cables

L = dummy load

Figure 5 — Disposition of medical (capacitive type) and dummy load

Measurements shall*be made with the dummy load both horizontal and vertical (see Figure 5).
In eadh case/the equipment, together with the output cables, capacitive electrodgs and
dummy loads-shall be rotated around its vertical axis during measurements of electromggnetic
radiatipn disturbance in order that the maximum value can be measured.

NOTE The following arrangement of lamps has been found suitable for testing many types of equipment in the
power range tested:

a) nominal output power 100 W to 300 W:

four lamps 110 V/60 W in parallel, or five lamps 125 V/60 W in parallel;
b) nominal output power 300 W to 500 W:

four lamps 125 V/100 W in parallel, or five lamps 150 V/100 W in parallel.

For equipment of the inductive type, measurements shall be made using the cables and coils
supplied with the equipment for the treatment of the patient. The test load shall consist of
a vertical tubular container of insulating material, having a diameter of 10 cm, filled to a height
of 50 cm with a solution consisting of 9 g of sodium chloride to 1 litre of distilled water.

The container shall be placed within the coil with the axis of the container coincident with the
axis of the coil. The centres of the coil and the liquid load shall also coincide.
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Measurements shall be made at both maximum and half-maximum power and, where the
output circuit can be tuned, it shall be tuned to resonance with the fundamental frequency of
the equipment.

All measurements shall be made under all operating conditions as provided in the operating
manual of the equipment.

7.6.2.2 UHF and microwave therapeutic equipment using frequencies above 400 MHz

Measurements shall be made with the output circuit of the equipment connected to a non-

radiating resistive load having the same value as the characteristic impedance of the cable
used t Qlllhp'y the nqllilnmnnf load

7.6.2.3 Ultrasonic therapy equipment

Measurements shall be made with the transducer connected to the generator\IT'he trangducer
shall He dipped in a non-metallic container having a diameter of about 10n¢m and fillgd with
distilled water.

Measurement shall be made at both maximum and half-maximum. power and, where the
output| circuit can be tuned, it shall be tuned to resonan€e)*and then detuned. The
specifications in the operating manual of the equipment are to be considered.

It is refcommended to measure the maximum output of the equipment in accordance with the
methogd published in IEC 61689 or using a derived arrahgement, if necessary.

7.6.3 Industrial equipment

The lopd used when industrial equipment is:tested may be either the load used in seryice or
an eqyivalent device.

Wherel means for connecting auxiliary services such as water, gas, air, etc. are prgvided,
conneg¢tion of these services to the equipment under test shall be made by insulating |tubing
not legs than 3 m long. When testing with the load used in service, the electrodes and cables
shall he disposed in the manner of their normal use. Measurements shall be made at both
maximum output power and at half-maximum output power. Equipment which will ngrmally
operate at zero or very lowsoutput power shall also be tested in these conditions.

Industrial induction. heating and dielectric heating equipment should be tested| in a
configliration andwith a load that is equivalent to actual or intended use. Where the
equipment maybe configured for a variety of loads or the load is not available, the Ipad as
specified in<dEC 61922 for induction heating and IEC 61308 for dielectric heating equ|pment
may ble used. Industrial resistance heating equipment shall be tested with or withqut the
chargqg,“as”specified by the manufacturer.

NOTE A circulating water load has been found suitable for many types of dielectric heating equipment.

Industrial microwave heating equipment shall conform to the limits of radiation in Clause 6
when loaded according to IEC 61307 or with a load used in practice. The load shall be varied
as required to produce maximum power transfer, frequency variation or harmonic variation
depending on the characteristics under examination.

7.6.4 Scientific, laboratory and measuring equipment

Scientific equipment shall be tested under normal operating conditions. Laboratory and
measuring equipment shall be operated as intended. Any RF output ports shall be terminated
in a matching non-radiating load.
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7.6.5 Microwave cooking appliances

Microwave cooking appliances shall be operated with all normal components such as shelves
in place, and with a load of 1 | of tap water initially at 20 °C + 5 °C placed at the centre of the
load-carrying surface provided by the manufacturer.

The water container shall be a cylindrical container of borosilicate glass of an external
diameter of 190 mm + 5 mm and a height of 90 mm £ 5 mm, see also IEC 60705.

Detailed information on the measurement procedure to be used in the frequency range above
1 GHz is found in 9.4.

7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz

Other equipment shall conform to the limits of radiation in Clause 6 when tested with a qummy
load cpnsisting of a quantity of tap water in a non-conductive container. The'size and|shape
of the pontainer, its position in the equipment and the quantity of water contained thereip shall
be varjed as required to produce maximum power transfer, frequency variation or hafmonic
radiatipn depending on the characteristics under examination.

7.6.7 Electric welding equipment

For ar¢ welding equipment, the welding operation during the\test is simulated by Ioad:Lng the
equipment with a conventional load. Arc striking and stabilising devices shall be switched on
during| the emission measurements. The load conditions' and the test configuration for arc
welding equipment are specified in [IEC 60974-10.

For registance welding equipment, the welding ppéeration during the test is simulated by|short-
circuiting the welding circuit. The load conditions and the test configuration for resistance
welding equipment are specified in IEC 62135-2.

The stprt of the measurements according to this standard shall be delayed by up to 55 after
the weflding equipment under test has-been taken into operation.

7.6.8 ISM RF lighting equipment

ISM RF lighting equipment'shall conform to the limits in 6.3 when tested as delivered |by the
manufacturer under normal operating conditions. In case of ISM RF lighting equipment, the
EUT shall be operated-until the magnetron oscillating frequency is stabilized. The start|of any
measurement according to this standard shall hence be delayed by at least 15 min.

7.6.9 Medium voltage (MV) and high voltage (HV) switchgear

For equipment used in medium or high voltage switchgear, the start of any measurgments
according to this standard shall be delayed until switching actions related to the main or
primary circuit are finished (e.g. switching actions of breakers or disconnectors).

7.6.10 Grid connected power converters
7.6.10.1 Connection to the laboratory a.c. mains or similar load

The power converter under test shall be connected to the laboratory a.c. mains network via
the artificial mains network (V-AMN) specified in 7.3.2.2, whenever possible. If such
connection is not possible or not intended, then the power converter under test can be
connected to an appropriate resistive load and the laboratory a.c. mains network in parallel,
via the artificial mains network (V-AMN) specified in 7.3.2.2.

Connection to an appropriate resistive load is also recommended for power converters solely
intended for use in island low voltage a.c. mains installations which are not connected to an


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 © IEC 2015 - 43 -

other public low voltage a.c. mains power distribution network. For advice, consult the
installation instructions of the manufacturer.

Alternatively the a.c. supply power for the laboratory d.c. power source can be taken from the
a.c. output lines of the GCPC via the V-AMN without connecting the resistive load. The output
a.c. power of the GCPC will be used to contribute to the required d.c. input power for that
GCPC, thus the resistive load is not necessary in this case, see Figure J.1 in Annex J.

For suitable test site configurations, see Annex J.

7.6.10.2 Connection to another appropriate load

For pgwer converters intended to be supplied from a.c. power sources, the d.c. power port
under fest shall be connected to a suitable resistive load or other adequate energy)storgge via
an 15(Q Q artificial network (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to an
appropriate load within the rated operational range for the respective type of EUT.

NOTE [An example of a type of GCPC intended to be supplied from an a.c. power sourcé is a power cpnverter
intended for assembly into an off-board charging station for electric vehicles (EV).

7.7 Recording of test-site measurement results
7.71 General

Any results obtained from measurements of conducted and/or radiated radio-frequency
disturances shall be recorded in the test report.~lf the results are not recordeI in a
continlous way and/or in graphical form over the<frequency range observed, the¢n the
minimyim requirements to the recordings set out in.%7.2 and 7.7.3 shall apply.

The tgst report shall contain a statement underlining that the measurement instrumenptation
uncertainty (MIU) was determined according to CISPR 16-4-2 and was also considered when
determining compliance with the limits foF the tested individual equipment or the number of
items in the sample of series-produced equipment.

The tgst report may include the‘numerical values of the MIU which the test laboratory has
determined for each test performed. If the uncertainty budgets specified in CISPR 16-4-2 are
exceedled, then the test report shall include the numerical values of the MIU of the test
instrumentation actually-Used.

7.7.2 Conducted.emissions

Of those conducted emissions above (L — 20 dB), where L is the limit level in logarithmic
units, the record shall include at least the disturbance levels and the frequencies of the six
highesit disturbances in each observed frequency range from each mains port belonging| to the
EUT. Thée record shall also include an indication upon which conductor of the mains port
carried the observed disturbance(s).

7.7.3 Radiated emissions

Of those radiated emissions above (L — 10 dB), where L is the limit level in logarithmic units,
the record shall include at least the disturbance levels and the frequencies of the six highest
disturbances in each observed frequency range. The record shall include the antenna
polarization, antenna height and turntable rotation position if applicable for each reported
disturbance. In case of test site measurements, the measurement distance actually selected
and used (see 6.2.2 and 6.3.2) shall also be recorded in the test report.
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8 Special provisions for test site measurements (9 kHz to 1 GHz)

8.1  Ground planes

A ground plane shall be used when making measurements on a test site. The relationship of
the equipment under test to the ground plane shall be equivalent to that occurring in use.
Except at the manufacturer's intended grounding locations, a floor standing EUT shall be
insulated from the ground plane by a dielectric material with thickness of up to 15 cm. Direct
connection to earth (i.e. to the ground plane) shall be done

a) either according to the manufacturer's instructions,

b) rminal

ort as

possible, see also Figure 4.

A ground plane shall be used for radiation measurement and the measurement ‘of disturbance
voltageés. The requirements for the radiation test site are given in 8.3 and, for the ground
plane for the measurement of conducted disturbances, in 8.2.

8.2 easurement of conducted disturbances
8.2.1 General

For the EUT's earthing and grounding conditions as well @s connection to the laborptory's
electrigity supply network see 7.5.3.

The measurement of conducted disturbances shallkbe carried out using one of the following
three gptions:

a) on|the radiation test site with the equipmient under test having the same configuration as
used during the radiation measurement;

b) abpve a metal ground plane which shall extend at least 0,5 m beyond the boundary] of the
equipment under test and have a‘minimum size of 2 m x 2 m; or

c) within a screened room. Eitherthe floor or one wall of the screened room shall act|as the
graund plane.

Optionl a) shall be used where the test site contains a metal ground plane. In options b)|and c)
the tept unit, if non-floor-standing, shall be placed 0,4 m from the ground plane. [Floor-
standing test units shall be placed on the ground plane, the point(s) of contact being inqulated
from the ground plane but otherwise consistent with normal use. All test units shall be gt least
0,8 m from any_other metal surface.

The reference ground terminals of the artificial networks (V-AMNs and DC-ANs) used |during
the mgasdrements shall be connected to the reference ground plane with a conductor ag short
as possibte:

The power and signal cables shall be oriented in relation to the ground plane in a manner
equivalent to actual use and precautions taken with the layout of the cables to ensure that
spurious effects do not occur.

When the equipment under test is fitted with a special earthing terminal, this shall be
connected to earth with a lead as short as possible. Equipment without earthing terminal shall
be tested as normally connected, i.e. any earthing being obtained through the mains supply.
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8.2.2 Measurements on grid connected power converters
8.2.2.1 Measurement of the disturbance voltage at a.c. power ports

The disturbance voltage at the low voltage a.c. power port of the power converter shall be
measured using the usual method of measurement for disturbance voltages at a.c. mains
ports, see also CISPR 16-2-1.

The disturbance voltage at the ancillary low voltage a.c. power port of the power converter, if
applicable, shall be measured using the usual method of measurement for voltages at a.c.
mains ports, see also CISPR 16-2-1.

voltage at the low voltage a.c. mains power port can be measured with the high=impedance
voltagé probe according to CISPR 16-1-2:2014, Clause 5. In this case, the laboratofy a.c.
power|source shall be connected directly to the a.c. power port under test. Rof_conditjons of
use of|the high-impedance voltage probe, see 7.3.3.

For pog/er converters which cannot be measured with the V-network (V-AMN), the distutbance

Likewise, for measurements on power converters with a rated throughput power > 20 kVA, a
V-network (V-AMN) can be used as a voltage probe as specified~in7.4.4.3 of CISPR 16-2-
1:2014. The laboratory a.c. power source shall be connected to the‘a.c. power port under test
via an|inductance of 30 uH to 50 uH. The inductance may be realized by a choke, a|power
cable Jength of 50 m, or an isolation transformer. A suitable measurement arrangenent is
shown|in Figure 8 and 9.

Compljance with the requirements of this standard can be shown in verifying that the limits of
the digturbance voltage at a.c. mains power ports, specified in Table 2 or in Table 4 are met.

8.2.2.2 Measurement of the disturbancevoltage at d.c. power ports
8.2.2.2.1 General

Measurements at d.c. power portsConly need to be performed on GCPCs intended for
assemply into photovoltaic power'generating systems.

Unlesq any specific operating condition is specified by the manufacturer, the input congditions
for the| EUT shall be adjusted resulting in maximum disturbance voltage levels.

NOTE [The operating conditions, as defined by the manufacturer, are chosen to represent the woist case
emissiofs.

Power|converters with a rated throughput power > 20 kVA shall be measured while they are
operated at“an operational point for which feeding to the grid or providing output power to
anothgr appropriate load is possible. The d.c. input voltage shall be within the rated opg¢ration
range.

Where the power converter is intended for connection to more than one d.c. power string and
consequently is furnished with more than one d.c. power port, measurements of the
disturbance voltage shall be performed in sequence at each of these ports. All other d.c.
power ports not used during the respective measurement shall be terminated with a suitable
150 Q common mode termination impedance, see 7.5.3.2. Multiple ports galvanically
connected in parallel (such as bus bars or strips for connection to multiple cables) are
considered to represent one single port only.

The disturbance voltage at the d.c. power port of the power converter shall be measured
using the usual method of measurement for disturbance voltages at a.c. mains power ports,
see also CISPR 16-2-1. This implies the following:

e Where unsymmetrical mode (UM) disturbance voltages are measured, compliance with the
limits shall be verified for both measured unsymmetrical disturbance voltage levels, i.e. for
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the voltage levels measured from the plus terminal (pole) to reference ground and from
the minus terminal (pole) to reference ground.

e Where common mode (CM) and differential mode (DM) disturbance voltages are
measured, compliance with the limits shall be verified for measured disturbance voltage
levels of both modes, i.e. for the level of the common mode (CM) disturbance voltage as
well as for the level of the differential mode (DM) disturbance voltage.

If the DC-AN according to Annex | allows for measurement of UM, DM and CM disturbances,
then it is sufficient to verify compliance with the limits either for UM disturbances (Method A),
or for CM and DM disturbances (Method B). The choice of the method used for the
measurement is left to the discretion of the user of this standard.

If the ipstallation instructions accompanying the power converter contains information tllmat the
d.c. pgwer port is solely intended for connection to

e a battery or other kind of local d.c. power source and/or;

o if the power converter and a battery or other kind of local d.c. power source is intendged for
incprporation in a higher order final equipment (comprising of one ornmore enclosures);

then this port can be exempted from the measurement.

8.2.2.2.2 Measurement procedure 1
8.2.2.2.2.1 General

The D[C-AN is used as standardized 150 Q common/ mode termination of the EUT and as
decoupling network to the laboratory d.c. power source. A typical measurement arrangement
is shown in Figure 6.

AC output DC input
GCPC
AIC mains

Current flow 777L7
(grid)

Laborat AC
aboratory . — AMN DC- AN| |Dc filter |«
filter filter -I
Isolation ! !
transformer Current flow

DC power
source

Figure 6 — Typical arrangement for measurement of conducted disturbances
at LV d.c. power ports with the DC-AN used as termination and decoupling unit
to the laboratory d.c. power source

8.2.2.2.2.2 Compliance criterion

Compliance with the requirements of CISPR 11 can be shown in verifying that the limits for
the disturbance voltage specified in Table 3 or in Table 5 are met.
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8.2.2.2.3 Measurement procedure 2

8.2.2.2.3.1 General

For measurements on power converters with a rated throughput power > 20 kVA, a DC-AN
can be used as voltage probe. For an adequate decoupling of the EUT from the d.c. power
source, the laboratory d.c. power source shall be connected to the d.c. power port under test
via a common mode inductance of 90 uH to 150 uH. The common mode inductance may be
realized by ferrite tubes, common mode absorbing devices, or a CDN as specified in 6.2.4 of
IEC 61000-4-6:2013. Since a CDN according to IEC 61000-4-6 is used only as a decoupling
network, its RF power input port shall not be terminated with a 50 Q resistive load as shown in
Figure 7.

NOTE |It is up to the operator of the laboratory to ensure that the measurement results obtained with such
measur¢ment arrangements are not obstructed or invalidated by dominating disturbances from/the” laporatory
d.c. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power source| But be
aware npt to apply too heavy additional common mode capacitive loading to the EUT. Further guidance on [|suitable
decoupl|ng of the laboratory d.c. power source from the measuring arrangement can be found(in, Annex K.

IN port
Plus (Open)
pole ©
. © © (
GCPC under DC P
. EUT ower
test Minus port CDN AE port source
pole
. 4 J? ?o,—(.

AE port
port AN (Open)

Measuring port

(Voltage probe) IEC

-m

igure 7 — Typical arrangement for measurement of conducted disturbances 3t
LV d.c. power ports with.the DC-AN used as termination and voltage probe

8.2.2.2.3.2 Measurement of the common mode (CM) disturbance voltage

Measurements of the disturbance voltage at the d.c. power port shall be carried out wjith the
DC-AN used as voltage probe, see Figure 7, 8 and 9.

With the DC-AN) the common mode disturbance voltage at the d.c. power port of the|power
convellter shall be measured.

8.2.2.2:3:

The common mode disturbance current at the d.c. power cable leading to the laboratory
d.c. power source shall be measured using a current probe according to CISPR 16-1-2.

Care shall be taken in order not to alter the termination conditions of the EUT when
performing measurements with the current probe. The current probe shall be located a
maximum of 30 cm away from the DC-AN. The current probe shall also be in place when
performing measurements of the CM disturbance voltage. A suitable measurement
arrangement is shown in Figure 8 and 9.
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Ferrites/
AC mains Isolation o +» CMAD/
(grid)  transformer AC output DC inputj«—s 3-‘%\1'
OHD N A
— AMN Current probe DC-AN
As a voltage probe
Isolation mn
transformer As a voltage probe
_@ DC power _I
source | —~
777L7 Current flow
1E

NOTE [x’ and ‘y’ denote the spacing between the current probe and the DC-AN,@nd the DC-AN and the ferrite

tube(s) { CMAD / CDN, respectively. Spacing x is < 0,3 m and y is 0,1 m.

Figure 8 — Typical arrangement for measuremént of conducted
disturbances at LV d.c. power ports with the DC-AN used as voltage
probe and with a current probe =<,2D diagram

EUT
>20 kVA

The AMN is used as 0 8m
a voltage probe V7
AC output y'm
Isolation mat
Current
0.8 q/‘%probe

Terminal
box

The DC-AN is used
as a voltage probe

Terminal
box DC cable

,‘/;’2{2\:4/‘

Isolation
transformer

hC
aing

(¢rid) e i -{;BD DC power supply
i .

mains il v output
(grid) Vlﬂa\: °S-,el\l TPo
(optional i N
Isolation il ¢¢¢
transformer {k'\\ A3
(optional) \\\"_/’

IEC

Figure 9 — Typical arrangement for measurement of conducted disturbances at LV d.c.
power ports with a DC-AN used as voltage probe and with a current probe — 3D diagram

8.2.2.2.3.4 Compliance criteria

For measurements according to Figure 8, compliance with the limits shall be verified for the
measured common mode disturbance voltage and the measured common mode disturbance
current. The EUT meets the requirements of CISPR 11 if it can be shown that it meets both
the limits of the disturbance voltage and the disturbance current specified in Table 3.
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8.2.3

Handheld equipment which are normally operated without an earth connection

For this equipment additional measurements shall be made using the artificial hand described
in 7.3.5.

The artificial hand shall be applied only on handles and grips and those parts of the appliance
specified as such by the manufacturer. Failing the manufacturer's specification the artificial
hand shall be applied in the following way.

The general principle in applying the artificial hand is that the metal foil shall be wrapped
around all handles (one artificial hand per handle), both fixed and detachable, supplied with

the eq

Metalwork which is covered with paint or lacquer is considered as exposed metalwo
shall b

When
termin

When

around the handles.

When

8.3
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Radiation test site for 9 kHz to 1 GHz
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Minor diameter = V3F

NOTE

For th
metal

other

~

Antenna

Boundary of area defined by
an ellipse. Volume above earth
‘\\to be free of reflecting objects.

For the values of F (measuring distance) see Clause 6.

Figure 10 — Test site
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e 10 m test site, the natural ground plane shall be augmented with a ground plane of
which shall extend at least 1 m beyond the boundary of the equipment under test
end and at least 1 m beyond the measurement antenna and its supporting structure
end (see Figure 11). The ground plane shalk have no voids or gaps other tha
perforations which do not exceed 0,1 A at 1 GHz (@bout 30 mm).
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a is the maximum dimension of the antenna
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8.3.2
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Validation of the radiation test site (9 kHz to 1 GHz)

Test sites shall be validated according to CISPR 16-1-4 in the frequency ranges where the
standard defines requirements.

8.3.3

Disposition of equipment under test (9 kHz to 1 GHz)

For the EUT's earthing and grounding conditions as well as connection to the laboratory's
electricity supply network see 7.5.3.1 or 7.5.3.2.

If it is possible to do so, the equipment under test shall be placed on a turntable. The
separation between the equipment under test and the measuring antenna shall be the
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horizontal distance between the reference point of the measuring antenna and the nearest
part of the boundary of the equipment under test in one rotation.

8.3.4 Radiation measurements (9 kHz to 1 GHz)

The separation distance between the antenna and the equipment under test shall be as
specified in Clause 6. If the field strength measurement at a certain frequency cannot be
made at the specified distances because of high ambient noise levels (see 7.2),
measurements at this frequency may be made at a closer distance but not less than 3 m.
When this is done, the test report shall record the distance actually used and the
circumstances of the measurement.

For equipment under test located on a turntable, the turntable shall be rotated fully |with a
measurement antenna oriented for both horizontal and vertical polarization. JEhe highest
recorded level of the electromagnetic radiation disturbance at each frequenéy sHall be
recorded.

For equipment under test not located on a turntable the measurement-antenna shall be
positioned at various points in azimuth for both horizontal and vertical polarization. Carg shall
be taken that measurements be taken in the directions of maximum,fadiation and the highest
level at each frequency be recorded.

NOTE [At each azimuthal position of the measurement antenna the radiation test site requirements sperfified in
8.3.1 arp met.

8.4 |Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

Measurements may be performed on radiationc¢iest sites which do not have the physical
charaqteristics described in 8.3. Evidence shall be obtained to show that such altefnative
sites will yield valid results. An alternative radiation test site in the frequency range 30 IMHz to
1 GHz|is acceptable if the horizontal and vertical site attenuation measurements made [as per
5.2.6 ¢f CISPR 16-1-4:2010/AMD 1:2012<are within +4 dB of the theoretical site atterjuation
as given in Tables 1 or 2 of CISPR 16-1-4:2010/AMD 1:2012.

Alternative radiation test sites shall allow for, and be validated for, the measurement digtance
in the [frequency range 30 MHz to 1 GHz specified elsewhere in Clause 6 and/or Clause 8 of
this stgndard.

9 Radiation measurements: 1 GHz to 18 GHz

9.1 Test arrangement

The equipment under test shall be placed on a turntable at a suitable height. Power|at the
norma| veltage shall be supplied. For the EUT's earthing and grounding conditions as yell as
connectiomtothetaboratory'setectricity suppty metwork see 7.5 3

9.2 Receiving antenna

The measurements shall be made with a directive antenna of small aperture capable of
making separate measurements of the vertical and horizontal components of the radiated
field. The height above the ground of the centre line of the antenna shall be the same as the
height of the approximate radiation centre of the equipment under test. The distance between
the receiving antenna and the EUT shall be 3 m.

9.3 Validation and calibration of test site

Test sites shall be validated according to CISPR 16-1-4.
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9.4 Measuring procedure
9.4.1 General

The measurements shall take place in free-space conditions, i.e. the reflections on the ground
shall not influence the measurements, see CISPR 16-1-4.

The general measuring procedure above 1 GHz specified in CISPR 16-2-3 should be
consulted for guidance. Measurements shall be made with the antenna in both horizontal and
subsequently vertical polarization. In both cases, the turntable with the equipment under test
shall be rotated. It shall be ascertained that, when the equipment under test is switched off,
the level of background noise is at least 10 dB below the reference limit, since otherwise the
reading may be significantly affected.

A flow|[chart showing the measurement procedure is shown in Figure 12.

Preliminary peak measurement (9.4.3)
(20 s, every 30 °)

!

Final peak measurement (9.4.4.1)
(Table 13, 120 s)

Peak < Table 13
limits?

Peak < Table 13
limit ?

11,7 to 12,7 GHz, l
Final APD weighting (9.4.4.2.3)
(Table 15)
Choice of the user of the standard at two spot frequencies £,
and f; + 5 MHz
l where Peak > Table 13 limits

Final Log-AV weighting (9.4.4-2.2)
(Table 14, VBW = 10 Hz)
at frequencies
where Peak >Table 13 limits

Yes 10" Value
<Table15

limits?

Peak < Table 14
limits?

| Fail | I Pass | | F4il I

IEC

Figure T2 —Decision tree for the measurement of emissions from Z to Hz
of group 2 equipment operating at frequencies above 400 MHz

9.4.2 Operating conditions of the EUT

For microwave ovens, a warm-up period of at least 5 min shall be performed before the
measurement.

For all measurements the starting phase of the EUT (a few seconds) is to be ignored.

During the measurements, the microwave oven under test is operated at maximum microwave
power setting.

Some microwave ovens automatically turn to an intermittent operation mode if operated for a
long time at their highest microwave power setting. In such cases the measurement shall be
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stopped for a while to allow cooling down until the microwave oven is able to operate at its
max power setting without intermittence.

During the measurement, the water load should be exchanged to cold water before it starts to
boil. For load conditions of microwave ovens during the measurements see also 7.6.5.

9.4.3 Preliminary measurement

The preliminary measurement comprises of a series of measurements with the peak detector.
Peak measurements in the frequency range above 1 GHz (see Table 13) shall be the result of
a maximum hold measurement with the spectrum analyzer. The purpose of the preliminary
measurement is to idpnfify the pasition (a7im|n‘h) of the EUT in relation to the mp"suring

antenr]a which results in maximum emissions for each frequency identified.

To find the direction of the maximum emission, peak measurements in the range.above |1 GHz
shall He made with the azimuth of the EUT varying every 30° (starting position. ‘perpendicular
to the front surface plane of the EUT, e.g. in a position perpendicular to thefrent door, in case
of micfowave ovens). At each of these 12 positions, a measurement in 'maximum-hold mode
shall be made for a period of at least 20 s. Then, at the azimuth position'of the EUT where the
maximum emission occurred, the final measurement shall be performed.

9.4.4 Final measurement

9.4.4.1 Peak measurement
Peak measurements shall be performed over the whole frequency range 1 GHz to 2{4 GHz
and 2[5 GHz to 18 GHz with the EUT positioned as identified during the preliminary
measurement. At this azimuth position, a maximum’hold measurement for a period of gt least

2 min |shall be made for both polarizations, i'e! with the antenna oriented successiyely in
horizoptal and in vertical polarization.

The ohtained measurement result(s) shall be compared to the peak limit (see Table 13)
If the EUT passes the peak measufement, then the final test result is PASS, see Figure|12.

If the EUT does not pass the peak measurement in the satellite radio broadcasting frequency
range 11,7 GHz to 12,7 GHZz, then the final test result is FAIL, see Figure 12.

9.4.4.2 Weighted measurement

9.4.4.2.1 General

In cases,where readings obtained during the peak measurement in the ranges 1 GHz to
11,7 GHz(and 12,7 GHz to 18 GHz exceed the limits specified in Table 13 an additional|series

of measurements withraweighting functiomstattbeperformmed:

For demonstration of the fluctuating nature of a disturbance, two alternative methods for
weighted measurements are available, see also decision tree in Figure 12.

In any situation where it is necessary to re-test the equipment, the measuring method
originally chosen shall be used in order to ensure consistency of the results.

9.4.4.2.2 Log-AV weighting according to Table 14

Weighted measurements with the Log-AV method (see Table 14) shall be performed at the
azimuth position of the EUT where the maximum peak emission occurred during the
preliminary measurement. A minimum of 5 consecutive sweeps in max-hold mode shall be
performed.
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These weighted measurements shall be performed with the spectrum analyzer in logarithmic
display mode (using the logarithmic amplifier, not a mathematical unit conversion of the
displayed values).

NOTE A video bandwidth of 10 Hz together with logarithmic amplification provides a level closer to the average
level of the measured signal in logarithmic values. This result is lower than the average level that would be
obtained in linear mode.

In preparation of the final measurement, the whole frequency range shall be divided into
7 sub-ranges from 1 GHz to 18 GHz according to Table 18.

For every sub-range where the EUT did not meet the limits of Table 13 identify the frequency
of the [righestemission tevet from the peak measurements. 1 Nese ([TEqUENTIES are thgjcentre
frequehcies to be used for the series of weighted measurements.

Table 18 — Frequency sub-ranges to be used for weighted measurements

Harmonics of 2,45 GHz, Frequency sub-ranges
Order no. GHz
Not defined 1,005 to 27395
2 2,505 t0,6,125 2@

3 6,125t0 8,575
4 8,575 to 11,025
5
6

11,025 to 13,475
13,475 to 15,925
7 15,925 to 17,995

28 Measurements in the ISM band 5,720<GMz to 5,880 GHz are excluded, see
Table 1.

Measurements with the Log-AV _weighting function shall be performed in the sub-fanges
where [the EUT did not meet the dimits of Table 13 around the centre frequencies ident|fied in
the previous step, within a frequency span of 10 MHz.

Compare the measurement results to the limits of Table 14.

If the EUT passes_the measurement with the Log-AV weighting function (Table 14), thien the
final tdst result is PASS, see Figure 12.

9.4.4.2.3 APD weighting according to Table 15

As an hlternative t0 9.4.4.2.2, an APD measurement for a period of 30 s shall be performed at
the azimuth of the EUT and the polarization of the antenna where the maximum emission was
found during the preliminary peak measurements. Measurements shall be made at the
following 6 frequencies (see Figure 12);

fs1s fSZ'
fs1+ 5 MHz, fs2 + 5 MHz,
fs1— 5 MHz, fs2— 5 MHz,

where f; is the frequency with the highest peak emission in the 1005 MHz to 2 395 MHz
range and fg, is the frequency with the highest peak emission in the 2505 MHz to
17 995 MHz range (but outside the band 5 720 MHz to 5 880 MHz).

Compare the measurement results to the limits of Table 15.
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If the EUT passes the measurement with the APD weighting function (Table 15), then the final
test result is PASS, see Figure 12.

10 Measurement in situ

For equipment which is not tested on a radiation test site, measurements shall be made after
the equipment has been installed on the user's premises. Measurements shall be made from
the exterior wall outside the building in which the equipment is situated at the distance
specified in 6.4.

performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further adice for
in situ)measurements is also found in CISPR TR 16-2-5 [2] 3.

The nymber of measurements made in azimuth shall be as great as reasonably practigal, but
there ghall be at least four measurements in orthogonal directions, and mé€asurements| in the
directipn of any existing radio systems which may be adversely affected.

For the larger commercial microwave ovens it is necessary to ensure that the measufement
resulty are not affected by near field effects. CISPR 16-2-3 should"be consulted for guidance.

11 Safety precautions for emission measurements on ISM RF equipment

ISM RF equipment is inherently capable of emittingevels of electromagnetic radiatign that
are hagardous to human beings. Before testing for'electromagnetic radiation disturbange, the
ISM RF equipment should be checked with a suitable radiation monitor.

12 Measurement uncertainty

Determining compliance with the limits in this standard shall be based on the results|of the
compliance measurements taking into account the considerations on measufement
instrumentation uncertainty.

Where| guidance for the«calculation of the instrumentation uncertainty of a measurement is
specified in CISPR 16-4-2 this shall be followed, and for these measuremenis the
determination of compliance with the limits in this standard shall take into consideration the
measurement instrumentation uncertainty in accordance with CISPR 16-4-2. Calculatijons to
determine the méasurement result and any adjustment of the test result required when the
test laborataory uncertainty is larger than the value for Ug gpr given in CISPR 16-4-2 shall also
be included in the test report.

For in Sitt measurements, the coniribution of uncertainty due to the site itself Is excluded from
the uncertainty calculation.

NOTE When performing measurements at distances less than 10 m, higher measurement uncertainties may have
to be taken into account.

3 Figures in square brackets refer to the Bibliography.
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Annex A
(informative)

Examples of equipment classification

Many types of equipment in the scope of this standard contain two or more types of
interference sources, for example an induction heater might incorporate semiconductor
rectifiers in addition to its heating coil. For testing purposes the equipment is to be defined in
terms of the purpose for which it was designed. For example, the induction heater
incorporating semiconductor rectifiers is to be tested as an induction heater (with all
disturbances meeting the prescribed limits whatever the source of disturbance) and is not to
be tested as if it were a semiconductor power supply.

The sfandard gives general definitions of group 1 and group 2 equipment and for pfficial
purpoges the group to which a particular piece of apparatus belongs shall be identified from
these gefinitions. It will, however, be helpful to users of the standard to have\a comprehgensive
list of fypes of apparatus which have been identified as belonging to a particular group. This
will aldo help in developing the specification where variations in test procedures may be found
by experience to be necessary in dealing with specific types of apparatus.

The fo|lowing lists of group 1 and group 2 equipment are not exhaUstive.
Group|1

Group|1 equipment: group 1 contains all equipment.inithe scope of this standard which| is not
classiffed as group 2 equipment.

General: Laboratory equipment
Medical electrical equipment

Scientific equipment

Semiconductor converters

Industrial electroheating equipment with operating frequencies less than
or equal to 9 kHz

Machine toals

Industrial process measurement and control equipment

Semijconductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow meters,
spectrum analysers, weighing machines, chemical analysis machines, eleftronic
microscopes, switched mode power supplies and semiconductor conyerters
(when not incorporated in an equipment), semiconductor rectifiers/inverters, grid
connectedpower—converters{GERCH—+resistanrce—heating—eguipment-with-Dbuilt-in
semiconductor AC power controllers, arc furnaces and metal melting ovens,
plasma and glow discharge heaters, X-ray diagnostic equipment, computerised
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

Group 2 equipment: group 2 contains all ISM RF equipment in which radio-frequency energy
in the frequency range 9 kHz to 400 GHz is intentionally generated and used or only used
locally, in the form of electromagnetic radiation, inductive and/or capacitive coupling, for the
treatment of material, for inspection/analysis purposes, or for transfer of electromagnetic
energy.
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General:

Microwave-powered UV irradiating apparatus
Microwave lighting apparatus

Industrial induction heating equipment operating at frequencies above 9 kHz

Inductive power transfer / charging equipment 2@
Dielectric heating equipment

Industrial microwave heating equipment
Microwave ovens

Medical electrical equipment

Electric welding equipment

Detailg

pd:

Electro-discharge machining (EDM) equipment
Demonstration models for education and training

2 Inductive or capacitive power transfer apparatus normally subject to CISPR 1.1;-but form]

of equipment subject to other CISPR standards is excluded from the scope of CISPR 11|.

Metal melting, billet heating, component heating, soldering.Yand brazin
welding, arc stud welding, resistance welding, spot welding, tube w
industrial laser oscillator exited by high-frequency_discharge, wood

ing part

g, arc
elding,
gluing,

plastic welding, plastic preheating, food processing, biscuit baking, food thawing,

paper drying, textile treatment, adhesive curing, material preheating, shor
diathermy equipment, microwave therapy equipment, magnetic resq
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equi
crystal zone refining, demonstration models{of high-voltage Tesla transfo
belt generators, etc.

-wave
nance
bment,
rmers,
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Annex B
(informative)

Precautions to be taken in the use
of a spectrum analyzer (see 7.3.1)

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
directly to a broadband mixer, where it is heterodyned to a suitable intermediate frequency.
Microwave spectrum analyzers are obtainable with tracking radio-frequency pre-selectors
which automatically follow the frequency being scanned by the receiver. These analyzers
overcome to a considerable degree the disadvantages of attempting to measure the
amplitides of harmonic and spurious emissions with an instrument which can generate such

compoanents in its input circuits.

In orde¢r to protect the input circuits of the spectrum analyzer from damage when megsuring
weak disturbance signals in the presence of a strong signal, a filter should-be provided in the
input tp give at least 30 dB of attenuation at the frequency of the strong.signal. A number of
such filters may be required to deal with different operating frequencies.

Many microwave spectrum analyzers employ harmonics of the local*oscillator to cover yarious
portions of the tuning range. Without radio-frequency pre-selection, such analyzers may
display spurious and harmonic signals. It thus becomes difficult to determine whefther a
displayed signal is actually at the indicated frequency, or s generated within the instrument.

Many pvens, medical diathermy equipment and other microwave ISM RF equipment receive
their input power from rectified a.c. but unfiliered energy sources. Consequently, their
emissipns are simultaneously modulated in amplitude and frequency. Additional AM and FM
are calised by the movement of stirring deviceS\used in ovens.

These|emissions have spectral line components as close together as 1 Hz (due to modplation
by the|oven stirring device), and 50 Hz or 60 Hz (due to the modulation at mains freqyency).
Considering that the carrier frequency is generally rather unstable, distinguishing| these
spectral line components is not feasible. Rather, it is the practice to display the envelope of
the trde spectrum by employing* an analyzer bandwidth which is larger than the frequency
intervgl between spectral components (but as a rule small in relation to the width |of the
spectral envelope).

When [the analyzeribandwidth is wide enough to contain a number of adjacent spectra| lines,
the indicated peak* value increases with bandwidth up to the point where the analyzer
bandwijdth is comparable to the width of the spectrum of the signal. It is essential, thefefore,
to obtpin agreement to use a specified bandwidth in order to compare the amplitudes
displayed by different analyzers when measuring emissions typical of present heating and
therapputic devices.

It has been indicated that many oven emissions are modulated at a rate as low as 1 Hz. It has
been observed that the displayed spectral envelopes of such emissions are irregular,
appearing to vary from scan to scan, unless the number of scans per second is low compared
with this lowest frequency component of the modulation.

A suitable rate for investigation of the emission may require 10 s or more to accomplish one
scan. Such low scanning rates are not suitable for visual observation unless suitable storage
is employed, such as that provided by a storage-type cathode ray tube, a photograph, or a
chart recording device. Some attempts have been made to increase the useful scanning
frequency by removing or stopping the stirring devices in the oven. However, this may be
considered unsatisfactory because the amplitude, frequency and shape of the spectrum are
found to vary with the position of the stirrers.
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Annex C
(normative)

Measurement of electromagnetic radiation disturbance
in the presence of signals from radio transmitters

For equipment under test having a stable operating frequency so that reading of the CISPR
quasi-peak measuring receiver does not vary more than +0,5 dB during measurement, the
electric field strength of the electromagnetic radiation disturbance can be calculated
sufficiently accurately from the expression:

11 _ 11 11
Eg' = EM - E{

g is|the electromagnetic radiation disturbance (uV/m);
E; is|the measured value of electric field strength (uV/m);

E¢ is|the electric field strength of the radio transmitter signal (uV/m):

The fomula has been found to be valid when unwanted signals-are from AM or FM sound and
televisjon transmitters having a total amplitude up to. ‘twice the amplitude ¢f the
electrdmagnetic radiation disturbance which is to be measured.

It is advisable to restrict the use of the formula to cdses where it is not possible to avoid the
disturing effect of radio transmitters. If the frequency of the electromagnetic rafiation
disturjance is unstable then a panoramic receiveror spectrum analyzer should be used, and
the formula is not applicable.
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Annex D
(informative)

Propagation of interference from industrial radio-frequency
equipment at frequencies between 30 MHz and 300 MHz

For industrial radio-frequency equipment which is situated on or near ground level, the
attenuation of the field with distance from source, at a height of between 1 m and 4 m above
ground, depends on the ground and on the nature of the terrain. A model for electric field
propagation above plane-earth in the region from 1 m to 10 km from the source is described

in [15]4.
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EA

Annex E
(informative)

Recommendations of CISPR for protection
of certain radio services in particular areas

General

The ITU develops usage provisions aiming at the efficient use of the radio frequency spectrum
and local control of radiated RF disturbances at the place of operation of individual

ISM R
industi
Internd
the og
"partic
regard
may d
condit

E.2

ISM R

- applications. The respective provisions of the ITU relating to usual residential
ial environments are recognised by CISPR and incorporated into the main body

and/or
of this

tional Standard. Apart from these provisions, additional ITU provisions may apply for

eration and use of individual ISM RF applications in particular envirohments,
ular areas", which are not addressed in the main body of this standard. The

i.e. in
CISPR

5 these ITU provisions and their national derivatives as recommendations since they

nly apply to individual ISM RF applications used in particular areas under
ons.

Recommendations for protection of safety-relatéd radio services

- equipment should be designed to avoid fundaméntal operations or radiation o

in situ

f high-

level spurious and harmonic signals in bands used fof\safety-related radio services. A list of

these

NOTE
be requ

pands is provided in Annex F.

For the protection of specific safety-related radio services, in particular areas, an individual installa
red to meet the limits specified in Table E.1.

tion can

Table| E.1 — Limits for electromagnetic radiation disturbances for in situ measurements

to protect specific safety-related radio services in particular areas

Measuring distance D from the outef face
Limits of the exterior wall outside the building in
which the equipment is situated
Frequency range
Electric field Magnetic field
MHz Distance D
Quasi-peak Quasi-peak
m
dB(uV/m) dB(pnA/m)
0,483 5 - 0,526 5 - 13,5 30
74,6 — 7534 30 - 10
108(— 137 30 - 10
242,95 - 243,05 37 - 10
328,6 — 335,4 37 - 10
960 — 1 215 37 - 10

E.3

Recommendations for protection of specific sensitive radio services

For the protection of specific sensitive radio services, in particular areas, it is recommended
to avoid fundamental operations or the radiation of high level harmonic signals in the bands.
Some examples of these bands are listed for information in Annex G.

NOTE For the protection of specific sensitive services, in particular areas, national authorities can request
additional suppression measures or designated separation zones for cases where harmful interference may occur.
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Annex F
(informative)

Frequency bands allocated for safety-related radio services

CISPR 11:2015 © IEC 2015

Fre:\q/ll;ezncy Allocation/use
0,010 - 0,014 Radionavigation (Omega on board ships and aircraft only)
0,090 - 0,11 Radionavigation (LORAN-C and DECCA)
0,283 5-10,526 5 Aeronautical radionavigation (non-directional beacons)
0,489 - 0,519 Maritime safety information (coastal areas and shipboard only)
1‘R'7 1,RR Dnr{ir\nn\lignﬁnn (I ORAN-A rnginn 3 nnly, coastal areas and on board chil_r_\c nnly

2,1135-2,190 5
2,090 55 -2,091 05
3,041 5-3,027 5

4,12 - 4,210 5
5,618 5—-5,684 5

12 - 6,314
8,088 — 8,417
12,287 - 12,579 5

17 - 16,807
19[68 — 19,681
22,3715 5 - 22,376 5
1 - 26,101
4.6 - 75,4
08 — 137

- 156,837 5
242,9 - 2431
348,6 - 335,4
399,9 — 400,05
4p6 - 406,1
0-1238
00 — 1 350
44 — 1 545
45 — 1 559
59— 1610

Mobile distress frequency

Emergency position indicating radio beacon (EPIRB)
Aeronautic mobile (search and rescue operations)

Mobile distress frequency

Aeronautic mobile (search and rescue operations)

Mobile distress frequency

Mobile distress frequency

Mobile distress frequency

Mobile distress frequency

Maritime safety information (coastal areas and shipboard only)
Maritime safety information (coastal areas and shipboard only)
Maritime safety information (coastal areas andshipboard only)
Aeronautical radionavigation (marker beacaps)

Aeronautical radionavigation (108 MHz 16,118 MHz VOR, 121,4 MHz to 123,5 MH
distress frequency SARSAT uplink, 1184VWHz to 137 MHz air traffic control)

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation.(H.S/glideslope indicator)
Radionavigation satellite

Search and rescue (emergency position-indicating radio beacon (EPIRB), SARSA
uplink)

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radionavigation (long range air search radars)

Distress frequency-SARSAT downlink (1530 MHz to 1544 MHz mobile satellite
downlink may\be pre-empted for distress purposes)

Aeronautical mobile satellite (R)

Aerenautical radionavigation (GPS)

Aeronautical radionavigation (radio altimeters)

Dijstress frequency-uplink (1626,5 MHz to 1645,5 MHz mobile satellite uplink ma
pre-empted for distress purposes)

Aeronautical mobile satellite (R)

Aeronautical radionavigation (terminal air traffic control radars)
Aeronautical radionavigation (radar beacons — coastal areas and shipboard only)
Aeronautical radionavigation (altimeters)

N

y be

Aeronautical radionavigation (microwave landing systems)

00 -2 900
00 —.35100
0047400
00 5 250
5350 - 5 460
5600 - 5 650
9 000 -9 200
9 200 - 9 500

13 250 — 13 400

Aeronautical radionavigation (airborne radars and beacons)
Terminal Doppler weather radar — wind shear
Aeronautical radionavigation (precision approach radars)

Radar transponders for maritime search and rescue. Maritime radar beacons and
radionavigation radars. Airborne weather and ground mapping radar for airborne
radionavigation, particularly under poor visibility conditions

Aeronautical radionavigation (Doppler navigation radars)
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Annex G
(informative)

Frequency bands allocated for sensitive radio services

Frequency Allocation/Use
MHz
0,1357 -0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
50 — 400 Amateur Radio Service
8,25 - 5,45 Amateur Radio Service
71,00 — 7,30 Amateur Radio Service
10,100 - 10,150 Amateur Radio Service
13,36 - 13,41 Radio astronomy
14,00 — 14,35 Amateur Radio Service
18,p68 — 18,168 Amateur Radio Service
21,00 — 21,45 Amateur Radio Service
2489 — 24,99 Amateur Radio Service
25,5 - 25,67 Radio astronomy
28,00 — 29,7 Amateur Radio Service
29,3 - 29,55 Satellite downlink (Amateur Radio Satellite<Service)
37,5 - 38,25 Radio astronomy
50 — 54 Amateur Radio Service
70,0 - 70,5 Amateur Radio Service
73 - 74,6 Radio astronomy
37 - 138 Satellite downlink
44 — 146 Amateur Radio Service
185,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigation satellite downlink
P40 — 285 Satellite downhnk
3p2 - 328,6 Radio astfonemy
400,05 - 400,15 Standard frequency and time signal
400,15 - 402 Satellite downlink
102 - 406 Satellite uplink 402,5 MHz
406,1 - 410 Radio astronomy
130 — 440 Amateur Radio Service
135 — 438 Satellite downlink (Amateur Radio Satellite Service)
08 + 614 Radio astronomy
1 15521 240 Satellite downlink
1 240 -1 300 Amateur Radio Service
1260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1 710 1 660 MHz to 1 668,4 MHz: Radio astronomy 1 668,4 MHz to 1 670 MHz: Radio

1718,8 -1722,.2

astronomy and radiosonde 1 670 MHz to 1 710 MHz: Satellite downlink and
radiosonde

Radio astronomy
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Frequency bands allocated for sensitive radio services (/ist continued)

Frequency Allocation/Use
MHz

2 200 -2 300 Satellite downlink

2 320 -2 450 Amateur Radio Service

2 310 - 2 390 Aeronautical flight test telemetry

2 655 -2 900 2 655 MHz to 2 690 MHz: Radio astronomy and satellite downlink
2 690 MHz to 2 700 MHz: Radio astronomy

3 260 - 3 267 Spectral line observations (radio astronomy)

3 332 -3 339 Spectral line observations (radio astronomy)

3 345,8 - 3 358 Spectral line observations (radio astronomy)

3 400 - 3 475 Amateur Radio Service

3 400 -3 410 Satellite downlink

3 600 -4 200 Satellite downlink

4 00 - 5 250 4 500 MHz to 4 800 MHz: Satellite downlink

4 800 MHz to 5 000 MHz: Radio astronomy
5 000 MHz to 5 250 MHz: Aeronautical radionavigation

5 650 - 5 950 Amateur Radio Service
7 50 -7 750 Satellite downlink
8 P25 -8 500 Satellite downlink

10 P00 — 10 500 Amateur Radio Service

104{ 50 - 10 500 Satellite downlink

10 600 - 12 700 10,6 - 10,7 GHz: Radio astronomy

10,7 - 12,2 GHz: Satellite downlink

12,2 — 12,7 GHz: Direct broadcast satellite
14 470 - 14 500 Spectral line observations (radio astronomy)
15 B50 - 15 400 Radio astronomy

17 00 - 21 400 Satellite downlink

21 400 - 22 000 Broadcast satellite((Region 1 and Region 2)

22 p10 - 23 120 22,01 GHz to 22,5 GHz: Radio astronomy 22,5 GHz to 23,0 GHz: Broadcast sate|lite

(Region 1) (22,81 GHz to 22,86 GHz is also radio astronomy) 23,0 GHz to 23,07 |GHz:
Fixed/intersatellite/mobile (used to fill in the gap between frequency bands) 23,07 GHz
to 23,12 GHz: Radio astronomy

23 $00 - 24 000 Radielastronomy
24 P00 - 24 500 Amateur Radio Service
31 200 - 31 800 Radio astronomy
36 #30 - 36 500 Radio astronomy
38 $00 - 40,000 Radio astronomy

abgve 400 'GHz Numerous bands above 400 GHz are designated for radio astronomy, satellite
downlink, etc.
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Annex H
(informative)

Statistical assessment of series produced equipment
against the requirements of CISPR standards

H.1 Significance of a CISPR limit

A CISPR limit is a limit which is recommended to national authorities for incorporation in
national standards, relevant legal regulations and official specifications. It is also
recommended that international organizations use these limits. The significance of thg limits
for type approved appliances shall be that on a statistical basis at least 80 % of.the |mass-
produged appliances comply with the limits with at least 80 % confidence.

The assessment of conformity of equipment tested on a test site shall be basled on
measurement results obtained in accordance with the specifications ,0f Clause J. For
equipment in series production, there shall be 80 % confidence that at least 8(Q % of
manufactured items comply with the limits given (compliance critetion), see CISPR 16-4-3.
Statistjcal assessment procedures providing such a confidence Jéyel are specified in|H.3.1,
H.3.2 and H.3.3.

NOTE [When applying another statistical assessment procedure than oné_of those referred to above or sp€cified in
CISPR 16-4-3, the user of this standard can be invited to show evidence that the compliance criterion|set out
above ig also met when applying this other method.

Measurement results obtained for an equipment measured in its place of use and ndt on a
test sife shall be regarded as relating to that installation only, and shall not be congidered
representative of any other installation and so/shall not be used for the purpose of a staistical
assesgment.

H.2 |Type tests

As a rlle, the positive result ofa’type test on a given appliance according to the respective
CISPR standard will be recognized as approval of the type if the type test was performefd

H.2.1 | either on a saniple of appliances of the type using one of the statistical methjods of
evaluation in accordance with H.3,

H.2.2 | or, for simplicities sake, on one appliance only. In this case subsequent tedts are
necessary from-time to time on appliances taken at random from the production line.

NOTE [Recognition of a type test made on only one appliance of series-produced equipment as type apprdval may
depend 'ommatiomator regiomatregutatiomr—Nationat or regiomatauthorites ey ety o differentquatity assurance
systems to be maintained by the manufacturer. Consult respective national or regional regulations.

H.3 Statistical assessment of series produced equipment

H.3.1 Assessment based on a general margin to the limit

The assessment is positive when the measured values from all items of the sample are under
the limit L, and the margin to that limit is not smaller than the general margin given in
Table H.1 below.

Table H.1 — General margin to the limit for statistical evaluation

Sample size (n) 3 4 5 6
General margin to the limit (dB) 3,8 2,5 1,5 0,7
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This method can be used to get a quick final pass-decision. If the conditions are not fulfilled,
this does not yet mean that a product is non-compliant. To determine non-compliance, the
measured results shall be evaluated by one of the methods in H.3.2. (use of non-central -
distribution) or H.3.3 (use of binomial distribution).

NOTE The newly introduced method in this subclause is based on CISPR 16-4-3.

The values in Table H.1 have been calculated with the following methodology: Compliance is given, when

X Thpo, <L

max

where

Xmax Ip the highest (worse) measured value of all items in the sample;

kE is the coefficient from the table below, depending on the sample size;

Gmax P @ conservative value for the expected maximum standard deviation in a product group,~and hich is

dalculated as 2 times the expected standard deviation;

L is the limit specified in this standard.

The qugntities x, L and omax are expressed in logarithmic terms while ke , as an ordinary factor, is given in @absolute
numericpl value, see table in this NOTE.

Sample size (n) 3 4 5 (i
Coeffigient k¢ 0,63 0,44 0,24 0,(12

CISPR 16-4-3 recommends a value o, = 6,0 dB for both the disturbance voltage and the disturbance power. For

radiated disturbances, measured on equipment in the scope of this standard, the same value for o, ,, hps been

assumefl. The values for the general margin to the limit in Jable H.1 above are a simple multiplication] of this
6,0 dB with the coefficient kg. In Table H.1 values are given‘only for a sample size up to n = 6 because for|n =7 or
higher the method given in H.3.3 can be applied, where the binomial distribution without an additional margin is
used.

H.3.2 Assessment based on the non-central +-distribution
H.3.2. Normal procedure

The measurements shall be performed on a sample of not less than five and not more than
12 pieges of equipment of thé {ype in series production, but if in exceptional circumsfances
five pig¢ces of equipment are’ not available a sample of three or four may be used.

NOTE [The assessment made’ on a sample of the measurement results obtained for a sample of size n r¢lates to
all identjcal units and allows/for the variations that can be expected to arise due to quantity production techpiques.

Compljance is achieved when the following relationship is met:

X +kS, <L

where

X is the arithmetic mean value of the disturbance levels of n items of equipment in the
sample;

Sn is the standard deviation of the sample where

Sr% = 11><Z(X—)?)2

n—

is the disturbance level of an individual equipment;

~

is the permitted limit;

k is the factor derived from tables of the non-central ¢-distribution which ensures with 80 %
confidence that 80 % or more of the production is below the limit. Values of k as a function
of n are given in Table H.2.
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X, Xand L are expressed logarithmically: dB(uV), dB(uV/m) or dB(pW).

Sy is expressed in logarithmic term, i.e. in dB.

Table H.2 — The non-central ¢-distribution factor £ as a function of the sample size n

n 3 4 5 6 7 8 9 10 11 12
k 2,04 1,69 1,52 1,42 1,35 1,30 1,27 1,24 1,21 1,20
H.3.2.2 Extended procedure

When |applying the procedure as in H.3.2.1 a given sample of equipment which~¢auses
fluctudting disturbances may fail to meet the compliance criterion. In such cases the ex{ended
assesgment procedure defined in this clause can be used.

The statistical assessment shall be carried out separately for thej,following frequency
subranges:

Condulcted disturbances: a) 150 kHz to 500 kHz
b) 500 kHz to 5 MHz
c) 5 MHz to 30 MHz

Radiated disturbances below 1 GHz: a) 30 MHz te 230 MHz
b) 230 MHz to 500 MHz
c) 50@°MHz to 1 000 MHz

Radiated disturbances above 1 GHz: a)* 1,0 GHz to 4,5 GHz
b) 4,5 GHz to 18 GHz

NOTE [For group 2 equipment, there-may be no need to fully or continuously cover the frequency supranges
defined jabove, see respective information in 6.3.2.4, Table 13.
Compljance of the samplg'is judged from the following modified relationship:

X +kS, <0

The vglue of k'depends on the sample size » and is stated in Table H.2 above.

For dertermination of compliance, the standard deviation formula as in H.3.2.1 shall be used:

» 1 -t
Sn _n—IXZ(X X)

where

X is the arithmetic mean value of the disturbance levels of » items of equipment in the
sample;

X is the margin of the disturbance level of an individual item of equipment to the respective
limit. X is to be determined as follows: for each of the defined frequency ranges, the
margins between the measured values (readings) and the limit are defined. The resulting
margin X is negative where the measured value is below the limit, and positive, where it is
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higher than the limit. For the »th individual item of the sample, X, is the value of the margin
at the frequency where the margin curve shows its maximum.

NOTE If all measured values are below the limit, X, is the smallest margin to the limit. If some of the measured
values are above the limit, X is the largest margin by which the limit is exceeded.

X, X and S, are expressed logarithmically, i. e. in dB.

If all measured values are below the limit and the statistical assessment failed only due to a
high standard deviation, it shall be investigated whether this high standard deviation has been

unjustifiably caused by a maximum of X|, at the borderline between two frequency subranges.
In this case the assessment can be done nr‘r‘nrrling to H 33

NOTE [The Figure H.1 below illustrates the possible difficulties if a maximum of the measured disturbance$ occurs
near th¢ borderline between two frequency sub-ranges. "U " is the measured disturbance voltage; "f[ is the
frequengy. Here two units with different characteristics out of a sample are shown. For broadband disturbances the
value of the maximum as well as the frequency of the maximum can change from unit to~wunit, differepces as
betweer unit 1 and unit 2 in a sample are typical. An average value and standard deviation-is calculatef for all
units (off which two are shown) for each subrange. In this example the calculated standard.deviation is much higher
for subrpnge 1 than subrange 2 (e.g. consider how different the values of X, and X, are at the borderling). Even
though {he average for subrange 1 is much lower than subrange 2, after taking into¢Consideration the high palue of
S, multiplied by the factor out of Table H.2, in rare cases this could lead to the safmple set failing the given|criteria.
Since this is simply a consequence of the way in which the frequency subranges§-have been defined, no stafistically
meaningful conclusion can be drawn regarding compliance.

A Frequency Frequenoy
subrange . subfange
U . .
. 1 . 2
- s s s sl e e e e - -
H : Limit

v

~

IEC

Figure H.1 — An example of possible difficulties

H.3.3 Assessment based on the binomial distribution

CompljanceSis*judged from the condition that the number of appliances with a distutbance
level above-the appropriate limit may not exceed a number of ¢ in a sample of total size(n, see
Table H:3:

Table H.3 — Application of the binomial distribution

Sample size (n) 7 14 20 26 32

Number of samples ¢ exceeding the limit L 0 1 2 3 4

H.3.4 Equipment produced on an individual basis

All equipment not produced in series shall be tested on an individual basis. Each individual
item of equipment is required to meet the limits when measured by the methods specified.
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Annex |
(normative)

Artificial Network (AN) for the assessment of disturbance
voltages at d.c. power ports of semiconductor power converters

1.1 General information and purpose

The artificial network for the assessment of disturbance voltages at d.c. power ports (DC-AN)
provides a defined common mode (CM) 150 Q termination impedance for the d.c. power port
of the|power converter under test during measurements of conducted RF disturbances at
standqrdized test sites. It is constructed to provide, in the intended frequency range from
150 kHz to 30 MHz, well defined termination impedances for symmetric (or differential mode —
DM) as well as asymmetric (or common mode — CM) disturbance componentsThe values of
these fermination impedances are specified in Clause |.4.

Further, the DC-AN is furnished with a decoupling network (i.e. an, LC-filter) sugh that
sufficient decoupling is provided between its EUT port and its AE part-in order to prevent RF
disturdances from the laboratory d.c. power source to affect ebfained measuring results.
Having asymmetric decoupling capacitors with some 100 nF tesabout 1 uF capacitande only
the copstruction of that filter prevents, in most cases, saturation-effects in mitigation filt¢rs the
power| converters may be furnished with and this way(provides for valid, reliablle and
repeatpble measurement results.

1.2 Structures for a DC-AN

1.2.1 AN suitable for measurement of unsymmetrical mode (UM) disturbances

Similar to the V-AMN, the AN shall allow for measurement of the unsymmetrical| mode
disturjance voltage level at a single terminal (or conductor or pole, respectively) of the|EUT's
d.c. power port under test, relative to’laboratory reference ground. An appropriate AN|would
hence|be e.g. a pseudo V-AN, .a-kind of delta network. For layout and design, the principles
set ouf in CISPR 16-1-2 shali~-be observed. A circuit diagram of a suitable Delta-netyork is
found |n Figure I.1.

NOTE [Due to constraints.\in/design of true V-ANs for a certain defined ratio of the DM to CM termination
impedarjce, construction of a pseudo V-AN may require use of a third shunting resistor connecting to the twp power
terminals of the EUT port.of the AN. Such shunting resistors as R, in Figure |.1 or R, in Figure 1.4 do not have any
impact pn the requiredsDM and CM termination impedances and provide for these termination impedanges also
during measurement of UM disturbance voltages. For calculation of the termination impedance for UM disturbance
voltageg the delta-to-star conversion formula for resistor networks can be used. Further, these termination
impedarices can.also be measured directly at the EUT power terminals of the AN in relation to common gfound in
using ap dppropriate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasops only.
UM distlirbarice voltages can also easily be measured with Delta-ANs when they are furnished with regpective
measuring ports.

1.2.2 AN suitable for measurement of common mode (CM) and differential mode
(DM) disturbances

A Delta-AN shall allow for measurement of the symmetric (or differential mode — DM)
disturbance voltage level between (any) two terminals different from those at ground potential
(or conductors or poles, respectively) of the EUT's d.c. power port under test. It shall further
allow for measurement of the asymmetric (or common mode — CM) disturbance voltage level
at the virtual common HF junction of two (or more) terminals (or conductors or poles,
respectively) of the EUT’s d.c. power port under test, relative to laboratory reference ground.
For layout and design, the principles set out in CISPR 16-1-2 shall be observed. An example
of a suitable Delta-network is found e.g. in CISPR 16-1-2:2014, Clause A.6 Figure A.2. This
figure is also replicated in Figure 1.2.
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1.2.3 AN suitable for measurement of UM, CM and DM disturbances

As an option the Delta-AN may also provide for the measurement of the unsymmetrical mode
disturbance voltage level at a single terminal (or conductor or pole, respectively) of the EUT's
d.c. power port, relative to laboratory reference ground, just like a V-network. For layout and
design, the principles set out in CISPR 16-1-2 shall be observed. Examples for practical
implementations of combined pseudo V- and Delta-ANs of several manufacturers are given in
Figure 1.3 to Figure 1.5.

1.3 Employment of DC-ANs for compliance measurements

1.3.1 General

For the measurements, pseudo V-ANs as well as Delta-ANs meeting the requirements in 1.4
can bg used. Other artificial networks specified in CISPR 16-1-2 can also be used"if providing
an asyimmetric or common mode (CM) 150 Q termination for the port undertest to laboratory
referemce ground, and if being furnished with an appropriate low CMiblocking capacity
decoupling LC-filter.

NOTE [Presently the 150 Q artificial mains V-network specified in CISPR 16-1£2:2014, 4.5 cannot be ysed for
measur¢ments of conducted disturbances at LV d.c. power ports, since providing a common mode termination
impedarice of 75 Q only. Such a V-network does not meet the most essential“technical parameter spegified in
Table I.{ Pos. 3, i.e. the value of 150 Q, for the common mode termination impedance. Negotiations in defiphition of
systemdtic corrections for measurement results obtained in use of such netyworks have not been started yet

Select|on of the type of AN is left to the user of this standard. Each type of AN provides for
measurement results which have the same confidence level as results obtained when using
the esfablished V-network. Information on aspects.of measurement uncertainty in respect of
artificigl mains networks (AMN) is found in CISPR™6-4-2:2011, Clause 4. This inform3gtion is
also valid when employing DC-ANs which comply with the specification in 1.4.

If a combined AN is used, then it suffices to just apply it either for measurement of
unsymmetrical mode (UM), or for measurement of both, common mode (CD) and diffdrential
mode (DM) disturbances.

In any|case the assessment ©f,the RFI potential of a given port under test in the frequency
range |150 kHz to 30 MHz ‘is only completed, if measurement results were obtaindd and
recorded either for the twe\composite unsymmetrical mode (UM) disturbance components,| or for
both, the asymmetric.ar)common mode (CM) and the symmetric or differential mode (DM)
disturbance components as well.

1.3.2 PseudoV-AN

In the [pseldo V-network an assessment of these components is only possible in comb|nation

as composite unsymmetrical mode (UM) disturbance voltages, the level of which gan be
differe’ﬂrmmmmmmm—ﬁmm of the

EUT to common ground. These are the “classical” terminal disturbance voltages which can be
compared with the established limits directly and which hence constitute the established EMC
requirements, for example for a.c. mains ports.

Compliance with the limits is verified only where both measured unsymmetrical mode (UM)
disturbance voltage levels are equal to or less than the respective limit.

1.3.3 Delta-AN

In the Delta-network asymmetric or common mode (CM) and symmetric or differential mode
(DM) disturbance components can be measured and assessed separately, for each port under
test.
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Compliance with the limits is verified only where both, the measured common mode (CM)
disturbance voltage level and the measured differential mode (DM) disturbance voltage level
are equal to or less than the respective limit.

1.4 Normative technical requirements for the DC-AN

1.4.1 Parameters and associated tolerances in the range 150 kHz to 30 MHz

Table 1.1 — Parameters and associated tolerances in the range 150 kHz to 30 MHz

Pos. Description of the parameter Nominal value and tolerance

1 ype of the DC-AN Delta-network suitable for measurements_.at\one d.c.
power string or port (plus pole, minus pole and
reference ground)

2 Calibrated frequency range 150 kHz to 30 MHz (measurementrange)
3 CM termination impedance at the EUT port, (150 £ 30)Q
magnitude

4 CM termination impedance at the EUT port, phase (0 £ 40)°

5 DM termination impedance at the EUT port, (150 £ 30)Q
magnitude

6 DM termination impedance at the EUT port, phase (0 +40)°

Longitudinal conversion loss (LCL) at the EUT port 2 | > 26 dB/symmetrical 150 Q system)

’ (measured according to CISPR 16-1-2)
8 CM insertion loss AE port — EUT port >.20¢dB (asymmetrical 50 Q system)
9 DM insertion loss AE port — EUT port )20 dB (symmetrical 150 Q system)

> 40 dB, with external capacitor

10 | Discharge resistors for decoupling capacitorsiin the |[> 1,5 MQ
j.c. current path

a8 Thg LCL of the AN should be significantly.larger than the internal LCL of the EUT. During the measurement of
unsymmetrical disturbance voltages only disturbance components from internal mode conversion DM t¢ CM in
the|EUT need to be assessed. The sfatistical mean value of the LCL of installed PV generators has flready
bedn taken into account when detétmining the limits for the DC power input port of GCPCs.

NOTE [The parameters in Table'l.1 have been derived in developing modern implementations of the 150 () CISPR
network| described in CISPR-16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for
photovojtaic power generating systems.

Measuring portS¢shall be protected from low frequency components of voltage transients
appearing when’/switching the laboratory d.c. power source on and off. Furthermore, secure
galvanFc connection shall be guaranteed to the AN's ground in order to drain trgnsient

dischargé-currents through the coupling capacitors when switching the laboratory sourcé off.

Decoupling capacitors in the d.c. current path shall be bypassed with high resistance
discharge resistors, see position 10.
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1.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz
Table I.2 — Parameters and associated tolerances in the range 9 kHz to 150 kHz
Pos. Description of the parameter Nominal values and tolerances
2 Extended frequency range 9 kHz — 150 kHz
(includes the operation frequency of GCPCs)
3 CM termination impedance at the EUT port, > 10 Q (AE port open)
magnitude
4 CM termination impedance at the EUT port, phase not specified
5 DM termination impedance at the EUT port, > 1 Q (AE port open)
TragTtode
6 DM termination impedance at the EUT port, phase not specified
7 Longitudinal conversion loss (LCL) at the EUT port | > 26 dB, in the range 10 kHz to 150 kHz
(symmetrical 150 Q system)
(measured according to CISPR(16-1-2)
8 ICM insertion loss of AE port to EUT port > 20 dB at 150 kHz (asymmetri€¢al 50 Q system),
decreasing with decreasing frequency with
40 dB/decade
9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz
> 40 dB with ekternal capacitor
(symmetrical150 Q system), decreasing with
decreasing frequency with 40 dB/decade
NOTE [The parameters in Table |.2 have been derived in developing modern implementations of the 150 O CISPR
network| described in CISPR 16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for
photovo]taic power generating systems.
1.5 Examples of practical implementations of DC-ANs
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DC-AN with Z¢y =150 Q, Zpy =100 Q. T1, T2 and T3 all terminated with 50 Q.

Unsymmetrical voltage signals (-20 dB) available at T1 and T2.

Common mode voltage signal (-20 dB ... -24 dB depending on R ;) available at T3.

9002 <R; <1 5002 depending on the losses in the reactive el 1ts in the realised

circuit to match the required impedance tolerance over the whole frequency range.

IEC

NOTE Measuring port T3 can be used for measurement of asymmetric or common mode (CM) disturbance
components.

Figure 1.1 — Practical implementation of a 150 Q DC-AN
suitable for measurement of UM disturbances (Example)
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Figure 1.2 — Practical implementation of a 15070 DC-AN
suitable for measurement of CM and DM disturbances
(Example, see also Figure A.2 in CISPR 16-1-2:2014)
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NOTE Mode 1 and mode 2 represent employment of the artificial network for measurement of unsymmetrical
mode (UM) or "terminal” disturbance voltages.

Figure 1.3 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 1)
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NOTE |Mode A and mode B represent employment of the artificial network for{measurement of unsymmetrical
mode (M) or "terminal" disturbance voltages.

Figure 1.4 — Practical implementation of a 150,Q.DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 2)
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NOTE Mode 1 and mode 2 represent employment of the artificial network as pseudo V-network, i.e. for
measurement of unsymmetrical or "terminal" disturbance voltages. In use as pseudo V-network, i.e. in mode 1 or
mode 2 the DM termination impedance is 100 Q. In use as Delta-network, i.e. in mode 3 and mode 4, the DM
termination impedance is 150 Q.
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Figure 1.5 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 3)
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Annex J
(informative)

Measurements on Grid Connected Power Converters (GCPC) -
Setups for an effective test site configuration

General information and purpose

For measurement of disturbance terminal voltages on grid connected power converters
(GCPC) intended for supply of electric energy into AC mains grids and similar AC mains

installa
necess
labora

The D power is fed into the DC input power ports of the GCPC, and not\.consumed

GCPC
power

can rejersely be carried into the laboratory AC power source, and §o-the equipment m
ed. In addition, there are some countries where reverse poewer flow into the AC
is restficted or prohibited by national law and regulations. Thus,-the global setup of tT

p may

damag

site ug
even g
test (E

J.2

J.2.1

The m
test si
GCPC
used i
into D
from th
that thi
load is

source.

UT). Examples of suitable setups for the test site are described below.

e having a configuration as shown in Figure J.1/J.2. For this setup, the AC output

n the measurement arrangement. The laboratory DC power supply converts AC
C power, and it is supptied to the DC input of the GCPC. Thus, the current cirg

e DC power supply\consumes the AC output power of the GCPC, and so a re

tions (see Definition 3.11), connection to an appropriate laboratory DC power supply is

ary on the DC input side of the GCPC, while connection to another apprp
ory AC power source or AC mains grid is necessary on the AC output side t¢oo.

priate

in the

and so almost completely converted to AC power and output to the AC side. If {he AC

output from the GCPC is not consumed by a resistive load etc./\the AC power ¢

ed for the measurements needs attention, and a proper and appropriate setu
nable simplification of the test arrangement and configuration for the equipment

Setup of the test site

Block diagram of test site

urrent
ay be
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e test

under

asurement arrangement and configuration for the EUT can be simplified by uge of a

is connected to the AC input-of the laboratory DC power supply through the

of the
-AMN
power
ulates

e AC output to the DC input of the GCPC. The advantages of this site configuratijon are

not required to (pnevent AC power currents from flowing into the laboratory AC
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Figure J.1 — Setup of the test site (Case 1) — 2D diagram
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NOTE |[The distances defined as ‘x’ and ‘y’ in\the diagram refer to those as detailed in CISPR 16-2-1:2014,|7.4.1.

Figure J.2 — Setup of the test site (Case 1) — 3D diagram

Consepuently the laboratory AC power source needs to provide only the total power logses in
the tegt arrangement, ance the measurements are started. Because the laboratory AC|power
sourced is used, its /AC voltage and frequency can easily be adjusted conforming [to the
specifications for the*AC output side of the GCPC. Reverse AC power current does npt flow
into the AC poweér-source, and so it cannot be damaged.

J.2.2 DC,power supply

The labetatery's DCpowersupplyshat-have-enoughoutput powerto-operate-the GCRLE at its
rated AC output power. In addition, a control for adjusting properly its DC output voltage is
necessary. In case of the test site setup as shown in Figure J.1/J.2, the electrical system of

AC input to the DC power supply shall match with that of the AC output of the GCPC.

J.2.3 AC power source

The laboratory's AC power source shall be of the CVCF-type such that it can adjust to the
nominal AC output power voltage and frequency of the GCPC under test. In case of the setup
as shown in Figure J.1/J.2, its power is only just enough to supply the total power losses in
the test arrangement, and so a larger power is unnecessary.
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J.2.4 Other components

In many cases the DC power supply itself is provided with filters on the input and output side.
As shown in Figure J.1/J.2, additional EMI filters can be placed on the input and output side
of the DC power supply to mitigate conducted disturbances which are generated.

In case the electrical systems of the AC output of the GCPC, the AC input of the DC power
supply and the output of the AC power source do not accord like single phase-three-wire, or
single phase-two-wire system, a proper transformer shall be inserted as shown in
Figure J.1/J.2 to appropriately convert the electrical systems.

J.3 [Other test setups

J.3.1 Configuration comprising laboratory AC power source and resistivedoad

On the other hand, there are some cases where each electrical system cannot basically be
matched such as three-phase input of the DC power supply with a single phase AC ougput of
the GCPC (EUT), etc. (there is also the reverse case). In such casesy the AC output|of the
GCPC| cannot directly be connected to the AC input of the DC power supply as shown in
Figure|J.1/J.2. In this case, another resistive load is connected in{parallel with the labgratory
AC popwer source as shown in Figure J.3/J.4 and the AC power of the GCPC (EUT) shall be
consumed by that resistive load. As a result, the resistive load_prevents the AC output|power
currenf of the GCPC from flowing reversely into the laboratory AC power source, if|it has
enough power to exceed the maximum AC output power of the GCPC.

AQ mains

grid) AC current

Laboratory . EMI flow .
aw AC power " AC output DC input
( source filter 1_ GCPC |«
Resistive -
load — |
AC mlains (grid) — Reference ground

(optional)

l:" Y DC power EMI

\ A== supply. —| filter B

b’ AC DC

| output | DC current flow
input

- IEC

Figure J.3 — Setup of the test site (Case 2) — 2D diagram
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AC mains(grid) 't'j/ ;.?
(optional) if

DC power supply
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NOTE [The distances defined as ‘x’ and ‘)’ in the diagram(refer to those as detailed in CISPR 16-2-1:2014,(7.4.1.

Figure J.4 — Setup of the test site (Case 2) — 3D diagram

J.3.2 Configuration in case of reverse power flow to the AC mains

This s$etup example shows .th€é~ case where the laboratory AC power sourcqg (see
Figure|J.3/J.4) is not connected o the AC output side of the GCPC.

In cas¢ the AC output ofsthe GCPC is connected to the AC mains through a filter as shpwn in
Figure|J.5/J.6, the AC-eutput current of the GCPC flows to the AC mains, and therefore it is
not required to conneet the resistive load as shown in the previous setup, Case 2. But|in this
case, there is a disadvantage that the AC power voltage and frequency cannot be adjusted
conforming to thé.specifications of the AC output side of the GCPC.
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Figure J.5 — Setup of the test site (Case 3) — 2D diagram
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NOTE The distances defined as ‘x’ and ‘y’ in the diagram refer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.6 — Setup of the test site (Case 3) — 3D diagram
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Annex K
(informative)

Test site configuration and instrumentation — Guidance on prevention
of saturation effects in mitigation filters of transformer-less power

K.1

Most

converters during type tests according to this standard

General information and purpose

vpes of power converters use operation or switching frequencies in the rang

e of a

couplg
(150 k
(CM) i
about
coincig
mode
disturd
filters

of 100 Hz up to 25 kHz. The measurement results obtained in the range of\i
Hz to 30 MHz) are sometimes seriously invalidated by the effective total common

500 Hz to 150 kHz. If the operation frequency of the power converter unds
es with the frequency of the series resonance dip(s) in the effective total cd
(CM) impedance in the whole laboratory d.c. power supply chain, excessi
ance currents may appear at the operation frequency and may saturate the built-
(as e.g. common mode chokes) in the EUT. Consequently. it will cause s

hterest
mode

mpedance of the whole d.c. power supply chain in the test environment in“the range of

pr test
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in EMI
erious

performance degradation of the filters in the measuring frequency\rahge 150 kHz to 30 MHz.
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at the
effecty
freque
150 kH

Consid
supply,
and c
charadg

mance degradation of the filters means that excessive RE/disturbance levels
ed causing the power converter under test eventually.to_FAIL proving compliang
uirements specified in this standard.

be said that such mode of operation of power Converters prominently deviates fr
on conditions in normal use. Hence additionakcountermeasures should be taken
nfiguration level in order to operate the power converters as intended in normal
sts according to this standard.

matter of course, CM decoupling capacitors shall be employed, in conjunctio

series inductors, as LP-filters decouple the termination impedance at the EUT
ificial network (AN) e.g. from_influences of the laboratory d.c. power source at {
this AN. The specifications.of the DC-AN as in Annex | Table I.2 guarantee that t
Ation impedance at the EUD port of the AN remains at least at values of 10 Q or
series resonance of itslinternal LC LP decoupling filter. This will prevent the sat
mentioned above in most of the practical testing cases. For the magnitude-v
hcy characteristicstof the CM termination impedance of the AN in the range 9
z, consult the specifications provided by the manufacturer.

ering now_mitigation of common mode RF currents in the whole laboratory d.c.
chain 4dt the test site, this mitigation and involved additional CM decoupling cap
bmmeon_mode chokes (as e.g. in the EMI filters at the site) may interact w
teristics of the built-in LC LP decoupling filter of the AN, and may cause freg

will be
e with

bm the
at test
se, in

n with
port of
he AE
he CM
more,
iration
ersus-
kHz to

power
acitors
th the
uency

shifts

pfithe series resonance dip(s) of the effective total common mode (CM) imps¢g

dance

experienced at the EUT port of this AN.

It is hence strongly recommended to adjust the magnitude-versus-frequency characteristics of
the total effective CM termination impedance at the EUT port of the AN to the conditions
needed for the given type of power converter under test. Such adjustments can be made by
variation of the value of the CM blocking capacitance in the laboratory's d.c. power supply
chain and/or by insert of additional series inductors or common mode chokes. This annex
describes possible countermeasures to avoid saturation effects due to unfortunate
characteristics of the test site instrumentation used in the laboratory d.c. power supply chain.
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h
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Attention is drawn to the user of such test setups in regard of hazardous voltages due to

igh earth leakage currents. Advice should be sought from duly qualified personnel
efore switching on the laboratory's system power sources to ensure that injury or
amage is not caused to test personnel or equipment.

K.2

If e

Recommendations for avoidance of saturation effects in the range 9 kHz
to 150 kHz

xc€ssive levels of disturbance are observed during measuremenis of conducipd RF

disturjances at LV d.c. power ports of power converters in the range 150 kHz to 30 MHg, then

this

mpy be caused by saturation effects appearing at the operation frequency_of'the EUT

allocated someplace in the range below 150 kHz. To avoid such conditions it isirecommended

too

1)

2)

3)

4)

K.3

bserve the guidance given below.

Fof measurements at LV d.c. power ports of power converters use™only ANs conjplying
with the technical requirements of the 150 Q artificial mains Delta-network according to
4.9 of CISPR 16-1-2:2014, or according to Annex | of this standard.

Apply good test site engineering and check whether the whele/measuring instrumeptation
(DC-AN excluded) and test site configuration are suitable\for use with measuremgnts on
poWer electronics operated in switching mode conditions at operating frequencies
(fundamental frequencies) allocated in the range <below 150 kHz. Depending ¢n the
implemented technology and nominal power thfeughput, power converters mdy use
furjdamental or switching mode frequencies inthé range from a couple of 100 HZ up to
abput 150 kHz.

Whenever possible insert additional commofi’mode (CM) absorbing devices such as|ferrite
tuhes, CMADs or also 150 Q CDNs according to IEC 61000-4-6, between the AE port of
thg AN and the laboratory d.c. power-supply port allocated in the test environment. For
this purpose an extended length of the' d.c. power supply cable can be used too. In|coiled
form it introduces an additional_decoupling inductor (i.e. a common mode choke)|put in
sefies to the laboratory's common mode current circuit. In any case, check the efficiency
of the added common modeCrejection devices, since for most of them you will npt find
specifications of technical(characteristics in the range below 30 MHz.

Avpid coincidence of the fundamental or operating frequency of the power convertern under
tegt with the frequency of the series resonance dip in the CM impedance of the|whole
d.d. power supply c¢hain consisting of the laboratory d.c. power source, the EMI| filters
used in the installation of the OATS or SAC, and the AN. The frequency of the resgnance
dig in the CM>impedance of the power supply chain can be shifted by changing the
capacitange of the effective CM decoupling capacitor. Addition of external CM decqupling
capacitors~is recommended at the interface between the AE port of the AN and the
laloratery d.c. power supply port allocated in the test environment. Be aware that afline of
capacitors with different capacitances may be needed if the testing business conprises
power converters implementing various technologies, power throughput classes and the
like. Remember that the operation frequency may be allocated someplace between a
couple of 100 Hz up to about 150 kHz.

Detailed advice

K.3.1 General

The

following descriptions are found for a decoupling circuit of the DC-AN in Clause 1.1:

“Further, the DC-AN is furnished with a decoupling network (i.e. an LC-filter) such that
sufficient decoupling is provided between its EUT port and its AE port, in order to prevent RF

dist

urbances from the laboratory d.c. power source to affect obtained measuring results.

Having asymmetric decoupling capacitors with some 100 nF to about 1 uF capacitance only,
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the construction of that filter prevents, in most cases, saturation effects in mitigation filters the
power converters under test may be furnished with, and this way provides for valid, reliable
and repeatable measurement results.”

However, if the laboratory d.c. power source is applied in measurement of RF disturbances as
shown in Figure K.1, the CM RF current caused by the EUT does not only flow through the
decoupling capacitors composing the decoupling circuit of the DC-AN, but also through the
decoupling capacitors the laboratory d.c. power source and the EMI filter of the test site are
furnished with. In addition, in almost all cases the capacitance of the decoupling capacitors
such equipment is furnished with may be much larger than 100 nF.

DC power source EMI filter DC-AN (EUT) AMN

Bl

H
i
i
TR O RER ORI 1)+ (1) +1" ()

IEC

Figure K.1 — Flow of the commoh mode RF
current at test site configuration level

An objvious countermeasure for prevention of *{hese additional contributions to the¢ total
effective RF CM current at the operation frequency of the power converter under tegt is to
increase the CM decoupling loss in between:the AE port of the DC-AN and the labgratory
d.c. pgwer supply port allocated in the test-environment.

This decoupling loss can be incredsed by insert of additional series inductors (preferred
countgrmeasure) and/or by employment of additional CM decoupling capacitors gt the
interface in between the AE port of the DC-AN and the laboratory d.c. power supp|y port
allocafled in the test environmént (countermeasure for shifting the frequency of the [series
resongnce dip in the CM termination impedance at the EUT port of the DC-AN).

K.3.2 Insert of series inductors (or common mode chokes) in the laboratory's dl.c.
power supply chain

If somle suitable EMI clamp devices etc. which attenuate the common mode RF curfent in
9 kHz |~ 150%kHz are inserted between the AE port of the DC-AN and the laboratory d.c.[power
supply| port-allocated in the test environment as shown in Figure K.2, the capacitances| of the
decoupling capacitors _the d.c. power source and EMI filter are equipped with gan be
neglected. For such additional decoupling, extended lengths of d.c. power cable could be
used too, if arranged to forming an air coil.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR

11:2015 © IEC 2015 - 83 -

GCPC
DC power source EMI filter DC-AN (EUT) AMN

L __AC mains
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Figure K.2 — Blocking of flow of common mode RF current
by insert of series inductors

bn mode RF current in the range 9 kHz to 150 kHz may not be fayvailable frg
. Preferred measure should hence be insertion of series inductivities.

As m

capacitors of all the laboratory measuring systems including the faboratory d.c. power

may

equipged with, it is necessary to use laboratory d.c. power-sources and EMI filters w
capacifance common mode decoupling capacitors only(,Observe however that use

decou
disturh
disturh
to be ¢
batteri

K.3.3

For an
the m
betwe

supply]

bntioned above, because the effective magnitude of capacitance of decq

use saturation effects in mitigation filters the transformer-less power conve

bling capacitors with low capacitance only omay also reduce suppression
ances generated by the laboratory d.c..péwer source. If extremely larg
ances occur during type tests on transformer-less power converters which are t
aused by saturation of the built-in mitigation filters, then it should be considered
s as d.c. power source.

Employment of additional common mode decoupling capacitors at the
interface between the AE port of the DC-AN and the laboratory d.c. power
supply port allocated in the test environment

increase of the decoupling loss between the laboratory d.c. power supply cha
asurement arrangement additional CM decoupling capacitors can be con
n the AE port (i.e. the decoupling circuit) of the DC-AN and the laboratory d.c.

port allocated in(the test environment as shown in Figure K.3.
Additional
blocking capacitors
Laboratory ‘ GCPC
DC power supply EMI filter J DC-AN (EUT) AMN

L _AC mains

ITION — Proper equipment such as EMI clamp devices which can“attenuate the

m the

upling
source
rter is
th low
of CM
of RF
e RF
hought
to use

in and
nected
power

AR BRI

e e

IEC

Figure K.3 — Blocking of flow of common mode RF current
by employment of additional CM decoupling capacitors

The effect of such a countermeasure is that it shifts the series resonance dip in the
magnitude-versus-frequency characteristics of the CM termination impedance at the EUT port
of the DC-AN to lower frequencies, this way avoiding possible coincidences in frequency of
that resonance dip and the operation or fundamental frequency of the power converter under
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test. If the operation frequency does not coincide with that series resonance frequency,
saturation effects in the EUT can be avoided. It is quite obvious that such a countermeasure
shall be carefully adjusted to the given type of power converter, due to the wide range of
possibly involved operation frequencies. Individual adjustment of the additional CM blocking
capacitance may be necessary in most cases.

K.4 Background information

We studied the methods of solving the saturation problem on the assumption that not a
battery, but a laboratory d.c. power supply is used for measurements at transformer-less
power converters. Figure K.4 shows an example of common mode impedance characteristics
for a QC-AN according to Table I.2. As shown in Figure K.4, it proves that there is a reponant
point ih the proximity of 20 kHz and the common mode impedance remarkably decregdses at

this resonant frequency.
G - DC-AN common mode impedance characteristics
__ 500
; | | |
= 450 \ ‘ | O
400 L SRS LR Y (S O L UL e S 2y WL LI |

350 \\ = }
300 —

250 \ R
\ 9 kHz ~ 150 kHz N\
200 \ ;
100 \ // =
N\ ¢
50 \/ =
\J
0,001 0,01 ‘ 0,1 1 10
Resonant Frequency (MHz)
point IEC

Figure K.4—.CM termination impedance at the EUT port of a DC-AN -
Magnitude-versus=<frequency characteristic in the range 3 kHz to 30 MHz, Example

The spturation of mitigation filters the power converter is furnished with, that currently
becomles a-problem, occurs because a large common mode current flows in case the resonant
frequehcy, (20 kHz) coincides with the operating frequency of the power converter [EUT).
HoweVenr,'the resonant frequency is practically determined not only by the DC-AN, but glso by
the common mode impedance characteristics of all of the instrumentation used in the whole
laboratory d.c. power supply chain including the d.c. power source, installed EMI filters and
the like.

In case the effective resonant frequency caused by all of the laboratory measuring
instrumentation coincides with the operating frequency of the power converter and so large
common mode current flows, or in case it is necessary to confirm whether such conditions
actually occur, the resonant frequency can be detuned from the operating frequency of the
power converter by changing the capacitance of decoupling capacitors of the decoupling
circuit of the DC-AN or adding the capacitance of decoupling capacitors as shown in
Figure K.5 and so changing the resonant frequency, that is to say, the resonant point can be
shifted as shown in Figure K.6. As a result, the common mode current can be reduced at the
operating frequency of the power converter by avoiding saturation effects.
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Figure K.5 — Prevention of saturation of mitigation filters
by use of additional decoupling capacitors

In othgr words, if the measurement results in case the capacitance of decouplingycapacjtors is
increased are the same as those in case it is unchanged, it can be concluded that the
measurements of conductive disturbances have correctly been performed.

With ekchange of hardware components in the DC-AN, it is possible.to increase or defrease
the capacitance of the CM decoupling capacitors by setting up swit€éhes for switching|series
and parallel connection of these decoupling capacitors as sheawn in Figure K.7. However,
such measure cannot be recommended for application in ngrmal laboratory practice since
possibly violating the calibration of the respective DC-AN. However, switched-type combined
externpl CM decoupling capacitors can be used, if necessary. Application of such cappcitors
will alyvays shift the series resonance of the DC-AN¢internal LC decoupling filter to| lower
frequehcies than found in the manufacturer's specifications.

)

©

500* DC-AN common mode inipedance characteristics

|Zcel

450
400

350
300
250

\\ |9 kHz ~ 150 kHz
200

150 5 ya

o1l A -
| Y

50 N N i
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Figure K.6 — Change in the resonant frequency caused by the increase
and decrease in the decoupling capacitor's capacitance

DC-AN

¥
blocking - I II
capacitors \
\

switches IEC

Figure K.7 — DC-AN circuit example where capacitance of blocking
capacitors of the LC decoupling circuit can be increased or decreased
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

APPAREILS INDUSTRIELS, SCIENTIFIQUES ET [VIEDICAUX -
CARACTERISTIQUES DE PERTURBATIONS RADIOELECTRIQUES -
LIMITES ET METHODES DE MESURE

\A

|
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1) La [Commission Electrotechnique Internationale (IEC) est une organisation mondiale de.normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC),L’'IEQ a pour
objef de favoriser la coopération internationale pour toutes les questions de normalisation dans les dpmaines
de [électricité et de I'électronique. A cet effet, I'|EC — entre autres activités —_-publie des |[Normes
intennationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
publjc (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'l[EC"). Leur élaboration est confige a des
com|tés d'études, aux travaux desquels tout Comité national intéressé par le sujet traité peut participer. Les
organisations internationales, gouvernementales et non gouvernementales, en/liaison avec I'lEC, pafticipent
égalpment aux travaux. L'IEC collabore étroitement avec I'Organisation Interpationale de Normalisatiop (ISO),
selop des conditions fixées par accord entre les deux organisations.

2) Les [décisions ou accords officiels de I'lEC concernant les questions techniques représentent, dans lajmesure
du gossible, un accord international sur les sujets étudiés, étant donne~que les Comités nationaux fle I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les |Publications de I'lEC se présentent sous la forme de reconmimandations internationales et sont pgréées
comme telles par les Comités nationaux de I'lEC. Tous les gfforts raisonnables sont entrepris afin qpe I'lEC
s'asgure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue respongable de
I'évgntuelle mauvaise utilisation ou interprétation qui en est\faite par un quelconque utilisateur final.

4) Dan$ le but d'encourager I'uniformité internationale, les, Comités nationaux de I'lEC s'engagent, dans [toute la
mespre possible, a appliquer de fagon transparentes€s-Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes Publications de I'IEC et toutes publications nationfales ou
régipnales correspondantes doivent étre indiquées“en termes clairs dans ces derniéres.

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

6) Toug les utilisateurs doivent s'asSurer qu'ils sont en possession de la derniére édition de cette publicatipn.

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

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

9) L’attention_est attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvgnt faire
I'objetide/droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de te|s droits

1 " . : : bl e
de prevetserac e pdas avull Siylidaic TCul TAISITTILT.

La Norme internationale CISPR 11 a été établie par le sous-comité B du CISPR:
Perturbations relatives aux appareils industriels, scientifiques et médicaux a fréquences
radioélectriques, aux autres appareils de l'industrie lourde, aux lignes a haute tension, aux
appareils a haute tension et aux appareils de traction électrique.

Cette sixiéme édition annule et remplace la cinquiéme édition parue en 2009 et son
Amendement 1 paru en 2010. Cette édition constitue une révision technique.

Elle introduit et permet des essais de type sur des composants d'appareils, de systémes et
d'installations électroniques d'alimentation. Ses limites d'émission s'appliquent désormais aux
acces d’alimentation en courant alternatif et en courant continu a basse tension (BT), quel
que soit le sens de la transmission d'énergie. Plusieurs limites ont été adaptées aux
conditions d'essai pratiques déterminées sur les sites d'essai. Elles s'appliquent désormais
également aux appareils ISM a fréquences radioélectriques électroniques de puissance
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utilisés pour le transfert de puissance sans fil (WPT), I'alimentation électrique instantanée et
les besoins de la mise en charge. Les limites dans la plage comprise entre 1 GHz et 18 GHz
s'appliquent désormais aux perturbations de type a ondes entretenues et aux perturbations
fluctuantes de maniéere similaire, uniforme et neutre d'un point de vue technique. Pour ces
mesurages, deux autres méthodes de mesure sont disponibles: la méthode Log-AV
traditionnelle et la nouvelle méthode APD.

Pour des mesurages réalisés au niveau des accés d’alimentation en courant continu BT d'un
appareil électronique de puissance, une mise en ceuvre moderne du réseau en triangle 150 Q
spécifié dans la Norme CISPR 16-1-2 a été mise a disposition.

La prépente—Nermetnterrationate-CISPRI4—ate—statutdurenerme—de—famite—deprodiits en
CEM, tonformément au Guide 107 de I'l|EC, Compatibilité électromagnétique — Guide\pour la
rédactfon des publications sur la compatibilité électromagnétique (2014).

Le texie de cette norme est issu des documents suivants:

FDIS Rapport de vote
CISPR/B/628/FDIS CISPR/B/631/RVD

Le rapport de vote indiqué dans le tableau ci-dessus donne toute information sur le votg ayant
abouti|a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISQ/IEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch” dans les dgqnnées
relativgs a la publication recherchée. A cette date, la publication sera

* redgonduite,

* supprimée,

* remplacée par une édition révisée, ou
+ amlendée.

IMPORTANT - Le'logo "colour inside” qui se trouve sur la page de couverture de| cette
publi¢ation indique qu'elle contient des couleurs qui sont considérées comme uliles a
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent,
imprimer cette publication en utilisant une imprimante couleur.
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Le contenu principal de la présente norme est fondé sur la Recommandation n° 39/2 du

CISPR

rappelée ci-dessous:

RECOMMANDATION n° 39/2

Limites et méthodes de mesure des caractéristiques de perturbations

électromagnétiques des appareils industriels, scientifiques et médicaux (ISM) a

fréquences radioélectriques

Le CISPR,

CONSIO

a) qu

de
b) qu
c) qu
T4
RECOM
que la

mesur

ERANT

perturbations;
e les méthodes de mesure de ces perturbations ont été spécifiées parle*CISPR;

e certaines fréquences sont désignées par ['Union jplIntérnationale
[écommunications (UIT) pour un rayonnement non limité provenant des appareilg

MANDE

b des caractéristiques des appareils ISM.

e les appareils ISM a fréquences radioélectriques constituent une source)importante

des
ISM,

derniére édition de la CISPR 11 soit utilisée pour appliquer des limites et méthofles de
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INTRODUCTION

Parmi les exigences communes relatives au contrdle des perturbations radioélectriques dues
au matériel destiné a étre utilisé dans des applications industrielles, scientifiques et
électromédicales, la présente publication du CISPR contient des exigences spécifiques pour
le controle des perturbations radioélectriques dues a des applications ISM a fréquences
radioélectriques au sens de Ila définition donnée par [I'Union Internationale des
Télécommunications (UIT). Voir également la définition 3.13 de Ila présente Norme
internationale. Le CISPR et I'UIT se partagent la responsabilité de la protection des services
radio, en ce qui concerne |'utilisation des applications ISM a fréquences radioélectriques.

a des
e ces
perturbations, soit sur un site d'essai normalisé, soit, pour une application individuelle[ISM a
fréquehces radioélectriques qui ne peut étre soumise a essai sur un tel site, sur'son lieu de
fonctignnement. Par conséquent, la présente Publication du CISPR couvrenles exigences
relatives a I'évaluation de la conformité des deux sortes d'appareils: appareil évalué plar des
essais|de type sur des sites d'essai normalisés ou appareil individuel dans des condit|ons in
situ.

L'UIT [est concernée par le controle des perturbations radioélectriques dues ph des
applications ISM a fréquences radioélectriques pendant (e fonctionnement normal et
I'utilisgtion de I'appareil respectif en son lieu de fonctionnement (voir la Définition 1.15 dans le
Réglement des radiocommunications de I'UIT). La, l'utilisation de I'énergie radioélegtrique
découplée de l'application radioélectrique ISM par cotiplage rayonnant, inductif ou capacitif
est limitée a I'emplacement de cette application individuelle.

La présente publication du CISPR contient, eny6.3, les exigences essentielles relatives aux
émissipns pour une évaluation des perturbations radioélectriques dues a des applications ISM
a fréquences radioélectriques sur des siteswd'essai normalisés. Ces exigences permettgnt des
essais| de type sur les applications ISMJa fréquences radioélectriques fonctionnant|a des
fréquehces jusqu'a 18 GHz. Elle contient en outre, en 6.4, les exigences essentielles refatives
aux émissions pour une évaluation-in situ des perturbations radioélectriques dues |a des
applications ISM a fréquences radioélectriques dans la plage de fréquences jusqu'a | GHz.
Touteg les exigences ont étéétablies en étroite collaboration avec I'UIT et jouissent de
I'apprdbation de I'UIT.

Toutefpis, pour le fonctionnement et l'utilisation de plusieurs types d'applications |[SM a
fréquehces radioélectriques, il convient que le fabricant, linstallateur et/ou le| client
connaissent les dispositions nationales complémentaires concernant la réglementation| et les
besoins particuliers de protection des services et applications radio locaux. Selon l¢ pays
concelné, cesdispositions complémentaires peuvent s'appliquer a des applications [ISM a
fréquepces radioélectriques fonctionnant a des fréquences situées a l'extérieur des handes
ISM d=S|gnees (v0|r Tableau 1). Elles peuvent aussi sappllquer a des appllcatlons ISM a
fréque 1CES lawuclcbtllquco fonctionmrant—a—des ||cquc||bca aupcnculca a—18-GHz—Pour ce
dernier type d'applications, la protection locale des services et appareils radio requiert une
exécution de I'évaluation de la conformité par l'application des dispositions nationales
appropriées dans la plage de fréquences supérieures a 18 GHz conformément aux droits
acquis de I'UIT et des administrations nationales. Ces dispositions nationales
complémentaires peuvent s'appliquer aux émissions non désirées, aux émissions
apparaissant a des harmoniques de la fréquence de fonctionnement et aux émissions
désirées a la fréquence de fonctionnement allouée a l'extérieur de la bande ISM désignée
dans la plage de fréquences supérieures a 18 GHz.

L'Annexe E de la présente Norme Internationale donne des recommandations du CISPR
relatives a la protection des services radio dans des zones particuliéres.

La définition 1.15 du Réglement des radiocommunications de I'UIT est la suivante:


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 98 - CISPR 11:2015 © IEC 2015

1.15 applications industrielles, scientifiques et médicales (ISM) (d'énergie radioélectrique)
fonctionnement d’installations ou d'appareils congu(e)s pour produire et utiliser, dans un
espace réduit, de I'énergie radioélectrique pour des applications industrielles, scientifiques,
médicales, domestiques ou similaires, a I'exclusion des applications relevant du domaine des
télécommunications.

[Reglement des Radiocommunications de I'UIT Volume 1: 2012 — Chapitre I, Définition 1.15]
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APPAREILS INDUSTRIELS, SCIENTIFIQUES ET [VIEDICAUX -
CARACTERISTIQUES DE PERTURBATIONS RADIOELECTRIQUES -
LIMITES ET METHODES DE MESURE

1 Domaine d’application

La présente Norme internationale s'applique aux appareils industriels, scientifiques et
électromédicaux fonctionnant dans la plage de fréqnpnrne de O Hz a 400 GHz ainsi lu’aux
appargils domestiques et similaires congus pour produire et/ou utiliser, dans un\gspace
réduit,|de I'énergie radioélectrique.

La pfrésente norme couvre les exigences d’émission relatives aux\ “perturhations
radioélectriques dans la plage de fréquences de 9 kHz a 400 GHz. Les mesurages sont
seulement nécessaires dans les plages de fréquences dans lesquelles les limiteg sont
spécifiges a I'Article 6.

Pour |les applications industrielles, scientifiqgues et médicales (ISM) a fréquences
radioé|ectriques, au sens de la définition fournie par le Réglément des radiocommunigations
de I'UIT (voir Définition 3.13), la présente Norme couvre lgs. exigences d’émission relatives
aux perturbations a fréquences radioélectriques dans la/plage de fréquence comprisg entre
9 kHz et 18 GHz.

NOTE [Les exigences d'émission pour les appareils de cuissen a induction sont spécifiées dans la CISPR 14-1
(1t

Les exigences relatives aux appareils d'éclairage ISM a fréquences radioélectriques et aux
générateurs de rayonnement UV fonctionnant dans les bandes de fréquences ISM dgfinies
par le Reglement des radiocommunications de I'UIT sont spécifiées dans la présente Ngrme.

Les ingtallations couvertes par d’autres normes de produits du CISPR et d’autres rlormes
d’émission de famille de produits.n’entrent pas dans le domaine d’application de la prgsente
norme

2 Reférences normatives

Les dpcuments/de" référence suivants sont indispensables pour I'application du présent
documlent. Pourydes références datées, seule I'édition citée s'applique. Pour les références
non dgtées,<a~derniére édition du document de référence s’applique (y compris les éventuels
amendements).

CISPR 16-1-1:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-1:
Appareils de mesures des perturbations radioélectriques et de I'immunité aux perturbations
radioélectriques — Appareils de mesure

CISPR 16-1-1:2010/AMD 1:2010

CISPR 16-1-1:2010/AMD 2:2014

CISPR 16-1-2:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-2:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Dispositifs de couplage pour la mesure des perturbations conduites

1 Les chiffres entre crochets renvoient a la Bibliographie.
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CISPR 16-1-4:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-4:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Antennes et emplacements d’essai pour les mesures des perturbations
rayonnées

CISPR 16-1-4:2010/AMD 1:2012

CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:
Méthodes de mesure des perturbations et de l'immunité — Mesures des perturbations
conduites

CISPFi16-2-3:2010, Spécifications des méthodes et des appareils de mesurg¢ des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques ~'Rartlie 2-3:
Méthoges de mesure des perturbations et de I'immunité — Mesures des/ _perturfhations
rayonnées

CISPR 16-2-3:2010/AMD 1:2010
CISPR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2011, Spécifications des méthodes et des appareils de mesurg¢ des
perturbations radioélectriques et de I'immunité aux perturbations tadioélectriques — Parlie 4-2:
Incertitudes, statistiques et modélisation des Ilimites —(Incertitudes de mesufe de
I'instrumentation

CISPR 16-4-2:2011/AMD 1:2014

IEC 6(J050-161:1990, Vocabulaire Electrotechnique< International (VEI) — Chapitte 161:
Compatibilité électromagnétique

IEC 60601-1-2:2014, Appareils électromédicatix — Part 12: Exigences générales ppur la
sécurilé de base et les performances ‘essentielles — Norme collatérale: Perturbations
électrgmagnétiques — Exigences et essais

IEC 6Q601-2-2:2009, Appareils électromédicaux — Part 2-2: Exigences particulieres pgour la
sécurilé de base et les performances essentielles des appareils d'électrochirurgie a gourant
haute fréquence et des accessoires d'électrochirurgie a courant haute fréquence

IEC 6Q974-10:2014, Materiel de soudage a l'arc — Partie 10: Exigences de compatibilité
électrdmagnétique (GEM)

IEC 61307:2011$dnstallations industrielles de chauffage a hyperfréquence — Méthodes ¢'essai
pour I3 détermination de la puissance de sortie

IEC 62135-2:2007, Matériel de soudage par résistance — Partie 2: Exigences de compatibilité
électr Hlayuét/quc (CE:‘VU

Réglement des radiocommunications de I'UIT (2012), Reglement des radiocommunications,
Volume 3 — Résolutions et recommandations, Résolution n° 63 (disponible sous
http://www.itu.int/pub/R-REG-RR-2012)

3 Termes et définitions

Pour les besoins du présent document, les termes et définitions donnés dans I'lEC 60050-161
ainsi que les suivants s'appliquent.
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3.1

acces d’alimentation secteur en courant alternatif

acces utilisé pour le raccordement a un réseau public de distribution secteur d’énergie en
courant alternatif a basse tension ou autre installation secteur en courant alternatif a basse
tension

3.2

matériel de soudage a I’arc

matériel destiné a appliquer un courant et une tension et ayant les caractéristiques
nécessaires pour le soudage a l'arc et les processus associés

3.3
réseau fictif d'alimentation
AMN
réseay qui fournit une impédance définie au matériel en essai aux “frégyences
radioélectriques, accouple la tension perturbatrice au récepteur de mesure et\désaccolple le
circuit|d'essai du réseau d'alimentation

Note 1 4 I'article: |l existe deux types fondamentaux d'AMN: le réseau en V (AMN en V) qui accouple les {ensions

non symeétriques, et le réseau en triangle (AMN en A) qui accouple séparémentes tensions symétrique$ et non
symétriques.

Note 2 & l'article: Les termes réseau de stabilisation d'impédance de Jigne' (RSIL) et réseau AMN en| V sont
utilisés |ndifféremment

Note 3 4 Il'article:  L’abréviation «<KAMN» est dérivée du terme angtais développé correspondant «artificigl mains
networkp.

3.4
périmétre de I’appareil en essai
périmdtre imaginaire de lignes droites décrivant une configuration géométrique simple qui
englobe l'appareil en essai

Note 1 4 I'article: Tous les cables d'interconnexion sont inclus a l'intérieur de ce périmétre.

3.5
compégsant
produif qui sert une ou plusjeurs fonctions particuliéres et qui est destiné a étre utilis¢ dans
un matériel ou systeéme assemblé de niveau supérieur

3.6
réseay fictif en courant continu
réseam en courant continu fictif
DC-AN
réseay fictif qui sert de terminaison définie de I'accés en courant continu en essai du njatériel

en espaiy fournissant également le découplage nécessaire des perturbations cornduites

3
proven ant da 13 source-d'alimentation-en-courant contint- de-labhoratoire- ot de-la charas
-G —-CaHReRaHe R h—-Gcodaht A+ o3+t ou-ge—+a-chaFge

T+ oo T T oo o oo o

Note 1 a l'article: L’abréviation «DC-AN» est dérivée du terme anglais développé correspondant «d.c. artificial
network».

3.7

acceés d’alimentation en courant continu

acces utilisé pour le raccordement a un systeme de production d'énergie en courant continu a
basse tension, a un systéme de stockage d'énergie ou a une autre source/charge

Note 1 a [l'article: |l peut par exemple s'agir d'un systéme de production d'énergie photovoltaique, a pile a
combustible ou d'une batterie.
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3.8

matériel d’usinage par décharges électriques

EDM

tous les composants nécessaires au procédé d’électroérosion incluant la machine-outil, le
générateur, les circuits de commande, le réceptacle de fluide de travail et les dispositifs
intégrés

Note 1 a l'article: L’abréviation «<EDM» est dérivée du terme anglais développé correspondant «electro-discharge
machining».

3.9

rayonnement électromagnétique

1) prgeessus—partequetume—source—fournit—de i'éllb'lyib' vers—tespace—extérreur—sous) forme
d'gndes électromagnétiques

2) énergie transportée dans I'espace sous forme d'ondes électromagnétiques

Note 1 & l'article: Le sens du terme "rayonnement électromagnétique" est quelquefois étenduraux phénomenes
d'induct|on.

[SOURCE: IEC 60050-161:1990, 161-01-10]

3.10
équipément de soudage par résistance et procédés associés
tous lgs équipements associés a la réalisation du procédé de soudage par résistance |et des
procédés associés consistant, par exemple en une source d’alimentation, des élec{rodes,
I'outillage et I’équipement de contrdle associé, et qui peuvent consister en une unité s¢parée
ou ung partie d’'une machine complexe

3.1
convefrtisseur de puissance connecté au réseau
GCPC
conveftisseur de puissance connecté.a’,un réseau de distribution électrique en dourant
alterngtif ou autre installation secteuren courant alternatif et utilisé dans un systeme de
produgtion d'énergie

Note 1 @ l'article: L’abréviation «GEGPC» est dérivée du terme anglais développé correspondant «grid connected
power cpnverter».

3.12
systéme et appareil électronique haute puissance
un ou |plusieurs convertisseurs de puissance a semiconducteurs dont la puissance asgignée
combimnée est superieure a 75 kVa, ou appareil contenant ce type de convertisseurs

Note 1 fa l'articter |l s'agit, par exemple, de convertisseurs de puissance a semiconducteurs destinés aux
applicatjons dans les alimentations sans interruption (ASI) et les entrainements électriques de puissance (HEP).

3.13
applications industrielles, scientifiques et médicales (ISM) (d'énergie radioélectrique)
applications ISM (d'énergie radioélectrique)

fonctionnement d’installations ou d’appareils congu(e)s pour produire et utiliser, dans un
espace réduit, de I'énergie radioélectrique pour des applications industrielles, scientifiques,
médicales, domestiques ou similaires, a I'exclusion des applications relevant du domaine des
télécommunications

Note 1 a l'article: Parmi les applications typiques, on peut citer la production d'effets physiques, biologiques ou
chimiques tels que I'échauffement, l'ionisation des gaz, les vibrations mécaniques, I'épilation, I'accélération des
particules chargées. Une liste non exhaustive d’exemples est donnée en Annexe A.

Note 2 a l'article: L’abréviation «ISM» est dérivée du terme anglais développé correspondant «industrial, scientific
and medical».

[SOURCE: Reéglement des radiocommunications de I'UIT Volume 1: 2012 — Chapitre |,
Définition 1.15]
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3.14

installations et appareils ISM RF

installations ou appareils congu(e)s pour produire et/ou utiliser, dans un espace réduit, de
I'énergie radioélectrique pour des applications industrielles, scientifiques, médicales,
domestiques ou similaires, a I'exclusion des applications relevant du domaine des
télécommunications et des techniques de l'information et des autres applications couvertes
par d'autres publications du CISPR

Note 3 a l'article: L’abréviation "ISM RF" est utilisée dans toute la présente Norme uniquement pour de tels
installations ou appareils.

3.15

bassertension
BT
ensemple des niveaux de tension utilisés pour la distribution d’énergie électrique_et dont la
limite pupérieure généralement admise est de 1 000 V en courant alternatif ou™ 500 V en
courar]t continu

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiée — addition des ymots "ou 1 50Q V en
courant continu".]

3.16
systéme de production d'énergie photovoltaique
systéme de production d'énergie électrique qui utilise I'effet photovoltaique pour convertir
I'énergie solaire en électricité

3.17
petit matériel
matériel qui est, soit placé sur une table, soit(posé sur le sol, et qui tient a I'intérieyr d’un
volume d’essai cylindrique imaginaire dont*le diamétre ne dépasse pas 1,2 m et dont la
hauteyr au-dessus du plan au sol ne dépasse pas 1,5 m, y compris ses cables

3.18
électrpérosion
enlévement de matiére dans ufnfluide diélectrique de travail par des décharges électriques,
réparties dans le temps et distribuées aléatoirement dans I'espace, entre deux éledtrodes
électriquement conductrices (une électrode servant d’outil et I'autre de piéce de travail), avec
une maftrise de I’énergje.des décharges

3.19
essai fe type
essai pffectué sur un ou plusieurs dispositifs réalisés selon une conception donnéqg, pour
vérifief que-Cette conception répond a certaines spécifications

Note 1 la_tarticle: 1a reconnaissance d'un essai de type comme une hnmnlngnﬁnn peut dé'npndr: de la
réglementation nationale ou régionale (voir H.2 de I'Annexe H).

4 Fréquences désignées pour étre utilisées par les appareils ISM

L'Union Internationale des Télécommunications (UIT) a désigné certaines fréquences comme
étant des fréquences fondamentales pour les applications ISM a fréquences radioélectriques
(voir aussi la Définition 3.13). Ces fréquences sont énumérées au Tableau 1.

NOTE Dans certains pays, des fréquences différentes ou supplémentaires peuvent étre désignées pour une
utilisation par les applications ISM RF.
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Tableau 1 - Fréquences, dans la plage de fréquences radioélectriques, désignées
par I'UIT comme étant des fréquences fondamentales pour les appareils ISM

Numéro de la note de bas de
B A A page du tableau des
Fréquence centrale Plage de fréquences Limite de attributions de fréquences
rayonnement des Reégl d
MHz MHz maximale b es Reglements des
Radiocommunications de
I'UIT @
6,780 6,765 — 6,795 A I'étude 5.138
13,560 13,553 — 13,567 Sans restriction 5.150
27,120 26,957 — 27,283 Sans restriction 5.150
40,680 40,66 — 40,70 Sans restriction 5.150
433,920 433,05 — 434,79 A I'étude 5.138 dans la RégionA, sauf
pour les pays,meéntionngs
en 5.280
915,000 902 — 928 Sans restriction 5.150 dans la Région P
seulement

2 450 2 400 -2 500 Sans restriction 5.150
5800 5725 -5875 Sans restriction 5.150
24 125 24 000 — 24 250 Sans restriction 5.150
61 250 61 000 — 61 500 A I'étude 5.138
122 500 122 000 — 123 000 A I'étude 5.138
245 000 244 000 — 246 000 A I'étude 5.138

a8 Lalrésolution n° 63 du Réglement des Radiocommunicatiohs de I'UIT s’applique.

b L'gxpression "sans restriction" s'applique aux fréquences fondamentales et a toutes les altres
composantes de fréquences comprises dans la bande désignée. En dehors des bandes de fréquepces
ISM désignées par I'UIT, les limites de tensions, perturbatrices et de perturbations rayonnées de la
présente norme s'appliquent.

5 Classification des appareils

5.1 Séparation en groupes

Pour sgimplifier I'identification des limites applicables, les appareils relevant du dgmaine
d'application de la présente Norme sont classés en deux groupes, c’est-a-dire le groupe 1 et
le groype 2.

Appareils du groupe 1: le groupe 1 réunit tous les appareils compris dans le dgmaine
d’application-de” la présente Norme, qui ne sont pas classés comme étant des apparegils du
groupe 2,

Appareils du groupe 2: le groupe 2 réunit tous les appareils ISM a fréquences
radioélectriques dans lesquels de I'énergie a fréquences radioélectriques dans la plage de
fréquences comprises entre 9 kHz et 400 GHz est produite et utilisée volontairement ou
uniquement utilisée localement sous forme de rayonnement électromagnétique, de couplage
inductif et/ou capacitif, pour le traitement de la matiére, a des fins d’examen ou d’analyse ou
pour le transfert d'énergie électromagnétique.

NOTE Voir I'Annexe A pour des exemples de séparation des appareils en groupe 1 ou en groupe 2.
5.2 Division en classes

En fonction de l'utilisation prévue de I'appareil dans I'environnement électromagnétique, la
présente Norme définit deux classes d'appareils, a savoir la classe A et |la classe B.
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Appareils de classe A: appareils prévus pour étre utilisés dans tous les emplacements autres
que ceux alloués dans les environnements résidentiels et ceux directement connectés a un
réseau d'alimentation électrique a basse tension alimentant des béatiments a usage
domestique.

Les appareils de classe A doivent respecter les limites de la classe A.

Le matériel de soudage a l'arc contenant des dispositifs d’amorgcage ou de stabilisation d’arc
et des dispositifs d'amorgage ou de stabilisation d’arc autonomes pour le soudage a I'arc doit
étre considéré comme un appareil de classe A.

d nv

Apparé 3 —appar DT pOUT f 0 ronnaments
résidentiels et dans les établissements connectés directement a un réseau d'alimentation

électrique a basse tension alimentant des batiments a usage domestique.

Les appareils de classe B doivent respecter les limites de la classe B.

5.3 |Documentation pour l'utilisateur

Le fabficant et/ou le fournisseur de I'appareil doivent s’assurer quéd’utilisateur est infoimé de
la clagse et du groupe de l'appareil, soit par un marquage, -soit par la documeptation
accomjpagnant I'appareil. Dans les deux cas, le fabricant--et/ou le fournisseur doivent
expliqglier dans la documentation accompagnant 'appareil ta“signification de la classq et du
groups.

La dogumentation accompagnant |'appareil doit contehir des détails sur les précautions que
l'acheteur ou I'utilisateur est tenu de prendre’pour assurer que le fonctionnemgent et
l'utilisgtion normale de I'appareil ne provoquent pas de brouillage radioélegtrique
préjudiciable. Dans le cadre de la présente *Norme, ces détails concernent des informations
relatives:

e a la possibilité de brouillage radioélectrique provenant du fonctionnement d'un appgreil de
clagse A dans certains environnements,

e aux précautions particuliéres\d prendre lors du raccordement d'un appareil de classe A a
un|réseau d'alimentation électrique a basse tension (voir la note de bas de page p et la
nofe de bas de page bwdu Tableau 2, la note de bas de page b du Tableau 3 et la note de
bas de page a du Tableau 6, respectivement),

e aux mesures qui peuvent étre prises au niveau de l'installation pour réduire les émissions
prdvenant d'unsappareil de classe A installé (voir la note de bas de page b du Tablegqu 2 et
la mote de bas de page a du Tableau 8).

Pour les appareils de classe A, les instructions d'utilisation qui accompagnent le produit
doivent contenir le texte ci-dessous:

Attention: Cet appareil n'est pas destiné a étre utilisé dans des environnements
résidentiels et peut ne pas assurer la protection adéquate a la réception
radioélectrique dans ce type d'environnements.

6 Valeurs limites des perturbations électromagnétiques

6.1 Généralités

Pour les mesurages réalisés sur des sites d'essai normalisés, les exigences spécifiées ici
constituent les exigences pour les essais de type.

Les appareils de classe A peuvent étre mesurés soit sur un site d'essai, soit in situ, selon la
préférence du fabricant.


https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

- 106 - CISPR 11:2015 © IEC 2015

NOTE 1 En fonction de la taille, de la complexité ou des conditions de fonctionnement de l'appareil, certains
appareils peuvent devoir étre mesurés in situ afin de démontrer la conformité aux limites de perturbations
rayonnées spécifiées dans la présente Norme.

Les appareils de classe B doivent étre mesurés sur un site d'essai.

NOTE 2 Les limites ont été déterminées sur une base probabiliste, en tenant compte de la probabilité de
brouillage. En cas de brouillage, des dispositions complémentaires peuvent devoir étre appliquées.

La limite inférieure doit étre appliquée a toutes les fréquences de transition.

Les appareils et les méthodes de mesure sont spécifiés aux Articles 7, 8 et 9.

6.2 ppareils du groupe 1 mesurés sur un site d'essai
6.2.1 Limites des perturbations conduites

6.2.1. Généralités

L'appdreil en essai doit satisfaire:

a) soif a la fois a la limite en valeur moyenne spécifiée pour les mesudrages effectués ayec un
défecteur de valeur moyenne et a la limite de quasi-créte specifiée pour les mesyrages
effectués avec un détecteur de quasi-créte (voir 7.3); ou

b) a la limite en valeur moyenne lorsqu'un détecteur de quasj-créte est utilisé (voir 7.3)|.

Les limites de I'accés d’alimentation en courant contidu)ya basse tension spécifiées ci-aprés
s'appliguent uniquement aux convertisseurs de puissance connectés au réseau (GCPC)
destings a étre montés dans les systémes de production d'énergie photovoltaique.

6.2.1.2 Plage de fréquences comprises.entre 9 kHz et 150 kHz

Dans |a plage de fréquences comprises’,;entre 9 kHz et 150 kHz, les limites ne sopt pas
spécifiges.

6.2.1.3 Plage de fréquences.comprises entre 150 kHz et 30 MHz

Les limites pour les tensions“perturbatrices aux accés d’alimentation secteur en dourant
alterngtif & basse tension‘dans la plage de fréquences comprises entre 150 kHz et 30 MHz
pour les appareils mesurés sur un site d'essai en utilisant le réseau fictif d'alimeptation
50 /90 uH (AMN en(V) du CISPR ou la sonde de tension du CISPR (voir 7.3.3 et la Figure 1)
sont indiquées au<ableau 2 et au Tableau 4.

Les limites pour les perturbations conduites aux accés d’alimentation en courant coftinu a
basse |tensign dans la plage de fréquences comprises entre 150 kHz et 30 MHz pqur les
appargils{_mesurés sur un site d'essai utilisant le réseau 150 Q du CISPR (QC-AN)
(voir 7:372-3ettAnmexe ) outa—sonde de courant(voir ta CtSPR-t6=t2)sont-indiquees au
Tableau 3 et au Tableau 5.
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Tableau 2 — Limites de tensions perturbatrices pour les appareils de classe A, groupe 1,
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)

Puissance assignée de Puissance assignée de Systémes et appareils
<20 kVA© >20 kVA & < 75 kVA @ ¢ électroniques haute
- - puissance, puissance
Plage de assignée de
fréquences > 75 kKVA b ¢©
MHz — — —
Quasi-créte Valeur Quasi-créte Valeur Quasi-créte Valeur
moyenne moyenne moyenne
dB(uV) dB(nV) dB(uV) dB(uV) dB(uV) dB(uV)
0,15 -0,50 79 66 100 90 130 120
D,50 — 5 73 60 86 76 125 115
90 80
décroissant linéairement
5-30 73 60 avec le logarithme de la 115 195
fréquence jusqu’a
73 60

A la frBquence de transition, la limite la plus sévére doit &tre appliquée.
Pour lles appareils de classe A destinés a étre connectés uniquement aux réséeaux industriels de distripution
d’énergie a neutre isolé ou mis a la terre a impédance élevée (voir I'lEC 60364=1), les limites pour les appareils
avec yne puissance assignée > 75 kVA peuvent s’appliquer, quel que soit leur puissance assignée effectiye.

NOTE| La puissance d'entrée ou de sortie assignée de 20 kVA-s correspond, par exemple, a un cpurant
d’envifon 29 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’environ
58 A gar phase dans le cas de réseaux d’alimentation triphasés de\200 V.

a8 Cds limites s'appliquent aux appareils de puissance assighée > 20 kVA et destinés a étre connecté$ a un
transformateur ou un générateur de puissance dédiey et qui ne sont pas reliés aux lignes élecfriques
aéfiennes a basse tension (BT). Pour les appareils qui ne sont pas destinés a étre connectés| a un
transformateur de puissance spécifique a l'utilisateur, les limites pour une puissance assignée < 40 kVA
s’dppliquent. Le fabricant et/ou le fournisseur daivent fournir des informations sur les mesures d'installation
quj peuvent étre utilisées pour réduire les.émiSsions provenant de I'appareil installé. En particulier,]il doit
étrle indiqué que cet appareil est destiné a\étre connecté a un transformateur ou générateur de puigsance
défié et non a des lignes électriques aériennes a basse tension.

b cds limites s'appliquent uniquement aux’systémes et appareils électroniques haute puissance de puigsance
aspignée supérieure a 75 kVA, s'ils’sont destinés a étre installés comme suit:

o | l'installation est assurée @ partir d'un transformateur ou générateur de puissance dédié, et quj n'est
pas connecté a des lignes électriques aériennes a basse tension (BT),

o | l'installation se situe-\physiquement a au moins 30 m des environnements résidentiels ou ¢n est
séparée par une_structure faisant office de barriére contre les phénoménes de rayonnement,

o | le fabricant et/ou” le fournisseur doivent indiquer que cet appareil satisfait aux limites de tepsions
perturbatrices\pour les systémes et appareils électroniques haute puissance de puissance d'pntrée
assignée > 75 kVA et donner des informations relatives aux mesures d'installation a appliquer par
I'installateur. En particulier, il doit étre indiqué que cet appareil est destiné & étre utilisé darls une
instaltation alimentée par un transformateur ou générateur de puissance dédié et non par des [lignes
aériennes a basse tension.

C  Lelchoix de l'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assignée
définie par le fabricant.
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Tableau 3 — Limites de perturbations conduites des appareils de classe A, groupe 1,
mesurées sur un site d'essai (accés d’alimentation en courant continu)

Plage de [Puissance assignée Puissance assignée de Puissance assignée de
fréquences de >20kVAa<75kvAa Db >75kVA 2 b
MHz <20 kVA?2
Limites de tension Limites de Limites de Limites de Limites de courant
tension courant tension
Quasi- Valeur | Quasi- | Valeur | Quasi- | Valeur | Quasi- | Valeur | Quasi- | Valeur
créte |moyenne| créte |moyenne| créte |moyenne| créte |moyenne| créte |moyenne
dB(uV) | dB(nV) [ dB(nV) [ dB(uV) | dB(pA) | dB(pA) [dB(unV) [ dB(pV) | dB(uA) | dB(pA)
0,1 97 8% 16 108 72 62 32 122 88 78
a a a a a a a a a a a
5 89 76 106 96 62 52 122 112 78 68
5 106 96 62 52 122 112 78 68
a 89 76 a a a a a a a a
30 89 76 45 32 105 92 61 48

Dans ceftaines plages de fréquences, les limites indiquées dans ce tableau diminuent de maniére linéairg avec le

logarithme de la fréquence.

@ Le choix de I'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assigné¢ définie|
par lg fabricant.

P Ces [limites s'appliquent aux appareils de puissance assignée >20 kVA et destinés a étre installés |dans un
grang systeme de production d'énergie photovoltaique par un professionnel. Dans le manuel accompdgnant le
prodpit, le fabricant et/ou le fournisseur doivent fournir des”jinformations sur les mesures d'atténugtion qui
peuvient étre utilisées pour réduire les émissions générées parles appareils installés, avec pour objectif d'éviter|
les Qrouillages préjudiciables pour la réception radio a ung\distance de 30 m de l'installation. Il doit nofamment
étre |ndiqué que cet appareil peut étre équipé d'un filtrage.Supplémentaire et que l'installation est physijuement
séparée de plus de 30 m des environnements résidentiels. L'installateur est invité a vérifier I'ingtallation
attérljuée par rapport aux mesurages in situ de la CIS8RPR 11 comme indiqué a I'article 6.4 de la présente [Norme.

Tablepu 4 — Limites de tensions perturbatrices pour les appareils de classe B, grqupe 1
mesurées sur un site d'essai-(accés d’alimentation secteur en courant alternatif)
Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(nV) dB(nV)
66 56
décroissant linéairement avec le décroissant linéairement avec le
0,15 - 0,50 ) . . i ) . . i
logarithme de la fréquence jusqu’a | logarithme de la fréquence jusqu’a
56
0550 - 5 56 46
5-30 60 50
A Ia f U’L'LJUII\;U dU tlallb;t;ull, :G :;Ill;tc :d p:ub DU’V&IU dUIt I’?:‘tll:‘ lelJ:IL{UU'U

Pour les générateurs de rayons X utilisés pour le diagnostic et fonctionnant de fagon
intermittente, les limites de quasi-créte du Tableau 2 ou du Tableau 4 peuvent étre relachées
de 20 dB.

Tableau 5 — Limites de tensions perturbatrices pour les appareils de classe B, groupe 1
mesurées sur un site d'essai (accés d’alimentation en courant continu)

Plage de fréquences

MHz

Quasi-créte

dB(uV)

Valeur moyenne

dB(uV)

0,15 -0,50

84
décroissant linéairement avec le

74
décroissant linéairement avec le
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logarithme de la fréquence jusqu’a | logarithme de la fréquence jusqu’a
74 64
0,50 — 30 74 64

6.2.2

Valeurs limites du rayonnement électromagnétique perturbateur

6.2.2.1 Généralités

Les appareils en essai doivent respecter les limites de quasi-créte quand un détecteur de
quasi-créte est utilisé.

6.2.2.7 Plage de fréquences comprises entre 9 kHz et 150 kHz

Dans

spécifiges.
6.2.2.3 Plage de fréquences comprises entre 150 kHz et 1 GHz
Dans |a plage de fréquences comprises entre 150 kHz et 30 MMz, les limites ne so

spécifi

Dans |

d'intenisité du champ électrique du rayonnement électromagnétique perturbateur.

Les limites du rayonnement électromagnétique petturbateur dans la plage de fréquen

30 MH
spécifi
servic

Sur un site d’essai, I'appareil de classelA peut étre mesuré a une distance nominale d

de 10
distan
mesur
définit

a plage de fréquences comprises entre 9 kHz et 150 kHz, les limite§~ne so

ges.

la plage de fréquences au-dessus de 30 MHz, les limites s'appliquent a la comp

z a 1 GHz pour les appareils de classe A et.de classe B, groupe 1, sont respectiy
2es au Tableau 6 et au Tableau 7. Des recommandations en matiére de protecti
s radio spécifiquement liés a la sécurite'sont données a I'Annexe E et au Tablea

m ou de 30 m (voir les indi¢ations du Tableau 6), et I'appareil de classe B

b inférieure @ 10 m estiautorisée uniquement pour les appareils conforme
on "petit matériel" donnée en 3.17.

nt pas

nt pas

bsante

ces de
ement
bn des
b E.1.

e 3 m,
a une

e nominale de 3 m ou de 0 m (voir les indications du Tableau 7). Une distance de

5 a la
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Tableau 6 — Limites du rayonnement électromagnétique perturbateur pour les appareils
de classe A, groupe 1, mesurées sur un site d’essai

Distance de mesure de 10 m

puissance assignée de

Distance de mesure de 3 m P

puissance assignée de

Plage de
fréquences <20 kVA© >20 kVA & C <20 kVA ¢ > 20 KVA & €
MHz Quasi-créte Quasi-créte Quasi-créte Quasi-créte
dB(nV/m) dB(uV/m) dB(uV/m) dB(nV/m)
30 - 230 40 50 50 60
230 — 1000 47 50 57 60

Sur un pite d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de
de 30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur de proportionnalité
de 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance speécifiee
détermipation de la conformité.

uence de transition, la limite la plus sévére doit étre appliquée.

0m ou
inverse
pour la

A la fréq
2  Ceg
des

s’a

sites ou les appareils et les radiocommunications sensibles issues de tiers sont distants de p

30 m. Le fabricant doit indiquer dans la documentation technique que cet appareil est destiné a étre
sur|des sites ou la distance de séparation par rapport aux services de radiocemmunications sensibles
de |tiers est > 30 m. Si ces conditions ne sont pas satisfaites, les limites pour des valeurs < 2

pliquent.

limites s'appliquent aux appareils dont la puissance assignée est > 20 kVA et destinés a étre utiligés sur

b La Histance de séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critére d
déflni en 3.17.

Le [choix de I'ensemble approprié de limites doit reposer sur’la“puissance en courant alternatif as
déf|nie par le fabricant.

us de
utilisé
ssues
0 kVA

b taille

Eignée

Tablepu 7 — Limites du rayonnement électromagnétique perturbateur pour les applareils

de classe B, groupe 1,\mesurées sur un site d’essai

Distance de mesure de 10 m

Distance de mesure de 3

a

défini en3.1.7.

Plage de fréquences
Quasi-créte Quasi-créte
MHz
dB(uV/m) dB(uV/m)
30 - 230 30 40
230 - 1000 37 47
Sur un gite d’essai, les appareils de classe B peuvent étre mesurés a une distance nominale de 3 m ou de [0 m.
A la fréquence de transition, la limite la plus sévére doit étre appliquée.
@ La Mdistance“de’séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critére ¢le taille

Pour les appareils électromédicaux destinés a étre installés de fagon permanente dans des
emplacements blindés, des dispositions supplémentaires concernant la disposition de mesure
et les conditions de charge se trouvent dans I'lEC 60601-1-2.

6.2.2.4 Plage de fréquences comprises entre 1 GHz et 18 GHz

Dans la plage de fréquences comprises entre 1 GHz et 18 GHz, les limites ne sont pas
spécifiées.

6.2.2.5 Plage de fréquences comprises entre 18 GHz et 400 GHz

Dans la plage de fréquences comprises entre 18 GHz et 400 GHz, les limites ne sont pas
spécifiées.
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6.3 Appareils du groupe 2 mesurés sur un site d'essai

6.3.1
6.3.1.1

L'appa

Limites des perturbations conduites
Généralités

reil en essai doit satisfaire:

a) soit a la fois a la limite en valeur moyenne spécifiée pour les mesurages effectués avec un
détecteur de valeur moyenne et a la limite de quasi-créte spécifiée pour les mesurages
effectués avec un détecteur de quasi-créte (voir 7.3); ou

b) a la limite en valeur moyenne quand un détecteur de quasi-créte est utilisé (voir 7.3).

6.3.1.2

Dans

spécifiges.

6.3.1.3

Les limites pour les tensions perturbatrices aux accés d’alimentation secteur en ¢

alterng
pour |
50 QA/Y
sont in
par I'U

Pour l¢ matériel de soudage électrique, les limites du Tableau 8 ou du Tableau 9 s'app

en mo
du Tal

Pour les dispositifs d’éclairage ISM a.fréquences radioélectriques fonctionnant da

bande

Plage de fréquences comprises entre 9 kHz et 150 kHz

a plage de fréquences comprises entre 9 kHz et 150 kHz, les limites_ne so

Plage de fréquences comprises entre 150 kHz et 30 MHz

tif a basse tension dans la plage de fréquences comprisés entre 150 kHz et 3
bs appareils mesurés sur un site d'essai en utilisantle réseau fictif d'alime
0 uH du CISPR (AMN en V) ou la sonde de tension du<CISPR (voir 7.3.3 et la Fig
diquées au Tableau 8 et au Tableau 9, sauf pour Jes*bandes de fréquences dés
IT figurant au Tableau 1, pour lesquelles aucunedimite ne s’applique.

He de fonctionnement actif. En mode veille*(ou au repos), les limites du Tablea
leau 4 s’appliquent.

5 de fréquences ISM dédiées (définies par I'UIT au Tableau 1), les limites du Tah

nt pas

ourant
0 MHz
htation
ure 1)
gnées

iquent
u 2 ou

ns les
leau 9

s'appliguent.
TabIeIu 8 — Limites de tensions perturbatrices pour les appareils de classe A, groupe 2,
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternafif)
blage de Puissance assignée <75 kVA b Puissance assignée > 75 kVA 2 b
frequences Quasi-créte Valeur moyenne Quasi-créte Valeur moyenrje
MHz dB(nV) dB(nV) dB(nV) dB(nV)
0|15 — 0750 100 90 130 120
0,50 =5 86 76 125 115
IU oU
5_30 décr.oissant Iinéai’rement avec |FT" 115 105
logarithme de la fréquence jusqu’a
73 60

A la fréquence de transition, la limite la plus sévére doit étre appliquée.

Pour les appareils de classe A avec une puissance assignée < 75 kVA destinés a étre connectés uniquement
aux réseaux industriels de distribution d’énergie a neutre isolé ou mis a la terre a impédance élevée (voir
I'lEC 60364-1), les limites définies pour les appareils du groupe 2 avec une puissance assignée > 75 kVA
peuvent s'appliquer.

a8 Le fabricant et/ou le fournisseur doivent fournir des informations sur les mesures d'installation qui peuvent
étre utilisées pour réduire les émissions provenant de I'appareil installé.

Le choix de I'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assignée
définie par le fabricant.
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NOTE La puissance d'entrée ou de sortie assignée de 75 kVA correspond, par exemple, a un courant d’environ
108 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’environ 216 A par
phase dans le cas de réseaux d’alimentation triphasés de 200 V.

Les appareils chirurgicaux a haute fréquence (HF) doivent satisfaire aux limites du Tableau 2
ou du Tableau 4, spécifiées pour les appareils du groupe 1, en mode veille. Pour les appareils
chirurgicaux a haute fréquence (HF) fonctionnant aux fréquences situées en dehors des
bandes de fréquences ISM désignées (voir Tableau 1), ces limites s’appliquent également a
la fréquence de fonctionnement et a l'intérieur des bandes de fréquences désignées. Les
mesurages correspondants doivent étre effectués dans un montage d’essai conformément a
I''EC 60601-2-2.

Tablead
me
Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(nV) dB(u\)

66 56
décroissant linéairement avec le décroissant linéairement avec le
0,15 - 0,50 ) . . i ) . . "
logarithme de la fréquence jusqu’a logarithme de la fréquence jugqu’a

46

0,50 -5 56 46

5-30 60 50

A la fléquence de transition, la limite la plus sévére doit étre appliquée.

6.3.2 Valeurs limites du rayonnement électromagnétique perturbateur
6.3.2.1 Généralités

Les appareils en essai doivent satisfaire*aux limites lors de I'utilisation d'un appafeil de
mesure a détecteur de créte, de quasi-créte ou a détecteur de valeur moyenne, gomme
indiqué¢ dans le tableau approprié.

Jusqu’a 30 MHz, les limites~s'appliquent a la composante magnétique du rayonriement
électrgmagnétique perturbateur. Au-dessus de 30 MHz, les Ilimites s'appliquent| a Ia
compagsante d'intensité du'champ électrique du rayonnement électromagnétique perturbfateur.

6.3.2.7 Plage de frequences comprises entre 9 kHz et 150 kHz

Dans |a plage-de~fréquences comprises entre 9 kHz et 150 kHz, les limites ne sont pas
spécifiges.

6.3.2.3 Plage de fréquences comprises entre 150 kHz et 1 GHz

Sauf pour les plages de fréquences désignées qui sont indiquées au Tableau 1, les valeurs
limites du rayonnement électromagnétique perturbateur dans la plage de fréquences de
150 kHz a 1 GHz pour les appareils de classe A, groupe 2, sont spécifiées au Tableau 10 et,
pour les appareils de classe B, groupe 2, au Tableau 12.

Les valeurs limites indiquées aux Tableaux 10 et 12 s’appliquent a toutes les perturbations
électromagnétiques de toutes fréquences non exemptées, conformément aux dispositions du
Tableau 1, note de bas du tableau b).

Pour les équipements de soudage par résistance de classe A, les limites du Tableau 10
s’appliquent dans la plage de fréquences comprises entre 30 MHz et 1 GHz en mode de
fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6 s’appliquent.
Pour les équipements de soudage par résistance de classe B, les limites du Tableau 12
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s'appliquent en mode de fonctionnement actif. En mode veille (ou au repos), les limites du
Tableau 7 s’appliquent.

Pour le matériel de soudage a l'arc de classe A, les limites du Tableau 11 s'appliquent en
mode de fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6
s’appliquent. Pour le matériel de soudage a l'arc de classe B, les limites du Tableau 7
s'appliquent en mode de fonctionnement actif ou en mode veille (ou au repos).

Pour le matériel d’'usinage par décharges électriques de classe A, les limites du Tableau 11
s’appliquent.

5 de fréquences ISM dédiées (définies par I'UIT au Tableau 1), les limi

Tabledu 12 s'appliquent.

Pour |

les appareils chirurgicaux a haute fréquence (HF), les limites du (Tableau 6

Tabledu 7 s'appliquent. Les appareils chirurgicaux a haute fréquence (HF).doivent sa
aux limites respectives lorsqu’ils sont soumis aux essais en mode veille:

Des r¢

donné

es dans I'Annexe E et dans le Tableau E.1.

Sur un site d’essai, lI'appareil de classe A peut étre mesuré-a une distance nominale d
10 m qu 30 m et I'appareil de classe B a une distance/snominale de 3 m ou de 10 m (V
Tabledux 10 et 12).

Dans
inférie
donné

a plage de fréquences comprises entre_ 30 MHz et 1 GHz, une distance de n
ire a 10 m est autorisée uniquementcpour les appareils conformes a la dé
b en 3.17.

ou du
isfaire

commandations pour la protection de services spécifiquemeént liés a la sécurifge sont

e 3m,
oir les

hesure
finition
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Tableau 10 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe A, groupe 2, mesurées sur un site d’essai

Limites pour une distance de mesure D en m
Sur un site d'essai Sur un site d'essai Sur un site d'essai
Plage de D =30 m de I'appareil D =10 m de I'appareil D =3 m de I'appareil 2
fréquences Champ Champ Champ Champ Champ Champ
MHz électrique magnétique électrique magnétique électrique magnétique
Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte
dB(pV/m) dB(nA/m) dB(uV/m) dB(pA/m) dB(uV/m) dB(pA/m)
045 -0 49 = 335 — 575 = 32
0,49 — 1,705 - 23,5 - 47,5 - 72
1,105 - 2,194 - 28,5 - 52,5 - 77
2,194 - 3,95 - 23,5 - 43,5 - 69
436
décroigsant
linéairgment
avedle
,95 — 11 - 8,5 - 18,5 - logarithme
de [a
fr_éque nce
jusqy’a
28,6
11 -20 - 8,5 - 18,5 - 28,6
20 - 30 - -1,5 — 8,5 - 18,6
30 — 47 58 - 68 - 78 -
47 — 53,91 40 - 50 - 60 -
53(91 — 54,56 40 - 50 - 60 -
54,56 — 68 40 - 50 - 60 -
68 — 80,872 53 - 63 - 73 -
80,872 — 81,848 68 - 78 - 88 -
81,848 — 87 53 - 63 - 73 -
87— 134,786 50 - 60 - 70 -
134,186 — 136,414 60 - 70 - 80 -
136,414 — 156 50 - 60 - 70 -
156 — 174 64 - 74 - 84 -
174 — 188,% 40 - 50 - 60 -
188|7 ~ 190,979 50 - 60 - 70 -
190,979 — 230 40 - 50 - 80 —
230 - 400 50 - 60 - 70 -
400 - 470 53 - 63 - 73 -
470 - 1 000 50 - 60 - 70 -
Sur un site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de 10 m
ou de 30 m. Une distance de mesure inférieure a 10 m est autorisée uniquement pour les appareils conformes
a la définition donnée en 3.17.
A la fréquence de transition, la limite la plus sévére doit étre appliquée.
a8 Dans la plage de fréquences comprises entre 30 MHz et 1 GHz, la distance de séparation de 3 m
s'applique uniquement aux petits matériels satisfaisant au critére de taille défini en 3.17.
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Tableau 11 — Limites du rayonnement électromagnétique perturbateur pour le matériel
d’usinage par décharges électriques et le matériel de soudage a I’arc de classe A

mesurées sur un site d’essai

Limites pour une distance de mesure D en m
Plage de fréquences D=10m D=3m?
MHz Quasi-créte Quasi-créte
dB(pV/m) dB(pV/m)
80 90
20 220 Décroissant linéairement avec le Décroissant linéairement avec le
Togarithme de 1a frequence Jusqu a Togarithme de 1a frequence Jusqu’a
60 70
230 -1 000 60 70

Sur up site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de

10m

ou dg 30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un factetn de proportionalité
inverje de 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance
spécifiée pour la détermination de la conformité.
a8 La distance de séparation de 3 m s'applique uniquement aux petits matérié/s\satisfaisant au criter¢ de
tajlle défini en 3.17.
Tiableau 12 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe B, groupe 2, mesufées sur un site d’essai
Limites pour une‘distance de mesure D en m
Champ électrique Champ magnétique
Alage de b
frequences D=10 m D=3m D=3m
MHz Quasi-créte Valeur, ’ Quasi-créte Valeur a Quasi-créte
moyenne moyenne
dB(pV/m) dB(uV/m) dB(pA/m)
39
Décroissant linéairgment
0,15 - 30 - - - - avec le logarithme [de la
fréquence jusqufa
3
30]- 80,872 30 25 40 35 -
80,8f2 — 81,848 50 45 60 55 -
81,848 — 134,786 30 25 40 35 -
134,786136,414 50 45 60 55 -
136,414 =230 30 25 40 39 -
230 -1 000 37 32 47 42 -

Sur un site d’essai, les appareils de classe B peuvent étre mesurés a une distance nominale
10 m. Dans la plage de fréquences comprises entre 30 MHz et 1 GHz, une distance de mesure inférieure a
10 m est autorisée uniquement pour les appareils conformes a la définition donnée en 3.17.

de 3 m ou de

Il convient que la limite la plus sévére s'applique a la fréquence de transition.

2 Les limites moyennes s’appliquent uniquement aux appareils & commande par magnétron et aux fours a
micro-ondes. Si les appareils a commande par magnétron ou les fours a micro-ondes dépassent la limite en
quasi-créte a certaines fréquences, le mesurage doit étre répété a ces fréquences avec le détecteur de
valeur moyenne, et les limites moyennes spécifiées dans ce tableau s'appliquent.

b Dans la plage de fréquences comprises entre 30 MHz et 1 GHz, la distance de séparation de 3 m s'applique
uniquement aux petits matériels satisfaisant au critere de taille défini en 3.17.
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6.3.2.4 Plage de fréquences comprises entre 1 GHz et 18 GHz

Les limites dans la plage de fréquences de 1 GHz a 18 GHz s'appliquent uniquement aux
appareils de groupe 2 fonctionnant a des fréquences supérieures a 400 MHz. Les limites
spécifiées dans les Tableaux 13 a 15 s’appliquent uniquement aux perturbations
radioélectriques apparaissant a I'extérieur des bandes ISM désignées, telles que répertoriées
au Tableau 1.

Les limites du rayonnement électromagnétique perturbateur pour la plage de fréquences
comprises entre 1 GHz et 18 GHz sont spécifiées du Tableau 13 au Tableau 15. L'appareil
doit satisfaire aux limites du Tableau 13 ou au moins a celles du Tableau 14 ou du
Tableau 15 (voir 'arbre de décision en 9.4.1, Figure 12).

Les apgpareils d’éclairage ISM a fréquences radioélectriques fonctionnant dans les'hanges de
fréquehces ISM dédiées (définies par I'UIT dans le Tableau 1) doivent satisfaire sgit aux
limites|de la classe B du Tableau 13, soit au minimum aux limites du Tableau n4-

Pour l¢s générateurs de rayonnement UV alimentés en micro-ondes, leshimites spécifiges au
Tablegu 13 s'appliquent.

Des rgcommandations pour la protection de services spécifiquément liés a la sécuritg sont
données dans I'Annexe E et dans le Tableau E.1.

Tableau 13 — Limites en valeur créte du rayonnement/électromagnétique perturbateur
degs appareils du groupe 2 fonctionnant a des fréquences supérieures a 400 MHz

Plage de fréquences Limites pour une ddistanlce de mesure de 3|m
e créte
GHz dB(uV/m)
1-18 Classe A Classe B
Dans Ids bandes de fréquences harmoniques 822@ 70
A l'extéfrieur des bandes de fréquences harmoniques 70 70
11,7 = 12,7 73b 73b

Mesurajges de créte avec une largeur de bande de résolution de 1 MHz et une largeur de bande de signal vidéo
(VBW) pupérieure ou égale a 1 MHz. La largeur de bande de signal vidéo recommandée est de 3 MHz.

NOTE |Dans ce tableau,te~terme "bandes de fréquences harmoniques" désigne les bandes de fréquenges qui
sont des multiples des bandes de fréquences ISM allouées au-dela de 1 GHz.

a8  Aux fréquences{limites inférieure et supérieure des bandes de fréquences harmoniques, la limite la plu
sévere de 70(dB(V/m) s'applique.

b Darls la bafide de radiodiffusion par satellite, les valeurs de perturbations mesurées ne doivent pas dégdasser
73 4B (u\Wm).



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 © IEC 2015 - 117 -

Tableau 14 — Limites pondérées du rayonnement électromagnétique perturbateur des
appareils du groupe 2 fonctionnant a des fréquences supérieures a 400 MHz

Plage de fréquences Limites pour une distance de mesure de 3 m de
créte
GHz
dB(uV/m)
1-24 60
2,5-5,725 60
5,875 - 18 60

Les mesurages en valeur pondérée doivent étre effectués avec une largeur de bande de résolution de 1 MHz et
une largeur de bhande vidéo égalp 210 Hz

Pour verifier la conformité aux limites de ce tableau, les mesurages en valeur pondérée doivent étre.effectués

dans tqutes les plages de fréquences suivantes, dans lesquelles la limite du Tableau 14 a été dépassée pgendant
le mesyirage de créte:

005 MHz — 2 395 MHz (1 000 MHz — 2 400 MHz)*;

-

a)

b) 2p05 MHz - 6 125 MHz (hors de la bande 5 720 MHz — 5 880 MHz)*;
c) 6[125MHz - 8575 MHz;

d) 8p75MHz — 11 025 MHz;

e) 11]025 MHz - 13 475 MHz;

f) 13|475 MHz — 15 925 MHz;

g) 15/925 MHz - 17 995 MHz*.

Dans les sous-plages ou la limite du Tableau 13 a été dépassée, un ‘mesurage en valeur pondérée dpit étre
effectug avec une largeur de bande de 10 MHz autour de la fréduence centrale ajustée en fonctior] de la
fréquence du niveau de perturbation le plus élevé dans la sous-plage’respective.

*

Lorsque la fréquence de I'émission la plus élevée pendantlle mesurage de créte se rapproche de 5 MHz des
limifes de fréquence 1 GHz, 2,4 GHz, 2,5 GHz, 5,72 GHz, 6,88 GHz ou 18 GHz, la largeur de bande plour les
megurages en valeur pondérée doit rester de 10 MHz ‘mais dans ce cas, la fréquence centrale doit étre
ajugtée de maniére a ne pas dépasser les limites de/ftéquence.

NOTE | Voir I'Annexe B pour des lignes directrices\ sipplémentaires concernant I'utilisation de I'analydeur de
spectrq.

Tableau 15 — Niveau APD durayonnement électromagnétique perturbateur
correspondant aux limites 10-1 pour les appareils de classe B, groupe 2,
fonctionnant\a des fréquences supérieures a 400 MHz

Plage de fréguences Limitils. pour une distance de mes‘ure_qe Im
iveau APD correspondant a 10
&)z dB(uV/m)
1-24 70
2,5-5,725 70
5,875 - 18 70

Mesurages APD a J 3
supérieure ou égale a 1 MHz.

vidéo

NOTE Un niveau APD correspondant & 10! signifie que I'amplitude de la perturbation dépasse le niveau
spécifié pendant la période d'observation avec une probabilité de 10 %.

6.4 Appareils de classe A, groupe 1 et groupe 2, mesurés in situ
6.4.1 Limites des perturbations conduites

Dans des conditions in situ, une évaluation des perturbations conduites n’est pas exigée.

6.4.2 Valeurs limites du rayonnement électromagnétique perturbateur

Les limites données au Tableau 16 s'appliquent aux appareils de classe A, groupe 1 et les
limites données au Tableau 17 s’appliquent aux appareils de classe A, groupe 2.
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Tableau 16 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe A, groupe 1, mesurées in situ

Limites avec une distance de mesure de 30 m a partir de la face extérieure
du mur extérieur du batiment dans lequel se trouve I'appareil
Plage de fréquences Champ électrique Champ magnétique
MHz Quasi-créte Quasi-créte 2
dB(uV/m) dB(uA/m)

0,15 - 0,49 - 13,5
0,49 - 3,95 - 3,5

3;95—26 = =+455

20-30 - -21,5
30 - 230 30 -
230 -1 000 37 -

A la frequence de transition, la limite la plus sévére doit étre appliquée.
Si les| conditions locales ne permettent pas des mesurages a 30 m, une distance plus importante peyt étre
utilisép. Dans ce cas, un facteur de proportionnalité inverse de 20 dB par décade doit étre utilis§ pour
normdliser les données mesurées a la distance spécifiée afin de déterminer la conformité.

a8 (Cds limites s'appliquent en plus des limites dans la plage de fréquences goenmprises entre 30 MHz et | GHz
aux perturbations rayonnées provenant de la fréquence de fonctionnement et de ses harmonjques,
apparaissant dans la plage de fréquences comprises entre 150 kHz)et 30 MHz, provoquées ppr les
appareils de classe A, groupe 1, installés avec une puissance assignée dépassant 20 kVA. Si le nivgau de
brliit ambiant dépasse les limites ci-dessus, les émissions de I'appareil en essai ne doivent pas augmenter
ce|seuil de bruit de plus de 3 dB.



https://iecnorm.com/api/?name=8eee5b3a593f6e8d65f3bd9932d7f0dd

CISPR 11:2015 © IEC 2015 - 119 -

Tableau 17 — Limites du rayonnement électromagnétique perturbateur
pour les appareils de classe A, groupe 2, mesurées in situ

Limites pour une distance de mesure D en m a partir
du mur extérieur du batiment
Plage de fréquences
Champ électrique Champ magnétique
MHz Quasi-créte Quasi-créte
dB(pnV/m) dB(uA/m)
0,15 - 0,49 - 23,5
0,49 — 1,705 - 13,5
1,705 —2.194 = 18.5
2[194 - 3,95 - 13,5
3,95 — 20 - -1,5
20 - 30 - -11,5
30 — 47 48 N
47 - 53,91 30 Z
53,91 — 54,56 30 -
$4,56 — 68 30 -
68 — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 _
134/786-136,414 50 -
13,414 — 156 40 _
56 — 174 54 -
174 — 188,7 30 -
184,7 — 190,979 40 -
190,979 — 230 30 -
P30 — 400 40 -
100 — 470 43 -
470 - 1000 40 -
A la fr§quence de transition; Ta limite la plus sévére doit étre appliquée.
Pour les appareils du groupe 2 mesurés in situ, la distance de mesure D, a partir dqu mur
extériqur dusbatiment dans lequel se trouve I'appareil, est égale a (30 + x/a) m ou 100 m selon
la distanee-la plus petite, a condition que la distance de mesure D soit située dans les [imites
des Iotaux. Si la distance D calculée est située hors des limites des locaux, la distapce de

mesure D est égale a x ou a 30 m, selon la valeur la plus grande.

Pour le calcul des valeurs ci-dessus:

x est la distance la plus courte entre le mur extérieur du batiment dans lequel se trouve
I’appareil et la limite des locaux de l'utilisateur pour chaque direction de mesure;

a = 2,5pour les fréquences inférieures a 1 MHz;
a =4,5pour les fréquences supérieures ou égales a 1 MHz.
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7 Exigences de mesure

7.1 Généralités

Les exigences spécifiées dans le présent article, avec les limites indiquées a I'Article 6,
constituent les exigences de compatibilité électromagnétique (CEM) essentielles de la
présente Norme. Pour les mesurages réalisés sur les sites d'essai (voir I'Article 8), la
vérification de la conformité d'un type donné d'appareil a ces exigences CEM essentielles
permet de les définir en essais de type.

Les exigences liées aux mesurages sur ces sites d'essai sont des exigences d'essai de type.

U - | L TWI=N oot _Ate .- B AR PET=Y bhaoamalaaation—ailaoc aditiona o t"
n esgat—6ae CypC pPpCOtT COCTCooUTmTO SO e O moTmoTogatoTT ST 105 COTTIaTaOUTTS O matiere

d'évalyation statistique des résultats de mesure selon I'Annexe H sont satisfaites.

Les appareils de classe A peuvent étre mesurés soit sur un site d'essai, soit 4n, situ, gomme
indiqué¢ par le fabricant. Les appareils de classe B doivent étre mesurés sur yn'site d'esfkai.

Des ekigences spécifiques en matiére de mesurages sur un site d'essai sont données a
I'Article 8 et a I'Article 9 et, pour les mesurages in situ, a I'Article 10.

Les exigences du présent article sont a satisfaire tant pour les_.nmiesurages sur un site ¢'essai
que pqur les mesurages in situ.

Les mgesurages sont seulement nécessaires dans les plages de fréquences dans lesquelles
les limjtes sont spécifiées a I'Article 6.

Les cgmposants ou sous-assemblages pour des*appareils ou systémes de niveau supérieur
destings a étre assemblés sur leur lieu de fanctionnement respectif uniquement pguvent
également étre soumis a essai selon les exigences de la présente Norme. Pour les besoins
de l'esjsai dans le cadre de la présente Norfine, ces composants ou sous-assemblages doivent
étre cpnsidérés comme des appareils\autonomes. Les composants ou sous-assemplages
pour lgsquels la conformité aux exigences pertinentes ne peut pas étre démontrée lorg de la
mesure sur un site d'essai peuvent également étre évalués in situ au moment de l'instgllation
dans |l¢ systéme de niveau supérieur, auquel cas les dispositions de 6.4 doivent s'appliquer.

NOTE 1| Les environnements considérés dans la présente Norme sont des environnements résidentiels,
commergiaux ou industriels (veinkIEC 61000-2-5 [11])2. La satisfaction de I'appareil aux exigences de la grésente
Norme permet son fonctionn€ment et son utilisation dans ces environnements sans risque important de brouillage
radioélectrique. D'autres Mormes de produit IEC peuvent également permettre de soumettre a des edsais de
conform|ité les composants~ou sous-assemblages de systémes de niveau supérieur, mais elles prennent en|compte
d'autres| environnemeftsique ceux spécifiés dans I'lEC 61000-2-5 [11]. Il revient au fabricant de choisir la grésente
Norme qu une autréwnorme de produit IEC appropriée pour soumettre les composants ou sous-assemblagg¢s a des
essais de conformite.

NOTE 2] 1, s!agit, par exemple, mais sans toutefois s'y limiter, de convertisseurs de puissance utilisés|pour la
productionsdécentralisée et I'alimentation en énergie électrique des réseaux d'alimentation en courant altgrnatif a
basse tensionou-des-installations Obly grﬁl‘n A leur transformateur r‘ln’rﬁn’7 de réseaux—de distribution-de pUdissance
moyenne tension, mais également de sous-assemblages électriques de puissance destinés a alimenter les
systémes de niveau supérieur en énergie provenant des réseaux secteur en courant alternatif a basse tension.

7.2 Bruit ambiant

Un site d'essai pour les essais de type doit permettre de faire la distinction entre les
émissions de l'appareil en essai et le bruit ambiant. Dans cette optique, il est possible de
déterminer si le site d'essai est approprié en mesurant les niveaux de bruit ambiant sans faire
fonctionner l'appareil en essai et en s'assurant que ces niveaux de bruit ambiant sont au
moins de 6 dB au-dessous des limites spécifiées en 6.2 ou 6.3 selon le cas. Des informations

2 Les chiffres entre crochets renvoient a la Bibliographie.
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supplémentaires relatives aux essais de conformité en présence de bruit ambiant sont
données dans la CISPR 16-2-1:2014, 6.2.2 et la CISPR 16-2-3:2010, 6.2.2.

Il n'est pas nécessaire de réduire le niveau de bruit ambiant a 6 dB au-dessous de la limite
spécifiée lorsque la combinaison du bruit ambiant et des émissions de I'appareil en essai ne
dépasse pas la limite spécifiée. Dans ces conditions, I'appareil en essai est considéré comme
satisfaisant a la limite spécifiée.

Dans le cadre des mesurages des perturbations radioélectriques conduites, les émissions
locales de radio peuvent augmenter le niveau de bruit ambiant a certaines fréquences. Un
filtre de radiofréquences adapté peut étre inséré entre le réseau fictif (AMN en V et/ou DC-
AN) et l'alimentation secteur en courant alternatif de laboratoire respective ou la source
d'alimentation en courant continu, ou les mesurages peuvent étre effectués dans une
enceinte blindée. Il convient que les composants formant le filtre de radiofréquences |soient
enfermés dans un écran métallique directement connecté a la terre de référence<du systéme
de mesure. Les exigences pour I'impédance du réseau fictif doivent étre satisfaiteg, a la
fréquepce de mesure, lorsque le filtre de radiofréquences est connecté.

Si, lors du mesurage des perturbations radioélectriques rayonnées, les conditions dg bruit
ambiant de 6 dB ne peuvent pas étre satisfaites, I'antenne peut étfe-placée plus pro¢he de
I'appateil en essai que la distance spécifiée a I'Article 6 (voir 8.3-4). D'autres conseils felatifs
aux conditions de mesure en cas de niveau élevé de bruit ambjant-sont donnés a I'Anngxe C.

7.3 |Appareil de mesure
7.3.1 Instruments de mesure

Les répepteurs dotés de détecteurs de quasi-créte.doivent étre conformes a la CISPR 16-1-1.
Les recepteurs dotés de détecteurs de valeur moyenne doivent étre conformeqd a la
CISPR 16-1-1.

NOTE 1| Les deux détecteurs peuvent étre incorporés dans un seul récepteur et les mesurages peuvent étre
réalisés|en utilisant alternativement le détecteur de quasi-créte et le détecteur de valeur moyenne.

NOTE 2| Le détecteur de valeur moyenhe-de la CISPR 16-1-1 est souvent appelé "CISPR-Average" (Mpyenne-
CISPR)] Il s'agit de souligner que le détecteur de valeur moyenne utilisé dans le détecteur CISPR permet ¢'obtenir
un résultat de mesure équivalent a(lajlecture de valeur de créte d'un appareil de mesure avec une consfante de
temps telle que définie dans la CISPR 16-1-1.

Le récepteur de mesure utilisé doit étre utilisé de sorte que la variation de la fréquenceg de la
perturbation en cours(de mesure n'affecte pas les résultats.

NOTE 3| Des appar€ils de mesure présentant d'autres caractéristiques de détection peuvent étre utflisés, a
conditiop de pouvoir prouver que le mesurage des valeurs de perturbation est le méme. L’attention est at{irée sur
la commodité.“de* I'emploi d'un récepteur panoramique ou d'un analyseur de spectre, particulierement si la
fréquenge de.fonctionnement des appareils en essai change notablement pendant le cycle de fonctionnement.

Pour éviterquetappareitde mesure-indiquede-faconerronéeunenon-conformité—auxtimites,
le récepteur de mesure doit étre accordé sur une fréquence suffisamment éloignée des
extrémités d'une des bandes ISM désignées, pour que les fréquences délimitant la bande
a 6 dB du récepteur restent en dehors de cette bande désignée.

Lors des mesurages réalisés sur des appareils a puissance élevée, il convient de veiller a ce
que les caractéristiques de blindage et de réjection des fréquences parasites du récepteur de
mesure sont adéquates.

Pour les mesurages aux fréquences supérieures a 1 GHz, un analyseur de spectre aux
caractéristiques telles qu’elles sont définies dans la CISPR 16-1-1 doit étre utilisé.

Les précautions qui peuvent étre prises lors de l'utilisation d'un analyseur de spectre sont
indiquées a I'Annexe B.
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7.3.2 Réseau fictif (AN)
7.3.2.1 Généralités

Le réseau fictif (AN) est exigé pour fournir une impédance de charge définie pour 'accés
d’alimentation secteur en courant alternatif ou I'accés d’alimentation en courant continu en
essai de l'appareil en essai (EUT) aux fréquences radio au point de mesure. Le réseau fictif
assure également l'isolation de I'appareil en essai en fonction du bruit ambiant sur les lignes
électriques en courant alternatif ou en courant continu respectives.

7.3.2.2 Réseau fictif d'alimentation (AMN)

Le me§u
a bassge tension doit étre effectué en utilisant le réseau fictif d'alimentation (AMN|en V)
comme¢ spécifié dans la CISPR 16-1-2.

7.3.2.3 Réseau fictif en courant continu (DC-AN)

Le megurage de tensions perturbatrices aux accés d’alimentation en ceurant continu albasse
tension doit étre effectué en utilisant le réseau en triangle fictif d'alimentation 150 Q spécifié
en 4.7/ de la CISPR 16-1-2:2014 (voir aussi la CISPR 16-1-2:2014) Figure A.2) ou le féseau
fictif ep courant continu 150 Q spécifié a I'Annexe | de la présenié Norme. Pour simplifier la
formulgation, I'un de ces réseaux destinés a étre utilisés ,avec les mesurages aux|accés
d’alimentation en courant continu a basse tension est appelé-ultérieurement DC-AN.

7.3.3 Sonde de tension

La sonde de tension représentée a la Figure d.'doit étre utilisée lorsque le réseap fictif
d'alimentation (AMN en V) ne peut pas étre utilisé. La sonde est connectée successiyement
entre ¢haque ligne et la terre de référenceschoisie (plaque métallique, tube métalliqye). La
sonde|est composée essentiellement d'un<condensateur de découplage et d'une résistance
telle que la résistance totale entre la ligne et la terre soit au moins de 1 500 Q. L'effet sur
I'exactjtude de mesure du condensateur ou de tout autre dispositif qui peut étre utilisg pour
protéger le récepteur de mesure contre les courants dangereux doit étre soit inférieur 3 1 dB,
soit pilis en compte dans I'étalonnage. La sonde de tension doit satisfaire aux exigences
spécifiges a I'Article 5 de la CISPR 16-1-2:2014.
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Mains supply
C —— X;<<1500Q
< (1 500 — I?) Q
|
X1 >> R R / Medsuring set
IEC
Anglais Francgais
Mains sppply Alimentation électrique
Measuripng set Ensemble de mesure
Figure 1 — Circuit pour le mesurage de tensions perturbatrices
sur le réseau-d'alimentation
7.3.4 Antennes
7.3.4.1 Plage de fréquences inférieures a 30 MHz

Dans la plage de fréquences. inférieures a 30 MHz, I'antenne doit étre une boucle telle que
spécifige dans la CISPR 16-1-4. L'antenne doit étre soutenue dans le plan vertical et gouvoir
pivotef sur un axe verticak Le point le plus bas de la boucle doit étre a 1 m au-dessus du
niveau du sol.

7.3.4.2 Plage de fréquences comprises entre 30 MHz et 1 GHz

Dans la plage~de fréquences comprises entre 30 MHz et 1 GHz, I'antenne utilisée dqgit étre
telle due’ 'specifiée dans la CISPR 16-1-4. Les mesurages doivent étre réalisés pour la
polarigation horizontale et verticale. Le point de I'antenne le plus prés du sol ne doit pas étre
a moins de 0,2 m.

Pour les mesurages réalisés sur un site d'essai, le centre de l'antenne doit étre déplacé en
hauteur entre 1 m et 4 m pour obtenir I'indication maximale a chaque fréquence d'essai.

Pour les mesurages in situ, le centre de I'antenne doit étre fixé a une hauteur de (2,0 £0,2) m
au-dessus du sol.

NOTE D'autres antennes peuvent étre utilisées, a condition de pouvoir démontrer que les résultats
correspondants ne s'écartent pas de +2 dB des résultats qui auraient été obtenus si une antenne doublet
symeétrique avait été utilisée.
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7.3.4.3 Plages de fréquences supérieures a 1 GHz

Pour les mesurages aux fréquences supérieures a 1 GHz, I'antenne utilisée doit étre telle que
spécifiée dans la CISPR 16-1-4.

7.3.5 Main artificielle

Au cours des mesurages de tensions perturbatrices sur des appareils tenus a la main,
|'utilisation d'une main artificielle est exigée pour simuler l'influence de la main de ['utilisateur.

La main artificielle est composée d'une feuille metalllque reliée a une borne (borne M) d'un
dipole ce de
510 Q|+ 10 % (voir la Figure 2). L'autre borne de ce dip6le RC doit étre reliée a la_tgrre de
référemce du systéme de mesure (voir la CISPR 16-1-2). Le dipble RC de la mainartificielle
peut éfre inséré dans l'enveloppe du réseau fictif d'alimentation.

M

220 pF £ 20 %

510 Q10 %

p— JEC
Figure 2 — Main artificielle, dip6le RC

7.4 Mesurage de fréquence

En ce| qui concerne les appareils prévus pour fonctionner a une fréquence fondamnentale
située|dans l'une des bandes désignées dans la liste du Tableau 1, la fréquence dqit étre
vérifiég avec un appareil de mesure“présentant une erreur inhérente de mesure inférieure ou
égale @ 1/10 de la tolérance admise pour la fréquence centrale de la bande désignge. La
fréquehce doit étre mesurée pour toutes les valeurs de la charge a partir de la puissgnce la
plus faible normalement utilisée jusqu'a la puissance maximale.

7.5 [Configuration/des appareils en essai
7.5.1 Généralités

Le niveau de“perturbation doit étre augmenté au maximum en faisant varier la configliration
des agparé€ils; en restant compatible avec les applications typiques de I'appareil en esgai. Un
exemple‘de montage classique pour les mesurages des perturbations rayonnées a pariir d'un
appar ien—essai (EUT) de—table—estdornméata riHU|c —t=a diapuoitiun demestre—doit étre

typique d'une opération normale d'installation et centrée sur I'axe vertical du plateau tournant.

NOTE 1 La souplesse inhérente a chaque installation particuliere détermine la mesure dans laquelle le présent
paragraphe s'applique au mesurage d'une installation in situ. Les dispositions du présent paragraphe sont
applicables aux mesurages in situ, dans la mesure ou une installation particuliére permet de faire varier la position
des cables, de faire fonctionner différentes unités indépendamment les unes des autres a lintérieur de
I'installation, de faire varier la position de l'installation a I'intérieur des locaux, etc.

Pour le mesurage des perturbations rayonnées avec une distance de séparation de 3 m,
I’évaluation du rayonnement émis par le cablage de I'appareil en essai doit étre limitée aux
parties des cables de raccordement (voir 7.5.2) et aux cébles d’alimentation (voir 7.5.3) qui
sont a l'intérieur du volume d'essai de 1,2 m de diamétre par 1,5 m de hauteur au-dessus du
sol. Les appareils périphériques qui n’entrent pas dans le volume d’essai doivent étre exclus
des mesurages ou découplés de I'environnement d’essai.
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NOTE 2 L'évaluation des rayonnements peut étre limitée aux parties de cable se trouvant a l'intérieur du volume
d'essai en plagant, par exemple, des dispositifs d'absorption de mode commun (CMAD) au niveau des céables, a
I'endroit ou ils sortent du volume d'essai. La CISPR 16-2-3 donne des lignes directrices supplémentaires relatives
a l'application de dispositifs d’absorption de mode commun (CMAD).

Cable leaving the test volume run
vertically down towards the floor within
the test volume of (1,2 = 0,1) m diameter
times (1,5 = 0,1) m height. Restriction of
radiation to the cable fractions inside the

test volume is achieved by using e.g. a B: excess cable length bundle

CMAD at the position where they leaves

between 30 cm and 40 cm

the volume. in length
\ @
/\

D: Spacing between
thelenclosures
shduld be 20,1 m

-/

Peripheral
2 EUT1 EUT 2

Peripherpl only
in test volume

! \ D
if cable / [—>]
cannot He . & )

extendedl to 4

run out ¢f test ’

volume (e.g.

peripherpl 2).

Test volume for

Antenna rtference
point
Cable bundles should be arranged
in the middle of the cable.

Sections of interconnecting cables
hanging over the table are spaced at
a distance of 0,4 m above the ground
plane.

small equipment
B L: (3,0 £0,1)m
(1,2%0,1)m
N " L = measuring distance
Anglais Frangais

Cable Iqaving the test volume run vertically down
towards|the floor within the test volume of (1,2

+ 0,1) n diameter times (1,5 £ 0,1) m height.
Restrictlon of radiation to the cable fractions‘inside
the test|volume is achieved by using e.g,-a;€MAD at
the position where they leaves the volume.

Le céable sortant du volume d’essai est placé verticglement
vers le sol a I'intérieur du volume d’essai de (1,2 + D,1) m

de diametre par (1,5 + 0,1) m de hauteur. Le rayonnement
peut étre limité aux parties de cable se trouvant a
I'intérieur du volume d'essai en plagant, par exemple, des
dispositifs d'absorption de mode commun (CMAD) qu
niveau des cables, a I'endroit ou ils sortent du volumme
d'essai.

B: excegs cable length bundle~between 30 cm and 40
cm in lepgth

B: entre 30 cm et 40 cm de longueur de cable en trgp

Antennd reference point

Point de référence d’antenne

D: spacing between.the enclosures should be > 0,1
m

D: 1l convient que les enceintes soient séparées de|> 0,1 m

Cable buindles should be arranged in the middle of
the cable

Il convient de disposer les faisceaux au milieu du c@ble

Peripheral only in test volume if cable cannot be
extended to run out of test volume (e.g. peripheral 2)

Périphérique uniquement dans le volume d’essai si le
cable ne peut pas étre étendu pour sortir du volume
d’essai (périphérique 2, par exemple)

Section of interconnecting cables hanging over the
table are spaced at a distance of 0,4 m above the
ground plane.

Les sections de cables de raccordement suspendues au-
dessus de la table sont espacées de 0,4 m au-dessus du
plan de masse

Test volume for small equipment

Volume d’essai pour les petits appareils

L= measuring distance

L = distance de mesure

Peripheral

Périphérique

Figure 3a — Vue de dessus
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|
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= : : | | L Cables leaving the test kolime
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(e.g. peripheral 2). ol | ioheral 1 ! alns |
el peripheral 1: cable ) I cMAB; common-mode
| 0 I absorption device
| ! | CMAD:l — |
1
Groundplane
IEC
Anglais Frangais
B: excegs cable length bundle between 30 cm and 40 | B: entre 30<€m et 40 cm de longueur de cable en tr¢p
cm in lepgth
Antennd reference point Point de-référence d’antenne
D: spacing between the enclosures should be > 0,1 D:(H,convient que les enceintes soient séparées de|> 0,1 m
m
Cable bundles are arranged in the middle of the Les faisceaux sont disposés au milieu du cable
cable
A positipning table in accordance CISPR 16-1-4 Table de positionnement conforme a la CISPR 16-1}-4
Periphefal only in test volume if cable capnet be Périphérique uniquement dans le volume d’essai sille
extendeld to run out of test volume (e.g.\peripheral 2) | cable ne peut pas étre étendu pour sortir du volume
d’essai (périphérique 2, par exemple)
To perigheral 1 Vers le périphérique 1
Mains chble Cable d’alimentation
L= meaguring distance L = distance de mesure
Cables leaving the test.volume Cable sortant du volume d’essai
Commop-mode_absorption device Dispositif d’absorption de mode commun
Groundplane Plan de masse

Figure-3b—Vue-de-coté

Figure 3 — Exemple de disposition de cable classique pour les mesurages des
perturbations rayonnées a une distance de séparation de 3 m, EUT de table

Un exemple de montage d'essai unifié classique pour un appareil au sol adapté au mesurage
des perturbations conduites et rayonnées est présenté a la Figure 4. D'autres exemples de
dispositions classiques de I'EUT et périphérigues associés sont donnés dans la
CISPR 16-2-3 et la CISPR 16-2-1.
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0,8 m +-
= To power
\ supply /
AE

interconnecting cables

AMN CMAD Special eafthing
terminal
IEC

Anglais Frangais
Non-corlductive support Support non conducteur
Typical ppacing Espacement classique
To power supply/AE Vers I'alimentation électrique/AE
Insulatign Isolation
Special jearthing terminal Borne de terre particuliere
interconnecting cables cables de raccordement

Figure 4 — Exemple de montage d'essai classique pour le mesurage des perturbations
conduites et/ou rayonnées d'un EUT posé au sol, vue 3D

La configuration de lappareil en essai doit étre documentée avec précision dans le fapport
d'essaj.

7.5.2 Cablées)de raccordement

Le present’ paragraphe s'applique aux appareils dans lesquels diverses partieg sont
raccorfées par des cables ou aux systémes dans lesquels plusieurs composants sont
interconnectés.

NOTE 1 Le respect de toutes les dispositions du présent paragraphe permet l'application des résultats d'une
évaluation a plusieurs configurations de systéme utilisant les mémes types d'appareils et de cébles a I'exclusion de
tout autre, chaque configuration de systéme étant en effet un sous-systéme de celui qui est évalué.

Les cables de raccordement doivent étre du type et de la longueur spécifiés dans les
exigences applicables aux appareils individuels. Si la longueur peut varier, elle doit étre
choisie de maniére a générer I'émission maximale lors des mesurages d'intensité de champ.

Si des cables blindés ou spéciaux sont utilisés pendant les essais, cela doit étre spécifié dans
le manuel d'instructions.

Le raccordement des cables de signaux, a I’exception de ceux fournis par le fabricant, n’est
pas exigé pendant les mesurages d'émission a fréquences radioélectriques des appareils
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d'essai et de mesure portables, groupe 1 ou ceux destinés a étre utilisés dans les laboratoires
et mis en ceuvre par des personnes compétentes. Il s'agit, par exemple, des générateurs de
signaux, des analyseurs de réseaux, des analyseurs logiques et des analyseurs de spectre.

Les longueurs de cables en trop doivent étre rassemblées au centre approximatif du cable en
faisceaux de 30 cm a 40 cm de longueur. S'il s'avére impossible de procéder de la sorte, la
disposition du cable en trop doit étre indiquée avec précision dans le rapport d'essai.

Dans les cas ou il y a des bornes d'interface multiples toutes du méme type, il suffit de
connecter un cable a une seule borne de ce type, a la condition qu'il puisse étre démontré
que les cables supplémentaires n'affectent pas les résultats d'une maniére significative.

Un engemble de résultats doit étre accompagné d'une description compléte de |'orieptation
des appareils et des cables pour que ces résultats puissent étre répétés. Les éventuelles
conditions d'utilisation doivent étre spécifiées, documentées et incluses ddns' le manuel
d’utilisption.

Si un |type d'appareil donné peut exécuter séparément une fonction parmi d'autreg, ledit
appargil doit étre soumis aux essais pendant I'exécution de chdacune de ces fongtions.
S'agisgsant des systémes qui peuvent inclure un certain nombre d€_composants différemnts, un
exemp|laire de chaque type de composant intégré a la configufation du systéme ddgit étre
inclus dans I'évaluation.

Un systéme comportant un certain nombre de composants identiques, mais dont I'évafuation
a été effectuée au moyen d'un seul de ces composants, n'exige pas d'autre évaluation si
I'évaluption initiale s'est avérée satisfaisante.

NOTE 2| Cela est possible parce qu'il a été constaté/qu'en pratique, les émissions provenant de modules
identiques ne s'ajoutent pas.

Lors de I'évaluation d'un appareil en intéraction fonctionnelle avec d'autres appareils pour
formerl un systéme, I'évaluation peut étre effectuée soit en utilisant des appareils
complementaires pour représenter fensemble du systéme, soit avec des simulateurs| Dans
les delix cas, lors de I'évaluation~de I'appareil en essai, on doit veiller a ce que les effets du
reste dqu systéme ou des simulateurs satisfassent aux conditions de bruit ambiant spégifiées
en 7.2| Un simulateur utilisé a“la place d'un appareil réel doit représenter correctement les
caracteristiques électriques ‘et, dans certains cas, les caractéristiques mécaniques de
I'interface, particulierement en ce qui concerne les impédances et les signaux a fréqyences
radioé|ectriques, ainsi que les types et les configurations des cables.

NOTE 3| Cette procédure est exigée pour faciliter I'évaluation des appareils combinés avec d'autres appareils
provenant de fahricants différents pour constituer un systéme.

7.5.3 Raccordement au réseau d'alimentation électrique sur un site d'essai

7.5.3.1 accordement au reseau d alimentation en courant alternatif de laboratoire
7.5.3.1.1 Généralités

Le cas échéant, la puissance électrique provenant du réseau d'alimentation électrique du
laboratoire doit étre fournie par l'intermédiaire du réseau fictif d'alimentation (AMN) spécifié
en 7.3.2.2.

Pour le raccordement au réseau fictif d'alimentation ou au réseau d'alimentation électrique du
site d'essai, les longueurs appropriées de cables d'alimentation doivent étre utilisées. Si les
instructions d'installation du fabricant spécifient un type particulier de cable d'alimentation a
utiliser avec l'appareil en essai, le raccordement au réseau fictif d'alimentation ou au réseau
d'alimentation électrique du site d'essai doit étre réalisé avec ce type de cable.

L'appareil en essai doit étre alimenté a la tension nominale.
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7.5.3.1.2 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
pour le mesurage des perturbations conduites et pour les perturbations
rayonnées dans la plage jusqu'a 30 MHz

Si les mesurages sont réalisés sur un site d'essai, le réseau fictif d'alimentation (AMN en V)
spécifié en 7.3.2.2 est a utiliser chaque fois que cela est possible. L'enveloppe du réseau
AMN en V doit étre placée de sorte que sa surface la plus proche se trouve a 0,8 m ou moins
du périmeétre le plus proche de 'appareil en essai.

Lorsque le fabricant fournit un cordon d'alimentation flexible, celui-ci doit avoir 1 m de long
ou, s'il est plus long, I'excés de cable doit étre replié sur lui-méme pour former un faisceau ne
dépassant pas 0,4 m de longueur.

Si un [cable d'alimentation est spécifié dans les instructions d'installation du fabricant, une
longugur de 1 m du type spécifié doit étre connectée entre I'unité d'essai et Je ‘téseau fictif
d'alimentation.

Les cdnnexions de terre, éventuellement nécessaires pour des raisons™de sécurité, doivent
étre connectées au point "de terre" de référence du réseau fictif d'alimentation et, si e|les ne
sont pps fournies ou sont spécifiées de fagon différente par le fabricant, doivent étre :ﬂqe 1m
et pladées parallélement au conducteur d'alimentation a une distance maximale de 0,1

Les aptres connexions de terre (prévues pour la compatibilité électromagnétique, par
exemplle) qui sont spécifiées ou fournies par le fabricant pour le raccordement a la|méme
borne |que celle prévue pour la connexion de terre{de sécurité, doivent étre également
connegtées a la terre de référence du réseau fictif d'alimentation.

Les afcés d’alimentation en courant alternatif 'a basse tension auxiliaires doivent étre
conne¢tés au réseau d'alimentation en courant alternatif de laboratoire via un ou plysieurs
réseadx fictifs d'alimentation (AMN en V) cemme spécifié en 7.3.2.2.

Si l'appareil en essai est un systéme, comportant plusieurs unités, chacune étant mupnie de
son propre cordon d'alimentation,, e point de connexion du réseau fictif d'alimentatipn est
déterminé d'apres les régles suivantes:

a) chaque cable d'alimentation terminé par une prise d'alimentation réseau de modele
nofmalisé (selon I'IEG.60083, par exemple) doit étre soumis aux essais séparément;

b) les| bornes ou cébles d'alimentation non spécifiés par le fabricant comme devanpt étre
conmnectés a une adtre unité du systéme pour les besoins de I'alimentation réseau dqoivent
étre soumis auxessais séparément;

c) les| bornes_obu cables d'alimentation spécifiés par le fabricant comme devarnt étre
conmnectés a une autre unité du systéme pour les besoins de I'alimentation réseau doivent
étre _connectés a cette unité, les bornes ou les cables d'alimentation de cette uniter étant
connectés au réseau fictif d'alimentation:

d) si un raccordement spécial est spécifié, le matériel nécessaire pour procéder au
raccordement doit étre utilisé pendant I'évaluation de I'appareil en essai.

7.5.3.1.3 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
pour le mesurage des perturbations rayonnées dans la plage comprise
entre 30 MHz et 18 GHz

Le raccordement au réseau d'alimentation électrique du laboratoire peut étre assuré avec ou
sans l'aide d'un réseau fictif d'alimentation alloué a I'intérieur de I’environnement d'essai (voir
la Figure 4). Pour les dispositions de mesure n'incluant pas de réseau fictif d'alimentation, la
mise a la masse et la mise a la terre de I'appareil en essai (EUT) doivent étre assurées par le
respect des principes définis en 7.5.3.1.2, dans la mesure du possible.

Si les dispositions de mesure n'incluent pas de réseau fictif d'alimentation, il n'est pas utile de
regrouper les longueurs en trop de cable d'alimentation ni de les allouer a l'intérieur du
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volume d'essai. Elles peuvent étre placées ailleurs a l'extérieur du volume d'essai ou de
I'environnement d'essai. Pour le découplage du rayonnement a partir de ces longueurs de
cable en trop, il est toutefois recommandé de veiller a terminer ces cables d'alimentation a
I'endroit ou ils sortent du volume d'essai. Pour ce découplage, il est recommandé d'utiliser
des dispositifs d’absorption de mode commun (CMAD). Pour les mesurages avec une
distance de séparation de 3 m, ce découplage est obligatoire (voir 7.5.1).

7.5.3.2 Raccordement a I'alimentation en courant continu de laboratoire ou a une
autre source d'alimentation en courant continu

Si les mesurages sont réalisés sur un site d'essai, le réseau en courant continu fictif 150 Q
(DC-AN) spécifié en 7.3.2.3 est a utiliser chaque fois que cela est possible. L'enveloppe du
réseay DC-AN doit étre placée de sorte que sa surface la plus proche se trouve a 0,8 m ou
moins [du périmeétre le plus proche de I'appareil en essai.

Si le réseau DC-AN fait office de sonde de tension, I'accés d’alimentation enrceurant gontinu
en essai de l'appareil en essai (EUT) doit étre découplé de la sourcedialimentatjon en
courart continu a l'aide de dispositifs de découplage de mode commun’ adaptés (tubbes de
ferrite,| dispositifs d’absorption de mode commun (CMAD) ou dispositif de couplage| et de
découplage) comme indiqué en 6.2.4 de I'lEC 61000-4-6:2013 et qui~sont a fixer ou |nsérer
dans I¢ cable d'alimentation en courant continu raccordant la source d'alimentation en gourant
continl a la disposition de mesure de I'EUT (voir également-ta“Figure 7, la Figure 8§ et la
Figure|9 en 8.2.2.2.3). Si un dispositif de couplage et de découplage conforme a I'lEC $1000-
4-6 edt utilisé pour le découplage, son accés d’entrée de puissance RF ne doit pas se
termingr par une charge résistive de 50 Q

Le raccordement est a effectuer a une source d'alimentation en courant continu appropriée.
La ter[sion de sortie en courant continu de cette source d'alimentation doit pouvaojr étre
ajustée pour fournir un niveau de tension dansdla plage de fonctionnement assignée pour le
type rgspectif d'appareil en essai.

NOTE 1| Pour l'alimentation de I'accés d’alimentation en courant continu en essai de I'appareil en es$ai, une
source f'alimentation en courant continu de“laboratoire dédiée, des (ensembles de) batteries appropiiées ou
d'autres| sources d'énergie en courant continu comme par exemple, les modules de piles & combustible, peuvent
étre utiljsées, a condition qu'elles garantissent la tension, le courant continu(e) et stable, etc. nécessaire pour les
convertigsseurs de puissance dans,des” conditions de fonctionnement de sortie assignées, pendant|tout le
mesurage.

Il conVient de préter unetattention particuliére lors de la sélection de la source d'alimeptation
en coyrant continu de-laboratoire et de son installation dans la disposition de mesure] Il est
recommandé de sélectionner et d'installer uniguement une source d'alimentation en gourant
continh qui garantit une bonne isolation galvanique et également un décolplage
radioélectrique—suffisant des deux bornes d'alimentation en courant continu du plan de masse
de réfgrence-de laboratoire. Les condensateurs de découplage internes aux bornes| de la
sourcg d'alimentation en courant continu utilisés pour la suppression interng des
perturbhations non symétriques peuvent fournir une dérivation intempestive pour I'impédance
de charge 150 (7 de mode commun du DC-AN UuliliSé pour les mesurages. Ceci peut
provoquer des effets de saturation dans le filtre d'atténuation du convertisseur de puissance
en essai, en particulier a la fréquence de fonctionnement (c’est-a-dire la fréquence de
commutation) du convertisseur de puissance et de ses harmoniques, qui sont généralement
alloués dans la plage comprise entre 2 kHz et environ 20 kHz. Les filtres d'atténuation saturés
entrafnent cependant des résultats de mesure incorrects et invalides, car le convertisseur de
puissance n'est pas utilisé comme prévu, pendant les mesurages. Pour des lignes directrices
concernant la prévention des effets de saturation causés par la configuration du site d'essai,
voir les informations a I'Annexe K.

Lorsqu'un type particulier de cable d'alimentation en courant continu est spécifié dans les
instructions d'installation du fabricant, il doit étre utilisé pendant les essais.
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Pour les essais, une longueur de cable la plus courte possible doit étre raccordée entre
I'appareil en essai et le DC-AN en respectant la proximité des conditions aux limites définies
ci-dessus.

Si l'appareil en essai est doté de plusieurs accés d’alimentation en courant continu de méme
type, le nombre d’accés d’alimentation en courant continu nécessaires pour faire fonctionner
I'appareil a sa puissance assignée doit étre connecté au DC-AN pour les mesurages. Tous les
autres accés d’alimentation en courant continu doivent étre terminés avec une impédance de
charge de mode commun 150 Q appropriée. Plusieurs accés connectés de maniéere
galvanique en paralléle (comme les barres omnibus ou bandes pour la connexion a plusieurs
cables) sont considérés représenter un seul acceés.

NOTE 2| Pour ces autres terminaisons, n'importe quel dispositif approprié peut étre utilisé. Cela.indlut, par
exemplg l'utilisation d'autres réseaux 150 Q conformes a la CISPR 16-1-2, d'autres DC-AN comme |spécifié
en 7.3.2.3 ou également I'utilisation de dispositifs de couplage et de découplage 150 Q (CDN) comunie défjni dans
I''EC 61D00-4-6.

Les aqces d’alimentation en courant continu auxiliaires doivent étre connéctés a une source
d'alimentation en courant continu de laboratoire séparée ou une batterie; via une impédance
de chgrge de mode commun 150 Q appropriée.

NOTE 3| Si une source d'alimentation en courant continu de laboratoire séparée, connectée au sectpur, est
utilisée,| il peut alors étre approprié d'insérer également un autre filtre EMI,dans la connexion a cettg source
d'alimerftation. Les schémas illustrant des montages adaptés pour le site diessai figurent a I'Annexe J.

7.6 [Conditions de charge des appareils en essai
7.6.1 Généralités

Les cgnditions de charge des appareils en essai sont spécifiées dans le présent paragfraphe.
Les appareils non couverts par le présent pafagraphe sont a utiliser de maniére a optimiser
les perturbations engendrées tout en _se conformant aux procédures normalges de
fonctignnement telles qu'elles sont définies dans le manuel d'utilisation des appareils.

7.6.2 Appareils médicaux

7.6.2.1 Appareils de thérapie utilisant les fréquences comprises entre 0,15 MHZ et
400 MHz

Tous les mesurages doivent étre réalisés dans les conditions de fonctionnement indjquées
dans le manuel d'utilisation de I'appareil. Le circuit a utiliser en sortie pour charger 'appareil
dépend de la nature des électrodes avec lesquelles il est a utiliser.

Pour lgs appareils a électrodes de type capacitif, une charge fictive doit étre utilisée pour les
mesurages. la Figure 5 montre la disposition générale a respecter. La charge fictive doit étre
essenjiellement résistive et étre capable d'absorber la puissance assignée de sortie malximale

narail

de l'apparei-

Les deux bornes de la charge fictive doivent étre situées aux extrémités opposées de la
charge et chaque borne doit étre reliée directement a un plateau métallique circulaire ayant
un diametre de (170 + 10) mm. Les mesurages doivent étre effectués avec tous les cables de
sortie et électrodes capacitives fournis avec l'appareil. Les électrodes capacitives sont a
disposer aux extrémités de la charge fictive, parallélement aux plateaux métalliques
circulaires, leur espacement étant ajusté de maniére a générer la puissance dissipée
appropriée dans la charge fictive.
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Figure 5 — Appareils médicaux (type‘capacitif): disposition
de l'appareil et de lascharge fictive

Les mesurages doivent étre effectués en plagant la charge fictive en position horizontale et
en position verticale (voir Figure 5). Dans-chaque cas, lors des mesurages du rayonrlement
électrgmagnétique perturbateur, I'ensemble comprenant I'appareil, les cébles de sortjie, les
électrddes capacitives et la charge fictive doit étre pivoté autour de son axe vertical, afin de
pouvoifr mesurer la valeur maximale du champ rayonné.

NOTE [Les montages de lampes suivants se sont avérés satisfaisants pour soumettre aux essais de ngmbreux
types d'gppareils dans la plage de‘puissances d’essai:

a) puispance de sortie nomipate*100 W a 300 W:
quatre lampes 110 V/60.W_en parallele ou cing lampes 125 V/60 W en paralléle;

b) puisgance de sortie fhomiinale 300 W a 500 W:
quatre lampes 125V4100 W en parallele ou cing lampes 150 V/100 W en paralléle.

Pour les appareils a électrodes de type inductif, les mesurages doivent étre réaligés en
utilisant les cables et les bobines fournis avec I'appareil servant au traitement du patig¢nt. La
chargg utilisée pour I'essai doit comporter un récipient tubulaire vertical en matériau jsolant

de 10 mda diamatra Ca rAniniant aAct raminli cpir 1y haridnnir A BN A Avyans 1ina ealutlon
—ae—aaetre—ot—+eeciptent—est—rempi—Su—tthe—ratteu—eae oo em—avee—uhRe—S

comprenant 9 g de chlorure de sodium par litre d'eau distillée.

Le récipient doit étre placé a l'intérieur de la bobine, de maniére que son axe coincide avec
celui de la bobine. Le centre de la bobine doit également coincider avec le centre de la
charge liquide.

Les mesurages doivent étre réalisés a la puissance maximale et a la moitié de la puissance
maximale et, si le circuit de sortie peut étre accordé, il doit I'étre sur la résonance avec la
fréquence fondamentale de I'appareil.

Tous les mesurages doivent étre réalisés dans toutes les conditions de fonctionnement
prévues dans le manuel d'utilisation de I'appareil.
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7.6.2.2 Appareils de thérapie UHF et micro-ondes fonctionnant a des fréquences
supérieures a 400 MHz

Les mesurages doivent étre réalisés en connectant le circuit de sortie de l'appareil a une
charge résistive non rayonnante de méme valeur que l'impédance caractéristique du cable
utilisé pour alimenter la charge de l'appareil.

7.6.2.3 Appareils de thérapie a ultrasons

Les mesurages doivent étre réalisés avec le transducteur connecté au générateur. Le
transducteur doit étre plongé dans un récipient non métallique d'environ 10 cm de diametre,
rempli d'eau distillée.

Les mpesurages doivent étre réalisés a la fois a la puissance maximale et a la moiti¢ de la
puissance maximale et, si le circuit de sortie peut étre accordé, il doit I'’étre surlafréquence
de réspnance, puis désaccordé. Les spécifications qui figurent dans le manuel 'dutilisation de
I'appareil sont a observer.

Il est [recommandé de mesurer la puissance maximale de l'appareil conformément a la
méthode décrite dans I'lEC 61689 ou en utilisant une méthode dérivée; si nécessaire.

7.6.3 Appareils industriels

Les appareils industriels peuvent étre soumis aux essais-soit avec la charge utiligée en
service¢, soit avec un dispositif équivalent.

Si I'appareil en essai peut étre connecté a des canalisations auxiliaires (eau, gaz, air, €tc.), le
raccorfement doit étre réalisé avec des sections*de raccordement en tube isolant d'au|moins
3 m dg long. Pour les essais effectués avec la.¢harge utilisée en service, les électrodeq et les
cables| doivent étre disposés comme en utilisation normale. Les mesurages doivent étre
réalisés a la puissance de sortie maximalelet a la moitié de la puissance de sortie maximale.
Les apgpareils qui fonctionnent normalemeént avec une puissance de sortie nulle ou tréq faible
doivent également étre soumis aux essais dans ces conditions.

Il conViient de soumettre aux essais les appareils industriels de chauffage par induction et les
appargils de chauffage diélectrique dans une configuration et avec une charge équivalgntes a
I'utilisgtion réelle ou prévue. Lorsque I'appareil peut étre configuré pour une vari¢té de
charggs ou que la chargein’est pas disponible, la charge spécifiée dans I'lEC 61922 pour les
apparegils de chauffage-par induction et dans I'lEC 61308 pour les appareils de chguffage
diélectrique peut étre-utilisée. Les appareils industriels de chauffage par résistance doivent
étre squmis aux.essais avec ou sans la charge, tel que spécifié par le fabricant.

NOTE [L'expéfience a montré qu'un dispositif de charge avec circulation d'eau convient pour de nombreyx types
d'apparegils de_chauffage diélectrique.

Les appareitsimdustrietsdechauffageamicrocondesdoivent&tre conformesata—~vateur limite
de rayonnement indiquée a I’Article 6 lorsqu’ils sont chargés conformément a I'lEC 61307 ou
avec une charge utilisée en pratique. La charge doit étre modifié¢e de maniére a assurer le
maximum de transfert d'énergie, les variations de fréquence ou de rayonnement harmonique
dépendant des caractéristiques étudiées.

7.6.4 Appareils scientifiques, appareils de laboratoire et de mesure

Les appareils scientifiques doivent étre soumis aux essais dans les conditions normales de
fonctionnement. Les appareils de laboratoire et de mesure doivent fonctionner comme prévu.
Tous les ports de sortie RF doivent étre terminés par une charge non rayonnante
correspondante.
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7.6.5 Appareils de cuisson a micro-ondes

Les appareils de cuisson a micro-ondes doivent étre utilisés avec tous leurs constituants
normaux (les plateaux en place, par exemple) et avec une charge de 11 d’eau du robinet
initialement a 20°C = 5 °C, placée au centre de la surface de support fournie par le fabricant.

Le réservoir pour I'eau doit étre une cuve cylindrique en verre borosilicaté d’'un diamétre
extérieur de 190 mm £ 5 mm et d'une hauteur de 90 mm £ 5 mm (voir aussi I'lEC 60705).

Des informations détaillées sur la procédure de mesure utilisée dans la plage de fréquences
supérieures a 1 GHz sont données en 9.4.

7.6.6 Autres appareils fonctionnant dans la plage de fréquences comprises-entre
1 GHz et 18 GHz

Les autres appareils doivent satisfaire aux valeurs limites de rayonnement indigyées a
I'Article 6 lorsqu'ils sont soumis aux essais avec une charge fictive constituée d'une cgrtaine
quanti{é d'eau du robinet contenue dans un récipient non conducteur. La taille et la fofme du
récipignt, sa position dans l'appareil et la quantité d'eau qu'il contient doivent étre modifiées
de mapiere a assurer le maximum de transfert d'énergie, les variations de fréquence|ou de
rayonrlement harmonique dépendant des caractéristiques étudiées.

7.6.7 Matériel de soudage électrique

Pour I¢€ matériel de soudage a l'arc, I'opération de soudage pendant I'essai est simulge par
une charge conventionnelle appliquée au matériel. Les dispositifs d’amorgage [et de
stabiligation d’arc doivent étre allumés pendant lesymesurages des émissions. Les conditions
de charge et la configuration d’essai du matériel de soudage a l'arc sont spécifiéeg dans
I'IEC §0974-10.

Pour I¢s équipements de soudage par résistance, I'opération de soudage pendant I’esgai est
simuléf en mettant en court-circuit de circuit de soudage. Les conditions de charge et la
configliration d'essai de I'équipement de soudage par résistance sont spécifiéeg dans
I''EC 6[2135-2.

Le déhut des mesurages selon la présente Norme doit étre différé jusqu'a 5 s aprés llentrée
en fongtionnement du matériel de soudage en essai.

7.6.8 Appareil d'éclairage ISM a fréquences radioélectriques

L'appareil d'é¢lairage ISM a fréquences radioélectriques doit satisfaire aux limites |de 6.3
lorsqulil estssoumis a essai tel que livré par le fabricant dans les conditions normalles de
fonctignnement. Dans le cas d'un appareil d'éclairage ISM a fréquences radioélectriques,
I'appareilén essai (EUT) doit fonctionner tant que la fréquence d'oscillation du maghétron
n'est pas stabilisée. Le début des mesurages selon la présente Norme doit donc étre différé
d'au moins 15 min.

7.6.9 Appareillage moyenne tension (MT) et haute tension (HT)

Pour les appareils utilisés dans des appareillages moyenne tension et haute tension, le début
des mesurages selon la présente Norme doit étre différé tant que les actions de commutation
liées au circuit principal ou au circuit primaire ne sont pas terminées (les actions de
commutation des disjoncteurs ou des sectionneurs, par exemple).
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7.6.10 Convertisseurs de puissance connectés au réseau

7.6.10.1 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
ou a une charge similaire

Le convertisseur de puissance en essai doit étre connecté au réseau d'alimentation en
courant alternatif de laboratoire par l'intermédiaire du réseau fictif d'alimentation (AMN en V)
spécifié en 7.3.2.2, dans la mesure du possible. Si ce raccordement s'avére impossible ou
n'est pas prévu, le convertisseur de puissance en essai peut étre connecté a une charge
résistive appropriée et au réseau d'alimentation en courant alternatif de laboratoire en
paralléle, par I'intermédiaire du réseau fictif d’alimentation (AMN en V) spécifié en 7.3.2.2.

La copnexion a une charge resistive appropriee est également recommandée pdur les
conveitisseurs de puissance uniquement destinés a une utilisation dans des installations
réseay en courant alternatif a basse tension en flot qui ne sont pas connectée§*a’un autre
réseay public de distribution secteur d’énergie en courant alternatif a bassetension. Pour
plus d'informations, consulter les instructions d'installation du fabricant.

En varliante, l'alimentation en courant alternatif pour la source d'alimentation en dourant
continli de laboratoire peut provenir des lignes de sortie en courant alternatif du convergisseur
de puissance connecté au réseau (GCPC) par l'intermédiaire du AMN en V sans conngcter la
charggq résistive. L’alimentation de sortie en courant alternatif du-convertisseur de puigsance
conne¢té au réseau (GCPC) est utilisée pour contribuer a lialimentation d'entrée en dourant
continy exigée pour ce GCPC, la charge résistive n'étant deonc pas nécessaire dans fe cas
(voir Ig Figure J.1 a I'Annexe J).

Pour lgs configurations appropriées du site d'essai,~voir I'"Annexe J.

7.6.10/2 Raccordement a une autre charge@ppropriée

Pour |es convertisseurs de puissance.destinés a étre alimentés a partir de spurces
d'alim¢ntation en courant alternatif, I'accés d’alimentation en courant continu en essfai doit
étre cqgnnecté a une charge résistive @ppropriée ou a un autre dispositif de stockage d'@nergie
adéqugt via un réseau fictif 150.Q _(DC-AN) comme spécifié en 7.3.2.3. L'appareil er] essai
doit étfe connecté a une charge.appropriée dans la plage de fonctionnement assignée pour le
type rgspectif d'appareil en essai.

NOTE [Un exemple de type~de*GCPC destiné a étre alimenté a partir d'une source d'alimentation en|courant
alternatif est un convertisseur de puissance a monter dans une station de charge externe pour vghicules
électriqyes (EV).

7.7 Enregistrement des résultats de mesure du site d’essai

7.71 Généralités

Tous |esvrésultats obtenus a partir des mesurages des perturbations radioélectriques
conduites et/ou rayonnées doivent étre enregistrés dans le rapport d’essai. Si les résultats ne
sont pas enregistrés de maniére continue et/ou sous une forme graphique sur toute la plage
de fréquences observée, alors les exigences minimales d’enregistrement établies en 7.7.2 et
7.7.3 doivent s’appliquer.

Le rapport d'essai doit contenir une déclaration soulignant que l'incertitude de mesure de
I'instrumentation (MIU — measurement instrumentation uncertainty) a été déterminée selon la
CISPR 16-4-2, et qu'elle a également été prise en compte lors de la détermination de la
conformité aux limites de I'appareil individuel soumis a essai ou au nombre d'éléments dans
I'échantillon de 'appareil produit en série.

Le rapport d'essai peut inclure les valeurs numériques de l'incertitude de mesure de
I'instrumentation que le laboratoire d'essai a déterminées pour chaque essai réalisé. Si les
bilans d'incertitude spécifiés dans la CISPR 16-4-2 sont dépassés, le rapport d'essai doit
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contenir les valeurs numériques de l'incertitude de mesure de l'instrumentation de I'appareil
d'essai réellement utilisé.

7.7.2 Emissions conduites

Parmi toutes les émissions conduites au-dessus de (L — 20 dB), ou L représente le niveau
limite en unités logarithmiques, I'enregistrement doit inclure au moins les niveaux de
perturbation et les fréquences des six perturbations les plus élevés dans chacune des plages
de fréquences observées depuis chacun des accés d’alimentation de l'appareil en essai
(EUT). L’enregistrement doit aussi inclure une indication du conducteur de [I'acces
d’alimentation sur lequel sont véhiculées la ou les perturbations observées.

7.7.3 Emissions rayonnées

Parmi [toutes les émissions rayonnées au-dessus de (L — 10 dB), ou L représente le hiveau
limite |en unités logarithmiques, I'enregistrement doit inclure au moins }es) nivegux de
perturbation et les fréquences des six perturbations les plus élevées dans chacune des
plages| de fréquences observées. Le rapport doit inclure la polarisation\”de I'antenpe, sa
hautedr, et, le cas échéant, la position de rotation du plateau tournant, pour chacunpe des
perturbbations consignées. Dans le cas de mesurages sur un site d’essai, la distance de
mesure réellement sélectionnée et utilisée (voir 6.2.2 et 6.3.2) doit‘également étre enregistrée
dans l¢ rapport d’essai.

8 Dispositions spéciales pour les mesurages sur un site d'essai (9 kHz a
1 GHz)

8.1 Plans de masse

Un plan de masse doit étre utilisé pour les ‘mesurages sur un site d'essai. La relation entre
I'appareil en essai et le plan de masse doit-étre équivalente a celle existant dans la pratique.
Excepté aux emplacements de masse prévus par le fabricant, un appareil en essai|(EUT)
posé qu sol doit étre isolé du plan de“masse par un matériau diélectrique d'une épaisseur
maximjale de 15 cm. Le raccordement-direct a la terre (c'est-a-dire au plan de masse) doit étre
assurég

a) soif selon les instructions du fabricant,

b) soif, si I'appareil entessai est doté d'une borne de terre particuliére, celle-ci ddit étre
connectée a la terre_(c'est-a-dire reliée au plan de masse) avec un cable aussi court que
possible (voir également la Figure 4).

Un plgn de masse doit étre utilisé pour le mesurage du rayonnement et le mesurage des
tensions perturbatrices. Les exigences pour le site d'essai en rayonnement sont indjquées
en 8.3|et, pour le plan de masse pour le mesurage des perturbations conduites, en 8.2.

8.2 Mesurage des perturbations conduites
8.2.1 Généralités

Pour les conditions de mise a la terre et de mise a la masse de Il'appareil en essai (EUT),
ainsi que le raccordement au réseau d'alimentation électrique du laboratoire, voir 7.5.3.

Les perturbations conduites doivent étre mesurées en utilisant 'une des trois options
suivantes:

a) sur le site d'essai en rayonnement avec |'appareil en essai ayant la méme configuration
que pour le mesurage du rayonnement;

b) au-dessus d'un plan de masse meétallique qui doit dépasser d'au moins 0,5 m autour du
périmétre de I'appareil en essai et avoir une taille minimale de 2 m x 2 m; ou
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