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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -

DADRASS DAL AMMASAAY. BDDNICTILIDD AN A ALV ADAACATEDIOT IO

1)

2)

3)

4)

5)

6)

7)

8)

9)

NAUVIV-TREWULNUVT UlIOTUNDANUVL UVIMMTARAVIERNIVITVLO =

LIMITS AND METHODS OF MEASUREMENT

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardizatiGn-eomprising
all national electrotechnical committees (IEC National Committees). The object of IEC. is-_to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationall Committee interested
in the subject dealt with may participate in this preparatory work. International,\ governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordancefwith conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters expresss-asmearly as possible, an international
consensus of opinion on the relevant subjects since each technical sommittee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for interndtional use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible™for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in th€ir national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of-Conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

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

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

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

DISCLAIMER

This*Redline version is not an official IEC Standard and is intended only to provide
the user with an indication of what changes have been made to the previous version.
Only the current version of the standard is to be considered the official document.

This Redline version provides you with a quick and easy way to compare all the
changes between this standard and its previous edition. A vertical bar appears in the
margin wherever a change has been made. Additions and deletions are displayed in red,
with deletions being struck through.
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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 pofis,
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 elegtronic
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.
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 CISPR6-1-2 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 text of this standard is based on the followingrdocuments:

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 indicated in the above table:

This publication has beenwdrafted 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 date(indicated on the IEC website under "http://webstore.iec.ch"” in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdsawn,

* replaced by a revised edition, or
+, Vvamended.

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

c) that certain frequencies are designated by the International Telecommunication Union
(ITU) for unrestricted radiation from ISM equipment,

RECOMMENDS

that the latest edition of CISPR 11 be used for the application «f.limits and methods 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—-(SMy
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
individual ISM RF application which cannot be tested at such a site, at its place of operation.
Consequently, this CISPR Publication covers requirements for conformity assessment of both,
equipment assessed by means of type tests at standardised test sites or of<individual
equipment under in situ conditions.

The ITU is concerned with the control of RF disturbances from ISM RF @pplications during
normal operation and use of the respective equipment at its place of operation (see
Definition 1.15 in the ITU Radio Regulations). There, use of.radio-frequency energy
decoupled from the ISM RF application by radiation, inductiopyer capacitive coupling is
restricted to the location of that individual application.

This CISPR publication contains, in 6.3, the essential\emission requirements for an
assessment of RF disturbances from ISM RF applications "at standardised test sites. These
requirements allow for type testing of ISM RF applications operated at frequencies up to
18 GHz. It further contains, in 6.4, the essential{ emission requirements for an in situ
assessment of RF disturbances from individual ISM\RF applications in the frequency range up
to-48 1 GHz. All requirements were established in close collaboration with the ITU and enjoy
approval of the ITU.

However, for operation and use of several types of ISM RF applications the manufacturer,
installer and/or customer should be aware of additional national provisions regarding possible
licensing and particular protection needs of local radio services and applications. Depending
on the country concerned, sueh~ 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 applications, local pratection of radio services and appliances requires an accomplishment
of the conformity assessment by application of the relevant national provisions in the
frequency range above 18 GHz in accordance with vested interests of the ITU and national
administrations. These additional national provisions may apply to spurious emissions,
emissions appearing at harmonics of the operation frequency, and to wanted emissions at the
operation frequency allocated outside a designated ISM band in the frequency range above
18 GHz.

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

Pefinition 115 of the IT1J Radio Pnglllnfinne 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

—t—Scope

This International Standard applies to industrial, scientific and medical electrical equipment
operating in the frequency range 0 Hz to 400 GHz and to domestic and similar appliances
designed to generate and/or use locally radio-frequency energy.

This standard covers emission requirements related to radio-frequency (RF) disturbances in
the frequency range of 9 kHz to 400 GHz. Measurements need only be)performed in
frequency ranges where limits are specified in Clause 6.

For ISM RF applications in the meaning of the definition found in the ITU Radio Regulations
(see Definition 3.13), this standard covers emission requirements~rélated to radio-frequency
disturbances in the frequency range of 9 kHz to 18 GHz.

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

Requirements for ISM RF lighting—apparatus equipment and UV irradiators operating at
frequencies within the ISM frequency bands defihed” by the ITU Radio Regulations are
contained in this standard.

Equipment covered by other CISPR product”and product family emission standards are
excluded from the scope of this standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the. latest edition of the referenced document (including any
amendments) applies.

CISPR 16-1-1:2086) 2010, Specification for radio disturbance and immunity measuring
apparatus and-methods — Part 1-1: Radio disturbance and immunity measuring apparatus —
Measuring apparatus

CISPR 16121:2010/AMD 1:2006 2010

CISPR _16-1-1:2010/AMD 2:2006% 2014

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 —
Ancillary ar:uu"nmanf Caondiucted disturbances (‘n”'nling devices for condiucted 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 Figures 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 disturbance measurements

CISPR 16-2-3:2010/AMD 1:2010

CISPR 16-2-3:2010/AMD 2:2014

CISPR 16-4-2:2003 2011, Specification for radio disturbance and immunity measuring
apparatus and methods — Part 4-2: Uncertainties, statistics and limit modelling —Unecertainty
in-EMC-measurements Measuring instrumentation uncertainty

CISPR 16-4-2:2011/AMD 1:2014

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

Amendment1-{(1990)

Amendment2-(1998)

IEC 60601-1-2:2007 2014, Medical electrical equipmeént — Part 1-2: General requirements for
basic safety and essential performance — Collateral standard: Electromagnetic—compatibility
disturbances — Requirements and tests

IEC 60601-2-2:2009, Medical electrical equipment — Part 2-2: Particular requirements for the
basic safety and essential performanc€ of high frequency surgical equipment and high
frequency surgical accessories

IEC 60974-10:2007 2014, Arc.welding equipment — Part 10: Electromagnetic compatibility
(EMC) requirements

IEC 61307:2006 20114~Ifadustrial 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 (2008 2012), Radio regulations, Volume 3 - Resolutions and
recommendations, Resolution no. 63 (available at http://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 suppty
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 usedrintérchangeably.

3.4

boundary of the equipment under test

imaginary straight line periphery describing a simple geometric gonfiguration encompassing
the equipment under test

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

3.5

component

product 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. artificial network

artificial d.c. network

DC-AN

artificial network that provides défined termination to the EUT’s d.c. power port under test
while also providing the necessary decoupling from conducted disturbances originating from
the laboratory d.c. power souxce or from the load

3.7

d.c. power port

port used to connfegt to a low voltage d.c. power generating system or energy storage, or to
another sourcellgad

Note 1 to enfry 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
|CEDM equipment

Ll F ++ £ +lo 1 + + | AH Fy o 4+ | F
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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

3.1

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 or more semiconductor power converters with a combined rated pdwer greater than
75 kVA, or an equipment containing such converters

Note 1 to entry: Examples of such high power electronic equipment are sepmcOnductor power converters for
application in UPS (Uninterruptible Power Systems) and PDS (Power Drive Systems).

3.13

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

ISM applications (of radio frequency energy)

operation of equipment or appliances designed to gengrate and use locally radio frequency
energy for industrial, scientific, medical, domestic.or'similar purposes, excluding applications
in the field of telecommunications

Note 1 to 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-
exhaustive list of examples is given in Annex A.

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

3.14

ISM RF equipment and appliances

equipment or appliances «designed to generate and/or use locally radio-frequency energy for
industrial, scientific, medical, domestic or similar purposes, excluding applications in the field
of telecommunications~and information technology and other applications covered by other
CISPR publications

Note 1 to 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
nr‘r\npfnd tobe 1000\, acor1500\/dc

[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 of one or more devices made to a certain design to show that the desighymeets certain
specifications

Note 1 to entry: Recognition of a type test as type approval may depend on nationalhor regional regulation, see
H.2 in Annex H.

4 Frequencies designated for ISM use

Certain frequencies are designated by the International, Telecommunication Union (ITU) for
use as fundamental frequencies for ISM RF applications (see also Definition 3.13). These
frequencies are listed in Table 1.

NOTE In individual countries different or additional frequencies-may can be designated for use by ISM-equipment
RF applications.

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 table of
limit b frequency allocation of
MHz MHz the ITU Radio
Regulations 2
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, except
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5-866 5+256—5-875 Yrrestrieted 5456
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 ISM 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 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 electremagnetic
energy.

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

In accordance with the intended use of equipment in the electrdmagnetic environment, this
standard defines two classes of equipment, namely class A and\Class B.

Class A equipment is equipment suitable for use in all-establishments locations other than
domestie those allocated in residential environmentsand 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-the-ease—of Arc welding equipment which“contains arc striking or stabilizing devices-erin
the—ease—of and stand-alone arc striking or stabilizing devices for arc welding;—the

manufacturer—shal—inform—the—userthat such—equipmentis shall be classified as class A

equipment.

Class B equipment is equipmehnt suitable for use in—demestic—establishments locations in
residential environments and_jin establishments directly connected to a low voltage power
supply network which supplies buildings used for domestic purposes.

Class B equipment shall meet class B limits.

5.3 Informatien Documentation for the user

The manufacturer and/or supplier of+SM equipment shall ensure that the user is informed
about thelclass and group of the equipment, either by labelling or by the accompanying
documentation. In both cases the manufacturer/supplier shall explain the meaning of both the
class-and the group in the documentation accompanying the equipment.

Phe 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
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 type tests.

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

NOTE 1 Due to size, complexity or operating conditions some equipment may have to, be’measured in 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
interference. In cases of interference, additional provisions may have to-be-teguired 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 averagellimit specified for measurements with an average detector and the quasi-
peak limit specified for measurements with a quasi-peak detector (see 7.3); or

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

The limitgfor the LV d.c. power port specified hereafter apply only to grid connected power
convertdps*(GCPCs) intended for assembly into photovoltaic power generating systems.

6.2:4.2 Frequency range 9 kHz to 150 kHz
Eor group 1 egquipmentno limits apply in this frequenecy 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.

- 19—

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

Rated-input power of Rated-input power of High power electronic
<20 kVA € > 20 kVA and < 75 kVA 2 € systems and equipment,
Frequency range l‘:l;;l ;\71:' of
MHz
Quasi-peak Average Quasi-peak Average Quasi-peak Average
dB(nV) dB(uV) dB(uV) dB(uV) dB(nV) dB(u\)
0,15 - 0,50 79 66 100 90 130 120
0,50 -5 73 60 86 76 125 115
90 80
5_30 73 60 decreasing linearly with 145 105
logarithm of frequency to
73 60

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

NOTE-2 For class A equipment intended to be connected solely to isolated neutral or high impedance earthed
(IT) industrial power distribution networks (see IEC 60364-1) the limits for-group-2 equipment with a rated-input
power > 75 kVA-in-Table-6-can may be applied, regardless of its actyal rated power.

NOTE A rated input or output power—eensumption of 20 kVA corresponds for example to a current of
approximately 29 A per phase in case of 400 V threesphase power supply networks, and to a current of
approximately 58 A per phase in case of 200 V three phase‘power supply networks.

@ These limits apply to equipment with a rated-inpuf\power > 20 kVA and intended to be-powered-by connected
to a dedicated power transformer or generator;s and which is not connected to low voltage (LV) overhead
power lines. For equipment not intended to-be-pewered-by connected to a user specific power transformer the
limits for <20 kVA apply. The manufacturer, and/or supplier shall provide information on installation
measures that can be used to reducé Jemissions from the installed equipment. In particular it shall be
indicated that this equipment is intended to be-powered-by connected to a dedicated power transformer or
generator and not-by to LV overhead,power lines.

P These limits apply only to high power electronic systems and equipment with a rated power greater than

75 kVA when intended to be installed as follows:

— installation is supplied\from a dedicated power transformer or generator, and which is not connected to
Low Voltage (LV)ewerhead power lines,

— installation isgphysically separated from residential environments by distance greater than 30 m or by a
structure which-acts as a barrier to radiated phenomena,

— the manufacturer and/or supplier shall indicate that this equipment meets the disturbance voltage limits
for high )power electronic systems and equipment of rated input power > 75 kVA and provide information
on 4mstallation measures to be applied by the installer. In particular, it shall be indicated that this
equipment is intended to be used in an installation which is powered by a dedicated power transformer or
génerator and not by LV overhead power lines.

c

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)

Rated power of Rated power of Rated power of
<20 kVA 2@ > 20 kVA to < 75 KVA @ b >75KVA &b
Frequency
range Voltage limits Voltage limits Current limits Voltage limits Current limits
MHz QP AV QP AV QP AV QP AV QP AV
as(uV) | ds(uV) | dB(uV) [ dB(uV) | dB(uA) [ dB(pA) | dB(uV) | dB(uV) | dB(pA) | dB(uA)
0,15 97 84 116 106 72 62 132 122 88 78
to to to to to to to to to to fo
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 Selection of the appropriate set of limits shall be based on the rated a.c. powepstated by the manufacturer.

b These limits apply to equipment with a rated power > 20 kVA and intehfled to be installed in a large
photovoltaic power generating system by a professional. In the manual/accompanying the product, the
manufacturer, and/or supplier shall provide information on mitigation imeasures that can be used to reduce
emissions from the installed equipment, with the goal of preventing ffarmful 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 separafed from residential environments by distance
greater than 30 m. The installer is invited to check the_mitigated installation against CISPR 11

measurements as indicated in clause 6.4 of this standard.

in-situ

Table-3 4 —Mains-terminal Disturbancewoltage limits for class B group 1 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 -10,50
of frequency to of frequency to

56 46
0,50-5 56 46
5-30 60 50

At the transitiop-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(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
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specified.

6.2.2.3 Frequency range 150 kHz to 1 GHz
Forgroup—t-equipment—no-timits—apply In the frequency range 150 kHz to 30 MHz)limits are

not specified.

In the frequency range above 30 MHz the limits refer to the electric field strength component
of the electromagnetic radiation disturbance.

The electromagnetic radiation disturbance limits for the frequency rahge 30 MHz to 1 GHz for
group 1, classes A and B equipment are specified in Table 6 and 7, respectively.
Recommendations 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, 10 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 only for
equipment which complies with the definition for‘smiall 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-nput power of rated power of
Frequency range
<20 kVA § >20 kVA & ¢ <20 kVA ¢ >20 kVA @ ¢
MHz
Quasi-peak Quasi-peak Quasi-peak Quasi-peak
dB(puV/m) dB(uV/m) dB(uV/m) dB(uV/m)
30 - 230 40 50 50 60
230 - 1 000 47 50 57 60

On a test sitesclass 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 to nermalize 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.

C 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

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

a

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 locations,
further provisions with regard to the measurement arrangement anddoad conditions are found
in IEC 60601-1-2.

6.2.2.4 Frequency range 1 GHz to 18 GHz
For-groupt-equipmentno-timitsapply In the frequencyrange 1 GHz to 18 GHz, limits are not

specified.

6.2.2.5 Frequency range 18 GHz to 400 GHz
For-group-—t-equipmentno-timits—apply 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-of-terminal-disturbance-voltage 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-
peak limit.specified for measurements with a quasi-peak detector (see 7.3); or

b) the 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
te-induction-cookingappliances-only—see Table-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(nV) dB(a\)
0,15 - 0,50 100 90 130 120
0,50 -5 86 76 125 115
90 80
5_30 decreasing Ifireeqaurgzv;trologarithm of 115 105
73 60

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

NOTE-2 For class A equipment with a rated power < 75 kVA intended'to be connected solely to isolated neutral
or high impedance earthed (IT) industrial power distribution networks (see IEC 60364-1) the limits defined for
group 2 equipment with a rated-irput power > 75 kVA-ean may be applied. |

2 The manufacturer and/or supplier shall provide information on installation measures that can be used to
reduce emissions from the installed equipment.

b Selection of the appropriate set of limits shall be\based on the rated a.c. power stated by the manufacturer.

NOTE A rated input or output power—censumption of 75 kVA corresponds for example to a current of ‘
approximately 108 A per phase in case-of 400V three phase power supply networks and to a current of
approximately 216 A per phase in case.ef 200 V three phase power supply networks.

High-frequency (HF) surgical equipment shall meet the limits of Table 2 or 4 specified for
group 1 equipment, inSstand-by mode of operation. For high-frequency (HF) surgical
equipment operating-at_frequencies outside designated ISM bands (see Table 1), these limits
also apply at the gperating frequency and inside the designated frequency bands. The related
measurements shall be performed in a test arrangement in accordance with IEC 60601-2-2.

Table-7 9 5 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(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.
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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.

6.3.2.2 Frequency range 9 kHz to 150 kHz

In the frequency range.9'kHz to 150 kHz limits-apphr-te-induction-cockingappliances-onlby-see
Tables12-and-43 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

I | ol 4 e | 4 = 4 + o)
CATIITPICU dLLUTUNTyg U 1Tavic T T"UUUHTULS U ).

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.

frequency range above 30 MH>

~7

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
operation.

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

On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 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 |es$ than 10 m is allowed only
for equipment 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
MH~ 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 - 0,49 - 33,5 - 57,5 - 82
0,49 - 1,705 - 23,5 - 47,5 - 72
1,705 - 2,194 - 28,5 - 52,5 - 77
2,194 - 3,95 - 23,5 - 43,5 - 68
43,5
decreasing
3,95 — 11 - 8,5 - 18,5 - l?;f!.'%%v'g}
frequency to
28,5
11 -20 - 8,5 - 18,5 - 28,5
20 - 30 - -1,5 - 8,5 - 18,5
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 -
134,786 — 136,414 60 - 70 - 80 -
136,414 — 156 50 - 60 - 70 -
156 — 174 64 - 74 - 84 -
174 — 188,7 40 - 50 - 60 -
188,7 — 190,979 50 - 60 - 70 -
190,979 230 40 - 50 - 60 -
230'¥ 400 50 - 60 - 70 -
400 — 470 53 - 63 - 73 -
470 - 1 000 50 - 60 - 70 -

NMOTE On a test site _class A nquipmnnf canbe measured atanominaldistance of 3 m 10 mor30m

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 aB{p\Vim)
D=10 m D=3m?2
Quasi-peak Quasi-peak
dB(nV/m) dB(nV/m)
30 - 230 80 90
Decreasing linearly with logarithm of Decreasing linearly with logaritim of
frequency to frequency to
60 70
230 -1 000 60 70

On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 38'm. In case of
measurements at a separation distance of 30 m, an inverse proportionality factor of 20 B per decade shall be
used to normalize the measured data to the specified distance for determining compliaqce.

a8 The 3 m separation distance applies only to small size equipment meeting theyize criterion defined in 3.17.

Table-11 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
Frequency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average 2 | Quasi-peak | Average @ Quasi-peak

dB(puV/m) dB(uV/m) dB(pA/m)

39
0,15 - 30 - - - - logarthm of frequency o

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 — 136,414 50 45 60 55 -
136,414 230 30 25 40 35 -
23041000 37 32 47 42 -

Ona test site, class B equment can be measured at a nominal dlstance of 3 m or 10 m. Lrethe#equeneyewqge

- In the frequency range 30 MHz to 1 GHz a measurlng
gistance 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.

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.
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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 73° 73 P

Peak measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth.(VBW) higher than or
equal to 1 MHz. The recommended VBW is 3 MHz.

NOTE In this table, “harmonic frequency bands” means the frequency bands whith are multiples of the ISM
bands allocated above 1 GHz.

a8 At the upper and lower edge frequency of harmonic frequency bands, thi€ more stringent limit of 70 dB(uV/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-46 14 — Electromagnetic radiation disturbance weighted

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)
T=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 of
10 Hz.

To check conformance with the limits of this table, weighted measurements shall be perfermed in all of the
following frequency ranges, in which the limit of Table 13 was exceeded during the peak measurement:

a) 1005 MHz -2 395 MHz (1 000 MHz — 2 400 MHz)*;

b) 2505 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
c) 6125 MHz -8 575 MHz;

d) 8575 MHz - 11 025 MHz;

e) 11025 MHz - 13 475 MHz;

f) 13 475 MHz - 15 925 MHz;

g) 15925 MHz — 17 995 MHz*.

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

*

In cases where the frequency of highesf émission during peak measurement is found closer than 5 MHz from
the frequency edges 1 GHz, 2,4 GHz,”2,5 GHz, 5,72 GHz, 5,88 GHz or 18 GHz, the span for weighted
measurements shall remain 10 MKz‘but in such case the centre frequency shall be adjusted so that the
frequency edges are not exceeded,

NOTE See annex B for further guidance on the use of the spectrum analyser.

Table 15 ~ Electromagnetic radiation disturbance APD level corresponding to
10-1 limits.for 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
2,5-5,725 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

-31 =

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

Ll

' .
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Table 17 apply to class A group 2 equipment.

Table-147 16 — Electromagnetic radiation disturbance limits for

class A group 1 equipment measured in situ

Limits with measuring distance 30 m from the outerface of the
exterior wall of the building in which the equipment'is situated
Frequency range Electric field Magpetic field
MHz Quasi-peak Quasi-peak 2
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 transition 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 case, an
inverse proportionality factor of 20 dB per decade shall’be used to normalize the measured data to the specified

distance for determining compliance.

2 These limits apply in addition to the limits~in the frequency range 30 MHz to 1 GHz to radiated disturbances
originating 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 increase this

noise floor by more than 3 dB.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

-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
Bt eBtmAtm)
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 =
47 — 53,91 30 -
53,91 — 54,56 30 -
54,56 — 68 30 -
68 — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 -
134,786-136,414 50 -
136,414 — 156 40 -
156 — 174 54 -
174 - 188,7 30 -
188,7 — 190,979 40 -
190,979 — 230 30 -
230 - 400 40 -
400 - 470 43 -
470 — 1000 40 -
At the transition frequency) the more stringent limit shall apply.

For group 2-equipment measured in situ, the measuring distance D from the exterior wall of
the buildihgvin 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 calculated distance D is beyond the boundary of the premises, the measuring
distance D equals x or 30 m, whichever is longer.

| 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
of measurement results according to Annex H are observed.

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

Specific requirements for making measurements on a test site are given in;Clauses 8 and 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
Clause 6.

Components or subassemblies for higher @rder equipment or systems which are intended to
be assembled at their respective place gfoperation only can also be tested according to the
requirements of this standard. For testihg purposes in the framework of this standard, such
components or subassemblies shall(be regarded as stand-alone equipment. Components or
subassemblies for which compliahce with the relevant requirements cannot be shown when
measured at a test site can also\be assessed in situ when being installed into the higher order
system, in which case the provisions of 6.4 shall apply.

NOTE 1 The environmentg @ncompassed in this standard are residential, commercial or industrial environments
as described in IEC 610Q0-2=5 [11]2. Adherence of equipment to the requirements of this standard will allow for its
operation and use in these’environments without resulting in an increased risk of RFIl. There may also exist other
IEC product standagds which allow for compliance testing of components or subassemblies of higher order systems
but which encompas§jother environments than those specified in IEC 61000-2-5 [11]. Choice of this standard or the
other appropriate~JEC product standard for compliance testing of components or subassemblies is up to the
manufacturer:

NOTE 2__ Examples for such components include, but are not limited to power converters used for distributed
generation and supply of electric energy into LV a.c. mains networks or installations or, by means of their own
dedi&ated 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 impedarice
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 disturbances, 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 advice on
measurement conditions in presence of high level ambient noise is found in Annex C.

7.3 Measuring equipment
7.3.1 Measuring instruments

Receivers with quasi-peak detectors shall be in accordance with CISPR 16-1-1. Receivers
with average 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 16-1-1is* commonly referred to as “CISPR-Average”. This is to
emphasize that the average detector used in a CISER receiver obtains a measurement result that is equivalent to
the peak reading of a meter with a time constan{sa@&’defined in CISPR 16-1-1.

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

NOTE 3 Measuring instruments having other detector characteristics-may can be used provided the measurement
of the disturbance 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
changes appreciably during the work cycle.

To avoid the possibility of the measuring instrument incorrectly indicating non-compliance 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 of the-designated band.

NOoTEX3When 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_paorts
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 specifjed 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 voltage probe shown in Figure 1 shall be used when the artificial mains network (V-AMN)
cannot be used. The probe is connected sequentially between each line and the reference
earth chosen (metal plate, metal tube). The probe €onsists mainly of a-bleecking decoupling
capacitor and a resistor such that the total resistance between the line and earth is at least
1 500 Q. The effect on the accuracy of measurement of the capacitor or any other device
which may be used to protect the measuring“receiver against dangerous currents shall be
either less than 1 dB or allowed for in, calibration. The voltage probe shall meet the
requirements specified in CISPR 16-1-2:2044, Clause 5.

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 fromr 30 MHzto1-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-may can be used provided the results can be shown tobe{within +2 dB of the results 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 theyuser’s hand, application of the artificial hand is
required for hand-held equipment duringdhe mains disturbance voltage measurement.

The artificial hand consists of metakfoil which is connected to one terminal (terminal M) of an
RC element 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
reference ground of the measuring system (see CISPR 16-1-2). The RC element of the
artificial hand may be ineorporated in the housing of the artificial mains network.

M

220 pF £ 20 %

E 510 Q+£10 %
e 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
7.51 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
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 depéend
on the flexibility inherent in each particular installation. The provisions of this subclause apply to jn|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. Peripherahequipment not fitting
into the test volume shall be excluded from the measurements or_decoupled from the test
environment.

NOTE 2 Restriction of radiation assessment to the cable fractions insidg"the test volume can be achieved for
example by application of CMADs at the cables at the position where they-feave the test volume. CISPR 16-2-3
gives further 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
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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 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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Figure 4 — Example for a typical test set ug_ for measurement of conducted
and/or radiated disturbances from afloor standing EUT, 3D view

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

7.5.2 Interconnecting cables

This subclause applies to equijpment in which there are interconnecting cables between
various parts of the equipment;;or systems where a number of-equipments components are
interconnected.

NOTE 1 The observation ¢f ‘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 configuration being-in effect a subsystem of the one evaluated.

Interconnecting.eables shall be of the type and length specified in the individual equipment
requirements.-f the length can be varied, the length shall be selected to produce maximum
emissionavhen 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 signat teads, except for the feads supptied by the manufacturer, 15 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-—equipment
component which is included in the system configuration shall be included in the evaluation.

A system which contains a number of identical-egquipments components, but ‘has been
evaluated using only one of those—egquipments components, does not require further
evaluation 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 additive.

When equipment is being evaluated which interacts with other .équipment to form a system
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 simulators
satisfying the ambient noise conditions specified in 7.25/Any simulator used in lieu of actual
equipment shall properly represent the electricalyand in some cases the mechanical
characteristics of the interface, especially withsrespect 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 form\a system.

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

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

For connection toythe AMN or to the test site's electricity supply network, appropriate lengths
of mains cables shall be used. If the manufacturer's installation instructions specify a
particular typg of mains cable for use with the EUT, connection to the AMN or to the test site's
electricityssupply network shall be made with that cable type.

Mairns*power at the nominal voltage shall be supplied.

2.5.3.1.2 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 terminal as the safety earth connection shall.also be
connected to the reference earth of the-\/-network AMN.

Ancillary low voltage a.c. mains ports shall be connected to the laboratory a.¢:_mains network
via one 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 own power cord, the point of connection for the-\/-retwork AMMN_is determined from the
following rules:

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

b) mains cables or terminals which are not specified by<he manufacturer to be connected to
another unit in the system for the purposes of~ supplying mains power shall be tested
separately;

c) mains cables or terminals which are specified by the manufacturer to be connected to
another unit in the system for the purposes~of supplying mains power shall be connected
to that unit, and the mains cables or terminals of that unit are connected to the-\/-network
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 thefaboratory a.c. mains network for measurement of
radiated disturbances in the range 30 MHz to 18 GHz

Connection to the laboragtory's electricity supply network may be provided with or without the
use of an AMN all6cated inside the test environment, see Figure 4. For measurement
arrangements notsincluding an AMN, grounding and earthing of the EUT shall be guaranteed
by adherence talije principles set out in 7.5.3.1.2 as far as possible.

If the measupement arrangement does not include an AMN, then excessive lengths of mains
cables dosnot need to be bundled and allocated inside the test volume. They may be
accomimodated someplace outside the test volume or test environment. For decoupling of
radigtion from these excessive cable lengths it is however recommended to carefully
términate 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

o m this decoupling IS mandadatory, see 7.0.1.

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. <O
N

NOTE 1 For supply of the EUT's d.c. power port under test, a dedicated laboratory d.c. power source, approﬁ%@e
(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 outputeperating
conditions, throughout the measurement. Q‘

Care should be taken when selecting the laboratory d.c. power source and ins@li it in the
measurement arrangement. It is recommended to select and install only su.@~a d.c. power
source which provides for a good galvanic insulation and also sufficient RF @coupling of both
d.c. power terminals from the laboratory reference ground plane (Rternal decoupling
capacitors at the d.c. power source's terminals used for internal suppression of asymmetrical
disturbances may provide an unwanted bypass for the common%;ode 150 Q termination
impedance of the DC-AN used for the measurements. This may se saturation effects in the
mitigation filter of the power converter under test, in particular, e operation frequency (i.e.
the switching frequency) of the power converter and i rmonics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Satu d mitigation filters do however
lead to incorrect and invalid measurement results, sin che power converter is not operated
as intended, during the measurements. For guida@ on prevention of saturation effects
caused by the configuration of the test site, see infg{ ation in Annex K.
QO

Where a particular type of d.c. power cabl\g@ specified in the manufacturer's installation
instructions, this shall be used during testings.

For testing, a cable length as short a:g\possible shall be connected between the equipment
under test and the DC-AN respectir;@he proximity of the boundary conditions defined above.

o
Where the equipment undercstsq) has more than one d.c. power port of the same type, the
number of d.c. power ports“reeded to operate the equipment at its rated power shall be
connected to the DC-A r the measurements. All other d.c. power ports shall be terminated
with a suitable 150 (&mmon mode termination impedance. Multiple ports galvanically
connected in parall@ such as bus bars or strips for connection to multiple cables) are
considered to rep@ent one single port only.

o

NOTE 2 For @other terminations, any suitable device can be used. This includes e.g. use of further 150 Q
networks a ing to CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q coupling/
decouplin& ices (CDN) as defined in IEC 61000-4-6.

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

QTE 3 If a separate mains-connected laboratory d ¢ power source is used then it can be annronriate to also
™ 4 ™ y e

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.

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 terminal
shall be 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 capacitive “electrodes
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 them being adjusted
to produce the appropriate power dissipation in the dummy load.

Elevation ;@ Elevation
L
E
/.i.
Plane L Plane
=
Horizontal load Vertical load

IEC

E = electrode arms and cables

L =dummy load

Figure-3 5 — Disposition of medical (capacitive type) and dummy load-(see 76-2-1)

Measurements-shall be made with the dummy load both horizontal and vertical (see Figure 5).
In each ¢ase, the equipment, together with the output cables, capacitive electrodes and
dummy.load, shall be rotated around its vertical axis during measurements of electromagnetic
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-initiatly with the output circuit of the equipment connected to a
non-radiating resistive load-resister having the same value as the characteristiclimpedance 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 transducer
shall be dipped in a non-metallic/container having a diameter of about 10 cm and filled 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 resonance and then detuned. The
specifications in the ©Opéerating manual of the equipment are to be considered.

NOTEThe—measSurement—of It is recommended to measure the maximum output of the
equipment-sheuld-be-made in accordance with the method published in IEC 61689 or using a
derived 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
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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

asS quuilUd iU pluu'uu.: Illd)\illlulll PUWCI ildllbfb‘l, fll::qucm.,y leidﬁUll Ul ;IaIIIIUIIiL‘ leidtiull
depending on the characteristics under examination.

7.6.4 Scientific, laboratory and measuring equipment

Scientific equipment shall be tested under normal operating conditions. Laboratery and
measuring equipment shall be operated as intended. Any RF output ports shall hesnferminated
in a matching non-radiating load.

7.6.5 Microwave cooking appliances

Microwave cooking appliances shall-conform-to-the-limits-of radiatiopsin-Clause-6,-when-tested
be operated with all normal components such as shelves in placeand 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 ‘ef borosilicate glass of an external
diameter of 190 mm + 5 mm and a height of 90 mm +5wnm, 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 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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7.6.7 Electric welding equipment

Forarc welding equipment, the welding operation during the test is simulated by loading the
equipment with a conventional load. Arc striking and stabilising devices shall be switched-eff

eln

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
welding equipment are specified in IEC 62135-2.

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 measuremen <"
according to this standard shall be delayed until switching actions related to the maﬂ/Qr
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 COQ

The power converter under test shall be connected to the laboratory a.cofrains network via
the artificial mains network (V-AMN) specified in 7.3.2.2, when v's¢ possible. If such
connection is not possible or not intended, then the power co r under test can be
connected to an appropriate resistive load and the laboratory a %ms network in parallel,
via the artificial mains network (V-AMN) specified in 7.3.2.2.

Connection to an appropriate resistive load is also recom ded for power converters solely
intended for use in island low voltage a.c. mains instal s which are not connected to an
other public low voltage a.c. mains power dlstrltﬁ network. For advice, consult the
installation instructions of the manufacturer.

3>
Alternatively the a.c. supply power for the lab s\ry d.c. power source can be taken from the
a.c. output lines of the GCPC via the V- AM hout connecting the resistive load. The output

a.c. power of the GCPC will be used to ntrlbute to the required d.c. input power for that
GCPC, thus the resistive load is not ne&@sary in this case, see Figure J.1 in Annex J.

For suitable test site conﬂguratloqg\eee Annex J.

7.6.10.2 Connection to a@ler appropriate load

For power converters j ded to be supplied from a.c. power sources, the d.c. power port
under test shall be ¢ cted to a suitable resistive load or other adequate energy storage via
an 150 Q artificial network (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to an
appropriate Ioa@‘nin the rated operational range for the respective type of EUT.

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

@ecordmg of test-site measurement results

71 enera
%2\ G I

ANy Tesults optained from measurements of _conducted andfor 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 Ievels 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 pabnt
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 lggarithmic 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 inglude 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-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 ground plane shall be used when making measurements on a test site. The relationship of
the eqmpment under test to the ground pIane shall'be equwalent to that occurrmg |n useaﬁeL

. Except. af the manufacturer’s mtended groundlng Iocatlons a
floor standing EUT shall be msulated from the ground plane by a dielectric material with
thickness of up to 15 cm. Direct conféction to earth (i.e. to the ground plane) shall be done

a) either according to the manufacturer's instructions,

b) or, if the equipment under-test is fitted with a special earthing terminal, then this terminal
shall be connected totearth (i.e. be bonded to the ground plane) with a lead as short as
possible, see also Figure 4.

A ground plane shall be used for radiation measurement and the measurement of-terminal
disturbance voltages. The requirements for the radiation test site are given in 8.3 and, for the
ground planeor the measurement of-terminal conducted disturbances-veltage, in 8.2.

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-netwark
ground plane with a conductor as short as possible.

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.\When-no—earthingterminalisfitted,—the
Equipment without earthing terminal shall be tested as normally connected, i.e. any earthing
being obtained through the mains supply.

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. pawer port of the power converter shall be
measured using the usual method of measuremert 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 itRe”usual method of measurement for voltages at a.c.
mains ports, see also CISPR 16-2-]

For power converters which cannot be measured with the V-network (V-AMN), the disturbance
voltage at the low voltage ac/ mains power port can be measured with the high-impedance
voltage probe according o ‘CISPR 16-1-2:2014, Clause 5. In this case, the laboratory a.c.
power source shall beseonnected directly to the a.c. power port under test. For conditions of
use of the high-impedante voltage probe, see 7.3.3.

Likewise, for mgasurements on power converters with a rated throughput power > 20 kVA, a
V-network (M*AMN) can be used as a voltage probe as specified in 7.4.4.3 of CISPR 16-2-
1:2014. TheNJaboratory a.c. power source shall be connected to the a.c. power port under test
via an _ifgdtictance of 30 uH to 50 uH. The inductance may be realized by a choke, a power
cableNlength of 50 m, or an isolation transformer. A suitable measurement arrangement is
showp'in Figure 8 and 9.

Zompliance with the requirements of this standard can be shown in verifving 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.

Wihoara thn nesvaner namvnrtae 1o tntanAAA fAr A At AN A e Hh o n d e ooy otein n
13 O T 3 <

PN oo
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|
consequently is furnished with more than one d.c. power port, measurements of th&(g
disturbance voltage shall be performed in sequence at each of these ports. All other Q
power ports not used during the respective measurement shall be terminated with a sui e
150 Q common mode termination impedance, see 7.5.3.2. Multiple ports galvanigally
connected in parallel (such as bus bars or strips for connection to multiple 2?11@3) are
considered to represent one single port only. Q\

The disturbance voltage at the d.c. power port of the power converter s g?'be measured

using the usual method of measurement for disturbance voltages at a.c. &ns power ports,

see also CISPR 16-2-1. This implies the following: '\'\

e Where unsymmetrical mode (UM) disturbance voltages are me ed, compliance with the
limits shall be verified for both measured unsymmetrical dist nce voltage levels, i.e. for
the voltage levels measured from the plus terminal (pol@ reference ground and from

the minus terminal (pole) to reference ground. i\

e Where common mode (CM) and differential m (DM) disturbance voltages are
measured, compliance with the limits shall be v d for measured disturbance voltage
levels of both modes, i.e. for the level of the on mode (CM) disturbance voltage as
well as for the level of the differential mode ( disturbance voltage.

If the DC-AN according to Annex | allows fq%géasurement of UM, DM and CM disturbances,
then it is sufficient to verify compliance wi e limits either for UM disturbances (Method A),
or for CM and DM disturbances (Me&&d B). The choice of the method used for the
measurement is left to the discretion oQt\he user of this standard.

xO
If the installation instructions ac panying the power converter contains information that the
d.c. power port is solely inte for connection to

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

o f the power cony, r@' and a battery or other kind of local d.c. power source is intended for
incorporation iC)a. igher order final equipment (comprising of one or more enclosures);

then this port@@oe exempted from the measurement.

8.2.2.2. Q~ Measurement procedure 1

8.2,@.1 General

’ﬁq DC-AN is used as standardized 150 Q common mode termination of the EUT and as
%ecouplinq network to the laboratory d.c. power source. A typical measurement arrangement

is shown in Figure 6.
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AC output DC input
GCPC
AC mains

Current flow 777L7
(grid)
Laborato AC
®_@— filter M — filter ] AMN DC- AN[|Dc filter 1—|

|
Tsolation ! v
transformer Current flow

DC power
source

77J777 IEC

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 shewn’in verifying that the limits for
the disturbance voltage specified in Table 3 or in Table 5,afe met.

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 adéquate decoupling of the EUT from the d.c. power
source, the laboratory d.c. power sourge~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 €DN according to IEC 61000-4-6 is used only as a decoupling
network, its RF power input gost 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
measurement arrangements are not obstructed or invalidated by dominating disturbances from the laboratory
d.c. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power source. But be
aware not to apply, t69 heavy additional common mode capacitive loading to the EUT. Further guidance on suitable
decoupling of théaboratory d.c. power source from the measuring arrangement can be found in Annex K.

IN port
Plus (Open)
pole ©
L 2 © © ©
GCPC under DC P
. EUT owel
test 'F\)/'(')?;S port | CDN JAEport | "55,rce
9 Q o————¢
| I
©) ©)

EUT AE port
port DC'AN (open)

Measuring port

(Voltage probe) IEC

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 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 bé~jn place when
performing measurements of the CM disturbance voltage. A suitable measurement
arrangement is shown in Figure 8 and 9.

Ferrites/
AC mains Isolation L,

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

i1 AMN Current probe DC-AN
| As a voltage probe 77;!77
Isolation
transformer

As a voltage probe_‘

_@ DC power
source -
77Jm Current flow
IEC

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,.respectively. 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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Figure 9 — Typical arrangement for measuremen{-of conducted disturbances at LV d.c.
power ports with a DC-AN used as voltage prohe and with a current probe — 3D diagram

8.2.2.2.3.4 Compliance criteria

For measurements according to Figure 8,5¢ompliance with the limits shall be verified for the
measured common mode disturbance wgltage and the measured common mode disturbance
current. The EUT meets the requireméents 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.

8.2.3 Handheld equipmentywhich are normally operated without an earth connection

For this equipment additienal 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(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 Tadiation testsitewhichmeetsthe criteria s withim the perimeter of am eftipse having—a
major axis equal to twice the distance between the foci and a minor axis equal to the squarg
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 test site will be twice the length of the direct path.length
between the foci. This radiation test site is depicted in Figure 10.

Major diameter = 2F

7 Minor diameter = V3F .
/I \\
/ \
’ \
1 \
] \
] / F ]
1 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 Fhe characteristics—of thetestssHe aredeseribed-in—8-3- For the values of F (measuring distance) 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.+m beyond the measurement antenna and its supporting structure at the
other end (seeFigure 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).

TN e
/ \ RN

w

Festthit 7xrreerre S
A
y

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 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

eieCtTicity SUppPIY MEIWOTK SEE 7.5.3.1 OT 7.9.3.2-

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
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—testsite—measurements—in—thefrequencyrange

hove 0-_MH = N a¥a¥a' onali o o
U1V v oportonatty acto O

For equipment under test located on a turntable, the turntable shall be rotated fully with a
measurement antenna oriented for botl’ horizontal and vertical polarization. The highest
recorded level of the electromagnetic radiation disturbance at each frequency 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. Care shall
be taken that measurenjents be taken in the directions of maximum radiation and the highest
level at each frequeney.be recorded.

NOTE At each azimuthal position of the measurement antenna the radiation test site requirements specified in
8.3.1-should-be are met.

8.4 Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

Meastrements may be-conducted performed on radiation test sites which do not have 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 10-1-4:201T0/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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

- 56 - CISPR 11:2015 RLV © IEC 2015

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
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 distanée-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.

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-appliance equipment
under test shall be rotated. It shall be ascertained that, when the-apparatus 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 fiew 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 %
and f; = 5 MHz
l where Peak > Table 13dimits

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?

y

| Fail I | Pass | | Fail I

IEC

Figure-5 12 — Decision tree for the measurément of emissions from 1 GHz to 18 GHz
of-class-B; group 2-ISM 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 micréwave ovens automatically turn to an intermittent operation mode if operated for a
long timeS\attheir highest microwave power setting. In such cases the measurement shall be
stoppgd \for a while to allow cooling down until the microwave oven is able to operate at its
max-power setting without intermittence.

Buring the measurement, the water load should be exchanged to cold water before it starts to

boit For toad conditions of TMICrowave ovens durimng the MeasSurements See atso 7.0.9.

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 r\<0

Peak measurements shall be performed over the whole frequency range 1 GHz to 24\\;62
and 2,5 GHz to 18 GHz with the EUT positioned as identified during the preﬁkn ary
measurement. At this azimuth position, a maximum hold measurement for a perio ofat least
2 min shall be made for both polarizations, i.e. with the antenna oriented s% sively in
horizontal and in vertical polarization. CO

The obtained measurement result(s) shall be compared to the peak Iimit'(\seeérable 13).

If the EUT passes the peak measurement, then the final test result iQEASS, see Figure 12.

If the EUT does not pass the peak measurement in the satellj dio broadcasting frequency
range 11,7 GHz to 12,7 GHz, then the final test result is FAII‘\, e Figure 12.
9.4.4.2 Weighted measurement QQQ
9.4.4.2.1 General N\
S

In cases where readings obtained during thé»peak measurement in the ranges 1 GHz to
11,7 GHz and 12,7 GHz to 18 GHz exceed t imits specified in Table 13 an additional series
of measurements with a weighting functi hall be performed.
N

For demonstration of the fluctuati nature of a disturbance, two alternative methods for
weighted measurements are avai{@.b e, see also decision tree in Figure 12.

‘\\C)
In any situation where it ,ig)necessary to re-test the equipment, the measuring method
originally chosen shall bgtuséd in order to ensure consistency of the results.

9.4.4.2.2 Log-A(;Neighting according to Table 14

Weighted mea@ments with the Log-AV method (see Table 14) shall be performed at the
azimuth p(@ﬁ'pn 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
perform&

T@weighted measurements shall be performed with the spectrum analyzer in logarithmic
(ge lay mode (using the logarithmic amplifier, not a mathematical unit conversion of the
isplayed 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

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 '\0:
5 11,025 to 13,475 "19
6 13,475 to 15,925 Q\
7 15,925 to 17,995 Qy

@ Measurements in the ISM band 5,720 GHz to 5,880 GHz are excluded, see NS
Table 1. (.AQ
6\)
%)

Measurements with the Log-AV weighting function shall be perfor é\d in the sub-ranges
where the EUT did not meet the limits of Table 13 around the centQ_frequencies identified in
the previous step, within a frequency span of 10 MHz. Q

©

Compare the measurement results to the limits of Table 14. \C)
O
If the EUT passes the measurement with the Log-AV@ghting function (Table 14), then the
final test result is PASS, see Figure 12.
A\
9.4.4.2.3 APD weighting according to Ta%f& 5

the azimuth of the EUT and the polarization of the antenna where the maximum emission was
found during the preliminary peak Q‘e surements. Measurements shall be made at the
following 6 frequencies (see Figure@);

ST ‘\C\}~ Js2:
fs1 j‘ Hz, f52+ 5 MHz,

4@—’5 MHz, fep— 5 MHz,
O

where fg¢ is the fregl)ency with the highest peak emission in the 1005 MHz to 2 395 MHz
range and fg, i he frequency with the highest peak emission in the 2505 MHz to
17 995 MHz r (but outside the band 5720 MHz to 5 880 MHz).

As an alternative t0 9.4.4.2.2, an APD meanﬁﬁ%ment for a period of 30 s shall be performed at

Compare@e measurement results to the limits of Table 15.

Ift T passes the measurement with the APD weighting function (Table 15), then the final
K&Tesult is PASS, see Figure 12.

o)

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.
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Measurements in situ at the place of operation of the equipment to be assessed shall be
performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further advice for
in situ measurements is also found in CISPR TR 16-2-5 [2] 3.

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
direction of any existing radio systems which may be adversely affected.

NOTE For the larger commercial microwave ovens it is necessary to ensure that the
measurement results 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 emitting levels of electromagnetic radiation that
are hazardous to human beings. Before testing for electromagnetic radiationydisturbance, the
ISM RF equipment should be checked with a suitable radiation monitor.

3 Figures in square brackets refer to the Bibliography.
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12 Measurement uncertainty \(\Q)

Determining compliance with the limits @@his standard shall be based on the results of the
compliance measurements, taking Q}to account the considerations on measurement
instrumentation uncertainty. \O

Where guidance for @calculation of the instrumentation uncertainty of a measurement is
specified in CISE \16-4-2 this shall be followed, and for these measurements the

determination o%? pliance with the limits in this standard shall take into consideration the
measuremen rumentation uncertainty in accordance with CISPR 16-4-2. Calculations to

determine easurement result and any adjustment of the test result required when the
test labor. uncertainty is larger than the value for U gpr given in CISPR 16-4-2 shall also
be inc in the test report.

@?For in situ measurements, the contribution of uncertainty due to the site itself is
(3 luded from the uncertainty calculation.

NOTE When performing measurements at distances less than 10 m, higher measurement uncertainties may have
to be taken into account.
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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 1ts heating coil. For testing purposes the equipment IS to be defined N
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 standard gives general definitions of group 1 and group 2-tSM equipment and-for official
purposes 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 comprehensive
list of types of apparatus which have been identified as belonging to a particular group. This
will also 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 following lists of group 1 and group 2 equipment are not exhaustive.
Group 1

Group 1 equipment: group 1 contains all equipment i the scope of this standard which is not
classified 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 tools
Industrial( process measurement and control equipment
Semjeonductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow meters,
spectrum analysers, weighing machines, chemical analysis machines, electronic
microscopes, switched mode power supplies and semiconductor converters
(when not incorporated in an equipment), semiconductor rectifiers/inverters, grid
connected power converters (GCPC), resistance heating equipment with built-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, _uttrasound wasHhing  machines, regutating controts —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
lrdustisnseslor

Inductive power transfer / charging equipment 2

Dielectric heating equipment

Detailed:

Industrial microwave heating equipment
Microwave ovens

Medical electrical 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 CISPR 11, but forming part

of equipment subject to other CISPR standards is excluded from the ‘seope of CISPR 11.
Metal melting, billet heating, component heating, soldering and brazing, arc
welding, arc stud welding, resistance welding, spot* welding, tube welding,
industrial laser oscillator exited by high-frequency discharge, wood gluing,
plastic welding, plastic preheating, food processing, biscuit baking, food thawing,
paper drying, textile treatment, adhesive curing; material preheating, short-wave
diathermy equipment, microwave therapy equipment, magnetic resonance
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equipment,
crystal zone refining, demonstration models of high-voltage Tesla transformers,
belt generators, etc.
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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
amplitudes of harmonic and spurious emissions with an instrument which can generate such
components in its input circuits.

In order to protect the input circuits of the spectrum analyzer from damage when measuring
weak disturbance signals in the presence of a strong signal, a filter should be provided in the
input to 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 becomesdifficult to determine whether a
displayed signal is actually at the indicated frequency, or,is{generated within the instrument.

Many ovens, medical diathermy equipment and othefimicrowave ISM-apparatus RF equipment
receive their input power from rectified a.c. but unfiltered energy sources. Consequently, their
emissions are simultaneously modulated in amplitude and frequency. Additional AM and FM
are caused by the movement of stirring devicestused in ovens.

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

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral lines,
the indicated peak) value increases with bandwidth up to the point where the analyzer
bandwidth is cemparable to the width of the spectrum of the signal. It is essential, therefore,
to obtain agreement to use a specified bandwidth in order to compare the amplitudes
displayed by/different analyzers when measuring emissions typical of present heating and
therapeutic 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

where

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
television transmitters having a total amplitude up to‘.twice the amplitude of the
electromagnetic radiation disturbance which is to be measured.

It is advisable to restrict the use of the formula to cases where it is not possible to avoid the
disturbing effect of radio transmitters. If the frequency of the electromagnetic radiation
disturbance is unstable then a panoramic receiver’or 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.

Although the influence of the nature of the ground, and of the obstacles on it, onthe actual
attenuation of the electromagnetic wave increases with frequency, an average, attenuation
coefficient can be taken for the frequency range 30 MHz to 300 MHz.

As ground irregularity and clutter increase, the electromagnetic fields<afe will be reduced
because of shadowing, absorption (including attenuation caused by buildings and vegetation),
scattering, divergence and defocusing of the diffracted waves [16]\The attenuation can then
be described only on a statistical basis. For distances from the sodrce greater than 30 m, the
expected or median field strength at a defined height varies as\t/Dn where D is the distance
from the source, and n varies from about 1,3 for open country’areas to about 2,8 for heavily
built-up urban areas. It seems from the different measurements for all kinds of terrain that an
average value of n=2,2 can be used for approximate estimations. Large deviations of
measured values of field strengths from those “predicted from the average field
strength/distance law occur, with standard deviations of up to about 10dB in an
approximately log-normal distribution. The polarization of the field cannot be predicted. These
results are in agreement with measurements_inta@ number of countries.

The screening effect of buildings on the radiation is a very variable quantity, depending on the
material of the buildings, the wall thickness and the amount of window space. For solid walls
without windows, the attenuation depends on their thickness relative to the wavelength of the
radiation and an increase in attenuation with frequency may be expected.

Generally, however, it is considered unwise to expect buildings to give protection of much
more than 10 dB.

4 Figures in square brackets refer to the Bibliography.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 RLV © IEC 2015 - 67 -

Annex E
(informative)

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

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 individdal
ISM RF applications. The respective provisions of the ITU relating to usual residentialand/or
industrial environments are recognised by CISPR and incorporated into the main body of this
International Standard. Apart from these provisions, additional ITU provisions may* apply for
the operation and use of individual ISM RF applications in particular environments, i.e. in
"particular areas", which are not addressed in the main body of this standard. The CISPR
regards these ITU provisions and their national derivatives as recommendations since they
may only apply to individual ISM RF applications used in particularareas under in situ
conditions.

E.2 Recommendations for protection of safety-related radio services

ISM RF equipment should be designed to avoid fundamental operations or radiation of high-
level spurious and harmonic signals in bands used fof safety-related radio services. A list of
these bands is provided in Annex F.

NOTE For the protection of specific safety-related radio services, in particular areas, an individual installation
may can be required to meet the limits specified in Table.E/1.

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 outer face
Limits of the exterior wall-of 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)
0,283 5-0,526.5 - 13,5 30
74,6 — 754 30 - 10
108137 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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

- 68 - CISPR 11:2015 RLV © IEC 2015

Annex F
(informative)

Frequency bands allocated for safety-related radio services

Frequency .
MHz Allocation/use
0040 o044 Rads H ' LO I =i b o H £4 I EWAY
0-640—6-044 Redteravigation{Omegaon-board-ships-eandaireraftonty
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)
1,82 - 1,88 Radionavigation (LORAN-A region 3 only, coastal areas and on board ships only)

2,1735-2,190 5
2,090 55 - 2,091 05
3,0215-3,027 5
4,122 -4,2105
5,678 5-5,684 5
6,212 - 6,314
8,288 — 8,417
12,287 - 12,579 5
16,417 — 16,807
19,68 — 19,681
22,3755 -22,376 5
26,1 - 26,101
74,6 - 75,4
108 — 137

156,2 — 156,837 5

242,9 — 243,1
328,6 — 335,4
399,9 - 400,05
406 — 406,1
960 — 1 238
1300 - 1350
1544 — 1545
1545 - 1559
15659-1610
1610 -1625,5

1645,56 - 1646,5

1646,5 - 16605

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

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

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (IS glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radienavigation (long range air search radars)

Distress frequenicy-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 may be
pre-empted for distress purposes)

Aeronautical mobile satellite (R)

2700 -2 900 Aeronautical radionavigation (terminal air traffic control radars)

2 900 -3 100 Aeronautical radionavigation (radar beacons — coastal areas and shipboard only)
4 2004 400 Aeronautical radionavigation (altimeters)

5,000 — 5 250 Aeronautical radionavigation (microwave landing systems)

5.350 — 5 460 Aeronautical radionavigation (airborne radars and beacons)

5 600 — 5 650 Terminal Doppler weather radar — wind shear

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

9200 —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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Frequency bands allocated for sensitive radio services

— 069 —

Annex G
(informative)

Frequency Allocation/Use
MHz
0,135 7 - 0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
3,50 — 4,00 Amateur Radio Service
5,25 - 5,45 Amateur Radio Service
7,00 - 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
18,068 — 18,168 Amateur Radio Service
21,00 — 21,45 Amateur Radio Service
24,89 — 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
137 - 138 Satellite downlink
144 — 146 Amateur Radio Service
145,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigationsatellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astrogomy
400,05 - 400,15 Standard ffequency and time signal
400,15 - 402 Satellite downlink
402 - 406 Satellite uplink 402,5 MHz
406,1 - 410 Radio astronomy
430 - 440 Amateur Radio Service
435 - 438 Satellite downlink (Amateur Radio Satellite Service)
608 ~, 614 Radio astronomy
1 215,=1 240 Satellite downlink
1240 - 1 300 Amateur Radio Service
3 260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1-400=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: Radic nefrnnnmy and satellite downlink

3 260 - 3 267
3 332-3 339
3 345,8 - 3 358
3 400 - 3 475
3 400 - 3 410
3 600 -4 200
4 500 - 5 250

5 650 - 5 950
7 250 -7 750
8 025 - 8 500

10 000 - 10
104 50 - 10
10 600 - 12

14 470 - 14
15 350 - 15
17 700 - 21
21 400 - 22
22 010 - 23

23 600 - 24
24 000 - 24
31 200 - 31
36 430,36
38 600»="40

500
500
700

500
400
400
000
120

000
500
800
500
000

aboye 400 GHz

2 690 MHz to 2 700 MHz: Radio astronomy
Spectral line observations (radio astronomy)
Spectral line observations (radio astronomy)
Spectral line observations (radio astronomy)
Amateur Radio Service

Satellite downlink

Satellite downlink

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
Amateur Radio Service

Satellite downlink

Satellite downlink

Amateur Radio Service

Satellite downlink

10,6 - 10,7 GHz: Radio astronomy

10,7 - 12,2 GHz: Satellite downlink

12,2 — 12,7 GHz: Direct broadcast\satellite
Spectral line observations (fadio astronomy)
Radio astronomy

Satellite downlink

Broadcast satellite<(Region 1 and Region 2)
22,01 GHz t0.22,5'GHz: Radio astronomy

22,5 GHz t6.23,0 GHz: Broadcast satellite (Region 1) (22,81 GHz to 22,86 GHz is also
radio astronomy)

23,04GHz 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
Radio astronomy

Amateur Radio Service

Radio astronomy

Radio astronomy

Radio astronomy

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



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 RLV © IEC 2015 -71-

Annex H
(informative)

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

—H-4—Sighificanceofa CISPR Hmit

2

A CISPR limit is a limit which is recommended to national authorities for incorporati %
national standards, relevant legal regulations and official specifications. It i Ogréo
recommended that international organizations use these limits. The significance of the\limits
for type approved appliances shall be that on a statistical basis at least 80 % o@i mass-
produced appliances comply with the limits with at least 80 % confidence. Q

The assessment of conformity of equipment tested on a test site s ﬁbbe based on
measurement results obtained in accordance with the specifications@of Clause 7. For
equipment in series production, there shall be 80 % confidence y«izt at least 80 % of
manufactured items comply with the limits given (compliance critgnion), see CISPR 16-4-3.
Statistical assessment procedures providing such a confidence JQ/ | are specified in H.3.1,
H.3.2 and H.3.3. \%

O

NOTE When applying another statistical assessment procedure than or‘é%f those referred to above or specified in
CISPR 16-4-3, the user of this standard can be invited to show e@ence that the compliance criterion set out
above is also met when applying this other method. Q

test site shall be regarded as relating to that i lation only, and shall not be considered
representative of any other installation and s%\ﬁaall not be used for the purpose of a statistical
assessment. \$\

¥
xO
As a rule, the positive result éj‘T‘ype test on a given appliance according to the respective
CISPR standard will be recodnjzed as approval of the type if the type test was performed

Measurement results obtained for an equipmen@e sured in its place of use and not on a
I

H.2 Type tests

H.2.1 either on a sa of appliances of the type using one of the statistical methods of
evaluation in accordance with H.3,

H.2.2 or, for \§mplicities sake, on one appliance only. In this case subsequent tests are
necessary f ime to time on appliances taken at random from the production line.

NOTE R énition of a type test made on only one appliance of series-produced equipment as type approval may
depe national or regional regulation. National or regional authorities may rely on different quality assurance
syst% o be maintained by the manufacturer. Consult respective national or regional regulations.

C,ﬂ.3 Statistical assessment of series produced equipment

N

=

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

xmax + kE O-max SL \CD
where .
Xmax IS the highest (worse) measured value of all items in the sample; \ﬁ\
kE is the coefficient from the table below, depending on the sample size; Q~
Gmax IS @ conservative value for the expected maximum standard deviation in a product gr S‘nd which is
calculated as 2 times the expected standard deviation; %
L is the limit specified in this standard. @6
The quantities x, L and omax are expressed in logarithmic terms while ke , as an ordinaK'T‘Qctor, is given in absolute
numerical value, see table in this NOTE.
S
Sample size (n) 3 4 %Q 5 6
Coefficient kg 0,63 04}4‘\ 0,24 0,12
s\\/
O

CISPR 16-4-3 recommends a value o, ,, = 6,0 dB for both the dis@nce voltage and the disturbance power. For
radiated disturbances, measured on equipment in the scope of{thi$’standard, the same value for o, ,, has been

assumed. The values for the general margin to the limit in\§able H.1 above are a simple multiplication of this
6,0 dB with the coefficient kg. In Table H.1 values are give&@ for a sample size up to n = 6 because forn =7 or
higher the method given in H.3.3 can be applied, where_the binomial distribution without an additional margin is

used. \\g\@
H.3.2 Assessment based on the noaﬁentral t-distribution

N
H.3.2.1 Normal procedure o

The measurements shall be per@'med on a sample of not less than five and not more than
12 pieces of equipment of the\type in series production, but if in exceptional circumstances
five pieces of equipment are not available a sample of three or four may be used.

-

NOTE The assessment on a sample of the measurement results obtained for a sample of size n relates to
all identical units and all@ for the variations that can be expected to arise due to quantity production techniques.

Compliance is @Qved when the following relationship is met:

)
Q~Q )?+kSn <L

& 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
7 204 169 452 42 35 130 127 24 24 126
H.3.2.2 Extended procedure ®%

When applying the procedure as in H.3.2.1 a given sample of equipment wh@’causes
fluctuating disturbances may fail to meet the compliance criterion. In such casethPrQextended
assessment procedure defined in this clause can be used. CO

The statistical assessment shall be carried out separately for the,\@?owing frequency
subranges: N

Conducted disturbances: a) 150 kHz to 500 kH QQ‘
b) 500 kHz to 5 MHZ ;
c) 5 MHzto 30

Radiated disturbances below 1 GHz: a) 30 MHZQ><Q3O MHz
b) 230, to 500 MHz

c) 508 MHz to 1 000 MHz
N\
Radiated disturbances above 1 GHz: | ®$ 1,0 GHz to 4,5 GHz
< b) 4,5 GHz to 18 GHz

xO
NOTE For group 2 equipment, there be no need to fully or continuously cover the frequency subranges
defined above, see respective infor in 6.3.2.4, Table 13.

Compliance of the sample\is-judged from the following modified relationship:

OQO X +kS, <0

The value of @bpends on the sample size »n and is stated in Table H.2 above.

For d%@&;ation of compliance, the standard deviation formula as in H.3.2.1 shall be used:
o |

%/\V S; =YX

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(o

high standard deviation, it shall be investigated whether this high standard deviation has beeh\

unjustifiably caused by a maximum of X, at the borderline between two frequency subrarg@

In this case the assessment can be done according to H.3.3. A\
A\

NOTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured distur\@rﬂes occurs
near the borderline between two frequency sub-ranges. "U " is the measured disturbance vt@g : "f" is the
frequency. Here two units with different characteristics out of a sample are shown. For broadb disturbances the
value of the maximum as well as the frequency of the maximum can change from unit t it, differences as
between unit 1 and unit 2 in a sample are typical. An average value and standard devia@is calculated for all
units (of which two are shown) for each subrange. In this example the calculated standa;g iation is much higher
for subrange 1 than subrange 2 (e.g. consider how different the values of X, and ng at the borderline). Even
though the average for subrange 1 is much lower than subrange 2, after taking into~¢onsideration the high value of
S, multiplied by the factor out of Table H.2, in rare cases this could lead to the s@ set failing the given criteria.
Since this is simply a consequence of the way in which the frequency subrang?.eo ve been defined, no statistically
meaningful conclusion can be drawn regarding compliance.

0"
A Frequency Freque&

subrange subra
1 <<2

Q Limit

Unit 2

U

T
l
[
I
l
i .
|
I

X1

an ---:- --------1--
v

K\

C}\ IEC

@ure H.1 — An example of possible difficulties

O

H.3.3 Asses@ﬁt based on the binomial distribution

Compliance~is<judged from the condition that the number of appliances with a disturbance
level abo e appropriate limit may not exceed a number of ¢ in a sample of total size n, see

Tableé??
S

Table H.3 — Application of the binomial distribution

s

.JCI\MI’\I iz Lia) Z 14 20 206 29
Sempte—size—{r . 4 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

\e
The artificial network for the assessment of disturbance voltages at d.c. power ports (DC(@)
provides a defined common mode (CM) 150 Q termination impedance for the d.c. pow, rt
of the power converter under test during measurements of conducted RF disturb es at
standardized test sites. It is constructed to provide, in the intended frequency @ge from
150 kHz to 30 MHz, well defined termination impedances for symmetric (or diffe%iru | mode —

DM) as well as asymmetric (or common mode — CM) disturbance components. Fhe values of
these termination impedances are specified in Clause |.4. 6
%)

Further, the DC-AN is furnished with a decoupling network (i.e. m'\LC-filter) such that
sufficient decoupling is provided between its EUT port and its AE pgrt, in order to prevent RF
disturbances from the laboratory d.c. power source to affect ined measuring results.
Having asymmetric decoupling capacitors with some 100 nF t %)out 1 uF capacitance only
the construction of that filter prevents, in most cases, satur i@)effects in mitigation filters the
power converters may be furnished with and this way~provides for valid, reliable and

repeatable measurement results. QQ
L

1.2 Structures for a DC-AN s\&

1.2.1 AN suitable for measurement of @symmetrical mode (UM) disturbances

Similar to the V-AMN, the AN shalloaﬁ/v for measurement of the unsymmetrical mode
disturbance voltage level at a single ter%inal (or conductor or pole, respectively) of the EUT's
d.c. power port under test, relative\@ laboratory reference ground. An appropriate AN would
hence be e.g. a pseudo V-AN, ind of delta network. For layout and design, the principles
set out in CISPR 16-1-2 sh \’@l‘c‘)bserved. A circuit diagram of a suitable Delta-network is
found in Figure I.1.

.

NOTE Due to constraint Qdesign of true V-ANs for a certain defined ratio of the DM to CM termination
impedance, construction seudo V-AN may require use of a third shunting resistor connecting to the two power
terminals of the EUT t,0f the AN. Such shunting resistors as R, in Figure I.1 or R, in Figure 1.4 do not have any
impact on the requ@)M and CM termination impedances and provide for these termination impedances also
during measure f UM disturbance voltages. For calculation of the termination impedance for UM disturbance
voltages the %—o-star conversion formula for resistor networks can be used. Further, these termination
impedances also be measured directly at the EUT power terminals of the AN in relation to common ground in
using an priate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons only.
UM dist ce voltages can also easily be measured with Delta-ANs when they are furnished with respective

meas ports.

k%v 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.
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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.

N

Q
)
9. enera \’
131 G | \%

1.3 Employment of DC-ANs for compliance measurements

For the measurements, pseudo V-ANs as well as Delta-ANs meeting the requireigents in 1.4
can be used. Other artificial networks specified in CISPR 16-1-2 can also be us€d i providing
an asymmetric or common mode (CM) 150 Q termination for the port under. t@t’ to laboratory
reference ground, and if being furnished with an appropriate low CI\@@ocking capacity
decoupling LC-filter. '\y\

NOTE Presently the 150 Q artificial mains V-network specified in CISPR 16&014, 4.5 cannot be used for
measurements of conducted disturbances at LV d.c. power ports, since proz%p g a common mode termination
impedance of 75 Q only. Such a V-network does not meet the most essential technical parameter specified in
Table 1.1 Pos. 3, i.e. the value of 150 Q, for the common mode terminatio @adance. Negotiations in definition of
systematic corrections for measurement results obtained in use of such réworks have not been started yet.

Selection of the type of AN is left to the user of this ﬁedard. Each type of AN provides for
measurement results which have the same confide evel as results obtained when using
the established V-network. Information on aspectsyof measurement uncertainty in respect of
artificial mains networks (AMN) is found in CIS 6-4-2:2011, Clause 4. This information is
also valid when employing DC-ANs which 00(2@/ with the specification in 1.4.

b

If a combined AN is used, then it syffices to just apply it either for measurement of
unsymmetrical mode (UM), or for mea&urement of both, common mode (CD) and differential

mode (DM) disturbances. \O

S
In any case the assessmenl@‘}%e RFI potential of a given port under test in the frequency
range 150 kHz to 30 MHz. iIs“only completed, if measurement results were obtained and
recorded either for the composite unsymmetrical mode (UM) disturbance components, or for
both, the asymmetric ommon mode (CM) and the symmetric or differential mode (DM)

disturbance compongnts as well.

1.3.2 Pse -AN

In the ps @ V-network an assessment of these components is only possible in combination
as com§ﬁe unsymmetrical mode (UM) disturbance voltages, the level of which can be
differ or each terminal of the given port under test, due to internal HF imbalance of the
E common ground. These are the “classical” terminal disturbance voltages which can be

pared with the established limits directly and which hence constitute the established EMC

quirements, 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 Q:
-
Pos. Description of the parameter Nominal value and tolerance o~
1 Type of the DC-AN Delta-network suitable for measurements tﬂe\d.c.
power string or port (plus pole, minus p@ﬁd
reference ground)
2 Calibrated frequency range 150 kHz to 30 MHz (measuremer@:@}f&e
3 | CM termination impedance at the EUT port, (150 £ 30)Q bv
magnitude A %)
4 CM termination impedance at the EUT port, phase (0 £ 40)° P '\ N
5 DM termination impedance at the EUT port, (150 + 30)Q Q (
magnitude
. AY
6 | DM termination impedance at the EUT port, phase (0 + 40)° C)
7 Longitudinal conversion loss (LCL) at the EUT port @ | > 26 dB (sﬁmetncal 150 Q system)
(mea d according to CISPR 16-1-2)
8 | CMinsertion loss AE port — EUT port > Q}é (asymmetrical 50 Q system)
AN
9 DM insertion loss AE port — EUT port s\.é\bo dB (symmetrical 150 Q system)
\(\Q > 40 dB, with external capacitor
10 > 1,5 MQ

Discharge resistors for decoupling capacitors in\?’ne
d.c. current path @

: ]

the EUT need to be assessed. Th

@ The LCL of the AN should be significantly %};er than the internal LCL of the EUT. During the measurement of
unsymmetrical disturbance voltages o 0isturbance components from internal mode conversion DM to CM in
atistical mean value of the LCL of installed PV generators has already

been taken into account when de\te\&ing the limits for the DC power input port of GCPCs.

NOTE The parameters in T
network described in CI
photovoltaic power gene

Measuring port
appearing w
galvanic

o

ting systems.

-

d|schar$~ rents through the coupling capacitors when switching the laboratory source off.

harge resistors, see position 10.

.1 have been derived in developing modern implementations of the 150 Q CISPR
-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for

all be protected from low frequency components of voltage transients
\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 transient

%‘plmg capacitors in the d.c. current path shall be bypassed with high resistance

58
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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)
magnitude

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(kKz
(symmetrical 150 Q system)
(measured according to CISPRs16%1-2)

8 CM insertion loss of AE port to EUT port > 20 dB at 150 kHz (asymmetfical 50 Q system),
decreasing with decreasjng“requency with
40 dB/decade

9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz
> 40 dB with extefhal capacitor

(symmetricd\ 150 Q system), decreasing with
decreaging-frequency with 40 dB/decade

NOTE The parameters in Table .2 have been derived in deweloping modern implementations of the 150 Q CISPR
network described in CISPR 16-1-2 for use with measureiments at low voltage d.c. power ports of GCPCs for
photovoltaic power generating systems.

1.5 Examples of practical implementations of DC-ANs

N q
S A Lo, L, ] é
® T T b T1c |
S 4 !
E ' 1
® ! C, .-
) | == I ©
- ! |
© | 47nF -]
5 | 5
c | C; : —
[) T o
o | | L [~
2 = | 330nF |2
€ LS " | £
P b |
S I |anF |2
[ I |
[ ! |
S | !
o O—— | o]
> B | | B
o P |
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 signarl (- e = epending on K ;) available at I3.

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)
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i
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i
[ F——
Additional
filter sections
| |if required
L=
o——_———— 0\
] N
L —

Measuring apparatus 4 2 e Q

P is the connection for apparatus under test @
1 for the symmetrical component '\
2 for the asymmetrical component '\

Figure 1.2 — Practical implementation of a
suitable for measurement of CM and DM
(Example, see also Figure A.2 in CISP -1-2:2014)

AOQ A-EUT

O
Switch position: \\
1 V shape A 0
2 Vshape B c1
A
O
=C5 REC
47n
£ L3
2 ) Ca GND
g ] 330n
o
4
Cs @ ’
47n
B
T O
& ™
Q B-EUT
T O

éov IEC

a TE Mode 1 and mode 2 represent employment of the artificial network for measurement of unsymmetrical
ade. (l IM\ ar "terminal" disturbance \/nlfnnae

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
= 3 b
GND 220nF air coil 6 B4 o
c1 1 C
c2 o
e o
C4 4
51| 51| 51
T | I ST
44nF L3
R4 [R5 |R6
c5
GND T

B-PV-GENERATOR B-EUT

IEC

NOTE Mode A and mode B represent employment of the artificial network fo¢ mieasurement of unsymmetrical
mode (UM) 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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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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Annex J
(informative)

Measurements on Grid Connected Power Converters (GCPC) —
Setups for an effective test site configuration

e

For measurement of disturbance terminal voltages on grid connected power conve @s
(GCPC) intended for supply of electric energy into AC mains grids and similar A ﬂl
installations (see Definition 3.11), connection to an appropriate laboratory DC power p y is
necessary on the DC input side of the GCPC, while connection to another opriate
laboratory AC power source or AC mains grid is necessary on the AC output sidth

The DC power is fed into the DC input power ports of the GCPC, and nof~consumed in the
GCPC, and so almost completely converted to AC power and output to ;{r; C side. If the AC
power output from the GCPC is not consumed by a resistive load etc e AC power current
can reversely be carried into the laboratory AC power source, and e equipment may be
damaged. In addition, there are some countries where revers flow into the AC mains
is restricted or prohibited by national law and regulations. Thu% e global setup of the test
site used for the measurements needs attention, and a p and appropriate setup may
even enable simplification of the test arrangement and co uration for the equipment under
test (EUT). Examples of suitable setups for the test site Qe described below.

<

i N\
J.2 Setup of the test site s\S

J.2.1 Block diagram of test site \‘g\@

The measurement arrangement and co uration for the EUT can be simplified by use of a
test site having a configuration as shoulﬂ in Figure J.1/J.2. For this setup, the AC output of the
GCPC is connected to the AC mpu\_Oof the laboratory DC power supply through the V-AMN
used in the measurement arrar@ment. The laboratory DC power supply converts AC power
into DC power, and it is supplied to the DC input of the GCPC. Thus, the current circulates
from the AC output to the DCuinput of the GCPC. The advantages of this site configuration are
that the DC power supply consumes the AC output power of the GCPC, and so a resistive
load is not required tt@\vent AC power currents from flowing into the laboratory AC power

source. C)
AC mains ‘c*)o ’

(grid) AC current

-o_aboratory EMI *EW
) AC power filter [ Resistive load [AC output [ gepc DC input
@ source l_ (optional) 1_ =
e L :
Q |
1
i
é rTToTTTTTTT Y 1
i Trans- |

|

% AC input II : (optlonal) ‘—l
Changeln
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



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

- 82 - CISPR 11:2015 RLV © IEC 2015

| Resistive

- (ostiona) : N\ Q}’
23 Jm \

N
N ~
Laboratory ] ’

Transf rrp,ew‘
(optiopal)

AC power source 1
pzﬁge in electrical system
S, //
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i 5inp ]
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5 R

EMI-filter D’c cable

AC rmiai

.\@ IEC
NOTE The distances defined as ‘x’ and ‘y’,{@he diagram refer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.2 —Q\E\btp of the test site (Case 1) — 3D diagram

Consequently the laborat §/~AC power source needs to provide only the total power losses in
the test arrangement, the measurements are started. Because the laboratory AC power
source is used, its voltage and frequency can easily be adjusted conforming to the
specifications for C output side of the GCPC. Reverse AC power current does not flow
into the AC po ource, and so it cannot be damaged.

J.2.2 %@Jower supply

The | ?gtory‘s DC power supply shall have enough output power to operate the GCPC at its
rate& output power. In addition, a control for adjusting properly its DC output voltage is

p%?e‘ssary. In case of the test site setup as shown in Figure J.1/J.2, the electrical system of
% 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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 RLV © IEC 2015 - 83 -

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-iwo-wire system, a proper transiormer shall be Inserted as shown |n<(~
Figure J.1/J.2 to appropriately convert the electrical systems. N~

Q
P
\.
o

Configuration comprising laboratory AC power source and resisti@\ead

J.3  Other test setups

J.3.1

On the other hand, there are some cases where each electrical system ¢ %t basically be
matched such as three-phase input of the DC power supply with a single &se AC output of
the GCPC (EUT), etc. (there is also the reverse case). In such case&"the AC output of the
GCPC cannot directly be connected to the AC input of the DC pewer supply as shown in
Figure J.1/J.2. In this case, another resistive load is connected i@r‘allel with the laboratory
AC power source as shown in Figure J.3/J.4 and the AC pow the GCPC (EUT) shall be
consumed by that resistive load. As a result, the resistive lo revents the AC output power
current of the GCPC from flowing reversely into the labofatory AC power source, if it has

<
O Resistive | <
L\ load e—
S
AC mains (grid) . C) ~— Reference ground
(optional) & .
l:" ™ DC powe AN EMI
% A== supp, — | filter —_—
M~=" AC ) bc DC current flow
input N output |

enough power to exceed the maximum AC output powerof the GCPC.
AC mains QQ
(grid) AC current \\
Laboratory EMI flow X\}
@— AC power filter N AC output GCPC DC input
source @ 1— —
T N

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

IEC
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(optional) ?+ | | i O
0 C<<
s
Q IEC

NOTE The distances defined as ‘x’ and ‘y’ in the diagran@séer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.4 — Setup of tltgt{gt site (Case 2) — 3D diagram
.\Q)

J.3.2 Configuration in case of reverse power flow to the AC mains

This setup example shows case where the laboratory AC power source (see
Figure J.3/J.4) is not connecb the AC output side of the GCPC.

In case the AC output o "GCPC is connected to the AC mains through a filter as shown in
Figure J.5/J.6, the A @J put current of the GCPC flows to the AC mains, and therefore it is
not required to conn the resistive load as shown in the previous setup, Case 2. But in this
case, there is a @a’dvantage that the AC power voltage and frequency cannot be adjusted
conforming to pecifications 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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NUTE The dlstances defined as x and y In the diagram rerer 10 tnose as detalled I UISF R 1o0-Z-T.2ZUT4, 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
converters during type tests according to this standard

K.1 General information and purpose y\<0

Most types of power converters use operation or switching frequencies in the ran a
couple of 100 Hz up to 25 kHz. The measurement results obtained in the range aof erest
(150 kHz to 30 MHz) are sometimes seriously invalidated by the effective total co@/n mode
(CM) impedance of the whole d.c. power supply chain in the test environment i range of
about 500 Hz to 150 kHz. If the operation frequency of the power conv@ under test
coincides with the frequency of the series resonance dip(s) in the effec total common
mode (CM) impedance in the whole laboratory d.c. power supply ch@in, excessive CM
disturbance currents may appear at the operation frequency and may rate the built-in EMI
filters (as e.g. common mode chokes) in the EUT. Conseque t will cause serious
performance degradation of the filters in the measuring frequeanr nge 150 kHz to 30 MHz.
Performance degradation of the filters means that excessive disturbance levels will be
recorded causing the power converter under test eventually Q AIL proving compliance with
the requirements specified in this standard. O

It shall be said that such mode of operation of powe @verters prominently deviates from the
operation conditions in normal use. Hence additio ountermeasures should be taken at test
site configuration level in order to operate the p converters as intended in normal use, in
type tests according to this standard.

¥

As a matter of course, CM decoupling @pacitors shall be employed, in conjunction with
suitable series inductors as LP- filtersﬁj&ouple the termination impedance at the EUT port of
the artificial network (AN) e.g. from ences of the laboratory d.c. power source at the AE
port of this AN. The specifications S‘fgwe DC-AN as in Annex | Table I.2 guarantee that the CM
termination impedance at the port of the AN remains at least at values of 10 Q or more,
at the series resonance of itgipternal LC LP decoupling filter. This will prevent the saturation
effects mentioned above_in most of the practical testing cases. For the magnitude-versus-
frequency characteristi f the CM termination impedance of the AN in the range 9 kHz to
150 kHz, consult the@@cifications provided by the manufacturer.

Considering no tigation of common mode RF currents in the whole laboratory d.c. power
supply chain e test site, this mitigation and involved additional CM decoupling capacitors
and comm ode chokes (as e.g. in the EMI filters at the site) may interact with the
characterigtics of the built-in LC LP decoupling filter of the AN, and may cause frequency
shifts e series resonance dip(s) of the effective total common mode (CM) impedance
exp ced at the EUT port of this AN.

&s hence strongly recommended to adjust the magnitude-versus-frequency characteristics of

LhG tutai fothiVU CM tcllllilldt;ull ;Illpcdallbc at thC EUT |JUIt Uf thc I"'\\Ik‘iI tU thc bUIId;t;UIIb
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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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
damage is not caused to test personnel or equipment.

K.2 Recommendations for avoidance of saturation effects in the range 9 kHz ¢
to 150 kHz N+

P

If excessive levels of disturbance are observed during measurements of condus@ RF

disturbances at LV d.c. power ports of power converters in the range 150 kHz to 3 , then
this may be caused by saturation effects appearing at the operation frequenc \Q the EUT
allocated someplace in the range below 150 kHz. To avoid such conditions it i ommended
to observe the guidance given below. b ’

1) For measurements at LV d.c. power ports of power converters us ogfly ANs complying
with the technical requirements of the 150 Q artificial mains Deltanetwork according to
4.6 of CISPR 16-1-2:2014, or according to Annex | of this stan ;

2) Apply good test site engineering and check whether the w 6{9 easuring instrumentation
(DC-AN excluded) and test site configuration are suitabl€ for use with measurements on
power electronics operated in switching mode cogﬁ{tions at operating frequencies
(fundamental frequencies) allocated in the range¢betow 150 kHz. Depending on the
implemented technology and nominal power thput, power converters may use
fundamental or switching mode frequencies in range from a couple of 100 Hz up to
about 150 kHz.

S

3) Whenever possible insert additional comm s$r1ode (CM) absorbing devices such as ferrite
tubes, CMADs or also 150 Q CDNs aco@mg to IEC 61000-4-6, between the AE port of
the AN and the laboratory d.c. powe@upply port allocated in the test environment. For
this purpose an extended length of: d.c. power supply cable can be used too. In coiled
form it introduces an addition% oupling inductor (i.e. a common mode choke) put in
series to the laboratory's com mode current circuit. In any case, check the efficiency
of the added common mod \{'ejection devices, since for most of them you will not find
specifications of technic racteristics in the range below 30 MHz.

test with the frequ of the series resonance dip in the CM impedance of the whole
d.c. power suppK{:g ain consisting of the laboratory d.c. power source, the EMI filters
used in theén%;i. tion of the OATS or SAC, and the AN. The frequency of the resonance

4) Avoid coincidence of gé.fundamental or operating frequency of the power converter under

dip in the mpedance of the power supply chain can be shifted by changing the
capacitan%\ the effective CM decoupling capacitor. Addition of external CM decoupling
capacit s recommended at the interface between the AE port of the AN and the
labor d.c. power supply port allocated in the test environment. Be aware that a line of
c ors with different capacitances may be needed if the testing business comprises
r converters implementing various technologies, power throughput classes and the

e. Remember that the operation frequency may be allocated someplace between a

é couple of 100 Hz up to about 150 kHz.

K.3 Detailed advice

K.3.1 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<o
such equipment is furnished with may be much larger than 100 nF. N

Q
GCPC ’(]/
DC power source EMI filter DC-AN (EUT) AMN ) . Q@\
——Ilc___ﬁ___O_I-E—o-o J,J, —{o—g—m——y-o AC mains
| I G eSS
1 >

by () +17 (1) I(£)+I" (1) +17 (t) N ©
gt

%Q%
O
\

Figure K.1 — Flow of the comn(gnomode RF
current at test site COHfi&@ ion level

IEC

An obvious countermeasure for prevention o {b\\ese additional contributions to the total
effective RF CM current at the operation freq@ cy of the power converter under test is to
increase the CM decoupling loss in betwee\\'(\the AE port of the DC-AN and the laboratory
d.c. power supply port allocated in the teménvironment.

%

D
This decoupling loss can be incre@ed by insert of additional series inductors (preferred
countermeasure) and/or by employment of additional CM decoupling capacitors at the

interface in between the AE i of the DC-AN and the laboratory d.c. power supply port
allocated in the test enviro nt (countermeasure for shifting the frequency of the series
resonance dip in the CM&rmination impedance at the EUT port of the DC-AN).

K.3.2 Insert of sgg inductors (or common mode chokes) in the laboratory's d.c.
power y chain

If some suita%& MI clamp devices etc. which attenuate the common mode RF current in
z

9 kHz ~ 15 are inserted between the AE port of the DC-AN and the laboratory d.c. power
supply p located in the test environment as shown in Figure K.2, the capacitances of the
deco capacitors the d.c. power source and EMI filter are equipped with can be
ne d. For such additional decoupling, extended lengths of d.c. power cable could be

2 too, if arranged to forming an air coil.

o)
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Figure K.2 — Blocking of flow of common mode RF current é
by insert of series inductors @‘

Q

ATTENTION - Proper equipment such as EMI clamp devices which a@éttenuate the
common mode RF current in the range 9 kHz to 150 kHz may not beéailable from the
market. Preferred measure should hence be insertion of series inductivities:

As mentioned above, because the effective magnitude of Q%acitance of decoupling
capacitors of all the laboratory measuring systems including thng oratory d.c. power source
may cause saturation effects in mitigation filters the transfofmer-less power converter is
equipped with, it is necessary to use laboratory d.c. powe&sources and EMI filters with low
capacitance common mode decoupling capacitors only. serve however that use of CM
decoupling capacitors with low capacitance only ¥§ also reduce suppression of RF
disturbances generated by the Ilaboratory d.c. Q) er source. If extremely large RF
disturbances occur during type tests on transforg?less power converters which are thought
to be caused by saturation of the built-in mitigat filters, then it should be considered to use
batteries as d.c. power source.
&

K.3.3 Employment of additional cowﬁon mode decoupling capacitors at the
interface between the AE pe?t of the DC-AN and the laboratory d.c. power
supply port allocated ins(‘ﬁ): test environment

For an increase of the deco 1@@ loss between the laboratory d.c. power supply chain and
the measurement arrangen& additional CM decoupling capacitors can be connected
between the AE port (i.e athe decoupling circuit) of the DC-AN and the laboratory d.c. power
supply port allocated itﬁtest environment as shown in Figure K.3.

O

. Additional
blocking capacitors

La ry GCPC
& er supply EMI filter J DC-AN (EUT) AMN
L _AC mains

S IFIERT BRI OE

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 sfo
battery, but a laboratory d.c. power supply is used for measurements at transformer-)%
power converters. Figure K.4 shows an example of common mode impedance characteristics
for a DC-AN according to Table 1.2. As shown in Figure K.4, it proves that there is a regr&ant
point in the proximity of 20 kHz and the common mode impedance remarkably d@éses at
this resonant frequency. Q

<} A DC-AN common mode impedance characteristics 6('0
_ 500 <

3
N N

N

400 /'\Q~
\ 2

350 \ C)\

oI\ K

\ 9 kHz ~ 150 kHz Zodud
200 1 \ | ‘§\. | Ll
TN LA ST
\L W/ O N
FARIIIENY

100 : :
50 . \ /~Q

0,001 0,01 0,1 1 10
X onant Frequency (MHz)
C)\ point

IEC

Figure K. @ﬁ termination impedance at the EUT port of a DC-AN —
Magnitude-ve6 frequency characteristic in the range 3 kHz to 30 MHz, Example
The saturati \% mitigation filters the power converter is furnished with, that currently
becomes a lem, occurs because a large common mode current flows in case the resonant
frequenc kHz) coincides with the operating frequency of the power converter (EUT).
Howe e resonant frequency is practically determined not only by the DC-AN, but also by
the mon mode impedance characteristics of all of the instrumentation used in the whole
%@ory d.c. power supply chain including the d.c. power source, installed EMI filters and

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 é
by use of additional decoupling capacitors Q~

In other words, if the measurement results in case the capacitance of decouplm&a;apamtors is
increased are the same as those in case it is unchanged, it can be c&rfbuded that the
measurements of conductive disturbances have correctly been performed

With exchange of hardware components in the DC-AN, it is possible t’txmcrease or decrease
the capacitance of the CM decoupling capacitors by settmg up Wes for switching series
and parallel connection of these decoupling capacitors as s in Figure K.7. However,
such measure cannot be recommended for application in rg) | laboratory practice since
possibly violating the calibration of the respective DC-AN. ever, switched-type combined
external CM decoupling capacitors can be used, if necessary. Application of such capacitors
will always shift the series resonance of the DC-ANrternal LC decoupling filter to lower

frequencies than found in the manufacturer's specifi S.

@ 5001\ DC-AN common mode Q@\\dance ‘characteristics

450 \‘(\@ ” |
400
300 ‘
250
200
150 = e
1

I EO U AV G 1

decoupling

Qv 0,001 0,01 0,1 1 10
é Frequency (MHz)

IEC

Figure K.6 — Change |n the resonant frequency caused by the increase

1nee

DC-AN

¥
blocking - I f
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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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -

D ADRNASS T EAALILLECAMMASAAY. BDDNICTILIDD AN A AL ADACLATEDIOT IO

NAUVIV-TREWULNUVT UlIOTUNDANUVL UVIMMTARAVIERNIVITVLO =

LIMITS AND METHODS OF MEASUREMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization-eomprising
all national electrotechnical committees (IEC National Committees). The object of IEC. is-_to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter (referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC Nationall Committee interested
in the subject dealt with may participate in this preparatory work. International,\ governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordancefwith conditions determined by
agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical matters expresssas nearly as possible, an international
consensus of opinion on the relevant subjects since each technical sommittee has representation from all
interested IEC National Committees.

3) IEC Publications have the form of recommendations for interndtional use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible™for the way in which they are used or for any
misinterpretation by any end user.

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in th€ir national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

5) IEC itself does not provide any attestation of-Conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

6) All users should ensure that they hayve.the latest edition of this publication.

7) No liability shall attach to IEC 6r its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature, whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of<the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

8) Attention is drawn~te the Normative references cited in this publication. Use of the referenced publications is
indispensable for.the correct application of this publication.

9) Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights) TEC shall not be held responsible for identifying any or all such patent rights.

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
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 text 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 for the approval of this standard can be found in the report on
voting indicated 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 date indicated on the IEC website undef¢/"http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

* reconfirmed,

* withdrawn,

* replaced by a revised edition, or
* amended.

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

c) that certain frequencies are designated by the International Telecommunication Union
(ITU) for unrestricted radiation from ISM equipment,

RECOMMENDS

that the latest edition of CISPR 11 be used for the application «f.limits and methods 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
individual ISM RF application which cannot be tested at such a site, at its place of operation.
Consequently, this CISPR Publication covers requirements for conformity assessment of both,
equipment assessed by means of type tests at standardised test sites or of<individual
equipment under in situ conditions.

The ITU is concerned with the control of RF disturbances from ISM RF @pplications during
normal operation and use of the respective equipment at its place of operation (see
Definition 1.15 in the ITU Radio Regulations). There, use of.radio-frequency energy
decoupled from the ISM RF application by radiation, inductionyeér capacitive coupling is
restricted to the location of that individual application.

This CISPR publication contains, in 6.3, the essentiak\emission requirements for an
assessment of RF disturbances from ISM RF applications at standardised test sites. These
requirements allow for type testing of ISM RF applications operated at frequencies up to
18 GHz. It further contains, in 6.4, the essential{ emission requirements for an in situ
assessment 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
approval of the ITU.

However, for operation and use of several types of ISM RF applications the manufacturer,
installer and/or customer should be aware of additional national provisions regarding possible
licensing and particular protection needs of local radio services and applications. Depending
on the country concerned, suehi~ 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 applications, local pratection of radio services and appliances requires an accomplishment
of the conformity assessment by application of the relevant national provisions in the
frequency range abéve 18 GHz in accordance with vested interests of the ITU and national
administrations. These additional national provisions may apply to spurious emissions,
emissions appearing at harmonics of the operation frequency, and to wanted emissions at the
operation frequency allocated outside a designated ISM band in the frequency range above
18 GHz.

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 ITlJ Radio Qngulnfinnc 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

—t—Scope

This International Standard applies to industrial, scientific and medical electrical equipment
operating in the frequency range 0 Hz to 400 GHz and to domestic and similar appliances
designed to generate and/or use locally radio-frequency energy.

This standard covers emission requirements related to radio-frequency (RF) disturbances in
the frequency range of 9 kHz to 400 GHz. Measurements need only be)performed in
frequency ranges where limits are specified in Clause 6.

For ISM RF applications in the meaning of the definition found in the ITU Radio Regulations
(see Definition 3.13), this standard covers emission requirements~rélated to radio-frequency
disturbances in the frequency range of 9 kHz to 18 GHz.

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

Requirements for ISM RF lighting equipment and UVyirradiators operating at frequencies
within the ISM frequency bands defined by the ITU\Radio Regulations are contained in this
standard.

Equipment covered by other CISPR product”and product family emission standards are
excluded from the scope of this standard.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the. latest edition of the referenced document (including any
amendments) applies.

CISPR 16-1-1:2010) Specification for radio disturbance and immunity measuring apparatus
and methods = Part 1-1: Radio disturbance and immunity measuring apparatus — Measuring
apparatus

CISPR 16121:2010/AMD 1:2010

CISPR _16-1-1:2010/AMD 2:2014

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
devices 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 Figures 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 - Part 4-2: Uncertainties, statistics and Ilimit modelling - Measuring
instrumentation uncertainty

CISPR 16-4-2:2011/AMD 1:2014

IEC 60050-161:1990, International Electrotechnical Vocabulary (IEV) . Chapter 161:
Electromagnetic compatibility

IEC 60601-1-2:2014, Medical electrical equipment — Part 1-2: General requirements for basic
safety and essential performance — Collateral standard: Electromagnetic disturbances —
Requirements and tests

IEC 60601-2-2:2009, Medical electrical equipment — Part 2-2. Particular requirements for the
basic safety and essential performance of high frequency surgical equipment and high
frequency surgical accessories

IEC 60974-10:2014, Arc welding equipment — PRart 10: Electromagnetic compatibility (EMC)
requirements

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
recommendations, Resolution no. 63 (available at http://www.itu.int/pub/R-REG-RR-2012)

3 Terms and-definitions

For the purpaeses of this document, the terms and definitions given in IEC 60050-161, as well
as the fallowing, 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

VUIlngb and-the Detta=rretwork—witich bUUpr‘b the byllllllb‘l.llb and-tire dbyllllllb‘lllb VUIldgEb b&pdldl&ly

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

imaginary straight line periphery describing a simple geometric configuration encempassing
the equipment under test

Note 1 to entry: All interconnecting cables are included within this boundary.

3.5

component

product which serves a specific function or functions and which isdntended for use in a higher
order assembled equipment or system

3.6

d.c. artificial network

artificial d.c. network

DC-AN

artificial network that provides defined terminatioh*to the EUT’s d.c. power port under test
while also providing the necessary decoupling>from conducted disturbances originating from
the laboratory d.c. power source or from thexead

3.7

d.c. power port

port used to connect to a low voltage d.c. power generating system or energy storage, or to
another source/load

Note 1 to 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
generatorycontrol 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.

[SOURCE: IEC 60050-161:1990, 161-01-10]



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

- 14 - CISPR 11:2015 © IEC 2015

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 or more semiconductor power converters with a combined rated power_greater than
75 kVA, or an equipment containing such converters

Note 1 to entry: Examples of such high power electronic equipment are semiconductor’power converters for
application in UPS (Uninterruptible Power Systems) and PDS (Power Drive Systems).

3.13

industrial, scientific and medical (ISM) applications (of radio-frequency energy)

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 siniilar purposes, excluding applications
in the field of telecommunications

Note 1 to entry: Typical applications are the production .6t physical, biological, or chemical effects such as
heating, ionisation of gases, mechanical vibrations, hair\removal, acceleration of charged particles. A non-
exhaustive list of examples is given in Annex A.

[SOURCE: ITU Radio Regulations Volume1: 2012 — Chapter |, Definition 1.15]

3.14

ISM RF equipment and appliances

equipment or appliances designed to generate and/or use locally radio-frequency energy for
industrial, scientific, medical{ domestic or similar purposes, excluding applications in the field
of telecommunications and information technology and other applications covered by other
CISPR publications

Note 2 to entry: The~abbreviation “ISM RF” is used throughout this standard for such equipment or appliances
only.

3.15

low voltage

LV

a setof/voltage levels used for the distribution of electricity and whose upper limit is generally
acecepted to be 1 000 V a.c. or 1 500 V d.c.

[Q(\IIP(‘E- IEC 60050-601:1985 _ 604-01-26 _modified = addition of the words "or 1 500 \/

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 of one or more devices made to a certain design to show that the design, meets certain
specifications

Note 1 to entry: Recognition of a type test as type approval may depend on nationahor regional regulation, see
H.2 in Annex H.

4 Frequencies designated for ISM use

Certain frequencies are designated by the International, Telecommunication Union (ITU) for
use as fundamental frequencies for ISM RF applications (see also Definition 3.13). These
frequencies are listed in Table 1.

NOTE In individual countries different or additional frequencies can be designated for use by ISM RF
applications.

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 table of
limit b frequency allocation of
MHz MHz fmi the ITU Radio
Regulations 2
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, except
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5-866 5+25—5-875 Unrestrieted 5456
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.
b 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 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 electremagnetic
energy.

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

In accordance with the intended use of equipment in the electromagnetic environment, this
standard defines two classes of equipment, namely class A and\class B.

Class A equipment is equipment suitable for use in all locations other than those allocated in
residential environments and 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.

Arc welding equipment which contains arc.istriking or stabilizing devices and stand-alone 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 supplies
buildings used for domestic purposes.

Class B equipment shallimeet class B limits.

5.3 Documentation for the user

The manufacturer and/or supplier of equipment shall ensure that the user is informed about
the class_‘@nd group of the equipment, either by labelling or by the accompanying
documentdtion. 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 fiefld does not cause harmiul radio frequency Interference (RF1). I 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 type tests.

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

NOTE 1 Due to size, complexity or operating conditions some equipment may have to be’measured in 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
interference. 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 measurement are specified in Clauses 7, 8 and 9.

6.2 Group 1 equipment measured on a test;site
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 formeasurements 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(L\ d.c. power port specified hereafter apply only to grid connected power
convertors (GCPCs) intended for assembly into photovoltaic power generating systems.

6.2.1.2 Frequency range 9 kHz to 150 kHz

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 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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measured on a test site (a.c. mains power port)
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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
5_30 73 60 decr_easing linearly with 115 105
logarithm of frequency to
73 60

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

For class A equipment intended to be connected solely to isolated neutral or high impédance earthed (IT)
industrial power distribution networks (see IEC 60364-1) the limits for equipment with a rated power > 75 kVA
may be applied, regardless of its actual rated power.

NOTE A rated input or output power of 20 kVA corresponds for example tova-current of approximately 29 A per
phase in case of 400 V three-phase power supply networks, and to a current' of approximately 58 A per phase in
case of 200 V three phase power supply networks.

8 These limits apply to equipment with a rated power > 20 kVA-and intended to be connected to a dedicated
power transformer or generator, and which is not connected)to’low voltage (LV) overhead power lines. For
equipment not intended to be connected to a user specific power transformer the limits for < 20 kVA apply.
The manufacturer, and/or supplier shall provide information on installation measures that can be used to
reduce emissions from the installed equipment. In particular it shall be indicated that this equipment is
intended to be connected to a dedicated power transformer or generator and not to LV overhead power lines.

b These limits apply only to high power electronic*systems and equipment with a rated power greater than
75 kVA when intended to be installed as follows:

— installation is supplied from a dedicated power transformer or generator, and which is not connected to
Low Voltage (LV) overhead power lin€s,

— installation is physically separated- from residential environments by distance greater than 30 m or by a
structure which acts as a barrier-to radiated phenomena,

— the manufacturer and/or supplier shall indicate that this equipment meets the disturbance voltage limits
for high power electronic systems and equipment of rated input power > 75 kVA and provide information
on installation measures to be applied by the installer. In particular, it shall be indicated that this
equipment is intended to be used in an installation which is powered by a dedicated power transformer or
generator and not.by LV overhead 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)

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
aB(pVv) | ap(uVv) [ dB(uVv) | dB(uV) | dB(uA) | dB(uA) [ ab(puVv) [ db(puVv) | dB(pA) | dB(pA)
0,15 97 84 116 106 72 62 132 122 88 78
to to to to to to to to to to fo
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 Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.

b These limits apply to equipment with a rated power > 20 kVA and intefided to be installed in a large
photovoltaic power generating system by a professional. In the manualhaccompanying the product, the
manufacturer, 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 distance
greater than 30 m. The installer is invited to check the mitigated installation against CISPR 11 in-situ
measurements 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 logarithm
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 djagnostic X-ray generators operating in intermittent mode the quasi-peak limits of
Tablé.2/or Table 4 can be relaxed by 20 dB.

Table 5 — Disturbance voltage limits for class B group 1 equipment

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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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
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1 ||cquc||u_y lalluc < NT'IZU

] 400 1 ] HS 4 H P~ |
LI U TJIJU NTIZ TS arc TTUL oY TUIITTU.

IS

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 frequency range above 30 MHz the limits refer to the electric field strength ‘component
of the electromagnetic radiation disturbance.

The electromagnetic radiation disturbance limits for the frequency range 36/MHz to 1 GHz for
group 1, classes A and B equipment are specified in Table 6~Nand 7, respectively.
Recommendations for the protection of specific safety-related {adio services are given
in Annex E and Table E.1.

On a test site, class A equipment can be measured at a Aominal distance of 3 m, 10 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 only 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 kVA © >20 kVA & ¢ <20 kVA ¢ >20 kVA & ©
MHz
Quasi-peak Quasi-peak Quasi-peak Quasi-peak
dB(uVv/n) dB(uV/m) dB(uV/m) dB(uV/m)
30 - 230 40 50 50 60
230 -1 000 47 50 57 60

On a test 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-séparation 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.

@ These\limits apply to equipment with a rated 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 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 locations,
further provisions with regard to the measurement arrangement and load cenditions are 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 spécified for measurements with an average detector and the quasi-
peak limit specified for measurements with a quasi-peak detector (see 7.3); or

b) the 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.tange 9 kHz to 150 kHz limits are not specified.

6.3.1.3 Frequency range 150 kHz to 30 MHz

Limitssfor 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

+ H T okl Q a0 + £ 4l | B ol PN} H s B + o al Lhetad T okl 4
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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)
U,T5 — 0,50 T00 90 T30 TZ0
0,50 -5 86 76 125 115
90 80
5_130 decreasing Ifirnezauréﬁzv;tthologarithm of 115 105
73 60

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

For class A equipment with a rated power < 75 kVA intended to be connected solely to isolated neutral or high
impedance earthed (IT) industrial power distribution networks (see IEC 60364-1) the limits defined for group 2
equipment with a rated power > 75 kVA may be applied.

28 The manufacturer and/or supplier shall provide information on installation~measures that can be used to
reduce emissions from the installed equipment.

b Selection of the appropriate set of limits shall be based on the rated a.¢_ power stated by the manufacturer.

NOTE A rated input or output power of 75 kVA corresponds for.@xample to a current of approximately 108 A per
phase in case of 400 V three phase power supply networks andto a current of approximately 216 A per phase in
case of 200 V three phase power supply networks.

High-frequency (HF) surgical equipment shallpmeet the limits of Table 2 or 4 specified for
group 1 equipment, in stand-by mode of\operation. For high-frequency (HF) surgical
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.a test arrangement in accordance with IEC 60601-2-2.

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
0,156 ~,0,50
of frequency to of frequency to

56 46
0,50 -5 56 46
5-30 60 50

Atthe 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 specifiedim Tabte 10 and for group 2 Tass B equipment im Tabte +2:

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 ifiractive 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 activesmode 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.

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

Recommendations for the protectiony of specific safety 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, 10 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 less than 10 m is allowed only
for equipment which complies with the definition given in 3.17.
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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
M2 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 - 0,49 - 33,5 - 57,5 - 82
0,49 - 1,705 - 23,5 - 47,5 - 72
1,705 - 2,194 - 28,5 - 52,5 - 77
2,194 - 3,95 - 23,5 - 43,5 - 68
43,5
decreasing
3,95 — 11 - 8,5 - 18,5 - :g];:rrultﬁr;wg;
frequency to
28,5
11 -20 - 8,5 - 18,5 - 28,5
20 - 30 - -1,5 - 8,5 - 18,5
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 -
134,786 — 136,414 60 - 70 - 80 -
136,414 — 156 50 - 60 - 70 -
156 — 174 64 - 74 - 84 -
174 — 188,7 40 - 50 - 60 -
188,7 — 190,979 50 - 60 - 70 -
190,979 <230 40 - 50 - 60 -
230:=400 50 - 60 - 70 -
400'—- 470 53 - 63 - 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
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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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015 - 25—

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 test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. Incase of
measurements at 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.

a

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

Table 12 — Electromagnetic radiation disturbance limits
for class B group 2 equipment measuredona test site

Limits for a measuring distance D in m
Electric field Magnetic field
Frequency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | Quasi-peak | Average 2 Quasi-peak

dB(nV/m) dB(uV/m) dB(pA/m)

39
: - - - | Dpgreasing ineary win e

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 — 136,414 50 45 60 55 -
136,414 — 230 30 25 40 35 -
230 - 1 000 37 32 47 42 -

On a test site,¢lass B equipment can be measured at a nominal distance of 3 m or 10 m. In the frequency range
30 MHz to,1NGHz, 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 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.

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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

- 26 - CISPR 11:2015 © IEC 2015

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, avideo signal bandwidth (VBW) higher than or
equal to 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 allocated above 1 GHz.

a8 At the upper and lower edge frequency of harmaonic frequency bands, the more stringent limit of 70 dB(uV/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 00
5,875 - 18 60

Weighted measurements shall be performed with a resolution bandwidth of 1 MHz and a video bandwidth of
10 Hz.

To check conformance with the limits of this table, weighted measurements shall be performed in all of,the
following frequency ranges, in which the limit of Table 13 was exceeded during the peak measurement;

a) 1005 MHz -2 395 MHz (1 000 MHz — 2 400 MHz)*;

b) 2505 MHz -6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
c) 6125 MHz -8 575 MHz;

d) 8575 MHz - 11 025 MHz;

e) 11025 MHz - 13 475 MHz;

f) 13 475 MHz - 15 925 MHz;

g) 15925 MHz - 17 995 MHz*.

At sub-ranges where the limit of Table 13 was exceeded, a weightedymeasurement shall be performed with a
span of 10 MHz around the centre frequency adjusted to the freqQuency of the highest disturbance level in the
respective sub-range.

* In cases where the frequency of highest emission during“peak measurement is found closer than 5 MHz from
the frequency edges 1 GHz, 2,4 GHz, 2,5 GHz, 5(72 GHz, 5,88 GHz or 18 GHz, the span for weighted
measurements shall remain 10 MHz but in such ease the centre frequency shall be adjusted so that the
frequency edges are not exceeded.

NOTE See annex B for further guidance on the.tse of the spectrum analyser.

Table 15 — Electromagnetic radiation disturbance APD level corresponding to
10-1 limits for 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
1MHz.

NOTE An APD level corresponding to 101 means that the amplitude of the disturbance exceeds the specified

6.4 Group 1 and group 2 class A equipment measured in situ
6.4.1 Limits for conducted disturbances

Under 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 Quasi-peak Quasi-peak ?
dB(uV/m) dB(nA/m)
0,15 - 0,49 - 13,5
0,49 - 3,95 - 35
3,95 -20 - =11,5
20 - 30 - -21,5
30 - 230 30 -
230 - 1000 37 -

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

If local conditions do not allow for measurements at 30 m, then a largerdistance can be used. In this case, an
inverse proportionality factor of 20 dB per decade shall be used to ngrmalize the measured data to the specified
distance for determining compliance.

28 These limits apply in addition to the limits in the frequency fange 30 MHz to 1 GHz to radiated disturbances

originating from the operation frequency 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 power exceeding 20 kVA. In the
event that the ambient noise level exceeds the abové’limits, the emissions of the EUT shall not increase this
noise floor by more than 3 dB.
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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(pV/m) dB(pA/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 <
47 — 53,91 30 -
53,91 — 54,56 30 -
54,56 — 68 30 -
68 — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 -
134,786-136,414 50 -
136,414 — 156 40 _
156 — 174 54 -
174 - 188,7 30 -
188,7 — 190,979 40 -
190,979 - 230 30 -
230 - 400 40 -
400 - 470 43 _
470 - 1000 40 -
At the transition frequengy,~the more stringent limit shall apply.

For group 2 _equipment measured in situ, the measuring distance D from the exterior wall of
the building.jn 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 Wwhere the calculated distance D is beyond the boundary of the premises, the measuring
distanece 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 measurement results according to Annex H are observed.

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

Specific requirements for making measurements on a test site are given in;Clauses 8 and 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
Clause 6.

Components or subassemblies for higher order equipment or systems which are intended to
be assembled 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
components or subassemblies shall be regatded as stand-alone equipment. Components or
subassemblies for which compliance withithe relevant requirements cannot be shown when
measured at a test site can also be asséssed in situ when being installed into the higher order
system, in which case the provisionscef 6.4 shall apply.

NOTE 1 The environments encompassed in this standard are residential, commercial or industrial environments
as described in IEC 61000-2-5 [11]2. Adherence of equipment to the requirements of this standard will allow for its
operation and use in these environments without resulting in an increased risk of RFI. There may also exist other
IEC product standards which alloew for compliance testing of components or subassemblies of higher order systems
but which encompass othersenvironments than those specified in IEC 61000-2-5 [11]. Choice of this standard or the
other appropriate IEC product standard for compliance testing of components or subassemblies is up to the
manufacturer.

NOTE 2 Examples<for such components include, but are not limited to power converters used for distributed
generation and Gupply 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 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 Tevels with the equipment under test inoperafive 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 cannot be
met, then the antenna may be located at a distance closer to the equipment undéc test than
specified in Clause 6 (see 8.3.4). Further advice on measurement conditions if\presence of
high level ambient noise is found in Annex C.

7.3 Measuring equipment
7.3.1 Measuring instruments

Receivers with quasi-peak detectors shall be in accordance.with CISPR 16-1-1. Receivers
with average detectors shall be in accordance with CISPR 16-41-1.

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 commanly referred to as “CISPR-Average”. This is to
emphasize 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 constant as defin€d, in CISPR 16-1-1.

The measuring receiver used shall be operated in such a way that a variation in frequency of
the disturbance being measured does notiaffect the results.

NOTE 3 Measuring instruments having other detector characteristics can be used provided the measurement of
the disturbance 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 changes
appreciably during the work cycle.

To avoid the possibility ofithe measuring instrument incorrectly indicating non-compliance with
the limits, the measuring receiver shall not be tuned closer to the edge of one of the bands
designated for ISM_use than the frequency at which its 6 dB bandwidth point aligns with the
edge of the desighated band.

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.

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
CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. n.etwork 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 voltage probe shown in Figure 1 shall be used when the artificial mains network (V-AMN)
cannot be used. The probe is connected sequentially between each line and the reference
earth chosen (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 1 500 Q.
The effect on the accuracy of measurement of the capacitor or any other device which may be
used to protect the measuring receiver against dangerous currentstshall be either less than
1 dB or allowed for in calibration. The voltage probe shall meet(the requirements specified in
CISPR 16-1-2:2014, Clause 5.

Mains supply
C == X, <<1500Q
(1 500 — R) Q
|
Xy >> R R / Measuring set

IEC

Figure 1 — Circuit for disturbance ¥0|tage measurements on mains s||pp|¥
-

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 results 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 shallghe 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 element consisting of a capacitor of 220 pk_* 20 % in series with a resistance of
510 Q + 10 % (see Figure 2); the other terminaltof’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 %

— EC

Figure 2 — Artificial hand, RC element

7.4 <(Frequency measurement

Forequipment 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
bhaovina on 1o h nt £ nt + ot th o 1/10 f thao noro~ioos [N

IIaVIIIH art IIIIIUIUIIL UIIUI Ul IIIUGOUIUIIIUIIL IIUl 3IUGLUI I.IIGII 7mTu uUrn urce VUIIIIIOOIUIU tU:UIaIIUU
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 Aest
volume of 1,2 m diameter times 1,5 m height above ground. Peripheral equipment not-fitfing
into the test volume shall be excluded from the measurements or decoupled from ‘the ‘test
environment.

NOTE 2 Restriction of radiation assessment to the cable fractions inside the test volume can be achieved for
example by application of CMADs at the cables at the position where they leave the test wolume. CISPR 16-2-3
gives further guidance on the application of CMADs.

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

Antenna reference
point

the enclosures D Cable bundles should be arranged
should be 20,1 m |‘" in theymiddle of the cable.
Peripheral I
Peripheral only 2 | EUT1 EUT2
n test volume — , . D Sections of interconnecting cables
if cable . S 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 of test
volume (e.g.
peripheral 2).

Testwolume 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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> reference
point

L (1,2£0,1) m | Li(30Z0oM)m Antenna
|‘ ) )S_’I

r :
| B: excess cable length D: Spacing between !
the enclosures

should be 20,1 m

e _: _____________ L = measuring distance
1
bundle between 30 cm :

and 40 cm

Cable bundles are in length.
D

of thecabte:

|
|
|
arranged in the middle : \
|
|
|

Peripheral
2

C / accordance CISPR 16-1-4.

(1,5£0,1) m
oy

y N i
< ) EuT
> : EUT2 A positioning table in
1
1

|
| | cables leaving the testiolume

Peripheral only in test
volume if cable
cannot be extended to
run out of test volume
(e.g. peripheral 2).

(0,8£0,01) m

peripheral 1 ; cable CMAD:* common-mode

absorption device

|
|
|
To Mains :
|
|
!

o |
=
>
o
S —

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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N -
‘\t——Typlcal spacing
N

AE

0,8 m +- 0,08 m = 0,3 g\z ~ o - AE
+
To power ',,lm
supply / i N
/r {
N

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 configuration of the equipment undertest shall be precisely documented in the test
report.

7.5.2 Interconnecting cables

This subclause applies to equjpment in which there are interconnecting cables between
various parts of the equjpment, or systems where a number of components are
interconnected.

NOTE 1 The observation ¢f 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 configuration being”in effect a subsystem of the one evaluated.

Interconnecting\eables shall be of the type and length specified in the individual equipment
requirementsy-f the length can be varied, the length shall be selected to produce maximum
emissiondvhen 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 signat teads, except for the feads suppiied by the manufacturer, 1S5 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 includéd in
the system configuration shall be included in the 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 evaluation was
satisfactory.

NOTE 2 This is possible because it has been found that in practice emissions from“identical modules are not
additive.

When equipment is being evaluated which interacts with other .équipment to form a system
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 simulators
satisfying the ambient noise conditions specified in 7.25/Any simulator used in lieu of actual
equipment shall properly represent the electricalyand in some cases the mechanical
characteristics of the interface, especially withsrespect 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 laboratory a.c. mains network
7.5.3.1.1 General

Where necessary the mains power from the laboratory's electricity power supply network shall
be provided 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 mains cables shall be used. If the manufacturer's installation instructions specify a
particular type of mains cable for use with the EUT, connection to the AMN or to the test site's
electricityssupply 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.
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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 g
connected to the reference earth of the AMN.

Ancillary low voltage a.c. mains ports shall be connected to the laboratory a.c. mains\network
via one 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 own power cord, the point of connection for the AMN is determinedgfrom the following
rules:

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

b) mains cables or terminals which are not specified by the manufacturer to be connected to
another unit in the system for the purposes of supplying mains power shall be tested
separately;

c) mains cables or terminals which are specified fy“the manufacturer to be connected to
another unit in the system for the purposes of\supplying mains power shall be connected
to that unit, and the mains cables or terminals’of that unit are connected to the 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 the laboratory a.c. mains network for measurement of
radiated disturbances’in the range 30 MHz to 18 GHz

Connection to the laboratory's €lectricity supply network may be provided with or without the
use of an AMN allocated inside the test environment, see Figure 4. For measurement
arrangements not including"an AMN, grounding and earthing of the EUT shall be guaranteed
by adherence to the pridciples set out in 7.5.3.1.2 as far as possible.

If the measurement, arrangement does not include an AMN, then excessive lengths of mains
cables do not ®eed to be bundled and allocated inside the test volume. They may be
accommodated,'someplace outside the test volume or test environment. For decoupling of
radiation ffom these excessive cable lengths it is however recommended to carefully
terminate’dhese 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 me«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.

Care should be taken when selecting the laboratory d.c. power source and installing_if\in'the
measurement arrangement. It is recommended to select and install only such a d:c. power
source which provides for a good galvanic insulation and also sufficient RF decoupling of both
d.c. power terminals from the laboratory reference ground plane. Internal decoupling
capacitors at the d.c. power source's terminals used for internal suppression(of-asymmetrical
disturbances may provide an unwanted bypass for the common mode 450 Q termination
impedance of the DC-AN used for the measurements. This may cause saturation effects in the
mitigation filter of the power converter under test, in particular at the operation frequency (i.e.
the switching frequency) of the power converter and its harmoOhics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Saturated smitigation filters do however
lead to incorrect and invalid measurement results, since the power converter is not operated
as intended, during the measurements. For guidance on, prevention of saturation effects
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 installation
instructions, this shall be used during testing.

For testing, a cable length as short as possiblé shall be connected between the equipment
under test and the DC-AN respecting the proximity of the boundary conditions defined above.

Where the equipment under test has~more than one d.c. power port of the same type, the
number of d.c. power ports needed’/to operate the equipment at its rated power shall be
connected to the DC-AN for the measurements. All other d.c. power ports shall be terminated
with a suitable 150 Q commen” mode termination impedance. Multiple ports galvanically
connected in parallel (such“as bus bars or strips for connection to multiple cables) are
considered to represent onhe ‘'single port only.

NOTE 2 For these other_términations, any suitable device can be used. This includes e.g. use of further 150 Q
networks according t6"CISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q coupling/
decoupling devices((CPN) as defined in IEC 61000-4-6.

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

NOTE8VIf a separate mains-connected laboratory d.c. power source is used, then it can be appropriate to also
insestanother EMI filter in the connection to that power source. Diagrams showing suitable setups for the test site
are found in Annex J.

— 1.6 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.

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 terminal
shall be 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 capacitive “electrodes
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 them being adjusted
to produce the appropriate power dissipation in the dummy load.

Elevation ;@ Elevation
L
E
/.i.
Plane L Plane
T
Horizontal load Vertical load

IEC

E = electrode 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 each case,\the equipment, together with the output cables, capacitive electrodes and
dummy load;.shall be rotated around its vertical axis during measurements of electromagnetic
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 Inmpc 110 \/60 W in par:llol‘ or five Inmpc 125 \/60 A\ in p:r:llol;

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.

7622  UHF and mi | . . ing f ies al 100 MH

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 to supply the equipment load.

7.6.2.3 Ultrasonic therapy equipment

Measurements shall be made with the transducer connected to the generator{The transducer
shall be dipped in a non-metallic container having a diameter of about 10 ¢m and filled with
distilled water.

Measurement shall be made at both maximum and half-maximdm—~power and, where the
output circuit can be tuned, it shall be tuned to resonance. and then detuned. The
specifications in the operating manual of the equipment are tosbeConsidered.

It is recommended to measure the maximum output of the*equipment in accordance with the
method published in IEC 61689 or using a derived 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 thé.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
specified inAEC 61922 for induction heating and IEC 61308 for dielectric heating equipment
may be ysed. 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

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 testedwith 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 jvariation or harmonic
radiation depending on the characteristics under examination.

7.6.7 Electric welding equipment

For arc welding equipment, the welding operation during the test is simulated by loading the
equipment with a conventional load. Arc striking and stabilising devices shall be switched on
during the emission measurements. The load conditiet's 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
welding equipment are specified in IEC 62135-2.

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.

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 nérmal 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).

| 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
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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 power converters intended to be supplied from a.c. power sources, the d.c. power port
under test shall be connected to a suitable resistive load or other adequate energy.storage via
an 150 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 source is a power converter
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
disturbances shall be recorded in the test report. {Ify*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¥>7.2 and 7.7.3 shall apply.

The test report shall contain a statement underlining that the measurement instrumentation
uncertainty (MIU) 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.

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 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) or, if the equipment under test is fitted with a special earthing terminal, then this terminal
shall be connected to earth (i.e. be bonded to the ground plane) with a lead as.short as
possible, see also Figure 4.

A ground plane shall be used for radiation measurement and the measurement.of disturbance
voltages. 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 Measurement of 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 conducted disturbances shallbe 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 aminimum size of 2 m x 2 m; or

c) within a screened room. Eithet-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-floer-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 ptane but otherwise consistent with normal use. All test units shall be at least
0,8 m from any_othier metal surface.

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

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 vottage at theancittary tow vottage a.c. power portof the power converter, if
applicable, shall be measured using the usual method of measurement for voltages at a.gc.
mains ports, see also CISPR 16-2-1.

For power converters which cannot be measured with the V-network (V-AMN), the disturbance
voltage at the low voltage a.c. mains power port can be measured with the high<impedance
voltage probe according to CISPR 16-1-2:2014, Clause 5. In this case, the laboratory a.c.
power source shall be connected directly to the a.c. power port under test. For.conditions 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 (V-AMN) can be used as a voltage probe as specified<dn-7.4.4.3 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 length of 50 m, or an isolation 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
8.2.2.21 General

Measurements at d.c. power portsyonly 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.

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
eonsequently is furnished with more than one d.c. power port, measurements of the

L“btulludllbﬂ VUitng D;Id“ IUC [.)UIJI:UIIIIUCII ill SCTUUCTTILT dt Udbil Uf tilUbU pUItD. A” Utilcl d.b.
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 installation instructions accompanying the power converter contains information that the
d.c. power 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 intended for
incorporation in a higher order final equipment (comprising of one or'more 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 DC-AN is used as standardized 150 Q comman ‘mode termination of the EUT and as
decoupling network to the laboratory d.c. power seurce. A typical measurement arrangement
is shown in Figure 6.

AC output DC input
GCPC
AC mains

Current flow 777L7
(grid)

Laborat AC
aboratory e — AMN DC- AN[Dc filter
filter filter <_l
Isolation ! !
transformer Current flow

DC power
source

77J/77 IEC

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

raalizad-b £ rit b o 12N rbin o ar—a—LC P N-—gse—apaepifiadin—Ga-2-4 £

IUGI;LUU U:yl IUrI:LU LUUUS, uummun mUUU aUSUIU:IIg uU‘V’i\JUS, Ul d VUUJIN do OPUUiIieU mmr u.o.=7 Ul
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
measurement arrangements are not obstructed or invalidated by dominating disturbances from ‘the laboratory
d.c. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. powér\source. But be
aware not to apply too heavy additional common mode capacitive loading to the EUT. Further gtidance on suitable
decoupling of the laboratory d.c. power source from the measuring arrangement can be foundsin Annex K.

IN port

Plus (Open)

pole ©

. ©
GCPC under DC P
. EUT ower
test Minus port CDN AE port source
pole
. 4 J? fo,—(.

AE port
port &@'AN (Open)

Measuring port

(Voltage probe) IEC

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

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-ANy 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 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 v " CMAD/
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As a voltage probe 77;[7;

Isolation
transformer |As a voltage probe—l

_@ DC power
source -
777L7 Current flow
IEC

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, respectively. 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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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 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 aroundthe handles.

8.3 Radiation test site for 9 kHz to 1 GHz
8.3.1 General

The radiation test site 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 test site will be twice the length of the direct path length
between the foci. This‘radiation test site is depicted in Figure 10.
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Boundary of area defined by
an ellipse. Volume above earth
‘\\to be free of reflecting objects.

NOTE For the values of F (measuring distance) see Clause 6.

Figure 10 — Test site

Test unit

IEC

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 1 m beyond the measurement antenna and its supporting structure at the
other end (see Figure 11). The ground plane shall*have no voids or gaps other than any
perforations which do not exceed 0,1 A at 1 GHz¢(apout 30 mm).
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= (d + 2) m, where é’is the maximum test unit dimension

W = (a+ 1) m, where a is the maximum dimension of the antenna

L

8.3:2

= measuyring’distance in metres

IEC

Figure 11 — Minimum size of metal ground plane

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. The-"highest
recorded level of the electromagnetic radiation disturbance at each frequency- shall be
recorded.

For equipment under test not located on a turntable the measuremgntantenna shall be
positioned at various points in azimuth for both horizontal and vertical ‘polarization. Care shall
be taken that measurements be taken in the directions of maximumadiation and the highest
level at each frequency be recorded.

NOTE At each azimuthal position of the measurement antenna the radiation test site requirements specified in
8.3.1 are met.

8.4  Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

Measurements may be performed on radiation test sites which do not have 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 1:20412,are within +4 dB of the theoretical site attenuation
as given in Tables 1 or 2 of CISPR 16-4-4:2010/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.

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
normal veltage shall be supplied. For the EUT's earthing and grounding conditions as well as
connegction 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
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

consutted for guidance, Measurements stattbe mmade withtheantenma im bothhorizomtai—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 | | Fail I

IEC

Figure 12 — Decision tree for the measurement of emissions from 1 GHz to 18 GHz
of group 2 equipment operating at frequencies above 400 MHz

942 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 prelimifary
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.

To find the direction of the maximum emission, peak measurements in the rangé 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 innmaximum-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 at least

2 min shall be made for both polarizations, i;e. with the antenna oriented successively in
horizontal and in vertical polarization.

The obtained measurement result(s) shall’be compared to the peak limit (see Table 13).
If the EUT passes the peak measurement, 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 GHz, then the final test result is FAIL, see Figure 12.

9.4.4.2 Weighted-measurement
9.4.4.21 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 with a weighting function shall be performed.

Fer 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 highest emission level from the peak measurements. These frequencies are the centre
frequencies 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 2,895
2 2,505 t6-6;125 2@
3 6,125+t0 8,575
4 8,575 to 11,025
5 11,025 to 13,475
6 13,475 to 15,925
7 15,925 to 17,995

a !\r/Ie:Isu;ements in the ISM band 5,720(GHz to 5,880 GHz are excluded, see
able 1.

Measurements with the Log-AV weighting function shall be performed in the sub-ranges
where the EUT did not meet the-limits of Table 13 around the centre frequencies identified 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), then the
final test result is. PASS, see Figure 12.

9.4.4.2.3 APD weighting according to Table 15

As ansalternative to 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 bullding In which the equipment Is situated at the distance
specified in 6.4.

Measurements in situ at the place of operation of the equipment to be assessed shall be
performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further advice for
in situ measurements is also found in CISPR TR 16-2-5 [2] 3.

The number of measurements made in azimuth shall be as great as reasonablypractical, but
there shall be at least four measurements in orthogonal directions, and measurements in the
direction of any existing radio systems which may be adversely affected.

For the larger commercial microwave ovens it is necessary to ensure that the measurement
results 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 emitting/levels of electromagnetic radiation that
are hazardous to human beings. Before testing fot\electromagnetic radiation disturbance, 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 measurement
instrumentation uncertainty.

Where guidance for the_talculation of the instrumentation uncertainty of a measurement is
specified in CISPR 16y4-2 this shall be followed, and for these measurements the
determination of compliance with the limits in this standard shall take into consideration the
measurement instromentation uncertainty in accordance with CISPR 16-4-2. Calculations to
determine the measurement result and any adjustment of the test result required when the
test laboratory-uncertainty is larger than the value for Ug gpr given in CISPR 16-4-2 shall also
be includediin the test report.

For inssitu measurements, the contribution 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 1ts heating coil. For testing purposes the equipment IS to be defined N
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 standard gives general definitions of group 1 and group 2 equipment and“for official
purposes 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 Comprehensive
list of types of apparatus which have been identified as belonging to a particular group. This
will also 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 following lists of group 1 and group 2 equipment are not exhaustive.
Group 1

Group 1 equipment: group 1 contains all equipment i the scope of this standard which is not
classified 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 tools
Industrial( process measurement and control equipment
Semjeonductor manufacturing equipment

Detailed: Signal generators, measuring receivers, frequency counters, flow meters,
spectrum analysers, weighing machines, chemical analysis machines, electronic
microscopes, switched mode power supplies and semiconductor converters
(when not incorporated in an equipment), semiconductor rectifiers/inverters, grid
connected power converters (GCPC), resistance heating equipment with built-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, uitrasound— washing  machines, regutating comntrois —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

Detailed:

Microwave ovens

Medical electrical equipment

Electric welding equipment

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

a8 Inductive or capacitive power transfer apparatus normally subject to CISPR(?,.but forming part

of equipment subject to other CISPR standards is excluded from the scope of CISPR 11.
Metal melting, billet heating, component heating, soldering’and brazing, arc
welding, arc stud welding, resistance welding, spot welding, tube welding,
industrial laser oscillator exited by high-frequency discharge, wood gluing,
plastic welding, plastic preheating, food processing, biscuit baking, food thawing,
paper drying, textile treatment, adhesive curing, material preheating, short-wave
diathermy equipment, microwave therapy equipment, magnetic resonance
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equipment,
crystal zone refining, demonstration models of high-voltage Tesla transformers,
belt generators, etc.
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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
amplitudes of harmonic and spurious emissions with an instrument which can generate such
components in its input circuits.

In order to protect the input circuits of the spectrum analyzer from damage when measuring
weak disturbance signals in the presence of a strong signal, a filter should be provided in the
input to 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 becomesdifficult to determine whether a
displayed signal is actually at the indicated frequency, or,is{generated within the instrument.

Many ovens, medical diathermy equipment and other microwave ISM RF equipment receive
their input power from rectified a.c. but unfiltered energy sources. Consequently, their
emissions are simultaneously modulated in amplitude and frequency. Additional AM and FM
are caused by the movement of stirring devicestused in ovens.

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

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral lines,
the indicated peak) value increases with bandwidth up to the point where the analyzer
bandwidth is cemparable to the width of the spectrum of the signal. It is essential, therefore,
to obtain agreement to use a specified bandwidth in order to compare the amplitudes
displayed by/different analyzers when measuring emissions typical of present heating and
therapeutic 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{

where

Eq 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 formula has been found to be valid when unwanted signalssare from AM or FM sound and
television transmitters having a total amplitude up to\.twice the amplitude of the
electromagnetic radiation disturbance which is to be measured.

It is advisable to restrict the use of the formula to cases where it is not possible to avoid the
disturbing effect of radio transmitters. If the fréquency of the electromagnetic radiation
disturbance 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.

Although the influence of the nature of the ground, and of the obstacles on it, onthe actual
attenuation of the electromagnetic wave increases with frequency, an average, attenuation
coefficient can be taken for the frequency range 30 MHz to 300 MHz.

As ground irregularity and clutter increase, the electromagnetic fields will be reduced because
of shadowing, absorption (including attenuation caused by buildings and vegetation),
scattering, divergence and defocusing of the diffracted waves [16]\The attenuation can then
be described only on a statistical basis. For distances from the satdrce greater than 30 m, the
expected or median field strength at a defined height varies as\t/Dn where D is the distance
from the source, and n varies from about 1,3 for open country’areas to about 2,8 for heavily
built-up urban areas. It seems from the different measurements for all kinds of terrain that an
average value of n=2,2 can be used for approximate estimations. Large deviations of
measured values of field strengths from those “predicted from the average field
strength/distance law occur, with standard deviations of up to about 10dB in an
approximately log-normal distribution. The polarization of the field cannot be predicted. These
results are in agreement with measurements_int@ number of countries.

The screening effect of buildings on the radiation is a very variable quantity, depending on the
material of the buildings, the wall thickness and the amount of window space. For solid walls
without windows, the attenuation depends on their thickness relative to the wavelength of the
radiation and an increase in attenuation with frequency may be expected.

Generally, however, it is conhsidered unwise to expect buildings to give protection of much
more than 10 dB.

4 Figures 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

—E1—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 individdal
ISM RF applications. The respective provisions of the ITU relating to usual residentialand/or
industrial environments are recognised by CISPR and incorporated into the main body of this
International Standard. Apart from these provisions, additional ITU provisions may* apply for
the operation and use of individual ISM RF applications in particular environments, i.e. in
"particular areas", which are not addressed in the main body of this standard. The CISPR
regards these ITU provisions and their national derivatives as recommendations since they
may only apply to individual ISM RF applications used in particular.areas under in situ
conditions.

E.2 Recommendations for protection of safety-related radio services

ISM RF equipment should be designed to avoid fundamental operations or radiation of high-
level spurious and harmonic signals in bands used fof safety-related radio services. A list of
these bands is provided in Annex F.

NOTE For the protection of specific safety-related radio services, in particular areas, an individual installation can
be required to meet the limits specified in Table E.1.

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 outer 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)
0,283 5-0,526.5 - 13,5 30
74,6 — 754 30 - 10
108137 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

Fre:\q/ll;ezncy Allocation/use
0010 — 0014 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)
1,82 -1,88 Radionavigation (LORAN-A region 3 only, coastal areas and on board ships only)

2,1735-2,1905
2,090 55 -2,091 05
3,021 5-3,027 5
4,122 -4,2105
5,678 5-5,684 5
6,212 - 6,314
8,288 — 8,417
12,287 - 12,579 5
16,417 — 16,807

19,68 — 19,681
22,3755 -22,376 5
26,1 - 26,101
74,6 - 75,4
108 — 137

156,2 — 156,837 5

242,9 — 243,1
328,6 — 335,4
399,9 - 400,05
406 — 406,1
960 — 1 238
1300 - 1350
1544 — 1545
1545 -1 559
1559 -1610

1610 -1625,5
1645,5 -1646,5

1646,5 - 1660,5

2700 -2 900
2900 -3100
4 200¢+4"400
5 000=5 250
5.850 — 5 460
5 600 — 5 650
9 000 -9 200
9 200 — 9 500

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 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 MHz 6148 MHz VOR, 121,4 MHz to 123,5 MHz
distress frequency SARSAT uplink, 118)MHz to 137 MHz air traffic control)

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (IL'S glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radignavigation (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)

Aerohautical radionavigation (GPS)

Aeronautical radionavigation (radio altimeters)

Distress frequency-uplink (1626,5 MHz to 1645,5 MHz mobile satellite uplink may be
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)

Aeronautical radionavigation (microwave landing systems)

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

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 bands allocated for sensitive radio services

Frequency Allocation/Use
MHz
0,135 7 - 0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
3,50 — 4,00 Amateur Radio Service
5,25 - 5,45 Amateur Radio Service
7,00 - 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
18,068 — 18,168 Amateur Radio Service
21,00 — 21,45 Amateur Radio Service
24,89 — 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
137 - 138 Satellite downlink
144 — 146 Amateur Radio Service
145,8 - 146 Satellite downlink (Amateur Radio Satellite Service)
149,9 - 150,05 Radionavigationsatellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astrogomy
400,05 - 400,15 Standard ffequency and time signal
400,15 - 402 Satellite downlink
402 - 406 Satellite uplink 402,5 MHz
406,1 - 410 Radio astronomy
430 - 440 Amateur Radio Service
435 - 438 Satellite downlink (Amateur Radio Satellite Service)
608 ~, 614 Radio astronomy
1 215,=1 240 Satellite downlink
1240 - 1 300 Amateur Radio Service
3 260 -1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1-400=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: Radic nefrnnnm\}/ and satellite downlink

3 260 - 3 267
3 332-3 339
3 345,8 - 3 358
3 400 - 3 475
3 400 - 3 410
3 600 -4 200
4 500 - 5 250

5 650 - 5 950
7 250 -7 750
8 025 - 8 500
10 000 — 10 500
104 50 - 10 500
10 600 - 12 700

14 470 - 14 500
15 350 - 15 400
17 700 - 21 400
21 400 - 22 000
22 010 - 23 120

23 600 - 24 000
24 000 - 24 500
31 200 - 31 800
36 430 - 36 500
38 600 - 40000
above 400 GHz

2 690 MHz to 2 700 MHz: Radio astronomy
Spectral line observations (radio astronomy)
Spectral line observations (radio astronomy)
Spectral line observations (radio astronomy)
Amateur Radio Service

Satellite downlink

Satellite downlink

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
Amateur Radio Service

Satellite downlink

Satellite downlink

Amateur Radio Service

Satellite downlink

10,6 - 10,7 GHz: Radio astronomy

10,7 - 12,2 GHz: Satellite downlink

12,2 — 12,7 GHz: Direct broadcast\satellite
Spectral line observations (fadio astronomy)
Radio astronomy

Satellite downlink

Broadcast satellite<(Region 1 and Region 2)

22,01 GHz to.22,5°GHz: Radio astronomy 22,5 GHz to 23,0 GHz: Broadcast satellite
(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

Radiowastronomy
Amateur Radio Service
Radio astronomy
Radio astronomy
Radio astronomy

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

—H4+—Signhificanceofa 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 the\limits
for type approved appliances shall be that on a statistical basis at least 80 % of/the” mass-
produced appliances comply with the limits with at least 80 % confidence.

The assessment of conformity of equipment tested on a test site shall be based on
measurement results obtained in accordance with the specificationsZof Clause 7. For
equipment in series production, there shall be 80 % confidence that at least 80 % of
manufactured items comply with the limits given (compliance critenion), see CISPR 16-4-3.
Statistical assessment procedures providing such a confidence level are specified in H.3.1,
H.3.2 and H.3.3.

NOTE When applying another statistical assessment procedure than one\of those referred to above or specified in
CISPR 16-4-3, the user of this standard can be invited to show ey¥idence that the compliance criterion set out
above is also met when applying this other method.

Measurement results obtained for an equipment measured in its place of use and not on a
test site shall be regarded as relating to that installation only, and shall not be considered
representative of any other installation and so.§hall not be used for the purpose of a statistical
assessment.

H.2 Type tests

As a rule, the positive result of @'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 performed

H.2.1 either on a sample of appliances of the type using one of the statistical methods of
evaluation in accordance with H.3,

H.2.2 or, for simplicities sake, on one appliance only. In this case subsequent tests are
necessary fromptime to time on appliances taken at random from the production line.

NOTE Reeognition of a type test made on only one appliance of series-produced equipment as type approval may
depend, on'national or regional regulation. National or regional authorities may rely on different quality 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 IS 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 IS @ conservative value for the expected maximum standard deviation in a product group, and which is

calculated as 2 times the expected standard deviation;

L is the limit specified in this standard.

The quantities x, L and omax are expressed in logarithmic terms while ke , as an ordinary‘factor, is given in absolute
numerical value, see table in this NOTE.

Sample size (n) 3 4 5 6
Coefficient 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, ,, has been
assumed. The values for the general margin to the limit in.Table H.1 above are a simple multiplication of this
6,0 dB with the coefficient k. In Table H.1 values are given.only for a sample size up to n = 6 because forn =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.3.2.1 Normal procedure

The measurements shall be performed on a sample of not less than five and not more than
12 pieces of equipment of thetype in series production, but if in exceptional circumstances
five pieces 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 relates to
all identical units and allows for the variations that can be expected to arise due to quantity production techniques.

Compliance is achieved when the following relationship is met:

X +kS, <L

where

%_\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

4
T

u
—+
—+
—+

. 4 4 = — 4 4
LS 204 569 702 I 74 590 o0

H.3.2.2 Extended procedure

When applying the procedure as in H.3.2.1 a given sample of equipment whiChvcauses
fluctuating disturbances may fail to meet the compliance criterion. In such cases.the'extended
assessment procedure defined in this clause can be used.

The statistical assessment shall be carried out separately for the following frequency
subranges:

Conducted 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{0'230 MHz
b) 230.MHz to 500 MHz
c) 500 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 subranges
defined above, see respective information in 6.3.2.4, Table 13.

Compliance of the sample.is-judged from the following modified relationship:
X +kS, <0
The value of i’depends on the sample size » and is stated in Table H.2 above.

For determination 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 according to H.3.3.

NOTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured disturbances occurs
near the borderline between two frequency sub-ranges. "U " is the measured disturbance vattage; "f/" is the
frequency. 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 unit, differences as
between unit 1 and unit 2 in a sample are typical. An average value and standard deviationris calculated for all
units (of which two are shown) for each subrange. In this example the calculated standard deviation is much higher
for subrange 1 than subrange 2 (e.g. consider how different the values of X, and X, jare-at the borderline). Even
though the average for subrange 1 is much lower than subrange 2, after taking into-consideration the high value of
S, multiplied by the factor out of Table H.2, in rare cases this could lead to the sampl€ set failing the given criteria.
Since this is simply a consequence of the way in which the frequency subranges have been defined, no statistically
meaningful conclusion can be drawn regarding compliance.

A Frequency Frequeney
subrange . subrange
U . .
. 1 . 2
- s s s sl e o . o - -
. : Limit

v

~

IEC

Figure H.1 — An example of possible difficulties

H.3.3 Assessment based on the binomial distribution
Compliance is-judged from the condition that the number of appliances with a disturbance

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

Sqlllpic size (n) T 4 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

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
standardized test sites. It is constructed to provide, in the intended frequency randge 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 components. The values of
these termination impedances are specified in Clause |.4.

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 @btained measuring results.
Having asymmetric decoupling capacitors with some 100 nF te-about 1 uF capacitance only
the construction of that filter prevents, in most cases, saturation effects in mitigation filters the
power converters may be furnished with and this way~provides for valid, reliable and
repeatable 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
disturbance voltage level at a single tefminal (or conductor or pole, respectively) of the EUT's
d.c. power port under test, relativexto 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 out in CISPR 16-1-2 shall\be observed. A circuit diagram of a suitable Delta-network is
found in Figure I.1.

NOTE Due to constraints( in“design of true V-ANs for a certain defined ratio of the DM to CM termination
impedance, construction o6f a’ pseudo V-AN may require use of a third shunting resistor connecting to the two power
terminals of the EUT pert of the AN. Such shunting resistors as R, in Figure |.1 or R, in Figure 1.4 do not have any
impact on the required/DM and CM termination impedances and provide for these termination impedances also
during measurement.of UM disturbance voltages. For calculation of the termination impedance for UM disturbance
voltages the delta-to-star conversion formula for resistor networks can be used. Further, these termination
impedances _can)also be measured directly at the EUT power terminals of the AN in relation to common ground in
using an dppropriate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons only.
UM disturbance voltages can also easily be measured with Delta-ANs when they are furnished with respective
measuring ports.

K22 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 be used. Other artificial networks specified in CISPR 16-1-2 can also be uskd if providing
an asymmetric or common mode (CM) 150 Q termination for the port under, test to laboratory
reference ground, and if being furnished with an appropriate low CM;:blocking capacity
decoupling LC-filter.

NOTE Presently the 150 Q artificial mains V-network specified in CISPR 16-1-2{2014, 4.5 cannot be used for
measurements of conducted disturbances at LV d.c. power ports, since providing a common mode termination
impedance of 75 Q only. Such a V-network does not meet the most essential technical parameter specified in
Table 1.1 Pos. 3, i.e. the value of 150 Q, for the common mode termination impedance. Negotiations in definition of
systematic corrections for measurement results obtained in use of such networks have not been started yet.

Selection 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 confiderdcelevel as results obtained when using
the established V-network. Information on aspects.of measurement uncertainty in respect of
artificial mains networks (AMN) is found in CISPR/16-4-2:2011, Clause 4. This information 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 differential
mode (DM) disturbances.

In any case the assessment, of: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 obtained and
recorded either for the two.composite unsymmetrical mode (UM) disturbance components, or for
both, the asymmetric ©f"common mode (CM) and the symmetric or differential mode (DM)
disturbance componénts as well.

1.3.2 Pseudo/V-AN

In the pseudo V-network an assessment of these components is only possible in combination
as compesite unsymmetrical mode (UM) disturbance voltages, the level of which can be
differént for each terminal of the given port under test, due to internal HF imbalance of the
EUT o 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
fequirements, 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 Type of the DC-AN Delta-network suitable for measurements at one d.c.
power string or port (plus pole, minus pale.and
reference ground)

2 Calibrated frequency range 150 kHz to 30 MHz (measurement;range)
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 @ | > 26 dB,(symmetrical 150 Q system)

’ (measuréd according to CISPR 16-1-2)
8 | CMinsertion 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
d.c. current path

a8 The LCL of the AN should be significantly targer than the internal LCL of the EUT. During the measurement of
unsymmetrical disturbance voltages only disturbance components from internal mode conversion DM to CM in
the EUT need to be assessed. The,statistical mean value of the LCL of installed PV generators has already
been taken into account when determining the limits for the DC power input port of GCPCs.

NOTE The parameters in Tdble'l.1 have been derived in developing modern implementations of the 150 Q CISPR
network described in CISPR 16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for
photovoltaic 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
galvanic cOnhection shall be guaranteed to the AN's ground in order to drain transient
dischargecurrents through the coupling capacitors when switching the laboratory source off.

Decaupling 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)
magnitude

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 CM insertion loss of AE port to EUT port > 20 dB at 150 kHz (asymmetfical 50 Q system),
decreasing with decreasjngfrequency with
40 dB/decade

9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz

> 40 dB with external capacitor

(symmetrical 150 Q system), decreasing with
decreasing-frequency with 40 dB/decade

NOTE The parameters in Table 1.2 have been derived in developing modern implementations of the 150 Q CISPR
network described in CISPR 16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs for
photovoltaic 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.

Unsy trical valtage signals (-20 dB) ilable 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)



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015 -73 -

—_—
!L R\Z ]
1 T
1| i
HEl !

Additional

filter sections I
L Trequired |
ot | S _i
[ ‘ ; 7 =
i : !

|||._

Measuring apparatus { o e
P is the connection for apparatus under test
1 for the symmetrical component
2 for the asymmetrical component IEC

Figure 1.2 — Practical implementation of a 150,Q 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

maode (IUM) or "terminal” disturbance \/nlfngpQ

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 (UM) 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.

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

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
installations (see Definition 3.11), connection to an appropriate laboratory DC power supply is
necessary on the DC input side of the GCPC, while connection to another appropriate
laboratory AC power source or AC mains grid is necessary on the AC output side_togo.

The DC power is fed into the DC input power ports of the GCPC, and notconsumed in the
GCPC, and so almost completely converted to AC power and output to theZAC side. If the AC
power output from the GCPC is not consumed by a resistive load etcs, the AC power current
can reversely be carried into the laboratory AC power source, and/so the equipment may be
damaged. In addition, there are some countries where reverse power flow into the AC mains
is restricted or prohibited by national law and regulations. Thus{the global setup of the test
site used for the measurements needs attention, and a proper and appropriate setup may
even enable simplification of the test arrangement and configuration for the equipment under
test (EUT). Examples of suitable setups for the test site are described below.

J.2 Setup of the test site

J.2.1 Block diagram of test site

The measurement arrangement and configuration for the EUT can be simplified by use of a
test site having a configuration as shown'in Figure J.1/J.2. For this setup, the AC output of the
GCPC is connected to the AC inputoof the laboratory DC power supply through the V-AMN
used in the measurement arrangement. The laboratory DC power supply converts AC power
into DC power, and it is supplied to the DC input of the GCPC. Thus, the current circulates
from the AC output to the DCuinput of the GCPC. The advantages of this site configuration are
that the DC power supply. consumes the AC output power of the GCPC, and so a resistive
load is not required torprevent AC power currents from flowing into the laboratory AC power
source.

AC mains
(grid) AC current
flow

Laboratory EMI
@— AC power filter [ 1
source 1_

Resistive load | AC output [ gcopc DC input
(optional) =

i Trans-
former |
AC input " ! (optional)
v e ————————17
Change in
DC power electrical
supply system — Reference ground
DC output | = EMI
— | filter —
| DC current flow

IEC

Figure J.1 — Setup of the test site (Case 1) — 2D diagram
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NOTE The distances defined as ‘x’ and ‘yifi 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

Consequently the laboratery*AC power source needs to provide only the total power losses in
the test arrangement, once the measurements are started. Because the laboratory AC power
source 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 not flow
into the AC power source, and so it cannot be damaged.

J.2.2 DC _power supply

The laboratory's DC power supply shall have enough output power to operate the GCPC at its
rated=AC output power. In addition, a control for adjusting properly its DC output voltage is
negessary. 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 sysiem, a proper iransiormer shall be inseried 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 resistive load

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 output of
the GCPC (EUT), etc. (there is also the reverse case). In such cases,"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 laboratory
AC power source as shown in Figure J.3/J.4 and the AC powerof the GCPC (EUT) shall be
consumed by that resistive load. As a result, the resistive load prevents the AC output power
current 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.

AC mains
(grid) AC current
Laboratory . EMI flow .
AC power " AC output DC input
@_ source filter 1_ GCPC |«
Resistive -
load — |
AC mains (grid) — Reference ground
(optional)
l':"\ ™ DC power EMI
e/ A supply —| filter B
e’ AC DC

| output | DC current flow
input

- IEC

Figure J.3 — Setup of the test site (Case 2) — 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.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 setup example shows the- case where the laboratory AC power source (see
Figure J.3/J.4) is not connected:to the AC output side of the GCPC.

In case the AC output of.the GCPC is connected to the AC mains through a filter as shown in
Figure J.5/J.6, the AC(output current of the GCPC flows to the AC mains, and therefore it is
not required to connect 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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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
converters during type tests according to this standard

K.1 General information and purpose

Most types of power converters use operation or switching frequencies in the range-of a
couple of 100 Hz up to 25 kHz. The measurement results obtained in the range of interest
(150 kHz to 30 MHz) are sometimes seriously invalidated by the effective total common mode
(CM) impedance of the whole d.c. power supply chain in the test environment in the range of
about 500 Hz to 150 kHz. If the operation frequency of the power converter under test
coincides with the frequency of the series resonance dip(s) in the effective”total common
mode (CM) impedance in the whole laboratory d.c. power supply chain, excessive CM
disturbance currents may appear at the operation frequency and may saturate the built-in EMI
filters (as e.g. common mode chokes) in the EUT. Consequently it will cause serious
performance degradation of the filters in the measuring frequencyrange 150 kHz to 30 MHz.
Performance degradation of the filters means that excessive .RF disturbance levels will be
recorded causing the power converter under test eventually {o)FAIL proving compliance with
the requirements specified in this standard.

It shall be said that such mode of operation of power,converters prominently deviates from the
operation conditions in normal use. Hence additional countermeasures should be taken at test
site configuration level in order to operate the power converters as intended in normal use, in
type tests according to this standard.

As a matter of course, CM decoupling -Gapacitors shall be employed, in conjunction with
suitable series inductors, as LP-filters d€€ouple the termination impedance at the EUT port of
the artificial network (AN) e.g. from influences of the laboratory d.c. power source at the AE
port of this AN. The specifications,of-the DC-AN as in Annex | Table 1.2 guarantee that the CM
termination impedance at the EUT port of the AN remains at least at values of 10 Q or more,
at the series resonance of its internal LC LP decoupling filter. This will prevent the saturation
effects mentioned above_in most of the practical testing cases. For the magnitude-versus-
frequency characteristics.of the CM termination impedance of the AN in the range 9 kHz to
150 kHz, consult the specifications provided by the manufacturer.

Considering now.mitigation of common mode RF currents in the whole laboratory d.c. power
supply chain atthe test site, this mitigation and involved additional CM decoupling capacitors
and commany'mode chokes (as e.g. in the EMI filters at the site) may interact with the
characterigtics of the built-in LC LP decoupling filter of the AN, and may cause frequency
shifts ef\the series resonance dip(s) of the effective total common mode (CM) impedance
experienced at the EUT port of this AN.

K is hence strongly recommended to adjust the magnitude-versus-frequency characteristics of

thc tUtdi cffcbtivc CM tcllllilldt;ull illlpUddlle dt thc: EUT }JUlt Uf thU I‘I'\‘\Ik‘lI tU thU L;Ulld;t;ullb
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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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
damage 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 excessive levels of disturbance are observed during measurements of conduected' RF
disturbances at LV d.c. power ports of power converters in the range 150 kHz to 30-MHz, then
this may 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 is recommended

to observe the guidance given below.

1) For measurements at LV d.c. power ports of power converters use _only ANs complying
with the technical requirements of the 150 Q artificial mains Delta-network according to

4.6 of CISPR 16-1-2:2014, or according to Annex | of this standard-

2) Apply good test site engineering and check whether the whéle *'measuring instrumentation
(DC-AN excluded) and test site configuration are suitablé for use with measurements on
power electronics operated in switching mode conditions at operating frequencies
(fundamental frequencies) allocated in the rangesbetow 150 kHz. Depending on the
implemented technology and nominal power thfoughput, power converters may use
fundamental or switching mode frequencies in_the range from a couple of 100 Hz up to

about 150 kHz.

3) Whenever possible insert additional commaon mode (CM) absorbing devices such as ferrite
tubes, CMADs or also 150 Q CDNs according to IEC 61000-4-6, between the AE port of
the AN and the laboratory d.c. powerssupply 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
series to the laboratory's comnmion mode current circuit. In any case, check the efficiency
of the added common mode-rejection devices, since for most of them you will not find

specifications of technical-characteristics in the range below 30 MHz.

4) Avoid coincidence of thé.fundamental or operating frequency of the power converter under
test with the frequengey of the series resonance dip in the CM impedance of the whole
d.c. power supply ‘chain consisting of the laboratory d.c. power source, the EMI filters
used in the instaltation of the OATS or SAC, and the AN. The frequency of the resonance
dip in the CM-impedance of the power supply chain can be shifted by changing the
capacitanee\of the effective CM decoupling capacitor. Addition of external CM decoupling
capaciters-is recommended at the interface between the AE port of the AN and the
labordtery d.c. power supply port allocated in the test environment. Be aware that a line of
capacitors with different capacitances may be needed if the testing business comprises
pewer 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 Detailed advice

K.3.1 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.

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 common mode RF
current at test site configuration level

An obvious countermeasure for prevention ofiithese additional contributions to the total
effective RF CM current at the operation frequency of the power converter under test is to
increase the CM decoupling loss in between.'the AE port of the DC-AN and the laboratory
d.c. power supply port allocated in the testtenvironment.

This decoupling loss can be increased by insert of additional series inductors (preferred
countermeasure) and/or by employment of additional CM decoupling capacitors at the
interface in between the AE pgrt' of the DC-AN and the laboratory d.c. power supply port
allocated in the test enviromment (countermeasure for shifting the frequency of the series
resonance 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 d.c.
power supply chain

If some suitable”EMI clamp devices etc. which attenuate the common mode RF current in
9 kHz ~ 15QkHz 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 can be
neglécted. 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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Figure K.2 — Blocking of flow of common mode RF current
by insert of series inductors

ATTENTION - Proper equipment such as EMI clamp devices which canrDattenuate the
common mode RF current in the range 9 kHz to 150 kHz may not be available from the
market. Preferred measure should hence be insertion of series inductivities:

As mentioned above, because the effective magnitude of gapacitance of decoupling
capacitors of all the laboratory measuring systems including theClaboratory d.c. power source
may cause saturation effects in mitigation filters the transformer-less power converter is
equipped with, it is necessary to use laboratory d.c. power<sources and EMI filters with low
capacitance common mode decoupling capacitors only. Observe however that use of CM
decoupling capacitors with low capacitance only may also reduce suppression of RF
disturbances generated by the laboratory d.c. eower source. If extremely large RF
disturbances occur during type tests on transformer-less power converters which are thought
to be caused by saturation of the built-in mitigation filters, then it should be considered to use
batteries as d.c. power source.

K.3.3 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

For an increase of the decoupling loss between the laboratory d.c. power supply chain and
the measurement arrangement additional CM decoupling capacitors can be connected
between the AE port (i.esthe decoupling circuit) of the DC-AN and the laboratory d.c. power
supply port allocated in-the test environment as shown in Figure K.3.

Additional
blocking capacitors
Laboratory ‘ GCPC
Bepower supply  EMIfilter J DC-AN (EUT) AMN
L __AC mains

T BRI E

B 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 DC-AN according to Table 1.2. As shown in Figure K.4, it proves that there is a resonant
point in the proximity of 20 kHz and the common mode impedance remarkably deCreases at
this resonant frequency.

(@)

DC-AN common mode impedance characteristics
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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 saturation™of mitigation filters the power converter is furnished with, that currently
becomes a¢roblem, occurs because a large common mode current flows in case the resonant
frequency /20 kHz) coincides with the operating frequency of the power converter (EUT).
Howeyer; the resonant frequency is practically determined not only by the DC-AN, but also by
the cemmon 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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015 - 85—

Additional
blocking capacitors
GCPC
DC power source EMI filter '/ DC-AN (EUT) AMN

HH

——F_—.O-:E_—;ﬁ_io;ﬁc_fol-y e _I,_D_,_=_,_o'- AC mains
217 B =Rl A

H]
|
'
:L————ul———_:._lg_?} Tty

...................

IEC

Figure K.5 — Prevention of saturation of mitigation filters
by use of additional decoupling capacitors

In other words, if the measurement results in case the capacitance of decoupling.capacitors is
increased are the same as those in case it is unchanged, it can be con¢tluded that the

measurements of conductive disturbances have correctly been performed.

With exchange of hardware components in the DC-AN, it is possible to.increase or decrease
the capacitance of the CM decoupling capacitors by setting up switches for switching series
and parallel connection of these decoupling capacitors as shewh in Figure K.7. However,
such measure cannot be recommended for application in nermal laboratory practice since
possibly violating the calibration of the respective DC-AN. However, switched-type combined
external CM decoupling capacitors can be used, if necess@ary. Application of such capacitors
will always shift the series resonance of the DC-AN-internal LC decoupling filter to lower

frequencies than found in the manufacturer's specifications.
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DC-AN common mode impedance characteristics

©

500*

|Zcel

450
400

350
300
250

9 kHz ~ 150 kHz
200 |

150 + .\ I N N WA

1l L | 1]
It \
/

| Bl A% 71'

501 NEL I \ Decreasein
Increa_seln f‘\ ," i capacitance of
capacitance of | Y44 NS—¥| |Jidini Y I

0- decoupling’ —

0,001 0,01 0,1 1 10

Frequency (MHz)
IEC

Figure K.6 — Change in the resonant frequency caused by the increase

and decrease In the decoupling capacitor's capacitance
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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 MEDICAUX -
CARACTERISTIQUES DE PERTURBATIONS RADIOELECTRIQUES =

LIMITES ET METHODES DE MESURE

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de ‘pormalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC)\L’IEC a pour
objet de favoriser la coopération internationale pour toutes les questions de normalisation_dans les domaines
de [I'électricité et de I'électronique. A cet effet, I'|EC — entre autres activités —_ plblie des Normes
internationales, des Spécifications techniques, des Rapports techniques, des Spécifications accessibles au
public (PAS) et des Guides (ci-aprés dénommés "Publication(s) de I'lEC"). Leur élaboration est confiée a des
comités 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, participent
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (ISO),
selon des conditions fixées par accord entre les deux organisations.

2) Les décisions ou accords officiels de I'lEC concernant les questions teehniques représentent, dans la mesure
du possible, un accord international sur les sujets étudiés, étant donné/que les Comités nationaux de I'lEC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'lEC se présentent sous la forme de recommandations internationales et sont agréées
comme telles par les Comités nationaux de I'lEC. Tous les gefforts raisonnables sont entrepris afin que I'lEC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable de
I'éventuelle mauvaise utilisation ou interprétation qui en estfaite par un quelconque utilisateur final.

4) Dans le but d'encourager I'uniformité internationale, les*"Comités nationaux de I'lEC s'engagent, dans toute la
mesure possible, a appliquer de fagon transparente les/Publications de I'lEC dans leurs publications nationales
et régionales. Toutes divergences entre toutes *Rublications de I'IEC et toutes publications nationales ou
régionales 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
fournissent des services d'évaluation de_conformité et, dans certains secteurs, accédent aux marques de
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certification
indépendants.

6) Tous les utilisateurs doivent s'assurer qu'ils sont en possession de la derniére édition de cette publication.

7) Aucune responsabilité ne doit” étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ou
mandataires, y compris ses, experts particuliers et les membres de ses comités d'études et des Comités
nationaux de I'lEC, pour-tout préjudice causé en cas de dommages corporels et matériels, ou de tout autre
dommage de quelquernatdre que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frais
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC 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
référencées-€st obligatoire pour une application correcte de la présente publication.

9) L’attention-€st attirée sur le fait que certains des éléments de la présente Publication de I'lEC peuvent faire
I'objet\de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La\"Norme internationale CISPR 11 a été établie par le sous-comit¢é B du CISPR:
Rerturbations relatives aux appareils industriels, scientifiques et médicaux a fréquences

N H A ot 4+ il Al | RH== | ot 1 ol [H a—h ES £ H
IAauiutTITULUIyutTo, dUA auliTo appailtiioco UT TTHTTUUoUic TUUTUT, dUA 1TyliCo a 1T1aulc 1TITSIUTT, AUA

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 présente Norme Internationale CISPR 11 a le statut d’'une norme de famille de produits en
CEM, conformément au Guide 107 de I'l|EC, Compatibilité électromagnétique — Guide pour la
rédaction des publications sur la compatibilité électromagnétique (2014).

Le texte 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 vote ayant
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISOUEC, 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.s@us "http://webstore.iec.ch” dans les données
relatives a la publication recherchée. A cette‘date, la publication sera

* reconduite,

* supprimée,

* remplacée par une édition révisée, ou
*+ amendée.

IMPORTANT - Le.logo "colour inside” qui se trouve sur la page de couverture de cette
publication indique qu'elle contient des couleurs qui sont considérées comme utiles 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,

CONSIDERANT

a) que les appareils ISM a fréquences radioélectriques constituent une source \importante
de perturbations;

b) que les méthodes de mesure de ces perturbations ont été spécifiées par [e’CISPR;

c) que certaines fréquences sont désignées par [I'Union | Internationale des
Télécommunications (UIT) pour un rayonnement non limité provenant des appareils ISM,

RECOMMANDE

que la derniére édition de la CISPR 11 soit utilisée pour appliquer des limites et méthodes de
mesure des caractéristiques des appareils ISM.
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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 la 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.

Le CISPR est concerné par le contrdole des perturbations radioélectriques dues_‘a‘\des
applications ISM a fréquences radioélectriques par le moyen d'une évaluation\ de ces
perturbations, soit sur un site d'essai normalisé, soit, pour une application individuelle ISM a
fréquences radioélectriques qui ne peut étre soumise a essai sur un tel site, sur son lieu de
fonctionnement. Par conséquent, la présente Publication du CISPR couvredles exigences
relatives a I'évaluation de la conformité des deux sortes d'appareils: appareil évalué par des
essais de type sur des sites d'essai normalisés ou appareil individuel dans des conditions in
situ.

L'UIT est concernée par le contrble des perturbations radioélectriques dues a des
applications ISM a fréquences radioélectriques pendantle- fonctionnement normal et
l'utilisation de I'appareil respectif en son lieu de fonctionnenient (voir la Définition 1.15 dans le
Réglement des radiocommunications de I'UIT). La, l'utilisation de I'énergie radioélectrique
découplée de l'application radioélectrique ISM par couplage rayonnant, inductif ou capacitif
est limitée a I'emplacement de cette application individuelle.

La présente publication du CISPR contient, en 6.3, les exigences essentielles relatives aux
émissions pour une évaluation des perturbations radioélectriques dues a des applications ISM
a fréquences radioélectriques sur des sites\d'essai normalisés. Ces exigences permettent des
essais de type sur les applications ISM;"a fréquences radioélectriques fonctionnant a des
fréquences jusqu'a 18 GHz. Elle contient en outre, en 6.4, les exigences essentielles relatives
aux émissions pour une évaluationDin situ des perturbations radioélectriques dues a des
applications ISM a fréquences radioélectriques dans la plage de fréquences jusqu'a 1 GHz.
Toutes les exigences ont étésétablies en étroite collaboration avec I'UIT et jouissent de
I'approbation de I'UIT.

Toutefois, pour le fonctionnement et l'utilisation de plusieurs types d'applications ISM a
fréquences radioélectriques, il convient que le fabricant, l'installateur 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 le pays
concerné, cesdispositions complémentaires peuvent s'appliquer a des applications ISM a
fréquences radioélectriques fonctionnant a des fréquences situées a l'extérieur des bandes
ISM désignées (voir Tableau 1). Elles peuvent aussi s'appliquer a des applications ISM a
fréquences radioélectriques fonctionnant a des fréquences supérieures 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 TUIT 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:
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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]



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015 - 99 -

APPAREILS INDUSTRIELS, SCIENTIFIQUES ET [VIEDICAUX -
CARACTERISTIQUES DE PERTURBATIONS RADIOELECTRIQUES -
LIMITES ET METHODES DE MESURE

T Domaine d application

La présente Norme internationale s'applique aux appareils industriels, scientifiques)“et
électromédicaux fonctionnant dans la plage de fréquences de 0 Hz a 400 GHz, ainsi ‘qu*aux
appareils domestiques et similaires congus pour produire et/ou utiliser, dans un éspace
réduit, de I'énergie radioélectrique.

La présente norme couvre les exigences d’émission relatives aux) ‘perturbations
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 limites sont
spécifiées a I'Article 6.

Pour les applications industrielles, scientifiques et médicales (ISM) a fréquences
radioélectriques, au sens de la définition fournie par le Réglement des radiocommunications
de I'UIT (voir Définition 3.13), la présente Norme couvre |és exigences d’émission relatives
aux perturbations a fréquences radioélectriques dans la plage de fréquence comprise entre
9 kHz et 18 GHz.

NOTE Les exigences d'émission pour les appareils de cuisson“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 définies
par le Reéglement des radiocommunications de I'UIT sont spécifiées dans la présente Norme.

Les installations couvertes par d’autres normes de produits du CISPR et d’autres normes
d’émission de famille de produits;n’entrent pas dans le domaine d’application de la présente
norme.

2 Références normatives

Les documents,de’ référence suivants sont indispensables pour I'application du présent
document. Pour-des références datées, seule I'édition citée s'applique. Pour les références
non datées,la-derniére édition du document de référence s’applique (y compris les éventuels
amendements).

CISPR16-1-1:2010, 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

rndinélnr\friqunc — Apparnile de mesyre

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 I'immunité — Mesures des perturbation's
conduites

CISPR 16-2-3:2010, Spécifications des méthodes et des appareils de mesureé des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques +\Partie 2-3:
Méthodes de mesure des perturbations et de I'immunité — Mesures des(perturbations
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 mesure des
perturbations radioélectriques et de I'immunité aux perturbations-radioélectriques — Partie 4-2:
Incertitudes, statistiques et modélisation des Ilimites —Incertitudes de mesure de
I'instrumentation

CISPR 16-4-2:2011/AMD 1:2014

IEC 60050-161:1990, Vocabulaire Electrotechnique “International (VEI) — Chapitre 161:
Compatibilité électromagnétique

IEC 60601-1-2:2014, Appareils électromédicaux — Part 12: Exigences générales pour la
sécurité de base et les performances  essentielles — Norme collatérale: Perturbations
électromagnétiques — Exigences et essais

IEC 60601-2-2:2009, Appareils électromédicaux — Part 2-2: Exigences particulieres pour la
sécurité de base et les performances essentielles des appareils d'électrochirurgie a courant
haute fréquence et des accegsoires d'électrochirurgie a courant haute fréquence

IEC 60974-10:2014, Materiel de soudage & l'arc — Partie 10: Exigences de compatibilité
électromagnétique (CEM)

IEC 61307:2011Installations industrielles de chauffage a hyperfréquence — Méthodes d'essai
pour la détermination de la puissance de sortie

IEC 62135-2:2007, Matériel de soudage par résistance — Partie 2: Exigences de compatibilité
électromagnétique (CEM)

Reéglement 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

mateériel 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

réseau qui fournit une impédance définie au matériel en essai auxy fréquences
radioélectriques, accouple la tension perturbatrice au récepteur de mesure ef-désaccouple le
circuit d'essai du réseau d'alimentation

Note 1 a l'article: 1l existe deux types fondamentaux d'AMN: le réseau en V (AMN en'\) qui accouple les tensions

non symeétriques, et le réseau en triangle (AMN en A) qui accouple séparément {es-tensions symétriques et non
symétriques.

Note 2 a l'article: Les termes réseau de stabilisation d'impédance de ligne* (RSIL) et réseau AMN en V sont
utilisés indifféremment

Note 3 a l'article:  L’abréviation «<KAMN» est dérivée du terme anglais développé correspondant «artificial mains
network».

3.4

périmétre de I’appareil en essai

périmétre imaginaire de lignes droites décrivant une configuration géométrique simple qui
englobe l'appareil en essai

Note 1 a I'article: Tous les cables d'interconnexion sont inclus a l'intérieur de ce périmétre.

3.5

composant

produit qui sert une ou plusieurs fonctions particuliéres et qui est destiné a étre utilisé dans
un matériel ou systeéme assemblé de niveau supérieur

3.6

réseau fictif en courant continu

réseau en courant continu fictif

DC-AN

réseau fictif\gui sert de terminaison définie de I'accés en courant continu en essai du matériel
en essai,{fournissant également le découplage nécessaire des perturbations conduites
provenant de la source d'alimentation en courant continu de laboratoire ou de la charge

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

TITaCHTITTTTg

3.9

rayonnement électromagnétique

1) processus par lequel une source fournit de I'énergie vers l'espace extérieur sous\forme
d'ondes électromagnétiques

2) énergie transportée dans I'espace sous forme d'ondes électromagnétiques

Note 1 a l'article: Le sens du terme "rayonnement électromagnétique" est quelquefois étenduaux phénomenes
d'induction.

[SOURCE: IEC 60050-161:1990, 161-01-10]

3.10

équipement de soudage par résistance et procédés assocjés

tous les équipements associés a la réalisation du procédé de-soudage par résistance et des
procédés associés consistant, par exemple en une source d’alimentation, des électrodes,
I'outillage et I’équipement de contrdle associé, et qui pedvent consister en une unité séparée
ou une partie d’'une machine complexe

3.1

convertisseur de puissance connecté au réseau

GCPC

convertisseur de puissance connecté a-un réseau de distribution électrique en courant
alternatif ou autre installation secteur\'eén courant alternatif et utilisé dans un systeme de
production d'énergie

Note 1 a l'article: L’abréviation « GCPE» est dérivée du terme anglais développé correspondant «grid connected
power converter».

3.12

systéme et appareil électronique haute puissance

un ou plusieurs convertisseurs de puissance a semiconducteurs dont la puissance assignée
combinée est supé€rieure a 75 kVa, ou appareil contenant ce type de convertisseurs

Note 1 a l'article# |l s'agit, par exemple, de convertisseurs de puissance a semiconducteurs destinés aux
applications7dans les alimentations sans interruption (ASl) et les entrainements électriques de puissance (EEP).

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

€space redult, de ténergie radiogiectrique pour des appiications industrieties, 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’abreviation "[SM RF" est utilisee dans toute la presente Norme uniquement pour de tels
installations ou appareils.

3.15

basse tension

BT

ensemble des niveaux de tension utilisés pour la distribution d’énergie électrique<et dont la
limite supérieure généralement admise est de 1 000 V en courant alternatif 6u, 7500 V en
courant continu

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiée — addition des _mots "ou 1 500 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'intérieur d’un
volume d’essai cylindrique imaginaire dontile diamétre ne dépasse pas 1,2 m et dont la
hauteur au-dessus du plan au sol ne dépasse pas 1,5 m, y compris ses cables

3.18

électroérosion

enlevement de matiére dans un(fluide diélectrique de travail par des décharges électriques,
réparties dans le temps et distribuées aléatoirement dans I'espace, entre deux électrodes
électriquement conductrices (une électrode servant d’outil et 'autre de piéce de travail), avec
une maitrise de I'énergie-des décharges

3.19

essai de type

essai effectué._str un ou plusieurs dispositifs réalisés selon une conception donnée, pour
vérifier que{Cette conception répond a certaines spécifications

Note 1/7a\ V'article: La reconnaissance d'un essai de type comme une homologation peut dépendre 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 Limite de page du tableau des
Fréquence centrale Plage de fréquences attributions de fréquences
rayonnement des Reégl ts 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 Région 1, sauf
pour les pays mentionnés
en5.280
915,000 902 — 928 Sans restriction 5.150 dans la Région 2
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

@ La résolution n° 63 du Réglement des Radiocommunicatjenside I'UIT s’applique.

b L'expression "sans restriction" s'applique aux fréquénces fondamentales et a toutes les autres
composantes de fréquences comprises dans la bande désignée. En dehors des bandes de fréquences
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 simplifier I'identification des limites applicables, les appareils relevant du domaine
d'application de la présente Norme sont classés en deux groupes, c’est-a-dire le groupe 1 et
le groupe 2.

Appareils du_groupe 1: le groupe 1 réunit tous les appareils compris dans le domaine
d’application~de la présente Norme, qui ne sont pas classés comme étant des appareils du
groupe 2.

Appareils du groupe 2: le groupe 2 réunit tous les appareils ISM a fréquences
radieélectriques 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.

L e matériel de soudage a l'arc contenant des dispositifs d’amorgage 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.

Appareils de classe B: appareils prévus pour étre utilisés dans les environnements
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 fabricant et/ou le fournisseur de I'appareil doivent s’assurer qué l'utilisateur est informé de
la classe et du groupe de l'appareil, soit par un marquage;y)soit par la documentation
accompagnant l'appareil. Dans les deux cas, le fabricant jet/ou le fournisseur doivent
expliquer dans la documentation accompagnant I'appareil da signification de la classe et du
groupe.

La documentation accompagnant |'appareil doit contenir des détails sur les précautions que
l'acheteur ou I'utilisateur est tenu de prendreypour assurer que le fonctionnement et
l'utilisation normale de I'appareil ne proxoquent pas de brouillage radioélectrique
préjudiciable. Dans le cadre de la présentecNorme, ces détails concernent des informations
relatives:

e ala possibilité de brouillage radioélectrique provenant du fonctionnement d'un appareil de
classe A dans certains environnements,

e aux précautions particuliéres_a 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 a et la
note de bas de page b du 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
provenant d'unappareil de classe A installé (voir la note de bas de page b du Tableau 2 et
la note de bas)de page a du Tableau 8).

Pour les appareils de classe A, les instructions d'utilisation qui accompagnent le produit
doivent cofitenir le texte ci-dessous:

Attention: Cet appareil n'est pas destiné a étre utilisé dans des environnements
fésidentiels 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.
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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.

L a limite inférieure doit éire appliquée a toutes les fréquences de transition

Les appareils et les méthodes de mesure sont spécifiés aux Articles 7, 8 et 9.

6.2 Appareils du groupe 1 mesurés sur un site d'essai
6.2.1 Limites des perturbations conduites

6.2.1.1 Généralités

L'appareil 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 lorsqu'un détecteur de qudsi-Créte est utilisé (voir 7.3).

Les limites de I'accés d’alimentation en courant continu‘a basse tension spécifiées ci-aprés
s'appliqguent uniquement aux convertisseurs de pudjssance connectés au réseau (GCPC)
destinés a étre montés dans les systémes de produgtion d'énergie photovoltaique.

6.2.1.2 Plage de fréquences comprises.entre 9 kHz et 150 kHz

Dans la plage de fréquences comprises<entre 9 kHz et 150 kHz, les limites ne sont pas
spécifiées.

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 courant
alternatif a 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'alimentation
50 /50 pH (AMN en"\/)"du CISPR ou la sonde de tension du CISPR (voir 7.3.3 et la Figure 1)
sont indiquées au/Tableau 2 et au Tableau 4.

Les limites peur les perturbations conduites aux accés d’alimentation en courant continu a
basse tension dans la plage de fréquences comprises entre 150 kHz et 30 MHz pour les
appareils,omesurés sur un site d'essai utilisant le réseau 150 Q du CISPR (DC-AN)
(voir £.3.2.3 et I'Annexe |) ou la sonde de courant (voir la CISPR 16-1-2) sont indiquées au
Tableau 3 et au Tableau 5.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015 - 107 -

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 Vateur—Quasi-créte Vateur Quasi-créte Vateur
moyenne moyenne moyenne
dB(uV) dB(uV) dB(nV) 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
décroissant linéairement
5-30 73 60 avec le logarithme de la 115 105
fréquence jusqu’a
73 60

A la fréquence de transition, la limite la plus sévére doit &tre appliquée.

Pour les appareils de classe A destinés a étre connectés uniquement aux rése€aux industriels de distribution
d’énergie a neutre isolé ou mis a la terre a impédance élevée (voir I'lEC 60364-1), les limites pour les appareils
avec une puissance assignée > 75 kVA peuvent s’appliquer, quel que soitlleur puissance assignée effective.

NOTE La puissance d'entrée ou de sortie assignée de 20 kVA correspond, par exemple, a un courant
d’environ 29 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’environ
58 A par phase dans le cas de réseaux d’alimentation triphasés.de 200 V.

@ Ces limites s'appliquent aux appareils de puissance assignée > 20 kVA et destinés a étre connectés a un

transformateur ou un générateur de puissance dédiéyJet qui ne sont pas reliés aux lignes électriques
aériennes a basse tension (BT). Pour les appareils qui ne sont pas destinés a étre connectés a un
transformateur de puissance spécifique a l'utilisdteur, les limites pour une puissance assignée < 20 kVA
s’appliquent. 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. En particulier, il doit
étre indiqué que cet appareil est destiné a\étre connecté a un transformateur ou générateur de puissance
dédié et non a des lignes électriques aériennes a basse tension.

Ces limites s'appliquent uniquement aux’systémes et appareils électroniques haute puissance de puissance
assignée supérieure a 75 kVA, s'ils'sent destinés a étre installés comme suit:

e l'installation est assuréeja ‘partir d'un transformateur ou générateur de puissance dédié, et qui n'est
pas connecté a des lignes.électriques aériennes a basse tension (BT),

e ['installation se situephysiquement a au moins 30 m des environnements résidentiels ou en est
séparée par une §tructure faisant office de barriére contre les phénoménes de rayonnement,

e le fabricant etlou le fournisseur doivent indiquer que cet appareil satisfait aux limites de tensions
perturbatrices) pour les systémes et appareils électroniques haute puissance de puissance d'entrée
assignéeel>/5 kVA et donner des informations relatives aux mesures d'installation a appliquer par
I'instaltatetr. En particulier, il doit étre indiqué que cet appareil est destiné & étre utilisé dans une
instatlation alimentée par un transformateur ou générateur de puissance dédié et non par des lignes
aéniennes a basse tension.

C  Le-choix de I'ensemble approprié¢ de limites doit reposer sur la puissance en courant alternatif assignée

definie 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(nV) [ dB(pV) | dB(uA) | dB(RA)
0,15 97 84 116 106 72 62 132 122 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 certaines plages de fréquences, les limites indiquées dans ce tableau diminueht de maniere linéaire avec le|
logarithme de la fréquence.

@ Le choix de I'ensemble approprié de limites doit reposer sur la puissangé gn courant alternatif assignée définie|
par le fabricant.

b Ces limites s'appliquent aux appareils de puissance assignée >,20kVA et destinés a étre installés dans un
grand systeme de production d'énergie photovoltaique par un professionnel. Dans le manuel accompagnant le
produit, le fabricant et/ou le fournisseur doivent fournir des.\informations sur les mesures d'atténuation qui
peuvent étre utilisées pour réduire les émissions générées pat les appareils installés, avec pour objectif d'éviter
les brouillages préjudiciables pour la réception radio a une\distance de 30 m de l'installation. Il doit notamment
étre indiqué que cet appareil peut étre équipé d'un filtrage.supplémentaire et que l'installation est physiquement
séparée de plus de 30 m des environnements résidentiels. L'installateur est invité a vérifier l'installation
atténuée par rapport aux mesurages in situ de la CISPR 11 comme indiqué a I'article 6.4 de la présente Norme.

Tableau 4 — Limites de tensions perturbatrices pour les appareils de classe B, groupe 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 la€réguence de transition, la limite la plus sévére doit &tre appliquée.

Four

1IeS dgenerateurs de rayons X Utllises pour

Ie dlagnostlic et Ttonctionhant de T1agon

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-' Ge’lle’lalite’s

Les appareils en essai doivent respecter les limites de quasi-créte quand un détecteur (de
quasi-créte est utilisé.

6.2.2.2 Plage de fréquences comprises entre 9 kHz et 150 kHz

Dans la plage de fréquences comprises entre 9 kHz et 150 kHz, les limites\.ne sont pas
spécifiées.

6.2.2.3 Plage de fréquences comprises entre 150 kHz et 1 GHz

Dans la plage de fréquences comprises entre 150 kHz et 30 MHZ les limites ne sont pas
spécifiées.

Dans la plage de fréquences au-dessus de 30 MHz, les limites s'appliquent a la composante
d'intensité du champ électrique du rayonnement électromagnétique perturbateur.

Les limites du rayonnement électromagnétique perturbateur dans la plage de fréquences de
30 MHz a 1 GHz pour les appareils de classe A et.de classe B, groupe 1, sont respectivement
spécifiées au Tableau 6 et au Tableau 7. Des recommandations en matiere de protection des
services radio spécifiquement liés a la sécurité'sont données a I'Annexe E et au Tableau E.1.

Sur un site d’essai, I'appareil de classe A peut étre mesuré a une distance nominale de 3 m,
de 10 m ou de 30 m (voir les indications du Tableau 6), et I'appareil de classe B a une
distance nominale de 3 m ou de (10 m (voir les indications du Tableau 7). Une distance de
mesure inférieure a 10 m est(autorisée uniquement pour les appareils conformes a la
définition "petit matériel" donnée en 3.17.
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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 Distance de mesure de 3 m P
Plage de puissance assignée de puissance assignée de
fréquences <20 KVA© >20 KVA & © <20KVAC >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 site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de~40 m ou
de 30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur de proportionmalité inverse
de 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance spécifiée pour la
détermination de la conformité.

A la fréquence de transition, la limite la plus sévere doit étre appliquée.

a8 Ces limites s'appliquent aux appareils dont la puissance assignée est > 20 kVA et destinés a étre utilisés sur
des sites ou les appareils et les radiocommunications sensibles issues de tiers\sont distants de plus de
30 m. Le fabricant doit indiquer dans la documentation technique que cet appareil est destiné a étre utilisé
sur des sites ou la distance de séparation par rapport aux services de radiocommunications sensibles issues
de tiers est >30 m. Si ces conditions ne sont pas satisfaites, les limites pour des valeurs <20 kVA
s’appliquent.

b La distance de séparation de 3 m s'applique uniquement aux petits fmatériels satisfaisant au critére de taille
défini en 3.17.

¢ Le choix de I'ensemble approprié de limites doit reposer surla puissance en courant alternatif assignée
définie par le fabricant.

Tableau 7 — Limites du rayonnement électromagnétique perturbateur pour les appareils
de classe B, groupe 1;\mesurées sur un site d’essai

Distance' de mesure de 10 m Distance de mesure de 3 m @

Plage de fréquences

Quasi-créte Quasi-créte

MHz
dB(uV/m) dB(nV/m)
30 - 230 30 40
230 -1 000 37 47

Sur un site d’essai, les appareils de classe B peuvent étre mesurés a une distance nominale de 3 m ou de 10 m.

A la fréquence de trafisition, la limite la plus sévére doit étre appliquée.

@ La distancede séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critére de taille
défini en3.17.

Pourles appareils électromédicaux destinés a étre installés de fagon permanente dans des
emptacements 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 Limites des perturbations conduites

6.3.1.1 Généralités

L'appareil 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 Plage de fréquences comprises entre 9 kHz et 150 kHz

Dans la plage de fréquences comprises entre 9 kHz et 150 kHz, les limites ne sont pas
spécifiées.

6.3.1.3 Plage de fréquences comprises entre 150 kHz et 30 MHz

Les limites pour les tensions perturbatrices aux accés d’alimenfation secteur en courant
alternatif a 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'alimentation
50 /50 puH du CISPR (AMN en V) ou la sonde de tension du EISPR (voir 7.3.3 et la Figure 1)
sont indiquées au Tableau 8 et au Tableau 9, sauf pour le§)bandes de fréquences désignées
par I'UIT figurant au Tableau 1, pour lesquelles aucune-limite ne s’applique.

Pour le matériel de soudage électrique, les limitesidu Tableau 8 ou du Tableau 9 s'appliquent
en mode de fonctionnement actif. En mode veille<(ou au repos), les limites du Tableau 2 ou
du Tableau 4 s’appliquent.

Pour les dispositifs d’éclairage ISM a¢fréquences radioélectriques fonctionnant dans les
bandes de fréquences ISM dédiées (definies par I'UIT au Tableau 1), les limites du Tableau 9
s'appliquent.

Tableau 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 alternatif)

Plage de Puissance assignée < 75 kVA P Puissance assignée > 75 KVA & b
fréquences Quasi-créte Valeur moyenne Quasi-créte Valeur moyenne
MHz dB(nV) dB(1V) dB(nV) dB(V)

0,15 — 0750 100 90 130 120

0,505 86 76 125 115
90 80

5-30 I(;jgéacrri?ri?nss r:itelilr:’:léfa:'ggumeennc‘feaj\ﬁascq L‘?é 115 105
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 effectues dans un montage d'essai conformement a
I''EC 60601-2-2.

Tableau 9 - Limites de tensions perturbatrices pour les appareils de classe B, groupe 2
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)

Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(nV) dB(p\)

66 56
décroissant linéairement avec le décroissant linéairement avec le
0,15 - 0,50 ) . . T ) . . "
logarithme de la fréquence jusqu’a logarithme-de la fréquence jusqu’a

56 46

0,50 -5 56 46

5-30 60 50

A la fréquence de transition, la limite la plus sévére doit étre appliquéé.

6.3.2 Valeurs limites du rayonnement électromagnétique perturbateur

6.3.2.1 Généralités

Les appareils en essai doivent satisfairei*aux limites lors de I'utilisation d'un appareil de
mesure a détecteur de créte, de quasi=créte ou a détecteur de valeur moyenne, comme
indiqué dans le tableau approprié.

Jusqu’a 30 MHz, les limites«s'appliquent a la composante magnétique du rayonnement
électromagnétique perturbateur. Au-dessus de 30 MHz, les limites s'appliquent a Ila
composante d'intensité du.champ électrique du rayonnement électromagnétique perturbateur.

6.3.2.2 Plage de(fréquences comprises entre 9 kHz et 150 kHz

Dans la plage. de fréquences comprises entre 9 kHz et 150 kHz, les limites ne sont pas
spécifiées.

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 apparells de classe B, groupe £, au lableau 1Z.

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.

Pour les dispositifs d’éclairage ISM a fréquences radioélectriques fonctionnant dahs\ les
bandes de fréquences ISM dédiées (définies par I'UIT au Tableau 1), les Jdimites du
Tableau 12 s'appliquent.

Pour les appareils chirurgicaux a haute fréquence (HF), les limites du :Tableau 6 ou du
Tableau 7 s'appliquent. Les appareils chirurgicaux a haute fréquence (HF),doivent satisfaire
aux limites respectives lorsqu’ils sont soumis aux essais en mode veille.

Des recommandations pour la protection de services spécifiquement liés a la sécurité sont
données dans I'Annexe E et dans le Tableau E.1.

Sur un site d’essai, I'appareil de classe A peut étre mesuré)a une distance nominale de 3 m,
10 m ou 30 m et I'appareil de classe B a une distance-n6minale de 3 m ou de 10 m (voir les
Tableaux 10 et 12).

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.
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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
MH > électrique magnétique électrique magnétique électrique magnétique
Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte
dB(nV/m) dB(pA/m) dB(puV/m) dB(pnA/m) dB(puV/m) dB(pA/m)
0,15 - 0,49 - 33,5 - 57,5 - 82
0,49 — 1,705 - 23,5 - 47,5 - 72
1,705 - 2,194 - 28,5 - 52,5 - 77
2,194 - 3,95 - 23,5 - 43,5 - 68
43,5
décroissant
linéairement
avec le
3,95 - 11 - 8,5 - 18,5 - logarithme
de la
fréquence
jusqu’a
28,5
11 -20 - 8,5 - 18,5 - 28,5
20 -30 - -1,5 - 8,5 - 18,5
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 -
134,786 — 136,414 60 - 70 - 80 -
136,414 — 156 50 - 60 - 70 -
156 — 174 64 - 74 - 84 -
174 - 188,7 40 - 50 - 60 -
188,7 <190,979 50 - 60 - 70 -
1905979 — 230 40 - 50 - 60 -
230 — 400 50 - 60 - 70 -
400 — 470 53 - 63 - 73 -
4-+0—34-0066 56 66 76
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
30 — 230 Déc['oissant Iinéai'rement avec I(?‘ Déc['oissant Iinéai'rement aveg I?‘
logarithme de la fréquence jusqu’a logarithme de la fréquence jusqu’a
60 70
230 -1 000 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. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur.de proportionnalité
inverse de 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance
spécifiée pour la détermination de la conformité.

taille défini en 3.17.

28 La distance de séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critéere de

Tableau 12 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe B, groupe 2, mesureées sur un site d’essai

Limites pour une distance de mesure D en m
Champ électrique Champ magnétique
Plage de b
fréquences D=10 m D=3m D=3m
MHz Quasi-créte Valeur, > Quasi-créte Valeur a Quasi-créte
moyenne moyenne
dB(uV/m) dB(uV/m) dB(nA/m)
39
Décroissant linéairement
0,15 - 30 - - - - avec le logarithme de la
fréquence jusqu’a
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.—136,414 50 45 60 55 -
136,414 — 230 30 25 40 35 -
230 — 1 000 37 32 47 42 -

Sur un site d’essai, les appareils de classe B peuvent étre mesurés a une distance nominale

de 3 m ou de

um. vdhns Ta prage de requerices (.,Uﬂlpfibeb erntre su virnZ et 1 GRZ, urie distance de mesure inférieure a
10 m est autorisée uniquement pour les appareils conformes a la définition donnée en 3.17.

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.

Ces imites du rayonnement eleciromagnéiique perturbaieur pour la plage de frequences
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 appareils d’éclairage ISM a fréquences radioélectriques fonctionnant dans les‘bandes de
fréquences ISM dédiées (définies par I'UIT dans le Tableau 1) doivent satisfaire soit aux
limites de la classe B du Tableau 13, soit au minimum aux limites du Tableau 4.

Pour les générateurs de rayonnement UV alimentés en micro-ondes, les limites spécifiées au
Tableau 13 s'appliquent.

Des recommandations pour la protection de services spécifiquément liés a la sécurité sont
données dans I'Annexe E et dans le Tableau E.1.

Tableau 13 — Limites en valeur créte du rayonnement électromagnétique perturbateur
des appareils du groupe 2 fonctionnant a des fréequences 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 les bandes de fréquences harmoniques 822@ 70
A l'extérieur des bandes de fréquences harmmoniques 70 70
11,7 = 12,7 73b 73b

Mesurages de créte avec une largeur de bande de résolution de 1 MHz et une largeur de bande de signal vidéo
(VBW) supérieure ou égale a 1WMHz. La largeur de bande de signal vidéo recommandée est de 3 MHz.

NOTE Dans ce tableau,.le terme "bandes de fréquences harmoniques" désigne les bandes de fréquences qui
sont des multiples des bandes de fréquences ISM allouées au-dela de 1 GHz.

a8  Aux fréquenceslimites inférieure et supérieure des bandes de fréquences harmoniques, la limite la plus
sévere de 70-dB(11V/m) s'applique.

b Dans la bande’de radiodiffusion par satellite, les valeurs de perturbations mesurées ne doivent pas dépasser
73 dB(«Vi).
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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 00
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 bande vidéo égale a 10 Hz.

Pour vérifier la conformité aux limites de ce tableau, les mesurages en valeur pondérée doivent étre, effectués
dans toutes les plages de fréquences suivantes, dans lesquelles la limite du Tableau 14 a été dépasséee pendant
le mesurage de créte:

a) 1005 MHz — 2395 MHz (1 000 MHz — 2 400 MHz)*;
b) 2505 MHz - 6 125 MHz (hors de la bande 5 720 MHz — 5 880 MHz)*;

c) 6125 MHz - 8 575 MHz;
d) 8575 MHz - 11 025 MHz;
e) 11025 MHz — 13 475 MHz;
f) 13475 MHz — 15 925 MHz;
g) 15925 MHz - 17 995 MHz*.

Dans les sous-plages ou la limite du Tableau 13 a été dépassée, un_mesurage en valeur pondérée doit étre
effectué avec une largeur de bande de 10 MHz autour de la freguence centrale ajustée en fonction de la
fréquence du niveau de perturbation le plus élevé dans la sous-plagé respective.

*

Lorsque la fréquence de I'émission la plus élevée pendant |é.mesurage de créte se rapproche de 5 MHz des
limites de fréquence 1 GHz, 2,4 GHz, 2,5 GHz, 5,72 GHz,"5,88 GHz ou 18 GHz, la largeur de bande pour les
mesurages en valeur pondérée doit rester de 10 MHz 'mais dans ce cas, la fréquence centrale doit étre
ajustée de maniéere a ne pas dépasser les limites de fréquence.

NOTE Voir I'Annexe B pour des lignes directrices ‘'supplémentaires concernant I'utilisation de I'analyseur de
spectre.

Tableau 15 — Niveau APD dwrayonnement 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 fréqiiences Limitils. pour une distance de mes‘ure_qe 3m
iveau APD correspondant a 10
Gz dB(uV/m)
1-24 70
2,5-5,725 70
5,875 - 18 70

Mesuragés APD avec une largeur de bande de résolution de 1 MHz et une largeur de bande de signal vidéo
supériedre ou égale a 1 MHz.

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
MH
z Quasi-créte Quasi-créte 2
dR(lll\//m\ HR(:_-A/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 -

A la fréquence 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 peut étre
utilisée. Dans ce cas, un facteur de proportionnalité inverse de 20 dB par décade doit étre utilisé pour
normaliser les données mesurées a la distance spécifiée afin de déterminer la conformité.

a

Ces limites s'appliquent en plus des limites dans la plage de fréquences comprises entre 30 MHz et 1 GHz
aux perturbations rayonnées provenant de la fréquence de fonctionnement et de ses harmoniques,
apparaissant dans la plage de fréquences comprises entre 150 kHz“et 30 MHz, provoquées par les
appareils de classe A, groupe 1, installés avec une puissance assignee’dépassant 20 kVA. Si le niveau de
bruit 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.
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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(pV/m) dB(pA/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 <
47 — 53,91 30 -
53,91 — 54,56 30 -
54,56 — 68 30 -
68 — 80,872 43 -
80,872 — 81,848 58 -
81,848 — 87 43 -
87 — 134,786 40 -
134,786-136,414 50 -
136,414 — 156 40 _
156 — 174 54 -
174 - 188,7 30 -
188,7 — 190,979 40 -
190,979 - 230 30 -
230 - 400 40 -
400 - 470 43 _
470 - 1000 40 -

A la fréquence de transitioh,4a limite la plus sévére doit étre appliquée.

Pour les appareils du groupe 2 mesurés in situ, la distance de mesure D, a partir du mur
extérieur dubatiment dans lequel se trouve I'appareil, est égale a (30 + x/a) m ou 100 m selon
la distance™ld plus petite, a condition que la distance de mesure D soit située dans les limites
des locaux. Si la distance D calculée est située hors des limites des locaux, la distance de
mesute/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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

-120 - CISPR 11:2015 © IEC 2015

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.
Un essai de type peut étre reconnu comme une homologation si les conditions en_matiere
d'évaluation 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 in)situ, comme
indiqué par le fabricant. Les appareils de classe B doivent étre mesurés sur un_site d'essai.

Des exigences spécifiques en matiére de mesurages sur un site d'éssai 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.mesurages sur un site d'essai
que pour les mesurages in situ.

Les mesurages sont seulement nécessaires dans les plages de fréquences dans lesquelles
les limites sont spécifiées a I'Article 6.

Les composants ou sous-assemblages pour des-appareils ou systémes de niveau supérieur
destinés a étre assemblés sur leur lieu de faonctionnement respectif uniqguement peuvent
également étre soumis a essai selon les exigences de la présente Norme. Pour les besoins
de I'essai dans le cadre de la présente Norme, ces composants ou sous-assemblages doivent
étre considérés comme des appareils.‘autonomes. Les composants ou sous-assemblages
pour lesquels la conformité aux exigences pertinentes ne peut pas étre démontrée lors de la
mesure sur un site d'essai peuventiégalement étre évalués in situ au moment de l'installation
dans le systéme de niveau supgrieur, auquel cas les dispositions de 6.4 doivent s'appliquer.

NOTE 1 Les environnements considérés dans la présente Norme sont des environnements résidentiels,
commerciaux ou industriels (voir I'EC 61000-2-5 [11])2. La satisfaction de I'appareil aux exigences de la présente
Norme permet son fonctionpement et son utilisation dans ces environnements sans risque important de brouillage
radioélectrique. D'autres nermes de produit IEC peuvent également permettre de soumettre a des essais de
conformité les composants_ou sous-assemblages de systémes de niveau supérieur, mais elles prennent en compte
d'autres environnemefts que ceux spécifiés dans I'lEC 61000-2-5 [11]. Il revient au fabricant de choisir la présente
Norme ou une autré.notme de produit IEC appropriée pour soumettre les composants ou sous-assemblages a des
essais de conformité:

NOTE 2 II/8'agit, par exemple, mais sans toutefois s'y limiter, de convertisseurs de puissance utilisés pour la
production~décentralisée et I'alimentation en énergie électrique des réseaux d'alimentation en courant alternatif a
basse ténsion ou des installations ou, grace a leur transformateur dédié, de réseaux de distribution de puissance
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.

.2 pruit 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@€-
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 satisfaites, a la
fréquence de mesure, lorsque le filtre de radiofréquences est connecté.

Si, lors du mesurage des perturbations radioélectriques rayonnées, jles conditions de bruit
ambiant de 6 dB ne peuvent pas étre satisfaites, I'antenne peut étre placée plus proche de
I'appareil en essai que la distance spécifiée a I'Article 6 (voir 8.34)."D'autres conseils relatifs
aux conditions de mesure en cas de niveau élevé de bruit ambiant’sont donnés a I'Annexe C.

7.3 Appareil de mesure
7.3.1 Instruments de mesure

Les récepteurs dotés de détecteurs de quasi-crétedoivent étre conformes a la CISPR 16-1-1.
Les récepteurs dotés de détecteurs de valeur moyenne doivent étre conformes 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 détecteuride quasi-créte et le détecteur de valeur moyenne.

NOTE 2 Le détecteur de valeur moyenne de la CISPR 16-1-1 est souvent appelé "CISPR-Average" (Moyenne-
CISPR). Il s'agit de souligner que le détecteur de valeur moyenne utilisé dans le détecteur CISPR permet d'obtenir
un résultat de mesure équivalent a-ta\lecture de valeur de créte d'un appareil de mesure avec une constante 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 fréquence de la
perturbation en cours de’ mesure n'affecte pas les résultats.

NOTE 3 Des appareils de mesure présentant d'autres caractéristiques de détection peuvent étre utilisés, a
condition de pouvoir prouver que le mesurage des valeurs de perturbation est le méme. L’attention est attirée sur
la commodité~de-I'emploi d'un récepteur panoramique ou d'un analyseur de spectre, particuliérement si la
fréquence dé€)fonctionnement des appareils en essai change notablement pendant le cycle de fonctionnement.

Pour. éviter que I'appareil de mesure indique de fagon erronée une non-conformité aux limites,
le récepteur de mesure doit étre accordé sur une fréquence suffisamment éloignée des
extremités 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

élnr‘friqnnc en courant alternatif ou-en courant continy rncpnr\fi\/nc

7.3.2.2 Réseau fictif d'alimentation (AMN)

Le mesurage de tensions perturbatrices aux accés d’alimentation secteur en courant alternatif
a basse 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 mesurage de tensions perturbatrices aux accés d’alimentation en courant continu a basse
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 réseau
fictif en courant continu 150 Q spécifié a I'Annexe | de la préseénte Norme. Pour simplifier la
formulation, I'un de ces réseaux destinés a étre utilisés dvec les mesurages aux acces
d’alimentation en courant continu a basse tension est appelg.ultérieurement DC-AN.

7.3.3 Sonde de tension

La sonde de tension représentée a la Figure, 1\ doit étre utilisée lorsque le réseau fictif
d'alimentation (AMN en V) ne peut pas étre utilisé. La sonde est connectée successivement
entre chaque ligne et la terre de référence-choisie (plaque métallique, tube métallique). La
sonde est composée essentiellement d'un\condensateur de découplage et d'une résistance
telle que la résistance totale entre la lighe et la terre soit au moins de 1 500 Q. L'effet sur
I'’exactitude de mesure du condensateur ou de tout autre dispositif qui peut étre utilisé pour
protéger le récepteur de mesure contre les courants dangereux doit étre soit inférieur a 1 dB,
soit pris en compte dans I'étalofinage. La sonde de tension doit satisfaire aux exigences
spécifiées a I'Article 5 de la CISPR 16-1-2:2014.
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Mains supply
C —— X;<<15000Q
(1500-R)Q
|
X1>>R R / Measuring set
IEC
Anglais Francgais
Mains supply Alimentation électrique
Measuring set Ensemble de mesure

Figure 1 — Circuit pour le mesurage de tensions perturbatrices
sur le réseau d'alimentation

7.3.4 Antennes
7.3.41 Plage de fréquences_inférieures a 30 MHz

Dans la plage de fréquences inférieures a 30 MHz, I'antenne doit étre une boucle telle que
spécifiée dans la CISPR 16-1-4. L'antenne doit étre soutenue dans le plan vertical et pouvoir
pivoter 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 doit étre
telle que{specifiee dans la CISPR 16-1-4. Les mesurages doivent étre réalisés pour la
polarisation 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 I'antenne doit étre déplacé en
o

antaur antra 1 m at 4 m naour ahtanir 'mdicatinon mavimalg 3 channig fraauanca d'aceql
HattetH—eie——Hh—-et+4a—pou—oste i ihRaicaHoR-HaxiRarea-craqdeHequence-a-e85sat-

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,

fotitsation d'une maim artificiette estexigée pour simuter t'mffuence de ta mmaim de f'outitisateur-

La main artificielle est composée d'une feuille métallique reliée a une borne (borne M) d'un
dipble RC composé d'un condensateur de 220 pF + 20 % en série avec une résistance de
510 Q + 10 % (voir la Figure 2). L'autre borne de ce dip6le RC doit étre reliée a la_terre de
référence du systéme de mesure (voir la CISPR 16-1-2). Le dipble RC de la maincartificielle
peut étre inséré dans l'enveloppe du réseau fictif d'alimentation.

M

220 pF £ 20 %

? 510 Q10 %

IEC
Figure 2 — Main artificielle, dip6le RC

7.4 Mesurage de fréquence

En ce qui concerne les appareils prévds pour fonctionner a une fréquence fondamentale
située dans l'une des bandes désignées dans la liste du Tableau 1, la fréquence doit étre
vérifiée avec un appareil de mesure:présentant une erreur inhérente de mesure inférieure ou
égale a 1/10 de la tolérance admise pour la fréquence centrale de la bande désignée. La
fréquence doit étre mesurée pour toutes les valeurs de la charge a partir de la puissance la
plus faible normalement utilisé€ 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 configuration
des appareils, en restant compatible avec les applications typiques de I'appareil en essai. Un
exemple~de montage classique pour les mesurages des perturbations rayonnées a partir d'un
appareil'en essai (EUT) de table est donné & la Figure 3. La disposition de mesure doit étre
typigque d'une opération normale d'installation et centrée sur I'axe vertical du plateau tournant.

NOTE 1 La souplesse inhérente a chaque installation particuliére détermine la mesure dans laquelle le présent

paragraphe sapplique au mesurage dune installation in situ. Les dispositions du present 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 li
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mitée 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
a l'application de dispositifs d’absorption de mode co

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

16-2-3 donne des lignes directrices supplémentaires relatives
mmun (CMAD).

test volume is achieved by using e.g. a
CMAD at the position where they leaves

the volume. \

D: Spacing between
the enclosures
should be20,1m

Peripheral
2

EUT1 EUT 2

3

Peripheral only

!n test volume - 7 — D
if cable / [—>]
cannot be 7

A

extended to
run out of test
volume (e.g.
peripheral 2).

Test volume for

B: excess cable length bundle

between 30 cm and 40 cm
in length

<

Antennareference
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 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.gsa.CMAD at
the position where they leaves the volume:

Le céable sortant du volume d’essai est placé verticalement
vers le sol a I'intérieur du volume d’essai de (1,2 + 0,1) 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) au
niveau des cables, a I'endroit ou ils sortent du volume
d'essai.

B: excess cable length bundletbetween 30 cm and 40
cm in length

B: entre 30 cm et 40 cm de longueur de cable en trop

Antenna reference poijnt

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 bundles‘should be arranged in the middle of
the cable

Il convient de disposer les faisceaux au milieu du cable

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

Les sections de cables de raccordement suspendues au-

table are spaced at a distance of 0,4 m above the
ground plane.

dessus de la table sont espacees 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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L (1,2£0,1) m =|<;L: (3001 m Ar;tenna
| H] e
e L = measuring distance

r

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

D: Spacing between i
the enclosures
should be 20,1 m

Cable bundles are in length.

D

of thecabte:

|
|
|
arranged in the middle : \
|
|
|

|
|
|
|
1
|
EUT 2 :
|

A positioning table in
£ Peripheral accordance CISPR 16-1-4.
= 2 /T C [
=) A I i 0
+ r ! |
v | ! I
= : i | | cables leaving the testiolume
Peripheral only in test c : 4__/1‘/ 1
volume if cable = i |
cannot be extended to S : ! |
run out of test volume o i g L |
(e.g. peripheral 2). ;1 : . -LO | 1; Mains |
el peripheral 1: cable ) I CMAD:* common-mode
| 0 absorption device
| ! CMAD |
1
Groundplane
IEC
Anglais Frangais

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

B: entre 30-em, et 40 cm de longueur de cable en trop

Antenna reference point

Point de.référence d’antenne

D: spacing between the enclosures should be > 0,1
m

DIl 'convient que les enceintes soient séparées de > 0,1 m

Cable bundles are arranged in the middle of the
cable

Les faisceaux sont disposés au milieu du cable

A positioning table in accordance CISPR 16-1:4

Table de positionnement conforme a la CISPR 16-1-4

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)

To peripheral 1

Vers le périphérique 1

Mains cable

Cable d’alimentation

L= measuring distance

L = distance de mesure

Cables leaving the tést-volume

Cable sortant du volume d’essai

Common-mode_absorption device

Dispositif d’absorption de mode commun

Groundplang

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
CISPR 16-2-3 et la CISPR 16-2-1.

périphériques associés sont

donnés dans la



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

CISPR 11:2015 © IEC 2015

—127 -

0,8m +-0,08m = 0.2m ~ o AE
To power ~ 3\
supply / N
AE ; ]

interconnecting cables

AMN

Special earthing
terminal

IEC

Anglais

Francais

Non-conductive support

Support non conducteur

Typical spacing

Espacement classique

To power supply/AE

Vers I'alimentation électrique/AE

Insulation

Isolation

Special earthing terminal

Borne de terre particuliere

interconnecting cables

cables de raccordement

Figure 4 — Exemple de montage d'essai classique pour le mesurage des perturbations
conduites, etfou rayonnées d'un EUT posé au sol, vue 3D

La configuration de [’appareil en essai doit étre documentée avec précision dans le rapport
d'essai.

7.5.2 Cables.de raccordement

Le présent.-“paragraphe s'applique aux appareils dans lesquels diverses parties sont
raccordéées 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 cables 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 ensemble de résultats doit étre accompagné d'une description compléte de lorientation
des appareils et des cables pour que ces résultats puissent étre répétés. Les \éventuelles
conditions d'utilisation doivent étre spécifiées, documentées et incluses dans le manuel
d’utilisation.

Si un type d'appareil donné peut exécuter séparément une fonction™parmi d'autres, ledit
appareil doit étre soumis aux essais pendant I'exécution de chacune de ces fonctions.
S'agissant des systémes qui peuvent inclure un certain nombre deyéomposants différents, un
exemplaire de chaque type de composant intégré a la configuration du systéme doit étre
inclus dans I'évaluation.

Un systéme comportant un certain nombre de composants identiques, mais dont I'évaluation
a été effectuée au moyen d'un seul de ces composants, n'exige pas d'autre évaluation si
I'évaluation 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 interaction fonctionnelle avec d'autres appareils pour
former un systéme, lI'évaluation peut étre effectuée soit en utilisant des appareils
complémentaires pour représenter l'ensemble du systéme, soit avec des simulateurs. Dans
les deux cas, lors de I'évaluation de I'appareil en essai, on doit veiller a ce que les effets du
reste du systéme ou des simulatéurs satisfassent aux conditions de bruit ambiant spécifiées
en 7.2. Un simulateur utilisé\.a la place d'un appareil réel doit représenter correctement les
caractéristiques électriques- et, dans certains cas, les caractéristiques mécaniques de
I'interface, particulierement en ce qui concerne les impédances et les signaux a fréquences
radioélectriques, aingi gue les types et les configurations des cables.

NOTE 3 Cette proeedure est exigée pour faciliter I'évaluation des appareils combinés avec d'autres appareils
provenant de fabricants différents pour constituer un systéme.

7.5.3 Raccordement au réseau d'alimentation électrique sur un site d'essai
7.5.34 Raccordement au réseau d'alimentation en courant alternatif de laboratoire

7.53.1.1 Généralités

TeTas echéant, fa puissance efectrique provenant du Teseau d atimentation etectrique 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
longueur de 1 m du type spécifié doit étre connectée entre I'unité d'essai et le\réseau fictif
d'alimentation.

Les connexions 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 elles ne
sont pas fournies ou sont spécifiées de fagon différente par le fabricant, doivent étre de 1 m
et placées paralléelement au conducteur d'alimentation a une distanCe maximale de 0,1 m.

Les autres connexions de terre (prévues pour la compatibilité électromagnétique, par
exemple) 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
connectées a la terre de référence du réseau fictif d'alimentation.

Les accés d’alimentation en courant alternatif-'a basse tension auxiliaires doivent étre
connectés au réseau d'alimentation en courant alternatif de laboratoire via un ou plusieurs
réseaux fictifs d'alimentation (AMN en V) camme spécifié en 7.3.2.2.

Si l'appareil en essai est un systéme~comportant plusieurs unités, chacune étant munie de
son propre cordon d'alimentation, *le’ point de connexion du réseau fictif d'alimentation est
déterminé d'apres les régles suiyantes:

a) chaque cable d'alimentation terminé par une prise d'alimentation réseau de modele
normalisé (selon I'lEC'60083, par exemple) doit étre soumis aux essais séparément;

b) les bornes ou cables d'alimentation non spécifiés par le fabricant comme devant étre
connectés a une‘autre unité du systéme pour les besoins de I'alimentation réseau doivent
étre soumis alx/essais séparément;

c) les bornes+ou cables d'alimentation spécifiés par le fabricant comme devant étre
connectes a une autre unité du systéme pour les besoins de I'alimentation réseau doivent
étre cannectés a cette unité, les bornes ou les cables d'alimentation de cette unité étant
connectés au réseau fictif d'alimentation;

d)«sSii'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 reseau d alimentation en courant alternatit 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 150.0
(DC-AN) spécifié en 7.3.2.3 est a utiliser chaque fois que cela est possible. L'enveloppe“du
réseau 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 en(eourant continu
en essai de l'appareil en essai (EUT) doit étre découplé de la source cd'alimentation en
courant continu a l'aide de dispositifs de découplage de mode commun‘adaptés (tubes 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 insérer
dans le cable d'alimentation en courant continu raccordant la source d'alimentation en courant
continu a la disposition de mesure de I'EUT (voir également\la’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 61000-
4-6 est utilisé pour le découplage, son accés d’entrée de puissance RF ne doit pas se
terminer par une charge résistive de 50 Q

Le raccordement est a effectuer a une source d'alimentation en courant continu appropriée.
La tension de sortie en courant continu de cetie source d'alimentation doit pouvoir étre
ajustée pour fournir un niveau de tension dangjla plage de fonctionnement assignée pour le
type respectif d'appareil en essai.

NOTE 1 Pour l'alimentation de I'accés d’alimentation en courant continu en essai de I'appareil en essai, une
source d'alimentation en courant continu de laboratoire dédiée, des (ensembles de) batteries appropriées ou
d'autres sources d'énergie en courant contind comme par exemple, les modules de piles a combustible, peuvent
étre utilisées, a condition qu'elles garantissent la tension, le courant continu(e) et stable, etc. nécessaire pour les
convertisseurs de puissance dans.des conditions de fonctionnement de sortie assignées, pendant tout le
mesurage.

Il convient de préter une.attention particuliére lors de la sélection de la source d'alimentation
en courant 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 courant
continu qui garantit une bonne isolation galvanique et également un découplage
radioélectriquessuffisant des deux bornes d'alimentation en courant continu du plan de masse
de référence.de laboratoire. Les condensateurs de découplage internes aux bornes de la
source d'alimentation en courant continu utilisés pour la suppression interne des
perturbations non symétriques peuvent fournir une dérivation intempestive pour I'impédance
de charge 150 QO de mode commun du DC-AN utilisé pour les mesurages. Ceci peut
provequer des effets de saturation dans le filtre d'atténuation du convertisseur de puissance
én ‘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. Celasinclut, par
exemple l'utilisation d'autres réseaux 150 Q conformes a la CISPR 16-1-2, d'autres DC-AN cofmme spécifié
en 7.3.2.3 ou également I'utilisation de dispositifs de couplage et de découplage 150 O (CDN) comme’ défini dans
I''EC 61000-4-6.

Les acces d’alimentation en courant continu auxiliaires doivent étre connegctés a une source
d'alimentation en courant continu de laboratoire séparée ou une batterie, Via une impédance
de charge de mode commun 150 Q appropriée.

NOTE 3 Si une source d'alimentation en courant continu de laboratoire s€parée, connectée au secteur, est
utilisée, il peut alors étre approprié d'insérer également un autre filtre EMK dans la connexion a cette source
d'alimentation. Les schémas illustrant des montages adaptés pour le site d'essai figurent a I'Annexe J.

7.6 Conditions de charge des appareils en essai
7.6.1 Généralités

Les conditions de charge des appareils en essai‘sont spécifiées dans le présent paragraphe.
Les appareils non couverts par le présent paragraphe sont a utiliser de maniére a optimiser
les perturbations engendrées tout en ,se conformant aux procédures normales de
fonctionnement 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 dejvent étre réalisés dans les conditions de fonctionnement indiquées
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 les appareils a électrodes de type capacitif, une charge fictive doit étre utilisée pour les
mesuragessla Figure 5 montre la disposition générale a respecter. La charge fictive doit étre
essentielléement résistive et étre capable d'absorber la puissance assignée de sortie maximale
de l'appareil.

Fes deux bornes de la charge fictive doivent étre situées aux extrémités opposées de la
Ctharge 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.



https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

-132 - CISPR 11:2015 © IEC 2015

E
Elevation Elevation
L
E _—T—
E
Plane L Plane
\‘: E
E L
Horizontal load Vertical load
1EC
E = bras des électrodes et cables
L = charge fictive
Anglais Frangais
Elevation Elévation
Plane Plan
Horizontal load Charge horizontale
Vertical load Charge yerticale

Figure 5 — Appareils médicaux (type capacitif): disposition
de l'appareil et de Ja.charge 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 rayonnement
électromagnétique perturbateur, I'ensemble comprenant I'appareil, les cébles de sortie, les
électrodes capacitives et la charge fictive doit étre pivoté autour de son axe vertical, afin de
pouvoir mesurer la valeur maximale\du champ rayonné.

NOTE Les montages de lampes suiyants se sont avérés satisfaisants pour soumettre aux essais de nombreux
types d'appareils dans la plage de puissances d’essai:

a) puissance de sortie nominale*00 W a 300 W:
quatre lampes 110 V/60(W)en parallele ou cing lampes 125 V/60 W en paralléle;

b) puissance de sortie_ nominale 300 W a 500 W:
quatre lampes 125 V/100 W en paralleéle ou cing lampes 150 V/100 W en paralléle.

Pour les appareils a électrodes de type inductif, les mesurages doivent étre réalisés en
utilisant les\cables et les bobines fournis avec I'appareil servant au traitement du patient. La
charge utilisée pour I'essai doit comporter un récipient tubulaire vertical en matériau isolant
de 10{cm de diamétre. Ce récipient est rempli sur une hauteur de 50 cm avec une solution
comprenant 9 g de chlorure de sodium par litre d'eau distillée.

De 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 diamefre,
rempli d'eau distillée.

Les mesurages doivent étre réalisés a la fois a la puissance maximale et a la mpoitié de la
puissance maximale et, si le circuit de sortie peut étre accordé, il doit I'étre surJa-fréquence
de résonance, puis désaccordé. Les spécifications qui figurent dans le manuel.d*utilisation 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 utilisée en
service, soit avec un dispositif équivalent.

Si I'appareil en essai peut étre connecté a des canalisations auxiliaires (eau, gaz, air, etc.), le
raccordement doit étre réalisé avec des sections.de raccordement en tube isolant d'au moins
3 m de long. Pour les essais effectués avec la gcharge utilisée en service, les électrodes 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 appareils qui fonctionnent normalemeént avec une puissance de sortie nulle ou trés faible
doivent également étre soumis aux esSais dans ces conditions.

Il convient de soumettre aux essais les appareils industriels de chauffage par induction et les
appareils de chauffage diélectrique dans une configuration et avec une charge équivalentes a
I'utilisation réelle ou prévue. Lorsque I'appareil peut étre configuré pour une variété de
charges ou que la chargei\n’est pas disponible, la charge spécifiée dans I'lEC 61922 pour les
appareils de chauffage Jjpar induction et dans I'lEC 61308 pour les appareils de chauffage
diélectrique peut étre-utilisée. Les appareils industriels de chauffage par résistance doivent
étre soumis 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 nombreux types
d'appareils de_chauffage diélectrique.

Les appareils industriels de chauffage a micro-ondes doivent étre conformes a la valeur limite
de_rfayonnement 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 modifiée de maniére a assurer le
maximum de transfert d'énergie, les variations de fréquence ou de rayonnement harmonique

dependant des caracteristiques etudiees.

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 indiquées a
I'Article 6 lorsqu'ils sont soumis aux essais avec une charge fictive constituée d'une certaine
quantité d'eau du robinet contenue dans un récipient non conducteur. Ll'a. taille et la forme du
récipient, sa position dans l'appareil et la quantité d'eau qu'il contient doivent étre modifiées
de maniere a assurer le maximum de transfert d'énergie, les variations de fréquence ou de
rayonnement harmonique dépendant des caractéristiques étudi¢es.

7.6.7 Matériel de soudage électrique

Pour le matériel de soudage a l'arc, I'opération de seudage pendant I'essai est simulée par
une charge conventionnelle appliquée au matériel. Les dispositifs d’amorgage et de
stabilisation d’arc doivent étre allumés pendant Jes\mesurages des émissions. Les conditions
de charge et la configuration d’essai du matériel de soudage a l'arc sont spécifiées dans
I'IEC 60974-10.

Pour les équipements de soudage par:résistance, I'opération de soudage pendant I’essai est
simulée en mettant en court-circuit_le* circuit de soudage. Les conditions de charge et la
configuration d'essai de I'équipement de soudage par résistance sont spécifiées dans
I''EC 62135-2.

Le début des mesurages_ selon la présente Norme doit étre différé jusqu'a 5 s aprés l'entrée
en fonctionnement du maieriel de soudage en essai.

7.6.8 Appareil.d'éclairage ISM a fréquences radioélectriques

L'appareil d'éclairage ISM a fréquences radioélectriques doit satisfaire aux limites de 6.3
lorsqu'il est"soumis a essai tel que livré par le fabricant dans les conditions normales de
fonctionnement. Dans le cas d'un appareil d'éclairage ISM a fréquences radioélectriques,
I'appareil”en essai (EUT) doit fonctionner tant que la fréquence d'oscillation du magnétron
n'est\pas stabilisée. Le début des mesurages selon la présente Norme doit donc étre différé
d'ag-moins 15 min.

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 pr‘é\llly le_convertisseur de pIIiQQQh{"Q en essai pnllf étre conhnectéd 3 une r\hnrgn

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 connexion a une charge résistive appropriée est également recommandée pour' les
convertisseurs de puissance uniquement destinés a une utilisation dans des installations
réseau en courant alternatif a basse tension en flot qui ne sont pas connectées\a un autre
réseau public de distribution secteur d’énergie en courant alternatif a basse ‘tension. Pour
plus d'informations, consulter les instructions d'installation du fabricant.

En variante, I'alimentation en courant alternatif pour la source d'alimentation en courant
continu de laboratoire peut provenir des lignes de sortie en courant,alternatif du convertisseur
de puissance connecté au réseau (GCPC) par l'intermédiaire du AMN en V sans connecter la
charge résistive. L’alimentation de sortie en courant alternatif duconvertisseur de puissance
connecté au réseau (GCPC) est utilisée pour contribuer a I'alimentation d'entrée en courant
continu exigée pour ce GCPC, la charge résistive n'étant donc pas nécessaire dans ce cas
(voir la Figure J.1 a I'Annexe J).

Pour les configurations appropriées du site d'essai,voir I'"Annexe J.

7.6.10.2 Raccordement a une autre charge’appropriée

Pour les convertisseurs de puissance.idestinés a étre alimentés a partir de sources
d'alimentation en courant alternatif, I'accés d’alimentation en courant continu en essai doit
étre connecté a une charge résistive appropriée ou a un autre dispositif de stockage d'énergie
adéquat via un réseau fictif 150 Q(DC-AN) comme spécifié en 7.3.2.3. L'appareil en essai
doit étre connecté a une charge@ppropriée dans la plage de fonctionnement assignée pour le
type respectif d'appareil en essai.

NOTE Un exemple de typetde*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 véhicules
électriques (EV).

7.7 Enregistrement des résultats de mesure du site d’essai
7.71 Généralités

Tous Jes~résultats obtenus a partir des mesurages des perturbations radioélectriques
conduites et/ou rayonnées doivent étre enregistrés dans le rapport d’essai. Si les résultats ne
sonht-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 frequUeNces observees depuis chacun des acces dalimentaiion de lapparell en essal
(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 niveau
limite en unités logarithmiques, I'enregistrement doit inclure au moins (¢es~niveaux de
perturbation et les fréquences des six perturbations les plus élevées dans chacune des
plages de fréquences observées. Le rapport doit inclure la polarisationy de I'antenne, sa
hauteur, et, le cas échéant, la position de rotation du plateau tournant, pour chacune des
perturbations 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 le 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 au sol doit étre isolé du plan de\masse par un matériau diélectrique d'une épaisseur
maximale de 15 cm. Le raccordementdirect a la terre (c'est-a-dire au plan de masse) doit étre
assuré

a) soit selon les instructions\du fabricant,

b) soit, si I'appareil en.gssai est doté d'une borne de terre particuliére, celle-ci doit 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 plan 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 indiquées
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

2 i e eTrteE—t - " U

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


https://standardsiso.com/api/?name=c1bf79d6b15a40ca04d6192fd3167642

	Redline version (English only)
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Frequencies designated for ISM use
	5 Classification of equipment
	5.1 Separation into groups
	5.2 Division into classes
	5.3 Documentation for the user

	6 Limits of electromagnetic disturbances
	6.1 General
	6.2 Group 1 equipment measured on a test site
	6.2.1 Limits for conducted disturbances
	6.2.2 Limits of electromagnetic radiation disturbance

	6.3 Group 2 equipment measured on a test site
	6.3.1 Limits for conducted disturbances
	6.3.2 Limits of electromagnetic radiation disturbance

	6.4 Group 1 and group 2 class A equipment measured in situ
	6.4.1 Limits for conducted disturbances
	6.4.2 Limits of electromagnetic radiation disturbance


	7 Measurement requirements
	7.1 General
	7.2 Ambient noise
	7.3 Measuring equipment
	7.3.1 Measuring instruments
	7.3.2 Artificial network (AN)
	7.3.3 Voltage probe

	7.3.4 Antennas
	7.3.5 Artificial hand
	7.4 Frequency measurement
	7.5 Configuration of equipment under test
	7.5.1 General
	7.5.2 Interconnecting cables
	7.5.3 Connection to the electricity supply network on a test site

	7.6 Load conditions of equipment under test
	7.6.1 General
	7.6.2 Medical equipment
	7.6.3 Industrial equipment
	7.6.4 Scientific, laboratory and measuring equipment
	7.6.5 Microwave cooking appliances
	7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz
	7.6.7 Electric welding equipment
	7.6.8 ISM RF lighting equipment
	7.6.9 Medium voltage (MV) and high voltage (HV) switchgear
	7.6.10 Grid connected power converters

	7.7 Recording of test-site measurement results
	7.7.1 General
	7.7.2 Conducted emissions
	7.7.3 Radiated emissions


	8 Special provisions for test site measurements (9 kHz to 1 GHz)
	8.1 Ground planes
	8.2 Measurement of conducted disturbances
	8.2.1 General
	8.2.2 Measurements on grid connected power converters
	8.2.3 Handheld equipment which are normally operated without an earth connection

	8.3 Radiation test site for 9 kHz to 1 GHz
	8.3.1 General
	8.3.2 Validation of the radiation test site (9 kHz to 1 GHz)
	8.3.3 Disposition of equipment under test (9 kHz to 1 GHz)
	8.3.4 Radiation measurements (9 kHz to 1 GHz)

	8.4 Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

	9 Radiation measurements: 1 GHz to 18 GHz
	9.1 Test arrangement
	9.2 Receiving antenna
	9.3 Validation and calibration of test site
	9.4 Measuring procedure
	9.4.1 General
	9.4.2 Operating conditions of the EUT
	9.4.3 Preliminary measurement
	9.4.4 Final measurement


	10 Measurement in situ
	11 Safety precautions for emission measurements on ISM RF equipment
	12 Measurement uncertainty
	Annexes 
	Annex A (informative) Examples of equipment classification
	Annex B (informative) Precautions to be taken in the use of a spectrum analyzer (see 7.3.1)
	Annex C (normative) Measurement of electromagnetic radiation disturbancein the presence of signals from radio transmitters
	Annex D (informative) Propagation of interference from industrial radio-frequency equipment at frequencies between 30 MHz and 300 MHz
	Annex E (informative) Recommendations of CISPR for protection of certain radio services in particular areas
	E.1 General
	E.2 Recommendations for protection of safety-related radio services
	E.3 Recommendations for protection of specific sensitive radio services

	Annex F (informative) Frequency bands allocated for safety-related radio services
	Annex G (informative) Frequency bands allocated for sensitive radio services
	Annex H (informative) Statistical assessment of series produced equipment against the requirements of CISPR standards
	H.1 Significance of a CISPR limit
	H.2 Type tests
	H.3 Statistical assessment of series produced equipment
	H.3.1 Assessment based on a general margin to the limit
	H.3.2 Assessment based on the non-central t-distribution
	H.3.3 Assessment based on the binomial distribution
	H.3.4 Equipment produced on an individual basis


	Annex I (normative) Artificial Network (AN) for the assessment of disturbance voltages at d.c. power ports of semiconductor power converters
	I.1 General information and purpose
	I.2 Structures for a DC-AN
	I.2.1 AN suitable for measurement of unsymmetrical mode (UM) disturbances
	I.2.2 AN suitable for measurement of common mode (CM) and differential mode (DM) disturbances
	I.2.3 AN suitable for measurement of UM, CM and DM disturbances

	I.3 Employment of DC-ANs for compliance measurements
	I.3.1 General
	I.3.2 Pseudo V-AN
	I.3.3 Delta-AN

	I.4 Normative technical requirements for the DC-AN
	I.4.1 Parameters and associated tolerances in the range 150 kHz to 30 MHz
	I.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz

	I.5 Examples of practical implementations of DC-ANs

	Annex J (informative) Measurements on Grid Connected Power Converters (GCPC) – Setups for an effective test site configuration
	J.1 General information and purpose
	J.2 Setup of the test site
	J.2.1 Block diagram of test site
	J.2.2 DC power supply
	J.2.3 AC power source
	J.2.4 Other components

	J.3 Other test setups
	J.3.1 Configuration comprising laboratory AC power source and resistive load
	J.3.2 Configuration in case of reverse power flow to the AC mains


	Annex K (informative) Test site configuration and instrumentation – Guidance on prevention of saturation effects in mitigation filters of transformer-less power converters during type tests according to this standard
	K.1 General information and purpose
	K.2 Recommendations for avoidance of saturation effects in the range 9 kHz to 150 kHz
	K.3 Detailed advice
	K.3.1 General
	K.3.2 Insert of series inductors (or common mode chokes) in the laboratory's d.c. power supply chain
	K.3.3 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

	K.4 Background information


	Bibliography
	Figures 
	Figure 1 – Circuit for disturbance voltage measurements on mains supply 
	Figure 2 – Artificial hand, RC element 
	Figure 3 – Example for a typical cable arrangement for measurements of radiated disturbances in 3 m separation distance, Table-top EUT
	Figure 4 – Example for a typical test set up for measurement of conducted and/or radiated disturbances from a floor standing EUT, 3D view
	Figure 5 – Disposition of medical (capacitive type) and dummy load (see 7.6.2.1)
	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
	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
	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
	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
	Figure 10 – Test site
	Figure 11 – Minimum size of metal ground plane
	Figure 12 – Decision tree for the measurement of emissions from 1 GHz to 18 GHz of group 2 equipment operating at frequencies above 400 MHz
	Figure H.1 – An example of possible difficulties
	Figure I.1 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM disturbances (Example)
	Figure I.2 – Practical implementation of a 150 Ω DC-AN suitable for measurement of CM and DM disturbances (Example, see also Figure A.2 in CISPR 16-1-2:2014)
	Figure I.3 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 1)
	Figure I.4 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 2)
	Figure I.5 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 3)
	Figure J.1 – Setup of the test site (Case 1) – 2D diagram
	Figure J.2 – Setup of the test site (Case 1) – 3D diagram
	Figure J.3 – Setup of the test site (Case 2) – 2D diagram
	Figure J.4 – Setup of the test site (Case 2) – 3D diagram
	Figure J.5 – Setup of the test site (Case 3) – 2D diagram
	Figure J.6 – Setup of the test site (Case 3) – 3D diagram
	Figure K.1 – Flow of the common mode RF current at test site configuration level
	Figure K.2 – Blocking of flow of common mode RF current by insert of series inductors 
	Figure K.3 – Blocking of flow of common mode RF current by employment of additional CM decoupling capacitors
	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
	Figure K.5 – Prevention of saturation of mitigation filters by use of additional decoupling capacitors
	Figure K.6 – Change in the resonant frequency caused by the increase and decrease in the decoupling capacitor's capacitance
	Figure K.7 – DC-AN circuit example where capacitance of blocking capacitors of the LC decoupling circuit can be increased or decreased

	Tables 
	Table 1 – Frequencies in the radio-frequency (RF) range designated by ITU for use as fundamental ISM frequencies
	Table 2 – Disturbance voltage limits for class A group 1 equipment measured on a test site (a.c. mains power port)
	Table 3 – Limits for conducted disturbances of class A group 1 equipment measured on a test site (d.c. power port)
	Table 4 – Disturbance voltage limits for class B group 1 equipment measured on a test site (a.c. mains power port)
	Table 5 – Disturbance voltage limits for class B group 1 equipment measured on a test site (d.c. power port)
	Table 6 – Electromagnetic radiation disturbance limits for class A group 1 equipment measured on a test site
	Table 7 – Electromagnetic radiation disturbance limits for class B group 1 equipment measured on a test site
	Table 8 – Disturbance voltage limits for class A group 2 equipment measured on a test site (a.c. mains power port)
	Table 9 – Disturbance voltage limits for class B group 2 equipment measured on a test site (a.c. mains power port)
	Table 10 – Electromagnetic radiation disturbance limits for class A group 2 equipment measured on a test site
	Table 11 – Electromagnetic radiation disturbance limits for class A EDM and arc welding equipment measured on a test site
	Table 12 – Electromagnetic radiation disturbance limits for class B group 2 equipment measured on a test site
	Table 13 – Electromagnetic radiation disturbance peak limits for group 2 equipment operating at frequencies above 400 MHz
	Table 14 – Electromagnetic radiation disturbance weighted limits for group 2 equipment operating at frequencies above 400 MHz
	Table 15 – Electromagnetic radiation disturbance APD level corresponding to 10–1 limits for class B group 2 equipment operating at frequencies above 400 MHz
	Table 16 – Electromagnetic radiation disturbance limits for class A group 1 equipment measured in situ
	Table 17 – Electromagnetic radiation disturbance limits for class A group 2 equipment measured in situ
	Table 18 – Frequency sub-ranges to be used for weighted measurements
	Table E.1 – Limits for electromagnetic radiation disturbances for in situ measurements to protect specific safety-related radio services in particular areas
	Table H.1 – General margin to the limit for statistical evaluation
	Table H.2 – The non-central t-distribution factor k as a function of the sample size n
	Table H.3 – Application of the binomial distribution
	Table I.1 – Parameters and associated tolerances in the range 150 kHz to 30 MHz
	Table I.2 – Parameters and associated tolerances in the range 9 kHz to 150 kHz


	International Standard (Bilingual)
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Frequencies designated for ISM use
	5 Classification of equipment
	5.1 Separation into groups
	5.2 Division into classes
	5.3 Documentation for the user

	6 Limits of electromagnetic disturbances
	6.1 General
	6.2 Group 1 equipment measured on a test site
	6.2.1 Limits for conducted disturbances
	6.2.2 Limits of electromagnetic radiation disturbance

	6.3 Group 2 equipment measured on a test site
	6.3.1 Limits for conducted disturbances
	6.3.2 Limits of electromagnetic radiation disturbance

	6.4 Group 1 and group 2 class A equipment measured in situ
	6.4.1 Limits for conducted disturbances
	6.4.2 Limits of electromagnetic radiation disturbance


	7 Measurement requirements
	7.1 General
	7.2 Ambient noise
	7.3 Measuring equipment
	7.3.1 Measuring instruments
	7.3.2 Artificial network (AN)
	7.3.3 Voltage probe
	7.3.4 Antennas
	7.3.5 Artificial hand

	7.4 Frequency measurement
	7.5 Configuration of equipment under test
	7.5.1 General
	7.5.2 Interconnecting cables
	7.5.3 Connection to the electricity supply network on a test site

	7.6 Load conditions of equipment under test
	7.6.1 General
	7.6.2 Medical equipment
	7.6.3 Industrial equipment
	7.6.4 Scientific, laboratory and measuring equipment
	7.6.5 Microwave cooking appliances
	7.6.6 Other equipment in the frequency range 1 GHz to 18 GHz
	7.6.7 Electric welding equipment
	7.6.8 ISM RF lighting equipment
	7.6.9 Medium voltage (MV) and high voltage (HV) switchgear
	7.6.10 Grid connected power converters

	7.7 Recording of test-site measurement results
	7.7.1 General
	7.7.2 Conducted emissions
	7.7.3 Radiated emissions


	8 Special provisions for test site measurements (9 kHz to 1 GHz)
	8.1 Ground planes
	8.2 Measurement of conducted disturbances
	8.2.1 General
	8.2.2 Measurements on grid connected power converters
	8.2.3 Handheld equipment which are normally operated without an earth connection

	8.3 Radiation test site for 9 kHz to 1 GHz
	8.3.1 General
	8.3.2 Validation of the radiation test site (9 kHz to 1 GHz)
	8.3.3 Disposition of equipment under test (9 kHz to 1 GHz)
	8.3.4 Radiation measurements (9 kHz to 1 GHz)

	8.4 Alternative radiation test sites for the frequency range 30 MHz to 1 GHz

	9 Radiation measurements: 1 GHz to 18 GHz
	9.1 Test arrangement
	9.2 Receiving antenna
	9.3 Validation and calibration of test site
	9.4 Measuring procedure
	9.4.1 General
	9.4.2 Operating conditions of the EUT
	9.4.3 Preliminary measurement
	9.4.4 Final measurement


	10 Measurement in situ
	11 Safety precautions for emission measurements on ISM RF equipment
	12 Measurement uncertainty
	Annexes 
	Annex A (informative) Examples of equipment classification
	Annex B (informative) Precautions to be taken in the use of a spectrum analyzer (see 7.3.1)
	Annex C (normative) Measurement of electromagnetic radiation disturbance in the presence of signals from radio transmitters
	Annex D (informative) Propagation of interference from industrial radio-frequency equipment at frequencies between 30 MHz and 300 MHz
	Annex E (informative) Recommendations of CISPR for protection of certain radio services in particular areas
	E.1 General
	E.2 Recommendations for protection of safety-related radio services
	E.3 Recommendations for protection of specific sensitive radio services

	Annex F (informative) Frequency bands allocated for safety-related radio services
	Annex G (informative) Frequency bands allocated for sensitive radio services
	Annex H (informative) Statistical assessment of series produced equipment against the requirements of CISPR standards
	H.1 Significance of a CISPR limit
	H.2 Type tests
	H.3 Statistical assessment of series produced equipment
	H.3.1 Assessment based on a general margin to the limit
	H.3.2 Assessment based on the non-central t-distribution
	H.3.3 Assessment based on the binomial distribution
	H.3.4 Equipment produced on an individual basis


	Annex I (normative) Artificial Network (AN) for the assessment of disturbance voltages at d.c. power ports of semiconductor power converters
	I.1 General information and purpose
	I.2 Structures for a DC-AN
	I.2.1 AN suitable for measurement of unsymmetrical mode (UM) disturbances
	I.2.2 AN suitable for measurement of common mode (CM) and differential mode (DM) disturbances
	I.2.3 AN suitable for measurement of UM, CM and DM disturbances

	I.3 Employment of DC-ANs for compliance measurements
	I.3.1 General
	I.3.2 Pseudo V-AN
	I.3.3 Delta-AN

	I.4 Normative technical requirements for the DC-AN
	I.4.1 Parameters and associated tolerances in the range 150 kHz to 30 MHz
	I.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz

	I.5 Examples of practical implementations of DC-ANs

	Annex J (informative) Measurements on Grid Connected Power Converters (GCPC) – Setups for an effective test site configuration
	J.1 General information and purpose
	J.2 Setup of the test site
	J.2.1 Block diagram of test site
	J.2.2 DC power supply
	J.2.3 AC power source
	J.2.4 Other components

	J.3 Other test setups
	J.3.1 Configuration comprising laboratory AC power source and resistive load
	J.3.2 Configuration in case of reverse power flow to the AC mains


	Annex K (informative) Test site configuration and instrumentation – Guidance on prevention of saturation effects in mitigation filters of transformer-less power converters during type tests according to this standard
	K.1 General information and purpose
	K.2 Recommendations for avoidance of saturation effects in the range 9 kHz to 150 kHz
	K.3 Detailed advice
	K.3.1 General
	K.3.2 Insert of series inductors (or common mode chokes) in the laboratory's d.c. power supply chain
	K.3.3 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

	K.4 Background information


	Bibliography
	Figures 
	Figure 1 – Circuit for disturbance voltage measurements on mains supply
	Figure 2 – Artificial hand, RC element
	Figure 3 – Example for a typical cable arrangement for measurements of radiated disturbances in 3 m separation distance, Table-top EUT
	Figure 4 – Example for a typical test set up for measurement of conducted and/or radiated disturbances from a floor standing EUT, 3D view
	Figure 5 – Disposition of medical (capacitive type) and dummy load
	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
	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
	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
	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
	Figure 10 – Test site
	Figure 11 – Minimum size of metal ground plane
	Figure 12 – Decision tree for the measurement of emissions from 1 GHz to 18 GHz of group 2 equipment operating at frequencies above 400 MHz
	Figure H.1 – An example of possible difficulties
	Figure I.1 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM disturbances (Example)
	Figure I.2 – Practical implementation of a 150 Ω DC-AN suitable for measurement of CM and DM disturbances (Example, see also Figure A.2 in CISPR 16-1-2:2014)
	Figure I.3 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 1)
	Figure I.4 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 2)
	Figure I.5 – Practical implementation of a 150 Ω DC-AN suitable for measurement of UM, or CM and DM disturbances (Example 3)
	Figure J.1 – Setup of the test site (Case 1) – 2D diagram
	Figure J.2 – Setup of the test site (Case 1) – 3D diagram
	Figure J.3 – Setup of the test site (Case 2) – 2D diagram
	Figure J.4 – Setup of the test site (Case 2) – 3D diagram
	Figure J.5 – Setup of the test site (Case 3) – 2D diagram
	Figure J.6 – Setup of the test site (Case 3) – 3D diagram
	Figure K.1 – Flow of the common mode RF current at test site configuration level
	Figure K.2 – Blocking of flow of common mode RF current by insert of series inductors 
	Figure K.3 – Blocking of flow of common mode RF current by employment of additional CM decoupling capacitors
	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
	Figure K.5 – Prevention of saturation of mitigation filters by use of additional decoupling capacitors
	Figure K.6 – Change in the resonant frequency caused by the increase and decrease in the decoupling capacitor's capacitance
	Figure K.7 – DC-AN circuit example where capacitance of blocking capacitors of the LC decoupling circuit can be increased or decreased

	Tables 
	Table 1 – Frequencies in the radio-frequency (RF) range designated by ITU for use as fundamental ISM frequencies
	Table 2 – Disturbance voltage limits for class A group 1 equipment measured on a test site (a.c. mains power port)
	Table 3 – Limits for conducted disturbances of class A group 1 equipment measured on a test site (d.c. power port)
	Table 4 – Disturbance voltage limits for class B group 1 equipment measured on a test site (a.c. mains power port)
	Table 5 – Disturbance voltage limits for class B group 1 equipment measured on a test site (d.c. power port)
	Table 6 – Electromagnetic radiation disturbance limits for class A group 1 equipment measured on a test site
	Table 7 – Electromagnetic radiation disturbance limits for class B group 1 equipment measured on a test site
	Table 8 – Disturbance voltage limits for class A group 2 equipment measured on a test site (a.c. mains power port)
	Table 9 – Disturbance voltage limits for class B group 2 equipment measured on a test site (a.c. mains power port)
	Table 10 – Electromagnetic radiation disturbance limits for class A group 2 equipment measured on a test site
	Table 11 – Electromagnetic radiation disturbance limits for class A EDM and arc welding equipment measured on a test site
	Table 12 – Electromagnetic radiation disturbance limits for class B group 2 equipment measured on a test site
	Table 13 – Electromagnetic radiation disturbance peak limits for group 2 equipment operating at frequencies above 400 MHz
	Table 14 – Electromagnetic radiation disturbance weighted limits for group 2 equipment operating at frequencies above 400 MHz
	Table 15 – Electromagnetic radiation disturbance APD level corresponding to 10–1 limits for class B group 2 equipment operating at frequencies above 400 MHz
	Table 16 – Electromagnetic radiation disturbance limits for class A group 1 equipment measured in situ
	Table 17 – Electromagnetic radiation disturbance limits for class A group 2 equipment measured in situ
	Table 18 – Frequency sub-ranges to be used for weighted measurements
	Table E.1 – Limits for electromagnetic radiation disturbances for in situ measurements to protect specific safety-related radio services in particular areas
	Table H.1 – General margin to the limit for statistical evaluation
	Table H.2 – The non-central t-distribution factor k as a function of the sample size n
	Table H.3 – Application of the binomial distribution
	Table I.1 – Parameters and associated tolerances in the range 150 kHz to 30 MHz
	Table I.2 – Parameters and associated tolerances in the range 9 kHz to 150 kHz


	Français 
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d’application
	2 Références normatives
	3 Termes et définitions
	4 Fréquences désignées pour être utilisées par les appareils ISM
	5 Classification des appareils
	5.1 Séparation en groupes
	5.2 Division en classes
	5.3 Documentation pour l'utilisateur

	6 Valeurs limites des perturbations électromagnétiques
	6.1 Généralités
	6.2 Appareils du groupe 1 mesurés sur un site d'essai
	6.2.1 Limites des perturbations conduites
	6.2.2 Valeurs limites du rayonnement électromagnétique perturbateur

	6.3 Appareils du groupe 2 mesurés sur un site d'essai
	6.3.1 Limites des perturbations conduites
	6.3.2 Valeurs limites du rayonnement électromagnétique perturbateur

	6.4 Appareils de classe A, groupe 1 et groupe 2, mesurés in situ
	6.4.1 Limites des perturbations conduites
	6.4.2 Valeurs limites du rayonnement électromagnétique perturbateur


	7 Exigences de mesure
	7.1 Généralités
	7.2 Bruit ambiant
	7.3 Appareil de mesure
	7.3.1 Instruments de mesure
	7.3.2 Réseau fictif (AN)
	7.3.3 Sonde de tension
	7.3.4 Antennes
	7.3.5 Main artificielle

	7.4 Mesurage de fréquence
	7.5 Configuration des appareils en essai
	7.5.1 Généralités
	7.5.2 Câbles de raccordement
	7.5.3 Raccordement au réseau d'alimentation électrique sur un site d'essai

	7.6 Conditions de charge des appareils en essai
	7.6.1 Généralités
	7.6.2 Appareils médicaux
	7.6.3 Appareils industriels
	7.6.4 Appareils scientifiques, appareils de laboratoire et de mesure
	7.6.5 Appareils de cuisson à micro-ondes
	7.6.6 Autres appareils fonctionnant dans la plage de fréquences comprises entre 1 GHz et 18 GHz
	7.6.7 Matériel de soudage électrique
	7.6.8 Appareil d'éclairage ISM à fréquences radioélectriques
	7.6.9 Appareillage moyenne tension (MT) et haute tension (HT)
	7.6.10 Convertisseurs de puissance connectés au réseau

	7.7 Enregistrement des résultats de mesure du site d’essai
	7.7.1 Généralités
	7.7.2 Émissions conduites
	7.7.3 Émissions rayonnées


	8 Dispositions spéciales pour les mesurages sur un site d'essai (9 kHz à 1 GHz)
	8.1 Plans de masse
	8.2 Mesurage des perturbations conduites
	8.2.1 Généralités
	8.2.2 Mesurages sur les convertisseurs de puissance connectés au réseau
	8.2.3 Appareils tenus à la main fonctionnant normalement sans mise à la terre

	8.3 Site d'essai en rayonnement dans la bande de 9 kHz à 1 GHz
	8.3.1 Généralités
	8.3.2 Validation du site d'essai en rayonnement (9 kHz à 1 GHz)
	8.3.3 Disposition de l’appareil en essai (9 kHz à 1 GHz)
	8.3.4 Mesurages de rayonnement (9 kHz à 1 GHz)

	8.4 Autres sites d'essai en rayonnement pour la plage de fréquences comprises entre 30 MHz et 1 GHz

	9 Mesurages de rayonnement: de 1 GHz à 18 GHz
	9.1 Disposition d’essai
	9.2 Antenne de réception
	9.3 Validation et étalonnage du site d'essai
	9.4 Procédure de mesure
	9.4.1 Généralités
	9.4.2 Conditions de fonctionnement de l'EUT
	9.4.3 Mesurages préliminaires
	9.4.4 Mesurage final


	10 Mesurage in situ
	11 Mesures de sécurité pour les mesurages des émissions sur les appareils ISM RF
	12 Incertitude de mesure
	Annexes 
	Annexe A (informative) Exemples de classification des appareils
	Annexe B (informative) Précautions à prendre lors de l'utilisation d'un analyseur de spectre (voir 7.3.1)
	Annexe C (normative) Mesurage du rayonnement électromagnétique perturbateur en présence de signaux provenant d'émetteurs radio
	Annexe D (informative) Propagation du brouillage émanant d'appareils industriels à fréquences radioélectriques aux fréquences comprises entre 30 MHz et 300 MHz
	Annexe E (informative) Recommandations du CISPR concernant la protection de certains services radio dans des zones particulières
	E.1 Généralités
	E.2 Recommandations relatives à la protection des services radio liés à la sécurité
	E.3 Recommandations relatives à la protection des services radio spécifiques et sensibles

	Annexe F (informative) Bandes de fréquences allouées pour les services radio liés à la sécurité
	Annexe G (informative) Bandes de fréquences allouées pour les services radio sensibles
	Annexe H (informative) Évaluation statistique des appareils produits en série par rapport aux exigences des normes CISPR
	H.1 Signification d'une limite CISPR
	H.2 Essais de type
	H.3 Évaluation statistique des appareils produits en série
	H.3.1 Évaluation reposant sur une marge générale par rapport à la limite
	H.3.2 Évaluation reposant sur la loi non centrale de t
	H.3.3 Évaluation reposant sur la loi binomiale
	H.3.4 Appareils produits individuellement


	Annexe I (normative) Réseau fictif (AN) pour l'évaluation des tensions perturbatrices aux accès d’alimentation en courant continu des convertisseurs de puissance à semiconducteurs
	I.1 Informations générales et objet
	I.2 Structures pour un DC-AN
	I.2.1 AN adapté pour le mesurage des perturbations en mode non symétrique (UM – unsymmetrical mode)
	I.2.2 AN adapté pour le mesurage des perturbations en mode commun (CM) et en mode différentiel (DM)
	I.2.3 AN adapté pour le mesurage des perturbations UM, CM et DM

	I.3 Utilisation de DC-AN pour les mesurages de conformité
	I.3.1 Généralités
	I.3.2 Pseudo AN en V
	I.3.3 AN en triangle

	I.4 Exigences techniques normatives pour le DC-AN
	I.4.1 Paramètres et tolérances associées dans la plage comprise entre 150 kHz et 30 MHz
	I.4.2 Paramètres et tolérances associées dans la plage comprise entre 9 kHz et 150 kHz

	I.5 Exemples de mises en œuvre pratiques des DC-AN

	Annexe J (informative) Mesurages sur les convertisseurs de puissance connectés au réseau (GCPC) – Montages pour une configuration efficace du site d'essai
	J.1 Informations générales et objet
	J.2 Montage du site d'essai
	J.2.1 Organigramme du site d'essai
	J.2.2 Alimentation en courant continu
	J.2.3 Source d'alimentation en courant alternatif
	J.2.4 Autres composantes

	J.3 Autres montages d'essai
	J.3.1 Configuration comprenant la source d'alimentation en courant alternatif de laboratoire et la charge résistive
	J.3.2 Configuration en cas de flux de puissance inverse vers le réseau en courant alternatif


	Annexe K (informative) Configuration et instrumentation du site d'essai – Lignes directrices concernant la prévention des effets de saturation dans les filtres d'atténuation des convertisseurs de puissance sans transformateur pendant les essais de type conformément à la présente Norme
	K.1 Informations générales et objet
	K.2 Recommandations pour éviter les effets de saturation dans la plage comprise entre 9 kHz et 150 kHz
	K.3 Informations détaillées
	K.3.1 Généralités
	K.3.2 Insertion de bobines d'inductance en série (ou pièges en mode commun) dans la chaîne d'alimentation en courant continu de laboratoire
	K.3.3 Utilisation de condensateurs de découplage en mode commun supplémentaires au niveau de l'interface entre l’accès AE du DC-AN et l’accès d’alimentation en courant continu de laboratoire alloué dans l'environnement d'essai

	K.4 Informations de base


	Bibliographie
	Figures 
	Figure 1 – Circuit pour le mesurage de tensions perturbatrices sur le réseau d'alimentation
	Figure 2 – Main artificielle, dipôle RC
	Figure 3 – Exemple de disposition de câble classique pour les mesurages des perturbations rayonnées à une distance de séparation de 3 m, EUT de table
	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
	Figure 5 – Appareils médicaux (type capacitif): dispositionde l'appareil et de la charge fictive
	Figure 6 – Configuration classique pour le mesurage des perturbations conduites aux accès d’alimentation en courant continu à basse tension, le DC-AN étant utilisé comme terminaison et unité de découplage à la source d'alimentation en courant continu de laboratoire
	Figure 7 – Configuration classique pour le mesurage des perturbations conduites aux accès d’alimentation en courant continu à basse tension, le DC-AN étant utilisé comme terminaison et sonde de tension
	Figure 8 – Configuration classique pour le mesurage des perturbations conduites aux accès d’alimentation en courant continu à basse tension, le DC-AN étant utilisé comme sonde de tension et avec une sonde de courant – schéma 2D
	Figure 9 – Configuration classique pour le mesurage des perturbations conduites aux accès d’alimentation en courant continu à basse tension, un DC-AN étant utilisé comme sonde de tension et avec une sonde de courant – schéma 3D
	Figure 10 – Site d'essai
	Figure 11 – Dimensions minimales du plan de masse métallique
	Figure 12 – Arbre de décision pour le mesurage des émissions entre 1 GHz et 18 GHz des appareils du groupe 2 fonctionnant à des fréquences supérieures à 400 MHz
	Figure H.1 – Exemple des possibles difficultés
	Figure I.1 – Mise en œuvre pratique d'un DC-AN 150 Ω adapté pour le mesurage des perturbations UM (exemple)
	Figure I.2 – Mise en œuvre pratique d'un DC-AN 150 Ω adapté pour le mesurage des perturbations CM et DM (exemple, voir égalementla Figure A.2 de la CISPR 16-1-2:2014)
	Figure I.3 – Mise en œuvre pratique d'un DC-AN 150 Ω adapté pour le mesurage des perturbations UM ou CM et DM (Exemple 1)
	Figure I.4 – Mise en œuvre pratique d'un DC-AN 150 Ω adapté pour le mesurage des perturbations UM ou CM et DM (Exemple 2)
	Figure I.5 – Mise en œuvre pratique d'un DC-AN 150 Ω adapté pour le mesurage des perturbations UM ou CM et DM (Exemple 3)
	Figure J.1 – Montage du site d'essai (Cas 1) – Schéma 2D
	Figure J.2 – Montage du site d'essai (Cas 1) – Schéma 3D
	Figure J.3 – Montage du site d'essai (Cas 2) – Schéma 2D
	Figure J.4 – Montage du site d'essai (Cas 2) – Schéma 3D
	Figure J.5 – Montage du site d'essai (Cas 3) – Schéma 2D
	Figure J.6 – Montage du site d'essai (Cas 3) – Schéma 3D
	Figure K.1 – Flux du courant radioélectrique en mode communau niveau de la configuration du site d'essai
	Figure K.2 – Blocage du flux du courant radioélectrique en mode communpar insertion de bobines d'inductance en série
	Figure K.3 – Blocage du flux du courant radioélectrique en mode communen utilisant des condensateurs de découplage CM supplémentaires
	Figure K.4 – Impédance de charge CM au niveau de l’accès de l’appareil en essai (EUT) d'un DC-AN – Caractéristique amplitude/fréquence dans la plage comprise entre 3 kHz et 30 MHz (exemple)
	Figure K.5 – Prévention de la saturation des filtres d'atténuation à l'aide de condensateurs de découplage supplémentaires
	Figure K.6 – Modification de la fréquence de résonance due à l'augmentation et à la réduction de capacité du condensateur de découplage
	Figure K.7 – Exemple de circuit DC-AN dans lequel la capacité des condensateurs de blocage du circuit de découplage LC peut être augmentée ou réduite

	Tableaux 
	Tableau 1 – Fréquences, dans la plage de fréquences radioélectriques, désignées par l'UIT comme étant des fréquences fondamentales pour les appareils ISM
	Tableau 2 – Limites de tensions perturbatrices pour les appareils de classe A, groupe 1, mesurées sur un site d'essai (accès d’alimentation secteur en courant alternatif)
	Tableau 3 – Limites de perturbations conduites des appareils de classe A, groupe 1, mesurées sur un site d'essai (accès d’alimentation en courant continu)
	Tableau 4 – Limites de tensions perturbatrices pour les appareils de classe B, groupe 1 mesurées sur un site d'essai (accès d’alimentation secteur en courant alternatif)
	Tableau 5 – Limites de tensions perturbatrices pour les appareils de classe B, groupe 1 mesurées sur un site d'essai (accès d’alimentation en courant continu)
	Tableau 6 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe A, groupe 1, mesurées sur un site d’essai
	Tableau 7 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe B, groupe 1, mesurées sur un site d’essai
	Tableau 8 – Limites de tensions perturbatrices pour les appareils de classe A, groupe 2, mesurées sur un site d'essai (accès d’alimentation secteur en courant alternatif)
	Tableau 9 – Limites de tensions perturbatrices pour les appareils de classe B, groupe 2 mesurées sur un site d'essai (accès d’alimentation secteur en courant alternatif)
	Tableau 10 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe A, groupe 2, mesurées sur un site d’essai
	Tableau 11 – Limites du rayonnement électromagnétique perturbateur pour le matériel d’usinage par décharges électriques et le matériel de soudage à l’arc de classe A mesurées sur un site d’essai
	Tableau 12 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe B, groupe 2, mesurées sur un site d’essai
	Tableau 13 – Limites en valeur crête du rayonnement électromagnétique perturbateur des appareils du groupe 2 fonctionnant à des fréquences supérieures à 400 MHz
	Tableau 14 – Limites pondérées du rayonnement électromagnétique perturbateur des appareils du groupe 2 fonctionnant à des fréquences supérieures à 400 MHz
	Tableau 15 – Niveau APD du rayonnement électromagnétique perturbateur correspondant aux limites 10–1 pour les appareils de classe B, groupe 2, fonctionnant à des fréquences supérieures à 400 MHz
	Tableau 16 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe A, groupe 1, mesurées in situ
	Tableau 17 – Limites du rayonnement électromagnétique perturbateur pour les appareils de classe A, groupe 2, mesurées in situ
	Tableau 18 – Sous-plages de fréquences à utiliserpour les mesurages en valeur pondérée
	Tableau E.1 – Limites des rayonnements électromagnétiques perturbateurspour les mesurages in situ afin de protéger des services radio spécifiques liésà la sécurité dans des zones particulières
	Tableau H.1 – Marge générale par rapport à la limite pour l'évaluation statistique
	Tableau H.2 – Facteur k de loi non centrale de t en fonction de l'effectif d'échantillon n
	Tableau H.3 – Application de la loi binomiale
	Tableau I.1 – Paramètres et tolérances associéesdans la plage comprise entre 150 kHz et 30 MHz
	Tableau I.2 – Paramètres et tolérances associées dans la plage compriseentre 9 kHz et 150 kHz






