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INTERNATIONAL ELECTROTECHNICAL COMMISSION

INTERNATIONAL SPECIAL COMMITTEE ON RADIO INTERFERENCE

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

5

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘comprisi
all national electrotechnical committees (IEC National Committees). The object of IEC, is~to promo

international co-operation on all questions concerning standardization in the electrical and glectronic fields. T

this end and in addition to other activities, IEC publishes International Standards, Technical Specification
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter \referred to as “IH
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National ‘Committee interestg
in the subject dealt with may participate in this preparatory work. International}, governmental and no|
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closg
with the International Organization for Standardization (ISO) in accordance "with conditions determined
agreement between the two organizations.

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

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

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

IEC itself does not provide any attestation ofvconformity. Independent certification bodies provide conform
assessment services and, in some areasj;.access to IEC marks of conformity. IEC is not responsible for a
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 qt_its directors, employees, servants or agents including individual experts a
members of its technical comniittees and IEC National Committees for any personal injury, property damage
other damage of any nature’whatsoever, whether direct or indirect, or for costs (including legal fees) a
expenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other IH
Publications.

Attention is drawn(toythe Normative references cited in this publication. Use of the referenced publications
indispensable fof 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
patent rights..tEC shall not be held responsible for identifying any or all such patent rights.
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DISCLAIMER

Only the current version of the standard is to be considered the official document.

This_ Redline version is not an official IEC Standard and is intended only to provid

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 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 electronjc
ISM RF equipment used for wireless power transfer (WPT), for instant power supply arld
e
y
e

charging purposes. The limits in the range 1 GHz to 18 GHz apply now, tot CW-tyg
disturbances and to fluctuating disturbances in a similar, uniform and technology-neutral way.
Fpr these measurements, two alternative methods of measurement are“available, th
traditional log-AV method and the new APD method.

Fpr measurements at LV d.c. power ports of power electronic “€quipment, a modefn
implementation of the 150 Q Delta-network specified in CISPR 16-1-2 has been made
ayailable.

This International Standard CISPR 11 has the status of a“Product Family EMC standard |n
agcordance with IEC Guide 107, Electromagnetic compatibility — Guide to the drafting pf
ectromagnetic compatibility publications (2014).

D

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 gn
vopting 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 unfi
tHe stability datelindicated on the IEC website under "http://webstore.iec.ch"” in the daja
glated 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

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

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

RECOMMENDS

that the latest edition of CISPR 11 be used for the application of 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—{(ISM) |
electrical applications, specific requirements for the control of RF disturbances caused by ISM
RF applications in the meaning of the definition of the International Telecommunication Union
(ITU), see also Definition 3.13 in this International Standard. CISPR and ITU share their
responsibility for the protection of radio services in respect of the use of ISM RF applications.

T
means of an assessment of these disturbances either at a standardised test site or, for.g
ndividual ISM RF application which cannot be tested at such a site, at its place of opération.
Cpnsequently, this CISPR Publication covers requirements for conformity assessment of both,
equipment assessed by means of type tests at standardised test sites or of\individugl
equipment under in situ conditions.

The ITU is concerned with the control of RF disturbances from ISM RFR-;applications durirg
nprmal operation and use of the respective equipment at its place “of operation (sqe
Definition 1.15 in the ITU Radio Regulations). There, use of radio-frequency energy
decoupled from the ISM RF application by radiation, induction 'or capacitive coupling |s
rgstricted to the location of that individual application.

This CISPR publication contains, in 6.3, the essential-emission requirements for gn
agsessment of RF disturbances from ISM RF applications’at standardised test sites. Thede
rgquirements allow for type testing of ISM RF applications operated at frequencies up {o
18 GHz. It further contains, in 6.4, the essential emission requirements for an in sifu
assessment of RF disturbances from individual ISM_RF applications in the frequency range Jp
tg-48 1 GHz. All requirements were established in close collaboration with the ITU and enjgy
approval of the ITU.

Hpwever, 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 possib|e
ligensing and particular protection \néeds 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 alqo
may apply to ISM RF applications operated at frequencies above 18 GHz. For the latter tyge
of applications, local profection of radio services and appliances requires an accomplishment
of the conformity assessment by application of the relevant national provisions in tHe
frequency range abeve 18 GHz in accordance with vested interests of the ITU and nationgl
a@iministrations. A These additional national provisions may apply to spurious emissiong,
emissions appgaring at harmonics of the operation frequency, and to wanted emissions at th
operation freguency allocated outside a designated ISM band in the frequency range aboy
18 GHz.

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

5.

Definition 1.15 of the ITU Radio Regulations reads as follows:

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

[ITU Radio Regulations Volume 1: 2012 — Chapter |, Definition 1.15]
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the frequency range of 9 kHz to 400 GHz. Measurements need only be “performed |n
frequency ranges where limits are specified in Clause 6.

(9ee Definition 3.13), this standard covers emission requirements, related to radio-frequengy

R
frequencies within the ISM frequency bands defibed by the ITU Radio Regulations are
c
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INDUSTRIAL, SCIENTIFIC AND MEDICAL EQUIPMENT -
RADIO-FREQUENCY DISTURBANCE CHARACTERISTICS -
LIMITS AND METHODS OF MEASUREMENT

Scope

nis International Standard applies to industrial, scientific and medical electrical equipmept
perating in the frequency range 0 Hz to 400 GHz and to domestic and similar appliancgs
bsigned to generate and/or use locally radio-frequency energy.

his standard covers emission requirements related to radio-frequency (RF) disturbances [n

br ISM RF applications in the meaning of the definition found in thedTU Radio Regulations

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

DTE Emission requirements for induction cooking appliances are spggified in CISPR 14-1 [1]1.
equirements for ISM RF lighting—apparatus equipment and UV irradiators operating fat

pntained in this standard.

Huipment covered by other CISPR product and product family emission standards afe
cluded from the scope of this standard.

Normative references

he following documents, in whole or in part, are normatively referenced in this document ar{d
e indispensable for its application. For dated references, only the edition cited applies. For
ndated references, the,vlatest edition of the referenced document (including any
mendments) applies.

SPR 16-1-1:20086- 2010, Specification for radio disturbance and immunity measuring
pparatus and.methods — Part 1-1: Radio disturbance and immunity measuring apparatus
easuring apparatus

SPR 16=1%1:2010/AMD 1:2006 2010

SPR«16-1-1:2010/AMD 2:2007 2014

SPR 16-1-2:2003 2014, Specification for radio disturbance and immunity measuring

apparatus and methods — Part 1-2: Radio disturbance and immunity measuring apparatus —

Anecillary—equipment —Conducted-disturbances Coupling devices for conducted disturbance

measurements

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

C

ISPR 16-1-4:2007 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

06 2010 Qoannifinatingy fray poadin Aictiiphanen opa jpaparipmif, nn“w'yg

ZO 1Y, O T CTTTCatroTT 107 TaGTo— GrotaroarTeC—atta— nriiTarity fReaStHH

C 2
apparatus and methods — Part 2-3: Methods of measurement of disturbances and immunity|—
Riadiated disturbance measurements
C|SPR 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 modellihg —Unecertainty
iA-EMC-measurements Measuring instrumentation uncertainty

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

IBC 60050-161:1990, International Electrotechnical Vocabulary (IEV) — Chapter 16{:
Electromagnetic compatibility

Amendment1-(1990)

Amendment 2-(1998)

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

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

IBC 60974-10:200F 2014, Arc.welding equipment — Part 10: Electromagnetic compatibility
(EMC) requirements

(mnl

C 61307:2006 2011,. Industrial microwave heating installations — Test methods for the
ptermination of power. output

Q

IEC 62135-2:2007, Resistance welding equipment — Part 2: Electromagnetic compatibility
(EMC) requirements

TU Radio Regulations (2008 2012), Radio regulations, Volume 3 — Resolutions and
racommendations, 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 plUViU‘Ub a—defimed ;III}JUUIGIIL;U to—the—EgF—=t—Tadio fquUCIIbiCD, \,uupica the

disturbance voltage to the measuring receiver and decouples the test circuit from the supply
mains

N¢te 1 to entry: There are two basic types of AMN, the V-network (V-AMN) which couples the“wasymmetridal
vqltages, and the Delta-network which couples the symmetric and the asymmetric voltages separately.

N¢te 2 to entry: The terms line impedance stabilization network (LISN) and V-AMN are used interchangeably.

3l4
bpundary of the equipment under test
imaginary straight line periphery describing a simple geometric gonfiguration encompassing
tHe equipment under test

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

315

cpmponent
pfoduct which serves a specific function or functiohs and which is intended for use in a high¢r
order assembled equipment or system

6
c. artificial network

tificial d.c. network

IC-AN

tificial network that provides défined termination to the EUT’s d.c. power port under te
hile also providing the necessaty decoupling from conducted disturbances originating from
e laboratory d.c. power sodrce or from the load

oY o w

Ts0
192)
o

7

c. power port
brt used to connkect to a low voltage d.c. power generating system or energy storage, or {o
hother source/lead

VT QW

pd

te 1 to eptrys  Such a system may be for example a photovoltaic or a fuel cell power generating system, or al§o
pattery,

O]

3|8
e _discl hining (EDM) . -
EDM equipment

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

3.9

{electromagnetic) radiation

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

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

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

3.10

equipment for resistance welding and allied processes

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

3.1
grid-eeonnectedpowereconverter
GCPC

ppwer converter connected to an a.c. mains power distribution network or other a.cCmains
installation and used in a power generating system

3112

hjgh power electronic system and equipment
o

7

>

he or more semiconductor power converters with a combined rated power greater thg
b kVA, or an equipment containing such converters

N¢te 1 to entry: Examples of such high power electronic equipment are semiconductor power converters fpr
afjplication in UPS (Uninterruptible Power Systems) and PDS (Power Drive Sysiems).

313

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

pberation of equipment or appliances designed to generate and use locally radio frequengy
nergy for industrial, scientific, medical, domestic.er similar purposes, excluding applications
the field of telecommunications

0075

bte 1 to entry: Typical applications are the production of physical, biological, or chemical effects such as
gating, ionisation of gases, mechanical vibrations, “hair removal, acceleration of charged particles. A nop-
haustive list of examples is given in Annex A.

o Tz

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

314

ISM RF equipment and appliances

eqiuipment or appliances-designed to generate and/or use locally radio-frequency energy for
industrial, scientific, medical, domestic or similar purposes, excluding applications in the fie|d
of telecommunications_and information technology and other applications covered by other
CISPR publications

P4

bte 1 to entry. ‘The abbreviation “ISM RF” is used throughout this standard for such equipment or appliances
only.

3{15
Iqw/voltage
LV
a set of voltage levels used for the distribution of electricity and whose upper limit is generally
accepted to be 1 000 V a.cor 1 500 Vd.c..

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

3.16

photovoltaic power generating system

electric power generating system which uses the photovoltaic effect to convert solar power
into electricity
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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
tqol electrode and the work piece electrode), and where the energy in the dischargeé- |s
controlled

319

type test
tgst of one or more devices made to a certain design to show that the desiggimeets certa|n
specifications

N¢te 1 to entry: Recognition of a type test as type approval may depend on nationap'ef regional regulation, s¢e
HJ{2 in Annex H.

4| Frequencies designated for ISM use

ertain frequencies are designated by the International Telecommunication Union (ITU) for
e as fundamental frequencies for ISM RF applications (see also Definition 3.13). Thege
bquencies are listed in Table 1.

>c 0O

DTE In individual countries different or additional frequencies-may can be designated for use by ISM-equipmepnt
F applications.

0 Z

Table 1 - Frequencies in the radic‘frequency (RF) range designated by ITU
for use as fundamental ISM frequencies

Number of appropriate
Centre frequency Freguency range Maximum radiation footnote to the table of
limit b frequency allocation ofj
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, excep
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 5725 -5875 Unrestricted 5.150
24 125 24 000 — 24 250 Unrestricted 5.150
61 250 61 000 — 61 500 Under consideration 5.138
122 500 122 000 - 123 000 Under consideration 5.138
245 000 244 000 — 246 000 Under consideration 5.138

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

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 engerg
i the frequency range 9 kHz to 400 GHz is intentionally generated and used or oply)uss
Idcally, in the form of electromagnetic radiation, inductive and/or capacitive coupling,for tH
treatment of material, for inspection/analysis purposes, or for transfer of electtomagnet
epergy.

NPTE See Annex A for examples of the separation of equipment into group 1 or 2.
5]2 Division into classes

Il accordance with the intended use of equipment in the electromagnetic environment, th
sfandard defines two classes of equipment, namely class A and'ctass B.

ass A equipment is equipment suitable for use in all{establishments locations other thg

bltage power supply network which supplies buildings used for domestic purposes.

ass A equipment shall meet class A limits.

C

tq-the-ease—of Arc welding equipment which“contains arc striking or stabilizing devices-o+
tHe—ease—of and stand-alone arc striking or stabilizing devices for arc welding,—tH
o ; :
e

anufacturer—shalinform—the userthat such—equipment-is shall be classified as class

juipment.
Class B equipment is equipment suitable for use in—demestic—establishments locations

rgsidential environments and-in establishments directly connected to a low voltage powg¢
slipply network which supplies buildings used for domestic purposes.

Class B equipment shall meet class B limits.

3 Information Documentation for the user

bout the-class and group of the equipment, either by labelling or by the accompanyirn
bcumentation. In both cases the manufacturer/supplier shall explain the meaning of both th

5
The manufacturer and/or supplier of +1SM equipment shall ensure that the user is informe
a
d

(o
dpmestic those allocated in residential environments and those directly connected to a low
v

e

class and the group in the documentation accompanying the equipment.
|a g ying

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

framework of this standard, these details concern information about:

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

A

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

Fpr measurements at standardized test sites, the requirements specified hereafter constituie
tHe requirements for type tests.

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

NDTE 1 Due to size, complexity or operating conditions some equipment may have to. be/measured in situ [in
onder to show compliance with the radiation disturbance limits specified herein.

Class B equipment shall be measured on a test site.

NPTE 2 The limits have been determined on a probabilistic basis taking into account the likelihood [of
inferference. In cases of interference, additional provisions may have to-bg-required be applied.

The lower limit shall apply at all transition frequencies.

@D
]
[0R

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

6/2 Group 1 equipment measured _on’a test site

6)2.1 Limits-of-terminal-disturhance-voltage for conducted disturbances
6i2.1.1 General

The equipment under test shall meet either:

a) both the average.limit specified for measurements with an average detector and the quagi-
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 limitg~for the LV d.c. power port specified hereafter apply only to grid connected power
bnverters (GCPCs) intended for assembly into photovoltaic power generating systems.

(@}

6]2:972 Frequency range 9 kHz to 150 kHz
For-group-1-equipment—no-limits—apply-in-thisfrequency-range- In the frequency range 9 kHz

to 150 kHz limits are not specified.

6.2.1.3 Frequency range 150 kHz to 30 MHz

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

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

Table 3 and 5.

- 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 R:t_lesd If\;’xvgré’f
Mtz Quasi-peak Average Quasi-peak Average Quasi-peak Average
dB(uV) dB(nV) dB(nV) dB(nV) 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
& oo | decremsngneanywn | 4
73 60

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

NOTFE2 For class A equipment intended to be connected solely to isotated neutral or high impedance earthed

(]T) industrial power distribution networks (see IEC 60364-1) the limits-for-group-2 equipment with a rated-input
power > 75 kVA-in-TFable-6-can may be applied, regardless of its agtyal rated power.
N
E
E

—

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

B

4 These limits apply to equipment with a rated-input'power > 20 kVA and intended to be-powered-by connecte
to a dedicated power transformer or generatorand which is not connected to low voltage (LV) overhea
power lines. For equipment not intended to be*pewered-by connected to a user specific power transformer th
limits for <20 kVA apply. The manufaeturer, and/or supplier shall provide information on installatio
measures that can be used to reducé€’emissions from the installed equipment. In particular it shall b
indicated that this equipment is intended to be-powered-by connected to a dedicated power transformer g
generator and not-by to LV overhead,power lines.

= W D 0 =

q These limits apply only to high-power electronic systems and equipment with a rated power greater thap
75 kVA when intended to belinstalled as follows:

— installation is supplied~fom a dedicated power transformer or generator, and which is not connected tp
Low Voltage (LV) everhead power lines,

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

1Y

— the manwfacturer and/or supplier shall indicate that this equipment meets the disturbance voltage limit
for high=power electronic systems and equipment of rated input power > 75 kVA and provide informatio
on (ingtallation measures to be applied by the installer. In particular, it shall be indicated that thi
eguipment is intended to be used in an installation which is powered by a dedicated power transformer d
generator and not by LV overhead power lines.

= U o0

9 “Sefection 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
dB(nV) | dB(uV) | dB(nV) | dB(uV) | dB(uA) | dB(nA) | dB(nV) | dB(pnV) | dB(pA) | dB(unA)
ﬂ’1R Q7 84 1186 108 72 82 132 122 88 78
to to to to to to to to to to {0
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 o) to
30 89 76 45 32 105 92 61 48

Ih certain frequency ranges, the limits in this table decrease linearly with logarithm of freguéncy.
8l Selection of the appropriate set of limits shall be based on the rated a.c. power,stated by the manufacturer.

These limits apply to equipment with a rated power > 20 kVA and intended to be installed in a larg
photovoltaic power generating system by a professional. In the mantat~accompanying the product, th
manufacturer, and/or supplier shall provide information on mitigation.yeasures that can be used to reduc
emissions from the installed equipment, with the goal of preventingJhdomful interference to radio reception i
a distance of 30 m from the installation. In particular it shall be indicated that this equipment can be equippe
with additional filtering and that installation is physically separated™from residential environments by distanc
greater than 30 m. The installer is invited to check the, nmiitigated installation against CISPR 11
measurements as indicated in clause 6.4 of this standard.

T D = W W

in-sit

Table-3 4 —Mains-terminal Disturbance Woltage 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

\t the transition frequency, the more stringent limit shall apply.

Fpr diagnostic X-ray generators operating in intermittent mode the quasi-peak limits of
Thble 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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Limits of electromagnetic radiation disturbance

General

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

6.2.2.2

Frequency range 9 kHz to 150 kHz

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

specified.
6]2.2.3 Frequency range 150 kHz to 1 GHz
Eprgroup-t-equipment—no-timits—apply In the frequency range 150 kHz to 30 MHz~limits afe
npt specified.
Il the frequency range above 30 MHz the limits refer to the electric field strength componept
of the electromagnetic radiation disturbance.
The electromagnetic radiation disturbance limits for the frequency range 30 MHz to 1 GHz for
group 1, classes A and B equipment are specified in Table6 and 7, respectively.
Recommendations for the protection of specific safety-related radio services are givgn
if 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 o¢r
3D m (see information in Table 6), and class B equipment at a nominal distance of 3 m, ¢r
10 m (see information in Table 7). A measuring distance less than 10 m is allowed only fpr
efluipment which complies with the definition forssmall 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-input power of rated power of
Frequency range
<20 kvAC >20 kVA @ ¢ <20 kVAC >20 kVA @ ¢
MHz
Quasi-peak Quasi-peak Quasi-peak Quasi-peak
dB(uV/m) dB(uV/m) dB(uV/m) dB(nV/m)
30 - 230 40 50 50 60
230 - 1 000 47 50 57 60

Op a test site,/gclass A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m. In case of
mleasurementsi\at a separation distance of 30 m, an inverse proportionality factor of 20 dB per decade shall be
ug$ed to normalize the measured data to the specified distance for determining compliance.
A} the transition frequency, the more stringent limit shall apply.
2| These limits apply to equipment with a rated-input power of > 20 kVA and intended to be used at locations

where there is a distance greater than 30 m between the equipment and third party sensitive radio
communications. The manufacturer shall indicate in the technical documentation that this equipment is

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

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

5

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 — 1000 37 a7
Op a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m.-An-inverse
fa) nnnrhnnalnh: fnt\l‘nr nf 20 AR ner rlcuv;rln chall hn ||enr4 to nnrmaln-ln Hna mnaenrarl data to fha onnt\lflnd rhcfanf\o
i L 14 Al i o
far Anfnrmnnnnn r\r\mnlngnhn
f 1g-comphian
Al the transition frequency, the more stringent limit shall apply.

)

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

Fpr medical electrical equipment intended to be permanently installed;in shielded location
further provisions with regard to the measurement arrangement and‘load conditions are four
i IEC 60601-1-2.

6]2.2.4 Frequency range 1 GHz to 18 GHz
Eprgroupt-equipmentno-timitsapply In the frequency-range 1 GHz to 18 GHz, limits are n

specified.

6]2.2.5 Frequency range 18 GHz to 400 GHz
Epr-group—t-equipmentno-timits—apply In the frequency range 18 GHz to 400 GHz, limits a

bt specified.

=)

3  Group 2 equipment measured on a test site

31 Limits-of-terminal-disturbance-voltage for conducted disturbances
3.1.1 General

— O O O

he equipment underitest shall meet either:

a) both the average limit specified for measurements with an average detector and the quas
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

o U

e

rl the frequency range 9 kHz to 150 kHz limits-foer-mains—terminal-disturbancevoliages—app)

to-induction-cooking-appliances-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=rput-powerof Rated-inputpowerof
Frequency range <75kVAP >75kVA 2P
MHz Quasi-peak Average Quasi-peak Average
dB(nV) dB(uV) dB(nV) dB(iV)
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.
QMW*%WWWWA#@W‘%H%W j O O j j F

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

-+

QO

D

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

bl Selection of the appropriate set of limits shall bezbased on the rated a.c. power stated by the manufacturer.

NOTE A rated input or output power<eensumption of 75 kVA corresponds for example to a current
agproximately 108 A per phase in case™of 400V three phase power supply networks and to a current
agproximately 216 A per phase in case ‘of 200 V three phase power supply networks.

Hjgh-frequency (HF) surgical equipment shall meet the limits of Table 2 or 4 specified f
group 1 equipment, in \stand-by mode of operation. For high-frequency (HF) surgic
equipment operating at frequencies outside designated ISM bands (see Table 1), these limi
also apply at the operating frequency and inside the designated frequency bands. The relate
measurements shalt’'be performed in a test arrangement in accordance with IEC 60601-2-2.

Table-7 9 ~Mains-terminal Disturbance voltage limits for class B group 2 equipment

measured on a test site (a.c. mains power port)

of ‘
of

Frequency range Quasi-peak Average

itz aB{mv) aB{mY)
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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3.2 Limits of electromagnetic radiation disturbance
3.21 General

6
6
The equipment under test shall meet the limits when using a measuring instrument with
peak, quasi-peak or average detector as indicated in the appropriate table.

Up to 30 MHz the limits refer to thesmagnetic component of the electromagnetic radiatid
disturbance. Above 30 MHz the limits refer to the electric field strength component of th
electromagnetic radiation disturbance.

6)3.2.2 Frequency range’9 kHz to 150 kHz

I the frequency range 9 kHz to 150 kHz limits-apply-te-induction-cooking-appliances-only,—s4
Tpbles12-and-43 argrhot specified.

3.2.3 Frequency range 150 kHz to 1 GHz

sturbanece limits for the frequency range 150 kHz to 1 GHz for group 2 class A equipme

6

Ekcept far the designated frequency range listed in Table 1, the electromagnetic radiatid
d

afe specified in Table 10; and for group 2 class B equipment in Table 12.

]

The limits in Tables 10 and 12 apply to all electromagnetic disturbances at all frequencies not

exempted according to Table 1 Footnote b).

For class A resistance welding equipment the limits of Table 10 apply in the frequency range

30 MHz to 1 GHz in active mode of operation. In stand-by (or idle) mode, the limits of Table

6

apply. For class B resistance welding equipment the limits of Table 12 apply in active mode of

operation. In stand-by (or idle) mode, the limits of Table 7 apply.

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

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

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

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

Recommendations for the protection of specific safety services are given in.Annex E and
Thble E.1.

On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m ¢r
30 m, and class B equipment at a nominal distance of 3 m or 10 m (see Tables 10 and 12).

Il the frequency range 30 MHz to 1 GHz, a measuring distance Jess'than 10 m is allowed on]y
fdr 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
MHz field field field
Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak
dB(pnV/m) dB(pA/m) dB(pV/m) dB(pA/m) dB(uV/m) dB(pA/m)
0,15 - 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 - 12?555'%%”'31
frequency td
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=1230 40 - 50 - 60 -
230:=400 50 - 60 - 70 -
400 — 470 53 - 63 - 73 -
470 - 1000 o0 - o0 - [4Y) —

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

3.17.

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

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

Limits for a measuring distance-ef 18 D in m
Frequency range Quasi-peak
MHz aB{p\Vim)
D=10 m D=3m?2
Quasi-peak Quasi-peak
dB{rrtm) dB{rrm)
30 - 230 80 90
Decreasing linearly with logarithm of Decreasing linearly with logarithm-of
frequency to frequency to
60 70
230 -1 000 60 70

Dn a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m ogr30.m. In case of
heasurements at a separation distance of 30 m, an inverse proportionality factor of 20:dB“per decade shall be
sed to normalize the measured data to the specified distance for determining compljahee.

The 3 m separation distance applies only to small size equipment meeting thg 'size 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
requency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | Quasi-peak | Average 2 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 -
B1,848 — 134,786 30 25 40 35 -
34,786 — 136,414 50 45 60 55 -
136,414 =230 30 25 40 35 -
230=-1000 37 32 47 42 -
dn .4 test site, clas_s B equipment can b_e measured at a nominal distance of 3 m or 10 m. erthe#equenewwqge

laTa o the specified distance for determining-comphance- In the frequency range 30 MHz to T GHz, 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 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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613.2.4 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
Vithin harmonic frequency bands 82@ 70
Qutside harmonic frequency 70 70
bands
11,7 - 12,7 73° 73 b

eak measurements with a resolution bandwidth of 1 MHz and a video signal bandwidth (V¥BW) higher than or
qual to 1 MHz. The recommended VBW is 3 MHz.

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

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

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)
1-24 60
255725 60
5,875 - 18 60

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

E RS nlls ~d

—

o check conformance with the limits of this table, weighted measurements shall be performed in all of the
bllowing frequency ranges, in which the limit of Table 13 was exceeded during the peak-measurement:

—h

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

H) 2505 MHz - 6 125 MHz (outside the band 5 720 MHz — 5 880 MHz)*;
d) 6 125 MHz - 8 575 MHz;

d) 8575 MHz - 11 025 MHz;

d) 11025 MHz - 13 475 MHz;

fl 13 475 MHz - 15 925 MHz;

) 15925 MHz — 17 995 MHz*.

pan of 10 MHz around the centre frequency adjus§ted to the frequency of the highest disturbance level in the

9
At sub-ranges where the limit of Table 13 was excegded, a weighted measurement shall be performed with a
9
rgspective sub-range.

*| In cases where the frequency of highest/emission during peak measurement is found closer than 5 MHz fror
the frequency edges 1 GHz, 2,4 GHz" 2,5 GHz, 5,72 GHz, 5,88 GHz or 18 GHz, the span for weighte
measurements shall remain 10 MKz but in such case the centre frequency shall be adjusted so that th
frequency edges are not exceeded®

[ @ )

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

Table 15 —Electromagnetic radiation disturbance APD level corresponding to
10-1 limitsyfar' 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 '7:/1 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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IEC 2015 -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

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-147 16 — Electromagnetic radiation disturbance limits for
class A group 1 equipment measured in situ

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

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

I local conditions do not allow for measurements at 30\or, then a larger distance can be used. In this case, an
imverse proportionality factor of 20 dB per decade shall'be used to normalize the measured data to the specified
distance for determining compliance.

8 These limits apply in addition to the limitsyin the frequency range 30 MHz to 1 GHz to radiated disturbance
originating from the operation frequen€y) and its harmonics appearing in the frequency range 150 kHz t
30 MHz, caused by the installed class.A*group 1 equipment with a rated-irput power exceeding 20 kVA. In th
event that the ambient noise level €xceeds the above limits, the emissions of the EUT shall not increase thi
noise floor by more than 3 dB.

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

Limits for a measuring distance of D in m
Frequency from the exterior wall of the building
range Electric field Magnetic field
MHz Quasi-peak Quasi-peak
dB(uV/m) dB(uA/m)
0,15 -10,49 - 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.
Fpr group 2~equipment measured in situ, the measuring distance D from the exterior wall pf
tHe building*in which the equipment is situated equals (30 + x/a) m or 100 m whichever |s
smallers-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.

For the calculation of the above values:

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

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

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.
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test may be recognized as type approval if the condition
easurement results according to Annex H are observed.

oo™

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

pecific requirements for making measurements on a test site are givencin.Clauses 8 and
r making measurements in situ in Clause 10.

he requirements of the present clause are to be met for both, test site and/or in si
easurements.

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

ause 6.
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bmponents or subassemblies for higher grder equipment or systems which are intended
b assembled at their respective placeo{ operation only can also be tested according to tH
quirements of this standard. For tesiing purposes in the framework of this standard, sud
bmponents or subassemblies shalldbe regarded as stand-alone equipment. Components

bassemblies for which complian¢e with the relevant requirements cannot be shown whe

easured at a test site can alseiPe assessed in situ when being installed into the higher ord
stem, in which case the provisions of 6.4 shall apply.

DTE 1 The environments.entompassed in this standard are residential, commercial or industrial environmen
described in IEC 6100022-5 [11]2. Adherence of equipment to the requirements of this standard will allow for

eration and use in thes€’ environments without resulting in an increased risk of RFI. There may also exist oth
C product standards’which allow for compliance testing of components or subassemblies of higher order systen
t which encompass-other environments than those specified in IEC 61000-2-5 [11]. Choice of this standard or t
her appropriate \NEC product standard for compliance testing of components or subassemblies is up to t
hnufacturers

DTE 2 «Examples for such components include, but are not limited to power converters used for distributg
neration® and supply of electric energy into LV a.c. mains networks or installations or, by means of their o
di€ated transformer, into MV power distribution networks, but also power electric subassemblies intended f
ppty of higher order systems with power from LV a.c. mains networks

ts
lts
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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:

2

2010, 6.2.2.

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
fdrming the radio-frequency filter should be enclosed in a metallic screen directly connectgd
tq the reference-earth ground of the measuring system. The requirements for the impedange
of the artificial-mains network shall be satisfied at the frequency of measurement when the
rgdio-frequency filter is connected.

Iff 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 distange
closer to the equipment under test than specified in Clause 6 (see 8.3.4)) Further advice d
measurement conditions in presence of high level ambient noise is foun@in Annex C.

>

713 Measuring equipment
7)3.1 Measuring instruments

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

DTE 1 Both detectors-may can be incorporated in a single’réceiver and measurements carried out by alternatgly
ing the quasi-peak detector and the average detector.

c Z

m

NPTE 2 The average detector in CISPR 16-1-14is* commonly referred to as “CISPR-Average”. This is [to
emphasize that the average detector used in a GISER receiver obtains a measurement result that is equivalent o
the peak reading of a meter with a time constant as*defined in CISPR 16-1-1.

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

NPTE 3 Measuring instruments Having other detector characteristics-may can be used provided the measurement
of| the disturbance values cah be proved to be the same. Attention is drawn to the convenience of using|a
pgnoramic receiver or a spectrum analyzer, particularly if the working frequency of the equipment under test
chlanges appreciably during, the work cycle.

Tp avoid the possibility of the measuring instrument incorrectly indicating non-compliance with
tHe limits, the ymeasuring 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
e@lge of thieydesignated band.

NPTE-3’When making measurements on high power equipment, care should be taken f{o
ensure that screening and the spurious response rejection characteristics of the measurirg
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)

easurement of the-mains—terminal disturbance voltage at low voltage a.c. mains powerpofs
shall be made using an artificial mains network (V-AMN) as specified in CISPR 16-1-2-

7]13.2.3 Artificial d.c. network (DC-AN)

Measurement of the disturbance voltage at low voltage d.c. power ports shall ‘be made eith{
uging the 150 Q artificial mains Delta-network specified in 4.7 of CISPR 16-152:2014 (see alg
CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. network specified in Annex | of th
sfandard. For simplified wording, any of these networks intended for @se with measuremen
af low voltage d.c. power ports is further on denoted as DC-AN.

713.3 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 refereng
earth chosen (metal plate, metal tube). The probe<consists mainly of a-blecking decouplin
capacitor and a resistor such that the total resistance between the line and earth is at lea
1[500 Q. The effect on the accuracy of measurement of the capacitor or any other deviq
which may be used to protect the measuring,receiver against dangerous currents shall 4
efther less than 1 dB or allowed for in, calibration. The voltage probe shall meet th

rgquirements specified in CISPR 16-1-2;2014, Clause 5.
Mains supply
C == X,<<15000Q
(1500 - R) Q
|
X1 >> R R / Measuring set

IEC

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

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

7.3.4.2 Frequency range from 30 MHz to 1 GHz

If the frequency range from 30 MHz to 1 GHz the anienna used shall be as specified |n
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.

Fpr measurements on a test site the centre of the antenna shall be varied betweén 1 m and
4|m height for maximum indication at each test frequency.

Fpr measurements in situ the centre of the antenna shall be fixed at(2;0 +£0,2) m heighpt
above the ground.

NDTE Other antennas-may can be used provided the results can be shown to.be within +2 dB of the results whi¢h
would have been obtained using a balanced dipole antenna.

713.4.3 Frequency range above 1 GHz

Fpr measurements at frequencies above 1 GHz, the antenna used shall be as specified |n
CISPR 16-1-4.

7{3.5  Artificial hand

Il order to simulate the influence of the>user’s hand, application of the artificial hand |s
rgquired for hand-held equipment during.the mains disturbance voltage measurement.

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

M

l 220 pF £ 20 %

510 Q2 +£10 %

—_— IEC

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

7.4 Frequency measurement

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

7.5.1 General

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

NPTE 1T The extent to which this subclause is applicable to the measurement of an installation /n situ will depe
or} the flexibility inherent in each particular installation. The provisions of this subclause apply to ,in's
measurements in so far as a particular installation allows for the position of cables to be varied and different ‘'un
within the installation to be operated independently, the extent to which the position of the installation can
mpved within the premises, etc.

Fpr measurement of radiated disturbances with a separation distance of 3 m theMdssessme
of the radiation from the cabling of the EUT shall be restricted to thosé fractions
n

vplume of 1,2 m diameter times 1,5 m height above ground. Peripherak equipment not fittin
nto the test volume shall be excluded from the measurements or decoupled from the te
environment.

NPTE 2 Restriction of radiation assessment to the cable fractions inside the test volume can be achieved f

ejample by application of CMADs at the cables at the position where they“leave the test volume. CISPR 16-2

giyes further guidance on the application of CMADs.

terconnecting cables (see 7.5.2) and mains cables (see 7.5.3) which-~are within the tep

d
tu
ts
e

ht
i
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Cable leaving the test volume run
vertically down towards the floor within
the test volume of (1,2 = 0,1) m diameter
times (1,5 = 0,1) m height. Restriction of
radiation to the cable fractions inside the
test volume is achieved by using e.g. a
CMAD at the position where they leaves

the volume.
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B: excess cable length bundle
between 30 cm and 40 cm

in length

<

Antenna reference

D: Spacing between point
the enclosures Cable bundles should be arranged \
should be20,1 m in the middle of the cable.
Ppripheral only -
ir| test volume Sections of interconnecting cables
if| cable hanging over the table are spaced at
cpnnot be a distance of 0,4 m above the ground
ektended to I
plane.
ryn out of test
vplume (e.g.
ppripheral 2).
Test volume for
small equipment
P L: (3,0 £0,)m
(1,2+01)m
- L = meadsuring distance
1E
Figure 3a — Top yiew

L (1,2 0,1)m |, L:(30£01)m Antenna

€ ¢ p) reference

| point

of the cable.

Reripheral only in test
vplume if cable

cpnnot be extended'to
ryin out of test'volume
(¢.9. peripheral 2).

Cable bundles are
arranged in the middle

1,5+0,1) m

|
I
] and40cm
I inlength.
|

|

|

|

|

Peripheral
2

r
B: excess cable length
bundle between 30.em

D: Spacing between
the enclosures
should be 20,1 m

EUT 2

(0,8£0,01) m

(]
S5
=23
® »n
" S—

L = measuring distance

A positioning table in

| L cables leaving the test volume

CMAD: common-mode
absorption device

Groundplane

Figure 3b — Side view

IEC

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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T

N
to|

rgport.

vrTrious parts of the equipmentisor systems where a number of-equipments components a
t

Ifterconnecting, cables shall be of the type and length specified in the individual equipme
requirements.\If the length can be varied, the length shall be selected to produce maximu

To power
supply /
AE

AMN

CMAD Special earthing
terminal

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

he configuration of the equipment under test'shall be precisely-noted documented in the te

5.2 Interconnecting cables
nis subclause applies to equipment in which there are interconnecting cables betwegq

erconnected.

DTE 1 The observation of all provisions in this subclause permits the application of the results of an evaluati

mission When performing field strength measurements.

shielded or special cables are used during the tests then the use of such cables shall b

= interconnecting cable$

a number of system configurations using the same types of equipment and cables as tested, but no other, ea¢
syistem configuration being in effect a subsystem of the one evaluated.

U7
—

ecified in the instruction manual.

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

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

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

If a given type of equipment can perform separately any one of a number of functions then the

Nt it ol all s taodt oA il s A ef i sy Aol AF thh oo Ll atianas Doy avodtaras abhinly oa o
e1u|plllclu Srarm DT TCStCU—wimC— p T oy catt— O t1eStT HHHEHORS—Tof OyOI.UIIIO Wreh—h y

include a number of different—equipments components, one of each type of-—equipmept
cpmponent which is included in the system configuration shall be included in the evaluation.

Al system which contains a number of identical-egquipments components, butihas begq
eyaluated using only one of those—egquipments components, does not gequire further
eyaluation if the initial evaluation was satisfactory.

5

NPTE 2 This is-permissible possible because it has been found that in practice emissjons from identical modulgs
are not additive.

When equipment is being evaluated which interacts with other_equipment to form a system
tHen the evaluation may be carried out using either additional eguipment to represent the totpl
system or with the use of simulators. In either method caresshall be taken to ensure that the
equuipment under test is evaluated with the effects of the\rest of the system or simulatofs
satisfying the ambient noise conditions specified in 7.2; Any simulator used in lieu of actugl
equipment shall properly represent the electrical and in some cases the mechanical
cr!:aracteristics of the interface, especially with~respect to radio-frequency signals and
pedances, as well as cable configuration and types.

NPTE 3 This procedure is required to-permit facilitdte“the evaluation of equipment which will be combined with
other equipment from different manufacturers to forni’a system.

7]5.3 Connection to the electricity\supply network on a test site
7]5.3.1 Connection to the laboeratory a.c. mains network

715.3.1.1 General

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

Fpr 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 sitefs
electricity\supply network shall be made with that cable type.

Maifys,power at the nominal voltage shall be supplied.

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

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

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

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

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

Olther earth connections (e.g. for EMC purposes) either specified or supplied by “tHe
mlanufacturer for connection to the same terminal as the safety earth connection shallalso Qe
connected to the reference earth of the-\/-network AMN.

Ancillary low voltage a.c. mains ports shall be connected to the laboratory a.cAmains netwofrk
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
ity own power cord, the point of connection for the-\/-retwork AMN ‘is determined from tHe
fdllowing rules:

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

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

c] mains cables or terminals which are specified by the manufacturer to be connected {o
another unit in the system for the purposes-of supplying mains power shall be connectgd
to that unit, and the mains cables or terminals of that unit are connected to the-\/-netwotk
AMN;

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

715.3.1.3 Connection to the-laboratory a.c. mains network for measurement of
radiated disturbances in the range 30 MHz to 18 GHz

Cpnnection to the laboratery's electricity supply network may be provided with or without the
uge of an AMN allosated inside the test environment, see Figure 4. For measuremept
afrangements not(ncluding an AMN, grounding and earthing of the EUT shall be guaranteqd
by adherence to(the principles set outin 7.5.3.1.2 as far as possible.

If[the measdrement arrangement does not include an AMN, then excessive lengths of mains
cables _do—-not need to be bundled and allocated inside the test volume. They may He
ccomimodated someplace outside the test volume or test environment. For decoupling pf
gdiation from these excessive cable lengths it is however recommended to carefully
terrinate—these—mains—eables—at—thetocaton—where—theyteave—the—test—volume—Fer—s
decoupling use of CMADs is recommended. For measurements with a separation distance of
3 m this decoupling is mandatory, see 7.5.1.

o

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.

NPTE 1 For supply of the EUT's d.c. power port under test, a dedicated laboratory d.c. power source, appr ;(?'te
(sets of) batteries or also other d.c. energy sources such as e. g. fuel cell modules can be used, provided gg\ by

allow for continuous and stable voltage, current, etc. necessary for power converters under rated outpu rating
cqnditions, throughout the measurement. \’.
Clre should be taken when selecting the laboratory d.c. power source and in ing it in tHe

measurement arrangement. It is recommended to select and install only sueh a d.c. power
spurce which provides for a good galvanic insulation and also sufficient RE %coupling of both
dlc. power terminals from the laboratory reference ground plane th'ernal decouplirlg
capacitors at the d.c. power source's terminals used for internal supp@sion of asymmetricp
di{sturbances may provide an unwanted bypass for the common de 150 Q terminatign
ilhpedance of the DC-AN used for the measurements. This may callse saturation effects in tHe
nlitigation filter of the power converter under test, in particular, e operation frequency (i.g.
tHe switching frequency) of the power converter and i armonics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Sa(&d mitigation filters do however
lgad to incorrect and invalid measurement results, sincex e power converter is not operatgd
a$ intended, during the measurements. For guidand® on prevention of saturation effecis
caused by the configuration of the test site, see in&xation in Annex K.

Where a particular type of d.c. power cabl@s specified in the manufacturer's installatign
nstructions, this shall be used during testing®

O
Fpr testing, a cable length as short \ﬁossible shall be connected between the equipmept
upder test and the DC-AN respectiA e proximity of the boundary conditions defined above

Where the equipment under é@has more than one d.c. power port of the same type, the
number of d.c. power portg-fieeded to operate the equipment at its rated power shall H
cpnnected to the DC-ANg?\ he measurements. All other d.c. power ports shall be terminate
W m
c
c

o ®

th a suitable 150 Q’. mon mode termination impedance. Multiple ports galvanically
bnnected in paral (such as bus bars or strips for connection to multiple cables) afe
bnsidered to re&) nt one single port only.

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

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

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

7.6 Load conditions of equipment under test
7.6.1 General

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

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

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

The two terminals of the dummy load shall be at opposite ends of the load and each(terminga
shall be joined directly to a circular flat metal plate having a diameter of 170 mm 10 mm.
N]:easurements shall be made with each of the output cables and capacitive, electrods
slipplied 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 adjustgd
tq produce the appropriate power dissipation in the dummy load.

(7]

Elevation ;@ Elevation
L
E
/.i.
Plane L Plane
="
Horizontal40ad Vertical load

IEC

m

= electrode arms and cables

-

= 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 §
Il each_case, the equipment, together with the output cables, capacitive electrodes ar
dummystead, shall be rotated around its vertical axis during measurements of electromagnetjc
gdiation disturbance in order that the maximum value can be measured.

o

-

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.

716.2.2 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
npn-radiating resistive load-resister having the same value as the characteristie)impedance of
tHe cable used to supply the equipment load.

Q H

=

(0]

N z f5eE

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 ‘eontainer 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
ottput circuit can be- tined, it shall be tuned to resonance and then detuned. THe
specifications in the«operating manual of the equipment are to be considered.

NPTE The megsurement—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.

716.3 Industrial equipment

The Toad used when industrial equipment is tested may be either the Toad 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
as required to produce maximum power transfer, frequency variation or harmonic variation

depending on the characteristics under examination.

6.4 Scientific, laboratory and measuring equipment

Cientific equipment shall be tested under normal operating conditions. Labofatery ar
easuring equipment shall be operated as intended. Any RF output ports shall he*terminatg
a matching non-radiating load.

716.5 Microwave cooking appliances

Microwave cooking appliances shall-conform-to-the-limits-of radiation-in-Clause-6,-when-testq
bg operated with all normal components such as shelves in place, and with a load of 1 | of tg
water initially at 20 °C + 5 °C placed at the centre of the load-carrying surface provided by tH

e

manufacturer.

The water container shall be a cylindrical container<of-borosilicate glass of an externgl
dlameter of 190 mm + 5 mm and a height of 90 mm + 5\mm, see also IEC 60705.

Bbfore the measurement nreliminarv _oneratiorrof the microwave oven under test shall He
Spirofethe-Reasuremehs—preqiimharyopeatioiorteHcrowavyeovenRudhcelrtest—Siai—Je
nerformed until the maanetron oscillatinag frearéancyv is stahilized More than 5 min nreheatida
peorfmecunth—eRaghetoRoSChatih g HEeqQuenRCy 1S SavhZze G-—rore o preneatifg
Ebr neak measurements above 1"8Hz (Tahle 14 or Table 15) measurements shall hae made
ppeameastremetSavovVe 1 SHZ a6 14— o abe1o 5MeasStremetS—Sia—oeMmMage
wit ha azimu of thae EUT varvinag avarvy 30° (startinag nosition-nernendicular to the fronht
wH—thea3Zidthn—or— e e=o -+ VvVafyilgeveryoso—(Startigpostiohperpencicudiarto e Hoit
door)l At each of thase 12 Aositions 3 maximum-hold - shall he made for 3 neriod of 20 &
GPOoH)—"At—EeaCH—o eSS LA P CSHORS a1 A MO G Sahr—PeRaGe o a3 PeHoG oo -
Then gt the nositionwherd_the maximum-occurred—a maximum - hold for g pneriod-of 2 min
Hreh—at—thepostHoRr—wWheretheaxdmtin—occuHea,—a—mahxximti—hoa1+or—a—perHoa—o—=Hh

o d a 2 e nt limi aa ble 4 o

Weiahted measuremeaents abhove 1 GHz (cee Tahle 168) shall bhe nerformed at thae nositidn
elightec—Reasfeets anove——osHZ{See— a6 +o)——Shanr—mepefofmecatthnePosStigh
whara the mavimiim occurred durinag tha nas measuraeaments and shall he the result of la
whRerethe-naddm—occuec—auHRgthiepeac—meastremet s anc——Snan—oemeFfesthit o a

3

I

Detailed information on the measurement procedure to be used in the frequency range abo\

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 harmon
radiation depending on the characteristics under examination.

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

welding equipment are specified in IEC 60974-10.
circuiting the welding circuit. The load conditions and the test configuration for resistance

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

For resistance welding equipment, the welding operation during the test is simulated by short-
the welding equipment under test has been taken into operation.

welding equipment are specified in IEC 62135
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7.6.8 ISM RF lighting equipment

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

7.6.9 Medium voltage (MV) and high voltage (HV) switchgear
For equipment used in medium or high voltage switchgear, the start of any measurements

agcording to this standard shall be delayed until switching actions related to the maleo)r
pfimary circuit are finished (e.g. switching actions of breakers or disconnectors). Q

7]6.10 Grid connected power converters A\

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. Q-O ins network vja
tHe artificial mains network (V-AMN) specified in 7.3.2.2, whenever~possible. If sugh
cpnnection is not possible or not intended, then the power conve@§ under test can He
cpnnected to an appropriate resistive load and the laboratory a.c,\'ﬁsains network in parallgl,
via the artificial mains network (V-AMN) specified in 7.3.2.2. Q‘

Cpnnection to an appropriate resistive load is also recomds@ded for power converters solely
inftended for use in island low voltage a.c. mains instal ns which are not connected to gn
other public low voltage a.c. mains power dlstrlbu network. For advice, consult tHe
installation instructions of the manufacturer.

Alternatively the a.c. supply power for the Iabo?%ry d.c. power source can be taken from tHe
alc. output lines of the GCPC via the V-AM without connecting the resistive load. The outp(it
alc. power of the GCPC will be used to @ntrlbute to the required d.c. input power for that
GICPC, thus the resistive load is not necessary in this case, see Figure J.1 in Annex J.

Fpr suitable test site configurations&\%ee Annex J.
xO
7]6.10.2 Connection to aabther appropriate load

Fpr power converters m@hded to be supplied from a.c. power sources, the d.c. power port
upder test shall be copnected to a suitable resistive load or other adequate energy storage v
a
a dﬁ

3m

h 150 Q artificial ork (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to 3
bpropriate loa in the rated operational range for the respective type of EUT.

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

7 7Q/CB cording of test-site measurement results
7.-7§—G-en-erai

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

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

7.7.2 Conducted emissions

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

717.3 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(af the six higheg
disturbances in each observed frequency range. The record shall ifclude the antenrla
polarization, antenna height and turntable rotation position if applicable for each reportgd
disturbance. In case of test site measurements, the measurement distance actually selectgd
and used (see 6.2.2-er and 6.3.2;respectively) shall also be recorded'in the test report.

o]

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

o]

1 Ground planes

ground plane shall be used when making measurements on a test site. The relationship Df
e equment under test to the

auipment
GtHpeRt

grounding locations,
pbor standing EUT shall be insulated\ from the ground plane by a dielectric material wi

ickness of up to 15 cm. Direct confgction to earth (i.e. to the ground plane) shall be done

OO

either according to the manufacturer's instructions,

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

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

8|2 Measurement of-mains-terminal disturbance veltage 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
dyring the measurements shall be connected to the reference-earth-terminal-of-the \V-netwotk
gfound plane with a conductor as short as possible.

The power and signal cables shall be oriented in relation to the ground plane in\a 'manngr
equivalent to actual use and precautions taken with the layout of the cables to_ensure that
spurious effects do not occur.

hen the equipment under test is fitted with a special earthing terminal, this shall be

bnnected to earth with a lead as short as possible.-When-no—earthingterminal-isfitted,—tHe

uipment without earthing terminal shall be tested as normally connected, i.e. any earthing
bing obtained through the mains supply.

c'rnos

o]

2.2 Measurements on grid connected power convertens
8J2.2.1 Measurement of the disturbance voltage at.a.c. power ports
he disturbance voltage at the low voltage a.c. power port of the power converter shall He

-
measured using the usual method of measurefment for disturbance voltages at a.c. mains
ports, see also CISPR 16-2-1.

=

The disturbance voltage at the ancillary oW voltage a.c. power port of the power converter, |i
applicable, shall be measured using the“usual method of measurement for voltages at a.
mains ports, see also CISPR 16-2-1

)

Fpr power converters which canpot be measured with the V-network (V-AMN), the disturband
vpltage at the low voltage a-¢- mains power port can be measured with the high-impedand
vpltage probe according~te~CISPR 16-1-2:2014, Clause 5. In this case, the laboratory a.
p
u

99 0 o

bwer source shall be cornected directly to the a.c. power port under test. For conditions
be of the high-impedance voltage probe, see 7.3.3.

Likewise, for measurements on power converters with a rated throughput power > 20 kVA, |a
Vinetwork (MSAMN) can be used as a voltage probe as specified in 7.4.4.3 of CISPR 16-

1]12014. Thedaboratory a.c. power source shall be connected to the a.c. power port under te
V:F an inductance of 30 uH to 50 uH. The inductance may be realized by a choke, a pow

o
= —~+

c@ble(lehgth of 50 m, or an isolation transformer. A suitable measurement arrangement |s
shewp in Figure 8 and 9.

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

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

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

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

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

Where the power converter is intended for connection to more than one d.c. power string and
consequently is furnished with more than one d.c. power port, measurements of the

d

p
10 Q common mode termination impedance, see 7.5.3.2. Multiple ports gal
c
c

Sturbance voitage shall be performed (M SeqUence at eacn o these ports. Alf other 4.
bwer ports not used during the respective measurement shall be terminated with a su'& e
ically
bnnected in parallel (such as bus bars or strips for connection to multiple a.RI. ) afe
bnsidered to represent one single port only. &

Y
The disturbance voltage at the d.c. power port of the power converter be measurgd
uging the usual method of measurement for disturbance voltages at a.c ins power portg,
s¢e also CISPR 16-2-1. This implies the following: b

o = =

=

(o)

8

%)

Where unsymmetrical mode (UM) disturbance voltages are meK%red, compliance with tHe
limits shall be verified for both measured unsymmetrical distuybance voltage levels, i.e. for
the voltage levels measured from the plus terminal (poI@ reference ground and from
the minus terminal (pole) to reference ground. \%

Where common mode (CM) and differential m og) (DM) disturbance voltages afe
measured, compliance with the limits shall be verified for measured disturbance voltade
levels of both modes, i.e. for the level of the mon mode (CM) disturbance voltage gs
well as for the level of the differential mode ( disturbance voltage.

the DC-AN according to Annex | allows f \E}z\easurement of UM, DM and CM disturbance
en it is sufficient to verify compliance wi@ e limits either for UM disturbances (Method A
for CM and DM disturbances (Me@d B). The choice of the method used for tH
easurement is left to the discretion @he user of this standard.
.\Q)
the installation instructions ac panying the power converter contains information that the
c. power port is solely inten\%e for connection to
Q)

U7

~

(]

a battery or other kin(}}‘local d.c. power source and/or;

if the power conv ter and a battery or other kind of local d.c. power source is intended for
incorporation i@gher order final equipment (comprising of one or more enclosures);

en this port@g‘ée exempted from the measurement.

2.2.2. O Measurement procedure 1

2 €)2.1 G |
\%/ enera

T

he DC-AN Is used as standardized 150 Q common mode termination of the EUI and as

decoupling 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 777177
(grid)

Laborat AC
aboratory . — AMN DC- AN|_|Dc filter |«
filter !_ filter Q_l
Isolation !
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

Cpmpliance with the requirements of CISPR 11 can be shawn in verifying that the limits for
the disturbance voltage specified in Table 3 or in Table 5 @rg met.

8]2.2.2.3 Measurement procedure 2
8]2.2.2.3.1 General

Fpr 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. pow

spurce, the laboratory d.c. power sourge~shall be connected to the d.c. power port under te
via a common mode inductance of 90*uH to 150 uH. The common mode inductance may Qe
rqalized by ferrite tubes, common-ytode absorbing devices, or a CDN as specified in 6.2.4 pf
IBC 61000-4-6:2013. Since a GDN according to IEC 61000-4-6 is used only as a decoupling
network, its RF power input pért shall not be terminated with a 50 Q resistive load as shown |n
Flgure 7.

DTE It is up to the ofyerator of the laboratory to ensure that the measurement results obtained with sugh
Pasurement arrangements are not obstructed or invalidated by dominating disturbances from the laboratofy

3z

d.k. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power source. But lpe
aware not to apply teo’heavy additional common mode capacitive loading to the EUT. Further guidance on suitabjle
dgcoupling of the laboratory d.c. power source from the measuring arrangement can be found in Annex K.
IN port
Plus (Open)
pole ©
L 2 © © ©
GCPC under EUT =tV .- . | DC Power
test Mus port CUiN AEPOoTt source
pole
1 AN S

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 laborate
d]c. power source shall be measured using a current probe according to CISPR 16-1-2.

Cpre shall be taken in order not to alter the termination conditions of the~EUT whsg
performing measurements with the current probe. The current probe shall4be located
maximum of 30 cm away from the DC-AN. The current probe shall also be in place whdg
performing measurements of the CM disturbance voltage. A suitable measureme
afrangement is shown in Figure 8 and 9.

Ferrites/
AC mains Isolation L,

<, CMAD/
(grid) __ transformer AC output Dc;input<_.i.‘%\1I
O D —lecrcl - =

Current probe

i__—1 AMN DC-AN
| As a voltage probe 77;!77
Isolation
transformer

As a voltage probe_‘

_@ DC power
source -
77Jm Current flow
IEC

DTE ‘x’ and ‘y’ denote the‘spacing between the current probe and the DC-AN, and the DC-AN and the ferrite
be(s) / CMAD / CDN ~respectively. Spacing x is < 0,3 m and y is 0,1 m.

c Z

Rigure 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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EUT
>20 kVA

The AMN is used as 0,8 m I

a voltage probe Z’i
AC output v'm
L2L3 DC input
& | c Isolation mat
0.8 m urrent \
probe
Terminal ‘ : \J

box

The DC-AN is used
as a voltage probe

Terminal

box DC cable
Isolation

transformer
AC

mains

(grid) )

=) » DC power supply
ac I 52 5 ot P
mains I outpu
(o) P S| | Tee
(optional | i 1 it
Isolation i j’¢+
transformer N
(optional) \\‘5:;’)/
o

IEC

Figure 9 — Typical arrangement for measurement of’conducted disturbances at LV d.c
power ports with a DC-AN used as voltage probeand with a current probe — 3D diagram

8]2.2.2.3.4 Compliance criteria

Fpr measurements according to Figure 8,/Compliance with the limits shall be verified for the
measured common mode disturbance yveltage and the measured common mode disturbange
clirrent. 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.

(o)

23 Handheld equipment.which are normally operated without an earth connection

Fpr this equipment additional measurements shall be made using the artificial hand describgd
in7.3.5.

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

The general principle in applying the artificial hand is that the metal foil shall be wrappgd
arotnd all handles (one artificial hand per handle), both fixed and detachable, supplied with

the aouinmant
e-eqtHpHieht

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

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

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

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

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

A radiation test site which meets the criteria is within the perimeter of an ellipse having a
major axis equal to twice the distance between the foci and a minor axis equal to the square
rqot of three times of this distance. The equipment under test and the measuring equipmept
are placed at each of the foci respectively. The path length of any ray reflected from an_objegt
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

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

‘ NDTE TFhe -characteristics—of-thetestssite—are-deseribed—in-8-3- For the values of F (measuring distance) s¢e
Clause 6.

Figure-1 10 — Test site

Fpr the 10 m test sjte, 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 or]
end and at least 1™m beyond the measurement antenna and its supporting structure at th
o]
p

< ®© @

her end (see\.Figure 11). The ground plane shall have no voids or gaps other than an
prforations which do not exceed 0,1 A at 1 GHz (about 30 mm).

/ \ Y
I/ \\ \
' Test unit Antenna sl &
\ 1 /
! 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
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. {Fh
s¢paration between the equipment under test and the measuring antenna shall be\th
horizontal distance between the reference point of the measuring antenna and the nheare
part of the boundary of the equipment under test in one rotation.

L oo

8)3.4 Radiation measurements (9 kHz to 1 GHz)

The separation distance between the antenna and the equipment under: test shall be g
specified in Clause 6. If the field strength measurement at a certain(frequency cannot b
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
When this is done, the test report shall record the distance actually used and tH
circumstances of the measurement.

(DC)CbCD."t"(‘Dm

Fpr equipment under test located on a_turntable, the turntable shall be rotated fully with
measurement antenna oriented for both horizontal and vertical polarization. The highe
rgcorded level of the electromagnetic radiation disturbance at each frequency shall 4
rgcorded.

[

br equipment under test not located on a turntable the measurement antenna shall Qe
psitioned at various points.in azimuth for both horizontal and vertical polarization. Care sh3l
b taken that measurements be taken in the directions of maximum radiation and the highe
vel at each frequengy be recorded.

o TT T
U7
o=

DTE At each azimuthal position of the measurement antenna the radiation test site requirements specified [in
3.1-should-be afe met.

© Z

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

MeasUrements 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 sugh
a tUIIIGt;VC c;tca VV;” y;u:d va:;d |cou=ta. AII a:tclllat;vc |ad;at;un tUOt O;tU ;II thc fl cquclluy Iall&e
30 MHz to 1 GHz is acceptable if the horizontal and vertical site attenuation measurements
made as per 5.2.6 of CISPR 16-1-4:2010/AMD 1:2012 are within =4 dB of the theoretical site
attenuation as given in Tables 1 or 2 of CISPR 16-1-4:2010/AMD 1:2012.

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

9.1 Test arrangement

5

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 capablé
making separate measurements of the vertical and horizontal components of the radiatg
field. The height above the ground of the centre line of the antenna shall be the sanie as th
height of the approximate radiation centre of the equipment under test. The distance \betweg
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.

S0 a S,

D
5

9/4 Measuring procedure
9/4.1 General
T

he measurements shall take place in free-space conditions, i.e. the reflections on the grour
shall not influence the measurements, see CISPR 16-1-4.

The general measuring procedure above 1 GHz specified in CISPR 16-2-3 should &
consulted for guidance. Measurements shall be made with the antenna in both horizontal an
slibsequently vertical polarization=In both cases, the turntable with the-appliance equipme
upder test shall be rotated. It shall be ascertained that, when the-apparatuys equipment undg
tgst is switched off, the levelNef background noise is at least 10 dB below the reference lim
since otherwise the reading:may be significantly affected.

[oN

;

@D

Alftlew chart showing the measurement procedure is shown in Figure 12.

Weiahted meastuireaments abhove 1 GHz (cea Tabhle 168) shall he the result of 3 Mmaximum hold
elightecedsuirementsSanove SHZ (S 1abe1o)-SanPetheFfesthit oraMmMaxXih R oG
ahd shall-hd narformed with thae snectrum - analvser in loaarithmic mode (values disnlaved In
aHc—SHan At perforRec—Winthe-SsSpectum aRaySe ogarttii R oGeVauesSaispayeacih
decibels):
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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?

Peak < Table 13

limit ?
11,7 to 12,7 GHz, l
Final APD weighting (9.4.4.2.3)
R (Table 15)
Choice of the user of the standard at two spot frequenciesf
and f; + 5 MHz
l where Peak > Table 18 limits

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

Yes

19" Value
< Table15
limits?

Peak < Table 14
limits?

y

| Fail I | Pass | | Fail I

IEC

Figure-5 12 — Decision tree for the measurement of emissions from 1 GHz to 18 GHz
of-class-B; group 2-ISM equipment, operating at frequencies above 400 MHz

914.2 Operating conditions of thetEUT

Fpr microwave ovens, a warm-up* period of at least 5 min shall be performed before tH
measurement.

Fpr all measurements thé starting phase of the EUT (a few seconds) is to be ignored.

Dpuring the measurements, the microwave oven under test is operated at maximum microway
ppwer setting.

Spme micréwave ovens automatically turn to an intermittent operation mode if operated for
Igng timelat their highest microwave power setting. In such cases the measurement shall
sfoppedifor a while to allow cooling down until the microwave oven is able to operate at i
max pewer setting without intermittence.

e

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

boil. For load conditions of microwave ovens during the measurements see also 7.6.5.

9.4.3 Preliminary measurement

The preliminary measurement comprises of a series of measurements with the peak detector.
Peak measurements in the frequency range above 1 GHz (see Table 13) shall be the result of
a maximum hold measurement with the spectrum analyzer. The purpose of the preliminary
measurement is to identify the position (azimuth) of the EUT in relation to the measuring

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

9.4.4 Final measurement

9.4.4.1 Peak measurement

Ppak measurements shall be performed over the whole frequency range 1 GHz to 2 4\&2
and 2,5 GHz to 18 GHz with the EUT positioned as identified during the pre@inay
measurement. At this azimuth position, a maximum hold measurement for a perio si t leapt
2|min shall be made for both polarizations, i.e. with the antenna oriented SLQ/ ssively |n
hérizontal and in vertical polarization. @

The obtained measurement result(s) shall be compared to the peak limit (%eQTable 13).

Iffthe EUT passes the peak measurement, then the final test result'i\s\Fg(SS, see Figure 12.
Iffthe EUT does not pass the peak measurement in the satelli Qﬁdio broadcasting frequengy
rgnge 11,7 GHz to 12,7 GHz, then the final test result is FAI\, ee Figure 12.
X

9{4.4.2 Weighted measurement o
9/4.4.2.1 General QQQ

Il cases where readings obtained during t \peak measurement in the ranges 1 GHz o
11,7 GHz and 12,7 GHz to 18 GHz exceed t imits specified in Table 13 an additional serigs
of measurements with a weighting functi’@%hall be performed.

Fpr demonstration of the fluctuati@ature of a disturbance, two alternative methods for
weighted measurements are available, see also decision tree in Figure 12.

xO
any situation where it. @l‘hecessary to re-test the equipment, the measuring methdd
ofiginally chosen shall b@ed in order to ensure consistency of the results.

=

4.4.2.2 Log-é@eighting according to Table 14

eighted me lg;éments with the Log-AV method (see Table 14) shall be performed at tHe
vimuth po &1 of the EUT where the maximum peak emission occurred during the
eIim;rg%easurement. A minimum of 5 consecutive sweeps in max-hold mode shall Qe
brfor .

O

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

TT O ©

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

A
th
fq
fq

-

Q

easurements with the Log-AV weighting function shall be perform@ in the sub-range
here the EUT did not meet the limits of Table 13 around the centr&@équencies identified
e previous step, within a frequency span of 10 MHz. N

pmpare the measurement results to the limits of Table 14.\%<2

the EUT passes the measurement with the Log-AV ighting function (Table 14), then th
inal test result is PASS, see Figure 12. Q

Harmonics of 2,45 GHz, Frequency sub-ranges

Order no. GHz

Not defined 1,005 to 2,395
2 2,505 to 6,125 2
3 6,125 to 8,575
4 8,575 to 11,025
5 11,025 to 13,475 <O
6 13,475 to 15,925 Q'\
7 15,925 to 17,995 \q/

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

Q\

4.4.2.3 APD weighting according to TKb\Qﬁ

5 an alternative t0 9.4.4.2.2, an APD me sL}?\gment for a period of 30 s shall be performed
e azimuth of the EUT and the polariza,@of the antenna where the maximum emission w4

und during the preliminary peak measurements. Measurements shall be made at th
llowing 6 frequencies (see Figure @$
A\
fs1’ \O st’
st"'&MHZ, f52+ 5 MHz,
fgy= 5 MHz, fep— 5 MHz,

here fgq is the f ncy with the highest peak emission in the 1005 MHz to 2 395 MH
nge and fs, As~the frequency with the highest peak emission in the 2505 MHz
995 MHz r@ (but outside the band 5720 MHz to 5 880 MHz).

Q.

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

=2

—

@T passes the measurement with the APD weighting function (Table 15), then the fin

tNyosult is DAQQ, sce l:igllrn 12,

10 Measurement in situ

For equipment which is not tested on a radiation test site, measurements shall be made after
the equipment has been installed on the user's premises. Measurements shall be made from
the exterior wall outside the building in which the equipment is situated at the distance
specified in 6.4.
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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.
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Annex A
(informative)

Examples of equipment classification

5

Many—tSM types of equipment in the scope of this standard contain two or more types of
interference sources, for example an induction heater might incorporate semiconductor
rectifiers in addition to its heating coil. For testing purposes the equipment is to be defined in
terms of the purpose for which it was designed. For example, the induction heater

d
b

O

incorporating semiconductor rectifiers is to be tested as an induction heater (with g

T
plrposes the group to which a particular piece of apparatus belongs shall be\identified fro
tH

it of types of apparatus which have been identified as belonging to a pasticular group. Th

sturbances meeting the prescribed limits whatever the source of disturbance) and is_not
b tested as if it were a semiconductor power supply.

he standard gives general definitions of group 1 and group 2-tSM equipment and for offici
ese definitions. It will, however, be helpful to users of the standard to havea comprehensiy

Il also help in developing the specification where variations in test procedures may be foun
experience to be necessary in dealing with specific types of apparatus.

I
o

jY)

o w o 3

The following lists of group 1 and group 2 equipment are not exhaustive.

Group 1

Glroup 1 equipment: group 1 contains all equipment<n the scope of this standard which is not

classified as group 2 equipment.

Gleneral: 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
Semicenductor manufacturing equipment

Dietailed: Signal generators, measuring receivers, frequency counters, flow meterg,
spectrum analysers, weighing machines, chemical analysis machines, electronjc
microscopes, switched mode power supplies and semiconductor convertefs
(when not incorporated in an equipment), semiconductor rectifiers/inverters, grjd
connected power converters (GCPC), resistance heating equipment with built-|n
semiconductor AC power controllers, arc furnaces and metal melting ovens,
h!oomo onrl ﬂ!!\\'A'I Hior\horﬂa haataro X Fa\ Hionnnotir\ inlinmant r\r\mnlltario d
PrasSTio ot grovy —otooha g o T ToTtoTosy AP AL LA A LA s Al (AR LTI A AR A R
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

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

Microwave-powered UV irradiating apparatus
Microwave lighting apparatus

Industrial induction heating equipment operating at frequencies above 9 kHz
lrdustisnseslor

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

2 Inductive or capacitive power transfer apparatus normally subject to C\8%R 11, but forming p4
of equipment subject to other CISPR standards is excluded from thecscope of CISPR 11.
Metal melting, billet heating, component heating, soeldéfing and brazing, a
welding, arc stud welding, resistance welding, spet welding, tube weldin
industrial laser oscillator exited by high-frequefey discharge, wood gluin
plastic welding, plastic preheating, food processing, biscuit baking, food thawin
paper drying, textile treatment, adhesive curing;“material preheating, short-way
diathermy equipment, microwave therapy-“equipment, magnetic resonang
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equipmen
crystal zone refining, demonstration niedels of high-voltage Tesla transformer
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)

5

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
dlrectly to a broadband mixer, where it |s heterodyned to a sunable |ntermed|ate frequency

I order to protect the input circuits of the spectrum analyzer from damage when measurir
weak disturbance signals in the presence of a strong signal, a filter should be provided in tH

slich filters may be required to deal with different operating frequencies,

Many microwave spectrum analyzers employ harmonics of the local*oscillator to cover variod
portions of the tuning range. Without radio-frequency pressglection, such analyzers mg
display spurious and harmonic signals. It thus becomes (difficult to determine whether
displayed signal is actually at the indicated frequency, or iS generated within the instrument.

Many ovens, medical diathermy equipment and othef,microwave ISM-apparatus RF equipme

emissions are simultaneously modulated in amplitude and frequency. Additional AM and F
are caused by the movement of stirring devices used in ovens.

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

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral line
tHe indicated peak’value increases with bandwidth up to the point where the analyz
bandwidth is comparable to the width of the spectrum of the signal. It is essential, therefor
tq obtain agreement to use a specified bandwidth in order to compare the amplitude
displayed-by different analyzers when measuring emissions typical of present heating an
tHerapeutic’devices.

rgceive their input power from rectified a.c. but unfiltered energy sources. Consequently, thei

W W
- -

[oRN/]

S

Itjhas”been indicated that many oven emissions are modulated at a rate as low as 1 Hz. It hg

been observed that the displayed spectral envelopes of such emissions are irregula

r!

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 calculate
3||Jfficiently accurately from the expression:

11_ 11 11
Eg'=EM - E

here

, Is the electromagnetic radiation disturbance (uV/m);

W,
E

El is the measured value of electric field strength (uV/m);

EL is the electric field strength of the radio transmitter signal (uV/mj),
T

t

he formula has been found to be valid when unwanted signalstare from AM or FM sound arj
glevision transmitters having a total amplitude up to <twice the amplitude of th
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 th
disturbing effect of radio transmitters. If the fréquency of the electromagnetic radiatig
disturbance is unstable then a panoramic receiver or spectrum analyzer should be used, an
tHe formula is not applicable.

d

o 5
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Annex D
(informative)

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

5

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

d

ground, depends on the ground and on the nature of the terrain. A model for electric fie
pfopagation above plane-earth in the region from 1 m to 10 km from the source is describg
in [15]4.

Although the influence of the nature of the ground, and of the obstacles on it, on\the actu
aftenuation of the electromagnetic wave increases with frequency, an average attenuatid
pefficient can be taken for the frequency range 30 MHz to 300 MHz.

(¢

Ap ground irregularity and clutter increase, the electromagnetic fields—are will be reducsq
because of shadowing, absorption (including attenuation caused by buildings and vegetation
s¢attering, divergence and defocusing of the diffracted waves [16]."The attenuation can the
bé described only on a statistical basis. For distances from the source greater than 30 m, tH
expected or median field strength at a defined height varies as<1/Dn where D is the distang
from the source, and n varies from about 1,3 for open country areas to about 2,8 for heavi
built-up urban areas. It seems from the different measurements for all kinds of terrain that 4
ayerage value of n=2,2 can be used for approximate estimations. Large deviations
measured values of field strengths from those ““predicted from the average fie
sfrength/distance law occur, with standard devjations of up to about 10dB in &
approximately log-normal distribution. The polarization of the field cannot be predicted. Thes
gsults are in agreement with measurements inna number of countries.

—

he screening effect of buildings on the radiation is a very variable quantity, depending on tH
aterial of the buildings, the wall thickness and the amount of window space. For solid wal
thout windows, the attenuation depends on their thickness relative to the wavelength of th
diation and an increase in attenuation with frequency may be expected.

a3

enerally, however, it is considered unwise to expect buildings to give protection of mug
ore than 10 dB.

3 Q@

d

A

T~ a

D S>SQASS5< DD >

(]

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

E.1 Introduction General

ISM RF applications. The respective provisions of the ITU relating to usual residentialand/

tHe operation and use of individual ISM RF applications in particular environments, i.e.

conditions.

El2 Recommendations for protection of safety-related radio services

ISM RF equipment should be designed to avoid fundamental operations or radiation of hig
Idvel spurious and harmonic signals in bands used for~safety-related radio services. A list
tHese bands is provided in Annex F.

zZ

DTE For the protection of specific safety-related radio services, in particular areas, an individual installati
mpy can be required to meet the limits specified in Table\E.".

to protect specific safety-related radio services in particular areas

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

industrial environments are recognised by CISPR and incorporated into the main body of th
Ifternational Standard. Apart from these provisions, additional ITU provisions may apply f

particular areas", which are not addressed in the main body of this standard. The CISP

rggards these ITU provisions and their national derivatives as recommendations since thg
may only apply to individual ISM RF applications used in particular.areas under in si

Table E.1 — Limits for electromagneticradiation disturbances for in situ measurements$

c< U5 S 0 =

o
Df

n ‘

Measuring distance D from the outer face|
Limits of the exterior wall-ef 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 5-0,5265 - 13,5 30
74,6 — 75,4 30 - 10
108137 30 - 10
242;95 — 243,05 37 - 10
328,6 — 335,4 37 - 10
966—1t215 37 = 16

E.3 Recommendations for protection of specific sensitive radio services

For the protection of specific sensitive radio services, in particular areas, it is recommended
to avoid fundamental operations or the radiation of high level harmonic signals in the bands.

Some examples of these bands are listed for information in Annex G.

NOTE For the protection of specific sensitive services, in particular areas, national authorities-may can request

additional suppression measures or designated separation zones for cases where harmful interference may occur
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Annex F
(informative)

Frequency bands allocated for safety-related radio services

Fresll:'ezncy Allocation/use
0,010 - 0,014 Radionavigation (Omega on board ships and aircraft only)
0,090 - 0,11 Radionavigation (LORAN-C and DECCA)
0,283 5 —=0,526 5 Aeronauticar radionavigation (non-directionat 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 shipboard only)
Maritime safety information (coastal areas and shipboard only)
Maritime safety information (coastal areas and\shipboard only)
Aeronautical radionavigation (marker beagons)

Aeronautical radionavigation (108 MHz tg~{18 MHz VOR, 121,4 MHz to 123,5 MHz
distress frequency SARSAT uplink, 148 MHz to 137 MHz air traffic control)

Maritime mobile distress frequency

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (kS glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radienavigation (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)

Aeronadtical 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 —34.00 Aeronautical radionavigation (radar beacons — coastal areas and shipboard only)
4 200\— 4 400 Aeronautical radionavigation (altimeters)

5,000™= 5 250 Aeronautical radionavigation (microwave landing systems)

53560 — 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)

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

13 250 — 13 400

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

Aeronautical radionavigation (Doppler navigation radars)
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Frequency bands allocated for sensitive radio services

— 069 —

Annex G
(informative)

Frequency Allocation/Use
MHz
0,1357 -0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
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 Senvice)
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 Radionavigation- satellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astronomy
400,05 - 400,15 Standard sfrequency 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
18240 - 1 300 Amateur Radio Service
17260 - 1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1710 1 660 MHz to 1 668,4 MHz: Radio astronomy
1 668,4 MHz to 1 670 MHz: Radio astronomy and radiosonde
1 670 MHz to 1 710 MHz: Satellite downlink and radiosonde
1718,8 -1 7222 Radio astronomy
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Frequency bands allocated for sensitive radio services (/ist continued)

Frequency Allocation/Use
MHz
2 200 -2 300 Satellite downlink
2 320 - 2 450 Amateur Radio Service
2 310 - 2 390 Aeronautical flight test telemetry
2 655 -2 900 2 655 MHz to 2 690 MHz: Radio astronomy and satellite downlink
2 690 MHz to 2 700 MHz: Radio astronomy
3 260 - 3 267 Spectral line observations (radio astronomy)
3 332 -3 339 Spectral line observations (radio astronomy)
3 345,8 - 3 358 Spectral line observations (radio astronomy)
3 400 - 3 475 Amateur Radio Service
3 400 - 3 410 Satellite downlink
3 600 -4 200 Satellite downlink
4 500 - 5 250 4 500 MHz to 4 800 MHz: Satellite downlink
4 800 MHz to 5 000 MHz: Radio astronomy
5 000 MHz to 5 250 MHz: Aeronautical radionavigation
5 650 - 5 950 Amateur Radio Service
7 250 -7 750 Satellite downlink
8 025 -8 500 Satellite downlink
10 000 — 10 500 Amateur Radio Service
104 50 - 10 500 Satellite downlink
10 600 - 12 700 10,6 - 10,7 GHz: Radio astronomy
10,7 - 12,2 GHz: Satellite downlink
12,2 — 12,7 GHz: Direct broadgast.satellite
14 470 - 14 500 Spectral line observations (tadjo astronomy)
15 350 - 15 400 Radio astronomy
17 700 - 21 400 Satellite downlink
21 400 - 22 000 Broadcast satellites(Region 1 and Region 2)
22 010 - 23 120 22,01 GHz to 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 astrénomy)
23,0.GHZz to 23,07 GHz: Fixed/intersatellite/mobile (used to fill in the gap between
frequency bands)
23,07 GHz to 23,12 GHz: Radio astronomy
23 600 - 24 000 Radio astronomy
24 000 - 24 500 Amateur Radio Service
31 200 - 31800 Radio astronomy
36 430,~36 500 Radio astronomy
38 600,740 000 Radio astronomy

above 400 GHz

Numerous bands above 400 GHz are designated for radio astronomy, satellite
downlink, etc.
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Annex H
(informative)

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

H.1 Significance of a CISPR limit

Al CISPR limit is a limit which is recommended to national authorities for incorporati
nptional standards, relevant legal regulations and official specifications. It i ag%
n?imi
mas

rgcommended that international organizations use these limits. The significance of
fdr type approved appliances shall be that on a statistical basis at least 80 % c&
pfoduced appliances comply with the limits with at least 80 % confidence.

The assessment of conformity of equipment tested on a test site st@l\be based d
measurement results obtained in accordance with the specification§yof Clause 7. F
efluipment in series production, there shall be 80 % confidence tbt at least 80 %
mlanufactured items comply with the limits given (compliance cr|te;\I ), see CISPR 16-4-
Slatistical assessment procedures providing such a confidence léyel are specified in H.3.
H

3.2 and H.3.3.
QQ~

DTE When applying another statistical assessment procedure than @ those referred to above or specified
SPR 16-4-3, the user of this standard can be invited to show ce that the compliance criterion set 9
aljove is also met when applying this other method.

Oz

Measurement results obtained for an eqmpment? sured in its place of use and not on
tgdst site shall be regarded as relating to that [lation only, and shall not be considers
rgpresentative of any other installation and s@all not be used for the purpose of a statistic
agsessment. 2

)
H.2 Type tests ) ®\$
4\

Ap a rule, the positive result Q@ type test on a given appliance according to the respectiy
CISPR standard will be reco&@.zed as approval of the type if the type test was performed

H{2.1 either on a sampq;,) of appliances of the type using one of the statistical methods
eyaluation in accord@ce with H.3,

O

2.2 or, forgsﬁa’plicities sake, on one appliance only. In this case subsequent tests a

I

bcessary f ime to time on appliances taken at random from the production line.

>

NPTE nition of a type test made on only one appliance of series-produced equipment as type approval m

dgpen national or regional regulation. National or regional authorities may rely on different quality assuran¢

Df

11

in
ut

1Y)

e

Ry

S)1$t o 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,

th
m
di

is does not yet mean that a product is non-compliant. To determine non-compliance, the
easured results shall be evaluated by one of the methods in H.3.2. (use of non-central ¢
stribution) 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

here \CD

w
Xtax Is the highest (worse) measured value of all items in the sample; .('19
kE is the coefficient from the table below, depending on the sample size; \’
chax is @ conservative value for the expected maximum standard deviation in a product gr ‘g/and which [is
calculated as 2 times the expected standard deviation; \Q N
L is the limit specified in this standard. Q
The quantities x, L and omax are expressed in logarithmic terms while ke , as an ordinar %or, is given in absolute
nymerical value, see table in this NOTE. (74)
bample size (n) 3 4 '\,\ 5 6
Coefficient kg 0,63 O@‘< 0,24 0,12

=h

SPR 16-4-3 recommends a value 6., = 6,0 dB for both the dist&ance voltage and the disturbance power. Fpr
diated disturbances, measured on equipment in the scope of/this”standard, the same value for o, ,, has beg¢n
sumed. The values for the general margin to the limit ir#le H.1 above are a simple multiplication of tHis
D dB with the coefficient kg. In Table H.1 values are give for a sample size up to n = 6 because for n =7 pr
pher the method given in H.3.3 can be applied, wher%t binomial distribution without an additional margin |is

ed. \0

3.2 Assessment based on the no;.tgéntral t-distribution
R

3.21 Normal procedure \%

.

=}

N
he measurements shall be per@ﬁned on a sample of not less than five and not more thg
P pieces of equipment of t s‘%ype in series production, but if in exceptional circumstance
e pieces of equipment & t available a sample of three or four may be used.

[72]

DTE The assessment made on a sample of the measurement results obtained for a sample of size » relates fto
identical units and all&for the variations that can be expected to arise due to quantity production techniqueg.

pmpliance is aﬂ_ﬂeved when the following relationship is met:

()Q~ X +kS, <L

D
K

IS the arithmeilic mean value of the disturbance levels of » 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;
is the permitted limit;

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

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

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

n 3 4 5 6 7 8 9 10 11 12

k 2,04 1,69 1,52 1,42 1,35 1,30 1,27 1,24 1,21 1,20

H|3.2.2 Extended procedure Q
When applying the procedure as in H.3.2.1 a given sample of equipment whi ’(]{;auses
flictuating disturbances may fail to meet the compliance criterion. In such cases{/ extendqd
agsessment procedure defined in this clause can be used. \
The statistical assessment shall be carried out separately for the ollowing frequendy
slibranges:
%)

Cpnducted disturbances: a) 150 kHz to 500 kH@J\

b) 500 kHz to 5 MH

c) 5MHzto 30&4}1
Rppdiated disturbances below 1 GHz: a) 30 MHonQ3O MHz

b) 23o<%§Dz to 500 MHz

c) 5\@ Hz to 1 000 MHz
Rppdiated disturbances above 1 GHz: \&1 0 GHz to 4,5 GHz

\g b) 4,5 GHz to 18 GHz
W

NPTE For group 2 equipment, there may be no need to fully or continuously cover the frequency subranggs
dgfined above, see respective information in 6.3.2.4, Table 13.

M

N

pmpliance of the samplejé.cj’udged from the following modified relationship:

@0 X+kS, <0
C)O

he value of@e’pends on the sample size »n and is stated in Table H.2 above.

Dr dei%S?nation of compliance, the standard deviation formula as in H.3.2.1 shall be used:

O
N 1

w

here

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

X

sample;

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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5

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.

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, X, is the smallest margin to the limit. If some of the measured

If all measured values are below the limit and the statistical assessment failed only due to a

h

gh standard nln\/i::finn, Htshall be in\/oefignfnd whether this high standard deviation has he

n

u
In

ng
fr
vg

fol

hjustifiably caused by a maximum of X, at the borderline between two frequency subrap\@g
this case the assessment can be done according to H.3.3. Q

v

DTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured distuc&koes occu
ar the borderline between two frequency sub-ranges. "U " is the measured disturbance v ; "fMis t
bquency. Here two units with different characteristics out of a sample are shown. For broadba@gﬁjrbances t
lue of the maximum as well as the frequency of the maximum can change from unit t, differences
tween unit 1 and unit 2 in a sample are typical. An average value and standard deviatiorlis calculated for
its (of which two are shown) for each subrange. In this example the calculated standard\@&viation is much high
[ subrange 1 than subrange 2 (e.g. consider how different the values of X, and X, at the borderline). Ev
bugh the average for subrange 1 is much lower than subrange 2, after taking int cdBsideration the high value
multiplied by the factor out of Table H.2, in rare cases this could lead to the sﬁ?&e set failing the given criteri
hce this is simply a consequence of the way in which the frequency subrang e been defined, no statistica
eaningful conclusion can be drawn regarding compliance.

Frequency FrequerG?Q
subrange sub
1

A

U

T
|
|
|
|
e
|
|
d
|
|
1

A 4

sahanaahhassnannnnnunnns

O
N~ IEC
.\0

igure H.1 — An example of possible difficulties

3.3 Asses(@nt based on the binomial distribution

P .

rs
e
e
hs
bl
er
bn
of
a

ly

H
Complianc@udged from the condition that the number of appliances with a disturbande
Igvel abo e appropriate limit may not exceed a number of ¢ in a sample of total size n, sge
Thble
\(</ Table H.3 — Application of the binomial distribution

Sample size (n) 7 14 20 26 32

Number of samples ¢ exceeding the limit L 0 1 2 3 4
H.3.4 Equipment produced on an individual basis

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

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

1.1 General information and purpose

The artificial network for the assessment of disturbance voltages at d.c. power ports (DC
pfovides a defined common mode (CM) 150 Q termination impedance for the d.c. pow

of the power converter under test during measurements of conducted RF disturba%
sfandardized test sites. It is constructed to provide, in the intended frequency fro

1
DM) as well as asymmetric (or common mode — CM) disturbance component e values

b0 kHz to 30 MHz, well defined termination impedances for symmetric (or differ§ I mode
Hese termination impedances are specified in Clause |.4. Q

—

Fprther, the DC-AN is furnished with a decoupling network (i.e. &{QLC -filter) such th
syifficient decoupling is provided between its EUT port and its AE pert&n order to prevent R
sturbances from the laboratory d.c. power source to affect obtained measuring result

tHe construction of that filter prevents, in most cases, saturation effects in mitigation filters th
ppwer converters may be furnished with and this w ovides for valid, reliable ar]
gpeatable measurement results. ;\

—

7] Structures for a DC-AN QQQ

p.A1 AN suitable for measurement of (Q&\ymmetrical mode (UM) disturbances

S|milar to the V-AMN, the AN shall ﬁ‘k'%w for measurement of the unsymmetrical mog
disturbance voltage level at a single @mnal (or conductor or pole, respectively) of the EUT
d|c. power port under test, relativ %n(& laboratory reference ground. An appropriate AN wou
hénce be e.g. a pseudo V-AN, d of delta network. For layout and design, the principlg
s¢t out in CISPR 16-1-2 shall observed. A circuit diagram of a suitable Delta-network
fdund in Figure 1.1. .
W
NPTE Due to constraints in design of true V-ANs for a certain defined ratio of the DM to CM terminati
inlpedance, constructio pseudo V-AN may require use of a third shunting resistor connecting to the two pow,
tefminals of the EUT the AN. Such shunting resistors as R, in Figure I.1 or R, in Figure 1.4 do not have a
injpact on the requi M and CM termination impedances and provide for these termination impedances al
dyring measuremen
vcltages the dejta*o-star conversion formula for resistor networks can be used. Further, these terminati
also be measured directly at the EUT power terminals of the AN in relation to common ground |i

uging an -o opriate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons on
UM dlst ce voltages can also easily be measured with Delta-ANs when they are furnished with respecti

d
Hpving asymmetric decoupling capacitors with some 100 nF out 1 uF capacitance on|

UM disturbance voltages. For calculation of the termination impedance for UM disturban¢

me é/m ports.

(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 examp

of a suitable Delta-network is found e.g. in CISPR 16-1-2:2014, Clause A.6 Figure A.2. Thi

figure is also replicated in Figure I.2.

le
is
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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

1.8.1 General Q

Fpr the measurements, pseudo V-ANs as well as Delta-ANs meeting the requiraﬂ&:(s in 114
cqn be used. Other artificial networks specified in CISPR 16-1-2 can also be u@/lf providing
an asymmetric or common mode (CM) 150 Q termination for the port under tée\ to laboratofy
rgference ground, and if being furnished with an appropriate low C ocking capacifty
decoupling LC-filter. 6
%)

NPTE Presently the 150 Q artificial mains V-network specified in CISPR 16-&2014, 4.5 cannot be used fpr
mgasurements of conducted disturbances at LV d.c. power ports, since progi i a common mode terminati¢n

*

inlpedance of 75 Q only. Such a V-network does not meet the most ess technical parameter specified |in
Tdble 1.1 Pos. 3, i.e. the value of 150 Q, for the common mode terminatio pedance. Negotiations in definition f
sy stematic corrections for measurement results obtained in use of such r@orks have not been started yet.

Sklection of the type of AN is left to the user of this dard. Each type of AN provides fopr
measurement results which have the same confid evel as results obtained when usirlg
tHe established V-network. Information on aspec measurement uncertainty in respect of
artificial mains networks (AMN) is found in ClI @ 6-4-2:2011, Clause 4. This information |s
also valid when employing DC-ANs which con@y with the specification in 1.4.

R

a combined AN is used, then it ces to just apply it either for measurement pf

hsymmetrical mode (UM), or for me&&urement of both, common mode (CD) and differentigl

ode (DM) disturbances. &
4\

3c=

=

any case the assessmen Y\%e RFI potential of a given port under test in the frequengy
nge 150 kHz to 30 MHz égonly completed, if measurement results were obtained ar|d
corded either for the t Qomposite unsymmetrical mode (UM) disturbance components, or fpr
bth, the asymmetric er Tommon mode (CM) and the symmetric or differential mode (DNi)
sturbance compor@&s as well.

8.2 Pse@&*l-AN

Il the ps V-network an assessment of these components is only possible in combinatid
a$ co te unsymmetrical mode (UM) disturbance voltages, the level of which can 4
fferéni*for each terminal of the given port under test, due to internal HF imbalance of th
common ground. These are the “classical” terminal disturbance voltages which can G

Oo oo S

requirements, for example for a.c. mains ports.

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

1.3.3 Delta-AN

In the Delta-network asymmetric or common mode (CM) and symmetric or differential mode
(DM) disturbance components can be measured and assessed separately, for each port under
test.
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Compliance with the limits is verified only where both, the measured common mode (CM)
disturbance voltage level and the measured differential mode (DM) disturbance voltage level
are equal to or less than the respective limit.

1.4 Normative technical requirements for the DC-AN

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

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

Ros. Description of the parameter Nominal value and tolerance A'\VJ
1 | Type of the DC-AN Delta-network suitable for measurements ef?% d.d.
power string or port (plus pole, minus @e d
reference ground) \
-
2 Calibrated frequency range 150 kHz to 30 MHz (measuremen\gﬂge)
3 | CM termination impedance at the EUT port, (150 £ 30)Q Q
magnitude X@’
4 CM termination impedance at the EUT port, phase (0 £ 40)° @0
5 DM termination impedance at the EUT port, (150 + 30)Q 7\'\
magnitude

. . . N
6 | DM termination impedance at the EUT port, phase (0 £40)° C\Q

>4
Longitudinal conversion loss (LCL) at the EUT port @ | > 26 dB @metrical 150 Q system)

! (meass(e according to CISPR 16-1-2)
8 | CMinsertion loss AE port — EUT port 2@ é'é (asymmetrical 50 Q system)
9 | DM insertion loss AE port — EUT port QSZO dB (symmetrical 150 Q system)

\\ > 40 dB, with external capacitor

l\

10 | Discharge resistors for decoupling capacnor@n he >1,5 MQ
d.c. current path

—’—h

a8 The LCL of the AN should be significantl ger than the internal LCL of the EUT. During the measurement d
unsymmetrical disturbance voltages on isturbance components from internal mode conversion DM to CM i

the EUT need to be assessed. The sik istical mean value of the LCL of installed PV generators has already

been taken into account when det’?@mmg the limits for the DC power input port of GCPCs.
A

"

NPTE The parameters in Ta@l 1 have been derived in developing modern implementations of the 150 Q CISHR

ngtwork described in CISPR.16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs fpr

pHotovoltaic power gen g systems.

Measuring port(} all be protected from low frequency components of voltage transienfs
appearing w ‘switching the laboratory d.c. power source on and off. Furthermore, secufe
galvanic Qﬁ ction shall be guaranteed to the AN's ground in order to drain transient
d scha@.‘rrents through the coupling capacitors when switching the laboratory source off.

D pling capacitors in the d.c. current path shall be bypassed with high resistande
d oLITaryc ICb;btUlb, °CC pUb;t;UII 10
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1.4.2 Parameters and associated tolerances in the range 9 kHz to 150 kHz
Table 1.2 — Parameters and associated tolerances in the range 9 kHz to 150 kHz
Pos. Description of the parameter Nominal values and tolerances
2 Extended frequency range 9 kHz — 150 kHz
(includes the operation frequency of GCPCs)
3 CM termination impedance at the EUT port, > 10 Q (AE port open)
magnitude
4 ShM-terminationtmpedance-atthe E0Fpert—phase fret-speeified
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~6-4-2)
8 CM insertion loss of AE port to EUT port > 20 dB at 150 kHz (asymmefrical 50 Q system),
decreasing with decreasin@yfrequency with
40 dB/decade
9 DM insertion loss of AE port to EUT port > 20 dB at 150 kHz
> 40 dB with extérnal capacitor
(symmetrieall?50 Q system), decreasing with
decreasingyfrequency with 40 dB/decade
NPTE The parameters in Table |.2 have been derived in deleloping modern implementations of the 150 Q CISHR
ngtwork described in CISPR 16-1-2 for use with measuremients at low voltage d.c. power ports of GCPCs fpr
photovoltaic power generating systems.
I.p Examples of practical implementations of DC-ANs
N 1
5 Al ot tm A
5 o I 1T, : O
=]
E i i
a A A P2
) : ——] : 5
® I |47nF I ©
& ! =
5 ' S |5
> ! = =
2 JT— Lole, 330nF i 2
o | == | =
% i 47nF s
5 | |
S | !
5 o S
> 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 signal (-20 dB ... -24 dB depending on R ;) available at T3.
90002 <R; <1 500 depending on the losses in the reactive el 1ts in the realised
circuit to match the required impedance tolerance over the whole frequency range.
IEC

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

Figure 1.1 — Practical implementation of a 150 Q DC-AN
suitable for measurement of UM disturbances (Example)
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i
L L G Ry
]
==C R
| 2
————— o P
Additional
filter sections| == ¢ A,
I |if required
[
S| = L
r G As
I
L _ %
)
R\
Measuring apparatus 4 o e Q}/
P is the connection for apparatus under test @ :
1 for the symmetrical component 6
2 for the asymmetrical component @ IEC

N

Figure 1.2 — Practical implementation of a 12@_ DC-AN
suitable for measurement of CM and DM urbances
(Example, see also Figure A.2 in CISR@ -1-2:2014)

S\ A-EUT

Ly Q
-~ O
X I«
Switch position: Q
1 V shape A
2 Vshape
3 Ys@ 1
4 Dal (OM)
A
° NI
REC
3
2 S TRA il GND
o ] I
>
o
B
O
R8 R7
50 50 ]R1
@ GND GND GND

O L2 B-EUT
C)% — O/EC

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

Figure 1.3 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 1)
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A-PV-GENERATOR AEUT

S1 position: _LC6
1-A (mode A)
2-B(mode B
c1 I \ )
= & 3-CM (common mode)
44nF
4 - DM (differential mode)
=3 BNC_OUT
GND Z0nF
=C2 [] R3
44nF
B-PV-GENERATOR B-EUT

IEC

mpde (UM) or "terminal” disturbance voltages.

Figure 1.4 — Practical implementation of a 150/ DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 2)

[FEFORT 11
_1- 700uH 330uH
= 000 Ot
I _]_ 'I'E.ZpF _]_
4700pF I 1F
POWER | 2.2
INPUT i oot Iz.zuF - . o
T™ Fe T Lo =
=]
fpg 34 ‘s:r{ 3
s
3900

on

1000
Y

)

i g’ s
i gy
2

ig
1 4

NPTE Mode A and mode B represent employment of the artificial network for\measurement of unsymmetrig

NOTE Mode 1 and mode 2 represent employment of the artificial network as pseudo V-network,

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

J.1  General information and purpose

Fpr measurement of disturbance terminal voltages on grid connected power conve

(GCPC) intended for supply of electric energy into AC mains grids and similar AC rkgsr
installations (see Definition 3.11), connection to an appropriate laboratory DC power ly
ngcessary on the DC input side of the GCPC, while connection to another appropria

eyven enable simplification of the test arrangement and ¢
tgst (EUT). Examples of suitable setups for the test sitei described below.

J|2  Setup of the test site QQ<<

Jj2.1 Block diagram of test site Q

The measurement arrangement and co QL)Jration for the EUT can be simplified by use of
tgst site having a configuration as sh in Figure J.1/J.2. For this setup, the AC output of tH

frpm the AC output to the D put of the GCPC. The advantages of this site configuration a

boratory AC power source or AC mains grid is necessary on the AC output side\/

he DC power is fed into the DC input power ports of the GCPC, and no@%ﬂsumed in th

T e
GICPC, and so almost completely converted to AC power and output to tHgyAC side. If the AC
ppwer output from the GCPC is not consumed by a resistive load etc, @ne AC power current
can reversely be carried into the laboratory AC power source, and ,io(th

d e

e equipment may &

hmaged. In addition, there are some countries where reverse power flow into the AC mair

o)

>

GICPC is connected to the AC inpn.@of the laboratory DC power supply through the V-AM
used in the measurement arran e‘t}ﬂent. The laboratory DC power supply converts AC pow
ifto DC power, and it is suppl to the DC input of the GCPC. Thus, the current circulate

tHat the DC power supp@onsumes the AC output power of the GCPC, and so a resistiy
Idad is not required to prevent AC power currents from flowing into the laboratory AC pow

spurce. @ :
O

AC mains
(grid) C) AC current
9 5boratory EMI EW
Q AC power filter = Resistive load [AC output| gepe | DC input
source l_ (optional) 1_ (EUT)

N i

| restricted or prohibited by national law and regulations. Th he global setup of the tept

site used for the measurements needs attention, and a p and appropriate setup md
ration for the equipment undgr

DD wnw=xZ0 D

N4
-

\Q/ | Trans- |

= Tormer o AMN = [ AT
AC input II ! (optional) |
Change in
DC power electrical
supply system — Reference ground
DC output | = EMI
— | filter —
I DC current flow

IEC

Figure J.1 — Setup of the test site (Case 1) — 2D diagram
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31“*Resis,tjvé/
| Load

N
N ~
Laboratory N g

Transf rrp,ew‘
(optiopal)

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

T
o

5 R

EMI-filter D’c cable

AC rmiai

\\g\ IEC
NPTE The distances defined as ‘x’ and onl\® e diagram refer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.2 - S\é)up of the test site (Case 1) — 3D diagram

-

Cpnsequently the Iabora@ﬁ@&cﬂc power source needs to provide only the total power losses

the test arrangement, anecé the measurements are started. Because the laboratory AC pows
spurce is used, it “voltage and frequency can easily be adjusted conforming to tHh
specifications for AC output side of the GCPC. Reverse AC power current does not flo
into the AC po@w(r)source, and so it cannot be damaged.

Jj|2.2 e?‘power supply

The laboratory's DC power supply shall have enough output power to operate the GCPC at i
re

D

>

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-two-wire system, a proper transformer shall
Figure J.1/J.2 to appropriately convert the electrical systems.

be

single phase-three-wire, or
inserted as shown in

2

J|3  Other test setups ‘-19
Ji3.1 Configuration comprising laboratory AC power source and resisti \Iéad

On the other hand, there are some cases where each electrical system cqfl'st basically He
mjatched such as three-phase input of the DC power supply with a single(@h se AC output pf
tHe GCPC (EUT), etc. (there is also the reverse case). In such casesathe AC output of the
GICPC cannot directly be connected to the AC input of the DC powér supply as shown |n
Flgure J.1/J.2. In this case, another resistive load is connected in allel with the laboratofy
A e

C power source as shown in Figure J.3/J.4 and the AC powe(ggf the GCPC (EUT) shall b
r

O3
G=
@’

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

IEC

N

cpnsumed by that resistive load. As a result, the resistive IoaQ events the AC output power
clirrent of the GCPC from flowing reversely into the lab ry AC power source, if it hgs
enough power to exceed the maximum AC output powers\ e GCPC.
AC mains Q O
(grid) AC current Q
Laboratory . EMI flow Q
AC - - AC t i
@_ soﬁ?(‘:,\;er filter \\ outpu GCPC 43(3 input
T ®K° Ir
— \$\\<\
Resistive e —
A\Q load — ’—l
xO
AC mains (grid) . C\)b — Reference ground
(optional) \\
::“. DC power, N |_5'V”
I \-ir“" suppl of =] filter —_—
M= AC DC DC current flow
input output _I—
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This setup example shows&& case where the laboratory AC power source (s§
F

I case the AC output of@b\e GCPC is connected to the AC mains through a filter as shown

-84 — CISPR 11:2015 RLV © IEC 2015

Resisﬂv;e
load
EMI-filter

< Laboratory b
. AC power source

AC mail ‘

“{gnd) "'\'!?\”t output -
mput
qq,

AC mains{grid) ’!
{optional)

DC power su pp\\r

QQ IEC
DTE The distances defined as ‘x’ and ‘)’ in the dlagrar%Qer to those as detailed in CISPR 16-2-1:2014, 7.4.1.

Figure J.4 — Setup of th@%st site (Case 2) — 3D diagram
&

3.2 Configuration in case of re&rse power flow to the AC mains

gure J.3/J.4) is not connect the AC output side of the GCPC.

gure J.5/J.6, the AC output current of the GCPC flows to the AC mains, and therefore it
bt required to co the resistive load as shown in the previous setup, Case 2. But in thjs
ase, there is a dvantage that the AC power voltage and frequency cannot be adjustq

pnforming tc&o pecifications of the AC output side of the GCPC.
N
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AC mains
(grid) . AC current
flow
EMI = AC output | 5cpc DC input
i e —
- l_ (EUT)

@ filter
L

Reference ground

AC mains (grid)
(optional)
TN DC power EMI |
{ \J’r“-' supply — | filter -
=" AC DC i DC current flow
output |
IEC

input i .

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

EMI-filter

EMI-filter Dc cabl

DC power supply

AC mains(grid)
(optional)

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

Figure J.6 — Setup of the test site (Case 3) — 3D diagram
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Annex K
(informative)

Test site configuration and instrumentation — Guidance on prevention

of saturation effects in mitigation filters of transformer-less power
converters during type tests according to this standard

K.1 General information and purpose

ost types of power converters use operation or switching frequencies in the ran '\g?a
cpuple of 100 Hz up to 25 kHz. The measurement results obtained in the range of interept
(150 kHz to 30 MHz) are sometimes seriously invalidated by the effective total co n mode
(¢M) 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 coant under tept
cpincides with the frequency of the series resonance dip(s) in the effective™total commqgn

ode (CM) impedance in the whole laboratory d.c. power supply chain, excessive CM
disturbance currents may appear at the operation frequency and may s@lrate the built-in EMI
filters (as e.g. common mode chokes) in the EUT. Conseque tI)@|t will cause serioys
performance degradation of the filters in the measuring frequency\( ge 150 kHz to 30 MHE.
Performance degradation of the filters means that excessive disturbance levels will He
rgcorded causing the power converter under test eventually, Q AIL proving compliance with
tHe requirements specified in this standard. C)\%

tlshall be said that such mode of operation of power;c&sb\verters prominently deviates from the

operation conditions in normal use. Hence additio ountermeasures should be taken at tept
site configuration level in order to operate the p converters as intended in normal use, |n
type tests according to this standard. \§\

Ap a matter of course, CM decouplinwpacitors shall be employed, in conjunction with
stiitable series inductors, as LP-filters ouple the termination impedance at the EUT port pf
tHe artificial network (AN) e.g. from@g‘uences of the laboratory d.c. power source at the AE
pprt of this AN. The specifications.q] DC-AN as in Annex | Table I.2 guarantee that the CM
tgrmination impedance at the E,\Qj’ port of the AN remains at least at values of 10 Q or morg¢
af the series resonance of |t ernal LC LP decoupling filter. This will prevent the saturatign
effects mentioned above . ost of the practical testing cases. For the magnitude-versug-
frequency characteristic(p the CM termination impedance of the AN in the range 9 kHz fo
190 kHz, consult the@g’ecifications provided by the manufacturer.

Cpnsidering nov@igation of common mode RF currents in the whole laboratory d.c. power
stipply cham% test site, this mitigation and involved additional CM decoupling capacitofs
and comm ode chokes (as e.g. in the EMI filters at the site) may interact with tHe
c:l:aract r@i s of the built-in LC LP decoupling filter of the AN, and may cause frequengy
shifts e series resonance dip(s) of the effective total common mode (CM) impedange
e p\ ced at the EUT port of this AN.

It is hence strongly recommended to adjust the magnitude-versus-frequency characteristics of
the total effective CM termination impedance at the EUT port of the AN to the conditions
needed for the given type of power converter under test. Such adjustments can be made by
variation of the value of the CM blocking capacitance in the laboratory's d.c. power supply
chain and/or by insert of additional series inductors or common mode chokes. This annex
describes possible countermeasures to avoid saturation effects due to unfortunate
characteristics of the test site instrumentation used in the laboratory d.c. power supply chain.
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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

o AN loLL—

If| excessive levels of disturbance are observed during measurements of condu@ RF
disturbances at LV d.c. power ports of power converters in the range 150 kHz to 3%4.\ thgn
tHis may be caused by saturation effects appearing at the operation frequen he EUT
allocated someplace in the range below 150 kHz. To avoid such conditions it g&ommended
tq observe the guidance given below. Q

1) For measurements at LV d.c. power ports of power converters us& Iy ANs complyin
with the technical requirements of the 150 Q artificial mains Del@ etwork according
4.6 of CISPR 16-1-2:2014, or according to Annex | of this standdrd.

2) Apply good test site engineering and check whether the w measuring instrumentatid
(DC-AN excluded) and test site configuration are suitab Q use with measurements d
o}

o «Q

n

n
power electronics operated in switching mode co ons at operating frequencigs
(fundamental frequencies) allocated in the range w 150 kHz. Depending on the
implemented technology and nominal power throlighput, power converters may uge
fundamental or switching mode frequencies in Qe range from a couple of 100 Hz up {o
about 150 kHz.

3] Whenever possible insert additional comm \ ode (CM) absorbing devices such as ferrife
tubes, CMADs or also 150 Q CDNs acc%&}mg to IEC 61000-4-6, between the AE port pf
the AN and the laboratory d.c. power@upply port allocated in the test environment. For
this purpose an extended length of d.c. power supply cable can be used too. In coilgd
form it introduces an additional oupling inductor (i.e. a common mode choke) put |n
series to the laboratory's comm mode current circuit. In any case, check the efficiengy
of the added common mode-~rejection devices, since for most of them you will not fird
specifications of technic I characteristics in the range below 30 MHz.

4) Avoid coincidence of ci‘hndamental or operating frequency of the power converter under
test with the freque of the series resonance dip in the CM impedance of the who
d.c. power suppl chain consisting of the laboratory d.c. power source, the EMI filte
used in the in tion of the OATS or SAC, and the AN. The frequency of the resonang
dip in the @mpedance of the power supply chain can be shifted by changing tH
capacitarg\o the effective CM decoupling capacitor. Addition of external CM decouplin
capacit s recommended at the interface between the AE port of the AN and th
labo QP d.c. power supply port allocated in the test environment. Be aware that a line
ors with different capacitances may be needed if the testing business comprise
r converters implementing various technologies, power throughput classes and tH
e. Remember that the operation frequency may be allocated someplace between
couple of 100 Hz up to about 150 kHz.

S0Q OO0 »n O

QDO ®»

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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5

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, reliab
and repeatable measurement results.”

le

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

GCPC '\©

DC power source EMI filter DC-AN (EUT) AMN (LQ

—-If_..ﬁ___o_l-g-w e _',_o_,___,.oL AC mains \
AT 37 I 2Rl Il @»“

—IH

____-__E__-_:E_g:_—t_);_r_,et_) I
N
N =
QQ. IEC
Figure K.1 — Flow of the com mode RF
current at test site confié ion level

Ah obvious countermeasure for prevention o? se additional contributions to the tot
effective RF CM current at the operation fre cy of the power converter under test is
infcrease the CM decoupling loss in betweé&

djc. power supply port allocated in the te%@nvironment.

This decoupling loss can be incre d by insert of additional series inductors (preferrg
cpuntermeasure) and/or by emp.b\yment of additional CM decoupling capacitors at th
interface in between the AE pait of the DC-AN and the laboratory d.c. power supply p9g
allocated in the test envwon@ent (countermeasure for shifting the frequency of the serie
gsonance dip in the CM&) nat|on impedance at the EUT port of the DC-AN).

-

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

9lkHz ~ 15 z are inserted between the AE port of the DC-AN and the laboratory d.c. pows
stipply pc@ llocated in the test environment as shown in Figure K.2, the capacitances of th
d cox@ capacitors the d.c. power source and EMI filter are equipped with can &

d. For such additional decoupling, extended lengths of d.c. power cable could 4

Iff some su@eo MI clamp devices etc. which attenuate the common mode RF current

e AE port of the DC-AN and the laboratof

U

\V
5

n
u &foo, if arranged to forming an air coil.
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GCPC
DC power source EMI filter DC-AN (EUT) AMN

L AC mains

— T T e
T P IR o

L

I(t)

IEC '\(o

Figure K.2 — Blocking of flow of common mode RF current (19
by insert of series inductors Q\

ATTENTION - Proper equipment such as EMI clamp devices which §2g;ctenuate th
common mode RF current in the range 9 kHz to 150 kHz may not beg) ilable from th
mlarket. Preferred measure should hence be insertion of series |nduct|V|t

Ap mentioned above, because the effective magnitude of 'bemtance of decouplin
capacitors of all the laboratory measuring systems including the)laboratory d.c. power sourd
mlay cause saturation effects in mitigation filters the tran er-less power converter
equipped with, it is necessary to use laboratory d.c. pow urces and EMI filters with o
capacitance common mode decoupling capacitors onl CQ serve however that use of C
decoupling capacitors with low capacitance only r%.y also reduce suppression of R
disturbances generated by the laboratory d.c. {power source. If extremely large R
disturbances occur during type tests on transfog@ ess power converters which are thoug
tq be caused by saturation of the built-in m|t|g

batteries as d.c. power source.

filters, then it should be considered to us

K{3.3 Employment of additional co@non mode decoupling capacitors at the
interface between the AE @rt of the DC-AN and the laboratory d.c. power
supply port allocated in‘\ﬁe test environment

br an increase of the decoupi@g loss between the laboratory d.c. power supply chain an
e measurement arrang @ﬂt additional CM decoupling capacitors can be connecte
pbtween the AE port (i decoupling circuit) of the DC-AN and the laboratory d.c. pow
syipply port allocated in,t test environment as shown in Figure K.3.

C)® Additional

blocking capacitors
Lab ry J GCPC
&“OWEF Suppw EMI filter DC-AN (EUT) AMN
L __AC mains

SR BER [T T

O'fr"'l'l

m:’.'n-nSEmcnco

N4
-

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-{@ss

ppwer converters. Figure K.4 shows an example of common mode impedance charact&s i¢s

fdr a DC-AN according to Table 1.2. As shown in Figure K.4, it proves that there is a nant

ppint in the proximity of 20 kHz and the common mode impedance remarkably d&c&e ses fat
Y

this resonant frequency. Q~

@ A DC-AN common mode impedance characteristics Q
__ 500 ('0.
3
400 .’\'\
350 \ /\Q‘
- X
O A ] 1.a*
N
\ @
250 || | 0
\ 9 kHz ~ 150 kHz Q
o LN T e T LT L
\ L U/ ,\?3\ N
0,001 0,01 ‘\ 0,1 1 10
onant Frequency (MHz)
point
C\){‘ IEC
N\

Figure K.4,— CM termination impedance at the EUT port of a DC-AN -
Magnitude-velé sfrequency characteristic in the range 3 kHz to 30 MHz, Example

The saturati of mitigation filters the power converter is furnished with, that current
becomes a lem, occurs because a large common mode current flows in case the resona
frequen 0 kHz) coincides with the operating frequency of the power converter (EUT
Hpweyers»the resonant frequency is practically determined not only by the DC-AN, but also H
tHe mon mode impedance characteristics of all of the instrumentation used in the who
Igberdtory d.c. power supply chain including the d.c. power source, installed EMI filters an
the like.

O 0D< = A<

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 ('19
by use of additional decoupling capacitors A\
I other words, if the measurement results in case the capacitance of decoupli \eépamtors S
increased are the same as those in case it is unchanged, it can be ¢ ded that the

measurements of conductive disturbances have correctly been performed(.O

With exchange of hardware components in the DC-AN, it is possible threase or decreage
tHe capacitance of the CM decoupling capacitors by settmg up ﬁ:&hes for switching serigs
and parallel connection of these decoupling capacitors as s in Figure K.7. Howevdr,
slich measure cannot be recommended for application in n%ml laboratory practice singe
ppssibly violating the calibration of the respective DC-AN. ever, switched-type combingd
external CM decoupling capacitors can be used, if nece . Application of such capacitofs
wjll always shift the series resonance of the DC-AN ﬂq naI LC decoupling filter to lower

frequencies than found in the manufacturer's specm%

c A DC-AN common mode @) ance characteristics
~ 500 \
. D |
N 450 Q !
@
400 & ! :
AN
300 \ RO
250 (\}' =
9 kHz ~ 150 kHz
200 =\
150 - \ P — == =i
O\" \ L I
1000 =
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L) LY ¥
Q~ Increase in “\ If. | /] \‘ /"Decreise " f .
capacitance of | W NPT G | | ||| . I .
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IEC
Figure K.6 — Change in the resonant frequency caused by the increase
and decrease in the decoupling capacitor's capacitance

DC-AN

¥
blocking - I f
capacitors \
A}

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 -
RADIO-FREQUENCY DISTURBANCE CHARACTERISTICS -
LIMITS AND METHODS OF MEASUREMENT

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization ‘comprising
all national electrotechnical committees (IEC National Committees). The object of IEC, is~to promote
international co-operation on all questions concerning standardization in the electrical and glectronic 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 “IHC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National ‘Committee interest¢d
in the subject dealt with may participate in this preparatory work. International;, governmental and nop-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closdly
with the International Organization for Standardization (ISO) in accordance "with conditions determined by
agreement between the two organizations.

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

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are madg' to ensure that the technical content of IHC
Publications is accurate, IEC cannot be held responsiblel 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_their national and regional publications. Any divergeng¢e
between any IEC Publication and the corresponding.national or regional publication shall be clearly indicated fin
the latter.

5) IEC itself does not provide any attestation ,ofvconformity. Independent certification bodies provide conformity
assessment services and, in some areasj;.access to IEC marks of conformity. IEC is not responsible for apy
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 qt_its directors, employees, servants or agents including individual experts and
members of its technical comniittees and IEC National Committees for any personal injury, property damage pr
other damage of any nature’whatsoever, whether direct or indirect, or for costs (including legal fees) ampd
expenses arising out of, the publication, use of, or reliance upon, this IEC Publication or any other IHC
Publications.

8) Attention is drawn(toythe 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: Interferenge
rglating’ to industrial, scientific and medical radio-frequency apparatus, to other (heavy
industrial equipment, to overhead power lines, to high voltage equipment and to electrjc
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

anfrapaaamatin Anpanafibhilify, i b linadingma /DN 4)
erectt OTTTragrrC e CUTTTOaoty  oaomCcattorTo—(Zz U1/~

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 gn
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 pubtication will remain unchanged unti
tHe stability date indicated on the IEC website under “http://webstore.iec.ch" in the data
glated to the specific publication. At this date, the publication will be

—

*| reconfirmed,

*| withdrawn,

*| replaced by a revised edition, or
*| amended.

~—-

at it contains colours; which are considered to be useful for the correg
nderstanding of its contents. Users should therefore print this document using
olour printer.

ILFPORTANT — The 'colour inside' logo on the cover page of this publication indicatejs
t

(2]
[V
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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

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

c] that certain frequencies are designated by the International Telecommupication Unign
(ITU) for unrestricted radiation from ISM equipment,

RECOMMENDS

that the latest edition of CISPR 11 be used for the application of 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.

T
means of an assessment of these disturbances either at a standardised test site or, for.g
ndividual ISM RF application which cannot be tested at such a site, at its place of opération.
Cpnsequently, this CISPR Publication covers requirements for conformity assessment of both,
Juipment assessed by means of type tests at standardised test sites or ofl\individugl
equipment under in situ conditions.

D

he ITU is concerned with the control of RF disturbances from ISM RFapplications during
brmal operation and use of the respective equipment at its plage “of operation (sge
efinition 1.15 in the ITU Radio Regulations). There, use of radio-frequency energy
bcoupled from the ISM RF application by radiation, induction 'or capacitive coupling |s
gstricted to the location of that individual application.

ags H

—

This CISPR publication contains, in 6.3, the essential ~emission requirements for &
assessment of RF disturbances from ISM RF applications’ at standardised test sites. Thes
requirements allow for type testing of ISM RF applications operated at frequencies up
18 GHz. It further contains, in 6.4, the essential emission requirements for an in si
assessment of RF disturbances from individual ISM_RF applications in the frequency range U
tg 1 GHz. All requirements were established.in“close collaboration with the ITU and enjg
approval of the ITU.

<K T cCc O ® >

pwever, for operation and use of several types of ISM RF applications the manufacturefr,
staller and/or customer should be aware of additional national provisions regarding possib|e
ensing and particular protection néeds of local radio services and applications. Depending
h the country concerned, sueh additional provisions may apply to individual ISM RF
bplications operated at frequencies outsides designated ISM bands (see Table 1). They aldo
ay apply to ISM RF applications operated at frequencies above 18 GHz. For the latter type
applications, local profection of radio services and appliances requires an accomplishmenpt
the conformity assessment by application of the relevant national provisions in the
bquency range abeve 18 GHz in accordance with vested interests of the ITU and nationgl
iministrations. _These additional national provisions may apply to spurious emissions,
nissions appearing at harmonics of the operation frequency, and to wanted emissions at the
peration frequency allocated outside a designated ISM band in the frequency range aboye
B GHz.

SO0 ®D®®POO0JIM®O =3 T

ecommendations of CISPR for the protection of radio services in particular areas are four|d
Annrex E of this International Standard.

S XN

Definition 1.15 of the ITU Radio Regulations reads as follows:

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

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

1 Scope

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

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

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

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

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

wjthin the ISM frequency bands defined by the ITU Radio Regulations are contained in th
sfandard.

Epuipment covered by other CISPR product and product family emission standards a
excluded from the scope of this standard.

2| Normative references

The following documents, in whele or in part, are normatively referenced in this document an
are indispensable for its application. For dated references, only the edition cited applies. F
updated references, the,vlatest edition of the referenced document (including ar
amendments) applies.

CISPR 16-1-1:2040¢ Specification for radio disturbance and immunity measuring apparatt
ahd methods « Part 1-1: Radio disturbance and immunity measuring apparatus — Measurir
apparatus

C|SPR 16<1%1:2010/AMD 1:2010
C|SPR«16-1-1:2010/AMD 2:2014

operating in the frequency range 0 Hz to 400 GHz and to domestic and similar appliances

Fpr ISM RF applications in the meaning of the definition found in thedTU Radio Regulatior]
(9ee Definition 3.13), this standard covers emission requirements, related to radio-frequengy

Requirements for ISM RF lighting equipment and UM\ irradiators operating at frequencigs

=}

(7]

CISPR 16-1-2:2014, Specification for radio disturbance and immunity measuring apparatt

S

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 apparatys
and methods - Part 4-2: Uncertainties, statistics and Ilimit modelling - Measuring
instrumentation uncertainty

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

=

IHC 60050-161:1990, International Electrotechnical Vocabulary (IEV)_ —~_ Chapter 16
Electromagnetic compatibility

IHC 60601-1-2:2014, Medical electrical equipment — Part 1-2: Generalirequirements for basjc
safety and essential performance — Collateral standard: Electromagnetic disturbances |-
Requirements and tests

IHC 60601-2-2:2009, Medical electrical equipment — Part.2-27 Particular requirements for the
basic safety and essential performance of high frequency surgical equipment and high
frequency surgical accessories

N—

IHC 60974-10:2014, Arc welding equipment — Part 10: Electromagnetic compatibility (EMC
rgquirements

Imnl

C 61307:2011, Industrial microwavecheating installations — Test methods for the
btermination of power output

Q

IHC 62135-2:2007, Resistance welding equipment — Part 2: Electromagnetic compatibility
(EMC) requirements

3

U Radio Regulations (2012), Radio regulations, @ Volume 3 -  Resolutions and
rgcommendations, Resolution no. 63 (available at http://www.itu.int/pub/R-REG-RR-2012)

3| Terms and.definitions

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

31
a.c. mains power port

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

3.2

arc welding equipment

equipment for applying current and voltage and having the required characteristics suitable
for arc welding and allied processes
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3.3

artificial mains network

AMN

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

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

N

3
b

inhaginary straight line periphery describing a simple geometric configuration encompassing
tHe equipment under test

tHe laboratory d.c. power source or from the‘oad

PP W £ Thai 'H H <l PPN H 41 4 Lo (1 1O NI o A Aot I ol
ez toenty: e termsSTeTmmpetancte—StavmZat o TeTWoOTrK(CrotTy ) aa—v -7y atr e aSeomrercmangeanTty:

4

4
bundary of the equipment under test

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

5

bmponent

oduct which serves a specific function or functions and which is intended for use in a higher
der assembled equipment or system

6

c. artificial network

tificial d.c. network

IC-AN

tificial network that provides defined termination“to the EUT’s d.c. power port under tept
hile also providing the necessary decoupling:from conducted disturbances originating fro

3

7

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

bte 1 to entry: Such a system\may be for example a photovoltaic or a fuel cell power generating system, or al$o
battery.

8

ectro-discharge.machining (EDM) equipment

DM equipment

| the necessary units for the spark erosion process including the machine tool, the
bnerator,~control circuits, the working fluid container and integral devices

9

ectromagnetic radiation

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://iecnorm.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

312

high power electronic system and equipment
one or more semiconductor power converters with a combined rated power greater thgn
7% kVA, or an equipment containing such converters

Ne¢te 1 to entry: Examples of such high power electronic equipment are semiconductoer power converters fpr
afplication 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 frequengy
energy for industrial, scientific, medical, domestic or similar purposes, excluding applications
in the field of telecommunications

Ne¢te 1 to entry: Typical applications are the production~pof./physical, biological, or chemical effects such as
hgating, ionisation of gases, mechanical vibrations, hair“removal, acceleration of charged particles. A nop-
exhaustive list of examples is given in Annex A.

[BOURCE: ITU Radio Regulations Volumed: 2012 — Chapter I, Definition 1.15]

3/14

ISM RF equipment and appliances

equipment or appliances desigred to generate and/or use locally radio-frequency energy f
industrial, scientific, medical;domestic or similar purposes, excluding applications in the fie
of telecommunications and\information technology and other applications covered by othér
CISPR publications

o X

No¢te 2 to entry: The(abbreviation “ISM RF” is used throughout this standard for such equipment or appliances
only.

3{15

Iqw voltage

LV

a|set ‘of)voltage levels used for the distribution of electricity and whose upper limit is generally
agcepted to be 1 000 V a.c. or 1 500 V d.c.

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

3.16

photovoltaic power generating system

electric power generating system which uses the photovoltaic effect to convert solar power
into electricity
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3.17

small size equipment

equipment, either positioned on a table top or standing on the floor which, including its cables
fits in an imaginary cylindrical test volume of 1,2 m in diameter and 1,5 m height (to ground
plane)

3.18

spark erosion
removal of material in a dielectric working fluid by electro-discharges, which are separated in
time and randomly distributed in space, between two electrically conductive electrodes (the
tqol electrode and the work piece electrode), and where the energy in the dischargé-|s
controlled

319

type test
tdst of one or more devices made to a certain design to show that the design‘meets certaln
specifications

Ne¢te 1 to entry: Recognition of a type test as type approval may depend on nationaler regional regulation, s¢e
HJ2 in Annex H.

4| Frequencies designated for ISM use

ertain frequencies are designated by the International Telecommunication Union (ITU) for
e as fundamental frequencies for ISM RF applications (see also Definition 3.13). Thege
bquencies are listed in Table 1.

>c 0O

NDTE In individual countries different or additionalsfrequencies can be designated for use by ISM RF
applications.

Table 1 - Frequencies in the radic‘frequency (RF) range designated by ITU
for use as fundamental ISM frequencies

Number of appropriate
Centre frequency Freguency range Maximum radiation footnote to the table of
limit b frequency allocation ofj
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, excep
countries mentioned in
5.280
915,000 902 — 928 Unrestricted 5.150 in Region 2 only
2 450 2400 -2 500 Unrestricted 5.150
5 800 5725 -5875 Unrestricted 5.150
24 125 24 000 — 24 250 Unrestricted 5.150
61 250 61 000 — 61 500 Under consideration 5.138
122 500 122 000 - 123 000 Under consideration 5.138
245 000 244 000 — 246 000 Under consideration 5.138

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

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

5

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.

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

NDTE See Annex A for examples of the separation of equipment into group 1 or 2.
5/2 Division into classes

Il accordance with the intended use of equipment in the electromagnetic environment, th
sfandard defines two classes of equipment, namely class A and'class B.

CJass A equipment is equipment suitable for use in all lo€ations other than those allocated
rgsidential environments and those directly connected 16 a low voltage power supply netwo
which supplies buildings used for domestic purposes’.

Class A equipment shall meet class A limits.

sf{riking or stabilizing devices for arc welding shall be classified as class A equipment.

CJass B equipment is equipment suitable for use in locations in residential environments an
n establishments directly connected to a low voltage power supply network which supplig
Jildings used for domestic purposes.

o =

Class B equipment shall ‘meet class B limits.

5|3 Documentation for the user

The manufacturer and/or supplier of equipment shall ensure that the user is informed abo
the class <@nd group of the equipment, either by labelling or by the accompanyin
dpcumentafion. In both cases the manufacturer/supplier shall explain the meaning of both th
class and the group in the documentation accompanying the equipment.

Arc welding equipment which contains arczstriking or stabilizing devices and stand-alone af

>

"n Qo

Ut
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(o]

be observed by the purchaser or user to ensure that regular operation and use of the
equipment in the field does not cause harmful radio frequency interference (RFI). In the

framework of this standard, these details concern information about:

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

A

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,

¢ 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

Fpr 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.

NPDTE 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.

NPTE 2 The limits have been determined on a probabilistic basis taking into account the likelihood [of
erference. In cases of interference, additional provisions may have to be.applied.

5

The lower limit shall apply at all transition frequencies.
Measuring apparatus and methods of measurement.are specified in Clauses 7, 8 and 9.

6j2 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 quagi-
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 limits for the (LV d.c. power port specified hereafter apply only to grid connected power
bnvertors (GCPCSs) intended for assembly into photovoltaic power generating systems.

o

6)2.1.2 Frequency range 9 kHz to 150 kHz

- |

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

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(nV) dB(nV) dB(nV) dB(nV)
0,50 -5 73 60 86 76 125 115
90 80
5_30 73 60 decr_easmg linearly with 115 105
logarithm of frequency to
73 60

O T =z ——

ase of 200 V three phase power supply networks.

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

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

OTE A rated input or output power of 20 kVA corresponds for example to“a current of approximately 29 A ps
hase in case of 400 V three-phase power supply networks, and to a cuprent of approximately 58 A per phase i

o=

These limits apply to equipment with a rated power > 20 kVA _and intended to be connected to a dedicate
power transformer or generator, and which is not connected to’ low voltage (LV) overhead power lines. Fg

equipment not intended to be connected to a user specificpower transformer the limits for < 20 kVA apply.

The manufacturer, and/or supplier shall provide information on installation measures that can be used t

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.

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

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

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

— the manufacturer and/or. supplier shall indicate that this equipment meets the disturbance voltage limit
for high power electronic\systems and equipment of rated input power > 75 kVA and provide informatio
on installation measures to be applied by the installer. In particular, it shall be indicated that thi
equipment is intended to be used in an installation which is powered by a dedicated power transformer g
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.

=

o

1Y

(2=

=
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Table 3 — Limits for conducted disturbances of class A group 1 equipment
measured on a test site (d.c. power port)

Rated power of Rated power of Rated power of
<20 kVA @ >20 kVAto < 75 kVA @ b >75kVA @ P
Frequency
range Voltage limits Voltage limits Current limits Voltage limits Current limits
MHz QP AV QP AV QP AV QP AV QP AV
dB(uV) | dB(uV) | dB(nV) | dB(uV) | dB(pA) [ dB(pA) | dB(uV) | dB(nV) [ dB(nA) | dB(uA)
015 a7 84 116 106 72 62 132 122 28 78
to to to to to to to to to to to
5 89 76 106 96 62 52 122 112 78 68
5 106 96 62 52 122 112 78 68
to 89 76 to to to to to to to to
30 89 76 45 32 105 92 61 48

I certain frequency ranges, the limits in this table decrease linearly with logarithm of frequency.
8 Selection of the appropriate set of limits shall be based on the rated a.c. power stated by the manufacturer.

bl These limits apply to equipment with a rated power > 20 kVA and intefided to be installed in a larg
photovoltaic power generating system by a professional. In the manwal_accompanying the product, th
manufacturer, and/or supplier shall provide information on mitigation s/Measures that can be used to reduc
emissions from the installed equipment, with the goal of preventing armful interference to radio reception i
a distance of 30 m from the installation. In particular it shall be indicated that this equipment can be equippe
with additional filtering and that installation is physically separated.from residential environments by distanc
greater than 30 m. The installer is invited to check the mitigated installation against CISPR 11 in-sit
measurements as indicated in clause 6.4 of this standard.

T O 3 O W0 W

Table 4 — Disturbance voltage limits for class B group 1 equipment
measured on a testsite (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

A\t the transition frequency, the more stringent limit shall apply.

— T

br diaghostic X-ray generators operating in intermittent mode the quasi-peak limits
hble\2/or Table 4 can be relaxed by 20 dB.

Df

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

Frequency range Quasi-peak Average
MHz dB(nV) dB(nV)
84 74
Decreasing linearly with logarithm Decreasing linearly with logarithm
0,15 - 0,50
of frequency to of frequency to
74 64
0,50 — 30 74 64
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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

In the frequency range 9 kHz to 150 kHz limits are not specified.

5

6]2.2.3 Frequency range 150 kHz to 1 GHz

In the frequency range 150 kHz to 30 MHz limits are not specified.

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

The electromagnetic radiation disturbance limits for the frequency range 30 MHz to 1 GHz fi
group 1, classes A and B equipment are specified in Table 6'and 7, respectivel
Recommendations for the protection of specific safety-related radio services are givg
in Annex E and Table E.1.

On a test site, class A equipment can be measured at a_hAominal distance of 3 m, 10 m
30 m (see information in Table 6), and class B equipmeht,’at a nominal distance of 3 m,
10 m (see information in Table 7). A measuring distance less than 10 m is allowed only f
efluipment which complies with the definition for small size 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(u\V/n) dB(uV/m) dB(uV/m) dB(uV/m)
30 - 230 40 50 50 60
230 -1 000 47 50 57 60

Op 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 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 transition frequency, the more stringent limit shall apply.

@1 These limits apply to equipment with a rated power of > 20 kVA and intended to be used at locations whe

The manufacturer shall indicate in the technical documentation that this equipment is intended to be used

therelis a distance greater than 30 m between the equipment and third party sensitive radio communication

7

Bt
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not met, then the limits for < 20 kVA apply.
b 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

o

h a test site, class B equipment can be measured at a nominal distance of 3 m or 10 m.

the transition frequency, the more stringent limit shall apply.

(Y

The 3 m separation distance applies only to small size equipment meeting the size criterion defined in 3:17.

fu
in

6

rther provisions with regard to the measurement arrangement and load gonditions are foun
IEC 60601-1-2.

224 Frequency range 1 GHz to 18 GHz

the frequency range 1 GHz to 18 GHz limits are not specified.

2.2.5 Frequency range 18 GHz to 400 GHz

the frequency range 18 GHz to 400 GHz limits are.mnot specified.

3 Group 2 equipment measured on a test site
3.1 Limits for conducted disturbances

3.11 General

he equipment under test shall meet either:

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

the average limit wheh’using a quasi-peak detector (see 7.3).
3.1.2 Frequency range 9 kHz to 150 kHz

the frequendy.range 9 kHz to 150 kHz limits are not specified.

3.1.3 Frequency range 150 kHz to 30 MHz

Limits -for the disturbance voltage at low voltage a.c. mains power ports in the frequend
r| 150 KM 20 MHz £ g I i : he 50 Q/50 uH CISP

br medical electrical equipment intended to be permanently installed in shielded locationg

y

R

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

w

here 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)

5

Rated power of Rated power of
Frequency range <75kVA®P >75kVA 2P
MHz Quasi-peak Average Quasi-peak Average
dB(uV) dB(uV) dB(nV) dB(nV)
0,15 - 0,50 100 90 130 120
050-5 36 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.

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

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

bl Selection of the appropriate set of limits shall be based on the rated a.¢_power stated by the manufacturer.

NDTE A rated input or output power of 75 kVA corresponds for example to a current of approximately 108 A p|
phase in case of 400 V three phase power supply networks and,to a current of approximately 216 A per phase
cgdse of 200 V three phase power supply networks.

Hjgh-frequency (HF) surgical equipment shallimeet the limits of Table 2 or 4 specified f

er
in

pr

group 1 equipment, in stand-by mode of -operation. For high-frequency (HF) surgicpl
equipment operating at frequencies outside’designated ISM bands (see Table 1), these limifs
also apply at the operating frequency and-inside the designated frequency bands. The relatgd
measurements shall be performed in.aitest 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(pV) dB(nV)
66 56
0.15'= 0750 Decreasing linearly with logarithm Decreasing linearly with logarithm
’ ’ of frequency to of frequency to
56 46
0,50 -5 56 46
5-30 60 50
;j_m_e_tca_n_smo_n_f_m_q_uen_c_y_th_e_m_gm stringent limit shall apply
6.3.2 Limits of electromagnetic radiation disturbance
6.3.2.1 General
The equipment under test shall meet the limits when using a measuring instrument with a

peak, quasi-peak or average detector as indicated in the appropriate table.

Up to 30 MHz the limits refer to the magnetic component of the electromagnetic radiation
disturbance. Above 30 MHz the limits refer to the electric field strength component of the

electromagnetic radiation disturbance.
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6.3.2.2 Frequency range 9 kHz to 150 kHz

In the frequency range 9 kHz to 150 kHz limits are not specified.

6.3.2.3 Frequency range 150 kHz to 1 GHz

Except for the designated frequency range listed in Table 1, the electromagnetic radiation
disturbance limits for the frequency range 150 kHz to 1 GHz for group 2 class A equipment

are specified in Table 10; and for group 2 class B equipment in Table 12.

The limits in Tables 10 and 12 apply to all electromagnetic disturbances at all frequencies)n
exempted according to Table 1 Footnote b).

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

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.
s:lte]md—by (or idle) mode, the limits of Table 6 apply. For class B ,arc welding equipment th
its 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.

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

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

Recommendations for the protection,“of specific safety services are given in Annex E ar]
Table E.1.

On a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m
30 m, and class B equipment at a nominal distance of 3 m or 10 m (see Tables 10 and 12).

I the frequency range*30 MHz to 1 GHz, a measuring distance less than 10 m is allowed on
fdr 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
MHz field field field
Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak | Quasi-peak
dB(uV/m) dB(uA/m) dB(uV/m) dB(pA/m) dB(uV/m) dB(pA/m)
0,15 - 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 - Illonge:rzlt%rxlwg?
frequency tq
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 -
230400 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
distance less than 10 m is allowed only for equipment which complies with the definition given in 3.17.

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

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

Limits for a measuring distance D in m
Frequency range D=10m D=3m?
MHz Quasi-peak Quasi-peak
dB(puV/m) dB(pV/m)
80 90
30 — 230 Decreasing linearly with fogarithm of Decreasing linearly with fogarithm of,
frequency to frequency to
60 70
230 -1 000 60 70

Dn a test site, class A equipment can be measured at a nominal distance of 3 m, 10 m or 30 m.An"case of
heasurements at a separation distance of 30 m, an inverse proportionality factor of 20 dB per'décade shall be
sed to normalize the measured data to the specified distance for determining compliance.

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

Table 12 — Electromagnetic radiation disturbance limits
for class B group 2 equipment measured.on a test site

Limits for a measuring distance D in m
Electric field Magnetic field
requency range D=10m D=3mb D=3m
MHz
Quasi-peak | Average ? | Quasi-péak | 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 -
B1,848 — 134,786 30 25 40 35 -
34,786 — 136,414 50 45 60 55 -
136,414 — 230 30 25 40 35 -
230 - 1 000 37 32 47 42 -

n a test site,\class B equipment can be measured at a nominal distance of 3 m or 10 m. In the frequency range
0 MHz to\1~GHz, a measuring distance less than 10 m is allowed only for equipment which complies with the
efinitionngiven in 3.17.

O WO

tithetransition frequency, the more stringent limit should apply.

The average limits apply to magnetron driven equipment and microwave ovens only. If magnetron driven
equipment or microwave ovens exceed the quasi-peak limit at certain frequencies, then the measurement
shall be repeated at these frequencies with the average detector and the average limits specified in this table

apply.

In the frequency range 30 MHz to 1 GHz, the 3 m separation distance applies only to small size equipment
meeting the size criterion defined in 3.17.

6.3.2.4 Frequency range 1 GHz to 18 GHz

The limits in the frequency range 1 GHz to 18 GHz apply only to group 2 equipment operating
at frequencies above 400 MHz. The limits specified in the Tables 13 to 15 apply only to
RF disturbances appearing outside designated ISM bands as listed in Table 1.
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The electromagnetic radiation disturbance limits for the frequency range 1 GHz to 18 GHz are
specified in Tables 13 to 15. The equipment shall meet either the limits of Table 13, or at least
the limits of Table 14 or Table 15 (see decision tree in 9.4.1, Figure 12).

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

For microwave-powered UV irradiators, the limits specified in Table 13 apply.

REcommendations for the proteciion of specific saiety Services are given In Annex E _an
Thable 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
Vithin harmonic frequency bands 82+@ 70
Qutside harmonic frequency 70 70
bands
11,7 -12,7 730 73°b

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

F
g
NOTE In this table, “harmonic frequency bands” meansithe frequency bands which are multiples of the ISM
bHands allocated above 1 GHz.

a At the upper and lower edge frequency of harmdnic frequency bands, the more stringent limit of 70 dB(uV/m)
applies.

In the satellite radio broadcasting band, the measured disturbance values shall not exceed 73 dB(uV/m).
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Table 14 — Electromagnetic radiation disturbance weighted limits for
group 2 equipment operating at frequencies above 400 MHz

Frequency range Limits for a measuring distance of 3 m
Peak
GHz dB(uV/m)
1-24 60
2,5-5,725 60
5875 — 18 60

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

o check conformance with the limits of this table, weighted measurements shall be performed in all of.the
bllowing frequency ranges, in which the limit of Table 13 was exceeded during the peak measurement:

gq) 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)*;
d) 6125 MHz -8 575 MHz;

d) 8575 MHz - 11 025 MHz;

g) 11025 MHz - 13 475 MHz;

fl 13 475 MHz - 15 925 MHz;

) 15925 MHz - 17 995 MHz*.

pan of 10 MHz around the centre frequency adjusted to the freQuency of the highest disturbance level in the

9
At sub-ranges where the limit of Table 13 was exceeded, a weighted'measurement shall be performed with a
S
respective sub-range.

*| In cases where the frequency of highest emission during peak measurement is found closer than 5 MHz fror
the frequency edges 1 GHz, 2,4 GHz, 2,5 GHz, 532 GHz, 5,88 GHz or 18 GHz, the span for weighte
measurements shall remain 10 MHz but in such<case the centre frequency shall be adjusted so that th
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
2,56 -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 tq
MEz.

NOTE An APD level corresponding to 101 means that the amplitude of the disturbance exceeds the specified
level during the observation time with a probability of 10 %.

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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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

Mz Quasi-peak Quasi-peak 2
dB(pnV/m) dB(puA/m)

0,15 -10,49 _ 13,5
0,49 - 3,95 _ 35

3,95 - 20 _ 1.5

20 - 30 _ 21,5

30 - 230 30 -
230 - 1 000 37 _

|
i
distance for determining compliance.

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

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

noise floor by more than 3 dB.

8 These limits apply in addition to the limits in the frequencyrange 30 MHz to 1 GHz to radiated disturbance
originating from the operation frequency and its harmonics appearing in the frequency range 150 kHz t
30 MHz, caused by the installed class A group 1 eguipment with a rated power exceeding 20 kVA. In th
event that the ambient noise level exceeds the aboveNimits, the emissions of the EUT shall not increase thi

T WO W
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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(uV/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 frequency, the more stringent limit shall apply.
Fpr group 2 _equipment measured in situ, the measuring distance D from the exterior wall pf
tHe building{in which the equipment is situated equals (30 + x/a) m or 100 m whichever |s
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.

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.

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

Specific requirements for making measurements on a test site are givencin.Clauses 8 and 9,
fdr making measurements in situ in Clause 10.

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

Measurements need only be performed in frequency rangés where limits are specified |n
Clause 6.

Cpmponents or subassemblies for higher order equipment or systems which are intended {o
be assembled at their respective place of operation only can also be tested according to the
rgquirements of this standard. For testing purposes in the framework of this standard, sugh
cpmponents or subassemblies shall be regarded as stand-alone equipment. Components or
stibassemblies for which compliance with\the relevant requirements cannot be shown whegn
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.

NDTE 1 The environments encompassed in this standard are residential, commercial or industrial environments
aq described in IEC 61000-2-5 [11]2{.,Adherence of equipment to the requirements of this standard will allow for its
oferation and use in these envirghments without resulting in an increased risk of RFI. There may also exist other
IHC product standards which allow’ for compliance testing of components or subassemblies of higher order systems
byt which encompass other envifonments 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
mpnufacturer.

NDTE 2 Examples“™or such components include, but are not limited to power converters used for distributed
ggneration and«supply of electric energy into LV a.c. mains networks or installations or, by means of their oyn
dgdicated transformer, into MV power distribution networks, but also power electric subassemblies intended fpr
sypply of higher order systems with power from LV a.c. mains networks.

712 Ambient noise

A tcbt b;tﬁ fUI typt: tcbt;lly bild“ d“UVV Clllibb;ullb flUlII t;lc Uqu;plllullt uuu'cl tubt tU Le
distinguished from ambient noise. The suitability in this respect can be determined by
measuring the ambient noise levels with the equipment under test inoperative and ensuring
that the ambient noise levels are at least 6 dB below the limits specified in 6.2 or 6.3, as
appropriate for the measurement being carried out. Further information on compliance testing
in the presence of ambient noise is found in CISPR 16-2-1:2014, 6.2.2 and CISPR 16-2-
3:2010, 6.2.2.

It is not necessary to reduce the ambient noise level to 6 dB below the specified limit where
the combination of the ambient noise plus the emission from the equipment under test does

2 Figures in square brackets refer to the Bibliography.
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not exceed the specified limit. Under these conditions the equipment under test is considered
to satisfy the specified limit.

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

r

quirements for the impedance of the artificial network shall be satisfied at the frequency
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easurement when the radio-frequency filter is connected.

when measuring radiated RF disturbances, the 6 dB ambient noise conditions cannot b
et, then the antenna may be located at a distance closer to the equipment under test thg
pecified in Clause 6 (see 8.3.4). Further advice on measurement conditions jin\presence
gh level ambient noise is found in Annex C.

3  Measuring equipment

3.1 Measuring instruments

th average detectors shall be in accordance with CISPR 16-%-1.

DTE 1 Both detectors can be incorporated in a single receiver ‘and measurements carried out by alternats
ing the quasi-peak detector and the average detector.

DTE 2 The average detector in CISPR 16-1-1 is commonly referred to as “CISPR-Average”. This is
hphasize that the average detector used in a CISPR receiver obtains a measurement result that is equivalent
e peak reading of a meter with a time constant as defined.in CISPR 16-1-1.

he measuring receiver used shall be opefated in such a way that a variation in frequency
e disturbance being measured does not affect the results.

DTE 3 Measuring instruments having other detector characteristics can be used provided the measurement
e disturbance values can be proved to.be the same. Attention is drawn to the convenience of using a panoram
ceiver or a spectrum analyzer, patticularly if the working frequency of the equipment under test chang
preciably during the work cycle.

b avoid the possibility of the measuring instrument incorrectly indicating non-compliance wi
e limits, the measuring receiver shall not be tuned closer to the edge of one of the bang
bsignated for ISM-use than the frequency at which its 6 dB bandwidth point aligns with th
ige of the designated band.

hen making-measurements on high power equipment, care should be taken to ensure th
treening,_and the spurious response rejection characteristics of the measuring receiver a
jequate.

eceivers with quasi-peak detectors shall be in accordance-with CISPR 16-1-1. Receivef

ly

to
to

Df

of
ic
bs

At
e

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

7.

7.

3.2 Artificial network (AN)

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 at the point of
measurement. The AN will also provide isolation of the equipment under test from ambient
noise on the respective a.c. or d.c. power lines.
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7.3.2.2 Artificial mains network (AMN)

Measurement of the disturbance voltage at low voltage a.c. mains power ports shall be made
using an artificial mains network (V-AMN) as specified in CISPR 16-1-2.

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

Measurement of the disturbance voltage at low voltage d.c. power ports shall be made either
using the 150 Q artificial mains Delta-network specified in 4.7 of CISPR 16-1-2:2014 (see also
CISPR 16-1-2:2014, Figure A.2) or the 150 Q artificial d.c. network specified in Annex | of this
sfandard. For simplified wording, any of these networks intended for use with measurements
al low voltage d.c. power ports is further on denoted as DC-AN.

3.3 Voltage probe

7

The voltage probe shown in Figure 1 shall be used when the artificial mains nétwork (V-AMN)
cannot be used. The probe is connected sequentially between each line and-the referenge
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
The effect on the accuracy of measurement of the capacitor or any other device which may b
used to protect the measuring receiver against dangerous currents shall be either less tha
1|dB or allowed for in calibration. The voltage probe shall meet’the requirements specified
CISPR 16-1-2:2014, Clause 5.

5 5 0!

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

IEC

Figure 1 — Circuit for disturbance voltage measurements on mains supply

7.3.4 Antennas
7.3.41 Frequency range below 30 MHz
In the frequency range below 30 MHz the antenna shall be a loop as specified in CISPR 16-1-

4. The antenna shall be supported in the vertical plane and be rotatable about a vertical axis.
The lowest point of the loop shall be 1 m above ground level.
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7.3.4.2 Frequency range from 30 MHz to 1 GHz

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

For measurements on a test site the centre of the antenna shall be varied between 1 m and
4 m height for maximum indication at each test frequency.

NPTE Other antennas can be used provided the results can be shown to be within +2 dB of the results whi¢gh
would have been obtained using a balanced dipole antenna.

713.4.3 Frequency range above 1 GHz

Fpr measurements at frequencies above 1 GHz, the antenna used shall-be as specified |n
C|SPR 16-1-4.

7{3.5 Artificial hand

Il order to simulate the influence of the user’s hand, application of the artificial hand |s
rgquired 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 g

RIC element consisting of a capacitor of 220 pF%+ 20 % in series with a resistance ¢f
510 Q + 10 % (see Figure 2); the other terminal<of‘the RC element shall be connected to the
rgference ground of the measuring system Xsee CISPR 16-1-2). The RC element of tHe
artificial hand may be incorporated in the housing of the artificial mains network.

5

M

220 pF + 20 %

? 510Q+10 %
= IE

Figure 2 — Artificial hand, RC element

c

74 (Frequency measurement

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

7.5 Configuration of equipment under test
7.5.1 General

Consistent with typical applications of the equipment under test, the level of the disturbance
shall be maximized by varying the configuration of the equipment. An example of a typical
setup for measurements of radiated disturbances from a table-top EUT is provided in
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Figure 3. The measurement arrangement shall be typical of normal installation practice and
centred to the turntable’s vertical axis.

NOTE 1 The extent to which this subclause is applicable to the measurement of an installation in situ will depend
on the flexibility inherent in each particular installation. The provisions of this subclause apply to in situ
measurements in so far as a particular installation allows for the position of cables to be varied and different units
within the installation to be operated independently, the extent to which the position of the installation can be
moved within the premises, etc.

For measurement of radiated disturbances with a separation distance of 3 m the assessment
of the radiation from the cabling of the EUT shall be restricted to those fractions of
infterconnecting cables (see 7.5.2) and mains cables (see 7.5.3) which are within the #ebt
vplume of 1,2 m diameter times 1,5 m height above ground. Peripheral equipment not. fitting
into the test volume shall be excluded from the measurements or decoupled fromcthe tept
ehvironment.

U7

NPTE 2 Restriction of radiation assessment to the cable fractions inside the test volume can be achieved fpr
ejample by application of CMADs at the cables at the position where they leave the test yolume. CISPR 16-2}3
giyes 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
CMAD at the position where they leaves

the volume.
\ @

1D: Spacing between

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

Antenna referencq
point

the enclosures D Cable bundles should be arranged
should be 20,1 m |‘" in theumiddle of the cable.
Peripheral I
Pripheral only 2] EUT1 EUT2
! test volume . / N D Sections of interconnecting cables
if| cable Z > hanging over the table are spaced at
cpnnot be NG / a distance of 0,4 m above the ground
ektended to I
plane.

riin out of test /
vplume (e.g.

ppripheral 2).

Test-volume for
small equipment

L:(3,0 £0,1)m

(1,2+0,1)m

A
A4

L = measuring distance

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 !

bundle between 30 cm

1 - -
e .| L = measuring distance

1

1

i the enclosures

i

F
V]
=

r
(

leripheral only in test e |

pblume if cable = i |

hnnot be extended to S ! |

in out of test volume ° i . L |

.g. peripheral 2). ;1 : To i Mains |
e EEBREE SR cable I cMAD} common-mode

i |

|

|
] and40cm should be 20,1 m :
Cable bundles are | inlength. i |
arranged in the middle I N ; . D |
of the cable. : y\ i < > I
AN
! N )I EUT 1 I
q >4 ! o I A positioning table in
£ Peripheral ; accordance CISPR 161-4
= 2 /1T i C [
=) A A 1
+ i |
w i
- 1
1

|
| | cables leaving the testvolume

absorption device

o |
=
>
o
S —

Groundplane

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

h example of a typical unified test set.up for floor standing equipment suitable for
easurement of conducted as well as radiated disturbances is shown in Figure 4. Further
amples of typical arrangements of jthe” EUT and associated peripherals are given |n
SPR 16-2-3 and CISPR 16-2-1.
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vrTrious parts of the equipment, or systems where a number of components a
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Ifterconnecting. cables shall be of the type and length specified in the individual equipme
rgquirements.\If the length can be varied, the length shall be selected to produce maximu
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5

To power .
supply /

CMAD Special earthing
terminal

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

he configuration of the equipment under.tést shall be precisely documented in the te
port.

5.2 Interconnecting cables

nis subclause applies to equipment in which there are interconnecting cables betwegq
erconnected.

DTE 1 The observation of all provisions in this subclause permits the application of the results of an evaluati

mission When performing field strength measurements.

shielded or special cables are used during the tests then the use of such cables shall b
ecified in the instruction manual.

interconnecting cableg

a number of system configurations using the same types of equipment and cables as tested, but no other, ea¢
system configuration b€ing in effect a subsystem of the one evaluated.

U7
—

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

Excess lengths of cables shall be bundled at the approximate centre of the cable with bundles
of 30 cm to 40 cm in length. If it is impracticable to do so the disposition of the excess cable
shall be noted precisely in the test report.


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

CISPR 11:2015 © IEC 2015 - 37 -

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

Nt it ol all s doaotad bl s A ef iy Aol Af thh oo Ll atia s Doy avotaras abhinly oo
e.|u|p|||6|||. Sram T CStTCU—wimC— POy cat— O e ST Tame oIS T UT- Oy SteTiTS wintCT 1t y

include a number of different components, one of each type of component which is includedy|n
tHe system configuration shall be included in the evaluation.

Al system which contains a number of identical components, but has been evaluated usirlg
only one of those components, does not require further evaluation if the initial€valuation was
satisfactory.

NDTE 2 This is possible because it has been found that in practice emissions fromxidéntical modules are njot
additive.

When equipment is being evaluated which interacts with other_equipment to form a system
tHen the evaluation may be carried out using either additional eguipment to represent the total
system or with the use of simulators. In either method caresshall be taken to ensure that the
equuipment under test is evaluated with the effects of the\rest of the system or simulatofs
satisfying the ambient noise conditions specified in 7.2; Any simulator used in lieu of actupl
equipment shall properly represent the electrical and in some cases the mechanical
crmaracteristics of the interface, especially with~respect to radio-frequency signals and
pedances, as well as cable configuration and types.

Z

DTE 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 sha
be provided through the artificial mains network (AMN) specified in 7.3.2.2.

Fpr 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
electricity.supply network shall be made with that cable type.

Maits, 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
i ; tion—shaH-atsohe

o))

naoetio
o CTroT

cpnnected to the reference earth of the AMN.

Apcillary low voltage a.c. mains ports shall be connected to the laboratory a.c. mains network
vila 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;xeach unit having
it$ own power cord, the point of connection for the AMN is determined-from the following
rgles:

a) each mains cable which is terminated in a mains supply plug,ofia 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 {o
another unit in the system for the purposes of supplyinrg mains power shall be testgd
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 connectgd
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 connectign
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

Cpnnection to the laboratory's.glectricity supply network may be provided with or without the
use of an AMN allocated inside the test environment, see Figure 4. For measuremenpt
afrangements not including.an AMN, grounding and earthing of the EUT shall be guaranteqdd
by adherence to the principles set out in 7.5.3.1.2 as far as possible.

If[the measurementyarrangement does not include an AMN, then excessive lengths of mains
cables do not need to be bundled and allocated inside the test volume. They may Qe
agcommodated someplace outside the test volume or test environment. For decoupling of
rgdiation from these excessive cable lengths it is however recommended to carefully
tdrminate\ these mains cables at the location where they leave the test volume. For thjs
decoupling use of CMADs is recommended. For measurements with a separation distance pf
3|m¢this decoupling is mandatory, see 7.5.1.

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

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

Where the DC-AN is used as voltage probe, the EUT’s d.c. power port under test shall be
decoupled from the d.c. power source by means of suitable common mode decoupling
devices such as ferrite tubes, CMADs or a CDN as specified in 6.2.4 of IEC 61000-4-6:2013
which are to be clamped at or to be inserted in the d.c. power cable connecting the d.c. power
source with the measurement arrangement for the EUT, see also Figure7, 8 and 9 in
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8.2.2.2.3. If a CDN according to IEC 61000-4-6 is used for decoupling purposes, its RF power
input port shall not be terminated with a 50 Q resistive load.

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

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

Chre should be taken when selecting the laboratory d.c. power source and installing ifin"the
measurement arrangement. It is recommended to select and install only such a d.c./powér
spurce which provides for a good galvanic insulation and also sufficient RF decoupling of both
dlc. power terminals from the laboratory reference ground plane. Internak decoupling
capacitors at the d.c. power source's terminals used for internal suppression 'of asymmetricp
disturbances may provide an unwanted bypass for the common mode 450 Q terminatign
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 gperation frequency (i.g.
tHe switching frequency) of the power converter and its harmenics, which are usually
allocated in the range from 2 kHz to some 20 kHz. Saturated mitigation filters do howevér
lgad to incorrect and invalid measurement results, since the power converter is not operatgd
as intended, during the measurements. For guidance onspfevention of saturation effecis
caused by the configuration of the test site, see information‘in”Annex K.

Where a particular type of d.c. power cable is specified in the manufacturer's installatign
nstructions, this shall be used during testing.

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

Where the equipment under test hastmore 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 Qe
copnnected to the DC-AN for the measurements. All other d.c. power ports shall be terminatgd
wjth a suitable 150 Q common” mode termination impedance. Multiple ports galvanically
connected in parallel (such-jas bus bars or strips for connection to multiple cables) are
considered to represent gng'single port only.

NPTE 2 For these other.erminations, any suitable device can be used. This includes e.g. use of further 150|Q
ngtworks according t6 CGISPR 16-1-2, further DC-ANs as specified in 7.3.2.3, or also use of 150 Q coupling/
dgcoupling devices (CDN) as defined in IEC 61000-4-6.

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

Z

DTE, 3~/ If a separate mains-connected laboratory d.c. power source is used, then it can be appropriate to al$o
ngert\another EMI filter in the connection to that power source. Diagrams showing suitable setups for the test site
are found in AnNNex J.

7.6 Load conditions of equipment under test
7.6.1 General

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

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

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

The two terminals of the dummy load shall be at opposite ends of the load and each(terminga
shall be joined directly to a circular flat metal plate having a diameter of 170 mm 10 mm.
rv[easurements shall be made with each of the output cables and capacitive, electrodas
slipplied 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 adjustgd
tq produce the appropriate power dissipation in the dummy load.

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

IEC

m

= electrode arms and cables

-

= dummy load

Figure 5 — Disposition of medical (capacitive type) and dummy load

Measurements shall’lbe made with the dummy load both horizontal and vertical (see Figure §
I each cases the equipment, together with the output cables, capacitive electrodes and
dummy load; shall be rotated around its vertical axis during measurements of electromagnetjc
gdiation disturbance in order that the maximum value can be measured.

~

—

NDTE \The following arrangement of lamps has been found suitable for testing many types of equipment in the
pqwer range tested:

a) nominal output power 100 W to 300 W:

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

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

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

The container shall be placed within the coil with the axis of the container coincident with the
axis of the coil. The centres of the coil and the liquid load shall also coincide.
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Measurements shall be made at both maximum and half-maximum power and, where the
output circuit can be tuned, it shall be tuned to resonance with the fundamental frequency of
the equipment.

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

7.6.2.2 UHF and microwave therapeutic equipment using frequencies above 400 MHz

casurements -shall be made with the nnfpni‘ circuit of the nqllipmnni‘ connected to a non-

gdiating resistive load having the same value as the characteristic impedance of the cable
ed to supply the equipment load.

c o

716.2.3 Ultrasonic therapy equipment

-

I\/J}easurements shall be made with the transducer connected to the generator.\The transduc¢
shall be dipped in a non-metallic container having a diameter of about 10'cm and filled wi
distilled water.

>

Measurement shall be made at both maximum and half-maximum power and, where the
oytput circuit can be tuned, it shall be tuned to resonance *and then detuned. THhe
specifications in the operating manual of the equipment are to/bé. considered.

It|/is recommended to measure the maximum output of the equipment in accordance with the
mlethod published in IEC 61689 or using a derived arrapgement, if necessary.

716.3 Industrial equipment

The load used when industrial equipment isctested may be either the load used in service o¢r
an equivalent device.

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

rdustrial inductionSheating and dielectric heating equipment should be tested in |a
configuration andwith a load that is equivalent to actual or intended use. Where the
efluipment may, _bé configured for a variety of loads or the load is not available, the load &
specified in-IEC 61922 for induction heating and IEC 61308 for dielectric heating equipmen
may be used. Industrial resistance heating equipment shall be tested with or without tHe
chargexas specified by the manufacturer.

—~

NDTEY 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.


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

-42 - CISPR 11:2015 © IEC 2015

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.

D EPNH P22 B PN Coe
e g rrorrrac

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
Igad 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 shz
b¢ varied as required to produce maximum power transfer, frequency.variation or harmonjc
rddiation depending on the characteristics under examination.

6.7 Electric welding equipment

br arc welding equipment, the welding operation during the~test is simulated by loading the
huipment with a conventional load. Arc striking and stabilising devices shall be switched gn
iring the emission measurements. The load conditions and the test configuration for afc
elding equipment are specified in IEC 60974-10.

so0om N

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 resistande
wglding 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.

716.8 ISM RF lighting equipment

IM 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.

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

For equipment used in medium or high voltage switchgear, the start of any measuremenis
atccording to this standard shall be delayed until switching actions related to the main ¢r
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

Fpr 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 vja
an 150 Q artificial network (DC-AN) as specified in 7.3.2.3. The EUT shall be connected to gn
appropriate load within the rated operational range for the respective type of EUT.

NPTE An example of a type of GCPC intended to be supplied from an a.c. power source is a power converter
infended for assembly into an off-board charging station for electric vehicles (EV).

7]7 Recording of test-site measurement results
7]7.1 General

Apy results obtained from measurements of conducted and/or radiated radio-frequencgy
disturbances shall be recorded in the test report. M the results are not recorded in |a
continuous way and/or in graphical form over the frequency range observed, then the
mlinimum requirements to the recordings set out in\7)7.2 and 7.7.3 shall apply.

ne test report shall contain a statement underlining that the measurement instrumentatign
hcertainty (MIU) was determined according to CISPR 16-4-2 and was also considered whgn
btermining compliance with the limits for the tested individual equipment or the number of
bms in the sample of series-produced-equipment.

ac —

—

he test report may include thevnumerical values of the MIU which the test laboratory hgs
btermined for each test performed. If the uncertainty budgets specified in CISPR 16-4-2 are
ceeded, then the test report shall include the numerical values of the MIU of the te
strumentation actually used.

o —
U7
~—

>

717.2 Conducted ‘eémissions

Of those conducted emissions above (L — 20 dB), where L is the limit level in logarithmjc
uhits, the record shall include at least the disturbance levels and the frequencies of the sjx
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 pagrt
cTrried 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

either according to the manufacturer's instructions,

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 gs
possible, see also Figure 4.

Alground plane shall be used for radiation measurement and the measurement©f disturbange
vpltages. The requirements for the radiation test site are given in 8.3 and, for the ground
ane for the measurement of conducted disturbances, in 8.2.

©

2 Measurement of conducted disturbances

© o

2.1 General

Fpr 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 shalhbe carried out using one of the followirlg
tHree options:

(]

a) on the radiation test site with the equipment under test having the same configuration &
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

c] within a screened room. Eitherthe 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 ¢)
tHe test unit, if non-floor-standing, shall be placed 0,4 m from the ground plane. Floof-
sfanding test units shall be placed on the ground plane, the point(s) of contact being insulatgd
frpbm the ground plane but otherwise consistent with normal use. All test units shall be at leagt
0J8 m from any ather metal surface.

The reference ground terminals of the artificial networks (V-AMNs and DC-ANs) used durirg
tHe measurements shall be connected to the reference ground plane with a conductor as shofrt
a$ possible.

The power and signal cables shall be oriented in relalion fo the ground plane in a manner
equivalent to actual use and precautions taken with the layout of the cables to ensure that
spurious effects do not occur.

When the equipment under test is fitted with a special earthing terminal, this shall be
connected to earth with a lead as short as possible. Equipment without earthing terminal shall
be tested as normally connected, i.e. any earthing being obtained through the mains supply.
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8.2.2 Measurements on grid connected power converters
8.2.2.1 Measurement of the disturbance voltage at a.c. power ports

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

The disturbance voltage at the ancillary low voltage a.c. power port of the power converter, if
applicable, shall be measured using the usual method of measurement for voltages at a.c.
mlains ports, see also CISPR 16-2-1.

Fpr power converters which cannot be measured with the V-network (V-AMN), the disturband
voltage at the low voltage a.c. mains power port can be measured with the high-impedand
vpltage probe according to CISPR 16-1-2:2014, Clause 5. In this case, the laboratory a.
p
u

97 0 o

bwer source shall be connected directly to the a.c. power port under test. Forconditions
e of the high-impedance voltage probe, see 7.3.3.

Likewise, for measurements on power converters with a rated throughput power > 20 kVA, |a
Vinetwork (V-AMN) can be used as a voltage probe as specified in 7.4.4.3 of CISPR 16-2
1{2014. The laboratory a.c. power source shall be connected to thera.c. power port under teg
via an inductance of 30 uH to 50 uH. The inductance may be x€alized by a choke, a powg
cmble length of 50 m, or an isolation transformer. A suitablé. measurement arrangement |s
own in Figure 8 and 9.

—

Cpmpliance with the requirements of this standard eanbe shown in verifying that the limits pf
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>jonly need to be performed on GCPCs intended for
assembly into photovoltaic power generating systems.

Uphless any specific operatingtcondition is specified by the manufacturer, the input conditions
fdr the EUT shall be adjusted resulting in maximum disturbance voltage levels.

NPTE The operating conditions, as defined by the manufacturer, are chosen to represent the worst cage
erpissions.

Ppwer 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 {o
another appropriate load is possible. The d.c. input voltage shall be within the rated operatign
rgnge,

Where the power converter is intended for connection to more than one d.c power efring andd

consequently is furnished with more than one d.c. power port, measurements of the
disturbance voltage shall be performed in sequence at each of these ports. All other d.c.
power ports not used during the respective measurement shall be terminated with a suitable
150 Q common mode termination impedance, see 7.5.3.2. Multiple ports galvanically
connected in parallel (such as bus bars or strips for connection to multiple cables) are
considered to represent one single port only.

The disturbance voltage at the d.c. power port of the power converter shall be measured
using the usual method of measurement for disturbance voltages at a.c. mains power ports,
see also CISPR 16-2-1. This implies the following:

e Where unsymmetrical mode (UM) disturbance voltages are measured, compliance with the
limits shall be verified for both measured unsymmetrical disturbance voltage levels, i.e. for
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the voltage levels measured from the plus terminal (pole) to reference ground and from
the minus terminal (pole) to reference ground.

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

If the DC-AN according to Annex | allows for measurement of UM, DM and CM disturbances,
then it is sufficient to verify compliance with the limits either for UM disturbances (Method A),
or_for CM and DM disturbances (Method B). The choice of the method used for the

measurement is left to the discretion of the user of this standard.

the installation instructions accompanying the power converter contains information that the
djc. power port is solely intended for connection to

=

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 sputce 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.

2.2.2.2 Measurement procedure 1
2.2.2.21 General

8

8

The DC-AN is used as standardized 150 Q commgen ‘mode termination of the EUT and 3s
decoupling network to the laboratory d.c. power source. A typical measurement arrangemenpt
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
realized by ferrite tubes, common mode absorbing devices, or a CDN as specified in 6.2.4 of
IEC 61000-4-6:2013. Since a CDN according to IEC 61000-4-6 is used only as a decoupling
NEIWOTK, 1ts RF _poOwer input port shall not be terminated with a b0 ) resistive load as shown |n
Flgure 7.

NPTE It is up to the operator of the laboratory to ensure that the measurement results obtained, with su¢h
measurement arrangements are not obstructed or invalidated by dominating disturbances from<the aboratory
d.k. power source. Appropriate EMI filters can be used to decouple the EUT from the d.c. power\source. But e
aware not to apply too heavy additional common mode capacitive loading to the EUT. Further guidance on suitable
dgcoupling of the laboratory d.c. power source from the measuring arrangement can be found-in Annex K.

IN port
Plus (Open)
pole ©
4 © © ©
GCPC under DC P
. EUT ower
test Minus port CDN AE port source
pole
. 4 J? Eu,—(.

it qu,
EUT QAN AE port
port @' (Open)

Measuring port
(Voltage probe)

IEC

Figure 7 — Typical arrangement for measurement of conducted disturbances at
LV d.c. power ports withythe DC-AN used as termination and voltage probe

(o]

2.2.23.2 Measurement of the common mode (CM) disturbance voltage

Measurements of thewdisturbance voltage at the d.c. power port shall be carried out with the
DIC-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
pnverter shall be measured.

o

8]2.22.3.3 Measurement of the common mode (CM) disturbance current

Thercommon mode disturbance current at the d.c power cable Innding to_the laborato y

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 « « CMAD/
(grid)  transformer AC output DC inputj«—s 3-‘%\1'
D SEPE —
—AMN Corrent prubc DC-AN
As a voltage probe 77;[7;
Isolation
transformer As a voltage probe
_@ DC power | _I
source | —
777L7 Current flow
IEC

DTE ‘x’ and ‘y’ denote the spacing between the current probe and the DC-AN, and’ the DC-AN and the ferrite

be(s) / CMAD / CDN, respectively. Spacing x is < 0,3 m and y is 0,1 m.

c Z

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

EUT
>20 kVA

The AMN is used as 0,8 m
a voltage probe AMN —> f V7
- AC output ‘y'm
o [Le2td DC input >
o8 m Current Isolation mat
’ probe
Terminal >
i =
DC-AN 5L
/

The DC-AN is used
as a voltage probe

Terminal
box DC cable

Isolation
transformer

o

maing

(grid) il DC
1, power supply
mgﬁs I“ "'SBD = input output
lord) PR S Tee
(optional . i i | éi | 1
Isolation i.! L J?{,
(optional) \\\\’/")

IEC

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

8.2.2.2.3.4 Compliance criteria

For measurements according to Figure 8, compliance with the limits shall be verified for the
measured common mode disturbance voltage and the measured common mode disturbance
current. The EUT meets the requirements of CISPR 11 if it can be shown that it meets both
the limits of the disturbance voltage and the disturbance current specified in Table 3.
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8.

2.3 Handheld equipment which are normally operated without an earth connection

For this equipment additional measurements shall be made using the artificial hand described

in

7.3.5.

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

a
th

The gnnnrql prinr\ipln in :\pplying the artificial hand is that the metal foil shall be Wrappe

I\/J}etalwork which is covered with paint or lacquer is considered as exposed metalwork an
s

ound all handles (one artificial hand per handle), both fixed and detachable, supplied Wi
e equipment.

all be directly connected to the terminal M of the RC element.

hen the casing of the equipment is entirely of metal, no metal foilcis;-needed, but th
rminal M of the RC element shall be connected directly to the body of the’equipment.

hen the casing of the equipment is of insulating material, a metal foil shall be wrapps
ound the handles.

hen the casing of the equipment is partly metal and partly insulating materials, and ha
sulating handles, a metal foil shall be wrapped around<the handles.

3 Radiation test site for 9 kHz to 1 GHz
3.1 General

he radiation test site shall be flat, free of,overhead wires and nearby reflecting structure

srfficiently large to permit adequate separation between the antenna, test unit and reflectin
s

ructures.

radiation test site which megts the criteria is within the perimeter of an ellipse having
ajor axis equal to twice the(distance between the foci and a minor axis equal to the squa
ot of three times of this\distance. The equipment under test and the measuring equipme
e placed at each of the. foci respectively. The path length of any ray reflected from an obje
h the perimeter of this. radiation test site will be twice the length of the direct path leng
btween the foci. This‘radiation test site is depicted in Figure 10.

U7

«Q

a

ht
Ct
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Major diameter = 2F

s Minor diameter = V3F ..
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| / F ‘|
] 7/ ]
\ 1
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. d
S an ellipse. Volume above earth L’
“~. to be free of reflecting objects. L7
----------------------- IEC

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

Figure 10 — Test site

Fpr 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 or]
ehd and at least 1 m beyond the measurement antenna and its supporting structure at th
o]
p

< @ @

her end (see Figure 11). The ground plane shall{have no voids or gaps other than an
prforations which do not exceed 0,1 A at 1 GHz(about 30 mm).

-
s
s
’
’

7y —  |j—
+ -~
N
\
\

IEC

D| = (d + 2) m, whefe d’is the maximum test unit dimension

S

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

L| = measufing distance in metres

Figure 11 — Minimum size of metal ground plane

8.372—Vatidation 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.

Fpr 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\"highe
rgcorded level of the electromagnetic radiation disturbance at each frequency shall Qe
rgcorded.

U7
—

br equipment under test not located on a turntable the measurement’ antenna shall Qe
bsitioned at various points in azimuth for both horizontal and verticalpolarization. Care shall
b taken that measurements be taken in the directions of maximumhradiation and the highest
vel at each frequency be recorded.

O T T

Q

DTE At each azimuthal position of the measurement antenna the radiation test site requirements specified [in
3.1 are met.

© Z

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

characteristics described in 8.3. Evidence shall\be obtained to show that such alternatiy
sites will yield valid results. An alternative radiation test site in the frequency range 30 MHz
1|GHz is acceptable if the horizontal and vertical site attenuation measurements made as p
5]2.6 of CISPR 16-1-4:2010/AMD 1:2012.are within +4 dB of the theoretical site attenuatign
a$ given in Tables 1 or 2 of CISPR 1641-4:2010/AMD 1:2012.

h%easurements may be performed on radiation~test sites which do not have the physich

o 0

D
-

Alternative radiation test sites shall allow for, and be validated for, the measurement distange
i the frequency range 30 MHzto 1 GHz specified elsewhere in Clause 6 and/or Clause 8 of
this standard.

9| Radiation measurements: 1 GHz to 18 GHz

1 Test arrangement

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

9

The equipméent under test shall be placed on a turntable at a suitable height. Power at the
n

copnnection 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
consulted for guidance. Measurements shall be made with the antenna in both horizontal and
subsequently vertical polarization. In both cases, the turntable with the equipment under test
shall be rotated. It shall be ascertained that, when the equipment under test is switched, off,
the level of background noise is at least 10 dB below the reference limit, since otherwise ttle
rgading may be significantly affected.

Alflow 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 > Fable 13 limits

Yes 10" Value
<Table15

limits?

| Pass I | 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

9.4.2 Operating conditions of the EUT

For microwave ovens, a warm-up period of at least 5 min shall be performed before the
measurement.

For all measurements the starting phase of the EUT (a few seconds) is to be ignored.

During the measurements, the microwave oven under test is operated at maximum microwave
power setting.

Some microwave ovens automatically turn to an intermittent operation mode if operated for a
long time at their highest microwave power setting. In such cases the measurement shall be
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stopped for a while to allow cooling down until the microwave oven is able to operate at its
max power setting without intermittence.

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

9.4.3 Preliminary measurement

The preliminary measurement comprises of a series of measurements with the peak detector.
Peak -measurements-in the frnqnnnr\y range above 1 GHz (an Table 1'2) shall be the result of
almaximum 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.

Tp 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
tq the front surface plane of the EUT, e.g. in a position perpendicular to the front door, in cage
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-6f the EUT where tHe
aximum emission occurred, the final measurement shall be performed.

3

9/4.4 Final measurement

914.4.1 Peak measurement

Peak measurements shall be performed over the wholé frequency range 1 GHz to 2,4 GHz
and 2,5 GHz to 18 GHz with the EUT positioned as identified during the preliminafy
measurement. At this azimuth position, a maximum“hold measurement for a period of at leapt
2
h

min shall be made for both polarizations, i.e. with the antenna oriented successively |n
brizontal and in vertical polarization.

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

Iffthe EUT does not pass thé€,peak measurement in the satellite radio broadcasting frequengy
rgnge 11,7 GHz to 12,7 GHz, then the final test result is FAIL, see Figure 12.

914.4.2 Weighted:measurement
914.4.21 General

Il cases Mhere readings obtained during the peak measurement in the ranges 1 GHz {o
11,7 GHzahd 12,7 GHz to 18 GHz exceed the limits specified in Table 13 an additional serigs
of measurements with a weighting function shall be performed.

For demonstration of the fluctuating nature of a disturbance, two alternative methods for
weighted measurements are available, see also decision tree in Figure 12.

In any situation where it is necessary to re-test the equipment, the measuring method
originally chosen shall be used in order to ensure consistency of the results.

9.4.4.2.2 Log-AV weighting according to Table 14

Weighted measurements with the Log-AV method (see Table 14) shall be performed at the
azimuth position of the EUT where the maximum peak emission occurred during the
preliminary measurement. A minimum of 5 consecutive sweeps in max-hold mode shall be
performed.
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These weighted measurements shall be performed with the spectrum analyzer in logarithmic
display mode (using the logarithmic amplifier, not a mathematical unit conversion of the
displayed values).

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

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

Fpr every sub-range where the EUT did not meet the limits of Table 13 identify the frequengy
of the highest emission level from the peak measurements. These frequencies are the\centfe
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 2,395
2 2,505 t6)6,125 @
3 6,125 to 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-ranggs
where the EUT did not meet the.limits of Table 13 around the centre frequencies identified |n
tHe previous step, within a freqiency span of 10 MHz.

Cpmpare the measuremént results to the limits of Table 14.

Iffthe EUT passes-the measurement with the Log-AV weighting function (Table 14), then the
final test result is PASS, see Figure 12.

914.4.2.3 APD weighting according to Table 15

Ap an-alternative to0 9.4.4.2.2, an APD measurement for a period of 30 s shall be performed at
tHe @zimuth of the EUT and the polarization of the antenna where the maximum emission w4
fduhd during the preliminary peak measurements. Measurements shall be made at the
following 6 frequencies (see Figure 12);

(7]

fs1s fSZ'
fs1+ 5 MHz, fs2 + 5 MHz,
fs1— 5 MHz, fs2— 5 MHz,

where f; is the frequency with the highest peak emission in the 1005 MHz to 2 395 MHz
range and fg, is the frequency with the highest peak emission in the 2505 MHz to
17 995 MHz range (but outside the band 5 720 MHz to 5 880 MHz).

Compare the measurement results to the limits of Table 15.
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If the EUT passes the measurement with the APD weighting function (Table 15), then the final

test result is PASS, see Figure 12.

10 Measurement in situ

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

specified in 6.4.

Measurements in situ at the place of operation of the equipment to be assessed shall b
performed and documented in accordance with 7.7 of CISPR 16-2-3:2010. Further advice f
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, b
there shall be at least four measurements in orthogonal directions, and measurements in th
direction of any existing radio systems which may be adversely affected.

Fpr the larger commercial microwave ovens it is necessary to ensure that the measureme

Y

I Safety precautions for emission measurements on ISM RF equipment

w0

M RF equipment is inherently capable of emitting,levels of electromagnetic radiation th
e hazardous to human beings. Before testing fot_electromagnetic radiation disturbance, th
M RF equipment should be checked with a suitable radiation monitor.

n

12 Measurement uncertainty

Determining compliance with the limits in this standard shall be based on the results of tH
compliance measurements taking into account the considerations on measureme
instrumentation uncertainty.

Where guidance for the(talculation of the instrumentation uncertainty of a measurement
specified in CISPR 16-4-2 this shall be followed, and for these measurements th
determination of compliance with the limits in this standard shall take into consideration tH
measurement insttumentation uncertainty in accordance with CISPR 16-4-2. Calculations
determine the measurement result and any adjustment of the test result required when th
tdst laboratory-incertainty is larger than the value for Ug gpr given in CISPR 16-4-2 shall als
beé included\in the test report.

Dr jn. situ measurements, the contribution of uncertainty due to the site itself is excluded fro

= T

rgsults are not affected by near field effects. CISPR 16-2-3 should be consulted for guidance]

OO ODOODOW®"

m

euncertainty calculation.

NOTE When performing measurements at distances less than 10 m, higher measurement uncertainties may have

to be taken into account.

3 Figures in square brackets refer to the Bibliography.
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Annex A
(informative)

Examples of equipment classification

Many types of equipment in the scope of this standard contain two or more types of
interference sources, for example an induction heater might incorporate semiconductor
rectifiers in addition to its heating coil. For testing purposes the equipment is to be defined in

terms of the purpose for which

it was designed. For example, the induction heater

Group 1

incorporating semiconductor rectifiers is to be tested as an induction heater (with _gll
disturbances meeting the prescribed limits whatever the source of disturbance) and is_not'fo
be tested as if it were a semiconductor power supply.

The standard gives general definitions of group 1 and group 2 equipment and, for offici
plirposes the group to which a particular piece of apparatus belongs shall be\identified fro
these definitions. It will, however, be helpful to users of the standard to have a comprehensiy
ligt of types of apparatus which have been identified as belonging to a pasticular group. Th
wjll also help in developing the specification where variations in test procedures may be four
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.

Glroup 1 equipment: group 1 contains all equipment<n the scope of this standard which is n
classified as group 2 equipment.

O

o »n ® 3

Dt

o

Gleneral: 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
Semicenductor manufacturing equipment

Dietailed: Signal generators, measuring receivers, frequency counters, flow meters,
spectrum analysers, weighing machines, chemical analysis machines, electronjc
microscopes, switched mode power supplies and semiconductor convertefs
(when not incorporated in an equipment), semiconductor rectifiers/inverters, gr|d
connected power converters (GCPC), resistance heating equipment with built-|n
semiconductor AC power controllers, arc furnaces and metal melting oveng
nlacmaAa AnAd Al Aiceharan hantare Y rav Aiaannctic actninmant ~amnitaricd
PTEITTTU TTTu g iuvy UIoUTItuT Y- TToTiuT o, 78 T4y HUTUyTITuotTv U ipTimToIit, UUTiTputoiTov
tomography equipment, patient monitoring equipment, ultrasound diagnostic and
therapy equipment, ultrasound washing machines, regulating controls and
equipment with regulating controls incorporating semiconductor devices with a
rated input current in excess of 25 A per phase

Group 2

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

energy.


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

CISPR 11:2015 © IEC 2015 - 57 -

General:

Microwave-powered UV irradiating apparatus
Microwave lighting apparatus

Industrial induction heating equipment operating at frequencies above 9 kHz
Inductive power transfer / charging equipment 2@

Dielectric heating equipment

Industrial microwave heating equipment

Microwave ovens

Detailed:

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 \{'f, but forming p43
of equipment subject to other CISPR standards is excluded from the scope\of €ISPR 11.
Metal melting, billet heating, component heating, soldering)-and brazing, a
welding, arc stud welding, resistance welding, spot welding, tube weldin
industrial laser oscillator exited by high-frequency ,discharge, wood gluin
plastic welding, plastic preheating, food processing, biscuit baking, food thawin
paper drying, textile treatment, adhesive curing, material preheating, short-way
diathermy equipment, microwave therapy equipment, magnetic resonang
imaging (MRI), medical HF sterilizers, high-frequency (HF) surgical equipmen
crystal zone refining, demonstration models\of high-voltage Tesla transformer
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)

5

Most spectrum analyzers have no radio-frequency selectivity: that is, the input signal is fed
dlrectly to a broadband mixer, where it |s heterodyned to a smtable mtermedlate frequency

I order to protect the input circuits of the spectrum analyzer from damage when measurir
weak disturbance signals in the presence of a strong signal, a filter should ‘be provided in tH

slich filters may be required to deal with different operating frequencies,

Many microwave spectrum analyzers employ harmonics of the local*oscillator to cover variod
portions of the tuning range. Without radio-frequency pressglection, such analyzers mg
display spurious and harmonic signals. It thus becomes (difficult to determine whether
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 receiy
their input power from rectified a.c. but unfiltered energy sources. Consequently, the
emissions are simultaneously modulated in amplitude and frequency. Additional AM and F
afe caused by the movement of stirring devices used in ovens.

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

When the analyzer bandwidth is wide enough to contain a number of adjacent spectral line
the indicated peak’/value increases with bandwidth up to the point where the analyz
bandwidth is comparable to the width of the spectrum of the signal. It is essential, therefor
tqg obtain agreement to use a specified bandwidth in order to compare the amplitude
displayed-by different analyzers when measuring emissions typical of present heating arn
tHerapeutic’devices.

e
ir

D o—or
- -

[o RN ]

S

It|has’been indicated that many oven emissions are modulated at a rate as low as 1 Hz. It h3

been observed that the displayed spectral envelopes of such emissions are irregula

r)

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 calculate
S||Jfficiently accurately from the expression:

11 _ 11 11
Eg' = EM - E{

here

y is the electromagnetic radiation disturbance (uV/m);

W
E

E| is the measured value of electric field strength (uV/m);

ELl is the electric field strength of the radio transmitter signal (uV/mj.,
T

t

ne formula has been found to be valid when unwanted signals‘are from AM or FM sound an
glevision transmitters having a total amplitude up to <twice the amplitude of th
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 tH
disturbing effect of radio transmitters. If the fréquency of the electromagnetic radiatig
disturbance is unstable then a panoramic receiver or spectrum analyzer should be used, an
tHe formula is not applicable.

d

[N ]
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Annex D
(informative)

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

5

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

d

ground, depends on the ground and on the nature of the terrain. A model for electric fie
pfopagation above plane-earth in the region from 1 m to 10 km from the source is describg
in [15]4.

Although the influence of the nature of the ground, and of the obstacles on it, on\the actu
aftenuation of the electromagnetic wave increases with frequency, an average attenuatid
pefficient can be taken for the frequency range 30 MHz to 300 MHz.

(¢

Ap ground irregularity and clutter increase, the electromagnetic fields will be reduced becaug
of shadowing, absorption (including attenuation caused by buildings and vegetation
s¢attering, divergence and defocusing of the diffracted waves [16]."The attenuation can the
bé described only on a statistical basis. For distances from the source greater than 30 m, tH
expected or median field strength at a defined height varies as<1/Dn where D is the distang
from the source, and n varies from about 1,3 for open country areas to about 2,8 for heavi
built-up urban areas. It seems from the different measurements for all kinds of terrain that 4
ayerage value of n=2,2 can be used for approximate estimations. Large deviations
measured values of field strengths from those ““predicted from the average fie
sfrength/distance law occur, with standard devjations of up to about 10dB in &
approximately log-normal distribution. The polarization of the field cannot be predicted. Thes
gsults are in agreement with measurements inna number of countries.

—

The screening effect of buildings on the radiation is a very variable quantity, depending on th
mlaterial of the buildings, the wall thickness and the amount of window space. For solid wal
wjthout windows, the attenuation depends on their thickness relative to the wavelength of th
diation and an increase in attenuation with frequency may be expected.

—
Q)

enerally, however, it is considered unwise to expect buildings to give protection of mug
ore than 10 dB.

3 QO

d

A

(0]

~

D >SQASS5< ® 0D >

wn

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

E.1 General

tHe operation and use of individual ISM RF applications in particular environments, i.e.

conditions.

El2 Recommendations for protection of safety-related radio services

ISM RF equipment should be designed to avoid fundamental operations or radiation of hig
Idvel spurious and harmonic signals in bands used for~safety-related radio services. A list
tHese bands is provided in Annex F.

NPTE For the protection of specific safety-related radio‘services, in particular areas, an individual installation ¢
bg required to meet the limits specified in Table E.1.

Table E.1 — Limits for electromagneticradiation disturbances for in situ measurement
to protect specific safety-related 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 individupl
ISM RF applications. The respective provisions of the ITU relating to usual residential‘and/
industrial environments are recognised by CISPR and incorporated into the main body of th
Ifternational Standard. Apart from these provisions, additional ITU provisions may apply f

particular areas", which are not addressed in the main body of this standard. The CISP
rggards these ITU provisions and their national derivatives as recommendations since thg
may only apply to individual ISM RF applications used in particular.areas under in si

c< U5 S 0 =

]_
i

AN

$

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(pA/m)
0,283 5-0,5265 - 13,5 30
74,6 — 75,4 30 - 10
108-<137 30 - 10
24295 — 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
0,010 - 0,014 Radionavigation (Omega on board ships and aircraft only)
0,090 — 0,11 Radionavigation (LORAN-C and DECCA)
8;283-6—0-526-5 Aerorattea-radionavigation{ren-directionat-beaconsy
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 - 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 shipbaard only)
Maritime safety information (coastal areas and shipboard only)
Maritime safety information (coastal areas and shipboard only)
Aeronautical radionavigation (marker beacohs)

Aeronautical radionavigation (108 MHz to-8 MHz VOR, 121,4 MHz to 123,5 MHz
distress frequency SARSAT uplink, 148 MHz to 137 MHz air traffic control)

Maritime mobile distress frequency:

Search and rescue (SARSAT uplink)

Aeronautical radionavigation (ILS glideslope indicator)

Radionavigation satellite

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

Aeronautical radionavigation (TACAN), air traffic control beacons

Aeronautical radiohavigation (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)

Aerpnaltical radionavigation (GPS)

Aeromautical 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)
4 200(- 4400 Aeronautical radionavigation (altimeters)

5 000~ 5 250 Aeronautical radionavigation (microwave landing systems)

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

5600 — 5 650 Terminal Doppler weather radar — wind shear

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

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

13 250 — 13 400

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

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

Frequency bands allocated for sensitive radio services

Frequency Allocation/Use
MHz
0,1357 -0,137 8 Amateur Radio Service
0,472 - 0,479 Amateur Radio Service
1,80 — 2,00 Amateur Radio Service
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 Senvice)
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 Radionavigation- satellite downlink
240 - 285 Satellite downlink
322 - 328,6 Radio astronomy
400,05 - 400,15 Standard sfrequency 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
10240 - 1 300 Amateur Radio Service
17260 - 1 270 Satellite uplink
1 350 - 1 400 Spectral line observation of neutral hydrogen (radio astronomy)
1400 - 1 427 Radio astronomy
1435-1 530 Aeronautical flight test telemetry
1 530 - 1 559 Satellite downlink
1559 -1 610 Satellite downlink
1610,6 -1 613,8 Spectral line observations of OH radical (radio astronomy)
1660-1 710 1 660 MHz to 1 668,4 MHz: Radio astronomy 1 668,4 MHz to 1 670 MHz: Radio

1718,8 -1722,.2

astronomy and radiosonde 1 670 MHz to 1 710 MHz: Satellite downlink and
radiosonde

Radio astronomy
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Frequency bands allocated for sensitive radio services (/ist continued)

Frequency Allocation/Use
MHz

2 200 -2 300 Satellite downlink

2 320 -2 450 Amateur Radio Service

2 310 - 2 390 Aeronautical flight test telemetry

2 655 -2 900 2 655 MHz to 2 690 MHz: Radio astronomy and satellite downlink
2 690 MHz to 2 700 MHz: Radio astronomy

3 260 - 3 267 Spectral line observations (radio astronomy)

3 332 -3 339 Spectral line observations (radio astronomy)

3 345,8 - 3 358 Spectral line observations (radio astronomy)

3 400 - 3 475 Amateur Radio Service

3 400 - 3 410 Satellite downlink

3 600 -4 200 Satellite downlink

4 500 - 5 250 4 500 MHz to 4 800 MHz: Satellite downlink

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

5 650 - 5 950 Amateur Radio Service
7 250 -7 750 Satellite downlink
8 025 -8 500 Satellite downlink

10 000 — 10 500 Amateur Radio Service

104 50 - 10 500 Satellite downlink

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

10,7 - 12,2 GHz: Satellite downlink

12,2 — 12,7 GHz: Direct broadcastsatellite
14 470 - 14 500 Spectral line observations (tadjo astronomy)
15 350 - 15 400 Radio astronomy

17 700 - 21 400 Satellite downlink

21 400 - 22 000 Broadcast satellites(Region 1 and Region 2)

22 010 - 23 120 22,01 GHz to 22)5 GHz: Radio astronomy 22,5 GHz to 23,0 GHz: Broadcast satellite
(Region 1) (22481 GHz to 22,86 GHz is also radio astronomy) 23,0 GHz to 23,07 GHz:
Fixed/intersatellite/mobile (used to fill in the gap between frequency bands) 23,07 GHz
to 23,12-GHz: Radio astronomy

23 600 - 24 000 Radio.astronomy
24 000 - 24 500 Amateur Radio Service
31 200 - 31 800 Radio astronomy
36 430 - 36 500 Radio astronomy
38 600 - 40 000 Radio astronomy

above 400°GHz Numerous bands above 400 GHz are designated for radio astronomy, satellite
downlink, etc.
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Annex H
(informative)

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

H.1 Significance of a CISPR limit

A| CISPR limit is a limit which is recommended to national authorities for incorporation
national standards, relevant legal regulations and official specifications. It is Nals
rgcommended that international organizations use these limits. The significance of thedimi
fdr type approved appliances shall be that on a statistical basis at least 80 % of(the” mas
pfoduced appliances comply with the limits with at least 80 % confidence.

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

DTE When applying another statistical assessment procedure than one of those referred to above or specified
SPR 16-4-3, the user of this standard can be invited to show evidence that the compliance criterion set o
aljove is also met when applying this other method.

Oz

Measurement results obtained for an equipment fmeasured in its place of use and not on
tgst site shall be regarded as relating to that_installation only, and shall not be considerg
rgpresentative of any other installation and so-shall not be used for the purpose of a statistic
agsessment.

H.2 Type tests

Apb a rule, the positive result of(@ type test on a given appliance according to the respectiy
CISPR standard will be recoghized 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
eyaluation in accordance with H.3,

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

>

NPTE Reeognition of a type test made on only one appliance of series-produced equipment as type approval m

dgpend orr national or regional regulation. National or regional authorities may rely on different quality assuran¢

Df

1,

in
ut

1Y)

e

Ay

S)Istems 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,

th
m
di

is does not yet mean that a product is non-compliant. To determine non-compliance, the
easured results shall be evaluated by one of the methods in H.3.2. (use of non-central ¢
stribution) 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

Th
ny

here

Lax IS the highest (worse) measured value of all items in the sample;

is the coefficient from the table below, depending on the sample size;

is a conservative value for the expected maximum standard deviation in a product group,,and which |is

12X calculated as 2 times the expected standard deviation;

is the limit specified in this standard.

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

Bample size (n) 3 4 5 6

Coefficient k¢ 0,63 0,44 0,24 0,12

= -

fi

Z

al

P dB with the coefficient kg. In Table H.1 values are given only for a sample size up to n = 6 because forn =7 pr

ded.

SPR 16-4-3 recommends a value ¢, = 6,0 dB for both the distuthbance voltage and the disturbance power. Fpr
diated disturbances, measured on equipment in the scope of’this”standard, the same value for o, ,, has begn
sumed. The values for the general margin to the limit in/Table H.1 above are a simple multiplication of this

bher the method given in H.3.3 can be applied, where\the binomial distribution without an additional margin [is

3.2 Assessment based on the non-céntral r-distribution
3.21 Normal procedure

he measurements shall be performed on a sample of not less than five and not more thg
P pieces of equipment of the type in series production, but if in exceptional circumstancq
e pieces of equipment are{not available a sample of three or four may be used.

wn S

DTE The assessment made on a sample of the measurement results obtained for a sample of size n relates [to
identical units and allews*for the variations that can be expected to arise due to quantity production techniqueg.

pmpliance is achieved when the following relationship is met:

X +kS, <L

here

et ]

IS the arithmetic mean value of the disturbance levels ol 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;

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 k as a function
of n are given in Table H.2.
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X, Xand L are expressed logarithmically: dB(uV), dB(uV/m) or dB(pW).

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

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

n 3 4 5 6 7 8 9 10 11 12

k 2,04 1,69 1,52 1,42 1,35 1,30 1,27 1,24 1,21 1,20

H[3.2.2 Extended procedure
When applying the procedure as in H.3.2.1 a given sample of equipment which-causgs
fllctuating disturbances may fail to meet the compliance criterion. In such cases.the extendgd
assessment procedure defined in this clause can be used.
The statistical assessment shall be carried out separately for the ‘following frequengy
slibranges:
Cpnducted disturbances: a) 150 kHz to 500 kHz

b) 500 kHz to 5 MHZ

c) 5 MHz to 30 MHz
Rpdiated disturbances below 1 GHz: a) 30 MHzt0230 MHz

QZ

g

T

b) 230 MHz to 500 MHz
c) 500 MHz to 1 000 MHz

adiated disturbances above 1 GHz: a)” 1,0 GHz to 4,5 GHz
b) 4,5 GHz to 18 GHz

DTE For group 2 equipment, there /may be no need to fully or continuously cover the frequency subrangges
fined above, see respective information in 6.3.2.4, Table 13.

pmpliance of the sample‘is‘judged from the following modified relationship:
X +kS, <0
he value of £.depends on the sample size » and is stated in Table H.2 above.

br determination of compliance, the standard deviation formula as in H.3.2.1 shall be used:

1

w

2 S e =2\2
O = L \A=4)

n—1

here

X is the arithmetic mean value of the disturbance levels of » items of equipment in the

X

sample;

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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5

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.

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, X, is the smallest margin to the limit. If some of the measured

If all measured values are below the limit and the statistical assessment failed only due to a

h

gh standard rh:n/i::finn’ Htshall be in\/oefignhzml whether this high standard deviation has be

n

u
In

ne
fr
vg

fol

hjustifiably caused by a maximum of X, at the borderline between two frequency subrange
this case the assessment can be done according to H.3.3.

DTE The Figure H.1 below illustrates the possible difficulties if a maximum of the measured disturbances occu
ar the borderline between two frequency sub-ranges. "U " is the measured disturbance voltage; "f" is t
equency. Here two units with different characteristics out of a sample are shown. For broadbanddisturbances t
lue of the maximum as well as the frequency of the maximum can change from unit te_unit, differences
tween unit 1 and unit 2 in a sample are typical. An average value and standard deviation/is calculated for
its (of which two are shown) for each subrange. In this example the calculated standard‘\deviation is much high
[ subrange 1 than subrange 2 (e.g. consider how different the values of X, and X, are at the borderline). Ev
pugh the average for subrange 1 is much lower than subrange 2, after taking into cofisideration the high value
multiplied by the factor out of Table H.2, in rare cases this could lead to the sample set failing the given criteri
nce this is simply a consequence of the way in which the frequency subranges have been defined, no statistica
eaningful conclusion can be drawn regarding compliance.

Frequency Frequency
subrange subrange

v

~

IEC

Figure H.1 — An example of possible difficulties

3.3 Assessment based on the binomial distribution

pmpliance’is  judged from the condition that the number of appliances with a disturband
vel aboye)the appropriate limit may not exceed a number of ¢ in a sample of total size n, s¢
hble H3:

D.

r's

e
hs
hll
er
bn
of

ly

Table H 3 — Application of the binomial distribution

Sample size (n) 7 14 20 26 32

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

H

3.4 Equipment produced on an individual basis

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

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

1.1 General information and purpose

The artificial network for the assessment of disturbance voltages at d.c. power ports (DC-AN
pfovides a defined common mode (CM) 150 Q termination impedance for the d.c. powerpQ
of the power converter under test during measurements of conducted RF disturbaneces
sfandardized test sites. It is constructed to provide, in the intended frequency range fro
190 kHz to 30 MHz, well defined termination impedances for symmetric (or differential mode
DM) as well as asymmetric (or common mode — CM) disturbance components{/Fhe values
Hese termination impedances are specified in Clause |.4.

—

Fbrther, the DC-AN is furnished with a decoupling network (i.e. an)LC-filter) such th
syifficient decoupling is provided between its EUT port and its AE port~n order to prevent R
sturbances from the laboratory d.c. power source to affect obtained measuring result

tHe construction of that filter prevents, in most cases, saturation effects in mitigation filters th
ppwer converters may be furnished with and this way\ provides for valid, reliable ar
rgpeatable measurement results.

R Structures for a DC-AN

2.1 AN suitable for measurement of unsymmetrical mode (UM) disturbances

Similar to the V-AMN, the AN shall alow for measurement of the unsymmetrical mod
disturbance voltage level at a single terminal (or conductor or pole, respectively) of the EUT|
dJc. power port under test, relative.to laboratory reference ground. An appropriate AN wou
hénce be e.g. a pseudo V-AN, a kind of delta network. For layout and design, the principlg
se¢t out in CISPR 16-1-2 shall ‘be observed. A circuit diagram of a suitable Delta-network
fdund in Figure I.1.

NPTE Due to constraints in design of true V-ANs for a certain defined ratio of the DM to CM terminati
injpedance, construction.ofa pseudo V-AN may require use of a third shunting resistor connecting to the two pow|
tefminals of the EUT por{ of the AN. Such shunting resistors as R, in Figure I.1 or R, in Figure 1.4 do not have a
inlpact on the required~DM and CM termination impedances and provide for these termination impedances al
ddring measurement-ef UM disturbance voltages. For calculation of the termination impedance for UM disturban
vdltages the deéfta-to-star conversion formula for resistor networks can be used. Further, these terminati
inMlpedances_can-also be measured directly at the EUT power terminals of the AN in relation to common ground
uging an appropriate network analyser. Distinction in V- and Delta-ANs is kept for traditional reasons on
UM disturbance voltages can also easily be measured with Delta-ANs when they are furnished with respecti
mEasuting ports.

d
Having asymmetric decoupling capacitors with some 100 nF te/about 1 uF capacitance on|

)
rt
At

i

Wy ur)
DA § [

o 0D <

nw n aoan O
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Ny
bO
re

n
in

e

A a - N

(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 examp
of a suitable Delta-network is found e.g. in CISPR 16-1-2:2014, Clause A.6 Figure A.2. Th
figure is also replicated in Figure 1.2.

le
is
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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.

1.8.1 General

Fpr the measurements, pseudo V-ANs as well as Delta-ANs meeting the requirements in 14
cqn be used. Other artificial networks specified in CISPR 16-1-2 can also be ugedif providing
ah asymmetric or common mode (CM) 150 Q termination for the port under_test to laboratofy
rgference ground, and if being furnished with an appropriate low CM-blocking capacity
decoupling LC-filter.

NPTE Presently the 150 Q artificial mains V-network specified in CISPR 16-1-2:2014, 4.5 cannot be used fpr
measurements of conducted disturbances at LV d.c. power ports, since proyviding a common mode terminati¢pn
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 jof
systematic corrections for measurement results obtained in use of such networks have not been started yet.

Sklection of the type of AN is left to the user of this standard. Each type of AN provides for
measurement results which have the same confidence level as results obtained when using
tHe established V-network. Information on aspect§ 'of measurement uncertainty in respect pf
artificial mains networks (AMN) is found in CISPR 16-4-2:2011, Clause 4. This information |s
also valid when employing DC-ANs which comply with the specification in 1.4.

a combined AN is used, then it suffices to just apply it either for measurement of
nsymmetrical mode (UM), or for measurement of both, common mode (CD) and differentigl
ode (DM) disturbances.

3c=

-1

any case the assessment of\the RFI potential of a given port under test in the frequeng
nge 150 kHz to 30 MHz ¢is- only completed, if measurement results were obtained ar
gcorded either for the two,composite unsymmetrical mode (UM) disturbance components, or for
pth, the asymmetric or common mode (CM) and the symmetric or differential mode (DNI)
sturbance components as well.

-
Q)

—

[eRN ey

1.B.2 Pseudo-V-AN

I the pseudo V-network an assessment of these components is only possible in combinatid
5 composite unsymmetrical mode (UM) disturbance voltages, the level of which can 4
fferént*for each terminal of the given port under test, due to internal HF imbalance of th
EUT<o common ground. These are the “classical” terminal disturbance voltages which can B

Oo oo >

requirements, for example for a.c. mains ports.

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

1.3.3 Delta-AN

In the Delta-network asymmetric or common mode (CM) and symmetric or differential mode
(DM) disturbance components can be measured and assessed separately, for each port under
test.
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Compliance with the limits is verified only where both, the measured common mode (CM)
disturbance voltage level and the measured differential mode (DM) disturbance voltage level
are equal to or less than the respective limit.

1.4 Normative technical requirements for the DC-AN

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

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

Ros. Description of the parameter Nominal value and tolerance

1 Type of the DC-AN Delta-network suitable for measurements at one d.qd.
power string or port (plus pole, minus poléesand
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 (syynmetrical 150 Q system)

’ (meastred 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 capacitors-inthe |> 1,5 MQ
d.c. current path

—n

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

=]

NPTE The parameters in Table/l.1 have been derived in developing modern implementations of the 150 Q CISHR
ngtwork described in CISPR.16-1-2 for use with measurements at low voltage d.c. power ports of GCPCs fpr
photovoltaic power generating systems.

Measuring ports_shall be protected from low frequency components of voltage transienis
appearing when ‘'switching the laboratory d.c. power source on and off. Furthermore, secufe
galvanic connection shall be guaranteed to the AN's ground in order to drain transiept
discharge.currents through the coupling capacitors when switching the laboratory source off.

Decaupling capacitors in the d.c. current path shall be bypassed with high resistange
dlbbildlgc IUb;btUlb, °CC [JUD;t;UII 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 fal W Y H F'H + =i b LT 4 I~ + fiad

4 Si-terminatiortmpedance—atthe Ed+porphease rot-speeified

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 (asymmetfrical 50 Q system),
decreasing with decreasingyfrequency with
40 dB/decade

9 DM insertion loss of AE port to EUT port

> 20 dB at 150 kHz
> 40 dB with extérnal capacitor

(symmetrical_ 150 Q system), decreasing with
decreasingyfrequency with 40 dB/decade

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

ng

photovoltaic power generating systems.

b Examples of practical implementations of DC-ANs

R
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Reference Ground

DC-AN with Z¢y =150 Q, Zpy =100 Q. T1, T2 and T3 all terminated with 50 Q.

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

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

9002 <R; <1 5002 depending on the losses in the reactive el 1ts in the realised

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

IEC

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

components.

Figure 1.1 — Practical implementation of a 150 Q DC-AN
suitable for measurement of UM disturbances (Example)
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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)
L1 A-EUT
=2 s
Switch position:
1V shape A,
2 V shapeB
3 Y shape [GM) Lot
4 Dalta ships (DM) =
A
O
465 REC
Temn
5
2 ca
S ., GND
§ 5|_‘ -330n
o
_CG
_47n
B
fo!
]R1
B-EUT
- 0
IEC

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

Figure 1.3 — Practical implementation of a 150 Q DC-AN suitable for
measurement of UM, or CM and DM disturbances (Example 1)
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A-PV-GENERATOR A-EUT
S1 position: _lce
1-A(mode A)
2-B (mode B
o1 I ( )
= L1 3-CM (common mode)
44nF
4 - DM (differential mode)
C3 BNC OUT
GND 220nF
=2 [] R3
44nF
B-PV-GENERATOR B-EUT
IEC

NPTE Mode A and mode B represent employment of the artificial network forsmeasurement of unsymmetridal
mpde (UM) or "terminal" disturbance voltages.

Figure 1.4 — Practical implementation of a 150'@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

.1 General information and purpose

Fpr measurement of disturbance terminal voltages on grid connected power convertefs
(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 |s
necessary on the DC input side of the GCPC, while connection to another appropriate

T
G

S|

site used for the measurements needs attention, and a proper and appropriate setup may

e
tg

J

J

T
tg
G
u

fr
th
Ig
s

boratory AC power source or AC mains grid is necessary on the AC output side_too.

ne DC power is fed into the DC input power ports of the GCPC, and nof’consumed in the
CPC, and so almost completely converted to AC power and output to theyAC side. If the AC
ppwer output from the GCPC is not consumed by a resistive load etc.,(the AC power currept
can reversely be carried into the laboratory AC power source, and,so“the equipment may he
damaged. In addition, there are some countries where reverse power flow into the AC mains

he measurement arrangement and configuration for the EUT can be simplified by use of

into DC power, and it is supplied to the DC input of the GCPC. Thus, the current circulatg

restricted or prohibited by national law and regulations. Thu§}-the global setup of the test

en enable simplification of the test arrangement and configuration for the equipment under
st (EUT). Examples of suitable setups for the test site are/described below.

2 Setup of the test site

2.1 Block diagram of test site

a
st site having a configuration as shown in Figure J.1/J.2. For this setup, the AC output of the
CPC is connected to the AC inputiof the laboratory DC power supply through the V-AMN
ed in the measurement arrangement. The laboratory DC power supply converts AC power

s
bm the AC output to the DClinput of the GCPC. The advantages of this site configuration afe
at the DC power supplyconsumes the AC output power of the GCPC, and so a resistiye
ad is not required to prevent AC power currents from flowing into the laboratory AC power
burce.

AC mains
(grid) AC current

Laboratory EMI flow
@— AC power 1_ filter [ Resistive load | AC output [ gcopc 430 input

}
T

source J_ (optional) 1|__ (EUT) _‘

L former - Aamn [ 0 ocan «—I

AC input || E(optional)i

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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Resistive

Load
(optional)

EMI-filter
Laboratory
AC power source

Transformer’
(optiopal)
Cbaﬁge in electrical system

EMI-filter

AC mainspd input
(erid) \ﬂ@f:

DC power supply

input output
‘NP Al

T
IEC

NPTE The distances defined as ‘x’ and ‘y' if’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

Cpnsequently the laboratery-AC power source needs to provide only the total power losses
the test arrangement, once the measurements are started. Because the laboratory AC pow
spurce is used, its, AC" voltage and frequency can easily be adjusted conforming to th
specifications for the*AC output side of the GCPC. Reverse AC power current does not flo
into the AC power source, and so it cannot be damaged.

2.2 DC power supply

J
The laboratory's DC power supply shall have enough output power to operate the GCPC at i
dted’ AC output power. In addition, a control for adjusting properly its DC output voltage

—

\U
=

[72]

necessary ln case of the test site enhlp as shown in Figllrn ] 1/J ’), the electrical eyefnm

AC input to the DC power supply shall match with that of the AC output of the GCPC.

J.2.3 AC power source

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

the test arrangement, and so a larger power is unnecessary.
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J.2.4 Other components

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

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

[

3  Other test setups

3.1 Configuration comprising laboratory AC power source and resistive [oad

n the other hand, there are some cases where each electrical system cannot basically Qe
atched such as three-phase input of the DC power supply with a single;phase AC output pf
e GCPC (EUT), etc. (there is also the reverse case). In such casesthe AC output of the
CPC cannot directly be connected to the AC input of the DC power supply as shown |n
gure J.1/J.2. In this case, another resistive load is connected inyparallel with the laboratofy
C power source as shown in Figure J.3/J.4 and the AC powen)of the GCPC (EUT) shall he
bnsumed by that resistive load. As a result, the resistive load prevents the AC output power
wrrent of the GCPC from flowing reversely into the laboratory AC power source, if it hgs
nough power to exceed the maximum AC output power of the GCPC.

>TNO530 <

® 0O 0

AC mains
(grid) AC current
Laboratory . EMI flow .
AC power " AC output DC input
@_ source ullezls 1— GCPC | +—
Resistive -
load D |
AC mains (grid) — Reference ground
(optional)
l':"\ ™ ___| DC power EMI
S\ A supply If' filter B

- AC DC current flow
input | output |

- IEC

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



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

- 78 - CISPR 11:2015 © IEC 2015

Resistive
load
EMIfilter

Laboratory
AC power source

EmI-filter

AC mainSy, .
(qrid) ﬂ%‘“ output
input

AC mains(grid) 't'j/ ;.?
(optional) 1iai

DC power supply

oytput

IEC

NPTE 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

Ji3.2 Configuration in case of reverse power flow to the AC mains

his setup example shows thé* case where the Ilaboratory AC power source (sge
gure J.3/J.4) is not connected\to the AC output side of the GCPC.

n -

n case the AC output of(the GCPC is connected to the AC mains through a filter as shown |n
Flgure J.5/J.6, the AC output current of the GCPC flows to the AC mains, and therefore it |s
not required to connect the resistive load as shown in the previous setup, Case 2. But in thjs
case, there is a,disadvantage that the AC power voltage and frequency cannot be adjustgd
conforming to the-specifications of the AC output side of the GCPC.
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Reference ground
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TN DC power EMI ||
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=" AC DC | DC current flow
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input L u

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

EMI-filter

EMI-filter

DC power supply

AC mains(grid)
{optional)

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

Figure J.6 — Setup of the test site (Case 3) — 3D diagram
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Annex K
(informative)

Test site configuration and instrumentation — Guidance on prevention

of saturation effects in mitigation filters of transformer-less power
converters during type tests according to this standard

K.1 General information and purpose

5

ost types of power converters use operation or switching frequencies in the range ‘of
couple of 100 Hz up to 25 kHz. The measurement results obtained in the range of intere
(150 kHz to 30 MHz) are sometimes seriously invalidated by the effective total common mod
(C¢M) impedance of the whole d.c. power supply chain in the test environment in, the range
about 500 Hz to 150 kHz. If the operation frequency of the power converter under te
cpincides with the frequency of the series resonance dip(s) in the effective~total commd

ode (CM) impedance in the whole laboratory d.c. power supply chain, excessive C
disturbance currents may appear at the operation frequency and may saturate the built-in EN
filters (as e.g. common mode chokes) in the EUT. Consequently?it will cause serioy
performance degradation of the filters in the measuring frequency.range 150 kHz to 30 MH
Performance degradation of the filters means that excessive (RE disturbance levels will 4
rgcorded causing the power converter under test eventually.to’ FAIL proving compliance wi
tHe requirements specified in this standard.

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

Ap a matter of course, CM decoupling¢apacitors shall be employed, in conjunction wi
sliitable series inductors, as LP-filters decouple the termination impedance at the EUT port
the artificial network (AN) e.g. from influences of the laboratory d.c. power source at the A
port of this AN. The specifications.of'the DC-AN as in Annex | Table 1.2 guarantee that the C
tgrmination impedance at the EUT port of the AN remains at least at values of 10 Q or mor
al the series resonance of itsiinternal LC LP decoupling filter. This will prevent the saturatig
effects mentioned above .in\most of the practical testing cases. For the magnitude-versu
frequency characteristics_of the CM termination impedance of the AN in the range 9 kHz
190 kHz, consult the specifications provided by the manufacturer.

Cpnsidering now mitigation of common mode RF currents in the whole laboratory d.c. pows
slipply chain atthe test site, this mitigation and involved additional CM decoupling capacito
and common_-mode chokes (as e.g. in the EMI filters at the site) may interact with th
C:I:aracteristics of the built-in LC LP decoupling filter of the AN, and may cause frequeng
shifts .of the series resonance dip(s) of the effective total common mode (CM) impedand
experienced at the EUT port of this AN.

It is hence strongly recommended to adjust the magnitude-versus-frequency characteristics of
the total effective CM termination impedance at the EUT port of the AN to the conditions
needed for the given type of power converter under test. Such adjustments can be made by
variation of the value of the CM blocking capacitance in the laboratory's d.c. power supply
chain and/or by insert of additional series inductors or common mode chokes. This annex
describes possible countermeasures to avoid saturation effects due to unfortunate

characteristics of the test site instrumentation used in the laboratory d.c. power supply chain.
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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

s AEN el

d
th

tqg

IV 1TJV NI

excessive levels of disturbance are observed during measurements of conducted R
sturbances at LV d.c. power ports of power converters in the range 150 kHz to 30-MHz, thg
is may be caused by saturation effects appearing at the operation frequency of the EU
located someplace in the range below 150 kHz. To avoid such conditions it is tecommends
observe the guidance given below.

For measurements at LV d.c. power ports of power converters use only ANs complyin
with the technical requirements of the 150 Q artificial mains Deltarnetwork according
4.6 of CISPR 16-1-2:2014, or according to Annex | of this standard.

Apply good test site engineering and check whether the whgle measuring instrumentatia
(DC-AN excluded) and test site configuration are suitable for use with measurements g
power electronics operated in switching mode conditions at operating frequencig
(fundamental frequencies) allocated in the range helow 150 kHz. Depending on th
implemented technology and nominal power throughput, power converters may ug
fundamental or switching mode frequencies in the range from a couple of 100 Hz up
about 150 kHz.

Whenever possible insert additional commen mode (CM) absorbing devices such as ferri
tubes, CMADs or also 150 Q CDNs accuerding to IEC 61000-4-6, between the AE port
the AN and the laboratory d.c. power(Supply port allocated in the test environment. F
this purpose an extended length of the d.c. power supply cable can be used too. In coile
form it introduces an additional decoupling inductor (i.e. a common mode choke) put
series to the laboratory's common mode current circuit. In any case, check the efficieng
of the added common mode-rejection devices, since for most of them you will not fir
specifications of technical characteristics in the range below 30 MHz.

Avoid coincidence of the-fundamental or operating frequency of the power converter unds
test with the frequency of the series resonance dip in the CM impedance of the who
d.c. power supply.chain consisting of the laboratory d.c. power source, the EMI filte
used in the installation of the OATS or SAC, and the AN. The frequency of the resonang
dip in the CM+-impedance of the power supply chain can be shifted by changing th
capacitance, of the effective CM decoupling capacitor. Addition of external CM decouplin
capaciters:is recommended at the interface between the AE port of the AN and th
laboratory d.c. power supply port allocated in the test environment. Be aware that a line
capacitors with different capacitances may be needed if the testing business comprise
power converters implementing various technologies, power throughput classes and th

S0Q OO0 n O

[V RN

like. Remember that the operation frequency may be allocated someplace between

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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5

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

B R

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

Ah obvious countermeasure for prevention of_thése additional contributions to the tot
effective RF CM current at the operation frequency of the power converter under test is

d|c. power supply port allocated in the test(énvironment.

This decoupling loss can be increased by insert of additional series inductors (preferre
cpountermeasure) and/or by employment of additional CM decoupling capacitors at th
interface in between the AE part of the DC-AN and the laboratory d.c. power supply po
allocated in the test environment (countermeasure for shifting the frequency of the serie
reésonance 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

Iff some suitable- EMI clamp devices etc. which attenuate the common mode RF current
9lkHz ~ 15QkHz are inserted between the AE port of the DC-AN and the laboratory d.c. pows
slipply pgart)allocated in the test environment as shown in Figure K.2, the capacitances of th
decoupling capacitors the d.c. power source and EMI filter are equipped with can &
neglected. For such additional decoupling, extended lengths of d.c. power cable could 4

infcrease the CM decoupling loss in betweén-the AE port of the DC-AN and the laboratof

O

uged+oo, if arranged to forming an air coil.
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GCPC
DC power source EMI filter DC-AN (EUT) AMN

L __AC mains

——T—DI—IOMDI——w I _ln—O-v-——w
; ﬂ i

V_I

I(t)

IEC

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 can. attenuate th
common mode RF current in the range 9 kHz to 150 kHz may not be. available from th
market. Preferred measure should hence be insertion of series inductivities-

A mentioned above, because the effective magnitude of c¢apacitance of decouplin
capacitors of all the laboratory measuring systems including the)laboratory d.c. power sourg
may cause saturation effects in mitigation filters the transformer-less power converter
equipped with, it is necessary to use laboratory d.c. power-Sources and EMI filters with o
capacitance common mode decoupling capacitors only{ @bserve however that use of C
decoupling capacitors with low capacitance only may also reduce suppression of R
disturbances generated by the laboratory d.c. {power source. If extremely large R
disturbances occur during type tests on transformier-less power converters which are thoug
tq be caused by saturation of the built-in mitigatian filters, then it should be considered to us
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

Fpr an increase of the decoupling loss between the laboratory d.c. power supply chain an
tHe measurement arrangement additional CM decoupling capacitors can be connecte
between the AE port (i.e~the decoupling circuit) of the DC-AN and the laboratory d.c. pow
stipply port allocated in,the test environment as shown in Figure K.3.

Additional
blocking capacitors
Lakoratory ‘ GCPC
RE\power supply  EMI filter J DC-AN (EUT) AMN

MM 0 0@

o

N4
=

T BRI

e e

IEC

Figure K.3 — Blocking of flow of common mode RF current
by employment of additional CM decoupling capacitors

The effect of such a countermeasure is that it shifts the series resonance dip in the
magnitude-versus-frequency characteristics of the CM termination impedance at the EUT port

of the DC-AN to lower frequencies, this way avoiding possible coincidences in frequency of

that resonance dip and the operation or fundamental frequency of the power converter under


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

-84 — CISPR 11:2015 © IEC 2015

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-legs
ppwer converters. Figure K.4 shows an example of common mode impedance characteristi¢s
fdr 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.

G - DC-AN common mode impedance characteristics
__ 500
; | |
= 450 \ ‘ ‘ &
400 \___._. ‘ ._.___.__.____‘_______ I I N
(
350 \_ ‘ L ‘ L | 8 )
300 \____. RIS S NI TR N [ %) U U ) (S R
250 '
\ 9 kHz ~ 150 kHz A\
200 \ "N
150 \ \ F R\ o —— ]
\; \ f! e ] [ TN
100 \ // ~
50 \/ L
>N
0,001 0,01 ‘ 0,1 1 10
Resonant Frequency (MHz)
point IEC

Figure K.4 — CM termination impedance at the EUT port of a DC-AN -
Magnitude-versus-frequency characteristic in the range 3 kHz to 30 MHz, Example

The saturation, of mitigation filters the power converter is furnished with, that currently
becomes aroblem, occurs because a large common mode current flows in case the resonan
frequency (20 kHz) coincides with the operating frequency of the power converter (EUT]).
I-ffwever, the resonant frequency is practically determined not only by the DC-AN, but also iy

tHe common mode impedance characteristics of all of the instrumentation used in the whole
lgberatory d.c. power supply chain including the d.c. power source, installed EMI filters and
the like.

In case the effective resonant frequency caused by all of the laboratory measuring
instrumentation coincides with the operating frequency of the power converter and so large
common mode current flows, or in case it is necessary to confirm whether such conditions
actually occur, the resonant frequency can be detuned from the operating frequency of the
power converter by changing the capacitance of decoupling capacitors of the decoupling
circuit of the DC-AN or adding the capacitance of decoupling capacitors as shown in
Figure K.5 and so changing the resonant frequency, that is to say, the resonant point can be
shifted as shown in Figure K.6. As a result, the common mode current can be reduced at the
operating frequency of the power converter by avoiding saturation effects.
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Additional
blocking capacitors
GCPC
DC power source EMI filter '/ DC-AN (EUT) AMN

L__AC mains
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_NJ

T T T TR
1T Tz b |2

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

I other words, if the measurement results in case the capacitance of decoupling-capacitors
increased are the same as those in case it is unchanged, it can be concluded that th
mleasurements of conductive disturbances have correctly been performed,

With exchange of hardware components in the DC-AN, it is possible to~increase or decreag
tHe capacitance of the CM decoupling capacitors by setting up switches for switching serie
and parallel connection of these decoupling capacitors as shown in Figure K.7. Howeve
slich measure cannot be recommended for application in nermal laboratory practice sing
ppssibly violating the calibration of the respective DC-AN. However, switched-type combing
external CM decoupling capacitors can be used, if necessary. Application of such capacito
wjll always shift the series resonance of the DC-AN internal LC decoupling filter to lowg
frequencies than found in the manufacturer's specifications.

)

DC-AN common mode impedance characteristics

©

500*

|Zcel

450 1
2
I-:.

400

350
300
250

+ |9 kHz ~ 150 kHz
200 |

1000~ L LLL \/
' 3,

| Bl A% 71'
50 NEL I \ Decreasein
Increa_seln f‘\ ," i capacitance of
capacitance of | Y NA——F| | { i dinling | die S
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

DC-AN

¥
blocking - I II
capacitors \
\

switches IEC

Figure K.7 — DC-AN circuit example where capacitance of blocking
capacitors of the LC decoupling circuit can be increased or decreased
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COMMISSION ELECTROTECHNIQUE INTERNATIONALE

COMITE INTERNATIONAL SPECIAL DES PERTURBATIONS RADIOELECTRIQUES

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

AVANT-PROPOS

1) La Commission Electrotechnique Internationale (IEC) est une organisation mondiale de_ normalisation
composée de I'ensemble des comités électrotechniques nationaux (Comités nationaux de I'lEC). L’'IEC a popr
objet de favoriser la coopération internationale pour toutes les questions de normalisation dans’les domaings
de I'électricité et de I'électronique. A cet effet, I'lEC — entre autres activitées — publie 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 d
comités d'études, aux travaux desquels tout Comité national intéressé par le sujef*traité peut participer. L
organisations internationales, gouvernementales et non gouvernementales, en liaison avec I'lEC, participefnt
également aux travaux. L'IEC collabore étroitement avec I'Organisation Internationale de Normalisation (1SQ),
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 mesufe
du possible, un accord international sur les sujets étudiés, étant donné que les Comités nationaux de I'lHC
intéressés sont représentés dans chaque comité d’études.

3) Les Publications de I'lEC se présentent sous la forme de recdmmandations internationales et sont agréées

comme telles par les Comités nationaux de I'lEC. Tous les efforts raisonnables sont entrepris afin que I'lHC
s'assure de I'exactitude du contenu technique de ses publications; I'lEC ne peut pas étre tenue responsable dle
I'éventuelle mauvaise utilisation ou interprétation qui en est faite par un quelconque utilisateur final.

4) Dans le but d'encourager l'uniformité internationale, les“"Comités nationaux de I'lEC s'engagent, dans toute [a
mesure possible, a appliquer de fagon transparente les*Publications de I'lEC dans leurs publications nationalgs
et régionales. Toutes divergences entre toutes Rublications de I'IEC et toutes publications nationales ¢u
régionales correspondantes doivent étre indiquéés en termes clairs dans ces derniéres.

5) L’IEC elle-méme ne fournit aucune attestation de conformité. Des organismes de certification indépendanits
fournissent des services d'évaluation de-conformité et, dans certains secteurs, accédent aux marques ge
conformité de I'lEC. L’IEC n'est responsable d'aucun des services effectués par les organismes de certificati¢pn
indépendants.

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

Aucune responsabilité ne . déit* étre imputée a I'lEC, a ses administrateurs, employés, auxiliaires ¢u
mandataires, y compris s€s \e€xperts 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 quelque hature que ce soit, directe ou indirecte, ou pour supporter les colts (y compris les frgis
de justice) et les dépenses découlant de la publication ou de I'utilisation de cette Publication de I'lEC ou (e
toute autre Publication de I'lEC, ou au crédit qui lui est accordé.

8) L'attention estyattirée sur les références normatives citées dans cette publication. L'utilisation de publicatiops
référencées,est obligatoire pour une application correcte de la présente publication.

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

La \Norme internationale CISPR 11 a été établie par le saous-comité B du CISPR:
Perturbations relatives aux appareils industriels, scientifiques et médicaux a fréquences
radioélectriques, aux autres appareils de l'industrie lourde, aux lignes a haute tension, aux
appareils a haute tension et aux appareils de traction électrique.

Cette sixiéme édition annule et remplace la cinquiéme édition parue en 2009 et son
Amendement 1 paru en 2010. Cette édition constitue une révision technique.

Elle introduit et permet des essais de type sur des composants d'appareils, de systémes et
d'installations électroniques d'alimentation. Ses limites d'émission s'appliquent désormais aux
acces d’alimentation en courant alternatif et en courant continu a basse tension (BT), quel
que soit le sens de la transmission d'énergie. Plusieurs limites ont été adaptées aux
conditions d'essai pratiques déterminées sur les sites d'essai. Elles s'appliquent désormais
également aux appareils ISM a fréquences radioélectriques électroniques de puissance
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utilisés pour le transfert de puissance sans fil (WPT), I'alimentation électrique instantanée et
les besoins de la mise en charge. Les limites dans la plage comprise entre 1 GHz et 18 GHz
s'appliquent désormais aux perturbations de type a ondes entretenues et aux perturbations
fluctuantes de maniéere similaire, uniforme et neutre d'un point de vue technique. Pour ces
mesurages, deux autres méthodes de mesure sont disponibles: la méthode Log-AV

traditionnelle et la nouvelle méthode APD.

Pour des mesurages réalisés au niveau des accés d’alimentation en courant continu BT d'un
appareil électronique de puissance, une mise en ceuvre moderne du réseau en triangle 150 Q

spécifié dans la Norme CISPR 16-1-2 3 été mise a dispasition

La présente Norme Internationale CISPR 11 a le statut d’'une norme de famille de produits €
CEM, conformément au Guide 107 de I'l|EC, Compatibilité électromagnétique — Guide pour
rddaction 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

-

b rapport de vote indiqué dans le tableau ci-dessus donne teute information sur le vote aya
abouti a I'approbation de cette norme.

Cette publication a été rédigée selon les Directives ISOHEC, Partie 2.

Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date d
sfabilité indiquée sur le site web de I'lEC, sous "http://webstore.iec.ch” dans les donnée
rglatives a la publication recherchée. A cette date, la publication sera

*| reconduite,

*| supprimée,

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

Aublication indigque qu'elle contient des couleurs qui sont considérées comme utiles
une bonne compréhension de son contenu. Les utilisateurs devraient, par conséquent
imprimer cette publication en utilisant une imprimante couleur.

IMPORTANT - Le-logo "colour inside” qui se trouve sur la page de couverture de cettE
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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_importanie
de perturbations;

b) que les méthodes de mesure de ces perturbations ont été spécifiées parle-CISPR;
c] que certaines fréquences sont désignées par [I'Union _ Internationale das
Télécommunications (UIT) pour un rayonnement non limité provenant des appareils ISM

RECOMMANDE

gue la derniére édition de la CISPR 11 soit utilisée pour appliguer 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 Ila présente Norme
internationale. Le CISPR et I'UIT se partagent la responsabilité de la protection des services

radio—en-ce—-aui-concernelutilisation-des—applicationsItSM-afréguences—radiodlectrigues
Fe+e—6+h GH A He+—uHHSSHO ARG appHcaHoRS+oM—a—HegqUeh =G T HHGHH T

Le CISPR est concerné par le contrble des perturbations radioélectriques dues. a dg
applications ISM a fréquences radioélectriques par le moyen d'une évaluation de ce
perturbations, soit sur un site d'essai normalisé, soit, pour une application individuelle ISM
frequences radioélectriques qui ne peut étre soumise a essai sur un tel site, sur/son lieu g
fdnctionnement. Par conséquent, la présente Publication du CISPR couvre les exigencq
rglatives a I'évaluation de la conformité des deux sortes d'appareils: appareil évalué par dg
egsais de type sur des sites d'essai normalisés ou appareil individuel dans des conditions
situ.

S0 n O Yn n

UIT est concernée par le contréle des perturbations radioélectriques dues a des
pplications ISM a fréquences radioélectriques pendant{Je- fonctionnement normal ¢t
dtilisation de I'appareil respectif en son lieu de fonctionnenient (voir la Définition 1.15 dans |e
Reglement des radiocommunications de I'UIT). La, l'utilisation de I'énergie radioélectrigye
decouplée de l'application radioélectrique ISM par couplage rayonnant, inductif ou capacifif
es$t limitée a I'emplacement de cette application individuelle.

[V

La présente publication du CISPR contient, en 6.3, les exigences essentielles relatives ayx
émissions pour une évaluation des perturbations radioélectriques dues a des applications ISM
alfréquences radioélectriques sur des sites>d'essai normalisés. Ces exigences permettent des
egsais de type sur les applications ISMa fréquences radioélectriques fonctionnant a dgs
frequences jusqu'a 18 GHz. Elle contient en outre, en 6.4, les exigences essentielles relativgs
ayux émissions pour une évaluation’in situ des perturbations radioélectriques dues a das
applications ISM a fréquences radioélectriques dans la plage de fréquences jusqu'a 1 GHE.
Tputes les exigences ont été<gétablies en étroite collaboration avec I'UIT et jouissent de
approbation de I'UIT.

Q-

Tputefois, pour le fonctionnement et l'utilisation de plusieurs types d'applications ISM
frequences radioélectriques, il convient que le fabricant, linstallateur et/ou le clie
cpnnaissent les dispositions nationales complémentaires concernant la réglementation et Igs
besoins particuliers de protection des services et applications radio locaux. Selon le pays
concerné, ces-dispositions complémentaires peuvent s'appliquer a des applications ISM |a
frequences.fadioélectriques fonctionnant a des fréquences situées a l'extérieur des bandgs
M désignées (voir Tableau 1). Elles peuvent aussi s'appliquer a des applications ISM |a

e

e

S

=]
—

frequences radioélectriques fonctionnant a des fréquences supérieures a 18 GHz. Pour d
derhier type d'applications, la protection locale des services et appareils radio requiert urn
execution—de—evaluation—de—a—econformite—par—tappheation—des—dispeositens—nationsal
appropriées dans la plage de fréquences supérieures a 18 GHz conformément aux droits
acquis de I'UIT et des administrations nationales. Ces dispositions nationales
complémentaires peuvent s'appliquer aux émissions non désirées, aux émissions
apparaissant a des harmoniques de la fréquence de fonctionnement et aux émissions
désirées a la fréquence de fonctionnement allouée a l'extérieur de la bande ISM désignée

dans la plage de fréquences supérieures a 18 GHz.

L'Annexe E de la présente Norme Internationale donne des recommandations du CISPR
relatives a la protection des services radio dans des zones particuliéres.

La définition 1.15 du Réglement des radiocommunications de I'UIT est la suivante:
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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]
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APPAREILS INDUSTRIELS, SCIENTIFIQUES ET [VIEDICAUX -
CARACTERISTIQUES DE PERTURBATIONS RADIOELECTRIQUES -
LIMITES ET METHODES DE MESURE

1 Domaine d’application

h présente Norme internationale s'applique aux appareils industriels, scientifiques
ectromédicaux fonctionnant dans la plage de fréquences de 0 Hz a 400 GHz, ainsicqu*al
ppareils domestiques et similaires congus pour produire et/ou utiliser, dans un' espad
gduit, de I'énergie radioélectrique.

50 O

—

h présente norme couvre les exigences d’émission relatives aux. > perturbation
gdioélectriques dans la plage de fréquences de 9 kHz a 400 GHz. Les mesurages so
se¢ulement nécessaires dans les plages de fréquences dans lesquelles les limites so
spécifiées a I’Article 6.

—

Ppur les applications industrielles, scientifiques et médicales (ISM) a fréquencg
rgdioélectriques, au sens de la définition fournie par le Réglement des radiocommunicatior
de I'UIT (voir Définition 3.13), la présente Norme couvre lés)exigences d’émission relative
ayux perturbations a fréquences radioélectriques dans la(plage de fréquence comprise ent
9lkHz et 18 GHz.

zZ

1.

—
=y

bs exigences relatives aux appareils d'éclairage ISM a fréquences radioélectriques et a(
bnérateurs de rayonnement UV fonctionpant dans les bandes de fréquences ISM définig
br le Réglement des radiocommunicatians de I'UIT sont spécifiées dans la présente Norme.

T Q

ps installations couvertes par d’autres normes de produits du CISPR et d’autres normg
émission de famille de produitsyn’entrent pas dans le domaine d’application de la présen
nprme.

Q

2| Références normatives

Les documents de” référence suivants sont indispensables pour I'application du prése
dpcument. Pour des références datées, seule I'édition citée s'applique. Pour les référence
npn datées,Jladerniére édition du document de référence s’applique (y compris les éventue
amendemeénts).

CISPRA16-1-1:2010, Spécifications des méthodes et des appareils de mesure de

DTE Les exigences d'émission pour les appareils de cuissen. a induction sont spécifiées dans la CISPR 14}

1%
—

D X

N

S

perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-

1 .

Appareils de mesures des perturbations radioélectriques et de I'immunité aux perturbations

radioélectriques — Appareils de mesure
CISPR 16-1-1:2010/AMD 1:2010
CISPR 16-1-1:2010/AMD 2:2014

CISPR 16-1-2:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-2:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations

radioélectriques — Dispositifs de couplage pour la mesure des perturbations conduites

1 Les chiffres entre crochets renvoient a la Bibliographie.
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CISPR 16-1-4:2010, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 1-4:
Appareils de mesure des perturbations radioélectriques et de l'immunité aux perturbations
radioélectriques — Antennes et emplacements d’essai pour les mesures des perturbations
rayonnées

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

CISPR 16-2-1:2014, Spécifications des méthodes et des appareils de mesure des
perturbations radioélectriques et de I'immunité aux perturbations radioélectriques — Partie 2-1:

éthodes de mesure des perturbations et de l'immunité — Mesures des perturbations
conduites

SPR 16-2-3:2010, Spécifications des méthodes et des appareils de mesure des
prturbations radioélectriques et de I'immunité aux perturbations radioélectriques = \Partie 2-3:
éthodes de mesure des perturbations et de Il'immunité — Mesures des~perturbations
yonnées

SPR 16-2-3:2010/AMD 1:2010
SPR 16-2-3:2010/AMD 2:2014

0O0O0JIS O

CISPR 16-4-2:2011, Spécifications des méthodes et des appareils de mesure de
perturbations radioélectriques et de I'immunité aux perturbations-radioélectriques — Partie 4-
Incertitudes, statistiques et modélisation des Iimites —~Incertitudes de mesure g
I'instrumentation

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

® Y »

IHC 60050-161:1990, Vocabulaire Electrotechnique International (VEI) — Chapitre 16
Cpmpatibilité électromagnétique

~

IHC 60601-1-2:2014, Appareils électromédicaux — Part 12: Exigences générales pour |a
s¢curité de base et les performances cessentielles — Norme collatérale: Perturbations
électromagnétiques — Exigences et essais

IEC 60601-2-2:2009, Appareils électromédicaux — Part 2-2: Exigences particulieres pour |a
sécurité de base et les performances essentielles des appareils d'électrochirurgie a couraht
haute frequence et des accessoires d'électrochirurgie a courant haute fréquence

IBC 60974-10:2014, Matériel de soudage & l'arc — Partie 10: Exigences de compatibilité
électromagnétique (CEM)

IHC 61307:2011¢_Installations industrielles de chauffage a hyperfréquence — Méthodes d'esshi
pour la détermination de la puissance de sortie

IHC 62135-2:2007, Matériel de soudage par résistance — Partie 2: Exigences de compatibilité
électromagnétique (CEM)

Réglement des radiocommunications de I'UlT (2012), Réglement 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.


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

CISPR 11:2015 © IEC 2015 -101 -

3.1
acces d’alimentation secteur en courant alternatif

acces utilisé pour le raccordement a un réseau public de distribution secteur d’énergie en
courant alternatif a basse tension ou autre installation secteur en courant alternatif a basse

tension

3.2
matériel de soudage a I’arc

matériel destiné a appliquer un courant et une tension et ayant les caractéristiques

nécessaires pour le soudage 3 |'arc et les processus associés

3J3
réseau fictif d'alimentation
AMN

r§seau qui fournit une impédance définie au matériel en essai aux\ fréquence
rgdioélectriques, accouple la tension perturbatrice au récepteur de mesure ef\désaccouple
circuit d'essai du réseau d'alimentation

Note 1 a l'article: Il existe deux types fondamentaux d'AMN: le réseau en V (AMN en-/)‘qui accouple les tensio

ngn symétriques, et le réseau en triangle (AMN en A) qui accouple séparément les tensions symétriques et n
symétriques.

Nete 2 a l'article: Les termes réseau de stabilisation d'impédance de ligne* (RSIL) et réseau AMN en V so
utjlisés indifféremment

Note 3 a l'article:  L’abréviation «<KAMN» est dérivée du terme anglais“développé correspondant «artificial mai
ngtwork».

3l4

perimétre de I’appareil en essai

perimétre imaginaire de lignes droites décrivant une configuration géométrique simple q
englobe l'appareil en essai

No¢te 1 a 'article: Tous les cébles d'interconnexion sont inclus a l'intérieur de ce périmétre.

315

cpmposant
produit qui sert une ou plusieurs fonctions particulieres et qui est destiné a étre utilisé dan
un matériel ou systéme assemblé de niveau supérieur

316
réseau fictif en courant continu
r{seau en courant continu fictif
-AN

rgseau fictif«qqui sert de terminaison définie de I’accés en courant continu en essai du matéri
en essaiy_fournissant également le découplage nécessaire des perturbations conduite
provenant de la source d'alimentation en courant continu de laboratoire ou de la charge

ns

nt

ns

j o=

[

ne N PR | | a |
A>3 —C

PR S L P TN | ol el iot: A 2 4 lai | 2 4 YT
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network».

3.7

acceés d’alimentation en courant continu

acces utilisé pour le raccordement a un systeme de production d'énergie en courant continu
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
combustible ou d'une batterie.

a

a
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3.8

matériel d’usinage par décharges électriques

EDM

tous les composants nécessaires au procédé d’électroérosion incluant la machine-outil, le
générateur, les circuits de commande, le réceptacle de fluide de travail et les dispositifs
intégrés

Note 1 a l'article: L’abréviation «<EDM» est dérivée du terme anglais développé correspondant «electro-discharge
machining».

379

rJyonnement 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

Ne¢te 1 a l'article: Le sens du terme "rayonnement électromagnétique" est quelquefois étendu.aux phénomenegs
d'|nduction.

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

310

équipement de soudage par résistance et procédés associés
tqus les équipements associés a la réalisation du procédé de“soudage par résistance et dgs
pfocédés associés consistant, par exemple en une source d’alimentation, des électrodep
I'putillage et I’équipement de contrdle associé, et qui péuvent consister en une unité sépardge
oy une partie d’'une machine complexe

311

convertisseur de puissance connecté au réseau
GCPC

convertisseur de puissance connecté avun réseau de distribution électrique en courant
alternatif ou autre installation secteur en courant alternatif et utilisé dans un systeme de
pfoduction d'énergie

Note 1 a l'article: L’abréviation « GCRE» est dérivée du terme anglais développé correspondant «grid connected
pgwer converter».

312

systéme et appareil électronique haute puissance
uh ou plusieurs convertisseurs de puissance a semiconducteurs dont la puissance assignée
copmbinée est supérieure a 75 kVa, ou appareil contenant ce type de convertisseurs

Z

bte 1 a l'article.” Il s'agit, par exemple, de convertisseurs de puissance a semiconducteurs destinés apx
afplications~dans les alimentations sans interruption (ASI) et les entrainements électriques de puissance (EEP).

313

applications industrielles, scientifiques et médicales (ISM) (d'énergie radioélectrique)
applications1ISM{d-énergieradioélectrique)}
fonctionnement d’installations ou d’appareils congu(e)s pour produire et utiliser, dans un
espace réduit, de I'énergie radioélectrique pour des applications industrielles, scientifiques,
médicales, domestiques ou similaires, a I'exclusion des applications relevant du domaine des
télécommunications

Note 1 a l'article: Parmi les applications typiques, on peut citer la production d'effets physiques, biologiques ou
chimiques tels que I'échauffement, l'ionisation des gaz, les vibrations mécaniques, I'épilation, I'accélération des
particules chargées. Une liste non exhaustive d’exemples est donnée en Annexe A.

Note 2 a l'article: L’abréviation «ISM» est dérivée du terme anglais développé correspondant «industrial, scientific
and medical».

[SOURCE: Reéglement des radiocommunications de I'UIT Volume 1: 2012 — Chapitre |,
Définition 1.15]
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3.14

installations et appareils ISM RF

installations ou appareils congu(e)s pour produire et/ou utiliser, dans un espace réduit, de
I'énergie radioélectrique pour des applications industrielles, scientifiques, médicales,
domestiques ou similaires, a I'exclusion des applications relevant du domaine des
télécommunications et des techniques de l'information et des autres applications couvertes
par d'autres publications du CISPR

Note 3 a l'article: L’abréviation "ISM RF" est utilisée dans toute la présente Norme uniquement pour de tels
installations ou appareils.

3{15

basse tension
B[T
ensemble des niveaux de tension utilisés pour la distribution d’énergie électriquelet dont
linite supérieure généralement admise est de 1 000 V en courant alternatif o1 500 V gn
courant continu

Q

[SOURCE: IEC 60050-601:1985, 601-01-26, modifiée — addition des mots "ou 1 500 V gn
courant continu".]

3/16

systéme de production d'énergie photovoltaique
systéme de production d'énergie électrique qui utilise l'effet photovoltaique pour converfir
I'énergie solaire en électricité

317

petit matériel

matériel qui est, soit placé sur une table, soit\posé sur le sol, et qui tient a I'intérieur d’yn
vplume d’essai cylindrique imaginaire dont(le diamétre ne dépasse pas 1,2 m et dont |a
hauteur au-dessus du plan au sol ne dépasse pas 1,5 m, y compris ses cables

w

18

électroérosion

enlévement de matiére dans un fluide diélectrique de travail par des décharges électriques,
gparties dans le temps et distribuées aléatoirement dans I'espace, entre deux électrodes
électriquement conductrices\.(une électrode servant d’outil et I'autre de piéce de travail), avegc
une maiftrise de I’énergie\.des décharges

y

—

319

essai de type
essai effectué'sur un ou plusieurs dispositifs réalisés selon une conception donnée, pour
verifier que{cette conception répond a certaines spécifications

Note 1,-a\l'article: La reconnaissance d'un essai de type comme une homologation peut dépendre de |a
églementation nationale ou régionale (voir H.2 de I'Annexe H).

=

4 Fréquences désignées pour étre utilisées par les appareils ISM

L'Union Internationale des Télécommunications (UIT) a désigné certaines fréquences comme
étant des fréquences fondamentales pour les applications ISM a fréquences radioélectriques
(voir aussi la Définition 3.13). Ces fréquences sont énumérées au Tableau 1.

NOTE Dans certains pays, des fréquences différentes ou supplémentaires peuvent étre désignées pour une
utilisation par les applications ISM RF.
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Tableau 1 - Fréquences, dans la plage de fréquences radioélectriques, désignées
par I'UIT comme étant des fréquences fondamentales pour les appareils ISM

Numéro de la note de bas de
B A A page du tableau des
Fréquence centrale Plage de fréquences Limite de attributions de fréquences
rayonnement des Reégl d
MHz MHz maximale b es Reglements des
Radiocommunications de
I'UIT @
6,780 6,765 — 6,795 A I'étude 5.138
137560 137553 —13567 SamsTestricton 57150
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
en 5:280
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

a8 La résolution n° 63 du Réglement des Radiocommunicatjen$ de I'UIT s’applique.

b L'expression "sans restriction" s'applique aux fréguences 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 tensians)perturbatrices et de perturbations rayonnées de la
présente norme s'appliquent.

5| Classification des appareils

51 Séparation en groupes

Ppur simplifier l'identification des limites applicables, les appareils relevant du domair
dlapplication de la présente Norme sont classés en deux groupes, c’est-a-dire le groupe 1
lg groupe 2.

9%
~ @

Appareils du «groupe 1: le groupe 1 réunit tous les appareils compris dans le domaire
dlapplication,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 fréquencgs
rgdioélectriques 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 u

n

réseau d'alimentation électrique a basse tension alimentant des béatiments a usage

domestique.

Les appareils de classe A doivent respecter les limites de la classe A.

Le matériel de soudage a l'arc contenant des dispositifs d’amorgcage ou de stabilisation d’arc
et des dispositifs d'amorgage ou de stabilisation d’arc autonomes pour le soudage a I'arc doit

nnnnnnnn HI

£ aanaidas AR A laca
e rc LUTToTuTT U UUTTITTITS Ul appdarvilh U UIdooT 7.

Appareils de classe B: appareils prévus pour étre utilisés dans les environnemen
rgsidentiels et dans les établissements connectés directement a un réseau d'alimentatid
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
L

p fabricant et/ou le fournisseur de I'appareil doivent s’assurer quée.l’utilisateur est informé ¢

Iqd classe et du groupe de l'appareil, soit par un marquagé)-soit par la documentatid
agccompagnant I'appareil. Dans les deux cas, le fabricant et/ou le fournisseur doive
expliquer dans la documentation accompagnant I'apparejl\la/signification de la classe et @
groupe.

Lad documentation accompagnant |'appareil doit centenir des détails sur les précautions qy
I'acheteur ou I'utilisateur est tenu de prendr® “pour assurer que le fonctionnement
I'Gtilisation normale de I'appareil ne provoquent pas de brouillage radioélectriqy
pféjudiciable. Dans le cadre de la présentekNorme, ces détails concernent des informatior]
rglatives:

o| a la possibilité de brouillage radioélectrique provenant du fonctionnement d'un appareil d
classe A dans certains environnements,

e| aux précautions particuliéres_a prendre lors du raccordement d'un appareil de classe A
un réseau d'alimentationsélectrique a basse tension (voir la note de bas de page a et
note de bas de page b.dw Tableau 2, la note de bas de page b du Tableau 3 et la note @
bas de page a du Tableau 6, respectivement),

e| aux mesures quipeuvent étre prises au niveau de l'installation pour réduire les émission
provenant d'un_appareil de classe A installé (voir la note de bas de page b du Tableau 2
la note de bas de page a du Tableau 8).

dpivent eontenir le texte ci-dessous:

Attention: Cet appareil n'est pas destiné a étre utilisé dans des environnements

Ppur les appareils de classe A, les instructions d'utilisation qui accompagnent le prodJi

ht

]

w O®

e

a

2 el fial 4 4 1 4 ' ol 4 4 S Il 3 41
I'SSIUCTIIUTIS Cl pTuUl 1'c Mpas doSoUulcTl a PTULCLUUUTT aucTyudic a a rcLopPuurni

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 i
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
préférence du fabricant.

ci

la
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5

NOTE 1 En fonction de la taille, de la complexité ou des conditions de fonctionnement de l'appareil, certains
appareils peuvent devoir étre mesurés in situ afin de démontrer la conformité aux limites de perturbations

rayonnées spécifiées dans la présente Norme.

Les appareils de classe B doivent étre mesurés sur un site d'essai.

NOTE 2 Les limites ont été déterminées sur une base probabiliste, en tenant compte de la probabilité de

brouillage. En cas de brouillage, des dispositions complémentaires peuvent devoir étre appliquées.

La limite inférieure doit étre appliquée a toutes les fréquences de transition.

LES apparells et les methodes de mesure sont specifies aux Articles 7, 8 et 9.

2 Appareils du groupe 1 mesurés sur un site d'essai

6
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 u
détecteur de valeur moyenne et a la limite de quasi-créte spé€cifiée pour les mesurage
effectués avec un détecteur de quasi-créte (voir 7.3); ou

a la limite en valeur moyenne lorsqu'un détecteur de qudsizcréte est utilisé (voir 7.3).

appliquent uniquement aux convertisseurs de puissance connectés au réseau (GCP(

b
Lés limites de I'accés d’alimentation en courant contint, a basse tension spécifiées ci-aprég
s
destinés a étre montés dans les systémes de proddaction d'énergie photovoltaique.

6)2.1.2 Plage de fréquences comprises entre 9 kHz et 150 kHz

Dins la plage de fréquences comprisesventre 9 kHz et 150 kHz, les limites ne sont pd
spécifiées.

6j2.1.3 Plage de fréquences comprises entre 150 kHz et 30 MHz

bs limites pour les tensions- perturbatrices aux accés d’alimentation secteur en coura
lternatif & basse tension“dans la plage de fréquences comprises entre 150 kHz et 30 MH
pur les appareils mesurés sur un site d'essai en utilisant le réseau fictif d'alimentatiq
) /50 uH (AMN en V) du CISPR ou la sonde de tension du CISPR (voir 7.3.3 et la Figure
bnt indiquées au (Tableau 2 et au Tableau 4.

“ 1T O —

Les limites pour les perturbations conduites aux accés d’alimentation en courant continu
basse tension dans la plage de fréquences comprises entre 150 kHz et 30 MHz pour g
appareils.-mesurés sur un site d'essai utilisant le réseau 150 Q du CISPR (DC-AN
(Moir 7.3*2.3 et I'Annexe |) ou la sonde de courant (voir la CISPR 16-1-2) sont indiquées 3
Tabléau 3 et au Tableau 5.
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Tableau 2 — Limites de tensions perturbatrices pour les appareils de classe A, groupe 1,
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)

Puissance assignée de Puissance assignée de Systémes et appareils
<20 kVA© >20 kVA & < 75 kVA @ ¢ électroniques haute
- - puissance, puissance
Plage de assignée de
fréquences > 75 kKVA b ¢©
MHz — — —
Quasi-créte Valeur Quasi-créte Valeur Quasi-créte Valeur
moyenne moyenne moyenne
G={MY) dBTV) dBuv) G={MY) G={MY) dB(V)
0,15 -0,50 79 66 100 90 130 120
0,50-5 73 60 86 76 125 145
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 étre appliquée.
Pour les appareils de classe A destinés a étre connectés uniquement aux réseaux industriels de distribution
H’énergie a neutre isolé ou mis a la terre a impédance élevée (voir I'lEC 60364-1), les limites pour les appareils
Bvec une puissance assignée > 75 kVA peuvent s’appliquer, quel que soitleur puissance assignée effective.

NOTE La puissance d'entrée ou de sortie assignée de 20 kVA(correspond, par exemple, a un courant
H’environ 29 A par phase dans le cas de réseaux d'alimentation tfiphasés de 400 V, et a un courant d’environ
b8 A par phase dans le cas de réseaux d’alimentation triphasés de200 V.

P Ces limites s'appliquent aux appareils de puissance assigriée > 20 kVA et destinés & étre connectés a un
transformateur ou un générateur de puissance dédig¢, et qui ne sont pas reliés aux lignes électriques
aériennes a basse tension (BT). Pour les appareils ‘qui ne sont pas destinés & étre connectés a un
transformateur de puissance spécifique a l'utilisateur, les limites pour une puissance assignée < 20 kVA
s’appliquent. Le fabricant et/ou le fournisseur deivent fournir des informations sur les mesures d'installation
qui peuvent étre utilisées pour réduire les émissions provenant de I'appareil installé. En particulier, il doif
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.

P Ces limites s'appliquent uniquement aux’systémes et appareils électroniques haute puissance de puissance
assignée supérieure a 75 kVA, s'ils.sont destinés a étre installés comme suit:

e l'installation est assurée_a 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 l'installation se sitde yjphysiquement @ au moins 30 m des environnements résidentiels ou en esf
séparée par une structure faisant office de barriére contre les phénoménes de rayonnement,

e le fabricant etlou le fournisseur doivent indiquer que cet appareil satisfait aux limites de tensiong
perturbatrices Jpour les systémes et appareils électroniques haute puissance de puissance d'entrég
assignée > 75 kVA et donner des informations relatives aux mesures d'installation a appliquer paf
I'installateur. En particulier, il doit étre indiqué que cet appareil est destiné & étre utilisé dans ung
installation alimentée par un transformateur ou générateur de puissance dédié et non par des lignes
aériennes a basse tension.

F 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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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 |moyennel créte [moyenne
dB(uV) dB(nV) | dB(uV) | dB(uV) [ dB(pA) | dB(pA) | dB(uV) | dB(nV) [ dB(pA) dB(uA
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

gdns certaines plages de fréquences, les limites indiquées dans ce tableau dimintlent de maniére linéaire avec
arithme de la fréquence.

Le choix de I'ensemble approprié de limites doit reposer sur la puissancé)en courant alternatif assignée défir
par le fabricant.

Ces limites s'appliquent aux appareils de puissance assignée > 20 KVA et destinés a étre installés dans
grand systeme de production d'énergie photovoltaique par un pfofessionnel. Dans le manuel accompagnant
produit, le fabricant et/ou le fournisseur doivent fournir des informations sur les mesures d'atténuation ¢
peuvent étre utilisées pour réduire les émissions générées par les appareils installés, avec pour objectif d'évi
les brouillages préjudiciables pour la réception radio a une distance de 30 m de l'installation. Il doit notamme
étre indiqué que cet appareil peut étre équipé d'un filtrage supplémentaire et que l'installation est physiquemg
séparée de plus de 30 m des environnements résidentiels. L'installateur est invité a vérifier l'installati

lo

atténuée par rapport aux mesurages in situ de la CISPR 11 comme indiqué a I'article 6.4 de la présente Normg¢.

€
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le
ui
er|
nt]
nt
bn

h

Tlableau 4 — Limites de tensions perturbatrices pour les appareils de classe B, groupe

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 - 0/5Q ) . . i ) . . i
logarithme de la fréquence jusqu’a | logarithme de la fréquence jusqu’a
56
050 - 5 56 46
5-30 60 50
A la(fréquence de transition, la limite la plus sévére doit &tre appliquée.

Pour les générateurs de rayons X utilisés pour le diagnostic et fonctionnant de fagon
intermittente, les limites de quasi-créte du Tableau 2 ou du Tableau 4 peuvent étre relachées

de 20 dB.

Tableau 5 — Limites de tensions perturbatrices pour les appareils de classe B, groupe 1
mesurées sur un site d'essai (accés d’alimentation en courant continu)

Plage de fréquences

MHz

Quasi-créte

dB(uV)

Valeur moyenne

dB(uV)

0,15 -0,50

84
décroissant linéairement avec le

74

décroissant linéairement avec le
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logarithme de la fréquence jusqu’a | logarithme de la fréquence jusqu’a
74 64

0,50 - 30 74 64

6.2.2 Valeurs limites du rayonnement électromagnétique perturbateur

6.2.2.1 Généralités

LES appareils en essal doivent respecter 1es limites de quasi-crete quand un detectedr. d
qliasi-créte est utilisé.

[=2)

2.2.2 Plage de fréquences comprises entre 9 kHz et 150 kHz

w)

Bns la plage de fréquences comprises entre 9 kHz et 150 kHz, les limiteS.hne sont p3
spécifiées.

6/2.2.3 Plage de fréquences comprises entre 150 kHz et 1 GHz

Dians la plage de fréquences comprises entre 150 kHz et 30 MHZz,>les limites ne sont p3
spécifiées.

Dins la plage de fréquences au-dessus de 30 MHz, les limites s'appliquent a la composan
dfintensité du champ électrique du rayonnement électromaghétique perturbateur.

Les limites du rayonnement électromagnétique pertiirbateur dans la plage de fréquences
30 MHz a 1 GHz pour les appareils de classe A €t de classe B, groupe 1, sont respectiveme
spécifiées au Tableau 6 et au Tableau 7. Desxecommandations en matiére de protection de
S

Spur un site d’essai, I'appareil de classe A peut étre mesuré a une distance nominale de 3 n
de 10 m ou de 30 m (voir les indications du Tableau 6), et I'appareil de classe B a ur
distance nominale de 3 m ou de-10 m (voir les indications du Tableau 7). Une distance ¢
mesure inférieure a 10 m estCautorisée uniquement pour les appareils conformes a
définition "petit matériel" donnée en 3.17.

g¢rvices radio spécifiquement liés a la sécurité’sont données a I'Annexe E et au Tableau E.1|

e
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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 o0 o0 60
230 — 1000 47 50 57 60

ir un site d’essai, les appareils de classe A peuvent étre mesurés a une distance nominale de 3 m, de) 10 m ¢
e 30 m. Dans le cas de mesurages a une distance de séparation de 30 m, un facteur de proportionnalijté invers
b 20 dB par décade doit étre utilisé pour normaliser les données mesurées selon la distance spécifiée pour
btermination de la conformité.

aoamn

Alla fréquence de transition, la limite la plus sévere doit étre appliquée.

[0)

Ces limites s'appliquent aux appareils dont la puissance assignée est > 20 kVA et destinés a étre utilisés su
des sites ou les appareils et les radiocommunications sensibles issues de tiers,'sont distants de plus dg
30 m. Le fabricant doit indiquer dans la documentation technique que cet appareil est destiné a étre utilis§
sur des sites ou la distance de séparation par rapport aux services de radiocemmunications sensibles issueg
de tiers est >30 m. Si ces conditions ne sont pas satisfaites, les Jimites pour des valeurs <20 kVA
s’appliquent.
La distance de séparation de 3 m s'applique uniquement aux petits, matériels satisfaisant au critére de taillg
défini en 3.17.

Le choix de I'ensemble approprié de limites doit reposer sur’la puissance en courant alternatif assignég
définie par le fabricant.

de classe B, groupe 1¢Zmesurées sur un site d’essai

Tlableau 7 — Limites du rayonnement électromagnétique perturbateur pour les appareils

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

n

ir un site d’essai, les apparéils de classe B peuvent étre mesurés a une distance nominale de 3 m ou de 10 m.

Alla fréquence de transition, la limite la plus sévére doit étre appliquée.

(Y

La distancetde' séparation de 3 m s'applique uniquement aux petits matériels satisfaisant au critere de tail
défini en 31

Ppur,les appareils électromédicaux destinés a étre installés de fagon permanente dans dg
emplacements blindés, des dispositions supplémentaires concernant la disposition de mesu

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
6
6
L

.3  Appareils du groupe 2 mesurés sur un site d'essai
3.1 Limites des perturbations conduites
.3.1.1 Généralités

'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

(=2

T W AT QO —

b
s

b
6)3.1.2 Plage de fréquences comprises entre 9 kHz et 150 kHz
D
s

Ppur le matériel de soudage électrique, les limitesidu Tableau 8 ou du Tableau 9 s'applique
Ppur les dispositifs d’éclairage ISM alfrequences radioélectriques fonctionnant dans lg

Thbleau 8 — Limites de tensions perturbatrices pour les appareils de classe A, groupe |}

effectués avec un détecteur de qllnci-r‘rﬁfn (\/nir 4 ’R); ou

a la limite en valeur moyenne quand un détecteur de quasi-créte est utilisé (voir 7.3).

Bns la plage de fréquences comprises entre 9 kHz et 150 kHz, les limites\ne sont p3
pécifiées.

3.1.3 Plage de fréquences comprises entre 150 kHz et 30 MHz

ps limites pour les tensions perturbatrices aux accés d’alimentation secteur en coura
lternatif a basse tension dans la plage de fréquences comprises*entre 150 kHz et 30 MH
pur les appareils mesurés sur un site d'essai en utilisantyl€ réseau fictif d'alimentatid
) /50 uH du CISPR (AMN en V) ou la sonde de tension da-CISPR (voir 7.3.3 et la Figure
pbnt indiquées au Tableau 8 et au Tableau 9, sauf pour I€s*bandes de fréquences désignégq
br I'UIT figurant au Tableau 1, pour lesquelles aucune limite ne s’applique.

h mode de fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 2 d
I Tableau 4 s’appliquent.

andes de fréquences ISM dédiées (definies par I'UIT au Tableau 1), les limites du Tableau
appliquent.

mesurées sur un site-d’essai (accés d’alimentation secteur en courant alternatif)

D

Plage de Puissance assignée <75 kVA b Puissance assignée > 75 kVA 2 b
fréquences Quasi-créte Valeur moyenne Quasi-créte Valeur moyenne
MHz dB(V) dB(nV) dB(nV) dB(nV)

0,15 — 0750 100 90 130 120
0,505 86 76 125 115
90 80
73 60

A la fréquence de transition, la limite la plus sévére doit étre appliquée.

Pour les appareils de classe A avec une puissance assignée < 75 kVA destinés a étre connectés uniquement
aux réseaux industriels de distribution d’énergie a neutre isolé ou mis a la terre a impédance élevée (voir
I'lEC 60364-1), les limites définies pour les appareils du groupe 2 avec une puissance assignée > 75 kVA
peuvent s'appliquer.

a8 Le fabricant et/ou le fournisseur doivent fournir des informations sur les mesures d'installation qui peuvent
étre utilisées pour réduire les émissions provenant de I'appareil installé.

Le choix de I'ensemble approprié de limites doit reposer sur la puissance en courant alternatif assignée
définie par le fabricant.
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NOTE La puissance d'entrée ou de sortie assignée de 75 kVA correspond, par exemple, a un courant d’environ
108 A par phase dans le cas de réseaux d'alimentation triphasés de 400 V, et a un courant d’environ 216 A par
phase dans le cas de réseaux d’alimentation triphasés de 200 V.

Les appareils chirurgicaux a haute fréquence (HF) doivent satisfaire aux limites du Tableau 2
ou du Tableau 4, spécifiées pour les appareils du groupe 1, en mode veille. Pour les appareils
chirurgicaux a haute fréquence (HF) fonctionnant aux fréquences situées en dehors des
bandes de fréquences ISM désignées (voir Tableau 1), ces limites s’appliquent également a
la fréquence de fonctionnement et a l'intérieur des bandes de fréquences désignées. Les
mesurages correspondants doivent étre effectués dans un montage d’essai conformément a
I"'EC 60601-2-2.

Tlableau 9 — Limites de tensions perturbatrices pour les appareils de classe B, groupe R
mesurées sur un site d'essai (accés d’alimentation secteur en courant alternatif)
Plage de fréquences Quasi-créte Valeur moyenne
MHz dB(uV) dB(uV)
66 56
décroissant linéairement avec le décroissant linéairement avec le
0,15 - 0,50 . . ) s : . ) "
logarithme de la fréquence jusqu’a logarithme, de la fréquence jusqu’a
56 46
0,50 -5 56 46
5-30 60 50
A |a fréquence de transition, la limite la plus sévére doit étre appliquée:

6]3.2 Valeurs limites du rayonnement électromagnétique perturbateur

6{3.2.1 Généralités

Les appareils en essai doivent satisfaire“aux limites lors de I'utilisation d'un appareil de
mesure a détecteur de créte, de quasi-créte ou a détecteur de valeur moyenne, commnje

S

diqué dans le tableau approprié.

Jusqu’a 30 MHz, les limites ‘s'appliquent a la composante magnétique du rayonnemept
électromagnétique perturbateur. Au-dessus de 30 MHz, les Ilimites s'appliquent a |a
composante d'intensité du chiamp électrique du rayonnement électromagnétique perturbateur.

6)3.2.2 Plage de.fréquences comprises entre 9 kHz et 150 kHz

W)

ans 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

Shuf/pour les plages de fréquences désignées qui sont indiquées au Tableau 1, les valeurs

Iiw\:l»’\n A rov A ANt AlAaatean o At At el ot A e
eSO Tay oot Cro o aygrectqouC—portoaroatc ot

danag 1o nlann~ A~ frAniianma~ane A
uaTTo ™ PIUSU \Y A3 lluquulluuo be
150 kHz a 1 GHz pour les appareils de classe A, groupe 2, sont spécifiées au Tableau 10 et,
pour les appareils de classe B, groupe 2, au Tableau 12.

Les valeurs limites indiquées aux Tableaux 10 et 12 s’appliquent a toutes les perturbations
électromagnétiques de toutes fréquences non exemptées, conformément aux dispositions du
Tableau 1, note de bas du tableau b).

Pour les équipements de soudage par résistance de classe A, les limites du Tableau 10
s’appliquent dans la plage de fréquences comprises entre 30 MHz et 1 GHz en mode de
fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6 s’appliquent.
Pour les équipements de soudage par résistance de classe B, les limites du Tableau 12
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s'appliquent en mode de fonctionnement actif. En mode veille (ou au repos), les limites du
Tableau 7 s’appliquent.

Pour le matériel de soudage a l'arc de classe A, les limites du Tableau 11 s'appliquent en
mode de fonctionnement actif. En mode veille (ou au repos), les limites du Tableau 6
s’appliquent. Pour le matériel de soudage a l'arc de classe B, les limites du Tableau 7
s'appliquent en mode de fonctionnement actif ou en mode veille (ou au repos).

Pour le matériel d’'usinage par décharges électriques de classe A, les limites du Tableau 11

s’ @pphetent:

bur les dispositifs d’éclairage ISM a fréquences radioélectriques fonctionnant dans lgs
hndes de fréquences ISM dédiées (définies par I'UIT au Tableau 1), les Jimites du
hbleau 12 s'appliquent.

— O T

Ppur les appareils chirurgicaux a haute fréquence (HF), les limites duclableau 6 ou qu
Thbleau 7 s'appliquent. Les appareils chirurgicaux a haute fréquence (HFE).doivent satisfaife
abx limites respectives lorsqu’ils sont soumis aux essais en mode veille,

Des recommandations pour la protection de services spécifiquement liés a la sécurité sopt
dpnnées dans I'Annexe E et dans le Tableau E.1.

Spr 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 mominale de 3 m ou de 10 m (voir Igs
Thableaux 10 et 12).

Dgns la plage de fréquences comprises entre™30 MHz et 1 GHz, une distance de mesufe
inférieure a 10 m est autorisée uniquement.pour les appareils conformes a la définitign
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
MHz électrique magnétique électrique magnétique électrique magnétique
Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte | Quasi-créte
dB(pV/m) dB(nA/m) dB(uV/m) dB(pA/m) dB(uV/m) dB(pA/m)
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
fr_équence
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 — 1887 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 -

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 avec Ic,a‘
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.

28 La distance de séparation de 3 m s'applique uniquement aux petits matérjels, satisfaisant au critéere de
taille défini en 3.17.

Tableau 12 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe B, groupe 2, mesurées 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 S 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
10 m. Dans la plage de fréquences comprises entre 30 MHz et 1 GHz, une distance de mesure inférieure a
10 m est autorisée uniquement pour les appareils conformes a la définition donnée en 3.17.

Il convient que la limite la plus sévére s'applique a la fréquence de transition.

2 Les limites moyennes s’appliquent uniquement aux appareils & commande par magnétron et aux fours a
micro-ondes. Si les appareils a commande par magnétron ou les fours a micro-ondes dépassent la limite en
quasi-créte a certaines fréquences, le mesurage doit étre répété a ces fréquences avec le détecteur de
valeur moyenne, et les limites moyennes spécifiées dans ce tableau s'appliquent.

b Dans la plage de fréquences comprises entre 30 MHz et 1 GHz, la distance de séparation de 3 m s'applique
uniquement aux petits matériels satisfaisant au critere de taille défini en 3.17.
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6.3.2.4 Plage de fréquences comprises entre 1 GHz et 18 GHz

Les limites dans la plage de fréquences de 1 GHz a 18 GHz s'appliquent uniquement aux
appareils de groupe 2 fonctionnant a des fréquences supérieures a 400 MHz. Les limites
spécifiées dans les Tableaux 13 a 15 s’appliquent uniquement aux perturbations
radioélectriques apparaissant a I'extérieur des bandes ISM désignées, telles que répertoriées
au Tableau 1.

Les limites du rayonnement électromagnétique perturbateur pour la plage de fréquences
comprises entre 1 GHz et 18 GHz sont spécifiées du Tableau 13 au Tableau 15. L'appareil
doit satisfaire aux limites du Tableau 13 ou au moins a celles du Tableau 14 ou/.du
Thbleau 15 (voir 'arbre de décision en 9.4.1, Figure 12).

Les appareils d’éclairage ISM a fréquences radioélectriques fonctionnant dans les ‘bahdes de
frequences ISM dédiées (définies par I'UIT dans le Tableau 1) doivent satisfaire soit ayx
limites de la classe B du Tableau 13, soit au minimum aux limites du Tableau 14.

Ppur les générateurs de rayonnement UV alimentés en micro-ondes, les limites spécifiées qu
Thbleau 13 s'appliquent.

Des recommandations pour la protection de services spécifiquement liés a la sécurité sopt
dpnnées 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 fréquences supérieures a 400 MHz

Plage de fréquences Limites pour une ddistanlce de mesure de 3 m
e créte
GHz dB(uV/m)
1-18 Classe A Classe B
Dans les bandes de fréquences harmoniques 822@ 70
Al I'extérieur des bandes de fréquences harmoniques 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
(YBW) supérieure ou égale a }-MkKz. 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
spnt des multiples des bandes de fréquences ISM allouées au-dela de 1 GHz.

[

Aux fréquences(limites inférieure et supérieure des bandes de fréquences harmoniques, la limite la plus
sévére de 70 dB(nV/m) s'applique.

[ Dans la bande de radiodiffusion par satellite, les valeurs de perturbations mesurées ne doivent pas dépasser
73 dB(gVim).
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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 60
5,875 — 18 60

es mesurages en valeur pondérée doivent étre effectués avec une largeur de bande de résolution de 1 MHz gt
ne largeur de bande vidéo égale a 10 Hz.

—

ans toutes les plages de fréquences suivantes, dans lesquelles la limite du Tableau 14 a été dépassee’ pendarn

b mesurage de créte:
q) 1005MHz - 2395 MHz (1 000 MHz — 2 400 MHz)*;

)

) 6125 MHz — 8 575 MHz;
) 8575 MHz - 11025 MHz;
)

11 025 MHz — 13 475 MHz;

g

d

s

f 13 475 MHz — 15 925 MHz;
d) 15925 MHz - 17 995 MHz*.
O

g

f

sjpectre.

L
u
Hour vérifier la conformité aux limites de ce tableau, les mesurages en valeur pondérée doivent étre effectuép
d
I

2 505 MHz - 6 125 MHz (hors de la bande 5 720 MHz — 5 880 MHz)*;

ans les sous-plages ou la limite du Tableau 13 a été dépassée, gh mesurage en valeur pondérée doit étr|
ffectué avec une largeur de bande de 10 MHz autour de la fréquéence centrale ajustée en fonction de |
équence du niveau de perturbation le plus élevé dans la sous-plage‘respective.

Lorsque la fréquence de I'émission la plus élevée pendant.}é mesurage de créte se rapproche de 5 MHz de|
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 le
mesurages en valeur pondérée doit rester de 10 MHZ mais dans ce cas, la fréquence centrale doit étr
ajustée de maniére a ne pas dépasser les limites de.fréquence.

NOTE Voir I'Annexe B pour des lignes directrices supplémentaires concernant I'utilisation de l'analyseur d

w

w v 1Y

1)

Tableau 15 — Niveau APD duwrayonnement électromagnétique perturbateur
correspondant aux limités 10-1 pour les appareils de classe B, groupe 2,
fonctionnant.a des fréquences supérieures a 400 MHz

Plage de fréguénces Limitils. pour une distance de mes‘ure_qe 3m
iveau APD correspondant a 10
RHz dB(uV/m)
1-24 70
2,5-5,725 70
5,875 - 18 70

upérieure ou égale a 1 MHz.

lesurages APD avec une largeur de bande de résolution de 1 MHz et une largeur de bande de signal vidé

NOTE—tUmTiveauAPDcorrespondant—a—to—signifieque—tamptitudedetaperturbatiom dépasse e Tives
spécifié pendant la période d'observation avec une probabilité de 10 %.

6.4 Appareils de classe A, groupe 1 et groupe 2, mesurés in situ

6.4.1 Limites des perturbations conduites

Dans des conditions in situ, une évaluation des perturbations conduites n’est pas exigée.

6.4.2

Valeurs limites du rayonnement électromagnétique perturbateur

Les limites données au Tableau 16 s'appliquent aux appareils de classe A, groupe 1 et les
limites données au Tableau 17 s’appliquent aux appareils de classe A, groupe 2.
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Tableau 16 — Limites du rayonnement électromagnétique perturbateur pour les
appareils de classe A, groupe 1, mesurées in situ

Limites avec une distance de mesure de 30 m a partir de la face extérieure
du mur extérieur du batiment dans lequel se trouve I'appareil
Plage de fréquences Champ électrique Champ magnétique
MHz Quasi-créte Quasi-créte 2
dB(uV/m) dB(uA/m)

0,15 - 0,49 - 13,5
0,49 - 3,95 - 3,5

3,95 -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 &tre 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 pouf
hormaliser les données mesurées a la distance spécifiée afin de déterminer la conformité.

ce seuil de bruit de plus de 3 dB.

P 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 assignée 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



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

CISPR 11:2015 © IEC 2015

Tableau 17 — Limites du rayonnement électromagnétique perturbateur

119 -

pour les appareils de classe A, groupe 2, mesurées in situ

Plage de fréquences

Limites pour une distance de mesure D en m a partir
du mur extérieur du batiment

Champ électrique

Champ magnétique

MHz Quasi-créte Quasi-créte
dB(uV/m) dB(uA/m)

0,15 - 0,49 - 23,5

0,49 - 1,705 - 13,5

1,705 - 2,194 - 18,5

2,194 - 3,95 - 13,5

3,95 - 20 - -1,5

20 -30 - -11,5
30 - 47 48 s
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 -

la fréquence de transition, fa limite la plus sévére doit étre appliquée.

bur les appareils du groupe 2 mesurés in situ, la distance de mesure D, a partir du m
térieur du'batiment dans lequel se trouve I'appareil, est égale a (30 + x/a) m ou 100 m selg
distancge“a plus petite, a condition que la distance de mesure D soit située dans les limite
bs locaux. Si la distance D calculée est située hors des limites des locaux, la distance d
esure/D est égale a x ou a 30 m, selon la valeur la plus grande.

ur

Pour le calcul des valeurs ci-dessus:

X

a

a

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;

= 2,5 pour les fréquences inférieures a 1 MHz;
= 4,5 pour les fréquences supérieures ou égales a 1 MHz.
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7 Exigences de mesure

7.1 Généralités

Les exigences spécifiées dans le présent article, avec les limites indiquées a I'Article 6,
constituent les exigences de compatibilité électromagnétique (CEM) essentielles de la
présente Norme. Pour les mesurages réalisés sur les sites d'essai (voir I'Article 8), la
vérification de la conformité d'un type donné d'appareil a ces exigences CEM essentielles
permet de les définir en essais de type.

Les exigences liées aux mesurages sur ces sites d'essai sont des exigences d'essai de typ
Uh essai de type peut étre reconnu comme une homologation si les conditions en_matiefe
dlévaluation statistique des résultats de mesure selon I'Annexe H sont satisfaites.

W

T

bs appareils de classe A peuvent étre mesurés soit sur un site d'essai, soitsn'situ, comme
diqué par le fabricant. Les appareils de classe B doivent étre mesurés sur un.site d'essai.

>

Q-

Des exigences spécifiques en matiére de mesurages sur un site d'éssai sont données
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 lesdnesurages sur un site d'essp
que pour les mesurages in situ.

Les mesurages sont seulement nécessaires dans les plages de fréquences dans lesquellgs
lgs limites sont spécifiées a I'Article 6.

s composants ou sous-assemblages pour des)appareils ou systémes de niveau supérielir
pstinés a étre assemblés sur leur lieu de sfonctionnement respectif uniquement peuvept
palement étre soumis a essai selon les exigences de la présente Norme. Pour les besoins
b |'essai dans le cadre de la présente Noffme, ces composants ou sous-assemblages doivent
re considérés comme des appareils*autonomes. Les composants ou sous-assemblagegs
bur lesquels la conformité aux exigehces pertinentes ne peut pas étre démontrée lors de |a
esure sur un site d'essai peuventégalement étre évalués in situ au moment de l'installatign
hns le systéme de niveau supérieur, auquel cas les dispositions de 6.4 doivent s'appliquer.

O3 ®O OO

zZ

DTE 1 Les environnements .considérés dans la présente Norme sont des environnements résidentiels,
cqmmerciaux ou industriels (veirNMEC 61000-2-5 [11])2. La satisfaction de I'appareil aux exigences de la présenfte
brme permet son fonctionnement et son utilisation dans ces environnements sans risque important de brouillage
dioélectrique. D'autres mormes de produit IEC peuvent également permettre de soumettre a des essais (e
cqnformité les composantsiou sous-assemblages de systémes de niveau supérieur, mais elles prennent en compfte
d'Autres environnements)que ceux spécifiés dans I'lEC 61000-2-5 [11]. Il revient au fabricant de choisir la présente
Ne¢rme ou une autre norme de produit IEC appropriée pour soumettre les composants ou sous-assemblages a dés
egsais de conformité.

o Z

NPTE 2 liss'agit, par exemple, mais sans toutefois s'y limiter, de convertisseurs de puissance utilisés pour |a
productionndécentralisée et I'alimentation en énergie électrique des réseaux d'alimentation en courant alternatif|a
bgsse tension ou des installations ou, grace a leur transformateur dédié, de réseaux de distribution de puissange
mpyehne’ tension, mais également de sous-assemblages électriques de puissance destinés a alimenter lgs
sy|stémes de niveau supérieur en énergie provenant des réseaux secteur en courant alternatif a basse tension.

7.2 Bruit ambiant

Un site d'essai pour les essais de type doit permettre de faire la distinction entre les
émissions de l'appareil en essai et le bruit ambiant. Dans cette optique, il est possible de
déterminer si le site d'essai est approprié en mesurant les niveaux de bruit ambiant sans faire
fonctionner l'appareil en essai et en s'assurant que ces niveaux de bruit ambiant sont au
moins de 6 dB au-dessous des limites spécifiées en 6.2 ou 6.3 selon le cas. Des informations

2 Les chiffres entre crochets renvoient a la Bibliographie.
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supplémentaires relatives aux essais de conformité en présence de bruit ambiant sont
données dans la CISPR 16-2-1:2014, 6.2.2 et la CISPR 16-2-3:2010, 6.2.2.

Il n'est pas nécessaire de réduire le niveau de bruit ambiant a 6 dB au-dessous de la limite
spécifiée lorsque la combinaison du bruit ambiant et des émissions de I'appareil en essai ne
dépasse pas la limite spécifiée. Dans ces conditions, I'appareil en essai est considéré comme
satisfaisant a la limite spécifiée.

Dans le cadre des mesurages des perturbations radioélectriques conduites, les émissions
locales _de radio peuvent allgmpntpr le niveau de bruit ambiant a certaines fréqunnr‘pQ Un

N

filtre de radiofréquences adapté peut étre inséré entre le réseau fictif (AMN en V et/ou BC-
AN) et l'alimentation secteur en courant alternatif de laboratoire respective ou la sourdge
dlalimentation en courant continu, ou les mesurages peuvent étre effectués dans urle
enceinte blindée. Il convient que les composants formant le filtre de radiofréquences soient
enpfermés dans un écran métallique directement connecté a la terre de référence du systénie
de mesure. Les exigences pour I'impédance du réseau fictif doivent étre satisfaites, a |a
frequence de mesure, lorsque le filtre de radiofréquences est connecté.

S|, lors du mesurage des perturbations radioélectriques rayonnées, le€s conditions de bryit
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 8.3.4). D'autres conseils relatifs
ayx conditions de mesure en cas de niveau élevé de bruit ambiant-sont donnés a I'Annexe C

7|13  Appareil de mesure
713.1 Instruments de mesure

bs récepteurs dotés de détecteurs de quasi-crétendoivent étre conformes a la CISPR 16-1-{.
bs récepteurs dotés de détecteurs de valeur moyenne doivent étre conformes a |a
SPR 16-1-1.

QO

NDTE 1 Les deux détecteurs peuvent étre incerporés dans un seul récepteur et les mesurages peuvent étre
éalisés en utilisant alternativement le détecteur\de quasi-créte et le détecteur de valeur moyenne.

=

DTE 2 Le détecteur de valeur moyenne, de la CISPR 16-1-1 est souvent appelé "CISPR-Average" (Moyenne-
SPR). Il s'agit de souligner que le détecteur de valeur moyenne utilisé dans le détecteur CISPR permet d'obtenir

résultat de mesure équivalent & Ja lecture de valeur de créte d'un appareil de mesure avec une constante ¢le
temps telle que définie dans la CISPR 16-1-1.

coz

récepteur de mesure utilisé doit étre utilisé de sorte que la variation de la fréquence de |a
rturbation en cours‘de mesure n'affecte pas les résultats.

»)
=
»)
=

NDTE 3 Des appateils de mesure présentant d'autres caractéristiques de détection peuvent étre utilisés,|a
cqndition de pouvoir-prouver que le mesurage des valeurs de perturbation est le méme. L’attention est attirée spr
la| commodité~de. I'emploi d'un récepteur panoramique ou d'un analyseur de spectre, particuliérement si [a
frequence defonctionnement des appareils en essai change notablement pendant le cycle de fonctionnement.

Ppur éviter que I'appareil de mesure indique de fagon erronée une non-conformité aux limite
Id récepteur de mesure doit étre accordé sur une fréquence suffisamment éloignée dg

fr Aot Ao Al dac bhandaa QM Adlciandac OO laa fraaiancaa AAlLoaitaont | o
e Tt o U UTiv UTOo VAlTluT o TUYIVE UTOTYylivTo, pUUT YUT 1o 1TTUYYUTTIVT O Ut

a 6 dB du récepteur restent en dehors de cette bande désignée.

Uy

o »

P2 bhaon
aric a oaritd

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)

7.3.21 Généralités

5

Le réseau fictif (AN) est exigé pour fournir une impédance de charge définie pour 'accés
d’alimentation secteur en courant alternatif ou I'accés d’alimentation en courant continu en
essai de l'appareil en essai (EUT) aux fréquences radio au point de mesure. Le réseau fictif
assure également l'isolation de I'appareil en essai en fonction du bruit ambiant sur les lignes

électriques en courant alternatif ou en courant continu respectives.

713.2.2 Réseau fictif d'alimentation (AMN)

Le mesurage de tensions perturbatrices aux accés d’alimentation secteur en courant alterna
basse tension doit étre effectué en utilisant le réseau fictif d'alimentation (AMN~“en
bmme spécifié dans la CISPR 16-1-2.

o

7)3.2.3 Réseau fictif en courant continu (DC-AN)

Le mesurage de tensions perturbatrices aux accés d’alimentation en courant continu a bass
tgnsion doit étre effectué en utilisant le réseau en triangle fictif d'alimentation 150 Q spécif
en 4.7 de la CISPR 16-1-2:2014 (voir aussi la CISPR 16-1-2:2014, ‘Figure A.2) ou le résesz
fictif en courant continu 150 Q spécifié a I'Annexe | de la présente Norme. Pour simplifier
fdrmulation, I'un de ces réseaux destinés a étre utilisés dvec les mesurages aux acc§
dlalimentation en courant continu a basse tension est appeléZultérieurement DC-AN.

713.3 Sonde de tension

La sonde de tension représentée a la FigureA\doit étre utilisée lorsque le réseau fic
dijalimentation (AMN en V) ne peut pas étre utilisé. La sonde est connectée successiveme
entre chaque ligne et la terre de référence.choisie (plaque métallique, tube métallique). L
spnde est composée essentiellement d'un,condensateur de découplage et d'une résistang
tglle que la résistance totale entre la ligne et la terre soit au moins de 1 500 Q. L'effet s
I'éxactitude de mesure du condensateur ou de tout autre dispositif qui peut étre utilisé po
pfotéger le récepteur de mesure contre les courants dangereux doit étre soit inférieur a 1 df
spit pris en compte dans I'étalonnage. La sonde de tension doit satisfaire aux exigence
spécifiées a I'Article 5 de la CISPR 16-1-2:2014.

f

~
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Mains supply
C —— X;<<15000Q
(1500-R)Q
|
X1>>R R / Measuring set
IEC
Anglais Francgais
Mpins 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]3.4.1 Plage de fréquences inférieures a 30 MHz

Dins la plage de fréquencesinférieures a 30 MHz, I'antenne doit étre une boucle telle qye
spécifiée dans la CISPR 1641-4. L'antenne doit étre soutenue dans le plan vertical et pouvdir
pivoter sur un axe vertica).' Le point le plus bas de la boucle doit étre a 1 m au-dessus du
niveau du sol.

713.4.2 Plage de fréquences comprises entre 30 MHz et 1 GHz

Dgns la plage-de fréquences comprises entre 30 MHz et 1 GHz, I'antenne utilisée doit étre
tdlle que(spécifiee dans la CISPR 16-1-4. Les mesurages doivent étre réalisés pour |a
péolarisation horizontale et verticale. Le point de I'antenne le plus prés du sol ne doit pas étfe
almoins de 0,2 m.

Pour les mesurages réalisés sur un site d'essai, le centre de l'antenne doit étre déplacé en
hauteur entre 1 m et 4 m pour obtenir I'indication maximale a chaque fréquence d'essai.

Pour les mesurages in situ, le centre de I'antenne doit étre fixé a une hauteur de (2,0 £0,2) m
au-dessus du sol.

NOTE D'autres antennes peuvent étre utilisées, a condition de pouvoir démontrer que les résultats
correspondants ne s'écartent pas de +2 dB des résultats qui auraient été obtenus si une antenne doublet
symeétrique avait été utilisée.
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7.3.4.3 Plages de fréquences supérieures a 1 GHz

Pour les mesurages aux fréquences supérieures a 1 GHz, I'antenne utilisée doit étre telle que
spécifiée dans la CISPR 16-1-4.

7.3.5 Main artificielle

Au cours des mesurages de tensions perturbatrices sur des appareils tenus a la main,
|'utilisation d'une main artificielle est exigée pour simuler l'influence de la main de ['utilisateur.

La main artificielle est composée d'une feuille métallique reliée a une borne (borne M) d'yn
dip6le 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
r4férence du systéme de mesure (voir la CISPR 16-1-2). Le dipble RC de la main artificielle
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

Eh ce qui concerne les appareils prévus pour fonctionner a une fréquence fondamenta
située dans I'une des bandes désignées dans la liste du Tableau 1, la fréquence doit ét
vérifiée avec un appareil de mesureprésentant une erreur inhérente de mesure inférieure g
égale a 1/10 de la tolérance admise pour la fréquence centrale de la bande désignée. L
frequence doit étre mesurée_pour toutes les valeurs de la charge a partir de la puissance
plus faible normalement utilisee jusqu'a la puissance maximale.

O C DO

715 Configurationdes appareils en essai
7)5.1 Généralités

Lé niveau devperturbation doit étre augmenté au maximum en faisant varier la configuratign
des appareils; en restant compatible avec les applications typiques de I'appareil en essai. Un
exemplende’ montage classique pour les mesurages des perturbations rayonnées a partir d'yn
appargil~en essai (EUT) de table est donné a la Figure 3. La disposition de mesure doit étfe
tylpique d'une opération normale d'installation et centrée sur I'axe vertical du plateau tournant.

NOTE 1 La souplesse inhérente a chaque installation particuliere détermine la mesure dans laquelle le présent
paragraphe s'applique au mesurage d'une installation in situ. Les dispositions du présent paragraphe sont
applicables aux mesurages in situ, dans la mesure ou une installation particuliére permet de faire varier la position
des cables, de faire fonctionner différentes unités indépendamment les unes des autres a lintérieur de
I'installation, de faire varier la position de l'installation a I'intérieur des locaux, etc.

Pour le mesurage des perturbations rayonnées avec une distance de séparation de 3 m,
I’évaluation du rayonnement émis par le cablage de I'appareil en essai doit étre limitée aux
parties des cables de raccordement (voir 7.5.2) et aux cébles d’alimentation (voir 7.5.3) qui
sont a l'intérieur du volume d'essai de 1,2 m de diamétre par 1,5 m de hauteur au-dessus du
sol. Les appareils périphériques qui n’entrent pas dans le volume d’essai doivent étre exclus
des mesurages ou découplés de I'environnement d’essai.
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NOTE 2 L'évaluation des rayonnements peut étre limitée aux parties de cable se trouvant a l'intérieur du volume
d'essai en plagant, par exemple, des dispositifs d'absorption de mode commun (CMAD) au niveau des céables, a
I'endroit ou ils sortent du volume d'essai. La CISPR 16-2-3 donne des lignes directrices supplémentaires relatives
a l'application de dispositifs d’absorption de mode commun (CMAD).

Cable leaving the test volume run
vertically down towards the floor within
the test volume of (1,2 = 0,1) m diameter

times (1,5 = 0,1) m height.

Restriction of

radiation to the cable fractions inside the
test volume is achieved by using e.g. a
CMAD at the position where they leaves

B: excess cable length bundle

between 30 cm and 40 cm

41

B

D: Spacing between
the enclosures
should be20,1m

Peripheral
2

EUT1

3

EUT 2

<

Cable bundles should be arranged
in the middle of the cable.

g

Antenna reference
point

Heripheral only
! test volume — ; . D Sections of interconnecting cables
if cable / S hanging over the table are spaced at
nnot be NG / a distance of 0,4 m above the ground
tended to |
plane.
rfin out of test ’
vpplume (e.g.
peripheral 2).
Test volume for
small equipment
’ L: (3,0 0,1)m
(1,2+0,1)m
N " L = measuring distance
Anglais Frangais

hble leaving the test volume run vertically down

Le céable sortant du volume d’essai est placé verticalement

towards the floor within the test volume of (1,2 vers le sol a l'intérieur du volume d’essai de (1,2 + 0,1) m

+P,1) m diameter times (1,5 £ 0,1) m height. de diametre par (1,5 + 0,1) m de hauteur. Le rayonnemenit

Restriction of radiation to the cable fractions'inside peut étre limité aux parties de cable se trouvant a

thi test volume is achieved by using e.g. aaCMAD at I'intérieur du volume d'essai en plagant, par exemple, deg

the position where they leaves the volume. dispositifs d'absorption de mode commun (CMAD) au
niveau des cables, a I'endroit ou ils sortent du volume
d'essai.

Bl excess cable length bundle‘between 30 cm and 40 | B: entre 30 cm et 40 cm de longueur de cable en trop

crh in length

Antenna reference point Point de référence d’antenne

D] spacing between'the enclosures should be > 0,1 D: 1l convient que les enceintes soient séparées de > 0,1|m

m

Cable bundles‘should be arranged in the middle of Il convient de disposer les faisceaux au milieu du cable

the cable

P
e

bripheral only in test volume if cable cannot be
tended 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

dessai(périnhérigue 2 nar exemnle)
AL g <t i o7

Section of interconnecting cables hanging over the
table are spaced at a distance of 0,4 m above the
ground plane.

Les sections de cables de raccordement suspendues au-
dessus de la table sont espacées de 0,4 m au-dessus du
plan de masse

Test volume for small equipment

Volume d’essai pour les petits appareils

L= measuring distance

L = distance de mesure

Peripheral

Périphérique

Figure 3a — Vue de dessus
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le (1,2%0,1) m L Li30oxo)m Antenna
A T )S_’I reference
| point

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

bundle between 30 cm

1 - -
e .| L = measuring distance

1

1

i the enclosures

i

|
] and40cm should be 20,1 m :
Cable bundles are | inlength. : |
arranged in the middle I N ; . D . |
of the cable. I AN i < g I
I \ \ T I
! )I EU ! 1 |
H > 4 : A | A positioning table in
£ Peripheral T~ i C i/accordance CISPR 1641-3
= i
S 5 I 0
+l T T |
0 | 0 I
= i
= : : ___//L Cables leaving the testwvolume
Heripheral only in test e I 4__/1‘/ |
vplume if cable = I i |
cpnnot be extended to S : ! |
ryin out of test volume : 1 To i Mai L |
(¢.9. peripheral 2). ol | ioh |1E alns |
el peripheral 1: cable ) I cMAD: common-mode
| 0 I absorption device
| ! | CMAD:l — |
1
Groundplane
IEC
Anglais Frangais
B excess cable length bundle between 30 cm and 40 | B: entre 30 cm et 40 cm de longueur de cable en trop
crh in length
Antenna reference point Point{de)référence d’antenne
D] spacing between the enclosures should be > 0,1 DxIl'convient que les enceintes soient séparées de > 0,1m
m
Cable bundles are arranged in the middle of the Les faisceaux sont disposés au milieu du cable
cgble
Alpositioning 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 Périphérique uniquement dans le volume d’essai si le
e)tended to run out of test volume (e.g(peripheral 2) | céble ne peut pas étre étendu pour sortir du volume

d’essai (périphérique 2, par exemple)

T¢ peripheral 1 Vers le périphérique 1

Mpins cable Cable d’alimentation

L¥ measuring distance L = distance de mesure

Cables leaving the test volume Cable sortant du volume d’essai
Cpmmon-mode_absorption device Dispositif d’absorption de mode commun
Gfoundplané Plan de masse

Figure 3b — Vue de coté

- 3—F to-dedi tion-de-cible-classi , ,

perturbations rayonnées a une distance de séparation de 3 m, EUT de table

Un exemple de montage d'essai unifié classique pour un appareil au sol adapté au mesurage
des perturbations conduites et rayonnées est présenté a la Figure 4. D'autres exemples de
dispositions classiques de I'EUT et périphérigues associés sont donnés dans la
CISPR 16-2-3 et la CISPR 16-2-1.
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To power
supply /
AE

interconnecting cableg

AMN CMAD Special eafthing
terminal
IEC

Anglais Frangais
Nén-conductive support Suppprt non conducteur
Typical spacing Espacement classique
T¢ power supply/AE Vers I'alimentation électrique/AE
Inpulation Isolation
Special earthing terminal Borne de terre particuliere
inferconnecting cables cables de raccordement

Figure 4 — Exemple de montage d'essai classique pour le mesurage des perturbationg
conduites et/ou rayonnées d'un EUT posé au sol, vue 3D

La configuration de Llappareil en essai doit étre documentée avec précision dans le rappagrt
dlessai.

715.2 Cables de raccordement

Le présenty*paragraphe s'applique aux appareils dans lesquels diverses parties sopt
gccordées par des cables ou aux systémes dans lesquels plusieurs composants sopt
interconnectés.

-

NOTE 1 Le respect de toutes les dispositions du présent paragraphe permet l'application des résultats d'une
évaluation a plusieurs configurations de systéme utilisant les mémes types d'appareils et de cébles a I'exclusion de
tout autre, chaque configuration de systéme étant en effet un sous-systéme de celui qui est évalué.

Les cables de raccordement doivent étre du type et de la longueur spécifiés dans les
exigences applicables aux appareils individuels. Si la longueur peut varier, elle doit étre
choisie de maniére a générer I'émission maximale lors des mesurages d'intensité de champ.

Si des cables blindés ou spéciaux sont utilisés pendant les essais, cela doit étre spécifié dans
le manuel d'instructions.

Le raccordement des cables de signaux, a I’exception de ceux fournis par le fabricant, n’est
pas exigé pendant les mesurages d'émission a fréquences radioélectriques des appareils
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d'essai et de mesure portables, groupe 1 ou ceux destinés a étre utilisés dans les laboratoires
et mis en ceuvre par des personnes compétentes. Il s'agit, par exemple, des générateurs de
signaux, des analyseurs de réseaux, des analyseurs logiques et des analyseurs de spectre.

Les longueurs de cables en trop doivent étre rassemblées au centre approximatif du cable en
faisceaux de 30 cm a 40 cm de longueur. S'il s'avére impossible de procéder de la sorte, la
disposition du cable en trop doit étre indiquée avec précision dans le rapport d'essai.

prReete RA—€aute—a A€ € PorRe—6€ Pe—a—Ta—eonattonR—- P e—emoh e

que les cables supplémentaires n'affectent pas les résultats d'une maniére significative.

Uh ensemble de résultats doit étre accompagné d'une description compléte de lleriehtatign
des appareils et des cables pour que ces résultats puissent étre répétés. Les~éventuellgs
conditions d'utilisation doivent étre spécifiées, documentées et incluses ddans”le manugl
dlutilisation.

=

un type d'appareil donné peut exécuter séparément une fonction~parmi d'autres, ledi
ppareil doit étre soumis aux essais pendant I'exécution de chacune de ces fonction
agissant des systémes qui peuvent inclure un certain nombre de_composants différents, U
emplaire de chaque type de composant intégré a la configuration du systéme doit ét
iNclus dans I'évaluation.

o > 7

Uh systéme comportant un certain nombre de composants’identiques, mais dont I'évaluatign
a| été effectuée au moyen d'un seul de ces composants, n'exige pas d'autre évaluation Bi
g¢valuation initiale s'est avérée satisfaisante.

NDTE 2 Cela est possible parce qu'il a été constaté, qu'en pratique, les émissions provenant de modulgs
identiques ne s'ajoutent pas.

Lors de I'évaluation d'un appareil en interaction fonctionnelle avec d'autres appareils pour
fdrmer un systéme, lI'évaluation peut” étre effectuée soit en utilisant des appareils
complémentaires pour représenter. lensemble du systéme, soit avec des simulateurs. Darns
lels deux cas, lors de I'évaluation de I'appareil en essai, on doit veiller a ce que les effets du
rgste du systéme ou des simulateurs satisfassent aux conditions de bruit ambiant spécifiégs
en 7.2. Un simulateur utiliséNa la place d'un appareil réel doit représenter correctement Igs
caractéristiques électrigueset, dans certains cas, les caractéristiques meécaniques de
I'interface, particulierement en ce qui concerne les impédances et les signaux a fréquencgs
rgdioélectriques, ainsizque les types et les configurations des cables.

NPDTE 3 Cette pracédure est exigée pour faciliter I'évaluation des appareils combinés avec d'autres apparefls
provenant de fabricants différents pour constituer un systéme.

715.3 Raccordement au réseau d'alimentation électrique sur un site d'essai

7{5.34 Raccordement au réseau d'alimentation en courant alternatif de laboratoire

Le cas échéant, la puissance électrique provenant du réseau d'alimentation électrique du
laboratoire doit étre fournie par l'intermédiaire du réseau fictif d'alimentation (AMN) spécifié
en 7.3.2.2.

Pour le raccordement au réseau fictif d'alimentation ou au réseau d'alimentation électrique du
site d'essai, les longueurs appropriées de cables d'alimentation doivent étre utilisées. Si les
instructions d'installation du fabricant spécifient un type particulier de cable d'alimentation a
utiliser avec l'appareil en essai, le raccordement au réseau fictif d'alimentation ou au réseau
d'alimentation électrique du site d'essai doit étre réalisé avec ce type de cable.

L'appareil en essai doit étre alimenté a la tension nominale.
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7.5.3.1.2 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
pour le mesurage des perturbations conduites et pour les perturbations
rayonnées dans la plage jusqu'a 30 MHz

Si les mesurages sont réalisés sur un site d'essai, le réseau fictif d'alimentation (AMN en V)
spécifié en 7.3.2.2 est a utiliser chaque fois que cela est possible. L'enveloppe du réseau
AMN en V doit étre placée de sorte que sa surface la plus proche se trouve a 0,8 m ou moins
du périmeétre le plus proche de 'appareil en essai.

Lorsque le fabricant fournit un cordon d'alimentation flexible, celui-ci doit avoir 1 m de long
oy, s'il est plus long, I'excés de cable doit étre replié sur lui-méme pour former un faisceau.rle
de¢passant pas 0,4 m de longueur.

(9]

un cable d'alimentation est spécifié dans les instructions d'installation du fabkicant, urle
ngueur de 1 m du type spécifié doit étre connectée entre 'unité d'essai et le.réseau fictif
dfalimentation.

Q

Lés connexions de terre, éventuellement nécessaires pour des raisons de sécurité, doivent
é{re connectées au point "de terre" de référence du réseau fictif d'alimentation et, si elles e
spnt pas fournies ou sont spécifiées de fagon différente par le fabricant, doivent étre de 1 m
el 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 jpour le raccordement a la ménie
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 alternatifs a basse tension auxiliaires doivent étre
cpnnectés au réseau d'alimentation en courant alternatif de laboratoire via un ou plusieufs
rdseaux fictifs d'alimentation (AMN en V) comme spécifié en 7.3.2.2.

@

S| l'appareil en essai est un systémeicomportant plusieurs unités, chacune étant munie d
son propre cordon d'alimentation, lé’ point de connexion du réseau fictif d'alimentation ep
determiné d'apres les régles suiyantes:

—

a) chaque cable d'alimentation terminé par une prise d'alimentation réseau de mode|e
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 ét
connectés a unetautre unité du systéme pour les besoins de I'alimentation réseau doivept
étre soumis aux-essais séparément;

c] les bornesou cables d'alimentation spécifiés par le fabricant comme devant étre
connectés-a une autre unité du systéme pour les besoins de I'alimentation réseau doivent
étre caonnectés a cette unité, les bornes ou les cables d'alimentation de cette unité étant
connéctés au réseau fictif d'alimentation;

d) «sisun raccordement spécial est spécifié, le matériel nécessaire pour procéder gu
raccordement doitetreutitise penmdant tevatuatiom de tappareitemressar:

7.5.3.1.3 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
pour le mesurage des perturbations rayonnées dans la plage comprise
entre 30 MHz et 18 GHz

Le raccordement au réseau d'alimentation électrique du laboratoire peut étre assuré avec ou
sans l'aide d'un réseau fictif d'alimentation alloué a I'intérieur de I’environnement d'essai (voir
la Figure 4). Pour les dispositions de mesure n'incluant pas de réseau fictif d'alimentation, la
mise a la masse et la mise a la terre de I'appareil en essai (EUT) doivent étre assurées par le
respect des principes définis en 7.5.3.1.2, dans la mesure du possible.

Si les dispositions de mesure n'incluent pas de réseau fictif d'alimentation, il n'est pas utile de

regrouper les longueurs en trop de cable d'alimentation ni de les allouer a l'intérieur du
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volume d'essai. Elles peuvent étre placées ailleurs a l'extérieur du volume d'essai ou de
I'environnement d'essai. Pour le découplage du rayonnement a partir de ces longueurs de
cable en trop, il est toutefois recommandé de veiller a terminer ces cables d'alimentation a
I'endroit ou ils sortent du volume d'essai. Pour ce découplage, il est recommandé d'utiliser
des dispositifs d’absorption de mode commun (CMAD). Pour les mesurages avec une
distance de séparation de 3 m, ce découplage est obligatoire (voir 7.5.1).

7.5.3.2 Raccordement a I'alimentation en courant continu de laboratoire ou a une
autre source d'alimentation en courant continu

S| les mesurages sont réalisés sur un site d'essai, le réseau en courant continu fictif 150,
(DC-AN) spécifié en 7.3.2.3 est a utiliser chaque fois que cela est possible. L'envelopped
r§seau DC-AN doit étre placée de sorte que sa surface la plus proche se trouve a 0)8“m qu
moins du périmeétre le plus proche de I'appareil en essai.

c

S| le réseau DC-AN fait office de sonde de tension, I'accés d’alimentation en\courant contin
en essai de l'appareil en essai (EUT) doit étre découplé de la source d'alimentation &
courant continu a l'aide de dispositifs de découplage de mode communCadaptés (tubes d
fgrrite, dispositifs d’absorption de mode commun (CMAD) ou dispositif de couplage et d
découplage) comme indiqué en 6.2.4 de I'lEC 61000-4-6:2013 et qui‘sont a fixer ou insér¢
d
c
F
4

2S00 S C

hns le cable d'alimentation en courant continu raccordant la source d'alimentation en coura
bntinu a la disposition de mesure de I'EUT (voir égalementdla- Figure 7, la Figure 8 et
gure 9 en 8.2.2.2.3). Si un dispositif de couplage et de décdudplage conforme a I'lEC 61000-
6 est utilisé pour le découplage, son accés d’entrée~de’ puissance RF ne doit pas ge
tgrminer par une charge résistive de 50 Q

Q

Le raccordement est a effectuer & une source d'alimentation en courant continu approprié
La tension de sortie en courant continu de cetté source d'alimentation doit pouvoir ét
ajustée pour fournir un niveau de tension dans:la plage de fonctionnement assignée pour
tylpe respectif d'appareil en essai.

® o Y

NDTE 1 Pour l'alimentation de I'accés d’alimentation en courant continu en essai de I'appareil en essai, upe
squrce d'alimentation en courant continu de-laboratoire dédiée, des (ensembles de) batteries appropriées ¢u
d'Autres sources d'énergie en courant contind comme par exemple, les modules de piles a combustible, peuvent
étfre utilisées, a condition qu'elles garantissent la tension, le courant continu(e) et stable, etc. nécessaire pour Ig¢s
cqnvertisseurs de puissance dans ‘des conditions de fonctionnement de sortie assignées, pendant tout [le
mpsurage.

Ilfconvient de préter unel attention particuliére lors de la sélection de la source d'alimentatign
eh courant continu de laboratoire et de son installation dans la disposition de mesure. Il ept
rgcommandé de sélectionner et d'installer uniguement une source d'alimentation en courant
continu qui garantit une bonne isolation galvanique et également un découplage
rgdioélectrique suffisant des deux bornes d'alimentation en courant continu du plan de masge
de référence~de laboratoire. Les condensateurs de découplage internes aux bornes de |a
spurce d'alimentation en courant continu utilisés pour la suppression interne dgs
perturbations non symétriques peuvent fournir une dérivation intempestive pour I'impédange
de charge 150 QO de mode commun du DC-AN utilisé pour les mesurages. Ceci pept
pfovoquer des effets de saturation dans le filtre d'atténuation du convertisseur de puissange
en essal, _en particuiter a fa frequence de fonctionnement (C est-a-dite fa 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

d dnigque en parqaliele omme ie D4 > Omnip

ables) sont considérés représenter un seul acces.

NDTE 2 Pour ces autres terminaisons, n'importe quel dispositif approprié peut étre utilisé. Cela .inclut, ppr
exemple ['utilisation d'autres réseaux 150 Q conformes a la CISPR 16-1-2, d'autres DC-AN commeg spécifié
en 7.3.2.3 ou également I'utilisation de dispositifs de couplage et de découplage 150 Q (CDN) comme défini daps
I'EC 61000-4-6.

Les acces d’alimentation en courant continu auxiliaires doivent étre connectés a une sourge
dfalimentation en courant continu de laboratoire séparée ou une batterie,"via une impédandge
de charge de mode commun 150 Q appropriée.

NDTE 3 Si une source d'alimentation en courant continu de laboratoire séparée, connectée au secteur, gst
utflisée, il peut alors étre approprié d'insérer également un autre filtre EMY dans la connexion a cette sourge
d'plimentation. 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

bs conditions de charge des appareils en essaisont spécifiées dans le présent paragraph
bs appareils non couverts par le présent paragraphe sont a utiliser de maniere a optimis
lds perturbations engendrées tout en _.se conformant aux procédures normales de
fdnctionnement telles qu'elles sont définies-dans le manuel d'utilisation des appareils.

WU\

=

716.2 Appareils médicaux

716.2.1 Appareils de thérapie utilisant les fréquences comprises entre 0,15 MHz et
400 MHz

Tpus les mesurages doivent étre réalisés dans les conditions de fonctionnement indiquée
dans le manuel d'utilisation de I'appareil. Le circuit a utiliser en sortie pour charger 'apparg
depend de la natureydes électrodes avec lesquelles il est a utiliser.

=0

Ppur les appatreils a électrodes de type capacitif, une charge fictive doit étre utilisée pour lgs
mesuragesida Figure 5 montre la disposition générale a respecter. La charge fictive doit ét
e
d

)

bsentiellement résistive et étre capable d'absorber la puissance assignée de sortie maxima
b |'appareil.

®

Les—deux bormes deta charge fictive doivent—Etre—situges aux extrenmites opposees dela
charge et chaque borne doit étre reliée directement a un plateau métallique circulaire ayant
un diametre de (170 + 10) mm. Les mesurages doivent étre effectués avec tous les cables de
sortie et électrodes capacitives fournis avec l'appareil. Les électrodes capacitives sont a
disposer aux extrémités de la charge fictive, parallélement aux plateaux métalliques
circulaires, leur espacement étant ajusté de maniére a générer la puissance dissipée
appropriée dans la charge fictive.
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pbmprenant 9 g de chlorure de sodium par litre d'eau distillée.

EC
E |- bras des électrodes et cables
L F charge fictive
Anglais Frangais
Elevation Elévation
Plane Plan
Herizontal load Charge horizontale
Vertical load Charge verticale
Figure 5 — Appareils médicaux (typé 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). Danstcchaque cas, lors des mesurages du rayonnement
électromagnétique perturbateur, I'ensemble comprenant I'appareil, les cébles de sortie, Igs
électrodes capacitives et la charge fictive doit étre pivoté autour de son axe vertical, afin de
pouvoir mesurer la valeur maximale~du champ rayonné.
NPTE Les montages de lampes suivants se sont avérés satisfaisants pour soumettre aux essais de nombrefix
types d'appareils dans la plage de(puissances d’essai:
a) puissance de sortie nominale)100 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-néminale 300 W a 500 W:
quatre lampes 125\/100 W en paralleéle ou cing lampes 150 V/100 W en paralléle.
Ppur les appareils a électrodes de type inductif, les mesurages doivent étre réalisés gn
ufilisant 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 10ctm de diamétre. Ce récipient est rempli sur une hauteur de 50 cm avec une solutign
C

Le récipient doit étre placé a l'intérieur de la bobine, de maniére que son axe coincide avec
celui de la bobine. Le centre de la bobine doit également coincider avec le centre de la

c

harge 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

p

révues dans le manuel d'utilisation de I'appareil.
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7.6.2.2 Appareils de thérapie UHF et micro-ondes fonctionnant a des fréquences
supérieures a 400 MHz

Les mesurages doivent étre réalisés en connectant le circuit de sortie de l'appareil a une
charge résistive non rayonnante de méme valeur que l'impédance caractéristique du cable
utilisé pour alimenter la charge de l'appareil.

7.6.2.3 Appareils de thérapie a ultrasons

Les mesurages doivent étre réalisés avec le transducteur connecté au générateur. Le
transducteur doit étre plongé dans un récipient non métallique d'environ 10 cm de diametre,
rgmpli d'eau distillée.

Les mesurages doivent étre réalisés a la fois a la puissance maximale et a la moitié de |a
pliissance maximale et, si le circuit de sortie peut étre accordé, il doit I'’étre sur.la fréquenge
de résonance, puis désaccordé. Les spécifications qui figurent dans le manuelhd"utilisation de
'appareil sont a observer.

II| est recommandé de mesurer la puissance maximale de l'apparegil> conformément a |a
méthode décrite dans I'lEC 61689 ou en utilisant une méthode dérivée, si nécessaire.

716.3 Appareils industriels

Les appareils industriels peuvent étre soumis aux essgisvsoit avec la charge utilisée gn
service, soit avec un dispositif équivalent.

S| I'appareil en essai peut étre connecté a des canalisations auxiliaires (eau, gaz, air, etc.), |e
gccordement doit étre réalisé avec des sections de raccordement en tube isolant d'au moins
3|m de long. Pour les essais effectués avec lasgcharge utilisée en service, les électrodes et Igs
c e
b
e

—

ables doivent étre disposés comme en Gtilisation normale. Les mesurages doivent ét
rgalisés a la puissance de sortie maximaleZet a la moitié de la puissance de sortie maximal
bs appareils qui fonctionnent normalement avec une puissance de sortie nulle ou trés faib
dpivent également étre soumis aux essais dans ces conditions.

—

[[fconvient de soumettre aux essais les appareils industriels de chauffage par induction et Igs
appareils de chauffage diélectrique dans une configuration et avec une charge équivalentes|a
I’;ttilisation réelle ou prévue. Lorsque l'appareil peut étre configuré pour une variété de
charges ou que la charge n’est pas disponible, la charge spécifiée dans I'lEC 61922 pour lgs
appareils de chauffage .par induction et dans I'lEC 61308 pour les appareils de chauffage
diélectrique peut étrerutilisée. Les appareils industriels de chauffage par résistance doivent
é{re soumis auxessais avec ou sans la charge, tel que spécifié par le fabricant.

NPTE L'expéfience a montré qu'un dispositif de charge avec circulation d'eau convient pour de nombreux typgs
d'Appareils de\ehauffage diélectrique.

Les appareils industriels de chauffage a micro-ondes doivent étre conformes a la valeur limite
de.rayonnement indiquée a I’Article 6 lorsqu’ils sont chargés conformément a I'lEC 61307 qu
a CU UrlicT uhalyc ut;“aéc A B | plat;quc. La bhOIUU dult etlc IIIUd;f;éU dc |||a||;é|c <‘:4 dooUurcTl e
maximum de transfert d'énergie, les variations de fréquence ou de rayonnement harmonique
dépendant des caractéristiques étudiées.

7.6.4 Appareils scientifiques, appareils de laboratoire et de mesure

Les appareils scientifiques doivent étre soumis aux essais dans les conditions normales de
fonctionnement. Les appareils de laboratoire et de mesure doivent fonctionner comme prévu.
Tous les ports de sortie RF doivent étre terminés par une charge non rayonnante
correspondante.
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7.6.5 Appareils de cuisson a micro-ondes

Les appareils de cuisson a micro-ondes doivent étre utilisés avec tous leurs constituants
normaux (les plateaux en place, par exemple) et avec une charge de 11 d’eau du robinet
initialement a 20°C = 5 °C, placée au centre de la surface de support fournie par le fabricant.

Le réservoir pour I'eau doit étre une cuve cylindrique en verre borosilicaté d’'un diamétre
extérieur de 190 mm £ 5 mm et d'une hauteur de 90 mm £ 5 mm (voir aussi I'lEC 60705).

périeures a 1 GHz sont données en 9.4.

7]16.6 Autres appareils fonctionnant dans la plage de fréquences comprises\entre
1 GHz et 18 GHz

—

bs autres appareils doivent satisfaire aux valeurs limites de rayonnement indiquées |a
Article 6 lorsqu'ils sont soumis aux essais avec une charge fictive constjtuée d'une certairle
qliantité d'eau du robinet contenue dans un récipient non conducteur. La ftaille et la forme du
s
e

rdcipient, sa position dans l'appareil et la quantité d'eau qu'il contientZdoivent étre modifiésg
dé maniere a assurer le maximum de transfert d'énergie, les vaniations de fréquence ou d
rgyonnement harmonique dépendant des caractéristiques étudiées.

6.7 Matériel de soudage électrique

7
Ppur le matériel de soudage a l'arc, I'opération de soudage pendant I'essai est simulée par
ne charge conventionnelle appliquée au matétiel. Les dispositifs d’amorcage et de
Fbilisation d’arc doivent étre allumés pendant les mesurages des émissions. Les conditions
[

u
s
d
I

charge et la configuration d’essai du matériel de soudage a l'arc sont spécifiées dars
EC 60974-10.

U7r
—

Ppur les équipements de soudage par resistance, I'opération de soudage pendant I'essai e
simulée en mettant en court-circuit Je circuit de soudage. Les conditions de charge et (a
configuration d'essai de I'équipement de soudage par résistance sont spécifiées dans
I'l|EC 62135-2.

—

b début des mesurages se€lon la présente Norme doit étre différé jusqu'a 5 s aprés I'entrde
en fonctionnement du matériel de soudage en essai.

7/6.8 Appareil d'éclairage ISM a fréquences radioélectriques

Llappareil d'écélairage ISM a fréquences radioélectriques doit satisfaire aux limites de 6|3
Igrsqu'il est)seumis a essai tel que livré par le fabricant dans les conditions normales de
fdnctionnément. Dans le cas d'un appareil d'éclairage ISM a fréquences radioélectriqueg
I'Tppareil en essai (EUT) doit fonctionner tant que la fréquence d'oscillation du magnétrg

n
nlest pas stabilisée. Le début des mesurages selon la présente Norme doit donc étre différé
djau moins 15 min.

7.6.9 Appareillage moyenne tension (MT) et haute tension (HT)

Pour les appareils utilisés dans des appareillages moyenne tension et haute tension, le début
des mesurages selon la présente Norme doit étre différé tant que les actions de commutation
liées au circuit principal ou au circuit primaire ne sont pas terminées (les actions de
commutation des disjoncteurs ou des sectionneurs, par exemple).


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

CISPR 11:2015 © IEC 2015 - 135 -

7.6.10 Convertisseurs de puissance connectés au réseau

7.6.10.1 Raccordement au réseau d'alimentation en courant alternatif de laboratoire
ou a une charge similaire

Le convertisseur de puissance en essai doit étre connecté au réseau d'alimentation en
courant alternatif de laboratoire par l'intermédiaire du réseau fictif d'alimentation (AMN en V)
spécifié en 7.3.2.2, dans la mesure du possible. Si ce raccordement s'avére impossible ou
n'est pas prévu, le convertisseur de puissance en essai peut étre connecté a une charge
résistive appropriée et au réseau d'alimentation en courant alternatif de laboratoire en

—

h connexion a une charge résistive appropriée est également recommandée pour lgs
bnvertisseurs de puissance uniquement destinés a une utilisation dans des installations
r§seau en courant alternatif a basse tension en flot qui ne sont pas connectées~a un autre
r§seau public de distribution secteur d’énergie en courant alternatif a basse tehsion. Polr
plus d'informations, consulter les instructions d'installation du fabricant.

o

Eh variante, l'alimentation en courant alternatif pour la source d'alimentation en courapt
continu de laboratoire peut provenir des lignes de sortie en courant altérnatif du convertisseur
de puissance connecté au réseau (GCPC) par l'intermédiaire du AMN en V sans connecter |a
clharge résistive. L’alimentation de sortie en courant alternatif du_convertisseur de puissange
connecté au réseau (GCPC) est utilisée pour contribuer a |'alimentation d'entrée en courant
continu exigée pour ce GCPC, la charge résistive n'étantdonc pas nécessaire dans ce cgs
(Moir la Figure J.1 a I'Annexe J).

Ppur les configurations appropriées du site d'essai~Vvoir I'"Annexe J.

7]6.10.2 Raccordement a une autre charge.appropriée

—_

Ppur les convertisseurs de puissance.destinés a étre alimentés a partir de sourcgs
dlalimentation en courant alternatif, 'accés d’alimentation en courant continu en essai dqi

@

é{re connecté a une charge résistive appropriée ou a un autre dispositif de stockage d'énerg
agéquat via un réseau fictif 150 QN(DC-AN) comme spécifié en 7.3.2.3. L'appareil en essh
dopit étre connecté a une chargecappropriée dans la plage de fonctionnement assignée pour |e
tylpe respectif d'appareil en essai.

NPTE Un exemple de type del GCPC destiné a étre alimenté a partir d'une source d'alimentation en courant
alfernatif est un convertisseur de puissance a monter dans une station de charge externe pour véhiculges
électriques (EV).

7]7  Enregistrement des résultats de mesure du site d’essai
7171 Géneralités

Tpus les* résultats obtenus a partir des mesurages des perturbations radioélectriqugs
conduites et/ou rayonnées doivent étre enregistrés dans le rapport d’essai. Si les résultats ne
spnipas enregistrés de maniére continue et/ou sous une forme graphique sur toute la plage
de fréquences observée, alors les exigences minimales d’enregistrement établies en 7.7.2 et
7.7.3 doivent s’appliquer.

Le rapport d'essai doit contenir une déclaration soulignant que l'incertitude de mesure de
I'instrumentation (MIU — measurement instrumentation uncertainty) a été déterminée selon la
CISPR 16-4-2, et qu'elle a également été prise en compte lors de la détermination de la
conformité aux limites de I'appareil individuel soumis a essai ou au nombre d'éléments dans
I'échantillon de 'appareil produit en série.

Le rapport d'essai peut inclure les valeurs numériques de l'incertitude de mesure de
I'instrumentation que le laboratoire d'essai a déterminées pour chaque essai réalisé. Si les
bilans d'incertitude spécifiés dans la CISPR 16-4-2 sont dépassés, le rapport d'essai doit
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contenir les valeurs numériques de l'incertitude de mesure de l'instrumentation de I'appareil
d'essai réellement utilisé.

7.7.2 Emissions conduites

Parmi toutes les émissions conduites au-dessus de (L — 20 dB), ou L représente le niveau
limite en unités logarithmiques, I'enregistrement doit inclure au moins les niveaux de
perturbation et les fréquences des six perturbations les plus élevés dans chacune des plages
de fréquences observées depuis chacun des accés d’alimentation de l'appareil en essai
(EUT). L’enregistrement doit aussi inclure une indication du conducteur de [I'acceés
dlalimentation sur lequel sont véhiculées la ou les perturbations observées.

7.3 Emissions rayonnées

7

Parmi toutes les émissions rayonnées au-dessus de (L — 10 dB), ou L représente le nivedqu
imite en unités logarithmiques, I'enregistrement doit inclure au moins |es~ niveaux de
perturbation et les fréquences des six perturbations les plus élevées dans-chacune dgs
plages de fréquences observées. Le rapport doit inclure la polarisation-de l'antenne, gqa
hauteur, et, le cas échéant, la position de rotation du plateau tournant, pour chacune degs
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) doitrégalement étre enregistrge
d

hns le rapport d’essai.

8| Dispositions spéciales pour les mesurages sur un site d'essai (9 kHz a
1 GHz)

1 Plans de masse

8

Uh plan de masse doit étre utilisé pour lescmesurages sur un site d'essai. La relation entfe
I'appareil en essai et le plan de masse doit-étre équivalente a celle existant dans la pratiqueé.
Ekcepté aux emplacements de massesprevus par le fabricant, un appareil en essai (EUT)
ppsé au sol doit étre isolé du plan de, masse par un matériau diélectrique d'une épaisselir
maximale de 15 cm. Le raccordementidirect a la terre (c'est-a-dire au plan de masse) doit étre
assuré

[

soit selon les instructions du fabricant,

b) soit, si I'appareil en(essai est doté d'une borne de terre particuliere, celle-ci doit étre
connectée a la terre (c'est-a-dire reliée au plan de masse) avec un cable aussi court qye
possible (voir également la Figure 4).

Up plan de massé doit étre utilisé pour le mesurage du rayonnement et le mesurage dgs

tgnsions perturbatrices. Les exigences pour le site d'essai en rayonnement sont indiquégs
en 8.3 et, paUr le plan de masse pour le mesurage des perturbations conduites, en 8.2.

8]2 , (Mesurage des perturbations conduites

8.2-+—Généralités

Pour les conditions de mise a la terre et de mise a la masse de Il'appareil en essai (EUT),
ainsi que le raccordement au réseau d'alimentation électrique du laboratoire, voir 7.5.3.

Les perturbations conduites doivent étre mesurées en utilisant 'une des trois options
suivantes:

a) sur le site d'essai en rayonnement avec |'appareil en essai ayant la méme configuration
que pour le mesurage du rayonnement;

b) au-dessus d'un plan de masse meétallique qui doit dépasser d'au moins 0,5 m autour du
périmétre de I'appareil en essai et avoir une taille minimale de 2 m x 2 m; ou
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